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Abstract—The genetic and phenotypic structure (according to the fur color) of 14 sable samples from the Bai-
kal mountain land (BML) has been studied by analyzing 257 animals for 11 microsatellite loci and evaluating
over 12000 pelts with respect to seven standard color categories. It has been found that the population struc-
ture of sable in the region is heterogeneous both phenotypically and genetically. An isolated population group
of sable with dark fur inhabits Zabaikalsky krai (Uletovsky, Petrovsk-Zabaikalsky, and Krasnochikoysky dis-
tricts). The Khamar-Daban Ridge in the south of Lake Baikal is inhabited by a sable population with a high
genetic diversity and the lightest fur color in the study region, which is most likely due to its contacts with the
East Sayan population. The other BML samples have a relatively high genetic diversity and intermediate
parameters of fur color, which may result from their large-scale intraregional translocations and migrations.
The results of comparative tests suggest an indirect correlation between the phenotypic and genetic structures
in samples from at least seven sable populations inhabiting the study region.
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The sable is an essential natural resource of taiga
forests in the Baikal region and the main fur-bearing
animal not only in this region but also in Russia as a
whole. Sable pelts are in sustainable demand in foreign
markets. About half a million pelts are exported annu-
ally, and a major proportion of them are of the Barguz-
insky type, one of the most valuable lines of pelts in
the fur trade. Special attention in evaluating the qual-
ity of pelt is given to the quality of the fur, particularly
its color. Fur coloration in mammals is also an import-
ant feature of the species phenotype, which has an
adaptive pattern. The identification of color polymor-
phism and the patterns of its dynamics in populations
is important not only for science, but also for practice.
The rational use of species resources, their monitor-
ing, planning of protection measures, classification
and standardization of fur products, etc. cannot be
carried out without knowing the patterns of intraspe-
cific variability, in particular, fur color variation.

About a century ago, overhunting resulted in a cat-
astrophic decrease in the abundance of sable and
endangered this highly valuable species. The govern-
ment of Russia paid close attention to this problem in
those years. It was in the Baikal region where the first
nature reserve in Russia was established in 1916; the
main purpose of this reserve was to organize measures
to protect the sable [1]. This reserve also laid founda-
tion for creating a broad network of protected areas
(seven reserves, four national parks, numerous wildlife

local protected areas, and natural landmarks). In
addition, it was decided to undertake introduction
measures to accelerate recolonization of vacant sites
within the sable range. The main breeding material
(61.4% [2]) was taken from the Baikal region (Irkutsk
oblast and Buryatia) and included about 12000 sable
pelts.

The results of reintroduction proved to be success-
ful. The current sable range was restored almost to its
historical boundaries, which was largely facilitated by
the newly formed reacclimatized populations of the
descendants of sables introduced from the Baikal
region [2]. Presumably, the diversity of the sable pop-
ulation in the Baikal mountain land (BML) and,
hence, the genetic diversity of the released animals
became a factor of successful reintroduction of Baikal
sable to Western and Eastern Siberia. Although no
genetic tests were performed with the animals used for
reintroduction, close attention was paid to their mor-
phological characteristics, namely, the quality of fur,
which is the most economically important trait [2].

Sable fur coloration has been taken into account in
systematic reviews of the species since the 17th–
18th centuries. Its variability has been studied mainly
in geographical aspect, during substantiation of the
standard for fur, in taxonomic terms, and for assessing
the results of reintroduction [3–10]. Different authors
have described the following subspecies for Baikal
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Fig. 1. Locations of sable samples included in the study
(for sample numbers, see Table 1).
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sable: Mustela zibellina var. baicalensis Dybowski,
1922; Martes z. princeps Birula, 1922; M. z. vitimensis
Timofeev and Nadeev, 1955; and M. z. obscura Timo-
feev and Nadeev, 1955 [11]; some of them are consid-
ered synonymous [12]. The last of these authors only
confirms M. z. princeps, Barguzin sable (for the Barguzin
Range and Transbaikalia) and M. z. obscura, Chikoy
sable (for Krasnochikoysky, Uletovsky, Khiloksky, and
Kyrensky districts and part of Petrovsk-Zabaikalsky dis-
trict in Chita oblast [1, p. 247], now Zabaikalsky krai).

Studies on the genetic basis of sable variability
began relatively recently [13–16]; however, they are as
yet few in number, and no special studies of this kind
have been performed in the Baikal region. It has
become possible now to combine classical zoological
studies with genetic tests. We decided to use this
approach in the study of fur color variation in several
populations of Baikal sable whose genetic characteris-
tics were evaluated for the first time using nuclear
DNA markers. It was hypothesized that there may be
disparity between the structural classifications based
on the two methods (null hypothesis).

Accordingly, the main purpose of this study was to
analyze the structure of the sable population in the
BML. The following tasks were set: (1) to evaluate the
population genetic structure of sable based on varia-
tion in nDNA microsatellite loci and (2) to reveal the
population phenotypic structure based on variation in
the fur color of sable from the BML, which is usually
considered one of the most valuable in terms of fur
quality [1–4, 9].
RUSSI
MATERIAL AND METHODS
Study Area

As defined in [17], the Baikal mountain land
(BML) borders on the Eastern Sayan in the west and
on Mongolian steppes in the south; in the east, its
boundary passes along the interfluve of the Olekma
and Zeya rivers; it adjoins the Central Siberian Plateau
and Prilensky Plateau from the north.

Analysis of the population structure of the BML
sable included individuals that were collected in
14 areas (districts) of Irkutsk and Amur oblasts, the
Republic of Buryatia, and Zabaikalsky krai (Fig. 1):
Kabansky district (Khamar-Daban Ridge), Severo-
Baikalsky, Bauntovsky, and Barguzinsky districts (the
Republic of Buryatia), Krasnochikoysky, Petrovsk-
Zabaikalsky, Chernyshevsky, Uletovsky, Tungokochen-
sky, and Tungiro-Olekminsky districts (Zabaikalsky
krai), and Olkhonsky and Kazachinsko-Lensky dis-
tricts and the lower basin of the Vitim River within
Bodaibinsky and Mamsko-Chuisky districts (Irkutsk
oblast); on the eastern edge of the BML, samples were
taken from the basin of the Nyukzha River (a tributary
of the Olekma River).

Genetic Analysis

Analysis of the genetic structure of the sable popu-
lation from the BML included data on 257 animals
from 14 geographic samples (Table 1, Fig. 1). The tis-
sue samples were provided by legal sable hunters.
DNA was extracted from skin and muscle samples
using special DNA-extran-2 KIT kits (Syntol, Rus-
sia). All the individuals were genotyped by 11 micro-
satellite loci that were previously developed for sable
(Mzf51 and Mzf56; [18]), American marten Martes
americana, wolverine Gulo gulo, American badger
Taxidea taxus (Ma1, Ma3, Ma8, Ma15, and Ma19;
[19]), stone marten Martes foina (Mf8.7 and Mf8.8;
[20]), American mink Neovison vison, and ermine
Mustela erminea (Mvis72 and Mvi2243; [21, 22]).

Amplification was performed in a 10 μL volume
containing the following: 10× TaqBuffer with
(NH4)SO4 (Thermo Scientific), Taq DNA poly-
merase (SibEnzyme, Russia), 5 mM MgCl2, 0.2 mM
dNTP, 8.6 mM (1%) DMSO, and 20–200 ng of
genomic DNA. The primer concentration varied from
0.4 to 11 μL; PCR was performed using a T100 Ther-
mal Cycler (BioRad).

Amplification was performed at 94°C for 3 min,
followed by four denaturation cycles at 98°C for 30 s,
annealing at 59°C for 120 s and 72°C for 90 s; the next
20 denaturation cycles were performed at 90°C for
30 s, followed by annealing at 59°C for 120 s, 72°C for
75 s, and 68°C for 30 min. The rate of heating from 59
to 72°C was no more than 0.3°C/s.

At the next stage, PCR products were mixed with
formamide and the S-550 Lyz size standard (Gordiz,
AN JOURNAL OF ECOLOGY  Vol. 52  No. 2  2021
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Table 1. Results of analyzing 14 BML sable samples for the allelic composition of 11 nDNA microsatellite loci

Note: n, sample size; Na, average number of alleles per locus, Ne, effective number of alleles per locus, Ho, observed heterozygosity, He,
expected heterozygosity.

Sample (area) Abbreviation Region n Na Ne Ho He

(1) Vitim River (lower reaches) VIT Irkutsk oblast 16 6.18 4.29 0.61 0.72
(2) Kazachinsko-Lensky district KZL Irkutsk oblast 17 5.91 3.70 0.68 0.69
(3) Severo-Baikalsky district SBA Buryatia 25 6.91 4.09 0.69 0.70
(4) Bauntovsky district BAU Buryatia 5 4.55 3.71 0.73 0.63
(5) Nyukzha River NYUK Amur oblast 21 6.64 3.68 0.65 0.70
(6) Olkhonsky district OLKH Irkutsk oblast 7 5.09 3.30 0.61 0.67
(7) Barguzinsky district BAR Buryatia 14 6.09 3.73 0.62 0.69
(8) Tungokochensky district TKCH Zabaikalsky krai 14 6.18 3.88 0.64 0.69
(9) Chernyshevsky district CHER Zabaikalsky krai 7 5.18 3.71 0.62 0.69
(10) Tungiro-Olekminsky district TOL Zabaikalsky krai 11 6.55 4.46 0.70 0.70
(11) Khamar-Daban ridge KHMN Buryatia 54 7.45 4.42 0.67 0.71
(12) Petrovsk-Zabaikalsky district PZA Zabaikalsky krai 25 5.09 3.15 0.58 0.60
(13) Krasnochikoysky district CHIK Zabaikalsky krai 18 4.82 2.74 0.54 0.58
(14) Uletovsky district ULE Zabaikalsky krai 23 4.36 2.58 0.46 0.54
Russia) according to the manufacturer’s protocol.
After 5-min denaturation, followed by rapid cooling,
we determined PCR products using an ABI 3130
genetic analyzer (AppliedBiosystems) and estimated
the fragment length using GeneMapper v. 3.7.

The indices of allelic diversity and heterozygosity
of Fst distances were calculated using GenAlEx 6.5; we
also used this software to analyze the matrix of genetic
distances by principal component analysis (PCA) [23,
24]. The genetic structure was estimated by Bayesian
clustering in STRUCTURE 2.3.4 [25]; the most prob-
able number of clusters was estimated using the Struc-
ture Harvester [26].

Phenotypic Analysis

Data on the color of sable fur for our samples were
obtained from two sources. The monograph by Pet-
renko [27] presents the results of sorting sable skins by
color categories for 1996—2003, including data on
1122 pelts related to our research (samples nos. 1–3,
5–7, 9, and 13; see Table 2). Data for 2016–2019
(11529 skins) were taken from the certificates for sort-
ing pelt export consignments at the Russkii Sobol’
(Russian Sable) auction company (Irkutsk). The total
size of samples for studying fur color was 12651 ind.
(see Table 2).

Color classification of the pelts was performed by
fur experts. The All-Union Standard for Raw Sable
Skins OST NKZag-414 used in the classification
divides all sable skins into seven color categories, sim-
ilarly to the separation for American marten Martes
americana [28]. We combined the initial color catego-
ries into three groups: the “dark-colored” group
RUSSIAN JOURNAL OF ECOLOGY  Vol. 52  No. 2  2
included skins of the “golovka” (very dark) categories
(two categories) and “vysokaya podgolovka” (dark-
brown) category; the “medium-colored” group
included the “normalnaya podgolovka” (dark-chest-
nut) and “temnyi vorotovyi” (medium-dark) catego-
ries; and the “light-colored” group included the “nor-
malnyi vorotovy” (brownish) and “mekhovoy” (light)
skin categories.

It was previously proposed [3] to evaluate the colo-
rographic structure of sable populations using an inte-
gral indicator, the coloration index (score), which is
calculated using the weighted average formula,
according to which the lightest “mekhovoy” category
is assigned score 1, while the darkest “golovka
vysokaya” category is assigned score 7. We used this
indicator to compare our data with the published data.
Group mean values, standard deviations, and stan-
dard errors were calculated for each sample group. All
calculations were performed using the Statistica 6
(Statsoft) package.

RESULTS
Genetic Variability

We developed a multiplex of 11 microsatellite loci
to estimate genetic differences between the 14 samples
[29]. During the comparison of genotypes frequen-
cies, the ratio of genotypes generally did not differ
from the expected number according to Hardy–Wein-
berg; the revealed deviations were not unidirectional.

The average number of alleles per locus (Na) in the
studied sable samples (see Table 1) varied from 4.36
(Uletovsky district) to 7.45 (Khamar-Daban); the
lowest values were observed for sables from Uletovsky
021
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Table 2. Color composition of sable samples studied between 1996 and 2019 (proportions of groups of dark, medium-col-
ored, and light-colored skins, % ± SE)

Sample (area) n Dark skins Medium-colored 
skins

Light-colored 
skins Coloration index

(1) Vitim River (lower reaches) 3267 31.0 ± 0.81 53.3 ± 0.87 15.7 ± 0.64 3.77 ± 0.020
(2) Kazachinsko-Lensky district 269 7.8 ± 1.64 51.3 ± 3.05 40.9 ± 3.00 2.87 ± 0.063
(3) Severo-Baikalsky district 971 17.2 ± 1.21 63.2 ± 1.55 19.6 ± 1.27 3.44 ± 0.033
(4) Bauntovsky district 640 30.9 ± 1.83 52.2 ± 1.97 16.9 ± 1.48 3.67 ± 0.044
(5) Nyukzha River 889 23.2 ± 1.42 51.4 ± 1.68 25.4 ± 1.46 3.45 ± 0.040
(6) Olkhonsky district 525 12.0 ± 1.42 49.9 ± 2.18 38.1 ± 2.12 2.99 ± 0.049
(7) Barguzinsky district 82 11.0 ± 3.45 47.6 ± 5.52 41.5 ± 5.44 2.91 ± 0.113
(8) Tungokochensky district 2917 30.5 ± 0.85 57.5 ± 0.92 12.0 ± 0.60 3.81 ± 0.019
(9) Chernyshevsky district 549 25.0 ± 1.85 63.9 ± 2.05 11.1 ± 1.34 3.69 ± 0.043
(10) Tungiro-Olekminsky district 121 28.9 ± 4.12 58.7 ± 4.48 12.4 ± 3.00 3.76 ± 0.098
(11) Khamar-Daban ridge 2155 7.7 ± 0.57 38.7 ± 1.05 53.6 ± 1.07 2.64 ± 0.023
(12) Petrovsk-Zabaikalsky district 68 32.4 ± 5.67 52.9 ± 6.05 14.7 ± 4.29 3.74 ± 0.139
(13) Krasnochikoysky district 135 38.5 ± 4.19 56.3 ± 4.27 5.2 ± 1.91 4.13 ± 0.076
(14) Uletovsky district 63 23.8 ± 5.37 69.8 ± 5.78 6.3 ± 3.07 3.83 ± 0.109
Total 12651 23.7 ± 0.38 52.8 ± 0.44 23.6 ± 0.38 3.48 ± 0.019

Table 3. Sable introductions to the BML areas in the mid-20th century

Sample localities Region n
(2630) Release years Origin of the breeding material (areas)

Khamar-Daban Irkutsk oblast 
(Slyudyansky district)

86 1939–1952 Bodaibinsky, Barguzinsky, 
and Kirensky districts

Olkhonsky district Irkutsk oblast 87 1941–1949 Bodaibinsky and Kirensky districts
Khamar-Daban Buryatia (Kabansky 

and Selenginsky districts)
141 1940–1950 Pribaikalsky raion

Bauntovsky district Buryatia 223 1950–1954 Severo-Baikalsky and Barguzinsky districts
Tungokochensky district Zabaikalsky krai 584 1950–1958 Kabansky, Bodaibinsky, 

and Severo-Baikalsky districts
Tungiro-Olekminsky district Zabaikalsky krai 905 1953–1958 Verkhnebureinsky district 

(Khabarovsk krai)
Nyukzha (Dzheltulaksky district, 
now Tyndinsky district)

Amur oblast 604 1953–1958 Verkhnebureinsky and Zeisko-Uchursky 
districts (Khabarovsk krai)
and Krasnochikoysky districts. The indices of allelic
diversity were slightly higher for other studied areas of
the BML, with the highest values recorded for samples
from Khamar-Daban and Severobaikalsky and Tun-
giro-Olekminsky districts.

The values of genetic distances Fst varied from
0.016 to 0.124 for all intergroup comparisons (mean
0.051, see the Appendix, Table S1). The highest
genetic similarity was revealed for samples from Ule-
tovsky and Krasnochikoysky districts (Fst = 0.016),
while the largest difference (Fst > 0.09) was recorded
for the populations from Olkhonsky, Kazachinsko-
Lensky, and Bauntovsky districts and the Nyukzha
RUSSI
and Vitim river basins. The results of PCA ordination
of the Fst matrix (Table S1) along PC1, which accounts
for 40% of the explained variance, show differences
between samples from Uletovsky, Krasnochikoysky,
and Petrovsk-Zabaikalsky districts (Fig. 2). A sample
from Bauntovsky district is differentiated along PC2;
however, since the analysis included only five individ-
uals from this district, most of the Fst values are unre-
liable for this sample (see the Appendix, Table S1).

According to the results of the analysis of the
genetic structure of the sable population from the BML
using the Bayesian clustering method, the 14 studied
samples form three main clusters (Fig. 3). Sables living
AN JOURNAL OF ECOLOGY  Vol. 52  No. 2  2021
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Fig. 2. Results of PCA analysis of genetic distances (FSt)
for the 14 sable samples. The proportion of the explained
variance is 40% for PC1 and 15% for PC2 (here and in
Figs. 3–5, sample abbreviations are as in Table 1). 
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in the southern part of Lake Baikal, on the Khamar-
Daban ridge, differ from all other groupings by their
genetic characteristics (they are marked in red in the
figure). Samples from Krasnochikoysky, Uletovsky,
and Petrovsk-Zabaikalsky districts also form a sepa-
rate cluster (they are marked in green in the figure).
The other samples form the third, more heteroge-
neous cluster (they are marked in main blue).

Fur Color Structure

Analysis of the colorographic structure of sable
samples also showed their heterogeneity. The fur color
structure for each population is given in Table 2. The
lowest (less than 5%) proportion of light skins (and,
RUSSIAN JOURNAL OF ECOLOGY  Vol. 52  No. 2  2

Fig. 3. Results of clustering of sable samples from the BML usin
individual. 
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accordingly, the highest proportions of medium and
dark color categories) were observed among sables
from Krasnochikoysky, Uletovsky, Chernyshevsky,
Tungokochensky, Tungiro-Olekminsky, and Petro-
vsk-Zabaikalsky districts. These groups form the core
of the BML sable populations with the most valuable
fur. The lightest fur color was recorded in sables from
Olkhonsky, Kazachinsko-Lensky, and Barguzinsky
districts and Khamar-Daban. The distribution of the
studied samples by fur coloration is shown in Fig. 4.
The calculated coloration indices varied from 2.64
(Khamar-Daban) to 4.13 (Krasnochikoysky district).

Pairwise comparison of the samples by the color
index using Student’s t-test (see the Appendix, Table S2)
showed that the samples from Khamar-Daban and
Krasnochikoysky district differed with high statistical
significance (p < 0.001) from all the others in the
region. Two samples (from Nyukzha and Severo-Bai-
kalsk) are similar (p > 0.05) and form a separate group
with medium color indices. The group with the light
fur color is formed by three samples from Olkhonsky,
Barguzinsky, and Kazachinsko-Lensky districts. They
are similar to each other (p > 0.05) and, at the same
time, statistically differ from the other samples, which,
in turn, form the fifth group with dark fur. On the
whole, the distribution by the proportions of dark and
light skins and integral parameter of fur color proved
to be quite similar.

DISCUSSION
We know only a few studies on the genetic structure

of sable based on microsatellite loci [18, 19, 30, 31].
However, none of them was devoted to the sable pop-
ulation from the BML. The authors of only one study
[32] attempted to compare two samples from the Bai-
kal region (11 specimens) and one sample from Sik-
hote-Alin (ten specimens) based on mtDNA analysis.
The studied individuals were divided into two clades
021
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Fig. 4. Classification of sable samples from the BML based
on fur coloration traits.
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with approximately equal proportions of Far Eastern
and Baikal specimens. The authors revealed no signif-
icant differences either between samples from differ-
ent regions or between the two Baikal samples from
the neighboring areas on the Upper Lena.

The genetic analysis of the sable population struc-
ture (see Figs. 2, 3) showed that the BML is inhabited
by a fairly isolated population localized in Krasnochi-
koysky, Uletovsky, and Petrovsk-Zabaikalsky districts
(“Chikoy” population according to Timofeev and
Nadeev [1]). Samples from these areas are character-
ized by the lowest indices of genetic diversity: the
genetic distances (Fst) were the greatest between these
samples and samples from the other areas of the BML
(see Table S1, Fig. 2).

Another isolated sable population lives in the
southwestern part of the BML, on the Khamar-Daban
ridge. The animals from this area have a genetic pecu-
liarity (see Fig. 3); however, unlike the “Chikoy” pop-
ulation, they have a high genetic variability (see Table 1)
and medium Fst values when paired with other samples
(see Table S1, Fig. 2). Most likely, this population is
not so much isolated from the neighboring Baikal
sable populations as genetically related to migrants
from the neighboring Sayan Mountains (from the
west), which distinguishes it from the other BML pop-
ulations and, at the same time, increases the genetic
diversity within the population itself. It is no coinci-
dence that Monakhov and Timofeev [33] combined
the Khamar-Daban groupings with the East Sayan
sable population.

Samples from the other BML areas had similar values
both with respect to their genetic diversity (see Fig. 3)
and with respect to the genetic distances during their
pairwise comparison (see Table S1, Fig. 2). In addi-
tion to the migration activity of sable, this can be
RUSSI
explained by the influence of numerous interregional
sable translocations within the BML [2]. This con-
cerns six of the 14 studied localities (Table 3). There
were no introduction works in other studied regions
except Barguzinsky raion, where two sable individuals
were released to from the Barguzin Reserve in 1930 [2].

According to [2], a total of 2630 sables were translo-
cated between 1939 and 1958. Most of them were intro-
duced to two areas of the Zabaikalsky krai (1489 ind., or
56.6%), followed by the Nyukzha basin (23%), where
the animals were introduced exclusively from the
Bureya River; the proportion of sables introduced to
the other four areas (Table 3) was 20.4%. Therefore,
the regional introductions in 1939–1958 combine half
of the samples that we studied (Vitim, Khamar-
Daban, and Olkhonsky, Bauntovsky, Severo-Bai-
kalsky, Barguzinsky, and Tungokochensky districts).
Undoubtedly, translocations within the BML contrib-
uted to the mixing of the gene pool in the region,
which is reflected in the results of our tests (see Figs. 2
and 3).

Therefore, based on the results of analysis of varia-
tion in the allelic composition of the 11 nDNA micro-
satellite loci, we identified three population groups:
(1) samples from Uletovsky, Petrovsk-Zabaikalsky,
and Krasnochikoysky districts in Zabaikalsky krai,
which form a single population that is somewhat iso-
lated from the neighboring ones; (2) the Khamar-
Daban sample, which also has genetic differences
from the other sable samples from the Baikal region
and a high genetic diversity; and (3) all the other stud-
ied samples, which do not differ significantly from
each other; this may result from the translocations and
migratory activity of sable even under the conditions
of a rather complex mountain landscape (Fig. 5a).

A number of studies were devoted to analyzing the
structure of Baikal populations by fur color; each of
these studies differed from the previous one in a larger
amount of material and a greater number of samples.
The first representative data on the fur color of Baikal
sable were published by Eremeeva [3], who provided
data on the colorographic structure of sable in the
northern part of the Baikal region in 1946–1948 and
calculated its mean score (3.9). Bakeev [5] provided
the color characteristics for three populations from the
BML (the Vitim, Severo-Baikalsk, and Khamar-
Daban populations) for 1951–1966 and recorded a
gradual decrease in the mean color score for all of
them (3.46–3.07; 3.57–3.07; and 3.4–2.89, respec-
tively). Monakhov [6] performed a more detailed analy-
sis, which included data on more than 120.5 thousand
skins and provided an integral characteristics for the
Khamar-Daban population (3.08) and Barguzin pop-
ulation (3.29), as well as for the Vitim and Mamsko-
Chuisky populations as one (2.96). Monakhov [10]
described the colorographic structure of sable in the
Baikal region in most detail using data on 238000 skins
for 1950–1985. The mean color score according to his
AN JOURNAL OF ECOLOGY  Vol. 52  No. 2  2021
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Fig. 5. Distribution of genetic traits (a) and fur color groups (b) in 14 M. zibellina samples from the BML: (a) proportion of genetic
clusters according to the results of Bayesian classification by 11 microsatellite loci; (b) proportion of individuals with dark (black),
medium (dark-gray), and light (light-gray) fur coloration.
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calculation was 3.08 for the Khamar-Daban popula-
tion, 3.17 for the Barguzin population, and 3.18 for the
Vitim population.

In this study, we used the material that allowed us
to give a colorographic description of the studied sable
groups over the past 20 years, i.e., over the period
during which the genetic material was collected (see
Table 2 and Fig. 4) and compare the revealed features
with our previous data and literature data and with our
data on the genetic structure based on the 11 microsat-
ellite loci.

Comparison of the data on the colorographic
structure of populations from the Baikal region after
2000 and over the period from 1950 to 1985 [10]
revealed noticeable changes in the proportions of color
groups in some of the populations. For instance, the
fur became lighter in sables from the Barguzin ridge:
the proportion of light-colored skins increased by
13.5% (p = 0.05) and the coloration index decreased
by 0.26 (p = 0.05; see Table 2). The sample from the
Khamar-Daban ridge was also characterized by a
noticeable decrease (by 0.44 scores, p < 0.001) of the
coloration index and a significant increase (by 25.5%,
p < 0.001) in the proportion of light-colored skins.
This might be determined by their contacts with the
light-colored sample population from the Eastern
Sayan (to the west of the Barguzin ridge).

However, the fur of sables from the Lower Vitim
basin darkened during this period: the proportion of
light-colored skins decreased by 11% (p < 0.001) and
the coloration index increased by 0.6 scores (p < 0.001)
([34], Table 2). An increase of the coloration index
was also recorded for the sable population from Kras-
nochikoysky raion (0.8 scores (p < 0.001)), in which
the proportion of dark skins increased by 30% (p <
0.001). Fur darkening was also recorded for sable from
the Nyukzha River basin and Tungiro-Olekminsky,
Uletovsky, Petrovsk-Zabaikalsky, Tungokochensky,
and Chernyshevsky districts.

Sables with dark fur (the total coloration index 3.93
points) concentrate mainly along the Yablonovy,
Malkhansky, Daur, Khentei, and Chersky ridges. This
group (the “Chikoy focus”) is characterized by the
darkest fur color throughout the species range.
According to our data [10], the closest color index to
this group (3.37) is observed only for sable population
of the Bureya River basin. Timofeev and Nadeev [1]
noted a high fur quality in sable from the South Baikal
region and distinguished it as a separate subspecies,
M. z. obscura, Chikoy sable, [1, p. 47]. They revealed
that this population was isolated by steppe and forest-
steppe areas from all sides [1, p. 246], which prevents
the sable population from contacting with the neigh-
boring populations.

The fur of sables from the Lower Vitim, Baun-
tovsky, Chernyshevsky, Tungokochensky, and Tun-
giro-Olekminsky populations is somewhat lighter (the
total coloration index is 3.77). The coloration index
RUSSI
for sables from Severo-Baikalsk and the Nyukzha
basin is 3.44–3.45; in other populations, the propor-
tion of light-colored animals is 38–53% (the average
coloration index is less than 3.0) (see Table 2).

Therefore, the results of analysis of variation in the
fur coloration of sables from the BML suggest that the
proportion of individuals with medium-colored fur
prevailed in all studied samples of the species (52.8%,
Table 2). These samples differ in the proportions of
light- and dark-colored individuals. Thus, Khamar-
Daban, Kazachinsko-Lensky, Barguzin, and Olkhon
samples with the lowest coloration index and highest
proportion of light-colored individuals among the
studied samples (41–53%) can be distinguished as a
separate group. Other samples are characterized by a
significantly lower proportion of light individuals and
a greater proportion of dark individuals, among which
the sample from Krasnochikoysky district differs by
the highest proportion of individuals with dark fur col-
oration (39%, Table 2, Fig. 5b).

The morphological structure of populations
according to our data does not fully reflect their
genetic structure. Nevertheless, samples with the
greatest morphological differences (the Khamar-
Daban sample and the other three samples with light
fur (Olkhonsky, Barguzinsky, and Kazachinsko-Len-
sky samples)), as well as the Krasnochikoysky, Ule-
tovsky, and Petrovsk-Zabaikalsky samples, belong to
different genetic clusters (see Fig. 2–5). In addition, a
significant correlation was revealed between the color-
ation index and the eigenvalue of PC1 in PCA analysis
of genetic distances Fst (r = 0.558, F1.12 = 5.5, p =
0.038, β = 0.066).

Bakeev [35] described the Vitim and Barguzin geo-
graphic populations in this region. According to our
data, samples from these areas really differ signifi-
cantly in their coloration; however, the genetic data do
not confirm isolation of these populations. Monakhov
and Timofeev [33] divided the study area into four
natural regions: the Patom and North Baikal high-
lands, the northwestern and northeastern Baikal
regions, the East Sayan and Khamar-Daban ridges,
and southern Transbaikalia. Geographically, this con-
clusion is based on the fact that these areas are sepa-
rated from each other by steppe zones, river valleys,
and intermountain troughs [33; p. 85, Fig. 20]; this
implies differentiation between at least three geo-
graphically isolated natural areas. The results of this
research confirm the existence of separate populations
only on the Khamar-Daban ridge and in southern
Transbaikalia (samples from Krasnochikoysky, Ule-
tovsky, and Petrovsk-Zabaikalsky districts). Accord-
ing to our data, samples from the northwestern and
northeastern Cisbaikalia differ in fur coloration (the
proportion of light-colored individuals is higher and,
accordingly, the proportion of dark-colored individu-
als is lower in the northwest); however, there are
AN JOURNAL OF ECOLOGY  Vol. 52  No. 2  2021
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genetic differences between the samples from these
areas (see Fig. 5).

The results of the comparative tests showed indi-
rect links between the phenotypic and genetic struc-
tures of the sable population in the study region (at
least for 7 out of 14 samples studied), which confirms
the structural similarity between the BML sable pop-
ulations in their microsatellite markers and group
composition based on the proportions of color
morphs, which rejects the proposed null hypothesis.

As a result, the population structure of sable from
the BML is heterogeneous in both phenetic and
genetic aspects. In Zabaikalsky krai, a fairly isolated
population groupings of sable with dark fur lives in
Uletovsky, Petrovsk-Zabaikalsky, and Krasnochi-
koysky districts. The sable population inhabiting the
Khamar-Daban ridge in the south of Lake Baikal dif-
fers from its populations in the other regions in a high
genetic diversity and the lightest color, which is most
likely determined by its contacts with the East Sayan
population to the west of this area. Other samples from
the Baikal mountainous area have a relatively high
genetic diversity and the intermediate (compared to
the previous groupings) indices of fur coloration,
which may result from their large-scale intraregional
translocations and migrations.
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