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Abstract. This report describes pathological changes of twelve metapodial bones of ancient large ungulates (Bison priscus,
Cervus elaphus, Megaloceros giganteus, Equus ex gr. gallicus) from various sites in West Siberia. Two basic types of
deteriorations were observed: proximal epiphyseal deformity resulting from arthrosis, and periosteal proliferations on diaphysis.
All of these likely are related to trauma. The most probable causes of the injuries include unsuccessful hunting activity of cave
lions and environment-associated sharp or blunt force.
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AnHoranusi. Onucano 12 ciny4aeB MaTOJIOTMYECKUX M3MEHEHHH Ha METANOAMAIbHBIX KOCTSX KPYIHBIX KOIBITHBIX (Bison
priscus, Cervus elaphus, Megaloceros giganteus, Equus ex gr. gallicus) MaMOHTOBOH (hayHBI M3 MECTOHAXOXKIEHNH 3amaaHoi
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Cubnpu. 3meHeHns Ha KOCTSX JIBYX TUIIOB — Ne(OpMaIiy IPOKCHMAIIBHBIX MI(U30B B pe3y/IbTaTe Pa3BUTHI apTPO30B H pas-
pacTtanus Ha auadu3ax. Bo3HNKHOBEHNE BCeX NMATONOTHH CBSA3BIBAETCS C TPAaBMHPOBAHHHEM XHBOTHBIX. Hanbomee BeposTHOI
IPIYUHON ITOTYYSHHUS TPABM SBIIIOTCS HeyNauHbIe OXOTHI Panthera spelaea.

Kniouesvie cnosa: memanoouu, mpasmamuieckue namonocuu, nepuocmum, naneodxono2us, oxomsl, Panthera spelaea
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Tenb pemakropa International Journal of Paleopathology) 3a ero momonrs B aHaIH3€ OMICAHHBIX CITy4aeB MAaTOJTOTHIECKIX H3Me-
HEHHIl U KOPPEKType TeKCTa. ABTOPHI BBIPAXAIOT ONAaroZapHOCTh 3aBEAYIOIIEMY OTIENEHHEM JydeBOH MUAarHOCTHKH Ne 2
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1. Introduction

Pathological changes occur rather frequently on teeth
and postcranial bones of large fossil mammals, includ-
ing Quaternary fauna. However, descriptions of such
pathological changes for fossil mammals are rare in lit-
erature. Therefore, their causes have not been studied,
despite the long history of this research [Moodie, 1923;
Tasnadi-Kubacska, 1962; Rothschild, Martin, 1993].
The majority of the pathologies have been noted previ-
ously, either for teeth of Mammuthus primigenius (Blu-
menbach, 1799). from Siberia [Mashchenko, Shpansky,
2005; Shpansky, 2014a], or on the backbone of Mega-
loceros giganteus (Blumenbach, 1799) [Shpansky,
2014b], M. primigenius, and Mammuthus trogontherii
trogontherii (Pohlig, 1885) [Bondarev, 2006; Shpansky
et al. 2015b]. The unique case of an ankle (hock) joint
fusion in Mammuthus trogontherii chosaricus Dubrovo,
1966 also has been described [Shpansky et al., 2015a].
In the latter, the cause of the bone ankyloses in this indi-
vidual could have been the valgus subluxation of the
pes, followed by purulent inflammation of the degener-
ating cartilage of the joint and a fusion of the adjacent
articular surfaces. It is possible also that this feature oc-
curred without purulence, since advanced arthrosis does
not require infection and pus production. Fused fractures
and osteoarthrosis have been mentioned for metapodials
of artiodactyls and horses [Gadjiev, Gadjiev, 1955;
Yatsko, 1962; Skorik, 1979; Roberts et al., 2004; Udres-
cu, Van Neer, 2005; Dzierzecka et al., 2008; Thomas,
Grimm, 2011; Bendrey, 2014; Salmi, Niiniméki, 2016],
and tibia of the bison [Kierdorf et al., 2012], as results of
different injuries.

In this report, we consider a case series of pathologi-
cal changes on metapodials of large artiodactyls and
horses, from the localities of West Siberia are consid-
ered in the present paper. The analysis of pathologies on
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the fossil material can help assessment of environmental
conditions, animal behaviour, and biotic relationships
among different taxa in the ecosystems. One of the
probable causes of the metapodial pathology of the Late
Pleistocene large ungulates could be unsuccessful hunts
of large carnivores that include, first of all, the cave lion,
and probably cave hyena and wolf as well.

Institutional Abbreviation — PM TSU, Paleonto-
logical Museum of Tomsk State University (Tomsk);
OSMHRS, Omsk State Museum of History and Re-
gional Studies (Omsk).

2. Materials and methods

Twelve large ungulate metapodials with pathologies
were selected from various localities in south-east of
West Siberia: nine specimens from Krasniy Yar locality
(Tomsk Province) and three specimens from Ust’-Ishym
(Omsk Province). Eleven bones with completely fused
epiphyses (listed below) are referred to as adult individ-
uals. One specimen (PM TSU 5/3263) a juvenile. The
specimens were chosen due to close geological ages
(Late Pleistocene; Shpansky, Kuzmin, 2021), anatomical
position in the skeleton (metapodials), similar changes
in the bones (asymmetrical abnormal observations) and
thus, perhaps common reasons for the pathology.

Bison priscus Bojanus: metacarpal PM TSU 5/3386;
metatarsals PM TSU 5/3264, 5/4283, 5/5226, 5/3265,
5/3263, 5/2485 Krasniy Yar (Tomsk Province); OSMHRS
15914/1 PK 2254 (Ust’-Ishym district, Omsk Province).

Megaloceros giganteus Blumenbach: metacarpal PM
TSU 5/3377 Krasniy Yar (Tomsk Province).

Cervus elaphus Linnaeus: metatarsal OSMHRS
15914/2 PK 2255 (Ust’-Ishym district, Omsk Province).

Equus ex gr. gallicus Prath: metatarsals PM TSU
5/5413, Krasniy Yar site (Tomsk Province), OSMHRS
15914/3 PK 2256 (Ust’-Ishym district, Omsk Province).
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Several previously described similar distal limb pa-
thologies of Pleistocene and recent ungulates have been
referred to for comparison: metatarsal of Cervus elaphus
Linnaeus, 1758 [Gadjiev, Gadjiev, 1955]; metapodials
of horses and moose [Skorik, 1979]; tibia of bison
[Kierdorf et al, 2012]; metacarpals of the goat
[Bendrey, 2014] and sheep [Thomas, Grimm, 2011]; and
radii and metapodials of Late Pleistocene Paracamelus
[Yatsko, 1962].

Methods. Evaluations included overall description of
the bone and comparison with healthy analogues, as-
sessment of typology of the remains, foci of pathological
changes, and specific pathology characteristics (inner
and outer changes in the bone, and morphometry). In the
most complex cases, spiral computer tomography was
applied to examine the internal bone structure. The same
approach was used for a healthy bison bone (PM TSU
5/5117) for comparison.

Imaging studies were carried out using Computed
Tomography (Siemens Emotion 6CT 2007E; Cancer
Clinic of Tomsk National Research Medical Centre Si-
berian Branch of the Russian Academy of Sciences,
Tomsk) and Siemens Somatom Definition Flash (Multi-
purpose centre of modern medicine "Euromed", Omsk).
The standard software was used in the processing of
images. The thickness of the slice in the dorsal (axial)
plane for specimens PM TSU 5/2485, 5/3263, 5/3264,
5/4283 was 1.0 mm; for PM TSU 5/3265 and 5/5117 is
0.8 mm; and for OSMHRS 15914/1 PK 2254 is 0.4 mm.
Post-processing included modelling of images in sagittal
and transversal planes, and 3D reconstructions in the
InVesalius 3.0 program. Measurements of bones and
pathologies were made using a calliper with accuracy to
0.1 mm. Dimensional characteristics of abnormal bones
were compared with a representative series of similar
“normal” bones of Bison priscus, Equus ex gr. gallicus,
Megaloceros giganteus, and Cervus elaphus from Kras-
niy Yar (Tomsk Province).

Palaeoecological analysis was based on (a) physical
and geographical features of the environment at the end
of the Late Pleistocene in the territory of West Siberian
Plane; (b) on the anatomy and exterior features of the
large ungulates that we evaluated; and (c) on compara-
tive typology of pathological changes on the studied
bones, including sizes, shapes, positions of changes on
the bones, and anatomical position of the pathological
bones in the skeleton. On this bases were developed
several hypotheses regarding the possible causes for the
pathological changes.

Panthera spelaea (Goldfuss, 1810) was the largest
and the most active carnivore of Mammoth fauna. Ob-
servations of the modern lion (Panthera leo (Linnaeus,
1758) were used as an ecological analogue. Hunting
strategies and attacks on victims of the modern African

lion were examined by one of the authors (S.V. Save-
liev) in the territory of Kruger National Park (Republic
of South Africa) in 1998-1999. Documentary video ma-
terials were used to support our evaluations. The strate-
gy of modern lions’ hunting was described briefly by
Kingdon [1977]. Topographic distribution of trauma to
giraffes, according to frequency of lion attacks, was pre-
sented on the materials from Serengeti National Park
[Strauss, Packer, 2013]. The analysis of cave lion hunt-
ing techniques was carried out considering the natural
conditions in the Late Pleistocene in the south of West
Siberian Plane, and morphology and appearance of the
hunting objects (Bison priscus, Megaloceros giganteus
and Equus ex gr. gallicus). The data considering the
hunting of cave lions, gathered by R. Guthrie [1990]
during the study of the bison “Blue Babe” carcass from
Alaska in 1979, were used in the palacoecological anal-
ysis. Collagen radiocarbon age of that specimen is
36,425 BP (QC-891), estimated Blue Babe’s age-at-
death to be 8 to 9 years.

3. Results

In our view, a probable important cause of the le-
sions was hunting activities of large predators, although
other environment-sourced trauma do remain a part of
the differential diagnoses as well.

3.1. Description of bones

Bison priscus: Left metatarsal (Fig. 1) PM TSU
5/3386. The bone has two local lesions of the cortical
layer. One of them is thin, linearly elongated, roller-
shaped, oriented perpendicular to the long axis on the
dorsal surface of the diaphysis proximal third. The le-
sion is 31 mm long and 10 mm wide. The second lesion
is oval-shaped (33 x 18 mm). It is located in the middle
of the diaphysis, medially to the dorsal longitudinal
groove, oriented along the diaphysis. The distance be-
tween the two lesions is 27 mm. The overall sizes of the
bone correspond to male individual of the average size
from Krasniy Yar (Table 1).

Right metatarsal (Fig. 2) PM TSU 5/3264. A round-
shaped lesion on the lateral side in the middle third of
diaphysis is 44 mm in diameter.

Right metatarsal (Fig. 3) PM TSU 5/4283. An oval-
shaped lesion is on the lateral side in the middle third of
diaphysis (45 x 37 mm).

Left metatarsal (Fig. 4) PM TSU 5/5226. The diaph-
ysis carries the longitudinal ridge-shaped lesion on the
left side. It extends from the distal epiphyseal suture up
to the first third of the diaphysis length (42 x 15 mm).

Left metatarsal (Fig. 5) PM TSU 5/3265. The bone
has a large oval-shaped lesion. The length is 96 mm, the
transverse diameter is 79 mm. The surface on the medial
side is smooth, while on the medio-plantar it is tuberous
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with developed grooves and ridges. The joint surface is
not deformed (Fig. 5, d).

Left metatarsal (Fig. 6) PM TSU 5/3263 from a
semi-adult animal, aged 2-3 years. The distal epiphysis
is not fused, but nevertheless the bone is large. Its length
without the distal epiphysis is comparable to one of the
adult, also measured on the distal end of the diaphysis.
The proximal part of the bone is deformed due to re-
modelling of the upper part of diaphysis and proximal
epiphysis. Most of the changes occurred on the dorsal
and medial sides. Articular surfaces are rimmed (pho-
to d) suggesting a degree of osteoarthropathy. The joint
facet for centrotarsale is concave and surrounded by the
heavy hyperostosis of the cortical layer. Joint surfaces
are smooth.

Left metatarsal (Fig. 7) PM TSU 5/2485. The distal
part of the bone is damaged; lateral and medial condyles
were broken during the burial process or thereafter. The
proximal part reveals deformity. There is a large knob-
shaped mass on the medial side. The dorsal and lateral
parts of the epiphysis are greatly widened and flattened.
It appears that the fusion process between the metatar-
sale III-IV and centrotarsale may have started, as sug-
gested by the lack of the joint facet with centrotarsale
and the tuberculous finely serrated surface of the proxi-
mal end. There appears to have been significant loss of
overlying joint cartilage. The width of the proximal end
on the outer edge of the lesion is 88 mm, while the di-

aphysis width (42.5 mm) is typical for the average male
individuals (Table 2).

Right metatarsal (Fig. 8) OSMHRS PK 2254. The
bone reveals an oval-shaped lesion along the long axis
of the diaphysis (60 x 25 mm). The lesion is located
dorsolaterally on the proximal half of the diaphysis. Its
upper margin is 65 mm from the proximal end of the
bone, and it is convex more laterally then dorsally. It
reaches the maximum height (around 4.5-5 mm relative
to the intact bone surface) at 80—-86 mm from the proxi-
mal end of the bone. The bone surface also reveals a
poorly defined ridge that stretches above the lesion
along the lateral side of the diaphysis. The edge of the
lesion is smooth, straight along the dorsal groove and
penetrating into the groove up to 2 mm, forming a
slightly visible shelf. There is a poorly defined longitu-
dinal crest on the medial edge of the dorsal groove at the
same level of the lesion, which probably is a part of the
pathological process. The total width of the diaphyseal
lesion, including this crest, is 34 mm. There are two ves-
sel foramina about 1 mm in diameter each on the proxi-
mal margin along the longitudinal axis of the bone. The
lateral surface of the lesion is furrowed with thin trans-
Verse grooves.

General parameters of B. priscus metatarsals are
listed in the table 2. All of the bones are comparable to
the male individuals from Krasniy Yar locality (Tomsk
Province) [Shpansky et al., 2016].

Fig. 1. Metacarpal of Bison priscus PM TSU 5/3386 from Krasniy Yar (Tomsk Province)
a — dorsal view; b — medial view; ¢ — diahpysis with marked areas of hyperostosis

Puc. 1. lIactHas kocthb Bison priscus IIM TT'Y 5/3386 u3 Kpacnoro SIpa (Tomckas 061acTh)
a — BUJ c3a]11; b — BHJ MEMAIIEHBIH; ¢ — IMadu3 ¢ OTMEUCHHBIMHU y4acTKaMH THUIIEPOCTO3a
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Table 1
Metacarpals of Bison priscus from Krasniy Yar (Tomsk Province)

[IpoMmepbl MeTakapnaabHBIX KocTeii Bison priscus u3 Kpacnoro fIpa (Tomckast o6s1acTh)

Tabnuma 1

Pathology Normal [Shpansky et al., 2016]
M Q, PM TSU
easurements, mm PM TSU 5/3386 8/16 left, Q, PM TSU, &, PM TSU,

left 8/38 right n=41 n=94
Largest length 232 236 220-249 217.5-261
Media-lateral width of the proximal end 82.5 83, 84 70-83 76.6-103
Largest transversal width of the proximal end 45 46.5,47 38.549.5 42-60
The smallest media-lateral width of the diaphysis 57.4 45,45.4 43-52 50-67
Media-lateral width of the distal end 89.6 84.5, 86 74-90 80-108
Transversal width of the distal end 44 45, 46 37.3-47 39.5-57
Index of breadth of the diaphysis (4 : 1) 24.7 19.1,19.2 17.9-22 22.2-27.4

a

Fig. 2. Metacarpal of Bison priscus PM TSU 5/3264 from Krasniy Yar (Tomsk Province)

a — dorsal view; b — lateral view; the fragment of CT image: ¢ — in frontal plane; d — in axial plane

Puc. 2. IactHas kocthb Bison priscus IIM TT'Y 5/3264 u3 Kpacuoro SIpa (Tomckas 061acTh)

a — BHJ c3a1u; b — Bz cOoky; ¢pparmenT KT-m300paxeHus: ¢ — BO GpOHTAIBHON IIOCKOCTH; d — B 0CEBOH IIIOCKOCTH

a

[

Fig. 3. Metatarsal of Bison priscus PM TSU 5/4283 from Krasniy Yar (Tomsk Province)
a — dorsal view; b — lateral view; ¢ —the fragment of CT image in axial plane

Puc. 3. Ilnrocua Bison priscus IIM TT'Y 5/4283 u3 Kpacunoro SIpa (Tomckas 06;1acTh)
a — BHJ c3a1u; b — Bux cOoky; ¢pparmenT KT-m300paxeHus: ¢ — Bo GpoHTAIBHON IIOCKOCTH; d — B 0CEBOH IIIOCKOCTH
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a b

Fig. 4. Metatarsal of Bison priscus PM TSU 5/5226 from Krasniy Yar (Tomsk Province)
a —dorsal view; b — lateral view; ¢ — lateral side of the distal part

Puc. 4. Ilnrwocua Bison priscus IIM TT'Y 5/5226 u3 Kpacunoro SIpa (Tomckast 061acTh):
a — BHJ C3a]1H; ¥ — BUJ cOOKY; ¢ — OOKOBast CTOPOHA JUCTAIBHOM 9acTH

[T

10 cm

Fig. 5. Metatarsals of Bison priscus PM TSU 5/3265 (a,—f)
u PM TSU 5/5117 (a;—f;) from Krasniy Yar (Tomsk Province)
a — dorsal view; b — medial view; ¢ — plantar view; d — proximal view; CT image fragment: e — in frontal plane; f — in axial plane

Puc. 5. IlnrwocueBbie koctu Bison priscus IIM TL'Y 5/3265 (a2—2) u IIM TT'Y 5/5117 (al-f1)
u3 Kpacnoro SIpa (Tomckast 06:1acTh)
a — BHUJ c3aa1; b — MeTaIbHBIN BUA; C — HONOMBEHHBIN BU; d — npokcuManbublil Bum; @parment KT-u3o00pakenns: e — Bo pponTaib-
HOM II0CKOCTH; f — B 0CEBOM MIIOCKOCTH
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5cm

a b c f

Fig. 6. Metatarsal of Bison priscus PM TSU 5/3263 from Krasniy Yar (Tomsk Province)
a — dorsal view; b — medial view; d — proximal view; CT image fragment: ¢ — in frontal plane; in axial plane: e — in proximal part of the
diaphysis; f— in the middle of diaphysis

Puc. 6. Ilnrocua Bison priscus IIM TT'Y 5/3263 u3 Kpacunoro SIpa (Tomckas 06;1acTh)
a — BHA c3aau; b — Bux MequansHelid; d — BUa MpokcHManbHbIH; ¢parmeHT KT-n300paskeHust: ¢ — BO ()pOHTAIBHOM IIIOCKOCTH; B aKCH-
aBHOM IIOCKOCTH: € — B IPOKCHMAJIBHON JacTy quadusa; f — B cepenuna nuaduza

5cm

a

b

Fig. 7. Metatarsal of Bison priscus PM TSU 5/2485 from Krasniy Yar (Tomsk Province):
a — plantsr view; b — dorsal view; d — proximal view; CT image fragment: ¢ — in frontal plane; e — proximal part of the diaphysis in axial
plane

Puc. 7. Ilnrwocua Bison priscus IIM TT'Y 5/2485 u3 Kpacunoro SIpa (Tomckas 06;1acTh)

a — Bux cuepenn; b — Bux c3any; d — Bux npokcuManbHbli; Gpparment KT-m300paxkenus: ¢ — Bo ppOHTAIBHON INIOCKOCTH; € — IPOKCH-
MaJIbHas 4acTh Aradu3a B aKCHATBHOH INIOCKOCTH
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Fig. 8. Metatarsal of Bison priscus OSMHRS 15914/1 PK 2254 from Ust’-Ishym district (Omsk Province)
a — dorsal view; b — the area of diaphysis with hyperostosis, dorsal view; ¢ — lateral view; CT image fragment in axial plane: d — in the

area of hyperostosis; e — below the hyperostosis

Puc. 8. Ilnrwocua Bison priscus OSMHRS 15914/1 TIK 2254 u3 Ycre-Mummmckoro paiiona (OMckast 06;1acTh)
a — BHJ c3a1u; b — obnacThk muadusa ¢ THIEPOCTO30M, BH C3a1H; ¢ — BUA cOOKY; (hparmenT KT-m300pakeHus B oceBoi miockocTu: d —

B o0JyacTH TUIIEPOCTO34a, € — HUXKE r'unepocTo3a

Table 2

Metatarsals of Bison priscus from Krasniy Yar (Tomsk Province)

Tabnuia 2

I[Ipomepbl MeTaTapcaabHbIX KocTell Bison priscus u3z Kpacunoro SIpa (Tomckast 06/1acTh)

Pathological Normal
Omsk Krasniy Yar
Krasniy Yar (Tomsk province) PM TSU , Vifl (Tomsk Province)
Measurements, mm provinee PM TSU
OSMHRS
5/3264 | 5/4283 | 5/5226 5/3265 | 5/3263 | 5/2485 15914/1 3 n=94 Q@ n=45
PK 2254
Largest length 300.5 300 293 284 C259 | €267 280.5 258.2-335.7| 262-311
Media-lateral width of the) - 5, 5| ¢ 67 75.3 63 88 57.7 56-78 | 53.1-69.4
proximal end
Largest transversal width |71 6o 5| 655 70 67,5 57.2 58-77.5 | 51-66
of the proximal end
The smallest media-
lateral width of the 47.4 53.5 46,5 48 39 42,5 36.5 41-58 34.3-43.5
diaphysis
Media-lateral width of the| g, | g 78.6 85 72 76.3 63.5-93 | 66.5-81.5
distal end
Transversal width of the | ¢ 43 443 475 | c415 415 40.6-55 | 36-49
distal end
Index of breadth ofthe | 56 | 198 | 159 16.9 13.0 144-183 | 12.1-148
diaphysis (4:1)

Megaloceros giganteus: left metatarsal PM TSU
5/3377 of an adult animal (Fig. 9). The bone bears a
broad oval-shaped lesion on the medial side of the
diaphysis, on its lower third. The lesion spreads on the
dorsal side, closing the dorsal groove in four places with
intermittent bone bridges. The lesion (54 x 42 mm) is
located 180 mm from the proximal bone end and

58

110 mm from the distal end. The post-burial damage to
the bone involves absence of the palmar wall of the
diaphysis. The diaphysis cavity, opened by the damage,
does not reveal morphological abnormalities of the
internal structure in the area of the outer bone lesion
(Fig 9, b). The overall size of the specimen is very large,
compared with specimens from localities in West
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Siberia south-east, exceeding the sizes of isolated bones
from giant deer from the Krasniy Yar locality and from
the skeleton of the male individual from Dzambul
(Table 3), dated 43 600+ 550 ka BP (OxA-20250)
[Shpansky, 2014b].

Cervus elaphus: left metatarsal (Fig. 10) OSMHRS
15914/2 PK 2255. The bone has a deformity of the
proximal part on the dorsal and partially lateral surface
of the diaphysis and proximal epiphysis. It is wide, with
maximal size on the dorsal edge of the centrotarsale
facet up to 9 mm, and 5 mm on its lateral edge, covering
two-thirds of length of the facet’s lateral edge. The
lesion along the dorsal edge of the facet for tarsale 2+3
is 3.5 mm wide and does not cover the medial surface of
the bone. The lesion rises above the surface of the joint
facets up to 6-7 mm, thus probably restricting joint
mobility. The proximal end is uneven, smooth, and
could have been in contact with an analogous
centrotarsale lesion. The dorsal longitudinal groove
reaches the normal length at the distance of 45 mm from
the proximal edge of the bone (including the lesion).
Above this point, it is more flat and less easily seen.
Because of the deformity of the proximal epiphysis, the
proximal metatarsal canal is obliterated. The joint facets
of the proximal epiphysis are coarsely denticulated and
appear to have increased prominence of the articular
margins. The facet for centrotarsale is widened medially
and its medial edge is lifted and sharpened. Rough

a b C

Fig. 9. Metacarpal of Megaloceros giganteus PM TSU 5/3377

from Krasniy Yar (Tomsk Province)

a — dorsal view; b — palmar view; ¢ — medial view; d — diaphysis with

hyperostosis on the medial side

Puc. 9. IactHas koctb Megaloceros giganteus IIM TIT'Y 5/3377

u3 Kpacnoro fIpa (Tomckas 06;1acTh)

a — BUJ c33a1; b — BUJ ¢ MATBMapHON CTOPOHBI; C — BHJ MEIUATBHBIN;

d — mnadu3 ¢ runepocTo30M Ha METUATTFHON CTOPOHE

proximal epiphyseal, metaphyseal, and articular bone
suggests joint injury, resulting in severe osteophyte
rimming of articular surfaces: articular and periarticular
osteoarthritis. Linear dimensions of OSMHRS 15914/2
PK 2255 are comparable to metatarsals of fossil red deer
from Krasniy Yar (Novosibirsk Province) [Vasiliev,
Ovodov, 2013] (Table 4).

Equus ex gr. gallicus: left metatarsal PM TSU
5/5413 of the adult animal (Fig. 11). There is an oval-
shaped lesion of the cortical layer on the dorso-lateral
side of the diaphysis above its middle part. The lesion is
oriented lengthwise. The distance from the distal end of
the bone to the lesion is 150 mm, and 90 mm from the
proximal bone end to the lesion The surface is rough and
tuberous. The length is 50 mm, and its width is 25 mm.
Below this first lesion is a second one. It is 40 mm from
the first, is shorter and comb-shaped, and is located on
the dorso-lateral-side, across the epiphysis. Its length is
25 mm, and width is 9 mm. The dorsal surface of the
bone reveals thin (about 1 mm in width), longitudinal
grooves that are rare on the plantar surface. These
changes may have occurred after the death of the
animal, as a result of dissolution of the bone surface.
Similar features were observed on some bones without
pathologies including specimens from horses and other
mammals from the Krasniy Yar locality. There are no
visible changes in the proportions of the specimen PM
TSU 5/5413.

Fig. 10. Metatarsal of Cervus elaphus OMK
15914/2 TIK 2255 from Ust’-Ishym district
(Omsk Province)
a — dorsal view; b — proximal view

Puc. 10. IltrocHeBas xocthb Cervus elaphus
OSMHRS 15914/2 TIK 2255 u3 YcTb-

HNmmmckoro paiiona (OMckast 00,1aCTh)
a — BUJI c3a]11; b — BUJI MPOKCHMATbHBIH
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Table 3
Metacarpals of Megaloceros giganteus from localities of West Siberia

Tabnuma 3
IIpomeps! MeTakapnaibLHBIX KocTeit Megaloceros giganteus w3 MecToHaxoxaAennii 3anaanoii Cudupn

Pathological Normal
Krasniy Yar Dzhambul Krasniy Yar
Measurements, mm (Tomsk Province) (Pavlodar Province) (Tomsk Province)
PM TSU 5/3377 POIKM KP 7191 PMTSU,n=35
left [Shpansky, 2014b] [Shpansky, 2011]
Largest length 347 335 322-343
Media-lateral width of the proximal end 71.7 73 60.5-67.7
Largest transversal width of the proximal end C42 514 40-42.8
The smallest media-lateral width of the diaphysis 46.5 44.9 3641
Media-lateral width of the distal end 75 72.1 67-68.6
Transversal width of the distal end 43 43.5 40-41.4

Table 4
Metatarsals of Cervus elaphus from localities of West Siberia

Tabnuma 4
I[Ipomepbl MeTaTapcanbHbIX KocTell Cervus elaphus u3 mecronaxoxnennii 3anagnoi Cudupu

Pathological Normal
OSMHRS Krasniy Yar .
e 15914/2 PK (Novosibirslz Province) Lz,
2255 Nl Oreder, 20ig) | erefbimslansle

Largest length C250 365-5 330-352.3 (341.7)
Media-lateral width of the proximal end 52.8 43,5-52.2 (49.2) 43-54.1 (48.6)
Largest transversal width of the proximal end 56.5 47-56.5 (51.8) 49-57,4 (52.9)
The smallest media-lateral width of the diaphysis 33.2 33 26,7-33.1 (29.9)

5cm

a b
Fig. 11. Metatarsal of Equus ex gr. gallicus PM TSU Fig. 12. Metatarsal of Equus ex gr. gallicus OMK 15914/3
5/5413 u from Krasniy Yar (Tomsk Province) MK 2256 from Ust’-Ishym district (Omsk Province)
a — dorsal view; b — dorso-lateral view; c — diaphysis on plantaro- a — dorsal view; b — lateral view; ¢ — proximal part with
lateral side hyperostosis, latero-dorsal view

Puc. 11. ILmrocua Equus ex gr. gallicus TIM TL'Y 5/5413  Puc. 12. Ilmocna Equus ex gr. gallicus OSMHRS 15914/3

u u3 Kpacuoro SIpa (Tomckast 06;1acTh) IIK 2256 u3 Ycre-Mimmmckoro paiiona (Omckast 00J1acTh)
a — Bux c3aau; b — BUA c3aau cOOKy; ¢ — auadu3 Ha MuanTapHo- @ — BUL ¢3a1u; b — BUA COOKY; € — IPOKCHMAINbHAs 9aCTh C TUIIEPO-
OGOKOBOI1 CTOpOHE CTO30M, BUJ COOKY
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Table 5

Metatarsals of Equus ex gr. gallicus from localities of Western Siberia

Tabnuma 5

IIpomeps! MeTaTapcaiabHbIX KocTeil Equus ex gr. gallicus u3 MecToHaxo:xxaennii 3anaanoii Cudupun

Pathological Normal
Measurements. mm Krasniy Y_ar OSMHRS Krasniy Ya_r
? (Tomsk Province) 15914/3 (Tomsk o Province)
PM TSU 5/5413 PK 2256 PM TSU, n =60

Largest length 289 271 263.3-305.0
Media-lateral width of the proximal end 57.2 56.8 45.4-62.7
Largest transversal width of the proximal end 49.6 47.0 41.0-54.0
The smallest media-lateral width of the diaphysis 38.8 37.8 32.5-43.0
Media-lateral width of the distal end 52.8 553 50.0-62.3
Transversal width of the distal end 40.0 41.4 37.0-46.4

Left metatarsal (Fig. 12) OSMHRS 15914/3 PK
2256. The bone possesses an irregular-rounded lesion
(18 x 19 Mmm) on the proximal pert of the diaphysis, on
its dorsal side. The upper edge is 41 mm below the prox-
imal bone end. The height relative to the joint surface is
2-3 mm. The surface is tuberous. Measurements of met-
atarsals of horses are presented in Table 5.

3.2. Imaging studies

Bones with evident pathologies were imaged using
computed tomography; these included PM TSU 5/2485,
5/3263, 5/3264, 5/3265, 5/4283, OSMHRS 15914/1 PK
2254 and a healthy specimen PM TSU 5/5117.

The right metatarsal PM TSU 5/4283 revealed filling
of the medullary canal by cancellous bone, from the dis-
tal metaphysis to the level of the upper third of the di-
aphysis (Fig. 3, ¢). The proximal part of the medullary
canal is hollow. A separation of the cortical layer into
two parts is observed on the upper diaphysis, approxi-
mately at the level of the middle thickness of the com-
pact bone (Fig. 3, ¢, d). The separation is observed along
the full circle of the diaphysis. The most prominent sep-
aration occurs on the lateral and medial sides of the di-
aphysis. The space inside the separated compact tissue is
filled with cancellous bone. The semi-fusiform lesion
has maximal height of 10 mm above the surface of the
diaphysis, and it is associated with the focal lesion in the
middle third of the diaphysis, on its lateral side. There is
a lamellar separation of the cortical layer along the outer
part of the compact layer from the latero-plantar side in
the area of the lesion maximum.

The appearance of the pathological changes of the
right metatarsal PM TSU 5/3264 are very similar to PM
TSU 5/4283. The semi-fusiform lesion [on 5/3264] (the
maximal height is 12 mm above the surface of the di-
aphysis) formed by the area of the focal lesion in the
middle third of the diaphysis, on its lateral side, which
led to the local hyperostosis of the cortical layer. The
changes of the endosteum are not mentioned because the

free volume of the medullary canal is preserved
(Fig. 2, ¢). The cancellous bone is developed on the lev-
el of the distal epiphysis and corresponds to normal bone
(Fig. 5, e). The compact tissue of the epiphysis has a
longitudinal separation from the medial and lateral sides.
The medial separation above the outer lesion splits to
mediadorsal and mediaplantar. On the lateral side, the
gap inside the separated compact tissue is filled by can-
cellous bone, while from the medial, especially the me-
diaplantar, it is not filled. The separation comprises
middle and proximal parts of the bone from the lower
edge of the lesion to the proximal epiphysis.

The outer changes on PM TSU 5/3265 (Fig. 5, e, f)
are the most developed of the presented set. The imag-
ing study revealed a significant development of the
spongy bone in the upper third of the medullary canal
(75 mm). Looks like thinning of cortex under the le-
sion, and a somewhat radiating pattern on image ‘f’.
Also present is a discreet external margin. I wonder if
this was a benign tumor or maybe ossifying fibrous
tissue. Filling of the distal medullary canal by spongy
bone starts along the plantar wall of the diaphysis,
gradually increasing in volume, and filling the cavity
of the medullary canal by % in its proximal part
(Fig. 5, e, f). The cancellous bone in the proximal half
of the medullary canal is fine-pored in the center, while
along the periphery, near the walls the compact bone, it
becomes coarse. The cortical layer on the upper third
of the diaphysis was resorbed from the inside. It is
permeated with large canals and large pores (Fig. 5, f).
The maximum replacement is observed from the medi-
oplantar side. The longitudinal separation of the com-
pact bone, as in the PM TSU 5/4283 and 5/3264, is not
observed. The replacement of compact bone by cancel-
lous bone (from distal to proximal part) starts from the
dorsal side, close to outer part of the compact bone,
then it spreads deep into the compact, becoming coarse
it covers the plantar side (Fig. 5, f).
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CT imaging of OSMHRS 15914/1 PK 2254, PM
TSU 5/3263, and 5/2485 showed absence of internal
changes of the diaphysis. The filling of the medullary
canal by cancellous bone in PM TSU 5/2485 is on the
level of normal bones (Fig. 7, ¢). Changes involve only
the proximal epiphysis and upper half of the diaphysis
(Fig. 7, d, e).In PM TSU 5/3263 the distal part of the
medullary canal is filled by the trabecular bone as in the
normal bones, but the rest of the diaphysis is it still pre-
sent as a thin layer along the plantar wall up to 3-5 mm
(Fig. 6, f). The changes involve the proximal epiphysis
and the adjacent diaphysis (Fig. 6, e). The cortical layer
is getting considerably thinner on the dorsal side and
becomes porous. In OSMHRS 15914/1 PK 2254 the
spongy bone also presented in the upper two-thirds of
the medullary canal and forms a layer (up to 3-5 mm)
along the plantar and dorsal walls (Fig. 8, ). The chang-
es of the cortical layer in the middle part of the diaphysis
have more features in common with metatarsals PM
TSU 5/3264 and 5/4283. In these three specimens, the
volume of the spongy bone in the proximal part of the
medullary canal gradually increases, filling two-thirds of
the volume on the level of the lesion. The proximal part
of the diaphysis in the area of development of the lesion
is characterized by replacement of the compact tissue by
the spongy on the dorsal side. The development of the
process is from the inside of compact layer out.

3.3. Evaluation of bone lesions by localization and
morphology

The observations may be divided into two groups:
the first one includes metatarsals of B. priscus with
proximal lesions (PM TSU 5/3263 and 5/2485) and a
metatarsal of Cervus elaphus (OSMHRS 15914/2 PK
2255) with analogous deformity. The second group
unites the rest of metatarsals with changes located on
diaphysis.

We presume that injury of the rear limb in the area of
tarsal joint characterizes the first group. This led to the
following changes of the bone tissue and development
of osteoarthrosis. The specimen PM TSU 5/2485 clearly
shows the development of ankilosis of tarsal joint as a
result of osteoarthrosis. Fig. 7 a, d shows that proximal
epiphysis does not remain its natural articular surface. It
confirms our hypothesis about complete ankylosis and
joint immobility. Earlier [Shakalov, 1952] etiological
bases for osteoarthrosis in the majority were considered
to be different infectious diseases. It may also happened
as a result of external damage of the bone. Similar cases
of osteoarthrosis were mentioned by F.K. Skorik [1979]
on carpal and tarsal joints of horses from the archeologi-
cal sites of Ukraine [Skorik, 1979] and Poland
[Dzierzecka et al., 2008]. The osteoarthrosis with partial
ankilosis, observed as a bony bridges and gaps of the
joints, developed in the area of bone accretion. Devel-
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oped exsostoses are mostly observed on lateral sides,
which allows author to connect these pathologies with
legs traumas of horses [Skorik, 1979].

Metatarsals PM TSU 5/3263 and OSMHRS 15914/2
PK 2255 preserved the articular surfaces for centrotarsale
and tarsale 243 (Fig. 6, 10), of joints is absent in spite of
their considerable deformation and the presence of mar-
ginal exostoses. These features allow us to diagnosis the
general condition of osteoarthrosis in these joints. A simi-
lar case of pathology was described for a C. elaphus
metatarsale from Binagady locality [Gadjiev, Gadjiev,
1955]. Osteoarthroses emerge as a result of damage of
cartilaginous areas of the articular surfaces. According to
Shakalov [1952], osteoarthroses of hock joint emerge as a
result of chronic micro-traumas of the joint facets by con-
stant sliding and compression of joint surfaces under the
effect of animals’ body mass in conditions of high load of
limbs on uneven, hard, or slimy ground.

Metapodials of the second group (PM TSU 5/3377,
5/3386, 5/3264, 5/4283, 5/5226, 5/3265, 5/5413,
OSMHRS 15914/1 PK 2254, OSMHRS 15914/3 PK
2256) reveal overgrowths, at relatively consistent foci.
Metacarpals of bison (PM TSU 5/3386) and giant deer
(PM TSU 5/3377) are affected mainly on the dorsome-
dial side of the bone. Metatarsals of bison and horses,
except for PM TSU 5/3265, have lesions on the dorso-
lateral side. Almost all of the described metatarsal le-
sions are located in the middle or proximal part of the
diaphysis (Fig. 13). While metapodial diaphysis lack
foci for muscle attachments, tendons are present, such as
those of extensors ext. digitorum longus and ext. digi-
torum brevis on the dorsal aspect [Gambaryan et al.,
1979]. Most of the lesions are rounded or broad oval-
shaped. In PM TSU TI'Y 5/5226 and 5/3386 they pre-
sent as smooth rollers. The lesions tend to be are flat-
tened, tuberous, or smooth. We suggest that common
outer similarity for specimens PM TSU 5/5226 and
5/3386, could suggest similar causes. Probably, animals
got deep cut or puncture, accompanied by periostosis
and varied healing morphologies.

PM TSU 5/3265 is presumed to be damaged on the
distal bases of m. peroneus tertius, which attachment on
the dorsomedial side of the metatarsal bone proximal
end in bisons [Gambaryan et al., 1979] coincides with
the lesion on this bone. This lesion could be termed en-
thesiophyte or plural enthesiophytes. Together with the
damage to the joint capsule, an inflammatory process
can result in bone proliferation, loss, and deformity.

A metacarpal from a giant deer (PM TSU 5/3377)
with opened diaphysis shows absence of changes from
the inside. Non-specific mostly smooth periosteal reac-
tion, from environmental trauma or from a bite wound
that may have resulted in a periosteal hematoma or in-
fection.
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Metacarpals of bison (PM TSU 5/3264, 5/4283,
OSMHRS 15914/1 PK 2254) and horses (PM TSU
5/5413, OSMHRS 15914/3 PK 2256) are similar in ex-
ternal and internal pathological manifestations and le-
sion spatial localizations. Their most probable source is
periosteal reaction that in turn could be caused by single
injuries, wounds and bruises with damage to bone peri-
osteum, perhaps complications resulting from periosteal
hematoma, more severe inflammation, or infection, fol-
lowed by organization and healing with morphological
alterations.

Analogous cases of periostosis resulting from meta-
podials injury were mentioned by A. Skorik [1979] in
Alces alces L. specimens from Medieval. Pathologies of
two metacarpals were attributed to bone fractures: in
specimen P-29 there is a fracture with slight displace-
ment and deformity. In specimen P-28 there is a closed
fracture without displacement. A larger series of 11 met-
acarpals and 14 metatarsals with periostosis in camels
Paracamelus alexejevi Hav. was described by I. Yatsko
[1962] from karst caves of Odessa. A similar case of
hematoma development on the metatarsal bone has been
described in a modern reindeer from the Taimyr Penin-
sula [Salmi, Niinimdki, 2016]. Pathological changes in
metapodials described by these authors are analogous to
the listed.

4. Discussion

4.1. Exterior and some morphological features of
Late Pleistocene bison, deer and horses

Bison priscus inhabited the territory of the West Si-
berian Plane during the Late Pleistocene. It was a large
animal. Withers height for females was up to 1.8 m, the
weight is suggested to have been 700-900 kg. Males
were more massive: withers height reached 2-2.2 m and
the weight was up to 1 300-1 700 kg. Horn spread for
females could be up to 100 cm (including horn covers,
and 70 cm without them). Male horn spread could reach
150 cm (including horn covers, and 90-110 cm without
them) [Shpansky et al., 2016]. Bison of the Middle
Pleistocene even larger. Animals were covered with
thick dense hair with guard hairs up to 30 cm in length
[Flerow, 1979; Guthrie, 1990]. “Body in the winter fur
is covered by long hairs, except for limbs below the
forearm and heel, where the hair is shorter, straight”
[Flerow, 1979]. The most dense and long hair was de-
veloped on the neck and shoulders, forming a kind of
mane. “Beard and hanging hairs on the lower side of the
neck and chest are very long. The length of hairs of the
beard is up to 750 mm, while in neck hanging hairs are
500 mm. Hair on the neck and ventral side of the body is
formed on the stomach, front, and rear of hind limbs
from the stifle to the hock joint. Its length on the stom-

ach is about 200 mm, while on the limbs it is 150—
200 mm. Limbs below the hock and metacarpal joints
bear short, almost straight hairs, with awn length 35—
40 mm” [Flerov, 1979; p. 76]. The snout of the animal is
wide, nostrils are large.

The giant deer (Megaloceros giganteus) is the largest
Quaternary deer. Its withers height for males could reach
1.7 m, weight up to 700-800 kg. Horn spread for old
males could reach 3.5 m [Shpansky, 2014b]. There are
no available corpses of these animals to date, therefore
the distribution of fur on their bodies is hypothetical. We
presume that the thickest and longest fur also was in the
area of neck and the shoulder girdle.

The red deer (Cervus elaphus) is significantly small-
er, but nevertheless the male individuals of some mod-
ern populations of Siberia can reach the weight of 400
kg, while the sizes of fossil deer from localities of West
Siberia south-east were 10 % larger then modern ones
[Vasiliev, Ovodov, 2013]. The integument of Late Pleis-
tocene Asian red deer is unknown definitely. Probably,
it was close or identical to the modern representatives of
the Caspian red deer (Cervus elaphus sibiricus) from
Altai or East Siberia. An important ecological feature of
the modern red deer is its forest habitat. The Late Pleis-
tocene deer of West Siberia inhabited the food-plain
thicket of bushes and trees. These conditions are consid-
erably more difficult for the movement of animals.

Horses (Equus ex gr. gallicus) inhabited the territory
of West Siberia. This horse was a large, high-limbed
animal, capable of high-speed movements. The withers
height for male individuals could reach up to 1.4-1.6 m.

In order to facilitate further analysis and comparison,
we present some characteristics for large African cavi-
corns, which to some extent are ecological analogues for
Bison priscus, Megaloceros giganteus, and Cervus ela-
phus also are prey for African lions. They are presented
by eland Taurotragus oryx Pallas, 1766, big kudu
Tragelaphus strepsiceros Pallas, 1776, roan antelope
Hippotragus equinus Diesmarest, 1804, blue wildebeest
Connochaetes taurinus Zimmermann, 1780 and African
buffalo Syncerus caffer caffer Sparrman, 1779. Eland is
the biggest and massive antelope, whose mass for males
reaches 1 ton (400-600 kg for females), and withers
height is 1.6-1.8 m. Other antelopes with relative large
sizes have a considerably smaller mass. A roan antelope
is about 300 kg, with withers height of males 1.6 m.
Wildebeest is very close to Bovine by its exterior. The
withers height for males is up to 1.5 m and the weight is
250 kg. Females are smaller, their withers height is 1.35
and weight is around 180 kg. The neck is covered with
mane and long hairs on the underside. A big kudu is
much smaller: male’s withers height is about 1.4 m and
the weight is up to 250 kg. African buffalo is bigger than
wildebeest and more massive. Its withers height for
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males is up to 1.8 m (usually 1.5-1.6 m) and body length
3-3.4 m. Weight of the adult male is 600 kg. The biggest
old males can be up to 900-1,000 kg. All of the listed
species have relatively poor pelage. Thus, males of Bi-
son priscus excels big African cavicorn by their weight
and protection. Giant and red deer does not have direct
morphological analogues in the modern African fauna.
According to their constitution, biotope. ecology, they
are close to eland, kudu and partially giraffe. An ecolog-
ical analogue of the Late Neopleistocene horse can be a
zebra. There are two species of zebra in the African sa-
vannah: Equus grevyi Oustalet, 1882 and Equus quagga
Boddaert, 1785. Grévy's zebra is a little bigger. Its
weight is 350430 kg, body length is 3 m, and withers
height is about 1.4 m. Burchell's zebra has a more compact
body (withers height is 1.2-1.4 m, length is 2-2.4 m) and
relatively wide hoof, its weight is 290-340 kg.

Given data show that the ungulates that lived during
the Late Pleistocene on the territory of West Siberian
Plain were very large and significantly superior to their
ecological analogues from African savannah.

4.2. Probable causes of the outer injury of ungu-
lates

Metapodial bones of ungulates are not well-protected
from mechanical trauma because the overlying muscle
mass is small, compared to humerus, radius, femur, or
tibia. Hind limbs are significantly weaker than fore-
limbs, in both muscle and bone mass. Hair covering on
the distal extremities also is much shorter than on the
shoulders [Flerov, 1979]. Therefore, the impact force on
distal extremities was relatively high. As a result, injury-
related hematomas, open wounds, haemorrhage, direct
periosteal damage, and soft tissue injury involving liga-
ments and joint capsules, all would be more likely.
Thus, post-healing complications would be expected to
be more common also.

One possible source of distal limb trauma in ungu-
lates could be running into, or tripping over, obstacles in
the environment (i.e. trunks of fallen trees). A second
possible group of causes could be lower limb trauma
induced by Palaeolithic humans. Finally, attacks by
large predators must be considered (for example, cave
lions).

The first and the second causes are doubtful. Lesions
of the cortical layer on the specimens PMTSU 5/3386
and 5/5226 do not have the characteristic shape of hit by
a blunt object. They have linearly elongated shape of the
cortical layer hyperostosis, which is more consistent
with the cutting or scarring effect on the soft tissue and
periosteum. Position of bone outgrowth on the majority
of specimens is significantly shifted laterally, which is
also contradicts to dorsal effect on the bone, occurred
because of the hit on obstacles. In addition, described
lesions of metapodial diaphysis were mention on ani-
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mals (bison, giant deer, horse) inhabited in open land-
scapes and, probably, avoided the forest areas, where
their movements would be difficult.

A throw of the stick by a Palaeolithic man, focused
to hit limbs of bison, large deer horse as a hunting strat-
egy also looks doubtful, including the physical reasons.
In order to cause the serious trauma (fracture or joint
damage) or knock down a large animal like bison or gi-
ant deer, it requires very powerful and accurate throw. In
the Late Palaeolithic man possessed very effective
throwing spears. Therefore, it is doubtful the man used
this technique of hunting, having the opportunity to hit
the animal in the chest or abdomen.

The third cause — the attack of the large predator
seems most likely. Modern African lions usually jump
over the back of the large artiodactyls (wildebeest, buf-
falo, giraffe) in the hunt of pride. Asphyxiation is carried
out by grabbing the victim’s her muzzle or neck. A dif-
ferent strategy was observed during the hunt for giraffe
on the territory of Kruger National park (RSA). The
main concept of the lion hunt of three prides included
not the driven hunt, well known from the literature, but
in single ambushes [Estes, 1997]. In order to fulfil this,
the predator had been hiding along the daily migration
zones of victims and suddenly attacked from ambush. At
the same time, fixation on the body of a prey never hap-
pened. Lions tried to break the prey’s limb with one
stroke and quickly run back. With a little luck the neck
of the victim throttled immediately. Only third to fourth
attack was successful.

In Late Pleistocene animals were covered with a
thick and long fur, so the first way to attack (jumping on
the back of the victim or the capture of the neck) was
less eftective. The mouth of a predator was filled by the
hair (especially long on the neck), while the claws even
punching the skin, were ineffective due to the fat layer
and powerful muscular frame of victim. Capture the
muzzle and asphyxiation of the animal is possible only
when the victim is passive (in a static position), it is not
in a motion. To fulfil the capture the victim should be
stopped. The similar attack is reconstructed accurately
by Guthrie [1990] on the frozen corpse of Bison «Blue
Babey, found in Alaska. The bison really had serious
damages of the facial bones of the skull. Blood clots are
marked in the muzzle of bison, i.e. heart continued to
pump blood, and thus the damage was in his lifetime,
that proves the asphyxiation of victim by the predator.
At the same time, Guthrie mentioned scratches on meta-
podials, which are, probably, the marks of lion’s paw hit
on the limb of the victim.

It was not easy to reach the neck of the horned animal
(bison, red or giant deer) immediately. A prey was pro-
tected by the powerful horns that could repel the attack.
Bison’s and, probably, giant deer’s neck were covered by
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a thick mane (Fig. 13, a). It can be assumed that hit in the
legs was the most effective way to stop and immobilize
the victim. The described techniques of hunting of mod-
ern African lions for the big prey like giraffe show the
causes of the most probable trauma of limbs. High fre-
quency of modern lions’ failed attacks on the big animals
allows to presume the analogous genesis of the studied
pathologies and regenerative processes. In large artiodac-
tyls the most vulnerable areas for lions attacks were distal

Y

ends of limbs, especially hind ones, being less protected
and thin. Described traumas were gained in the result of
clinging of the front paw of the predator on the limbs of
ungulates to knock them down and possibly break meta-
podial, thereby immobilize the animal. Distribution of
pathologies on metapodials of ungulates shows that hits
on hindlimbs of bison and horse occurred at a height of 30
to 50 cm from the ground, while the hit on forelimbs hap-
pened 30-35 cm from the ground (Fig. 13).
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Fig. 13. The scheme of pathologies distribution on skeletons of bison (a) and horse (b)
Digits above the arrows represent the number of mentioned pathologies in this part of the skeleton

Puc. 13. Cxema pacnpeaeneHusi NaToJaoruii Ha ckesjerax 0uzona (a) u jowaau (b)
ITudpsr Hax cTpenkamMu 0003HAYAIOT KOJIMYECTBO YIOMSHYTHIX MATOIOTHH B 9TOM 9acTH CKeJieTa

The habitat of the cave lion in West Siberian Plain had
a set of specific features, comparing with African savan-
nah. A hunting strategy of cave lion on the vast open areas
of West Siberia with tundra-steppe landscapes differs from
one of the modern African lion in savannah. Crouching and
attack from the ambush at short distance were especially
difficult in the cold season. In winter the herbage became
sparse, trampled, and predator movement became more
visible. Therefore, in our point of view, the cases of Pan-
thera spelaea hunt on the large ungulates in the form of
attack from the distance of several tens of meters were the
most probable. It caused the necessity of persecution the
prey, and thus attack of the predator from behind directing
victim's legs to stop it. N.K. Vereshchagin [1971] pointed
on the higher speed skills of cave lions.

Posture and amplitude of the hind limbs in motion of
extant forest Bison bonasus and steppe Bison bison (ana-
logue to B. priscus) are well-studied with the help of
video and analysed in details [Gambaryan, Sukhanov,
1979]. In steppe-dwellers B. priscus and B. bison ampli-
tude of motion and angles of hind limb deflection in the
fulcrum is less than in the forest-dweller B. bonasus.

Such differences shows more upright position of the
distal part of the hind limb relative to the ground in the
steppe forms. Distal part of the limbs of B. bonasus is
closer to the ground during the movement (in the mo-
ment of at the moment of touchdown and lift-off).
Kierdorf et al. [2012] described the healed fracture of
tibia of B. menneri which is a forest form of the bison.
Authors suspect that the cause of it could be uneven or
slippery ground, a large predator (i.e. Homotherium cre-
natidens or Megantereon cultridens adroveri) hunting
not excluded. Predator’s paw hit from the lateral side on
the hind limb of bison. Striking above the ankle joint led
to the fracture of tibia. Thus, the hit on the limbs was an
effective way of hunting of cave lions for large Pleisto-
cene ungulates. The studied specimens prove that not all
of the hunts were successful and some animals survived
the attack and could live for long enough after a heavy
trauma. Attribution of all specimens to the males could
be an indirect evidence for unsuccessful attack of the
cave lions, as the causes for pathologies. A relatively
large male individuals with a more powerful skeleton
could survive after the predators’ attack.

65



Tlaneonmonoazus, cmpamuepaghus / Paleontology, stratigraphy

In spite of the series of the studied material from
Krasniy Yar locality, its relation of “injured” bones to
the total volume of the set of B. priscus is not high.
There is only one case for overall quantity of 144 meta-
carpal specimens, which is 0.7 %. For 159 specimens of
metatarsals, there are 6 cases of pathologies revealed,
which is 3.8 %. There is only one case of pathology on
metatarsal for Equus ex gr. gallicus from Krasniy Yar
(1.7 %) for the total number of 60 specimens. Materials
from Omsk Province are presented by isolated speci-
mens and do not reflect the real frequency of pathology

occurrence. The rare occurrence of pathologies of the hit
genesis on the fore limbs can be explained by visual
control of the front sector, that allowed to avoid traumas
even on the high speed. Cases of pathological changes
on the other long bones (humerus, radius, femur and
tibia) of the ungulates are not revealed in our materials.
This feature is also unusual, because veterinary data
show that tibial fractures for the cattle may reach 40-
50 % of the total number of long bones fractures [Gangl
et al., 2006; Ahmed, Al-Sobayil, 2012] while the portion
of metapodial damage is 10-13 %.
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