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Abstract—The skull of a mummy horse from the Late Pleistocene of the western Chukchi Peninsula is
described. This is the seventh horse mummy recorded during the past 150 years in the Pleistocene permafrost
of Siberia. Because of unique preservation (the skeleton is covered by soft tissues and skin) and young indi-
vidual age (1—1.5 years of age), it is presently impossible to provide its correct species allocation of this spec-
imen. Morphological features of the skull proportions and dentition of the Bilibino horse apparently reflect
both species and individual characteristics of the structure and development.
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INTRODUCTION

Remains of large Quaternary mammals are fre-
quently well preserved in the permafrost of northeast-
ern Siberia. Mummified horse remains are relatively
rare; from the 1870s, only six almost complete corpses
(Chersky, 1891; Vas’kovsky, 1959; Garutt and Yur’ev,
1966; Vereshchagin and Lazarev, 1977; Lazarev, 2002,
2008) and two limb fragments of horses (Popov, 1948;
Belolyubskii et al., 2008) have been recorded in this
region. All specimens belong to the species Equus len-
ensis Russanov, 1968, which occurred in Eastern Sibe-
ria at the end of the Pleistocene—beginning of the
Holocene.

The mummy under consideration was found in the
winter 2004—2005 in permafrost deposits of a gold
mine on the Angarka River, 200 km southwest of the
village of Bilibino (66°48" N, 164°01'59"” E) in the
western Chukchi Peninsula (Sher et al., 2007). It was
transported in frozen condition to the Museum of
Glacial Period (Moscow), where it is presently stored
(no. F-200) at a constant temperature of —18°C. The
mummy was damaged during excavation, apparently,
by a bucket of the excavator. The anterior body part
(head, neck, and shoulder girdle with both limbs) are
only preserved. Organs of the thorax are partially pre-
served (to ribs 5—6); heart, stomach, organs of abdom-
inal cavity, and hind limbs are absent. The fur cover is
partially preserved on the withers and distal regions of
limbs. All tissues are extremely strongly dried, the skin
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looks like thin parchment. The anatomical study of the
mummy was performed on the right side. In the region
of the right humerus, there are traces of damaged tissues
and intense hemorrhage (hematoma about 10—15 cm
in size) resulting from a strong impact. This probably
caused the death of the animal. This specimen is a
young horse (1—1.5 years of age).

To preserve the specimen for exposition of the
museum and because of its young individual age, the
skull and postcranial skeleton were incompletely pre-
pared, soft tissues were partly retained. Bone elements
were measured on the assumption of the minimum
thickness of soft tissues.

Radiocarbon dating provided the following esti-
mates of the absolute age of the Bilibino horse:
31.700 £ 1.300 (GIN-12770), 36.550 + 400—350
(GrA-46005), and more than 58.500 (OxA-14713).
We believe that the horse existed 37—31 ka.

The purpose of the present study is identification of
the mummy to species. We consider cranial features of
the Bilibino horse in comparison with other Pleis-
tocene horses of northeastern Siberia, the Przewalski
horse, and domestic horses of aboriginal breeds of the
eastern group.

MATERIAL AND METHODS

Taking into account individual age of the Bilibino
horse, the initial comparative sample of extant and
Pleistocene horses included skulls of two age groups:
1—1.5 and over 5 years of age. The age was determined
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based on the standard technique (Korneven and Lesbr,
1932; Dyurst, 1936; Krasnikov, 1977). The sex was
only determined for the adult skulls.

A total of 60 skulls of three horse species have been
measured.

(1) Group of Young Horses (1—1.5 Years of Age)

Lena horse (FE. lenensis), lower jaw: Museum of
Glacial Period, Moscow (MLP), nos. F-123 and
F-2444; Geological Museum of the Institute of Geol-
ogy of Diamond and Noble Metals of the Siberian
Branch of the Russian Academy of Sciences, Yakutsk
(ZM IGABM), no. 5601.

Przewalski horse (FE. przewalskii Poljakov, 1881),
skull: Scientific Museum of the Biosphere Nature
Reserve Askania Nova, Ukraine (BZAN), nos. 435,
593, 594, 1056, 1096, 1116; Zoological Institute of the
Russian Academy of Sciences, St. Petersburg (ZIN),
nos. 512, 5215, 5217, 7201, 24095, 27029, 27090;
Zoological Museum of Moscow State University
(ZM MGU), no. S-153503.

Domestic horse (E. caballus Linnaeus, 1758), Yakut
breed, skull: Yaroslavsky Yakut State Museum of History
and Culture of Northern Peoples (YaGMIKNS), without
no.; ZIN, no. 12618, without lower jaw; ZM MGU,
no. S-186095, without lower jaw; lower jaw:
ZM IGABM, no. 5833.

Domestic horse (FE. caballus), Kazakh breed: skull:
ZM MGU, no. S-177846.

Domestic horse (FE. caballus), Tuvinian breed, skull
without lower jaw, ZM MGU, no. S-186100.

Domestic horse (E. caballus), Bashkir breed, skull,
ZM MGU, no. S-184630.

(2) Group of Adults (over 5 Years of Age)

Lena horse (E. lenensis), skull: MLP, nos. F-2431,
F-2442, F-254, F-2530; ZM 1GABM, nos. 33/82,
1715, 3715, 5059, 6730; Mammoth Museum of the
Institute of Applied Ecology of the North of the Acad-
emy of Sciences of the Sakha Republic (Yakutia),
Yakutsk (MM IPES), no. 7096.

Przewalski horse (E. przewalskii), skull: Zoological
Museum of Tomsk State University (ZM TGU),
nos. 3525, 3526; BZAN, no. 288/120; ZIN, nos. 5212,
5213, 5214, 5216, 5218, 27089; ZM MGU, no. 1772.

Domestic horse (F. caballus), Yakut breed, skull:
YaGMIKNS, no. 7658, two skulls without nos.; MM
IPES, no. MBK1; ZM IGABM, nos. 5, 6, 8, 9, 10, 17,
33, 34, 1931-32, 1933-34, 1944.

Comparative analysis was based on 13 measure-
ments of the axial skull and 21 measurements of the
dental system, which follow the generally accepted
technique (Gromova, 1949; Eisenmann, 1980; Eisen-
mann et al., 1988). Individual teeth were described
and compared based on elements of the grinding sur-
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face according to the standard technique (Gromova,
1949; Eisenmann, 1981).

Data processing included the following standard
statistical methods: multivariate analysis of variance
(MANOVA, model III), principal component analysis
(based on correlation matrix), multidimensional scal-
ing (based on matrix of correlation distances), step-
wise ascending discriminant analysis (estimation of
Mahalanobis distances D? between centroids of
groups, posterior probability of specimen identifica-
tion). Comparisons were performed between individ-
ual specimens and between mean group values; in the
second case the Bilibino horse was taken as a separate
group. Taking into account the small sample sizes,
effects were accepted as significant at p < 0.01 in the
case of analysis of variance and as correct at p > (.75 in
discriminant analysis of posterior identification; in the
models of multivariate analysis used here, scores of the
first and second axes of were considered. The effect of
the age factor on differences between specimens was
excluded using Burnaby’s data transformation based
on the first principal vector of the covariance matrix,
estimated for the age effect using analysis of variance
(Burnaby, 1966). This method allowed simultaneous
comparison of cranial characters of adult and young
animals and, hence, inclusion in analysis of Pleis-
tocene horses which are only represented by adult
skulls.

For more detailed analysis of similarity and differ-
ences in individual characters between the horses
under study, the method of profiles was used. For this
purpose, the mean value of each measurement was
calculated for the entire sample based on mean-group
values, and deviations of particular groups from this
sample mean were calculated and presented in the
character profiles of each group.

Data processing was performed using the program
STATISTICA for Windows (version 8.0).

CHARACTERISTICS

Skull (P1. 14, fig. 2) of the Bilibino horse is large,
the parietal region is 482 mm long (Table 1). The indi-
vidual is distinguished by the skull proportions: the
occipital region is strongly extended, the ratio between
the anterior and posterior orbital lines is 130.5%. The
facial skull region is narrow, the width between the
facial crests is 121.5 mm, and its relative size (index of
the width between anterior points of the facial crests to
the parietal length) is 25.2%; the distance between
anterior orbital points is 138 mm, its relative size
(index of the width between anterior orbital points to
the parietal length) is 28.6%; at the anterior orbital
borders, 146.5 mm, the relative size (index of the
width at the anterior orbital borders to the parietal
length) is 30.4%. The relative forehead width at the
posterior orbital border is narrow and the braincase
width is intermediate (Table 2). The diastema is rela-
tively short, 17.9% of the parietal length, but wide
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Plate 14

Explanation of Plate 14

Figs. 1—4. Equus (Equus) sp., Museum of Glacial Period, Moscow, no. F-200; female, 1—1.5 years of age; the village of Bilibino
(Western Chukchi Peninsula), Russia; Upper Pleistocene: (1) anterior part of the horse body, including the head, neck, shoulder
girdle, and two hmbs lateral view; (2) head, with removed right lower jaw, lateral view; (3) right tooth row of upper deciduous
teeth dP2 dP m! grmdmg surface 4) rlght tooth row of lower deciduous teeth dP2—dP4, M;, grinding surface.

PALEONTOLOGICAL JOURNAL Vol. 46 No. 1 2012
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Table 2. Relative cranial measurements in the young horse group, % (for measurement nos., see Table 1)

Domestic horses of aboriginal breeds
Indices Bilibino [Przewalskihorse
horse | (M.m=14) | YEKI | Tuvinian | Bashkir | Kazakh
Anterior orbital line/posterior orbital line 130.5 197.1 187.7 192.6 187.2 192.9
(15/16)
Diastema length/parietal length (7/19) 17.9 17.7 16.2 18.0 20.1 19.7
Premolar row length/parietal length (8/19) | 20.1 21.8 23.9 21.4 19.2 21.2
Anterior orbital line/parietal length (15/19)| 59.5 72.7 71.1 71.4 69.9 70.9
Posterior orbital line/parietal length (16/19)| 45.6 36.9 37.9 37.1 37.3 36.8
Diastema width/parietal length (30/19) 13.9 9.9 10.0 10.1 9.1 10.2
Width between anterior points of facial 25.2 29.6 29.7 30.4 27.1 27.8
crests/parietal length (42/19)
Width between anterior points of orbits/pa- | 28.6 30.5 32.6 31.8 29.5 304
rietal length (43/19)
Width at anterior orbital border/parietal 30.4 34.2 35.2 35.1 32.5 32.6
length (44/19)
Interorbital width/parietal length (45/19) 31.1 26.1 33.0 31.2 28.2 30.2
Forehead width at posterior orbital borders | 37.0 38.9 42.7 39.6 37.2 39.0
in line with the zygomatic processes of the
frontal/parietal length (46/19)
Braincase width at postorbital narrowing/pa-| 19.1 17.9 20.3 18.7 18.0 17.1
rietal length (47/19)
Skull width at external edges of glenoid fos-| 37.1 38.3 42.7 38.9 38.2 38.6
sae/parietal length (49/19)

(67.2 mm), possibly because of measurements involv-
ing soft tissues. The premolar row is relatively short
(20.1% of the parietal length) (Table 2). The dorsal
outline of the skull is straightened. The skull width at
the external edges of the glenoid fossae is relatively
small.

The skull is still covered by soft tissues, preventing
examination in more detail.

Teeth. The upper jaw contains deciduous premo-
lars dP2-dP*#, the first molar (M!) is in the state of erup-
tion (the paracone and protoconule are seen on the
gum surface). A wolf tooth (dP') is absent. The
description concerns primarily the third and fourth
deciduous premolars, as least changeable in tritor
structure.

The facets are rectangular (extended along the
tooth axis), with a slightly waving edge. The protocone
is long; in dP3, it is 30.7% of the tooth length; in dP*,
it is 24.6% (Table 3). The relative width of the proto-
cone of dP? and dP* is 15.1 and 16.9%, respectively.
The protocone is boot-shaped, with ventrally extend-
ing, slightly narrowing, rounded anterior and posterior
ends. In dP?, the protocone is elliptical, with rounded
ends. The lingual wall of the protocone is gently con-
cave; in dP?, it is convex, without an incisure. The buc-
cal wall of the protocone is convex into the internal
valley, oblique strongly posteriorly. The protocone is
displaced strongly anteriorly relative to the tooth axis
and sharply asymmetrical and shifted posteriorly rela-
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tive to the neck. The protocone neck is moderately
wide. The internal valley is wide, expanding, square in
the tooth center, with a well-developed long and wide
spur (P1. 14, fig. 3).

The ectoloph is biconcave; in dP#, it is concave or
slightly concave. The parastyle is square, wide, slightly
extended, slightly anteriorly oblique. The mesostyle is
rounded, undivided, wide in dP? and dP3 and moder-
ately wide in dP* extended, slightly anteriorly
oblique. The metaslyle is absent or poorly developed.

The hypocone is moderately wide, rounded
extended, slightly pointed. The protocone projects
slightly lingually relative to the hypocone (Pl. 14, fig. 3).

The upper teeth have moderately plicate enamel.

The lower jaw has deciduous premolars dP,—dP,,
the first molar (M") has erupted, remaining unworn
(only the metaconid and metastylid have weak wear
traces). The premolar row is 98.3 mm long.

The double loop is asymmetrical, with a more
rounded metaconid and triangular metastylid. The
relative length of the double loop of dP; is 58.4% and
that of dP, is 58.6% (Table 3). The metaconid and
metastylid are similar in size. The metaconid is
extended, with a rounded expansion in the anterior
part, as though having a stalk; the base is moderately
wide. The metastylid is triangular or extended triangu-
lar, with a narrow base and rounded apex; the lingual
wall straight or slightly concave. The linguaflexid is
Vol. 46

No. 1 2012



97

MORPHOMETRIC STUDY OF THE SKULL OF A LATE PLEISTOCENE MUMMY

€0¢ 0S | ST [€6S|6€ES|€9S| T |60 |08 S9| 69| € I'T|6'1¥] 9°LE| 8°6E| PI 9IS xapur dooj ajqnop *gp
91 GSl (L0 | S0T|S61[00C| T [80 [9SI|SPI|OSI| € ClL|SPI|eer| 8¢l| vl L'LY y33us] doof s[qnop "dp
(44! €Vl |80 | 9CI|SPI| I'ST| T |01 LT SI|8SI| ¢ I'1 LT} 9€l| €S| ¥ L'yl YIPIM 1300} Fgp
(43 1€ |1 9¢ 8C| 6CE| SSe| T | L0 |STe|TIE|0CE| € CT|98e| L1E| LYE| VI €re )39 Y00} *gp
LS GeS |80 |0°L9]L6S|0€9 T |60 |019]¥SS| 18| ¢ [T |98y I'PP| €SP| VI v'8S xaput dooj d[qnop £4p
CLI GGl |80 | I'SI|6LI| 08I 80 | 88| €91 9°LI| € 1l SI|SEL| 0PI ¥I 8Ll y3ua| dooy dqnop t4p
87l 9%l | ¥O0 | VST 8VI|I'SI| € |80 | L9T|¢€ST|8ST| ¢ 1| €L €I ¢ST| vl 14! Ipim 1001 £gp
0€ 6C | ST [€0E|L9C|S8C| T |80 |80¢|t6C|c0oe| € Sl PE| 8°LT| 6°0E| T <0¢ q3ud] 1001 £4p
6°0S IS |01 | 86h| 18| L8| T |80 |S€S|TTS|TES| € 1| 98| 9Sy| So| VI 9°LS xaput dooj a[qnop ¢Jp
SLI SLL |60 | LLI|89I|TLI| T |60 61| 8°LL|¥8I| ¢ CL P9l €SI 6°ST| v €61 y33ud] dooy s[qnop ¢gp
(44! el | vo | Syl vI|EYI| € | I'T | SPI|STL|TEl| € 01T | L9l ¥CL| vl ¥ 14! YIPIM 1100} g p
Ve €Pe | TT | 89¢|Lee| €Sl T |80 |SSE|IPE|IVE| € A 9¢| STIE| TrE| ¥l c'ee 33ud] Y1003 ¢dp
)99) JIOMO]
cee L6T €Ce |60 | 8TCelc6T|TIE|l T TL6PE| LYe| 6PE| T 9'vC xoput ouooojoxd , Jp
9% S (44 L0 |SY |€V | VP [4 I'T €Y |0V | IV | VI 8¢ Ipim duooojord  p
86 €6 86 6°0 IT| L6 |¥0I| C Lo|ecr| oIt vl '8 q313uo] duooojoxd , Jp
6'CC £CC 9¢C | €0 |yCC| cCT|Tie| ¢ 1| L9t|9ce| 1'se| vl A4 YIpIM 11001 . P
Y4 €Ie €0E | €0 |See|lee|eee| ¢ 6’1 | TSE| 88T I'Cce| v1 Sye q13ua] 1300} , P
L'9C 6'¢€C 08T | S0 |L6C|S8C|T'6C| T CL|STIg|6°ST| 66T V1 L0€ xopur ouooojoxd Jp
vy 1Y 8 Lo | vy | €Y | €F (4 ClL|LY |9¢€ | €V | P Ve Ipim duooojord Jp
8L 69 8 S0 |98 |8 | S8 (4 I'T|vorjeL |06 | vl 6 q33u9] duooojoxd Jp
(44 [ %4 ¢ |01 | ¥ec| cTo|Lee| ¢ Y'1|9LT] €C| LSt ¥l A4 IpIM 100} P
6T 6'8¢C 9'8C | I'T | T0E|98C| ¥6C| T 'l €e| 1'8¢| T0e| ¥l €°6C q13ua] 1300} P
6'81 691 TLT |80 | 91C|9LT|961| T I'T [ 6°0C] €LI|LST| PI 91T xopur ouooojoxd . Jp
9°¢ 'S ¥'S 80 |09 [0F |0O€C (4 I't|19v | Sv | Sy | ¥l 'y Uipis suodsolold . 4p
YL 89 L9 60 |06 [0L |08 C I'T|06 |89 |LL | VI T8 q33u9] duooojoxd . Jp
¢ 0c 8°0¢ @ | S0 el el L) ¢ [l SC| € 1T| 0°¢T| ¥l 44 YIpIM 1001 . dp
6¢ 1'0¥ 6 | €1 |9Tv|L6E| L0V C 'l er|eee| I'ly| vl 8¢ q13ua] 13003 . dp
)99} Jaddn
ds |xew | urw | gy u | s |xew | umu | u | s |xew | umu | g u
Injyseq [UeruiAng | ysezed| — as1oy DU IOWLAINSES
9sIOy BUS] 9SIOY DYS[BMIZI] oulqrrg L W

SPa91q [eUISIIOQE JO SOSIOY OTISOWO(]

UOIIBIAJD pIepurls ((7S) ‘onjeA wnuwixew (Xew)
‘anJeA WINWITUTW (UTW) ‘ONJeA UBW (Jy7) ‘SUaIdads Jo roquinu () :suoneusso "W ‘dnoid as101 SunoA ) UT 1193 JO SJUSWAINSLIAW JANB[AI PUR N[0SV *€ d[qeL,

No. 1 2012

Vol. 46

PALEONTOLOGICAL JOURNAL



98 SPASSKAYA et al.

Bilibino
Values horse
15 - =~ -Yakut horse

- - - -Tuvinian horse
—® — Bashkir horse

—&— Kazakh horse

1.4
1.3
1.2
1.1
1.0
0.9
0.8
0.7 4
0.6

1 1 | | 1 1 | | 1 | | |
o AN O O O O O oYY O N
e R T T T T e s T e T
S N S S > > S - S > > ==
i~ 00 N o o AN T v o >
— —_ =N < T T
Indices

Fig. 1. Ratios of skull measurements of the Bilibino horse
and domestic horses of aboriginal breeds (for designation
of indices, see Table 2).

small, wide, slightly pointed towards the center. The
neck of the double loop is narrow.

The protoconid and hypoconid are rectangular,
extended along the tooth axis. The external walls of the
protoconid and hypoconid are flattened, parallel to
the longitudinal tooth axis, wavy (Pl. 14, fig. 3).

The entoconid is large, rounded; in dP,, it anterior
edge is sharpened. The anterior internal valley is mod-
erately long and wide, displaced slightly posteriorly
relative to the neck, parallel or slightly inclined
towards the longitudinal tooth axis; the edges are
rounded; the lower wall is straight or slightly concave.
The posterior internal valley is long, moderately wide,
slightly asymmetrical relative to the neck, and slightly
oblique relative to the longitudinal tooth axis; the
edges of the valley are rounded sometimes extended;
the lower wall is convex, wavy.

The ectoflexid is wide, deep, narrowing towards the
center, with a well-pronounced pli caballinid fold.

The lower teeth have weakly plicate enamel.

COMPARISON

The young individual age of the Bilibino horse
sharply restricts the opportunity of a thorough com-
parison. The comparative sample of skulls of similar
age includes only the Przewalski horse and domestic
horses of eastern breeds (Tables 1—3). Pleistocene
horses of northeastern Siberia lack specimens of simi-
lar individual age (except for three lower jaws of the
Lena horse).

Skull. The Bilibino horse has a large skull com-
pared to horses of the same age; it is only inferior in
size to domestic horse of the Bashkir breed. The
diastema length of the Bilibino horse occupies an
intermediate position; it is longer than in Yakut and
Tuvinian horse breeds and the Przewalski horse and
shorter than in Bashkir and Kazakh domestic horses

PALEONTOLOGICAL JOURNAL

(Tables 1, 2). The length of the deciduous premolar
row in the Bilibino horse is less than the mean-group
value; all species and breeds included in analysis have
larger teeth, except for the small-tooth Bashkir
domestic horse (Table 2).

As mentioned above, the skull proportions of the
Bilibino horse are rather unusual in having an elon-
gated occipital part. In the Bilibino horse, the ratio
between the anterior and posterior orbital lines is the
smallest (130.5%); in other groups analyzed, it ranges
from 187.2 to 197.1% (Table 2; Fig. 1). In the Bilibino
horse, the ratio of the anterior orbital line to the pari-
etal length is the smallest (59.5% versus 69.9—72.7%)
and the ratio of the posterior orbital line to the parietal
length is the greatest (45.6% versus 36.8—37.9%)
(Table 2). The facial skull region of the Bilibino horse
is narrow, as distinguished from other horses; the rela-
tive skull widths at the anterior points of the facial
crests (index 42/19), at the anterior points of the orbits
(index 43/19), and at the anterior orbital borders
(index 44/19) are the smallest (Table 2). At the same
time, the braincase width of the Bilibino horse is close
to the values in the horse groups included in compari-
son. The relative interorbital width (index 45/19) in
the Bilibino horse is similar to that in the Tuvinian
breed, greater than in the Bashkir and Kazakh breeds,
much greater than in the Przewalski horse, and less
than in the Yakut horse. In the index of the forehead
width at the posterior orbital border (46/19), the spec-
imen described is the smallest; in particular, it is con-
siderably smaller that the extant domestic Yakut horse
and most similar to the Bashkir breed. The relative
braincase width at the postorbital narrowing (index
47/19) in the Bilibino horse is greater than in the other
groups, except for the domestic Yakut horse. The rela-
tive skull width at the external edges of the glenoid fos-
sae (index 49/19) in the Bilibino horse is the smallest
(Table 2; Fig. 1).

The dorsal skull outline of the Bilibino horse is
straight, as in the Yakut and Kazakh domestic horses
and some Przewalski horses. In the Tuvinian breed,
this outline is concave at the level of orbits; in the
Bashkir breed, it is convex.

Upper teeth. In the structure of upper deciduous
premolars, the Bilibino horse is very similar to the liv-
ing Yakut horse. The relative protocone length in the
specimen described is the greatest in dP? and dP3 and
the least in dP*, as compared with the Przewalski horse
and four aboriginal breeds of domestic horse (Yakut,
Kazakh, Tuvinian, and Bashkir breeds) (Table 3).

The protocone structure of the Bilibino horse dif-
fers from that of the Yakut aboriginal breed of domes-
tic horse only in the more rounded and less extended
anterior end; the buccal wall of dP* is more convex
into the internal valley and is more strongly posteriorly
oblique in dP? and dP* The spur is better developed
and longer. The ectoloph of dP* is less concave, the
parastyle is wider, the mesostyle is more rounded, the
metaslyle is less developed. The hypocone is wider and
2012
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less pointed, the protocone projects lingually to a lesser
extent. The upper teeth are more strongly plicate.

The Bilibino horse differs from the Kazakh aborig-
inal breed of domestic horse in the boot-shaped proto-
cone (which is extended ovate in the Kazakh breed).
The protocone edges are more narrowed and
extended, the lingual wall is more concave, not wavy;
the buccal wall is more convex into the internal valley;
the protocone is more asymmetrical relative to the
tooth axis and neck. The internal valley expands at the
central end; the spur is wider. The mesostyle is more
rounded, not doubled, less inclined anteriorly; the
metaslyle is less developed and less pointed. The hypo-
cone narrows to a greater extent.

The Bilibino horse differs from the Tuvinian
aboriginal breed of domestic horse in the protocone
shape (rounded ovate in the Tuvinian breed), its nar-
rower and more extended edges, more concave lingual
wall; the buccal wall is more convex into the internal
valley and more strongly oblique relative to the longi-
tudinal tooth axis; the protocone is displaced more
strongly anteriorly relative to the tooth axis; the proto-
cone neck is wider. The internal valley expands at the
central end; the spur is wider and longer. The parastyle
is less oblique relative to the longitudinal tooth axis,
not doubled. The mesostyle is more rounded, wider in
dP? and dP3, not doubled, less oblique anteriorly; the
metaslyle is less developed, less extended. The hypo-
cone is wider; the protocone projects lingually to a
lesser extent. The enamel is more strongly plicate.

The Bilibino horse differs from the Bashkir aborig-
inal breed of domestic horse in the protocone shape
(ovate or extended ovate in the Bashkir breed). The
protocone edges are more narrowed and extended; the
lingual wall is more concave, smooth; the buccal wall
is more convex into the internal valley of dP* more
strongly oblique relative to the longitudinal tooth axis;
the protocone is displaced more strongly anteriorly
relative to the tooth axis, and more asymmetrical rela-
tive to the neck in dP*; the protocone neck is wider.
The internal valley is wider, more expanded, more
square at the central end; the spur is wider and longer.
The parastyle is less oblique relative to the longitudinal
tooth axis, not doubled in all deciduous teeth. The
mesostyle is more rounded, wider in dP? and dP3, not
doubled; the metaslyle is less developed. The hypo-
cone is more narrowed and pointed. The enamel is
more plicate.

The Bilibino horse differs from E. przewalskii in the
extended corners of the protocone; the more concave
lingual wall of the protocone, particularly, in dP*; in the
convex and posteriorly more oblique buccal wall of the
protocone; the more asymmetrical protocone relative
to the tooth axis and neck; the protocone neck is wider.
The internal valley is widened towards the center, the
spur is better developed, narrower, and longer. The
mesostyle is wider, without a trace of bifurcation in all
teeth; the metaslyle is less developed. The hypocone is
wider and less pointed. The enamel is more plicate.
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Lower teeth. In the structure of lower deciduous
premolars, the Bilibino horse is most similar to the
Yakut aboriginal breed of domestic horse. In the rela-
tive length of the double loop of dP;, the specimen
described is similar to the Lena horse and exceeds the
values in the Kazakh and Bashkir breeds, considerably
exceeds the values in the Przewalski horse, and is con-
siderably inferior to the Yakut breed. The relative
length of the double loop of dP, of the Bilibino horse
is greater than that of all horse species and breeds
included in comparison, except for the Yakut domestic
horse (Table 3).

The Bilibino horse differs from the Kazakh aborig-
inal breed of domestic horses in the more asymmetri-
cal double loop of dP;. The metastylid is more
extended, has a more pointed apex; the linguaflexid is
smaller. The entoconid is larger, more rounded. The
anterior internal valley is less asymmetrical relative to
the neck, the posterior edge is more rounded, the
anterior edge is not extended downwards. The poste-
rior internal valley is longer and wider, more oblique
relative to the longitudinal tooth axis; the valley edges
are more rounded, more extended; the lower wall is
more conveX. The ectoflexid is deeper; the pli cabal-
linid fold is better developed.

The Bilibino horse differs from the Bashkir aborig-
inal breed of domestic horse in the more asymmetrical
double loop. The metastylid is more extended, has a
more pointed apex; the lingual wall more straight; the
linguaflexid is smaller. The external walls of the proto-
conid and hypoconid are not oblique relative to the
longitudinal tooth axis nor concave. The entoconid is
larger. The anterior internal valley is less asymmetrical
relative to the neck, the posterior edge is more
rounded. The posterior internal valley is longer and
wider, less symmetrical relative to the neck; the valley
edges are more rounded; the lower wall is more con-
vex. The ectoflexid is deeper; the pli caballinid fold is
better developed.

The Bilibino horse differs from FE. przewalskii in the
more asymmetrical double loop. The metaconid is
more extended, with a wider anterior part; the meta-
stylid is more extended, more pointed at the apex; the
lingual wall is more concave; the linguaflexid is
smaller. The neck of the double loop is narrower. The
entoconid is larger, more rounded, with a nonex-
tended anterior lower corner of dP;. The anterior
internal valley is less asymmetrical relative to the neck,
the edges are more rounded. The posterior internal
valley is longer and wider, less symmetrical relative to
the neck, more oblique relative to the longitudinal
tooth axis. The ectoflexid is wider and deeper.

DISCUSSION

The small sample size impels us to use complex sta-
tistical methods for detailed comparison of different
horse species irrespective of individual age.
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Fig. 2. Distribution of the horse groups examined in the
space of the first and second axes of multidimensional
scaling. Designations: (B) Bilibino horse, (L) Lena horse,
(P) Przewalski horse (adult), (Pj) Przewalski horse (young
individual), (D) Yakut horse (adult), and (Dj) domestic
horses (young individual).

In the characters of the axial skull, the intergroup
differences are statistically significant (F ranges from
6.9 to 21.3) in seven characters: the diastema length,
premolar row length, diastema width, interorbital
width, forehead width at the posterior orbital border,
braincase width at the postorbital narrowing, and the
skull width at the external edges of the glenoid fossae.
Age differences are highly statistically significant for
the overwhelming majority of characters; sexual dif-
ferences are statistically nonsignificant and excluded
from consideration. In the dental measurements (in
young and adult horses), the intergroup differences are
statistically nonsignificant with reference to the fac-
tors group, age, and sex. Based on this, these characters
were excluded from further analysis.

The analysis of similarities in mean-group values of
particular characters in the initial sample, using the
methods of multidimensional scaling (MS) and prin-
cipal components (PC) gave generally similar results,
with minor difference in relative position of the Bilib-
ino horse (Figs. 2, 3). It occupies a distinctly detached
position relative to other groups. In the case of multi-
dimensional scaling, the Bilibino horse is clearly dis-
tinguished by the MS1 axis, which is correlated mostly
with the measurements of the anterior orbital line and,
particularly, with the diastema width. In the space of
the first and second principal components, PC2
(mostly correlated with the posterior orbital line and
diastema width) distinguishes the Bilibino horse from
young domestic horses and the Przewalski horse. The
comparison of individual specimens by the same two
methods gives similar distributions, which in general
confirm the previous results and show significant dif-
ferences of the Bilibino horse from other animals. The
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Fig. 3. Distribution of the horse groups examined in the
space of the first and second principal components (for
designations of groups, see Fig. 2).

axes distinguishing it are highly correlated with the
following characters: MS2 with the diastema width,
width between the facial crests, and width at the ante-
rior orbital borders; and PC2 with the diastema width
and braincase width at the postorbital narrowing.

Stepwise discriminant analysis was based on both
initial measurements and residuals in two models; in
the first case, the learning sample included all groups
of adult and young individuals; in the second case, it
only included groups of adults. In the first case, the
groups of young and adult horses are distinguished
most clearly by the first canonical variable, with the
greatest contribution being made by the width between
the anterior orbital points, interorbital width, and the
forehead width at the posterior orbital borders. Note
that the diastema width, which distinguishes the Bilib-
ino horse, is not included in the discriminant function,
since this character has a nonsignificant effect. Among
adults, Yakut and Lena horses are most similar; in the
scatter diagram, their groups overlap completely, the
Mahalanobis distance is minimum (D? = 11.9); young
Przewalski horses are more similar to young domestic
horses (D? = 18.4) than adult individuals of respective
species (D? = 34.7). The analysis on values trans-
formed according to the Burnaby’s method has dis-
played a similar distribution of groups in the space of
canonical variables. The most similar groups were, on
the one hand, young and adult Przewalski horses
(D?= 5.9) and, on the other hand, young domestic
and adult Lena (D? = 4.9) and Yakut horses (D?=7.8).
In both comparisons, the skull of the Bilibino horse
falls into the group of young domestic horses.

Discriminant analysis, in which the learning sam-
ple consists only of adult horse groups, provides the
following results. As the initial measurements are
used, the Lena horse is most similar to the Yakut breed
Vol. 46
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horses (after Lazarev, 1980).

(D?=21.1), the Przewalski horse is more similar to the
Lena horse (D? = 23.1) than to domestic horses (D? =
52.9). Posterior probabilities allocate all young Przew-
alski horses to the group of adults of this species, while
domestic horses and the Bilibino horse are close to the
Lena horse. As transformed characters are used, the
structure of similarities between the groups of adults
remains essentially the same (values of D? are 17.1,
18.1, and 41.2, respectively). Posterior probabilities
for young horses provide the following identification:
of 14 young Przewalski horses, seven are referred to the
group of adult F. przewalskii, three are identified as the
domestic Yakut breed, and the positions of others are
uncertain; of four young domestic horses, three are
referred to the Lena horse and one, to the group of
adult Yakut horses; the Bilibino horse is also referred
to the Lena horse.

The analysis of character profiles (Fig. 4) shows the
following: the diastema length and, to a lesser extent,
the interorbital width distinguish the groups of adult
Yakut and Lena horses from all others. The parietal
length, the width between the facial crests, width
between anterior orbital points, width at the anterior
orbital borders, and, to a lesser extent, forehead width
at the posterior orbital borders, skull width at the
external edges of the glenoid fossae distinguish
between the groups of adult and young horses. The
anterior and posterior orbital lines and, particularly,
the diastema width distinguishes the Bilibino horse
from all other groups; at the same time, the character
“anterior orbital line” clearly divides the latter into
adult and young horses. Other characters do not show
obvious distinctions.

As our data are compared with the data on extinct
Pleistocene horses of Yakutia (Lazarev, 1980), addi-
tional characters are used, which have shown the most
significant distinctions in previous analyses, i.e., the
anterior orbital line, posterior orbital line, parietal
length, width between the facial crests, width at the
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anterior orbital borders, forehead width at the poste-
rior orbital borders, and skull width at the external
edges of the glenoid fossae. The correlation distances
between all groups (excluding the Bilibino horse)
range from 0.006 to 0.742 and, according to our and
published data, the distances in the groups of Lena and
domestic horses are 0.067 and 0.046, respectively.

The distribution of all these groups in the space of
the first and second principal components (Fig. 5)
generally corresponds to the results previously
obtained in respect to the position of Lena, Przewal-
ski, domestic, and Bilibino horses. At the same time, it
displays an isolated position of the Kolyma (E. colie-
mensis Russanov, 1968) and eastern (E. orientalis Rus-
sanov, 1968) horses relative to each other and other
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Fig. 5. Distribution of the horse groups examined, includ-
ing E. coliemensis and E. orientalis, in the space of the first
and second principal components (for designations of
groups, see Figs. 2 and 4).
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groups examined. This distribution also distinctly
shows well pronounced isolation of the Bilibino horse;
however, it is similar to E. coliemensis in the posterior
orbital line (which also distinguishes them from other
horses).

The results obtained suggest the following prelimi-
nary conclusions about the character of distinctions in
cranial characters between the groups of wild and
domestic horses and about the position of the Bilibino
horse.

For a meaningful analysis of these distinctions, it is
required first of all to point out the age-dependent
characters. These are primarily the anterior orbital
line, length parietal, width between the facial crests,
width at the anterior orbital borders, forehead width at
the posterior orbital borders, skull width at the exter-
nal edges of the glenoid fossae, the mean values of
which are always lower in young horses than in adults.
It is possible to supplement this list with characters
such as the posterior orbital line and diastema width,
which are the smallest in young domestic and Przew-
alski horses and maximum in the Bilibino horse. The
diastema length and premolar row length distinguish
adult Lena and domestic horses from all others; inter-
estingly, in this case, young Przewalski horses are
grouped with adults. This result displays differences
and similarities in terms of adult and juvenile cranial
features of horses.

The Bilibino horse is most distinct among the
groups considered in the ratio of adult and juvenile
cranial features. On the one hand, the anterior orbital
line and skull widths in the orbital region (width
between the facial crests, width between the anterior
points of the orbits, width at the anterior orbital bor-
ders) of this horse are the smallest among young indi-
viduals; in these characters, it is possible to regard this
skull as superjuvenile. On the other hand, the posterior
orbital line and, particularly, the diastema width,
which, in domestic and Przewalski horses are gener-
ally greater in adults than in young individuals, in the
Bilibino horse are maximum; these characters are
regarded as superadult, although the skull in question
belongs to a young animal. It should be noted that, in
the posterior orbital line, the Bilibino horse is most
similar with the Kolyma horse and this character dif-
fers considerably the two horses from others.

The sharp difference of the Bilibino horse in a set of
cranial characters, which displays its specificity, is
shown by the methods of multidimensional scaling
and principal component. Discriminant analysis has
not revealed this segregation because other horse
groups differ nonsignificantly in the characters
strongly distinguishing this skull. As comparison is
based on discriminating characters, the Bilibino horse
is most similar to either domestic or Lena horses. This
uncertainty of results of discriminant analysis indi-
rectly confirms the specificity of the Bilibino horse in
skull proportions from other horse groups, although it
may partly be accounted for by the small sample size.
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CONCLUSIONS

Despite well-pronounced specificity of the Bilibino
horse in skull proportions and dental structure, it is
premature to make a conclusion about its taxonomic
status. Perhaps, we deal with an individual anomaly
caused by unusual growth and development of this
animal. If distinctive features of skull structure are
characteristic of a certain horse group from the Late
Pleistocene of northeastern Siberia rather than result
from abnormal individual development, this group
deserves at least species taxonomic rank. However, this
statement requires additional confirmation.
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