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Abstract

An adult bovine cranium IQW 2003/28250 (Mei. 27412) from the Epivillafranchian of Untermassfeld is
described and compared with bison and yak applying geometric morphometrics and traditional descriptive
analysis. It is concluded that the Untermassfeld fossil represents a primitive yak, Bison (Poephagus) menneri
Sher, 1997. This is the earliest and most western occurrence of a fossil yak. The primitive morphology of the
skull of B. (Poephagus) menneri supports its occurrence in an environment which is radically different from
the habitat of modern wild yak. Based on a morphological study it is suggested that Poephagus is a sister
group to Bison s.str., and that Bos-like characters of yak are convergences due to parallel evolution. This
discovery significantly widens our understanding of the evolutionary history of yak and the genus Bison s. 1.
in general. An amended diagnosis of the species is provided. Study of the bison cranial remains from the site
indicates that two bovines, Bison (Poephagus) menneri and Bison sp., coexisted in the Untermassfeld fauna.

1. Introduction

Bison menneri is an enigmatic fossil species among bovines being »one of the tallest bison ever existed with
the most gracile constitution among the all known large Quaternary bovids« (Sher 1997, 176). It is known
so far in the Untermassfeld collection by some 2,300 finds (pers. comm. R.-D. Kahlke, 17 October 2016),
including a fragmentary juvenile skull [IQW 1980/17 380 (Mei. 16902)], maxilla and mandible remains and,
most importantly, numerous limb bones. The collection, especially dentition, is dominated by juveniles.
Analysis of limb bones revealed »a mixture of Bos and Bison features with the clear prevalence of the latter«
(Sher 1997, 105).

The major problem in the morphological research of cattle evolution (oxen, yak and bison: Taurina idem
Bovina, Bovini, Bovinae, Bovidae) is the lack of comparison with a larger number of taxa. Traditionally, fos-
sils are compared with other fossils, or with a limited number of extant forms, mostly with one of the Bison
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species and Bos s.str. However, if one thinks about the origin and extent of dispersals of the Early Pleistocene
Eurasian fauna then the need for a wider perspective on fossil bovine species with extant forms becomes
crucial.

According to recent genomic studies of autosomal gene sequences (MacEachern et al. 2009) the divergence
of subtribes Bubalina and Bovina took place approximately at 5-8 Ma BP. »About 2-3 Ma BP the Bovina
subtribe was still a single widespread species. It then appears that the Bovina split into three major groups:
Domestic cattle, Bison/Yak and Indochinese cattle (Gaur/Mithan and Banteng)« (MacEachern et al. 2009,
12). All members of the Bovina have undergone rapid genetic isolation and appear to have diverged roughly
at the same time in a star-like phylogeny. Low genetic differentiation between these three lineages and the
presence of aberrant polymorphisms confuse phylogenetic reconstruction (MacEachern et al. 2009).

Based on the present-day bio-geographic evidence and the fossil record, the inferred center of origin of
cattle is the region south of the Himalayas (Pilgrim 1939), which is richest in wild cattle diversity and is in-
habited by the group of Bibos. This group has never been found outside of the Oriental realm in contrast
with bison, yak and Bos.

At the onset of the Early Pleistocene, Bison dispersed in the temperate zone of Eurasia. One of the earliest
finds in Western Eurasia is Dmanisibos georgicus Burchak-Abramovich et Vekua, 1994 from Dmanisi (Geor-
gia; 1.8 Ma BP). Protobison kushkunensis Burchak-Abramovich, Gadzhiev et Vekua, 1980 also comes from
the South Caucasus, from Kushkuna, Qozax (Azerbaijan; Late Akchagylian, c. 2.0 Ma BP; Burchak-Abra-
movich et al. 1980). Later, during the late Middle Pleistocene, cold-adapted representatives of the genus
immigrated into North America. There were »two waves of bison dispersal into North America from Asia,
the earliest of which occurred ~195-135 thousand y ago and preceded the morphological diversification
of North American bison, and the second of which occurred during the Late Pleistocene, ~45-21 thousand
y ago« (Froese et al. 2017, 3457).

Bos initially spread over the subtropical zone westwards including North Africa at around 1.0 Ma BP
(Tchernov et al. 1994; Geraads et al. 2004; Martinez-Navarro et al. 2010), or even earlier if the African
genus Pelorovis represents Bos as suggested by Martinez-Navarro et al. (2007). The first arrival of Bos
in Europe dates to the early Middle Pleistocene (Venosa-Notarchirico, Potenza, Italy; c. 0.5-0.6 Ma BP;
Piperno 1999).

The present range of distribution of yak lies north of the Himalayas and is restricted to the Tibetan plateau.
The yak’s fossil record indicates a larger range of distribution (Kahlke 1999), not exceeding the Palearctic.
The distribution of fossil finds of yaks extends from Eastern Kazakhstan to the Far East of the Russian Fed-
eration (Kahlke 1999); the northernmost find originates from the Viluj river (Yakutia, Russian Federation;
Dubrovo 1957) and the southernmost one comes from northern Pakistan (Thewissen et al. 1997). The earli-
est fossil record (and at the same time the westernmost find) is a talus from Almaty (Kazakhstan), which
is presumably dated to Early Pleistocene (Flerov 1980). Cold and open habitat adaptations of yak and its
larger range of distribution in the past suggest that this animal, as Bison, could cross the Bering land bridge
(Deng et al. 2011). Moreover, the yak's presence during the early Middle Pleistocene in Central Asia makes
its ancestor a good candidate for being a member of the western Palaearctic fauna, as during the Early
Pleistocene this area was the center of origin of numerous large mammal species.

The major purpose of the present paper is to determine the morphological and taxonomic affinity of the
adult cranium IQW 2003/28 250 (Mei. 27 412) of Bison menneri Sher, 1997 from Untermassfeld through the
comparison with fossil and extant forms of bison and yak.

The Untermassfeld bison collection is considered to be highly homogenous and according to Sher (1997)
belongs to one, clearly distinguished species — Bison menneri. However, the presence of other bison spe-
cies in Europe during late Early Pleistocene: Bison schoetensacki and smaller-size forms usually referred to
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Eobison from various sites of Europe (see Kahlke et al. 2011) naturally poses a question: is it not possible
to have another species of bison present at the site together with B. menneri? This is yet another question
that this article will address.

2. Materials and methods

The new Untermassfeld specimens described in this paper are a cranium of an adult individual IQW
2003/28250 (Mei. 27412), and a fragment of maxilla sin. of a subadult individual IQW 2003/27 716 (Mei.
27221).

The extant comparative sample includes: Bison bonasus bonasus (Linnaeus, 1758), B. bonasus caucasicus
(Turkin et Satunin, 1904), B. bison bison (Linnaeus, 1758), B. bison athabascae Rhoads, 1897 and yak, Bos
mutus Przewalski, 1883 and B. grunniens Linnaeus, 1766.

The comparative sample of fossil bison includes:

Probison dehmi Sahni et Khan, 1968 (near Chandigarh, Punjab and Haryana, India; Upper Sivaliks, Tatrot, c.
2.6 Ma BP; Nanda 2002; collections of Punjab University No B/7; specimen not examined, comparison based
on Sahni and Khan 1968);

Dmanisibos georgicus Burchak-Abramovich et Vekua, 1994 [= Bison (Eobison) georgicus Bukhsianidze,
2005; Dmanisi, Georgia; 1.8 Ma BP; holotype, MG collection No D354 and Dm.64/63.B1x.265];

Bison palaeosinensis Teilhard de Chardin et Piveteau, 1930 (Nihowan, Yushe basin, south-east Shansi, China;
Early Pleistocene, c. 1.8 Ma BP after Cai et al. 2013; MNHN collection No 1926-35);

Eobison degiulii Masini, 1989 (Pirro Nord, Gargano, ltaly; 1.7-1.3 Ma BP, age discussion in Arzarello et al.
2007; Crane C, University of Florence);

Bison schoetensacki voigtstedtensis Fischer, 1965 [Voigtstedt, Thuringia, Germany; early Bruhnes magneto-
chrone, Kahlke et al. 2011; IQW 2002/27 377 (Voi. 26882)];

Bison schoetensacki (Isernia La Pineta, Molise, Italy; 0.583-0.561 Ma BP, Peretto et al. 2015; skull fragment,
cast in the collection of the University of Florence, IGF 18131V);

B. priscus Bojanus, 1827 [Sussenborn, Thuringia, Germany; early Bruhnes magnetochron, Kahlke et al.
2011; almost complete skull IQW 1967/9 064 (SUB. 695)] and

B. priscus Bojanus, 1827 (Overijsselse Vecht, The Netherlands, Pleistocene without further information;
complete skull, Naturalis No 103866).

The adult skull from Untermassfeld was compared with extant bison and yak using geometric-morphomet-
ric (GM) analysis (Table 1). The traditional comparative study involved both fossil and extant Bison species,
alongside with yak. The GM analysis was used to observe the patterns of the robust morphological changes
in yak and bison skulls including changes that discriminate these two groups and those that go in parallel,
which characters are associated and where the Untermassfeld skull fits in a common morphospace of the
bison and yak skulls. Visual comparison was aiming to find out what were the skull transformation trends in
the fossil record of bison in time and to disclose/explain the primitive features of the Untermassfeld skull by
extrapolation. Additional characters that were not captured by the GM analysis were also observed.
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N Species Sex Collection Institution Provenience Data collected
number by
1 B. bison bonasus F 310690 Smithsonian unknown Microscribe3D
2 B. bison bonasus F 6061 Senckenberg Biatowieza, 1917 MephistoCX
Frankfurt/M.
B. bison bonasus 11514 Smithsonian USSR Microscribe3D
4 B. bison caucasicus M 87-09/393 MG river Urushten, Krasnodar CT
Krai, Russia
5 B. bison athabascae F 249850 Smithsonian Oregon, USA Microscribe3D
6 B. bison athabascae F 233521 Smithsonian Montana, USA, 1916 Microscribe3D
7 B. bison athabascae F 197705 Smithsonian Yellowstone National Microscribe3D
Park, Wyoming, USA
8 B. bison athabascae M 233520 Smithsonian Moiese National Bison Microscribe3D
Range, Montana, USA,
1916
9 B. bison athabascae M 176194 Smithsonian Yellowstone National Microscribe3D
Park, Wyoming, USA
10 B. bison bison F 18154 University of Zurich  Zurich zoo, 2000 cT
11 B. bison bison F 38306 Smithsonian Montana, USA Microscribe3D
12 B. bison bison F 38304 Smithsonian Montana, USA Microscribe3D
13 B. bison bison F 38302 Smithsonian Montana, USA Microscribe3D
14 B. bison bison M 534060 Smithsonian unknown Microscribe3D
15 B. bison bison M 269169 Smithsonian Montana, 1872 Microscribe3D
16 B. bison bison M 22377 Smithsonian Little Dry Creek, Montana Microscribe3D
17 B. bison bison M 5663 Senckenberg Zoo animal, Germany, MephistoCX
Frankfurt/M. 1915
18 B. grunniens F 270920 Smithsonian unknown Microscribe3D
19 B. grunniens M 257034 Smithsonian unknown Microscribe3D
20 B. grunniens M 174734 Smithsonian unknown Microscribe3D
21 B. grunniens M 15489 University of Zurich  Zurich zoo cT
22 B. grunniens M 1983-125 Comparative Anat- Park Zoologique, 1983 MephistoCX
omy, MNHN
23 B. grunniens M 1886-300 Comparative Anat- Menagerie, 1886 MephistoCX
omy, MNHN
24 B. grunniens M 1882-443  Comparative Anat- Menagerie, 1860 MephistoCX
omy, MNHN
25 B. grunniens 3315 Senckenberg East India Company, Asia, MephistoCX
Frankfurt/M. 1853
26 B. mutus M 23000 Senckenberg Det. Bohlken, collection ~ MephistoCX
Frankfurt/M. J. Henges, 1954
27 B. mutus M 13046 University of Zurich  unknown cT
Table 1 Sample of skulls included in the GM analysis.
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Fig. 1 Landmark configuration on the skull of a female domestic yak. — a—d Smithsonian collection No 270920, dorsal, ventral, lateral,
occipital views. — Scale: 30 mm.

51 three-dimensional anatomical points of reference (so-called landmarks) (Fig. 1, Table 2) were collected
on the 27 adult skulls of extant bison and yaks (Table 1). Landmarks were collected by Microscribe 3D and
on the 3D surfaces in Amira 5.3.3 (Visage Imaging). 3D surface data were collected by 3D photo scanner
(Mephisto CX, 4D dynamics) as well as by CT scanner. The choice of the landmarks was dictated by the
Untermassfeld skull; landmarks were chosen so as to capture the gross geometry of the skull and to be
distributed more or less evenly.

Data were collected on available skulls of wild as well as on domesticated specimens; those specimens for
which crossbreeding was indicated were not included in the analysis. Gross morphological homogeneity of
the wild and domesticated yaks was taken into account for grouping the sample — domesticated and wild
representatives of yak were treated as one group.

GM analysis was conducted in Morphologika2 v2.5 (O'Higgins and Jones 2008) and MorpholJ (Klingenberg
2011) according to the standard protocol: generalized Procrustes superimposition (Gower 1975; Rohlf and
Slice 1990) followed by principal component analysis (PCA), centroid size was used as the measure of the
skull size. Linear discriminant analysis (LDA) based on the PCs scores explaining 100 % of variance was used
for statistical comparison of the results.
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Landmark Landmark

number type Side Landmark definition
1 1 sagittal Nasion — the midpoint of the intersection of sutures between frontal and
nasal bones
2 3 sagittal Highest point on the cranial roof
3 1,2 sagittal Bregma — point between coronal and sagittal sutures
4 2 sagittal Acrocranion — the most projecting point in the middle of nuchal crest
5 2 sagittal Opisthion — midpoint on the posterior margin of the foramen magnum
6 2 sagittal Basion — midpoint on the anterior margin of the foramen magnum on the
occipital bone
7 2 sagittal Midpoint between anterior tuberosities of basioccipital
8 2 sagittal Staphilion — most caudal midpoint of the horizontal part of the palate
9 1 sagittal Midpoint of the intersection of sutures between paremaxillae and maxillae
ventrally on the palate
10-11 1 right, left  Anterior point of the suture between maxilla and premaxilla near the nasal
bone
12-13 1 right, left  Oral point of the suture between maxilla and nasal bone
14-15 1 right, left Point of the suture between maxilla and lacrimal at the nasal bone
16-17 1 right, left ~ Most rostral point of the fronto-nasal suture laterally
18-19 2 right, left ~ Most caudal midpoint of the infraorbital foramen
20-21 1 right, left ~ Point on the suture between lacrimal, maxilla and zygomatic bone
22-23 1 right, left  Point of the lacrimal-zygomatic suture at the edge of orbit
24-25 1 right, left  Point of the fronto-lacrimal suture at the edge of orbit
26-27 2 right, left ~ Most posterior point of the orbital rim
28-29 2 right, left ~ Caudal-central point at the edge of the supraorbital foramen
30-31 3 right, left  Anterior point of the horn-core base
32-33 3 right, left  Posterior point of the horn-core base
34-35 2 right, left ~ Medial point of the temporal line on the nuchal view
36-37 2 right, left  Point at the intersection of the sutures between squama occipitalis, tempo-
ral and exoccipital, the upper edge of the foramen
38-39 3 right, left ~ Most lateral point on the occipital condyle on the nuchal surface
40-41 2 right, left  Lateral caudal point of the articular platform for articulation with mandible
42-43 1 right, left  Postdentale — most caudal point of the alveoli of the hindmost cheek tooth
44-45 2 right, left ~ Most caudal point on the fissure on the horizontal part of the palate
46-47 2 right, left ~ Most caudal midpoint of the foramen palatinum
48-49 1 right, left ~ Point between P4 and M1 bucally
50-51 1 right, left ~ Premolare — rostral point of the alveoli of the P2

Table 2 List of landmarks on the studied skull.
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Abbreviations:

DAP antero-posterior diameter

DT transverse diameter

DVD dorso-ventral diameter

L length

LP/LM length of premolars/length of molars

GM geometric morphometrics

LDA linear discriminant analysis

PC principal component

PCA principal component analysis

QW Senckenberg Research Station of Quaternary Palaeontology, Weimar
KHM Kyakhta History Museum, Kyakhta

MG S. Janashia Museum of Georgia of the Georgian National Museum, Thilisi
MNHN National Museum of Natural History, Paris

Senckenberg Senckenberg Research Institute and Natural History Museum, Frankfurt/M.
Smithsonian Smithsonian Institution, Washington DC

ZI RAS Zoological Institute of the Russian Academy of Sciences, St. Petersburg

3. Systematic paleontology

Genus: Bison Hamilton-Smith, 1827
Subgenus: Poephagus Gray, 1843
Bison (Poephagus) menneri Sher, 1997

Holotype: Right metacarpal IQW 1982/17948 (Mei. 17 468) in the collection of the Senckenberg Research
Station of Quaternary Palaeontology, Weimar.

Paratype: Adult cranium IQW 2003/28250 (Mei. 27 412) in the collection of the Senckenberg Research Sta-
tion of Quaternary Palaeontology, Weimar (Figs. 2-4, Table 3).

Type locality and geological age: Untermassfeld near Meiningen in Southern Thuringia, Germany, late Early
Pleistocene.

Amended diagnosis: Large and long legged bovine with relatively slender limbs. Cranium is weakly pneu-
matized. The parietal region is not raised above the nuchal crest from the occipital view. The cranial roof is
flat — there is almost no flexion between frontals and parietals. Horn-core pedicles rise above the frontals.
The horn-cores are inserted more caudally than in Bison s.str. They are gracile and short, directed caudo-
laterally; they first bend downwards and then turn upwards; the apices lie behind the occipital. The orbits
are behind M3. The nasal processus of premaxillary bones are wide; they do not narrow upwards and do
not reach the nasals. The caudal edge of the lamina horizontalis of the palatine in the region of choanae is
straight. Its metacarpal bones are the longest and at the same time the most gracile among all known large
bovids. The other long bones and metatarsals are the largest (males especially) or near the largest among
the known bovids, being the most slender at the same time.

Other skull fragments attributed to the Bison (Poephagus) menneri: Deformed complete skull with mandible
of ajuvenile individual IQW 1993/24 343 (Mei. 23872) (Fig. 8); left half of a skull with horn-core, with dam-
aged parietal region, missing basicranium, temporal region, premaxilla and part of maxilla IQW 2005/28 809
(Mei. 27971).
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4. Description of the paratype of B. (Poephagus) menneri from Untermassfeld

The skull IQW 2003/28250 (Mei. 27412) belongs to an adult individual (Figs. 2-4, Table 3). It is almost
complete: the missing parts include the premaxillae, the tips of nasal bones, part of the temporal bone,
the mastoid processes and tympanic bullae, and the jugular processes. The skull has a minor deformation:
on the facial part maxilla is slightly compressed dorso-ventrally. This compression is more pronounced on
the right side of the skull. On the neurocranium
the frontals and parietal area are also slightly
compressed dorso-ventrally. This is clearly visible
at the nuchal crest. The sagittal plane is slightly
tilted from right to left.

4 .1. Neurocranium

The characteristic pattern of dome-like pneu-
matisation of frontals between horn-cores in
bison is not present here. Frontals continue al-
most flat to bregma. They are lowered between
supraorbital foramina. There is almost no flexion
between frontals and parietals. Sagittal and coro-
nal sutures are somewhat raised on the surface.
Bregma is clearly visible. The cranial roof is not at
all raised above the nuchal crest from the occipi-
tal view. Supraorbital foramina are placed widely
apart behind orbits. They are of medium size
and open in shallow pits that through the rather
short grooves (not roofed) quickly disappear at
the level of mid-orbits.

The horn-cores are pneumatized, and are in-
serted at a considerable distance from the orbits
in comparison with Bison s. str.; as a result, the
cranial roof portion posterior to the horn-cores
is shorter than in Bison. The horn-cores are grac-
ile and short, directed caudo-laterally. They first
bend downwards and then turn upwards and the
apices lie behind the occipital. Their cross-section
at the base is oval with a longer antero-posterior
diameter (index DVD/DAP is 63). The midline of
the horn-cores makes an angle of 55° with the

Fig. 2 Bison (Poephagus) menneri Sher, Untermassfeld. —
a—d Adult skull IQW 2003/28 250 (Mei. 27 412), lateral, dorsal,
occipital, ventral views. — Scale: 50 mm.
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Measurement mm

Length from the midpoint of mesial edge of nasal bones to nasion >175.6
Length from nasion to bregma 166.8
Length from bregma to nuchal crest 47.6
Length from nasion to nuchal crest 214.4
Length from basion to the praesphenoid 67.2
Length from staphilion to the maxilla-premaxilla suture ventrally 184.4
Maximal width at maxillary tuberosities ~191.5
Maximal width of nasal bones 88.1
Maximal width at zygomatic arches 209.8
Frontal width at the postorbital constriction 2235
Frontal width at the posterior margins of orbits 254.5
Distance between supraorbital foramens 142.1
Maximal distance between medial edges of horn-core bases 189.7
Width of nuchal crest between temporal fossae 100.8
Maximal width of occipital condyles 110.2
Maximal width of foramen magnum 40.7
Maximal width of basioccipital at the anterior tuberosities 34.1
Height of occipital from opisthion to nuchal crest 97.4
Height of occipital from basion to nuchal crest 131.7
Maximal antero-posterior diameter of the left orbit 79.9
Maximal antero-posterior diameter of the right orbit 82.2
Maximal dorso-ventral diameter of the left orbit 45.9
Maximal dorso-ventral diameter of the right orbit 47.7
Length of straight line from the horn-core apex to the base dorsally 159.9
Antero-posterior diameter of the left horn-core 63.7
Antero-posterior diameter of the right horn-core 71.8
Dorso-ventral diameter of the left horn-core 50.4
Dorso-ventral diameter of the right horn-core 48.4
Distance between mesial edges of P2s 88.3
Distance between distal edges of M3s 118.9
Maximal distance between buccal margins of tooth rows 137.3

Table 3 Measures of the adult skull of Bison (Poephagus) menneri Sher, Untermassfeld, IQW 2003/28250 (Mei. 27 412).

sagittal suture. Their bases are rising importantly above the frontal surface. The surface of the horn-cores is
damaged, although weak furrows are still noticeable.

The parietals participate in the formation of the cranial roof. They are short and rather narrow, and continue
almost flat to the nuchal line and slightly curve downwards at the sides, where the cranial roof is delimited
by weak temporal crests. The temporal fossae are narrow and deep. They turn upwards at the rear. The
distance between hind ends of temporal fossae is long. Weak nuchal crests delimit the temporal fossae
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Fig. 3 Bison (Poephagus) men-
neri  Sher, Untermassfeld. -
a-b Adult skull IQW 2003/28 250
(Mei. 27412),  lateral,  dorsal
views. — Scale: 30mm.

caudally. These crests are arched and despite the missing mastoid processes it is probable that the contour
of the nuchal surface was not trapezoidal, but semicircular. The occipital surface is weakly sculptured. The
occipital condyles do not project backwards.

The basioccipital is triangular. Muscular tuberosities are well developed. There is a faint crest starting at the
anterior margin of posterior tuberosities which continues forward to the anterior margin of anterior tuber-
osities. The angle between basioccipital and basisphenoid is 166° and the angle between basisphenoid and
praesphenoid is 152°. Foramina ovalia are of medium size, situated in front of the anterior tuberosities of
basioccipital, looking sideways. Glenoid fossae are convex and wide, and their posterior margin is situated
immediately below the anterior edge of horn-core bases.
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Fig.4 Bison (Poephagus) men-
neri  Sher, Untermassfeld. -
a-b Adult skull IQW 2003/28250
(Mei. 27412), occipital, ventral
views. — Scale: 30 mm.

4.2. Splanchnocranium

The nasals are wide. Their lateral edges are concave in the middle approximately above the M1/M2 but
become equally apart again caudally and rostrally. There is a weak depression at the nasion. A small hiatus
among nasal, lacrimal and frontal is present. The so called fossa lacrimalis, a distinct depression on the lac-
rimal in Bison bonasus, is not observable. The angle between naso-frontal sutures is 70°.

The nasal processus of premaxillary bone does not narrow upwards and does not reach the nasals. The
infraorbital foramina are above the limit of P2 and P3. The lacrimal bones are large. The length of the
naso-lacrimal suture notably exceeds the naso-maxillary suture. The indentation of maxilla is located lower
and has a minor caudal extension, so that the lacrimal bone does not narrow spur-like rostrally as in
B. bonasus.

The orbits are placed posteriorly; their anterior margin falls behind M3. They are not projecting laterally and have
an oval circumference. The lacrimal foramina are double; three indentations are present at the orbital edge:
at the fronto-lacrimal suture, relatively shallow indentation at the lacrimal foramen and one at some distance
from the lacrimal-jugal suture. The crest under the orbit is well pronounced, and the zygomatic arch is straight.
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The palate is wide. A considerable rostral portion (anterior of the tooth row) of the palatine part of maxillae
is preserved; it is broken at the suture with premaxillas. The length of this portion, from the intersection of
suture between maxillas and line connecting premolars to premaxilla-maxilla suture, is 45mm. The palate
surface between the interalveolar crests is concave. The palatine foramina are located directly on the trans-
versal palatine suture at the level of anterior edge of M2. The staphilion is placed behind the lateral indenta-
tions of palatine, the latter are posterior to hind margin of M3. The vomer is not fused with palate. Teeth
have typical bovine morphology, being hypsodont, with cementum; the LP/LM occl. index is 70.

5. Comparison and discussion
5.1. Choice of the comparative sample

The postcranial morphology of bovines is poorly known in general except for Bos and Bison in their narrow
sense. Among limb bones metapodials are favored for comparisons and illustrations. Traditionally they are
compared with other fossils, or with a limited number of extant forms, mostly with one of the Bison species
and Bos s.str. However, among extant bovines, two — the yak, Bos mutus and its domesticated derivative Bos
grunniens (Fig. 5), and the gaur, wild species Bibos gaurus Hamilton-Smith, 1827 and the domesticated form
mythun, mithan or gayal Bos frontalis Lambert, 1804, have bison-like metapodials. Specifically, the shape of
the distal end in the area of contact between the shaft and the distal epiphysis is widened. The character of
fusion of epiphysis of metapodes of bison, yak
and gaur indicates heterochronic difference in
the ontogenetic development in comparison
with the rest of the extant cattle and fossils
united in the group of Leptobos and points
to the closer phylogenetic relationships of bi-
son, yak and gaur. This view matches the bio-
geographic evidence that the region south of
Himalayas is the center of diversity and at the
same time the center of origin of cattle and
presence of the primitive representatives of
all the groups is highly expectable here. Yet,
genomic studies separate Indochinese cattle
in a separate clade. Gaur, as well as develop-
mental aspects of cattle merit special study
and are not in the immediate scope of the
current article, while yak deserves thorough
look, especially because cladistic analysis
(Groves 1981; Geraads 1992; Pfeiffer 1999)
and numerous studies of genome consistently
indicate the Tibetan yak as the sister group
to the American bison (for references and dis-
cussion see Jianlin 2014).

Fig. 5 Bos grunniens, Smithsonian collection No 174734. — a-b Mc sin., According to the genome studies the diver-
Mt dex., dorsal views. — Scale: 30mm. gence of yak lineage took place during the

1180 | M. Bukhsianidze - New results on bovids from the Early Pleistocene site of Untermassfeld



L L L DT nasion- bregma- DT
nasion- nasion- bregma- postorb. bregma/ acro-cranion/ postorb./
bregma acro- acro- nasion- nasion- L nasion-

cranion  cranion acro-cranion bregma acro-cranion
Untermassfeld 166.8 214.4 47.6 223.5 77.8 28.6 104.2
1 B. bison bonasus 189.2 243.4 68.6 205.3 77.7 36.3 84.3
2 B. bison bonasus 143.6 212.0 75.7 215.8 67.7 52.7 101.8
3 B. bison bonasus 226.6 274.5 71.6 263.7 82.6 31.6 96.1
4 B. bison caucasicus 153.7 213.8 70.6 226.4 71.9 459 105.9
n 4 4 4 4 4 4 4
min  143.6 212.0 68.6 205.3 67.7 31.6 84.3
max 226.6 274.5 75.7 263.7 82.6 52.7 105.9
avg 1783 235.9 71.6 227.8 75.0 41.6 97.0
std 37.7 29.5 3.0 255 6.5 9.5 94
5 B. bison athabascae  170.3 231.5 72.6 218.3 73.6 42.7 94.3
6 B. bison athabascae  145.2 216.9 86.2 204.3 66.9 59.4 94.2
7  B. bison athabascae  167.6 225.0 72.7 219.2 74.5 433 97.4
8 B. bison athabascae  180.9 248.9 81.7 270.1 72.7 45.2 108.5
9 B. bison athabascae  211.9 262.3 70.6 276.9 80.8 333 105.6
10  B. bison bison 187.6 269.5 96.6 2834 69.6 51.5 105.2
11 B. bison bison 150.1 216.4 75.1 204.1 69.3 50.0 94.3
12 B. bison bison 152.2 209.1 72.0 209.3 72.8 47.3 100.1
13 B. bison bison 156.4 202.6 64.2 214.1 77.2 41.0 105.7
14 B. bison bison 185.9 237.0 66.2 253.9 78.4 35.6 107.2
15  B. bison bison 194.6 243.8 64.4 271.5 79.8 33.1 111.3
16  B. bison bison 196.6 263.3 79.0 283.1 74.7 40.2 107.5
17  B. bison bison 164.4 224.6 75.6 224.5 73.2 46.0 100.0
n 13 13 13 13 13 13 13

min  145.2 202.6 64.2 204.1 66.9 33.1 94.2
max 211.9 269.5 96.6 2834 80.8 59.4 111.3
avg 174.1 2347 75.1 241.0 74.1 43.7 102.4
std 20.6 21.7 9.1 32.3 4.1 7.5 6.0
18  B. grunniens 151.9 190.3 49.0 178.4 79.8 32.3 93.7
19  B. grunniens 204.6 240.5 58.6 234.1 85.1 28.6 97.3
20  B. grunniens 185.9 201.5 49.9 232.8 92.2 26.8 115.6
21 B. grunniens 156.9 185.9 56.7 177.9 84.4 36.2 95.7
22 B. grunniens 182.4 228.6 67.2 214.1 79.8 36.9 93.7
23 B. grunniens 172.6 207.8 50.6 214.0 83.1 29.3 103.0
24 B. grunniens 162.5 201.7 58.7 228.7 80.6 36.1 113.4
25  B. grunniens 128.1 181.1 68.0 197.2 70.7 53.1 108.9
26 B. mutus 196.2 228.1 71.1 225.1 86.0 36.2 98.7

Table 4 Measures of extant skulls (mm) and indexes, sequence of specimens as in Table 1.
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L L L DT nasion- bregma- DT

nasion- nasion-  bregma- postorb. bregma/ acro-cranion/ postorb./
bregma acro- acro- nasion- nasion- L nasion-
cranion  cranion acro-cranion bregma acro-cranion
Untermassfeld 166.8 2144 47.6 223.5 77.8 28.6 104.2
27  B. mutus 152.6 187.8 57.0 165.6 81.3 37.3 88.2
n 10 10 10 10 10 10 10
min  128.1 181.1 49.0 165.6 70.7 26.8 88.2
max 204.6 240.5 71.1 234.1 92.2 53.1 115.6
avg 169.4 205.3 58.7 206.8 82.3 35.3 100.8
std 233 20.6 7.9 253 5.5 7.4 9.1

Table 4 (continued)

Early Pleistocene or at the onset of the Middle Pleistocene and varies from study to study, e.g., 0.7 Ma BP
(Zeyland et al. 2012), 0.85-1.19 Ma BP (Xie et al. 2010), 1.05-1.5 Ma BP (Bai 2015), 1.7 Ma BP (MacEach-
ern et al. 2009), 1.8 £ 0.41 Ma BP (Hassanin and Ropiquet 2004), 1.7-2.1 Ma BP (Li et al. 2006). These data,
although quite dispersed in time, and wider range of distribution of yak fossils in the past, even if very poor,
support the idea that Untermassfeld bovine skull might belong to a primitive yak.

This skull (Figs. 2-4) is clearly different from bison. Bison in general is characterized by short, wide and
convex frontals, more anteriorly inserted horn-cores and orbits (above M2-M3). The proportionally longer
frontals (index bregma-acrocranion/nasion-bregma, Table 4), lower neurocranium (occipital view, Fig. 4a),
flat braincase roof, caudally inserted horn-core bases, and the orbits behind M3 do not fit fossil or extant
bison morphology. Among these features the most striking is the posteriorly placed orbits, characteristic
only for yaks among bovines. These characters, together with the morphology of metapodials strongly sug-
gested that we might be dealing with a primitive yak. These arguments were decisive for the choice of the
comparative sample (Table 1).

5.2. Geometric-morphometric analysis

The first principal component (PC1, 34.2 % of total variance) captures shape variation between relatively
short and high crania (negative values of PC1), and relatively elongated, and low crania (positive PC1 val-
ues), which largely corresponds to the contrast between bison and yak. Moving along PC1 from negative
to positive values, the neurocranial roof becomes lower and longer; supraorbital foramina and orbits move
backwards — the area between nasion and supraorbital foramina elongates, while the area between the
supraorbital foramina and bregma shortens; the apex of the cranial roof moves backward, and the distance
between bregma and nuchal crest slightly shortens; horn-core bases move caudally and become more back-
ward oriented; the palate and braincase turn towards each other to a minor degree. This rotation results
in a more steeply oriented parietal region, a deflected occipital, and a more upward-oriented basioccipital
(Fig. 6).

PC2 describes sex related changes. Compared to bisons, yaks exhibit long and low crania, and downward
rotation of the splanchnocranium and neurocranium relative to each other, backward shift of the orbits,
supraorbital foramina and horn-core bases. These changes in the neurocranium are associated with changes
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in the splanchnocranium: nasal bones are elongating, involving lacrimals, which are getting longer; due to
stretching of the nasals the anterior point of the nasomaxillary suture also assumes a more anterior position.
While PC1 generally discriminates between bison and yak groups, B. menneri falls on the yaks’ side, but it
is clearly separated from that group along PC2.

PC2 (variance 19.6 %) describes variation in width of the entire dorsal aspect of the skull. Widening of the
braincase is stronger than of the nasals, horn-core bases move downwards, pneumatization increases, and
there is a similar rotation of splanchnocranium relative to the neurocranium as described for PC1, but in this
case it is not associated with elongation and lowering of skull. PC2 does not distinguish between bison and
yak. Described changes are clearly sex related (well visible on bison sample) and reflect the difference in the
retention of juvenile characteristics in adults (females being more paedomorphic than males). These changes
parallel each other in these two groups. The skull of B. menneri stands separate in the lowermost part of the
graph — it has the least pneumatized, narrow skull and horn-core bases are placed upward (Fig. 6). Separa-
tion of the Untermassfeld skull from modern bison and yak is expectable because this is the only fossil form
included in the analysis, detached from the skulls of the dataset by a time span of 1 Ma.

When PC1 was combined with other PCs the split between bison and yak groups was maintained and the
changes described by other PCs paralleled each other in the two groups. PC3 (variance 7.3 %) described
similar, but more pronounced rotation of the braincase and splanchnocranium towards each other and it
was associated with the degree of pneumatization, and shortening of horn-core bases; PC4 (variance 7.3 %)
described pneumatization associated with the dislocation of the highest point on frontal anteriorly, and
movement of supraorbital foramina and the anterior edges of horn-cores posteriorly (position of posterior
edges were not altered), shortening of the distance between glenoid fossa and tooth row, palatine and
braincase were both turning backwards. The Untermassfeld specimen was always placed in the right bot-
tom part of the graph closer with (PC1/PC4) and even among (PC1/PC3) yak skulls.
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The allometric coefficient (predicted sums of squares %) for the entire set was 18.7 %; 9.2 % for yak and
22.0 % for bison. This difference is due to prevalence of male specimens in the yak sample and more even
representation of males and females in the bison sample. The allometric trends were similar in extant yak
and bison groups (angle of the regression line with centroid size was 32° for the yak sample, and 30° for
bison) indicating similar allometric relationships in bison and yak. When the Untermassfeld skull was added,
it fits in the group of yak, and the allometric trends were altered (11° for yak and Untermassfeld and 20°
for bison) (Fig. 7).

The discriminant analysis (1,000 permutation tests) treated B. menneri as a separate form, although the
Mahanolobis distances (Untermassfeld and yak 2.6527; between yak and bison 5.9398, and between bison
and Untermassfeld 5.0992) are suggestive of the closeness of the Untermassfeld skull to yaks.

5.3. Skull transformation trend in bison

Most of the finds of fossil yak are postcranial and dental remains. Fossil skull remains are few, all of them
dated to the Late Quaternary and morphologically are rather similar to modern yak. On the other hand, the
Bison fossil record is more continuous and covers the time span from the beginning of the Early Pleistocene
up to now. The simultaneous presence of several forms of Bison in Europe during the Early Pleistocene signi-
fies that the evolution of the genus was not anagenetic. However, regardless of the mentioned complexity,
the evolution of Bison s.str. during Early and Middle Pleistocene reveals a general skull transformation trend
from paedomorphic to peramorphic morphology which might be useful to disclose the primitive features of
the Untermassfeld skull. Sala (1986) considers that B. schoetensacki are more neotenic than B. priscus and
remarks the reversal towards neoteny in Holocene B. bonasus.

Skulls of the early bison are less pneumatized than the latter ones. At the same time the horn-core bases
and pedicles are inclined caudally and upwards in B. (E.) georgicus. B. palaeosinensis has more downward
bending horn cores than the latter. This is also apparent on the badly reconstructed skull of P dehmi. These
two characters result in the almost flat frontals in the earliest fossil forms [P dehmi, B. (E.) georgicus], while
in modern Bison species the cranial roof is higher in the middle than in other regions of the braincase. The
modern pattern of pneumatization appears in B. palaeosinensis and E. degiulii.

Earlier bison have a narrower cranial roof in general. In the Dmanisi finds the postorbital width of the frontals
is less than the length from nasion to acrocranion. This is especially remarkable because both Dmanisi skulls
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most probably belong to males. The index DT postorbital/L Nasion-Acrocranion for Dmanisi skulls equals
89 (Dm.64/63.B1x.265) and 99 (D354), in later forms skull becomes wider, e.g., for the E. degiulii the same
index is 103 and for the B. priscus skull from Overijsselse Vecht (No 103866) used in this study 115.

As a result of backward bending of horn-cores in early bison, the posterior margin of the horn-cores (where
upward turning is accentuated) falls behind the occipital surface. This is observable, for example, in B. (E.)
georgicus, B. palaeosinensis and B. schoetensacki voigtstedtensis. During evolution the degree of upward
and backward inclination of horn-core bases diminishes gradually, and in B. schoetensacki from Isernia La
Pineta it is already as in extant bison species, i.e., the posterior margin of horn-cores falls anterior of the
occipital plane in later forms like in extant ones.

The occipital contour is trapezoidal in early bison and is becoming arched in later forms including extant
bison. The shape of occipital is a complex character and is influenced by the pneumatization of mastoids
and direction of horn core pedicles. Temporal fossae are high (the major character of the subgenus Eobison
according to Flerov 1979) with upwards turned hind ends visible from the dorsal view; the parietal por-
tions of the nuchal crests are straight and long and the distance between temporal fossae is short in early
bison. Subsequently, due to downward shifting of pedicles and increased pneumatisation of mastoids, the
parietal portion of the nuchal crest gets shorter, less steeply declined and DT temporal increases. This gives
an arched shape to the nuchal crest in relatively modern forms of Bison, starting from B. schoetensacki
voigtstedtensis.

Position of orbits (above the tooth row) and length of frontals/parietals (high value of the index bregma-ac-
rocranion/nasion-bregma) do not seem to be altered during evolution, e.g., in B. (E.) georgicus (unpublished
skull Dm.64/63.B1x.265) anterior edges of orbits are above the first and second lobes of M3 and in E. degiu-
lii above M2/M3 limit, and the index bregma-acrocranion/nasion-bregma for the mentioned Dmanisi skulls
is 50 (Dm.64/63.B1x.265) and 47 (D354) and for the Pirro Nord 51.7. These data match the extant bison.
The distinctive Bison character, such as a raised cranial roof above the nuchal crest from the occipital view,
or the higher neurocranial roof captured by GM analysis is also present in the earliest fossil forms, e.g.,
P dehmi, B. (E.) georgicus, B. palaeosinensis, and E. degiulii.

In terms of evolutionary developmental biology all the above described changes indicate that skull morphol-
ogy becomes less and less paedomorphic with time. Interestingly, the mentioned changes are described
by PC2, while there is no significant alteration in the morphological changes described by PC1. Thus, the
mentioned skulls of early bison would not fall on the yak’s side of the PC1/PC2 graph, but in the lower left
part of the PC1/PC2. This implies that primitive features in the bison lineage are paedomorphic and derived
ones are peramorphic.

5.4. Comparison of neurocranium of the Untermassfeld adult cranium

Untermassfeld provides evidence that evolution of yak paralelled the bison lineage from paedomorphic to
peramorphic forms.

The described skull possesses all the distinctive characters of yak described by PC1. The most notable among
them are: relatively low neurocranium, proportionally longer frontals (low index naison-bregma/bregma-
acrocranion, Table 4), caudally inserted horn-cores and orbits behind M3. Bregma is on the frontal surface
in bison and yak, like in the Untermassfeld fossil. Low degree of pneumatization, horn-core pedicles rising
above the frontal surface and backward directed horn-cores of the B. (Poephagus) menneri parallel the
morphology of early bison. The Untermassfeld skull has somewhat more backward directed horn-cores than
modern yak (the angle between sagittal suture and the midline of the horn-core bases and the medial part

The Pleistocene of Untermassfeld — Part 4 1185



of the horn-cores varies from 58° to 82°, mean 68° n=12) and in addition to this, the horn-cores of the
Untermassfeld skull are much shorter and slenderer than in any bison form, fossil or extant; this is clearly a
juvenile trait as well.

Vereshchagin (1954) mentions the angle between basisphenoid and praespenoid (character not captured
by GM analysis). According to this author the angle is more closed in yaks than in bison (130° — 140° vs.
150° — 160° after Vereshchagin 1954, and in the extant sample used in this paper 122° — 140° no 4 vs.
no 150° — 166° no 4 correspondingly). The Untermassfeld adult skull (152°) fits the bison sample; this can
be interpreted as a paedomorphic character state for yaks and is allied with the downward rotation of the
splanchnocranium and neurocranium relative to each other demonstrated by the GM analysis.

Other paedomorphic characters of the Untermassfeld skull are unobliterated sutures and a hiatus between
nasal, frontal and lacrimal.

Among the characters that were not captured by GM analysis following can be mentioned:

The downward bending of the horn-core itself, especially remarkable for such short and gracile horn-cores
does not fit early bison morphology and represents a yak's character proper.

In extant yaks horn core pedicles remain long and even become longer (in contrast with bison); downward
bending of horn-cores is more pronounced and involves pedicles as well. This associated with the caudal
insertion of horn-cores and higher degree of pneumatization results in a parietal region raised in a shape of
inverse V in extant yaks. In the Untermassfeld skull the parietal region is not raised because of weak pneu-
matisation and dorso-caudally directed horn-core pedicles.

Yaks have thin and arched nuchal crests; the greatest width of mastoids is located much lower and mas-
toids are less inflated in comparison with bison. Unfortunately, mastoids are not preserved in the Unter-
massfeld specimen. The thin and arched parietal portion of the nuchal crest of B. menneri conforms to yak
morphology.

5.5. Comparison of splanchnocranium of the Untermassfeld adult cranium

The splanchnocranium of early fossil bison is not known and unfortunately comparison cannot be carried
out with the Untermassfeld specimen.

Convex and wide nasals of the Untermassfeld skull that are not narrowing mesially resemble the large male
yak specimens from Smithsonian (No 257034, No 174734; Table 1) and B. priscus [IQW 1967/9 064 (SUB.
695); Naturalis No 103866]. However, it differs from them because the contour of the lateral edge of nasal
bones is concave at the middle at the suture with the lacrimal bone.

The shape of the lacrimal bone of the Untermassfeld skull resembles B. bison and B. priscus, but clearly dif-
fers from B. bonasus. The lacrimal of the latter narrows spur-like mesially in contrast with others; i.e., the
first (from dorsal to ventral) indentation of the maxilla is located much upwards and is extended caudally,
while in the other listed species it is much lower and has a minor caudal extension. In yaks the mentioned
indentation of maxilla is located lower than in B. bonasus, although it is more extended caudally than in
B. priscus or American bison. The Untermassfeld skull is the most similar to B. priscus among mentioned
species.

The premaxillae of the Untermassfeld specimen, as in bison and yak, do not reach the nasals, yet it extends
far more upwards than in bison and yak. The nasal processus of premaxilla does not narrow in the dorsal di-
rection in B. (Poephagus) menneri in contrast with extant yak: the mentioned processus is thin in yaks, while
in bison it is wider — in European form it narrows more than in American bison; among fossils, B. priscus
displays wide and not narrowing nasal processes similar to the Untermassfeld form.
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The intersection of sutures between praemaxillas and maxillas ventrally is located more rostrally in bison
than in yaks; in yaks it tends to be close to the level of P2s. The Untermassfeld skull resembles bison in this
character.

The caudal edge of the lamina horizontalis of the palatine in the region of choanae of the Untermassfeld
specimen is straight as in yak, B. priscus and B. bison, and it differs from B. bonasus. The latter has a V or
narrow U shape caudal edge and resembles to Bos primigenius in this regards. The palatine foramina of
B. (Poephaqgus) menneri are more rostrally located (M1/M2 limit) than in compared taxa. In yaks (n=11) it is
at the level of between the limit M2/M3 and the posterior edge of M3; in B. bonasus (n=6) it is at the mid-
dle of M2 to M2/M3 limit, just like in B. bison (n=12). One female individual of B. bison bison (Smithsonian
No 38304) shows it at the level of M1/M2 limit.

The Untermassfeld adult skull displays many juvenile characters as mentioned above: unobliterated sutures,
hiatus between nasal, frontal and lacrimal, backward directed short and slender horn-cores with pedicles
raising above the frontals, low degree of pneumatization of the cranial roof. However, it is possible that,
regardless the mentioned juvenile features, it belongs to a male because of the dorso-ventrally compressed
horn-core bases and remarkably vaulted nasals.

To summarize, the neurocranium of the B. (Poephagus) menneri skull IQW 2003/28 250 (Mei. 27 412) from
Untermassfeld displays the following typical yak characters: elongation of frontals and shortening of pa-
rietals (low index naison-bregma/bregma-acrocranion), position of orbits behind M3, caudal insertion of
horn-cores, backward direction of horn-cores and their downward bending in the beginning, thin and
arched nuchal crests, low degree and even pneumatization of the braincase roof, long and wide nasals.
Primitive characters include upward rising and backward directed horn-core pedicles, caudo-laterally di-
rected short and gracile horn cores, unobliterated sutures, hiatus between nasal, frontal and lacrimal, more
open angle between basisphenoid and praesphenoid.

The splanchnocranium reveals most similarities with B. priscus, i.e. (1) the lack of narrowing of the processes
of premaxilla not reaching nasals and the shape of the lacrimal and (2) caudal edge of palate at the open-
ings of choanae; and with American bison (1-2) and yak (2). This comparison turns out to be discriminating
between bison species: B. bonasus versus B. priscus and B. bison (shape of the lacrimal, palate, premaxilla).
Some of the traits of the Untermassfeld skull, such as the arched lateral edge of the nasals, are uniquely
characteristic for this form; however, it could be a male trait. These characters might have phylogenetic
importance, and can be reflecting closer evolutionary relationships of extant yak, B. (Poephagus) menneri,
B. priscus and B. bison and perhaps, also the findings of molecular studies, namely hybridization between
yak and bison (Hassanin and Ropiquet 2004; Zeyland et al. 2012).

5.6. Taxonomic position of the adult skull from Untermassfeld

Morphological comparison reveals that the described skull IQW 2003/28 250 (Mei. 27 412) cannot be attrib-
uted to the genus Bison s. str. and that it has fundamental similarities with yak. The nomenclatural history of
yak is complex, and its generic affinity has been moving from Bos to Poephagus to Bison (see Jianlin 2014).
It is relevant to remark here that the characters that distinguish bison from yak are paedomorphic — they are
characteristic for juvenile bison skulls, while those that differentiate yaks from bison express later during on-
togeny and from the developmental point of view are heterotopic. It cannot be claimed that yak characters
are derived in comparison with bison. Hypothetically opposite relationship, as well as, multiple branching
from the same ancestral form is also possible.
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The flat and relatively narrow skull, proportionally longer postorbital part and the shape of horn-cores in
yak are the major osteological arguments for placing yak in the genus Bos (Pilgrim 1939), or to ally it to Bos
(Sokolov 1953). The earliest fossils of Bos already are very derived: horn-cores occupy an extreme caudal
position, frontals are narrow and very elongated, covering the parietal and occipital plane, and even in such
a derived state nasal processus of premaxilla is long, reaching, but not fusing with nasals, and orbits are
above the posterior edge of M3 (e. g., Bos buiaensis, Buia, Eritrea; 1.0 Ma BP; Martinez-Navarro et al. 2010).
It is also important to stress that in Bos the area behind supraorbital foramina is stretched, while in yak this
is the area between nasion and mentioned foramina. This is reflected on the position of orbits, regardless of
the exaggerated lengthening of frontals they still remain above tooth row in domestic B. taurus, and only in
B. primigenius they may fall on the distal edge or behind M3. It is important to remark that in B. primigenius
the shape of the lacrimal and the distal edge of palate do not look like yak’s; there is no indentation on
lacrimal and no straight edge of a palate at the openings of choanes. The morphology of metapodials, posi-
tion of bregma on the frontal surface, not elongated cranial roof behind supraorbital foramina, premaxillas
not reaching nasals and the shape of lacrimal differentiate yak from Bos, allies it with Bison and suggests
that yak is a sister group to Bison and that Bos-like characters of yak reflect a parallel evolution in the latter
lineage resulting in morphological convergences with Bos s.str.

The combination of the transformation of skull morphology shown by the GM analysis and fossil evidence
of morphological changes in the genus Bison suggests following scenario: In Bison s.str. the orbits and
horn-cores did not move backwards, while in Poephagus the skull got stretched anteriorly of supraorbital
foramina and orbits and horn-cores were shifted backwards. Downward movement of horn-core pedi-
cles, the widening, and pneumatization of the cranial roof are associated with one another in the course
of evolution of Bison. GM analysis demonstrated alliance of these transformations in both groups. If we
reverse the direction of these transformations in yaks then we will get an Untermassfeld adult bovine skull
morphology: orbits and horn-cores moved backwards, not pneumatized, skull with caudally bending, raised
horn-core bases above the frontals.

This scenario is in accordance with numerous genome studies, which constantly cluster yak with bison (see
the discussion in Jianlin 2014) and findings of the cladistic analysis (Groves 1981; Geraads 1992; Pfeiffer
1999; Fernandez and Vrba 2005).

5.7. Yak's fossil record

Cranial remains of fossils that were mentioned to be related to yaks are listed below.

1. According to Sokolov (1953) the Mio-Pliocene fossil from Maragheh (Iran) Urmiabos azerbaidzanicus
Burchak-Abramovich, 1950 is a starting point of the evolution of Poephagus as well as Bos s.str. However,
the mentioned fossil (MG collections, No 148-250) might be intrusive in Mio-Pliocene fossil bearing layers,
because its morphology perfectly fits Bos taurus.

2. Late Pliocene Bison sivalensis ex. Falconer, 1868 from Sivaliks, Pinjor zone (c. 2 Ma BP) was first aligned
with yak by Lydekker (1878), however later he rejected his opinion and considered it as Bison (Lydekker,
1898) and at the end to Bos (Lydekker, 1913). Unfortunately this specimen was last studied and described by
Lydekker and then lost (Olsen 1990) as was the specimen originally designated as Bos sivalensis by Falconer
(briefly described by Falconer 1868, 555). Based on the illustrations of Lydekker (1878; 1898) and detailed
description made by him (1878) the complex of the following characters are in fact questioning its attribu-
tion to Bison: very tubular, projecting orbits; abruptly narrowing face in front of orbits; well pronounced
lacrimal fossae; rounded lower placed mastoids; flat anterior surface of the horn-core cross-section.
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3. The taxonomic attribution of the fragmentary skull of yak, Poephagus grunniens mutus, from late Qua-
ternary loess deposits of China (Matsumoto 1918) was doubted (Ovodov 1976; Flerov 1980). Although,
the following traits clearly identify it as yak: the posteriorly inserted and backward bending horn-cores, the
caudal margin of horn-cores behind occipital plane, the shape of the occipital (arched contour), the lower
placed and wide mastoids with horizontal base-line and the parietal region raised in a shape of inverse V.
4. The Fairbanks (Alaska) find of B. (Poephaqus) bunnelli Frick, 1937 is a skull fragment which is missing
horn-cores and occipital. According to Guthrie (1990) it belongs to domesticated cattle apparently intro-
duced by early gold diggers. Some characters in the original description of Frick (1937, 569) including for-
ward placed, less protruding orbits, proportionally narrow nasals in a near contact with the vertical wing of
premaxillary bones are indeed favoring its attribution to Bos taurus.

5. A skull fragment of yak Bos (Poephagus) baikalensis Vereshchagin, 1954 (collections of the ZI RAS, No
25754) comes from the londinian limestone quarry (mountain Koz'i Sopki, Zabaykalsky Krai, Russia) pre-
sumably from the Late Pleistocene (Vereshchagin 1954). This form is considered to be a direct ancestor of
the Holocene yak. The skull is larger than in Holocene Tibetan yak, it is considerably larger than the Unter-
massfeld skull. The parietal region of the skull is weakly raised and nuchal crests form an inverse V. The orbits
weakly rise above the frontal surface in comparison with the modern yak. The angle between praesphenoid
and basisphenoid (146°) is more open than in modern yaks and is considered as a primitive character by
Vereshchagin (I.c.). B. (Poephaqus) baikalensis differs from the extant wild yak by the absence of backward
bending of the apical part of horn cores. This character as well as the gentle bending of horn cores in one
plane is comparable to bison. Vereshchagin (I. c.) mentions that this skull might belong to a female because
modern female yak horn cores sometimes lack the posteriorly bending apexes; however, considering the
geological age of the fossil he is inclined to treat it as a species rank character. The Untermassfeld skull has
much more primitive morphology than B. (Poephagus) baikalensis. This is reasonable because the former is
a much earlier form (late Early Pleistocene) than the latter (Late Pleistocene). B. (Poephaqus) baikalensis also
seems to be a peramorphic form. In this regards the evolution of yak parallels the evolution of bison (Sala
1986).

6. A skull fragment from the precipice of the river Chikoy near the village Korotkovo (Zabaykalsky Krai,
Russia) was illustrated by Pavlova (1911) as Bos aff. primigenius (Pavlova 1911, Tab. 1, Fig. 2, KHM collec-
tions No 370) and suggested that this form is closely related to yak. Vereshchagin (1954) considered it as an
analogue of B. (Poephagus) baikalensis.

7. A skull fragment from Kuznetskij Alatau (Kemerovo Oblast, Russia) was illustrated by Alekseeva (1980) as
Poephagus sp. (Alekseeva 1980, Tab. 27, Fig. 2) and later it was identified by Flerov (1980) as a form similar
to the recent wild yak — B. (Poephagus) mutus ssp.

8. Fragments of a maxilla and a mandible of Bos grunniens from Skardu Basin (Pakistan; Holocene; Thewis-
sen et al. 1997).

The Untermassfeld skull represents the earliest find of a yak related form. The abundance of fossil mate-
rial and diversity of faunal assemblage of Untermassfeld makes it the best documented Early Pleistocene
bovine. It is found in warm climatic conditions (MIS 31) together with temperate and thermophilous faunal
elements (Kahlke 2006; Kahlke et al. 2011). The primitive morphology of the skull of B. (Poephagus) men-
neri does not contradict but supports its occurrence in an environment which is radically different from the
habitat of modern wild yak. The Untermassfeld discovery significantly widens our understanding of the
evolutionary history of yak and the genus Bison s.|. in general.
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6. The question about the presence of another bovine species in the Untermassfeld
faunal assemblage

Skull remains of the Untermassfeld bison collection are dominated by juvenile specimens. The fragmentary
juvenile skull IQW 1980/17 380 (Mei. 16902) has already been described and illustrated by Sher (1997). He
referred it to a group of earlier European bison (E. degiulii, B. tamanensis. B. voigtstedtensis, B. schoeten-
sacki). This fragmentary juvenile skull is different from the Untermassfeld yak by the convex, wide frontals
and larger circular horn cores, e.g., the angle between frontal and parietal is c. 138-140° vs. 175° in adult
skull IQW 2003/28 250 (Mei. 27 412) and 160° in juvenile skull IQW 1993/24 343 (Mei. 23872) (Fig. 8); DAP
and DVD of the horn core at the base (in mm) — 74-64 vs. 63.7-50.4 and 44.1-27.7, postorbital width is
only slightly inferior of the described adult skull (205.0mm vs. 223.5mm) and exceeds that of the juvenile
B. (Poephaqus) menneri (c. 182.5mm); the estimated distance between horn-cores 171.0mm vs.189.7 mm
and 156.0mm correspondingly. Horn-cores have practically no pedicles in contrast not only with the dis-
cussed adult skull but also with the juvenile B. (R) menneri, these are substantial differences, which cannot
be explained neither by age differences nor by sexual dimorphism, and point to the presence of another
Bison species in Untermassfeld.

Fig. 8 Bison (Poephagus) menneri Sher,
Untermassfeld. — a—d Deformed complete
skull with mandible of a juvenile individual
IQW 1993/24 343 (Mei. 23872), left lat-
eral, rostral, right lateral, occipital views. —
Scale: 30mm.

Among other cranial remains the fragment of a left maxilla of one subadult individual IQW 2003/27716
(Mei. 27221) sin. (Fig. 9) is also remarkable. Its M3 is already fully erupted, P3 is just erupting and DP4 is
not yet shed on this maxilla. This combination of teeth corresponds to a 2.5-3 years old animal if the Euro-
pean bison tooth eruption scheme is applied (Wegrzyn and Serwatka 1984). The anterior edge of the orbit
is preserved on the left maxilla and it is placed above M2. The infraorbital foramen is located at the anterior
edge of P2. A rather long piece of the nasal processus of premaxilla does not narrow upwards. An anteriorly
placed orbit, regardless its subadult state, suggests that this fragment belongs to another form, different
from the adult skull described above, because in yaks, with the similar combination of teeth, the orbit is
already behind M3 (Bos grunniens, Senckenberg, collection No 3315; Bos grunniens, UCB MVZ, collections
No 55145). The morphology of the preserved part of premaxilla fits B. priscus and B. (Poephagus) menneri.
Unfortunately none of the earlier fossils of bison known to me has this part of the skull preserved.

These mentioned specimens suggest the presence of another bovine species in the Untermassfeld fauna,
preliminarily named Bison sp. Other cranial fragments from Untermassfeld attributed to Bison sp. are a frag-
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Fig. 9 Bison sp., Untermassfeld. — Left maxilla IQW
2003/27716 (Mei. 27 221), buccal view. — Scale: 30 mm.

ment of a right frontal with a horn-core IQW 1986/21665 (Mei. 21184) and a fragment of a left frontal
with a horn-core IQW 1988/22 803 (Mei. 22 322).

Among metacarpals attributed to B. menneri by Sher (1997) there is one specimen of an adult individual
[Mc sin. IQW 1983/19253 (Mei. 18 773), Fig. 10d—f; not mentioned in Sher 1997)] which has similar di-
mensions/proportions as the Early and Middle Pleistocene bison (Fig. 11; dimensions in mm: L max. 268.4;
DT dist. 90.5; DT max. prox. 80.2; DAP max. prox. 48.8; DT med. 51.3). This supports presence of two

Fig. 10 Metacarpals of Untermassfeld bovines. — a-c Holotype of the Bison (Poephagus) menneri Sher Mc dex. IQW
1982/17948 (Mei. 17468), dorsal, palmar, proximal views. — d—f Bison sp. Mc sin. IQW 1983/19253 (Mei. 18773),
dorsal, palmar, proximal views. — Scale: 30 mm.
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Fig. 11 Length and stoutness of fossil bovid metacarpals from different localities.

bovine taxa in the Untermassfeld fauna and also resolves the taxonomic question about attribution of the
Untermassfeld adult skull to the same taxon as the type specimen of B. (Poephagus) menneri [Mc dex.
IQW 1982/17 948 (Mei. 17 468), Fig. 10a—].

Measurements of metacarpals from the following sites are taken from the published sources: Chertkov,
Tiraspol and Kapena (Croitor 2010), Durfot (Brugal 1995), Mauer and Mosbach (Schertz 1936), North Sea
and Saalfeld (Drees 2005), Taubach (Flerov 1977).

7. Conclusions

The Untermassfeld fossil represents a primitive yak — Bison (Poephagus) menneri Sher, 1997. The Untermass-
feld material represents the earliest and most western occurrence of a fossil form of yak. It was found in an
environment which differed radically from the habitat of extant wild yak. Similar morphology of metapodi-
als, position of bregma on the frontal surface, the not elongated cranial roof behind supraorbital foramina,
the premaxillary bones not reaching nasals and the shape of lacrimal bone indicate closer phylogenetic rela-
tions between yak and bison, than between yak and Bos. The transformation of skull morphology shown by
the GM analysis and fossil evidence of the genus Bison s.|. suggests that bison is a sister group to yak and
that the Bos-like characters of yak are convergences due to parallel evolution: in Bison s.str. [Bison (Bison)]
orbits and horn-cores did not move backwards, while in Poephagus [Bison (Poephagus)] the skull became
stretched anteriorly of supraorbital foramina, and orbits and horn-cores were shifted backwards.
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Study of Bison cranial remains from the site suggests that two bovine species coexisted in Untermassfeld:
Bison (Poephagus) menneri and Bison sp.
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