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Abstract

The paper presents a description of a rare finding of the partial frozen corpse of the Yukagir horse. Discovered from thawing
deposits in northern East Siberia (Yakutia, Russia), its age is confirmed to be Mid-Holocene (about 4600 BP). The mummy had a
preserved head with the neck and the back of the torso with the legs and tail. The Yukagir horse was relatively short, with short
ears and tail. Compared to the modern breeds, including the Yakutian domestic horse, wild Przewalski’s horse, and extinct Lena
horse, Equus lenensis, the Yukagir horse was closest to the latter, which was also confirmed by studies of the hair microstructure.
The pollen and plant remains from the horse’s intestines indicated a preference to grasses. The late geological age of the Yukagir
horse is an indication that this species survived the Pleistocene—Holocene crisis and lived through the Mid-Holocene in northern

Eastern Siberia.
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Introduction

In July 2010, the Yukagir tribe members found remains of the
partial, frozen carcass of a presumably Pleistocene horse,
named the ““Yukagir horse” (Boeskorov et al. 2013), on the
northern slope of the Oyagossky Yar on the coast of the
Dmitry Laptev Strait in northern Yakutia (N72.690860°,
E142.821769°) (Fig. 1).

Oyagossky Yar is the longest Quaternary outcrop on the
northern Yakutia, Siberia, Russia, stretching over 100 km
from Svyatoi Nos Cape in the west to the Kondratieva
River mouth in the east. The “Edoma” Pleistocene perma-
frost deposits are exposed along the Dmitry Laptev Strait
and form terraces that are about 40-50 m high. The west-
ern part of the deposits is correlated with the Olyerian
Formation (Lower Pleistocene; Velichko 1973;
Tomirdiaro 1982), while the eastern part of the outcrop
area corresponds to Karginian (47-26,000 BP) and
Sartanian (17—-16,000 BP) Formations, based on radiocar-
bon dates of mammal bones (Nikolsky and Basilyan 2003).
The Oyagossky Yar yielded remains from almost all large
mammal species characteristic of the Late Pleistocene in
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Fig. 1 The location of the Yukagir horse site in northern Yakutia

Yakutia, including Canis lupus, Alopex lagopus, Gulo
gulo, Ursus sp., Panthera spelaea, Mammuthus
primigenius, Coelodonta antiquitatis, Equus lenensis,
Rangifer tarandus, Cervus cf. elaphus, Alces sp., Bison
priscus, Ovibos pallantis, and Saiga sp. (Tomirdiaro
1982; Sablin 1991; Nikolsky and Basilyan 2003).

The horse was found within about 50 m of the Yuka
Mammoth Site, dated to 39,440-38,850 cal BP. However,
despite the vicinity of the sites, the horse age appeared to be
much younger, about 4630+ 35 BP (GrA-54209; Boeskorov
et al. 2013). This date falls at the end of the second half of the
Atlantic period, the warmest period during the Holocene that
lasted from about 6000 to 4500 BP, and just before a signifi-
cant cooling that was recorded in many sites in northern
Eurasia (Velichko et al. 1997).

Material and methods
Material

Shortly after its recovery in the summer of 2010, the
Yukagir horse mummy remains were brought to a

@ Springer

%)
“' D © 9
SN % P L
=% & 2
=) > @ i\ @
2 Ust Yansk % “\o @ Chokurdakh %’0‘
3 e B S
S /¢ Kazachie o 4@00
W A §
o‘& o
A
0 50 100 150 km

dugout ice storage in the Yukagir village where it was
kept under freezing conditions. Later that year, the
mummy, owned by the Yukagir Community and led
by the Community leader Mr. Vassily Gorokhov, was
loaned to the Yakutian Academy of Sciences, Yakutsk
(catalog no. OYu 2; Department of Mammoth Fauna
Studies,) for this study. In January 2012, the horse
mummy remains (Fig. 2) were delivered to Yakutsk
and tested for infectious diseases (foot and mouth dis-
ease, anthrax, brucellosis, rinderpest, etc.); all of which
yielded negative results. The results of this paper are
based on the studies of the exterior morphology of the
horse mummy conducted in February, 2012, and
February, 2014.

Determination of sex and age

The absence of canines in the lower jaw suggests that
Yukagir horse was a mare. The state of the incisors’ wear,
according to the standard method of domestic horse age
determination assumed in Russia (Liskun 1949), corre-
sponds to a 5-year old individual (Fig. 3a). Therefore, the
Yukagir horse was an adult mare.
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Fig. 2 The remains of the
Yukagir horse carcass

Descriptions and measurements

The horse mummy carcass was described and measured
following the methods proposed for large, wild mammals by
Gromov et al. (1963) and for domestic mammals by Liskun
(1949).

For comparison, we measured body parts in seven modern
domestic Yakut horses (Equus caballus spp.) breeded in
Khangalassky and Megino-Kangalassky Districts of Yakutia.

Radiocarbon dating

Radiocarbon analysis of the Yukagir horse bone was carried
out by the University of Groningen, the Netherlands (code
GrA). This laboratory uses AMS (Accelerator Mass
Spectrometry) for measurements of the '*C concentration.
Radiocarbon dates are reported in BP, a defined timescale by

Fig. 3 The Yukagir horse
mummy parts of the body: a
lower jaw incisors in wear, b
upper and lower molars, right side
view, ¢ left hoof, hind limb, d
right side of the head

convention (Mook and van der Plicht 1999). The '“C dates
need to be calibrated to obtain absolute ages. This is done
using the internationally accepted calibration curve IntCall3
(Reimer et al. 2013). This then results in the final calendar
dates for the fossil. They are reported in cal BP, which is
calendar years before 1950 AD.

For the Yukagir horse, the measured '*C date is 4630+ 35
BP (GrA-54209). The calibrated date is 5450-5310 cal BP (1-
sigma), in the second part of the Atlantic period.

Results: description of exterior morphology

The Yukagir horse carcass was preserved in two large pieces:
the head with the neck, a part of the torso with some internal
organs, hind limbs, and tail (Figs. 2 and 3). The missing part of
the snout appeared to be ripped off the fore limbs with the

D
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frontal part of the torso had numerous torn holes, and gaps and
stripes on the hide indicated that the horse was hunted and/or
scavenged by a large predator, possibly a bear or wolf.

The frozen mummy’s skin was intact on the hind limbs, on
a large part on the head, on the back of the, neck and on the
sides of the torso. The predominant color of the skin was dark
brown, and the skin was mummified and very stiff. The skin
thickness varied from 1 to 5.1 mm in different parts of the
body. The thinnest skin measured on the top of the head
(1.0-1.4 mm, average 1.16 mm), and the thickest skin was
found on the belly (3.7-5.1 mm, average 4.52 mm), gluteal
region (3.3-5.1 mm, average 3.9 mm), thigh (3.4-4.1 mm,
average 3.82 mm), and front of the neck (2. 6-3.0 mm, aver-
age 2.76 mm). In the domestic horse breeds, the skin thickness
in the different parts of the body varies between 1 and 7 mm
(Akaevsky 1975).

The mummy had both the ears and eye sockets preserved.
The left ear was deeply dried out and had lost its natural shape,
while the right side was well-preserved with a characteristic,
relatively long, funnel-shaped ear with a pronounced tip (Fig.
3d). The right ear opening was relatively narrow with protrud-
ing front and rear edges. The length of the ear from the lower
edge of the ear notch to its apex was 14 cm; the maximum
width of the ear was 7 cm. If compared to the E. przewalskii
and modern domestic Yakut horse (Table 2), the Yukagir horse
ear was shorter.

The dimensions of the right eye socket were anterior-
posterior length of 44 mm and height of 19 mm. The left
eye socket measured anterior-posterior length of 49.6 mm
and height of 20 mm. Both sockets had mummified eyeballs,
which were palpable under the skin.

Short (45—70 mm), dark-brown and, in some places, black
hair was preserved only on the distal parts of the limbs, below
the tarsal-phalanx joint (Fig. 3¢). Mammoth, bison, and horse
carcasses frozen in permafrost usually have most of the body
hair detached from the skin, but often, the hair on the distal
parts of the limbs is retained.

The microstructure of the Yukagir horse hair was examined
using a scanning electron microscopy and was compared with
the microstructure of modern domestic horse hair (including
the Yakut domestic horse), as well as with the hair collected
from the mummies of the extinct Lena horse (Equus lenensis
Russanov, 1968) found in Yakutia: Selerikanskaya horse,
Maksunuohskaya horse, Dyukarskaya horse, and Cherskaya
horse (Chernova et al. 2015). These mummies were recovered
from the deposits of the Late Pleistocene Karginian interstadial
(38,500-29,500 BP; Arslanov and Chernov 1977; Vereschagin
and Lazarev 1977; Lazarev 2002; Lazarev 2008). The hair test
confirmed that, while having had general similarities to other
breeds, the Yukagir horse hair microstructure is closest to that
of the Lena horse. The hair core is shifted to the side of the rod
and is characterized by a cellular-mesh structure, with the pres-
ence of polymorphic cavities and thick, rough septa with short
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outgrowths and large perforations. All of these structures ex-
tend along the stem rather than across it (Chernova et al. 2015),
confirming that the Yukagir horse belongs to the Lena horse
species, E. lenensis.

We managed to estimate some of parameters of the horse’s
skull by measuring the un-skinned and un-fleshed horse head.
Most of the Yukagir horse skull measurements fall within the
variation range of Equus lenensis Russanov, 1968, which was
studied by Lazarev (1980) and Kuzmina (1997). However, the
Yukagir horse was relatively large-headed and possessed a
relatively large dentition (Fig. 3b, Table 1).

The estimated height at the hip of the Yukagir horse is
similar to average E. przewalskii’s hip height (Table 2), but
slightly shorter than that of the Selerikan horse mummy,
E. lenensis from the Upper Indigirka River basin (about
38,000 BP) (Table 2) and average hip height of the modern
Yakutian mares from the Verkhoyansk District (134.34 cm)
and Sredne-Kolymsk District (138.12 cm) (Gabyshev 1957).
The distal parts of the Yukagir horse hind legs were relatively
large.

The tail was preserved intact but was missing hair. Tail
length from the base to the tip was 36.5 cm. The thick
base of the tail gradually tapered towards the tip. The
circumference of the base of the tail was 19 cm, in the
middle 12 cm, and at the end (5 cm from the tip) 6 cm.
The width of the tail base was 8 cm. It was relatively
short in comparison to Przewalski’s horse and modern
Yakutian one (Table 2).

The left hoof (Fig. 3c) was larger and wider than hoofs
reported for the Late Pleistocene horse (E. lenensis),
E. przewalskii, and the domestic Yakutian breed (Table 2).
Development of wide hoofs is an adaptation in terrestrial
mammals to reduce weight load and allow them to move
comfortably in lowland wetlands and boggy tundra, as well
as enhance their ability to dig down to the grass under snow
during snowy winters (Formozov 1946).

Discussion and conclusions
The Yukagir horse species affiliation

There are several records of the extinct Pleistocene horse re-
mains (possibly E. lenensis) from the Holocene (ca. 4600—
2000 BP) in Central and Eastern Siberia, indicating that this
species inhabited the wide area from Western Taymyr
Peninsula to the Indigirka River in the east and from Bolshoi
Lyakhovsky Island in the north to the Verkhoyansky
Mountain Ridge in the south (Table 3).

The Pleistocene horse remains have never been dominant
in the Holocene assemblages, and this likely indicates that the
species survived through the Late Holocene in small popula-
tions in scattered and isolated steppe refugia.
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Table 1  Head sizes of the Pleistocene and Holocene horse remains from Siberia

Measurements (mm)

Yukagir horse, Holocene (this study)

Equus lenensis, Late Pleistocene
(Lazarev 1980; Kuzmina 1997)
Limit

Mean
Skull and maxilla teeth
Parietal length ~540 511.6-542.5
528.7
Height of the maxilla in front of P2 ~95 96.4-106.6
99.9
Width at the back edges of the orbits ~200 201.2-224.0
204.8
Width at the mandibular articular processes ~195 180.6-208.0
193.1
Maximum width of the neurocranium ~120 110.1-117.7
113.5
Length of the upper premolar crowns row P2-P4 ~90 83.5-92.5
89.5
Upper P2 Length 39 3742
384
Width 26.8 23.5-27
25.8
Upper P3 Length 31 27-31
28.8
Width 29.1 28-30
29.0
Upper P4 Length 30.1 25.3-28
271
Width 29.8 27.5-33
29.5
Mandible with teeth
Length (projected) from the tip of pars > 400 (Estimated) 394.2-422.5
incisiva to caudal edge of angulus mandibulae 398.1
Length of the mandible from caudal edge ~450 (Estimated) 413.8451.8
of articular process to the frontal side of the incisors 398.1
Length of diastema ~100 (Estimated) 70-100
90.9
Height of the mandible at the articular process ~200 (Estimated) 188.3-240.1
221.0
Width between lateral incisor crowns (I3) 72.6 54.8-67.1
62.1
Minimum width of the mandible ~50 (Estimated) 37.7-46.3
(in diastema) 422
Length of the lower premolar crowns row (P2—P4) ~ 105 (Estimated) 77-104.1
87.4
Lower P2 Length 31.3 29-37
32.6
Width 16.5 14.5-19
16.1

Some Russian scholars (Cherskiy 1891; Gabyshev 1957;
Lazarev 1980) believed that the short-statue, domestic Yakut
horse represented the survived Late Pleistocene Lena horse.
However, this astounding morphological similarity between
these horses could be a result of the parallel, independent

evolution of adaptation to cold climate (Kuzmina 1997,
Boeskorov 2000). In the 1990s, the method of protein mobil-
ity electrophoresis ruled out affiliation between these horses
and confirmed the modern Yakut horse kinship to some
Central Asian breeds of the domestic horse Equus caballus

@ Springer
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Table 2

Comparison of the size of the body parts of Yakutian horse mummies to those of some modern species of horses

Measurements (cm)

Fossil horse Equus lenensis

Modem horses

Yukagir horse, @ Selerikan horse, &
adult, 38,000 years BP przewalskii, 3 and Q9 adult
(Vereschagin and
Lazarev 1977)

(this study)

Modern domestic
Yakutian horse
(Bannikov 1954; Balaschov 1961; Equus caballus spp.,
Vereschagin and Lazarev 1977) 99 adult (this study)

Przewalski’s horse Equus

Limit Limit n
Mean Mean
Ear length 14 - 14.8-18.6 13-17 4
16.68 (n=21) 15.0+£1.06
Hip height 132 136 125-143 130-147%* 133
132.75 (n=4) 138.12+£0.246
Tail length (hair on the 36.5 ~ 34 (Estimated, 38-60 39-63 7
tail tip not included) this study) - 51.07+4.03
Length of the distal rear limb 59 50 48-52 52-59 6
(from the heel to the back side of the hoof) - 56.08+1.21
Metatarsus diaphysis circumference 24.5 24 17.5-19 - -
Phalanx III (coffin bone), Dorsal length 4.5 55 5.6 5.4%* 1
rear limb Maximum width 8.3 7.15 7.0 7.3%% 1
Plantar length ~8.0 (Estimated) 6.81 7.1 6.38%* 1
Rear limb hoof Sole surface length 19 13 12.5 11-14 7
12.64+£0.45
Maximum width 15 12 11.3 10.5-14.5 6
12.67+0.71

*After Gabyshev 1957; **After Vereschagin and Lazarev 1977

L. (Guriev 1998; Tikhonov et al. 1998.). The lack of genetic
relationship between the Lena Pleistocene horse and modern
Yakut breed was finally proven recently by DNA analyses
(Librado et al. 2015).

The environment

The Yukagir horse lived in a period characterized by a moister
climate due to the ongoing marine transgression. The annual

Table 3

precipitation level was 200 mm more than the present precip-
itation in Yakutia, which caused an expansion of moisture-
demanding conifers (Pinus sibirica, Abies sibirica, Picea
obovata) to the north, where currently, only drought-resistant
conifers (Larix spp.) exist (Monserud et al. 1998; Pisaric et al.
2001). The local vegetation consisted of open larch woodland
with shrub alder, alternating with dwarf birch and dwarf wil-
low growths (Kaplina and Lozhkin 1982; Velichko etal. 1997,
Andreev et al. 2011). A significant cooling at the end of this

The Holocene remains of the wild horses, Equus from the northern Eastern Siberia, Russia

Locations Absolute age

(years ago, Lab)

Dated material ~ Description References

1 Bolshoy Lyakhovsky Island, Yakutia
2 Moychoon Lake, Khromskaya Gulf, Yakutia 2310+ 80 (LU-1084)%**

3 Kotelny Island, Yakutia 3000 +45 (GIN-13237)

4 Agapa River, east of the mouth of the 3250+ 60 (GIN-3243)
Yenisei River
5 Batagay, Verkhoyansk District, Yakutia
Bykovsky Peninsula, east of the mouth
of the Lena River, Yakutia
7  Opyagosskii Yar, coast of the Dmitry
Laptev Strait, Yakutia

4610=+40 (GIN-10256)

4630 +35 (GrA-54209)

2220+ 50 (GIN-10687)*

4400 £+ 35 (GrA-48709)*+*

Bone Isolated bone Kuznetsova et al. 2001
Bone Adult mare, frozen Lazarev 1980
mummy remains
Bone Isolated bone Kuznetsova and van
der Plicht 2009
Bone Isolated bone Sulerzhitsky and
Romanenko 1997
Bone Foal, frozen mummy Lazarev et al. 2011
Bone Isolated bone Kuznetsova et al. 2001
Bone Adult mare, ~5 years old, Boeskorov et al. 2013

partial frozen mummy

*GIN Geological Institute, RAS, Moscow, Russia; *#*LU Leningrad University, Leningrad (now St. Petersburg), Russia; ***GrA Groningen University,

Groningen, The Netherlands
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period (4000-3000 BP) implied the southern shift of vegeta-
tion zones and a retreat of the forest vegetation (Picea, Larix,
Pinus) to the south (McDonald et al. 2000).

In contrast to the composition of the vegetation, the paly-
nological spectrum of the samples from the Yukagir horse
colon shows a predominance of grass (97.4%), with a low
percentage of tree (1.9%) pollen and spores (0.6%). The grass
is represented by true grasses (91.6%), sedges (4.5%), and
others. The analyses of macroremains, which included frag-
ments of leaves and stems of monocots, with rare remains of
mosses (genus Bryales) and grass seeds (family Poaceae),
confirmed that the Yukagir horse strongly preferred grasses
for its diet (Gravendeel et al. 2014). The Yukagir horse diet
included more “grasses” than the diet of the early Holocene
Yukagir and “Chukotka” Bisons (Boeskorov et al. 2016;
Kirillova et al. 2013), which lived in unfavorably changing
landscapes and vegetation that were shifting towards forest
and swampy tundra.

The Yakutian Holocene horses lived not in the characteris-
tic Arctic steppe with dense soil and dry climate, but, rather, in
the moist grassy tundra. The Yukagir horse had specific adap-
tations for living in conditions of tundra with its softer ground
and a high level of snow in winter based on the wide hooves
with large areas of weight support and long sections of the
distal parts of the limbs. The short ear and tail reflected the
general trend in mammals of the Far North as expressed in the
ecogeographical “Allen’s Rule.” Thus, on the basis of mor-
phological similarity and identification of skull size and the
microstructure of hair, we can state that the horse belonged to
the extinct Lena horse species that survived the Pleistocene-
Holocene crisis.

Some morphological adaptations such as relatively small
body size, long limbs, and large hoofs, and possibly smaller
than Bison priscus size herds, were important factors for the
survival of the Pleistocene horse during the Late Holocene.

Acknowledgements The authors thank Julia Mossman (Hot Springs, SD,
USA) for editing the text.
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