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We analyzed 19 samples of mammal hair from two ancient Eskimo settlements of the Chukotka Peninsula
(Russia) using light microscopy and SEM. They belonged at least to five well-identified mammal species typ-
ical of the Chukotka fauna: Lepus timidus, Pusa hispida, Rangifer tarandus, Ursus maritimus, and Canis lupus
familiaris. Hairs of L. timidus and C. [. familiaris were the most abundant. We demonstrate here that mamma-
lian hairs recovered from archaeological sites are identifiable and can be integrated into zooarchaeological
studies. This study included a comparison of ancient dog hairs with those of modern Chukchi dogs and
wolves. The architectonics of both ancient and modern dogs reflects their use as sled dogs and the adaptation

to the harsh environment.
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Subfossil mammal fur is of considerable archaeo-
logical interest, as it can answer numerous questions
about the habitat and economic activities of different
peoples in antiquity (Appleyard, Wildman, 1969;
Rowe, 2010). Due to its keratin nature, the hairs are
well preserved in tombs, solid layers of soil, and per-
mafrost. In addition, the architectonics (fine struc-
ture) of fur is species specific. Thus it is possible to
identify subfossil hairs using scanning electron mi-
croscopy (SEM).

The samples of mammal hairs in this study come
from two ancient Eskimo settlements, located on the
northeast coast of the Chukotka Peninsula—Ekven
and Paipelghak (fig. 1). For more than one thousand
years, people lived in both settlements (Dinesman et al.,
1999). According to the zooarchaeological analyses,
they had domestic dogs for transportation and food
and hunted sea mammals (seals and whales), but also
hunted terrestrial species, like hare, reindeer and foxes.

Identification of mammalian hairs, in particular
Arctic species, have been the subject of numerous in-
vestigations; thus the sizes, colors, and microstruc-
tures of the hairs are known for most of the species, see
for example Alaska fur ID project 2009, among others
(Scheffer, 1964; Keller, 1980, 1981, 1984; Kennedy,
1982; Wallis, 1993; Wolf, Long, 1997). Most of these
studies used light microscopy or histology on numer-
ous undamaged hairs of modern animals, although

there are a few studies that used scanning electron mi-
croscopy (Verhoeven, 1972; Kisin, Golovin, 1992).
Archaeological samples of hairs are very rare, dam-
aged, and fragmented; it is difficult to measure and
identify them, much less understand their inner struc-
ture on the light optical level, which is why we use
scanning electron microscopy (SEM) to analyze the
subfossil hairs.

MATERIALS AND METHODS

One sample comes from House-18 of Ekven site
(table 1) that dates to cal AD 390—860 (Dneprovsky,
2001; Savinetsky, 2002). Another 18 samples come
from Paipelghak settlement, which is radiocarbon dat-
ed cal 100 BC—AD 1600 (Vasyukov, 2011). However,
not all samples were associated with dated layers.

We used the hairs of modern species for compari-
son: modern dogs from Chukotka, wolves from Chu-
kotka, and several seal species, collected in Kamchat-
ka (table 2). The samples of fur from different dogs
were collected in summer; they were taken from the
withers of adult sled dogs—three male Chukotka Sled
Dogs and five male crossbreeds, all collected in Chu-
kotka. Chukotka Sled Dog is a local breed used for
sledding; all the information about sampled dogs
comes from their masters and no specific analyses
were carried out to identify the breed affiliation. To
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Fig. 1. Map of ancient Eskimo settlements mentioned in the text.

compare modern and ancient dog fur, we examined
the winter fur of the Tundra Wolf (Canis lupus albus
Kerr 1792, hereinafter Wolf): four adult females and
two adult males from Chukotka near Innymney mtn.
(66.17° N, 172.92° W). The autumn seal fur samples
were collected in western Kamchatka on the Ptichiy
Island (57.17° N, 156.54° E) and in the Russian Far
East on the Chkalov Island (53.40° N, 141.26° E) and
consisted of Bearded Seal (Erignathus barbatus Erxle-
ben 1777), Harbour Seal (Phoca vitulina L. 1758), and
Ringed Seal (Pusa hispida Schreber 1775) adult males
(table 2). We also used the database of the mammal
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hair architectonics that we previously developed
(Chernova, Tselikova, 2004; Chernova et al., 2011).

The hairs of each sample were separated into cate-
gories and orders under a binocular microscope —
overhairs (lead), guard hairs of several orders, and
downy (wool, underhairs) hair. This distinction was
made by the thickness and configuration of the hair
shafts. The hair and medullar thickness were measured
under an “Amplival” light microscope (VEB Carl
Zeiss, Jena) and Leica DMLS microscope with a dig-
ital video camera (Germany) using a X 10 eyepiece and
%10, x40, and %63 lenses, and a motorize microscope
Keyence Biorevo BZ-9000 (Japan). The biggest of the
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Table 1. Mammal species identified by the fossil hairs found in ancient Eskimo settlements in Chukotka

Sample no Site Feature Provenience Species identified
200 Ekven House-18| Square 100/98 Canis lupus familiaris
201 Paipelghak | House-1 | On the edge of A and V squares C. I. familiaris
202 Paipelghak | House-1 |Square Z; Level 2 Ursus maritimus
203 Paipelghak |House-1 |Square Z; Level 2 Lepus timidus
204 Paipelghak |House-1 |Square Z; Level 4 C. I. familiaris
205 Paipelghak | House-1 |Square A (under the 2nd floor level of Room 4) | L. timidus (hairs from a foot)
206 Paipelghak |House-1 |Square ZH; Level 13 L. timidus + C. [. familiaris
207 Paipelghak |House-1 |Square A (under the 2nd floor level of Room 4) | L. timidus + C. . familiaris
208 Paipelghak | House-1 |Square ZH; Level 11 (meat pit) L. timidus + Rangifer tarandus
209 Paipelghak |House-1 |Square Z; Level 5 C. | familiaris
210 Paipelghak |House-1 |Square ZH; Levels 12-13 L. timidus
211 Paipelghak | House-1 |Square D.east; Level 18 C. I. familiaris + Pusa hispida (?)
212 Paipelghak | House-1 |Square A (under the 3rd floor level of Room 4) | L. timidus
213 Paipelghak |House-1 |Square A; Level 6 L. timidus + R. tarandus +
+ C. I familiaris
214 Paipelghak | House-1 |Square A (outside the Room 4) L. timidus
215 Paipelghak |House-1 |Square Z; Level 1 L. timidus
216 Paipelghak |House-1 |Square A; Level 3 L. timidus
217 Paipelghak | House-1 |Square K; Level 3; Accumulation 2 P. hispida (?)
218 Paipelghak |House-1 |Square ZH; Levels 9-10, burial C. [. familiaris

lead and guard hairs were studied under JSM 840A
(Japan) and TESCAN (Czech Republic) scanning
electron microscopes. For the SEM, the hairs were
washed and degreased in shampoo, then washed in
distilled water, and dehydrated in alcohol of increas-
ing concentrations. Longitudinal and transversal
(cross) sections were cut using a sharp razor blade and
fixed on stubs with clear nail polish. The samples were
coated in an Edwards S-150 A (UK) gold sputter, then
viewed and photographed in the accelerating voltage
of 15 kV. Electronic graphs made from longitudinal
and cross sections of the base and the mid-length of the
shaft, and from the cuticle surface along the shaft from
the base to the mid-length of the shaft and to the top.

The study was conducted using equipment of the
Joint Usage Centre “Instrumental methods in ecolo-
gy” at the IPEE RAS. The measurement scheme is
shown on fig. 2. Some absolute measurements are ob-
tained in the program ‘TESCAN ATLAS’. All statis-
tics and plotting were carried out in Rv. 3.5.2 (R Core
Team, 2018). Data for PCA analysis were scaled before
the analysis.

We chose the following patterns and indexes to
measure hair structures:

(i) Shaft configuration at the widest part (hereafter
‘granna’), based on the form of the cross sections of
the shaft — its maximum diameter relative to the min-
imal one, multiplied by 10;

(ii) Index of cuticle in a shaft base and in a granna —
ratio of the maximum height of the cuticle scale along

a shaft to the thickness of the shaft at the same loca-
tion, multiplied by 100.

(iii) Index of medulla in a granna — ratio of the
maximum width of medulla to the width of the shaft at
the same location, multiplied by 100.

(iiii) Configuration of a shaft along the hair — ratio
of a granna width to the width of a hair base, multi-
plied by 10.

RESULTS AND DISCUSSION

Twenty five individuals, identified in 19 archaeo-
logical samples, belonged to five mammal species (ta-
ble 1). Using hair architectonics (thin structure of cu-
ticle and medulla), we identified subfossil hairs typical
of modern Chukotka fauna, such as the mountain
hare, ringed seal, polar bear, reindeer, and domestic
dog, the latter was part of our prior research (Cherno-
va et al., 2016). Hairs of mountain hare and domestic
dog were most numerous; polar bear, reindeer, and
seals were represented by single hairs. Result of PCA
analysis shows good differentiation of the species in
the space of first and second principal components
(fig. 3).

Mountain Hare — Lepus timidus 1. 1758. Identifica-
tion of this species is not difficult, because big white
guard hairs (up to 90 um) of hares have a characteristic
dumb-bell configuration in cross section (figs 4a; 5a).
The medium part of the shaft is very wide and flat-
tened, with a deep groove along its ventral and dorsal
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Table 2. Modern hair samples of mammal species of interest, chosen for the comparison
Sample no Species Locality Sampling date Sex Age Collector
1 Chukchi Sled Dog Anadyr, Chukotka, 3 Jul. 2010 Male 1yr. Vasyukov D.D.
(Canis . familiaris) Russia
2 Crossbreed dog Anadyr, Chukotka, 3 Jul. 2010 Male 1.5 yr. Vasyukov D.D.
(Canis I. familiaris) Russia
3 Crossbreed dog Anadyr, Chukotka, 3 Jul. 2010 Male 1yr. Vasyukov D.D.
(Canis I. familiaris) Russia
14 Chukchi Sled Dog Anadyr, Chukotka, 3 Jul. 2010 Male 11 yrs. Vasyukov D.D.
(Canis l. familiaris) Russia
17 Chukchi Sled Dog Anadyr, Chukotka, 3 Jul. 2010 Male 1yr. Vasyukov D.D.
(Canis I. familiaris) Russia
29 Crossbreed dog Lavrentiya, Chukotka, 5Jul. 2010 Male 2 yrs. Vasyukov D.D.
(Canis I. familiaris) Russia
41 Crossbreed dog Lavrentiya, Chukotka, 5 Jul. 2010 Male 2—7 yrs. | Vasyukov D.D.
(Canis I. familiaris) Russia
42 Crossbreed dog Lavrentiya, Chukotka, 5 Jul. 2010 Male 2—7 yrs. | Vasyukov D.D.
(Canis I. familiaris) Russia
303 Wolf (Canis I. albus) | Chukotka, Russia NA Male ad Eyneucheyvun V.D.
304 Wolf (Canis I. albus) | Innymney mtn., Feb. 2014 female |1 yr. Eyneucheyvun V.D.
Chukotka, Russia
305 Wolf (Canis I. albus) |Innymney mtn., Winter 2014 Male ad Eyneucheyvun V.D.
Chukotka, Russia
306 Wolf (Canis I. albus) | Innymney mtn., Winter 2014 female |1.5yrs Eyneucheyvun V.D.
Chukotka, Russia
307 Wolf (Canis . albus) | Innymney mtn., Dec. 2014 female |2 yrs. Eyneucheyvun V.D.
Chukotka, Russia
308 Wolf (Canis I. albus) | Innymney mtn., Dec. 2014 female |2 yrs. Eyneucheyvun V.D.
Chukotka, Russia
309 Ringed seal West Kamchatka, Autumn Male ad NA*
(Pusa hispida) the Ptichiy Island
and the Chkalov Island
310 Harbor seal West Kamchatka, Autumn Male ad NA
(Phoca vitulina) the Ptichiy Island
and the Chkalov Island
311 Bearded seal West Kamchatka, Autumn Male ad NA
(Erignathus barbatus) | the Ptichiy Island
and the Chkalov Island

* Data is not available.

sides, creating the dumb-bell configuration. The me-
dulla is well developed and contains large rectangular
cavities with rounded corners. The cavities are aligned
in several rows along the shaft, forming multi-serial
ladder or columnar medulla that is typical for hares
(fig. 4¢). The cuticular pattern significantly changes
along the shaft (fig. 4a). A chevron pattern occurs
above the hair base, which is formed by elongated lon-
gitudinal scales. This pattern is typical for hares
(fig. 4a, first image from left). The cuticle becomes
flattened semicircular when higher on the shaft and
the scale does not envelope the shaft (fig. 4a).
300JI0TUYECKUM KYPHAJ
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Some samples contained the remains of hairy foot
soles with pads and nails of hares. The numerous big
white hairs of mountain hare foot soles (and possibly
other leporine species) have a specific structure,
which differs from trunk hairs (figs 4b; 5b). The shaft
of this hair also has the typical dumb-bell configura-
tion on cross section, but the grooves are wider and
deeper compared to trunk hairs and its lateral edges
have protrusions that look like hooks. Probably, these
hooks serve as a clutch for neighbor hairs, forming a
dense fur layer that protects the hare’s pads and fingers
from snow and ice. These hairs do not contain medul-
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Fig. 2. Scheme of the main hair measurements: D,,,, —-maximum diameter of the hair; D,;, — minimal diameter of the hair; C —
maximum diameter of medullar cavity; D — diameter of a shaft base; H — maximum height of a cuticular scale; Me — maximum
diameter of a medullar canal in a hair granna.
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Fig. 3. Ancient and modern hair samples SEM measurements (table 4) in the space of two first principal components. Points are
placed in the mean PC values, bars show standard deviations.
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Table 3. The averaged light microscopy and SEM metric data of the guard hairs of studied modern dogs, fossil dogs
and wolves of Chukotka (MED + MAD)*

:fg:;:z N/n Doy [Lm] Me [um] Clum] | Me x 100/D,,,, | C x 100/Me | H % 100/D, .y
Chukchi Sled Dog 3/30 | 110.0 £ 11.1 529+ 11.5 |[15.1 %48 50.0+74 28.5+6.7 13.0£5.2
Crossbreed dogs 7/70 | 98.0 +17.8 440t 14.8 [19.1 £9.8 50.0+8.9 445+ 18.5 12.5+3.7
Ancient dogs 2/20 | 96.5+39.3; [42.4 = 11.0; NA| NA; NA | 38 = 11.9; NA NA; NA 14 +£7.2;
(NeNe 213, 218) 70 + 14.8 41+ 171
Tundra Wolves 6/30 | 101 £+ 20.1 56 £14.5 23+8.5 57.0 £ 12.5 50.0+13.8 | 51.0x 194

* Median = Median Absolute Deviation; N — the number of specimens; # — the number of tested hairs; D,,,, — maximum diameter of a
hair (in pm); Me — maximum diameter of medulla canal in the hair grana (in pm); C — maximum diameter of medullar cavity (in pm);
H — maximum height of cuticular scale. Find the scheme of the main measurements in fig. 2, and the sample details — in tables 1, 2.

Table 4. The relative averaged SEM data of mammal hairs identified in ancient Eskimo settlements in Chukotka in com-
parison to the modern representatives of the species (MED = MAD)*

Species N/n | Dpax % 10/Dpin Hx100/d | H*100/D.x | Me/Dyax % 100 | Dy % 10/d

Lepus timidus (Ne 203) + 1/3 35.0£5.9 47074 11.0+2.9 77 £ NA 28.0+ 74
Pusa hispida (?) 2/9 32.0+10.4 14.0+ 3.0 6.0 = NA NA 22.0+5.9
(NeNe 211, 217) +

Pusa hispida 1/4 36.5+ 3.0 19.0 £3.0 7.5+£0.7 NA 28.0 6.7
Phoca vitulina 1/3 38 £ NA 15,0+ 1.5 6.0+ 1.5 NA 42.0 £ 3.0
Erignathus barbatus 1/3 440 £ 1.5 20.0+4.5 6.0 15 NA 150+ 1.5
Ursus maritimus (N0 202) ¥ | 1/3 16.0 = NA 40.0 £ 3.0 13.0+ 1.5 33.0 £ NA 17.0 £ 3.0
Rangifer tarandus (Ne 208) +| 1/3 12.0 £ NA 20.0 = NA 12.0 £ NA 80.0 = NA 26.0+ 1.5
C. lupus albus 1/4 14.0 £ 3.7 17.0 £ 3.7 40.5+16.3 59.0 + 10.4 175+ 1.5

* Median + Median Absolute Deviation; T — archaeological samples; N — the number of specimens; #» — the number of tested hairs;

D

max

— maximum diameter of the hair; D,,;,, — minimal diameter of the hair; d — diameter of a shaft base; Me — maximum diameter of

medulla canal in the hair grana; H — maximum height of cuticular scale. Find the scheme of the main measurements in fig. 2, and the

sample details — in tables 1, 2.

la and consist of dense cortex that significantly im-
proves their mechanical properties. The cuticle of the
biggest guard hairs (Guard I) is similar to trunk hairs
including the chevron pattern (fig. 45, first photo from
the left). Smaller guard hairs (Guard II) have the char-
acteristic restrictions and rotations of a shaft before its
granna and the beginning of a groove (fig. 4b, second
photo from left).

True Seals — Phocidae Gray 1821. Hairs of seals
have a specific configuration and microstructure that
is easily differentiated from the hairs of other species
(Scheffer, 1964; Chernova, Tselikova, 2004). Their
guard hairs are short, thick, flattened, and look like a
javelin or lancet. Ventral and dorsal sides of the shaft
are flattened and lateral edges are rounded creating
cross sections with an elongated ellipsoid configura-
tion, typical of semi-aquatic and underground mam-
mals. An absence of medulla is a distinctive feature of
the true seals (Phocidae) hairs and is used to differen-
tiate them from the hairs of the eared seals (Otariidae)
hairs. A cuticle with hastate pattern (or ‘pineal’ or ‘di-
amond petal’ or ‘cuticle of carnivores’) occurs above
the base of the shaft in hairs of both families.
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In the two tested samples (NeNe 211, 217, see table 1),
we found two hairs with characteristic lancet configu-
ration. Their length is not more than 13 mm and width
is 113 + 11 and 226 *+ 6 um, respectively. The shaft
configuration as well as the absent medulla indicate
they are hairs of Phocidae. The cuticle is semi-circular
and flattened; it forms a wavy pattern and consists of
narrow and flattened scales with weakly wavy apical
edges, which are not serrated like the cuticle of terres-
trial mammals (figs 6d; 6¢). In both specimens, the
cross section configuration and absence of the specific
hastate cuticle indicate the hairs belonged to a ringed
seal, which is also proved by PCA analysis (fig. 3). Dif-
ferences in the shaft configuration (compare fig. 6a
and fig. 6b) of the two samples may be explained due
to topographic differences; presence of the medullar
slit (fig. 6b), probably, is the result of mechanical
damage.

Polar Bear — Ursus maritimus Phipps 1774. Only
sample Ne 202 (table 1) contained hairs of polar bear.
Polar bear hairs were thick (up to 135 = 11 um) and
thin (50—113 pum), with a length not longer than
44 mm. Big white hairs have long and thin base-stem,
which gradually becomes thicker and slightly flat-
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Fig. 4. Cuticular pattern along the shaft from base to granna (look from left to right) (a, ) and medullar architectonics (c) of the
ancient guard hairs of the Polar Hare, Lepus timidus: (a) — sample Ne 214 (see table 1), Guard I of the trunk, the longitudinal
groove is shown by arrow; (b) — sample Ne 205, Guard II of a foot sole; a restriction and a rotate of the shaft, and also a longitu-
dinal groove are shown by arrows; (c) —sample Ne 214, the multi-serial ladder (columnar) medulla of Guard I of the trunk; medul-
lar cavities are shown by arrows. SEM. Scale bar 10 um.
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Fig. 5. Cross sections of ancient Guard I of the trunk (a) and the sole of a foot (b) of the Polar Hare, Lepus timidus: (a) — sample Ne 214
(see table 1); medullar cavities are shown by arrows; (b) — sample Ne 205; the bent ends are shown by arrows. SEM. Scale bar 10 um.

tened. The hair contains weakly developed medulla
(up to 20% of the shaft width); in the upper part, it has
thick granna also with medulla (up to 40%) with large
cavities (fig. 7a). The fine structure of medulla was not
preserved. The cuticle of base and granna differs from
each other: the scales become elongated above granna
and cuticle pattern resembles that of the diamond pet-
al ornamentation (fig. 75b).
300JI0TUYECKUM KYPHAJ
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Reindeer — Rangifer tarandus L. 1758. Two samples
(NeNe 208, 213, table 1) contained small fragments of
reindeer hairs (their thicknesses were 68, 56, 34 and
17 um). They were identified using both light micros-
copy and SEM according to the following features: the
shafts are cylindrical (round cross-sections), with a
narrow base without any medulla; the base gradually
becomes thickened granna with thick medulla, which
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Fig. 6. Cross sections of a granna (a—c) and cuticular pattern (d—f) of ancient guard hairs of the Ringed Seal, Pusa hispida: (a) —
sample Ne 211 (see table 1); (b, d, e) — the same of sample Ne 217; (¢, f) — a sample of the recent Ringed Seal; (a) — a base of the
shaft; (e, f) — a granna. A central slit is shown by arrow. SEM. Scale bar 10 um.

occupies up to 86% of the shaft and contains large cav-
ities (fig. 8). The cuticle of the hairs was destroyed.

Domestic Dog — Canis lupus familiaris 1. 1758. Dog
and wolf fur have two main layers tiers consisting of
lead (overhair) hairs — straight, long or short, resilient
and brilliant guard hairs (hereinafter GHs) and the
soft and dense underfur — wavy downy hairs (DHs).
Dogs, besides fully dark and light colored hairs, have
guard hairs of bicolor coloring (dark and light) or al-
ternation of the brown (or black) and white bends on
the shaft. Wolves have white hairs, although there are
pigment granules in the medulla of big hairs. The fur is
well differentiated in the main categories: lead hairs,
guard hairs, and downy hairs (wool) of several orders.
The shaft of lead and GHs have no standard widths,
but gradually expand from the base to the middle
(conditionally — granna) or slightly wavy, sometimes
with a well-developed base stem. The thickness of
GHs is limited in dogs from 50 to 150 um (fig. 9). In
general, the thickness of GHs I does not usually ex-
ceed 100 um and the length can be up to 60 mm. GHs
II have slightly wavy shaft with a diameter up to 79 um.
GHs III (up to 56 um) and GHs IV (up to 36 um) are

300JIOTUYECKHNU KYPHAJ

thinner. The wavy DHs are short (up to 40 mm), thick
(11—-23 pm), and may contain the medulla. The winter
hairs of wolves reach a maximum thickness of 136 um
and the medulla may occupy up to 70% of the shaft.

In modern and ancient dog hairs, the cuticle of the
lead and most of GHs usually has semicircular struc-
ture, typical for canines. Its pattern changes little
along the shaft from the base to the top (fig. 10a). The
cuticle consists of big scales (their maximum is up to
10—15 pm). It is known that wild canines and some
breeds of domestic dogs have the hastate cuticle, char-
acteristic for hairs of different categories including
DHs. In an intermediate (usually narrow) zone, which
lies between the base and granna, cuticular scales be-
come hastate and elongated longitudinally along the
shaft. Such hastate (‘diamond petal’) cuticle found in
the hairs of minks, polecats, red and arctic foxes, and
in guard and downy hairs of wolves adult wolves and
their pups, jackals, pariah dogs and some dog breeds
(Sokolov et al., 1988; Chernova, Tselikova, 2004;
Chernovacetal., 2011). This specific cuticle did not oc-
cur in most of the tested hairs of modern and ancient
dogs, with the exception of Chukotka Sled Dog, some

TOM 98 Ne 10 2019
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Fig. 7. Cross sections of the shaft (a) and cuticular pattern (b) (from a base to a middle of the shaft, look from left to right) of the
ancient guard hair of the Polar Bear, Ursus maritimus: (a) —sample Ne 202 (see table 1); (b) — damaged medulla is shown by arrows.
SEM. Scale bar 10 pm.

ancient dog hairs (figs 10b; 11a), and the wolves. In  and relative height of hastate scales is several times big-
the wolf, the specific cuticle covers some parts of the ger than the usual flattened cuticle scales. For exam-
shaft above the base up to the lower third of the slightly  ple, in the Chukotka Sled Dog, it is twice as big as the
crimped GHs I-IV and downy hairs. The absolute flattened scales (respectively 23.87 £ 3.79 um and

300JIOTUMYECKUM KYPHATT Tom 98 Ne 10 2019
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Fig. 8. Cross sections of the shaft (from a base to a granna along the shaft, look from left to right) of the ancient Guard hair of the
Reindeer, Rangifer tarandus, sample Ne 208 (see table 1); destroyed medulla is shown by arrows. SEM. Scale bar 10 um.
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Fig. 9. Maximum diameter of the Guard hairs of studied modern dogs, ancient dogs and wolves of Chukotka. Bold lines show the
median values, boxes show standard deviation.
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b — — — —

Fig. 10. Cuticular pattern of Lead (a) and Guard I (b) hairs from a shaft base to a granna along the shaft (look from left to right)
of the Chukotka Sled Dog; intercalary scales and specialized cuticle covering the thickened dorsal surface of a twisted hair are
shown by arrows. SEM. Scale bar 10 um.

10.33 £ 2.2 um, n = 10). The same in the ancient dog cles combined with numerous long and thick lead
is 29.30 = 3.48 um and 15.65 £ 3.99 um, » = 10 hairs in the Chukotka Sled Dog and in the wolf shows
(figs 10b; 11a). The presence of specific hastate cuti- that the hair of these canines increasingly conserved
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Fig. 11. Cuticular pattern (a) and cross sections (b) along the shaft from a base to a granna (look from left to right) of the Guard
hairs of ancient dogs (sample Ne 207, see table 1). (a) — the places of the shaft covered by the diamond petal cuticle are shown by
arrows; (b) — deformed destroyed medulla is shown by arrow, on the left photo; medulla wall with large perforations is shown by

arrow on the right photo. SEM. Scale bar 10 um.

features of wild type hair, compared with crossbreed
Chukchi dogs. In addition, the dorsal surface of hair
waves is covered by multi-layered overlapping specific
thickenings, oriented at an angle to the long axis of the
shaft cuticle (fig. 10b), which improves the mechanical
properties of the hair.

Medulla of tested dog hairs is not very thick and its
median relative thickness is around 50% in modern
dogs (table 3). In big GHs, the medulla stretches along
a medium part of the hair (fig. 12). In wavy hairs (es-

300JIOTUYECKHNU KYPHAJ

pecially in DHs), in places of greatest curvature of the
shaft, the medulla is shifted to the ventral side of the
hair, typical for the hairs of this configuration. In me-
dulla, the walls of cavities are covered by small (diam-
eter is less than 1 um) (fig. 12e) and large (diameter is
more than 2 um) (fig. 13a) perforations, and also con-
tain rod-shaped pigment granules with a length less
than 1 um. The medullar canal is cylindrical in the
lower part of the shaft, but it becomes slightly flat-
tened in the upper part of the shaft. Medulla of hairs of
Ne 10

TOM 98 2019



IDENTIFICATION OF SUBFOSSIL MAMMAL FUR 1199

Fig. 12. Cross sections of a base and a granna of the shaft (look from left to right) of the Guard hairs of the different recent dogs
of Chukotka. (a) — the Chukotka Sled Dog; medulla with large cavities is shown by arrows; b — the same; deformed medullar is
indicated by arrow; (c, d, e) — different crossbreed dogs; medulla overgrown by cortex is shown by arrow; medulla with small cav-

ities is shown by arrow. SEM. Scale bar 50 pum.
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Fig. 13. Medulla architectonics of the Guard hairs of modern and ancient dogs of Chukotka. (a) — Chukotka Sled Dog; (b, ¢, d) —
crossbreed dogs; the large medullar cavities are shown by arrows; (e) — ancient dog (sample Ne 218, see table 1); the thickened walls
between cavities are shown by arrows. SEM. Scale bar 10 pm.
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PC2
A Chukchi Sled Dog
3+ W Crossbreed dogs
3 Ancient dogs +
W Wolves
2 -
1F
0+ %
—1+
-2+ ]
-3+
| | | | |
-2 0 2 4 6
PC1

Fig. 14. Dogs and wolves hair samples light microscopy
and SEM measurements (table) in the space of two first
principal components. Points are placed in the mean PC
values, bars show standard deviations.

the Chukotka Sled Dog consists of large round cavities
(figs 11a; 13a; 13e), reminiscent of the wolf and may
serve as evidence of the similarity of their living condi-
tions. The other type of medulla consists of small
polymorphous cavities separated by thick wavy walls
covered by processes (fig. 13¢). This medulla is found
in some crossbreed Chukchi dogs (fig. 13d). It is also
characteristic for GHs of wolves and jackals and in
light lead hairs of German shepherds and the West Si-
berian Laika (Chernova, Tselikova, 2004).

Shafts of some hairs of modern Chukchi dogs are
bent, irregularly thickened and deformed as the me-
dulla strand, which develops a polyhedron configura-
tion (fig. 12b) that does not occur in wild species
(Chernova, Tselikova, 2004; Chernova et al., 2011). As
a response for constant mechanical treatment during
and after periods of growth, the hairs of the nape of
sled dogs have the following structural modifications,
increasing their mechanical strength:

(i) The walls between medullar cavities become
thicker, tight, and have numerous attachments to the
cortex (fig. 13e).

(ii) The dorsal side of hairs has a thickened cortex
due to a shift in the medulla towards the ventral side of
shaft (fig. 12¢).

(iii) The surface of hairs mosaic covered by special-
ized solid cuticle (figs 105; 11a).

In one case we found deformed medulla in the an-
cient dog hair (fig. 115), which may be due to the pressure
of the harness or to mechanical pressure of the burial
ground. The latter assumption is not supported by the ab-
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sence of similar deformation of medulla in hairs of some
other wild mammals found in the same burials.

Principal component analysis showed no differ-
ence between crossbreed dogs and Chukchi Sled Dog
guard hairs; however, wolves significantly differ from
dogs (fig. 14). Two samples of ancient Eskimo dogs
occupy different places in the space of two principal
components: one sample is consistent with modern
Chukchi dogs, while the other one is separated from
both wolves and Chukchi dogs (fig. 14).

CONCLUSION

Using SEM, we identified ancient hairs of the typ-
ical representatives of the Chukotka fauna, such as the
mountain hare, ringed seals, polar bear, reindeer, and
domestic dog in ancient Holocene Eskimo settle-
ments.

Even if the preservation factors allow recovering
the fur remains, they are rarely collected from archae-
ological sites due to typical archaeological excavation
methodology; however, the high degree of utilization
of the mammal skins (e.g. by ancient Eskimos) could
also play a significant role. The most common hairs
were of hares and domestic dogs, and the rarest were
hairs of commercial species such as seals and polar
bears, which could be explained by the place where
those animals were killed and/or skinned.

The structure of hairs of modern and ancient sled
dogs reflects their economic use as a sled dog, as mod-
ified under the influence of a constant mechanical
pressure of collar and harness, especially during hair
formation and growing.
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OIIPEAEJIEHUNE BOJIOC MIUIEKOIINTAIOIIINX
13 JPEBHEDCKMMOCCKUX IIOCEJIEHUI YYKOTKHA
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Mp&I TpoaHaIM3UPOBaI 19 06pa3oB MepCcTU MICKOIMUTAIONINX U3 ABYX IPEBHEICKUMOCCKUX MTOCETCHUI
Yykorckoro noayoctpoBa (Poccust) ¢ Mcrosib3oBaHUEM CBETOBOIT M CKAHUPYIOLIEi 3JIEKTPOHHOI MUKPO-
ckormu. Bosockl B o6pasiiax mpuHamiexXaiu, 1o KpaiftHei Mepe, TSITH JOCTOBEPHO OMNpeIeIEHHBIM BUIaM
MJIEKOTTUTAIONINX, TUITUYHBIM 1151 bayHbl YykoTtku: Lepus timidus, Pusa hispida, Rangifer tarandus, Ursus
maritimus n Canis lupus familiaris. Bonocwsl L. timidus n C. [. familiaris oka3anich Hanboee MHOTOUMCIICH-
HbIMU. B 3T0if paboTe MbI MTOKAa3ajJM, YTO BOJIOCHI MJIEKOMUTAIOIIMX U3 apXeOJOTMYEeCKUX MaMSITHUKOB
MTONTAIOTCS OTPEHCTICHUIO M MOTYT SIBIISITBCS YaCThIO 300apXEO0JIOTMUYECKUX MCCIenoBaHMN. MBI TakxKe
CpaBHUJIM 00pas3Iibl IIEPCTU IPpeBHUX cO0aK UyKOTKY ¢ COBPEMEHHBIMU YYKOTCKMMU COOaKaMM U BOJIKA-
MU. ApXUTEKTOHWKA KaK IPEBHUX, TaK M1 COBPEMEHHBIX COOaK OTpakaeT UX UCITOIb30BaHME B KAUeCTBE €3-
IIOBBIX cO0aK, a Tak>Ke afanTalMio K CYPOBBIM KJIMMaTUUYECKUM YCI0BUSAM YyKOTKH.

Karouesoie croea: apxuTeKToOHUKA, YyKOTKa, BOJIOCHI, DCKMMOCHI, COOaKM, €310Bble COOAKU, MJIEKOIIUTAIO-

mue, COM

300JIOTUYECKHNU KYPHAJ

Tom 98  Ne 10 2019




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (Adobe RGB \0501998\051)
  /CalCMYKProfile (Photoshop 5 Default CMYK)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.3
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize false
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /FlateEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /FlateEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        14.173230
        14.173230
        14.173230
        14.173230
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 14.173230
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.000 842.000]
>> setpagedevice


