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Abstract. Little ground squirrel Spermophilus pygmaeus (Pallas, 1778) is a polytypic species of significant interest for the
study of taxonomic diversity, genetic structure, gene flow and genetic diversity. Despite the long history of study, the
taxonomy of representatives of the genus Spermophilus in the North Caucasus remains poorly developed. Among the
unresolved issues are the phylogenetic relationships between the “mountain”and “plain” ground squirrels of the North
Caucasus. An equally important aspect of the work is the study of the genetic diversity of little ground squirrel, given
that the species is considered an integral component of steppe and desert ecosystems, providing their most important
biocenotic functions. Based on the analysis of the 840 bp mtDNA cytochrome b gene fragment, new data on the genetic
variability of S. pygmaeus from the eastern extremity of the Western Caucasus were obtained. Unlike previous studies
that showed the so-called mountain ground squirrel to inhabit the Caucasus Mountains, this work identified two hap-
logroups of S. pygmaeus in the studied areas at an altitude of 1,400-1,700 m above sea level, one of which is close to
the lowland (East Caucasian) and the other to the mountain (Central Caucasian) groups of the little ground squirrel.
The genetic distance between the two haplogroups was 1.54 %. The different evolutionary ages of the three identified
groups of S. pygmaeus in the North Caucasus (A1, A2, and B) are most likely associated with the multi-stage settlement
of the studied area by the little ground squirrel. The results of molecular dating suggest that the western haplogroup
penetrated as a continuous strip into the Central, Eastern Caucasus and the eastern extremity of the Western Caucasus
through the Stavropol Upland and the Caspian Lowland less than 400 thousand years ago. As a result of the first wave
of dispersal of the ground squirrel from the Russian Plain, the species became established in the eastern extremity of
the Western Caucasus in the area of the village of Khasaut, and in the Eastern Caucasus - in the north of the Nogai
Steppe (Sukhokumsk) and in the southern outskirts of the Caspian Lowland (Kar-Kar 1 Valley). The younger age of
haplogroup A2 (less than 300 thousand years), also originating from the Eastern Caucasus (Khumtop, Zelenomorsk,
Lvovsky 13, Kar-Kar 2), is most likely due to the re-colonization of the Caspian lowland by the ground squirrel, which was
regularly flooded by the Caspian Sea in historic times. The absence of a continuous forest belt in the Central Caucasus,
in particular in the Kabardino-Balkarian Republic, allowed S. pygmaeus to penetrate into the mountains later, less than
200 thousand years ago, through three gorges: Cherek, Baksan and Malkinsky. It is more likely that the species penet-
rated into the subalpics of the Western Caucasus (Khurzuk and Uchkulan) from the Central Caucasus, as evidenced by
the same evolutionary age of animals of the Western (Uchkulan, Khurzuk) and Central Caucasus. Regarding the taxo-
nomic status of the Caucasian mountain ground squirrel, we consider it premature to draw any conclusions, since not
all areas of the Caucasus were covered by research.
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K reHeT4ecKoii CTPYKTYype U IMMPOUCXOXKIEHNIO MaJIOTO CYC/IMKa
Spermophilus pygmaeus (Pallas, 1778) Ha CeBepHOM KaBKase
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AHHoTauuA. Manbin cycnuk Spermophilus pygmaeus (Pallas, 1778) — nonutunuueckuii Bug, NpeacTaBnsowmniin cyLle-
CTBEHHbIN VHTEPeC AN U3ydeHrs TaKCOHOMUYECKOTO Pa3HO06pasyis, reHeTUYeCKol CTPYKTYpPbl, NMOTOKa FeHOB 1 re-
HeTnyeckoro pasHoobpasus. HecMoTpsa Ha ANWTENbHYIO UCTOPUIO U3y4YeHWs, cMCTeMaTUKa NpeacTaBuTenein popa
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K reHeTnyecKkol CTpyKType 1 NMPONCXOXKAEHUIO
manoro cycnvka Ha CesepHom KaBkase

Spermophilus Ha CeBepHom KaBKa3se ocTaetca ciabo paspaboTaHHON. Hepa3pelleHHbIM BONPOCOM OCTaloTCA 1 Gpu-
noreHeTNYecKne OTHOLLUEHVA MEXIY <TOPHbIMUY» U «PaBHUHHBIMUY cycnnkamu CeBepHoro KaBkasa. He meHee Ba-
HbIM acrneKToM PaboTbl ABNAETCA OLEHKA reHeTUYeCKoro pasHoo6pasuna Manoro Cycinka, NocKombKy BUL CUMTAETCA
HEOTbeMSIEMbIM KOMMOHEHTOM CTEMHbIX U MYCTbIHHbIX SKOCUCTEM, obecneumBas UX BaxkHeMwWre 61oLeHoTNYeCKme
byHKuMn. Ha ocHoBaHmK aHanu3a dparmeHTa reHa cyt b MTAHK gnnHon 840 n.H. nonyyeHbl HOBble JaHHbIe MO reHe-
TUYECKOIN U3MeHUYMBOCTU Spermophilus pygmaeus BOCTOYHOM OKOHeYHOCTM 3anagHoro KaBkasa. B otnnume ot paHee
npoBefAeHHbIX paboT, NoKasasLUKx 06uTaHue B ropax KaBkasa Tak Ha3biBaeMOro ropHoOro Cycsinuka, B HacTosLen pabo-
Te Ha UCCNIefoBaHHbIX TeppuTopuAaX Ha BbicoTe 1400-1700 M Haf yp. MOpPA BbiiBNEHbI Be raniorpynnsl S. pygmaeus,
OfiHa 13 KOTOPbIX 6/IM3Ka K PaBHUHHbIM (BOCTOYHO-KaBKa3CKMM), a BTOpaA — K FOPHbIM (LeHTPasibHO-KaBKa3CK1M)
rpynnupoBKaM Manoro cycimka. leHeTmyeckasa ANCTaHUMA Mexay ABYMsA ranaorpynnamu coctasuna 1.54 %. Pa3Hbliii
3BOJIIOLMOHHbIV BO3PACT TPEX BbIABNEHHbIX rPYNNMpPoBOK S. pygmaeus Ha CeBepHom Kaskase (A1, A2 n B), ckopee Bce-
ro, CBA3aH C MHOTOSTarnHbIM 3acesieHMeM Ucciefyemoln TeppUToprn MasbiM CyCIMKOM. [laHHble MONIEKYNAPHOrO Aa-
TUPOBAHWUA NO3BONAIT NPEAMNONOKNTL, YTO 3anafHanA raniorpynna NPOHMKNIA CNOLWHON NONoCcon Ha LieHTpanbHbIn,
BocTouHbI KaBKas 1 BOCTOYHYO OKOHeYHOCTb 3anafgHoro KaBkasa yepes CTaBpOnonbCKyo BO3BbIWEHHOCTb U [Mpu-
KaCnMNCKyo HU3MEHHOCTb MeHee 400 Tbic. IeT Ha3ag. B npolecce nepBoli BOSHbI pacceneHuns cycnmka ¢ Pycckoin pas-
HWHbI BMA 3aKPEnucA B BOCTOYHOWN OKOHeYHOCTM 3anafgHoro KaBkasa B panioHe c. XacayT, a Ha BoctouHom KaBkase -
Ha ceBepe Horanckom ctenu (CyXxOKyMCK) 1 B t0XKHbIX OKpanHax lMpurkacnminckom H1u3meHHocTn (gonvHa Kap-Kap 1).
Bonee monopow Bo3pact rannorpynnbl A2 (MeHee 300 ThiC. N1eT), TakxKe NnponcxoasaLen ¢ BoctouHoro Kaskasa (Xymron,
3eneHomopcK, JlbBoBcKmin 13, Kap-Kap 2), BeposTHee Bcero, 06yc/ioBfieH NMOBTOPHbIM 3acefieHmem cycnmkom lNprika-
CMUNCKOM HU3MEHHOCTW, PerynapHo 3atanansaemon sogamu Kacnma B nctopmyeckoe spems. OTCyTCTBME CNIOLWHOIO
nosca necos Ha LleHTpanbHom KaBkase, B yacTHocTv B KabapamHo-bankapuu, no3sonmso nosxe, meHee 200 TbiC. net
Ha3aj, MPOHWKHYTb S. pygmaeus B ropbl No Tpem ylenbam: Yepekckomy, bakcaHckomy 1 MankuHckomy. bonee Bepo-
ATHO, YTO B cybanbnuky 3anagHoro KaBkasa (Xyp3yka 1 YukynaHa) BUA NPoHUK yxe ¢ LieHTpanbHoro KaBkasa, o uem
CBUAETENbCTBYET OAUH U TOT e SBOJIOLIMOHHBIN BO3PACT XKMBOTHbIX 3anagHoro (YukynaH, Xyp3yK) v LleHTpanbHoro
KaBka3a. KacaTeslbHO TaKCOHOMMYECKOTO CTaTycCa KaBKa3CKOro FOPHOro Cyc/iMKka CYMTaeM NpexkaeBpeMeHHbIM fenatb
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KaKue-n1bo BbIBOAbI, Tak Kak He Bce TeppuToprn KaBkasa 6bi1u oxBadeHbl MCCIeA0BAHNUAMU.
KnioueBble cnoBa: Spermophilus pygmaeus; cyt b; reHeTuueckoe pasHoobpasue; 3anaaHblii KaBkas

Introduction

The little ground squirrel Spermophilus pygmaeus (Pallas,
1778) is a polytypic species of considerable interest for the
study of taxonomic diversity, genetic structure, gene flow,
and genetic diversity. Despite the long history of study, the
taxonomy of representatives of the genus Spermophilus in
the North Caucasus remains poorly developed. The mountain
ground squirrel was first collected on the northern slope of
Elbrus in the subalpine meadow belt and was described by
E. Menetries as an independent species (Menetries, 1832).
Many researchers distinguished the mountain ground squirrel
as an independent species (Brandt, 1843; Sviridenko, 1937;
Vinogradov, Argiropulo, 1941; Mammalian Fauna..., 1963;
Fauna of the USSR, 1965; Vorontsov, Lyapunova, 1969;
Gromov, Baranova, 1981; Korablev, 1983; Harrison et al.,
1993; Hoffmann, 1993; Gromov, Erbaeva, 1995; Tsvirka et al.,
2003; Tsvirka, Korablev, 2014), while other authors believe
that the Caucasian mountain ground squirrel is a subspecies of
the little one (Satunin, 1907; Obolenskii, 1927; Ognev, 1947;
Vereshchagin, 1959; Orlov et al., 1969; Ivanov, 1976; Erma-
kov et al., 2006; Nikol’skii et al., 2007). I.Ya. Pavlinov and
A.A. Lisovsky (2012) distinguish Spermophilus (pygmaeus)
pygmaeus (left-bank little ground squirrel relative to the
\olga River), Spermophilus (pygmaeus) planicola (right-bank
little ground squirrel) and Spermophilus (pygmaeus) musicus
(Caucasian (mountain) little ground squirrel) as subspecies in
the superspecies “pygmaeus”. This species has attracted the
attention of researchers for a long time, but there are very few
works based on the analysis of the cyt b gene region of the
little ground squirrel in the designated area (Harrison et al.,

1993; Ermakov et al., 2023; Tembotova et al., 2024). Among
the unresolved issues, as rightly noted by O.A. Ermakov and
co-authors, are the phylogenetic relationships between the
“mountain” and “plain” ground squirrels of the North Ca-
ucasus (Ermakov et al., 2018). Also, questions concerning
the evolutionary history, the patterns of distribution of the
plain and mountain forms of the little ground squirrel are still
not fully clarified. The solution of the above-mentioned issues
was hampered by the extremely uneven study of the territory
with the involvement of insignificant samples in the analysis.

All populations of the little ground squirrel living west of
the Volga to the lower Dnieper, as well as in Crimea and the
Ciscaucasia, were assigned to the sister species S. musicus
Ménétries, 1832, since it is the senior synonym applicable to
the western lineage of S. pygmaeus sensu lato (Simonov et
al., 2024). Based on the noted work, S. musicus is not only
the mountain ground squirrel, but also all little ground squir-
rels of the right bank of the Volga. This raises the question of
whether all right-bank little ground squirrels are genetically
homogeneous. The emergence of this question is associated
with the results we obtained earlier based on the analysis of
the mtDNA cytochrome b gene fragment of ground squir-
rels of the Eastern and Central Caucasus (Tembotova et al.,
2024).

The study revealed that two genetically distinct groups
of little ground squirrels inhabit the territory of the Eastern
Caucasus. In addition, a comparison of the Central Caucasian
(mountain) and East Caucasian (plain) groups of little ground
squirrels revealed a genetic distance of 1.34 % and an absence
of identical haplotypes in the compared groups, which gene-
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rally indicates the genetic heterogeneity of S. pygmaeus in the
studied areas. Distances of the same order (1.29-1.72 %) were
obtained between mountain little ground squirrels and ground
squirrel populations from the right bank of the Volga River. At
first glance, the obtained distances may seem insignificant, but
they reach the lower limits of interspecific differences when
compared with the distances obtained for representatives of
the genus Spermophilus: a minimum of 1.4 % (between the
species S. major and S. selevini (=S. brevicauda)) and a maxi-
mum of 10.7 % (between S. dauricus and S. xanthoprymnus
(Simonov et al., 2024)). It is also not entirely clear whether
all populations of the so-called Caucasian mountain ground
squirrel inhabiting the mountainous territories of the Caucasus
are genetically close to each other and differ equally from the
lowland ones.

It should be noted that in most studies attempting to clarify
the taxonomic status of the Caucasian mountain ground squir-
rel, the material was studied mainly only from the Central
Caucasus, in particular from the vicinity of Elbrus (Harrison
etal., 1993; Ermakov et al., 2006; Nikol’skii et al., 2007; Fris-
man etal., 2014; Tsvirka, Korablev, 2014), Baksan, Dzhily-Su,
Shadzhatmaz gorges (Ermakov et al., 2023). The absence
of both literary data obtained on the basis of analysis of the
cytochrome b gene region of the little ground squirrel of the
Western Caucasus and sequences deposited in the GenBank
database determines the need to study samples of the little
ground squirrel from this territory to determine the status of
S. pygmaeus inhabiting mountainous areas.

Mitochondrial DNA is one of the most frequently used
genetic markers in phylogeographic studies of vertebrates
(Avise, 2000; Kholodova, 2009; Lukashov, 2009), which is
due to such properties as maternal inheritance, an absence of
the recombination process, a high rate of evolution compared
to nuclear genes, a large number of copies, etc. Cytochrome b
has proven itself to be informative and is successfully used
in theriological studies at levels from generic to intraspecific
(Bannikova, 2004; Abramson, 2007; Kholodova, 2009). In
addition, this is the gene for which the most information is
available in genetic databases.

The second, no less important, aspect of the work is the
study of the genetic diversity of geographic samples of the
little ground squirrel. It is known that ground squirrels are an
integral component of steppe and desert ecosystems, providing
their most important biocenotic functions, but since ancient
times they have attracted attention mainly as agricultural pests
and carriers of various diseases. Since the 1920s, the fight
against ground squirrels as agricultural pests has been going
at the state level. Grandiose extermination work against little
ground squirrels was carried out in the arid landscapes of the
former USSR, natural foci of plague. In the first half of the
20th century, the concept of complete elimination of foci of
this infection by extermination of rodents — the carriers of
the pathogen — was developed. In the North Caucasus and
the North-West Caspian region, almost complete destruction
of little ground squirrels was recommended (Kalabukhov,
1933; Pastukhov, 1959). The “recovery” of the natural focus
began in accordance with a special program, which reached an
unprecedented scale (cited by Shilova, 2011). As a result, the
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continuous clearing of the territory from the ground squirrel,
plowing of the steppes, changes in the intensity of livestock
grazing, the development of forest shelterbelts and artificial
irrigation led to the destruction of gophers not only in the
Caucasus, but also in many regions of Russia. According
to S.A. Shilova (2011), a deep depression in the population
of the right-bank little ground squirrel began in the south of
Russia at the end of the last century and continues to this day.
In Kabardino-Balkaria, agricultural development of plain and
foothill territories led to an almost complete disappearance
of little ground squirrel populations in these territories. In
particular, foothill and plain populations of S. pygmaeus are
listed in the Red Book of the Kabardino-Balkarian Republic
(2018) with the status of “on the verge of extinction”.

It should be noted that habitat transformation and fragmen-
tation due to human activities resulted in a reduction in the
areas suitable for little ground squirrel habitation, which led to
an extremely high fragmentation of the species populations. At
the same time, it is known that fragmentation and reduction of
ranges often affect the genetic structure of wild animal popula-
tions, complicating the exchange of genes between different
parts of the range, reducing the effective population size and
leading to an increase in the level of inbreeding.

In connection with the above, the aim of the work was to
study the genetic structure and genetic diversity of S. pyg-
maeus from the eastern end of the Western Caucasus based on
the analysis of the mtDNA cytochrome b gene fragment. The
results of this study were compared with the ones previously
obtained (Ermakov et al., 2023; Tembotova et al., 2024) in
order to assess the taxonomic diversity of S. pygmaeus in the
North Caucasus.

Materials and methods

In this work, we used muscle tissue samples of S. pygmaeus
from different geographical locations of the eastern end of
the Western Caucasus: Karachay-Cherkess Republic (KCR):
upper reaches of the Kuban River, in the vicinity of the vil-
lages of Khurzuk and Uchkulan; the Khasaut River tract, a
tributary of the Malka River, in the vicinity of the village of
Khasaut (Fig. 1). The animals were caught using No. 0 arc
traps. The traps were set around the gophers’ residential bur-
rows (Karaseva, Telitsina, 1996).

The analyzed sample included 32 sequences of the mito-
chondrial cytochrome b gene (cyt b) of S. pygmaeus from the
KCR, collected in the vicinity of the village of Khasaut and
the villages of Khurzuk and Uchkulan (Table 1). In addition,
haplotypes of the North Caucasus little ground squirrel from
our previously published work (Tembotova et al., 2024) were
also used to conduct a comparative analysis.

The remaining sequences of representatives of the genus
Spermophilus, including the outgroup, were taken from
the GenBank database (ncbi.nlm.nih.gov): S. pygmaeus —
OP588846—0P588904 (Ermakov et al., 2023), AF157907,
AF157910 (Harrison et al., 1993); S. musicus — AF157900,
AF157904 (Harrison et al., 1993), Spermophilus taurensis
Glnduzetal., 2007 - KY938064, KY938069, KY938073 (Gilr,
2017); Spermophilus citellus Linnaeus, 1766 — AM691632—
AMG691640; Spermophilus xanthoprymnus Bennett, 1835 —
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Fig. 1. Material origin card of S. pygmaeus in the North Caucasus.

Western Caucasus (KCR): T - Uchkulan, 2 - Khurzuk, 3 - Khasaut (new data); Central Caucasus (Kabardino-Balkarian Republic): 4 - Dzhily-Su,
5 - Elbrus, 6 - Tyrnyauz, 7 — Aktoprak, 8 — Bezengi; Eastern Caucasus (Republic of Dagestan): 9 — Lvovsky 13, 10 - Khumtop, 11 - Kar-Kar,

12 - Zelenomorsk (Tembotova et al., 2024).

AM691658-AM691663 (Gundlz etal., 2007) and AF157902,
AF157909 (Orlov et al., 1969); Marmota monax Linnaeus,
1758 — AF157953 (Harrison et al., 1993).

DNA extraction was performed using the Diatom™ DNA
Prep100 kit (Isogene Laboratory, Moscow) according to the
manufacturer’s protocol. DNA fragments were amplified us-
ing the MasterMix XS5 kit (Dialat, Moscow). The following
primers were used for the polymerase chain reaction: L14725
TGAAAAAYCATCGTTGT (Steppan et al., 1999) H15915
TCTTCATTTYWGGTTTACAAGAC (Harrisonetal., 1993),
with the PCR cycle parameters recommended in the first work.
The resulting PCR products were purified by reprecipitation in
0.15 M sodium acetate solution, in 90 % ethanol, followed by
washing with 70 % ethanol. The quality of the obtained PCR
products was assessed by electrophoresis in 1.5 % agarose gel
in the presence of ethidium bromide. Sequencing of nucleotide
sequences was performed in both directions at Syntol (Mos-
cow). Editing and alignment of the obtained sequences were
performed using the BioEdit 7.0.9.0 program (Hall, 1999)
using the Clustal W algorithm and edited manually.

Statistical data processing, including calculation of the num-
ber of polymorphic sites, the number of haplotypes, nucleo-
tide and haplotype diversity, as well as the neutrality tests of
Tajima (Tajima, 1989) and Fu (Fu, 1996), was performed in
the Arlequin v.3.5 program (Excoffier, Lischer, 2010). In the
same program, an analysis of the distribution of observed and

expected values of pairwise nucleotide differences in mtDNA
was carried out in accordance with the models of demographic
(Rogers, Harpending, 1992) and spatial expansion (Ray et al.,
2003). Weighted (net distance) intergroup genetic distances
using the Kimura two-parameter model (K2P) (Kimura, 1980)
were calculated in the Mega 6 program.

Median haplotype networks were constructed in the
Network 4.6.1 program using the Median-Joining method
(Bandelt et al., 1999) and then edited using the standard Paint
package.

Phylogenetic analysis of nucleotide sequences using the
Bayesian MCMC method was performed in MrBayes v3.2.6.
(Ronquist, Huelsenbeck, 2003).

Divergence times were estimated in BEAST 1.10.4 (Su-
chard et al., 2018) using the following calibrations: 10.9 mil-
lion years for the root divergence node of Marmota and other
Spermophilus species (Yin etal., 2014), 5 million years for the
divergence time between S. xanthoprymnus and S. citellus +
S. taurensis, and 2.5 million years between S. citellus and
S. taurensis (Gundiiz et al., 2007). Data were analyzed
using an uncorrelated lognormal relaxed molecular clock
model. The most optimal model of nucleotide substitutions
(HKY + I) was selected using the MEGA 6 software pack-
age. The length of Markov chains (MCMC, Markov Chain
Monte Carlo) was set equal to 100 million generations with
the selection of every thousandth state and a burn-in value of
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Table 1. Characteristics of the studied material on S. pygmaeus from the eastern end of the Western Caucasus (KCR)

Number in GenBank Samples Collection locality

(haplotype))

PV539552 3730Has Khasaut

3730Has 137Has
3734Has
138Has

PV539556 3727Has

3727Has

PV539557 3733Has

3733Has

PV539558 3729Has

3729Has

PV539559 3728Has

3728Has

PV539560 141Has

141Has

PV539561 135Has

135Has

PV539579 3707Hurz Khurzuk

3707Hurz 3710Hurz

PV539581 3653Hurz

3653Hurz

PV539562 3709Hurz

3709Hurz 3706Hurz
3652Hurz
3651Hurz
3656Hurz
3650Hurz
3654Hurz
3659Hurz
3713Uchk Uchkulan
3712Uchk
3715Uchk
3711Uchk
3716Uchk
3714Uchk
3661Uchk
3663Uchk
3665Uchk

PV539582 3660Uchk

3660Uchk

PV539583 3705Uchk

3705Uchk

10 %. The convergence of the parameters was assessed based
on achieving ESS (effective sample size) values >200 using
Tracer 1.7 software (Rambaut et al., 2018). The divergence
time of the Spermophilus dendrogram nodes was calculated
for six variants of nucleotide substitutions per million years:
0.5,0.9,1.2,2.4,3.2and 6.7 %.

Results

Based on the analysis of tissue samples of S. pygmaeus
from the eastern end of the Western Caucasus, 32 nucleotide
sequences of the cytochrome b gene fragment with a length

Collection locality Identical to haplotypes

from the GenBank

N 43.701667°,

E 42.512304°,
H=1,776 m above
sea level

N 43.415534°,

E 42.162560°,

H= 1,484 m above
sea level

N 43.455450°,

E 42.090520°,
H=1,367 m above
sea level.

AF157904, OP588865-0OP588868,
OP588903, OP588904

of 840 bp were obtained. All of them were uploaded to the
GenBank database under the numbers PVV539552-PV/539583.
The analyzed sequences contained 24 variable sites, of which
14 were parsimony-informative.

The results of the phylogenetic analysis showed the same
tree topology (Fig. 2) as in previous studies performed on this
group and revealing the division of S. pygmaeus into western
and eastern groups (Ermakov et al., 2023).

Previously, we demonstrated the isolated position of the
Central Caucasian (mountain) and East Caucasian (plain)
samples on the phylogenetic tree (Tembotova et al., 2024). The
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Fig. 2. Bayesian phylogenetic tree of representatives of the genus Spermophilus based on the analysis of the mtDNA cyt b gene

(840 bp) (after (Tembotova et al., 2024) with additions).

The numbers in the branching nodes are the values of posterior probabilities (greater than 0.70), the numbers in the squares are the node
numbers. The haplotypes of the little ground squirrel of the Republic of Dagestan are highlighted in yellow, those of the Karachay-Cherkess
Republic are highlighted in blue, and those of the Kabardino-Balkarian Republic are highlighted in pink.
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Fig. 3. Median network of mtDNA haplotypes of S. pygmaeus, constructed based on the analysis of the cyt b region (algorithm —

median-joining, Network 4.6.1).

The size of the circle is proportional to the number of identical haplotypes. Haplotypes identified in the territory of the Karachay-
Cherkess Republic: Hurz (vicinity of the village Khurzuk) - in white, Uchk (vicinity of the village Uchkulan) - in gray, Has (vicinity of the
village Khasaut) - in lilac. The number of cross bars on the branches indicates the number of nucleotide substitutions; the “mv” mark

denotes hypothetical haplotypes.

new haplotypes from the Karachay-Cherkess Republic ana-
lyzed in this work were split into two haplogroups. Thus, out
of the three analyzed samples, the mitotypes of two samples
(Uchkulan and Khurzuk) fell into haplogroup (B), formed by
the haplotypes of the Central Caucasian animals. Unlike other
mountain samples, little ground squirrels from the vicinity of
the village of Khasaut are closer to the plain haplotypes and
form one haplogroup A1 with them.

The median network of haplotypes also demonstrates the
existing distribution of the haplotypes found in the territory of
the Karachay-Cherkess Republic into two main haplogroups
(Fig. 3). It is noteworthy that almost all mitotypes from the
vicinity of the village of Khasaut form a separate compact
haplogroup. The second haplogroup included mitotypes of
the little ground squirrel from Uchkulan and Khurzuk. The
genetic distance between the two haplogroups was 1.54 %.

The obtained 32 sequences from the KCR formed 12 haplo-
types, of which nine were unique, and three were described in
2-17 individuals. As can be seen from Table 1 and Figure 3, the
maximum number of unique haplotypes (60 %) is noted in the
sample from the vicinity of the village of Khasaut. The most
frequently occurring mitotype 3709Hurz was noted in eight
individuals from the vicinity of the village of Khurzuk and
nine individuals from the vicinity of the village of Uchkulan.
For the 22 studied individuals from Uchkulan and Khurzuk,
only five haplotypes were described, of which three are unique.
It is possible that the loss of haplotypes is associated with a
general decrease in numbers.

To clarify the clustering of the analyzed haplotypes, an
additional median network was constructed (Fig. 4) with the
inclusion in the analysis of sequences of the little ground
squirrel previously obtained by us (Tembotova et al., 2024)
and O.A. Ermakov et al. (2023).

Analysis of the median network demonstrates the division
of the little ground squirrel haplotypes into two groups: the
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plain (A), which in turn is subdivided into three haplogroups
(A1, A2, A3) and the mountain (B). As shown earlier, the
sample from the vicinity of the village of Khasaut clusters
together with mitotypes from haplogroup A 1. Two haplotypes,
11Kar and 12Kar, from the Eastern Caucasus (Republic of
Dagestan, Kar-Kar 1 Valley) also fell here. The genetic dis-
tance between the animals from the Kar-Kar 1 Valley and those
from the vicinity of the village of Khasaut was only 0.36 %.
The haplotypes of the animals from Uchkulan and Khurzuk,
together with the Central Caucasian samples (Bezengi village,
Aktopraksky pass, Tyrnyauz area, Irikchat gorge, Dzhily-Su
tract), formed a separate haplogroup B. The most common
haplotype 3709Uch from the Karachay-Cherkessia Republic
differs from the haplotype 3743Bez, described in 39 indi-
viduals from different geographical points of the Central and
Western Caucasus, by a single substitution. In addition, it is
important to note that the haplotype 3705Uch turned out to
be identical to the Central Caucasian haplotype 3743Bez.
Haplogroup A2 is formed by the haplotypes of only the East
Caucasian animals.

Analysis of genetic variability showed that little ground
squirrel samples from the area near the villages of Uchkulan
and Khurzuk are characterized by low values of haplotype (h)
and nucleotide (w) diversity (Table 2). In the sample from the
vicinity of the village of Khasaut, on the contrary, relatively
high values of nucleotide and haplotype diversity are observed.
Thus, the nucleotide diversity in this sample was 0.0028, and
the haplotype diversity was 0.867. Since the sample from the
vicinity of the village of Khasaut is clustered separately from
the other samples from the Karachay-Cherkess Republic,
the parameters of genetic variability of the populations were
calculated only for two combined samples — Uchkulan and
Khurzuk. As a result, for the combined sample (n = 22), the
haplotype diversity was 0.407 £ 0.128, the nucleotide diversity
was 0.0006 £ 0.0006.
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Fig. 4. Median network of mtDNA haplotypes of S. pygmaeus, constructed on the basis of the analysis of the cyt b region (algorithm —
median-joining, Network 4.6.1).

The size of the circle is proportional to the number of identical haplotypes. Haplotypes identified in the Republic of Dagestan: Kar (Kar-Kar
Valley) - are shown in brown, Zelen (vicinity of the village Zelenomorsk ) - in black, Hum (vicinity of the village Khumtop) - in blue, Lvov (vicinity
of the village Lvovsky 13) - in pink; in Kabardino-Balkarian Republic: Tyr (vicinity of the town Tyrnyauz) - in blue, Bez (vicinity of the village
Bezengi) - in yellow, Akto (Aktopraksky Pass) - in red, Elb (vicinity of the village Elbrus) - in orange, Dzhi (Dzhily-Su tract) - in light green; in
Karachay-Cherkess Republic: Hurz (vicinity of the village Khurzuk) - in white, Uchk (vicinity of the village Uchkulan) - in gray, Has (vicinity of the
village Khasaut) - in lilac. The number of crossbars on the branches indicates the number of nucleotide substitutions; the “mv” mark indicates
hypothetical haplotypes.

Table 2. Indicators of haplotype (h) and nucleotide (m) diversity and the values of the Tajima’s and Fu’s tests
of S. pygmaeus from Karachay-Cherkess Republic

Geographic groups N m+SE. h+SE. Tajima’'s D Fu's F
(sample size)

Khasaut (n =10) 7 0.0028 +£0.0019 0.867 +0.107 -1.765 -2.756
Khurzuk (n=11) 3 0.0006 + 0.0006 0.473 £0.162 -0.778 -0.659
Uchkulan (n=11) 3 0.0004 £ 0.0005 0.346 £0.172 -1.430 -1.246
For Spermophilus KCR without Khasaut 5 0.0006 + 0.0006 0.407 £0.128 -1.667 -2.662

(n=22) overall

Note. N-number of haplotypes; S.E. - standard error. Statistically significant test values are highlighted in bold.

The values of the Tajima’s D and Fu’s Fs tests in all three Of the three noted little ground squirrel haplogroups (A1,
samples were negative (Table 2), while the Tajima’s and A2 and B), Al and B are the most genetically distinct, with a
Fu’s tests were significant for two samples — Uchkulan and  genetic distance of 1.46 %. Nearly the same distance (1.41 %)
Khasaut. In the combined sample (Uchkulan+Khurzuk), the  was obtained between haplogroups A2 and B. And finally, the
values of the Tajima’s and Fu’s tests were also negative and ~ minimum distance was obtained when comparing groups A1l
statistically significant. and A2 (0.74 %). Regarding the genetic distances obtained be-
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Table 3. Genetic distances between geographical samples of S. pygmaeus from the North Caucasus

(mtDNA cytochrome b gene region)

Samples 1 2 3 4 5
1. Aktoprak 0.004 0.000 0.000 0.001
2. Khasaut 0.015 0.004 0.004 0.004
3. Bezengi 0.000 0.017 0.000 0.001
4. Elbrus 0.000 0.017 0.000 0.001
5. Khurzuk 0.001 0.015 0.001 0.001
6. Uchkulan 0.001 0.015 0.001 0.001 0.000
7. Djily-Su 0.000 0.017 0.000 0.000 0.002
8. Khumtop 0.012 0.009 0.013 0.013 0.012
9. Lvovsky13 0.014 0.008 0.015 0.015 0.014
10. Zelenomorsk 0.015 0.010 0.017 0.017 0.015
11. Karkar 1 0.017 0.004 0.018 0.018 0.017
12. Karkar 2 0.016 0.010 0.017 0.017 0.016
13.Tyrnyauz 0.000 0.017 0.000 0.000 0.001

6 7 8 9 10 1 12 13
0.001 0.000 0.004 0.004 0.004 0.004 0.004 0.000
0.004 0.004 0.003 0.003 0.003 0.002 0.003 0.004
0.001 0.000 0.004 0.004 0.004 0.005 0.004 0.000
0.001 0.000 0.004 0.004 0.004 0.005 0.004 0.000
0.000 0.001 0.004 0.004 0.004 0.004 0.004 0.001

0.001 0.004 0.004 0.004 0.004 0.004 0.001
0.001 0.004 0.004 0.004 0.005 0.004 0.000
0.012 0.014 0.000 0.000 0.004 0.000 0.004
0.014 0.015 0.000 0.001 0.004 0.001 0.004
0.015 0.017 0.000 0.001 0.004 0.000 0.004
0.017 0.019 0.010 0.010 0.011 0.004 0.005
0.016 0.017 0.000 0.001 0.000 0.011 0.004
0.001 0.000 0.013 0.015 0.017 0.018 0.017

Note. Below the diagonal are the values of intergroup distances, above the diagonal are the corresponding values of the standard error.

Uchkulan and Khurzuk

1501 Demographic Spatial

. expansion 1501 expansion
T 100}
kS 100}
9]
£ 50
=} 50}
P

0 ) - Of, ) ) - -

0 1 2 3 4 0 1 2 3 4
Khasaut
25¢ Demographic 25+ Spatial
expansion expansion

v 20f 201
3
s 15+ 15¢
g 10 10f
1S
2 5t 5t

ot or

0 2 4 6 8 0 2 4 6 8

Paired differences Paired differences

Observed frequency Expected frequency

Fig. 5. Histograms of the distribution of paired differences (mismatch
distribution) of S. pygmaeus: vicinity of the villages of Uchkulan+Khurzuk
and vicinity of the village of Khasaut (demographic expansion and spatial
expansion).

tween the three studied samples from the Karachay-Cherkess
Republic, it should be noted that when comparing little ground
squirrels from Uchkulan and Khurzuk, the obtained distance
was zero. And the sample from Khasaut was equally different
from the S. pygmaeus groups from Uchkulan and Khurzuk
with a distance of 1.53 %.
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Table 3 shows the genetic distances between the geo-
graphic samples of S. pygmaeus from the North Caucasus.
As can be seen, the sample from the vicinity of the village
of Khasaut differs from all other Central Caucasian samples
(Aktoprak, Bezengi, Irikchat, Tyrnyauz, Dzhily-Su) with
distances of 1.5-1.7 %, and from the East Caucasian sam-
ples, with distances of 0.4—1 %. When comparing two West
Caucasian samples (Uchkulan, Khurzuk) with the Central
Caucasian samples, the distances were only 0-0.2 %, and
when they were similarly compared with the East Caucasian
samples, the minimum distance was 1.2 %, and the maximum
was 1.7 %.

The analysis of the frequency distribution of paired
nucleotide differences between haplotypes (Fig. 5) was also
carried out for two samples: from the vicinity of the village
of Khasaut and the combined Uchkulan+Khurzuk sample.
The combined sample shows a unimodal distribution pattern,
close to expectations for a growing population, which may
probably indicate a recent demographic expansion or spatial
expansion (less than 200 thousand years ago) after a decline
in population. The analysis of the distribution of the number
of nucleotide substitutions in the sample from the vicinity
of the village of Khasaut revealed multimodality, which
probably indicates the presence of two or more subpopu-
lations.

As noted earlier (Tembotova et al., 2024), the results of
molecular dating were obtained based on three calibration
points: 10.9 million years for the root node of divergence of
Marmota and other Spermophilus species (Yin et al., 2014),
5 million years for the divergence time between S. xantho-
prymnus and S. citellus + S. taurensis, and 2.5 million years
between S. citellus and S. taurensis (Gunduz et al., 2007). The
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Table 4. Divergence times (in million years) of Spermophilus taxa
and individual clusters with six evolutionary rate variants

2025
29-6

K reHeTnyecKkol CTpyKType 1 NMPONCXOXKAEHUIO
manoro cycnvka Ha CesepHom KaBkase

Node number on the tree

1. Marmota / Spermophilus
2.S. xanthoprymnus / S. taurensis+S. citellus
3. S. taurensis / S. citellus
4.S. pygmaeus 1(“eastern” group) / S. pygmaeus 2 (“western” group)
5.S. pygmaeus 1 (“eastern” group)
6. S. pygmaeus 2 (“western” group)
7.S. citellus
8. S. xanthoprymnus
9. S. pygmaeus (haplogroup A1)
10. S. pygmaeus (haplogroup A2)
11. S. pygmaeus (haplogroup B)

12. S. taurensis

inclusion of additional samples from the Karachay-Cherkess
Republic in the analysis did not significantly affect the pre-
viously obtained results (Tembotova et al., 2024), and the age
of many nodes remained almost the same (Table 4).

As for the samples from the Karachay-Cherkess Republic,
the evolutionary age of the little ground squirrel group from
Khasaut together with some haplotypes from Dagestan (11, 12,
Kar-Kar valley, OP588895, OP588897, Sukhokumsk), as well
as Crimea, Kharkov, Volgograd, Rostov, Astrakhan regions
was 369 thousand years (95 % HPD: 0.217-0.538 million
years) (node 9) for the model calculated for the mutation rate of
0.5 % per million years. The remaining haplotypes of animals
from the Karachay-Cherkess Republic (Uchkulan, Khurzuk)
fell into the cluster (B) formed by mitotypes of the Central
Caucasian animals. The age of this cluster was 182 thousand
years (95 % HPD: 0.080-0.300 million years) (node 11).

Discussion

Based on the obtained 32 sequences, 12 haplotypes dis-
tributed between two haplogroups (A and B) were described.
Phylogenetic analysis showed that the discovered haplotypes
were included in the previously described mountain (Central
Caucasian) and lowland (East Caucasian) groups. As can
be seen from the median network of haplotypes, the sample
from the vicinity of the village of Khasaut is isolated from
other mountainous West and Central Caucasian samples and
is closest to the East Caucasian lowland samples of the little
ground squirrel. Genetic distances obtained by comparing
three samples from the Karachay-Cherkess Republic confirm
the genetic isolation of the sample from the vicinity of the
village of Khasaut. This sample differs from the other two
(Uchkulan, Khurzuk) with a distance of 1.54 %. Thus, the

Evolution rate

0.5% 0.9% 1.2% 24 % 31% 6.7 %
8.479 7.625 7.351 6.491 6.244 5532
4.708 4.270 4135 3.676 3.536 3.254
2.624 2410 2.340 2.109 2.037 1.829
2.287 2.014 1.923 1.638 1.545 1.224
0.349 0.309 0.295 0.252 0.240 0.194
0.735 0.646 0.617 0.526 0.498 0.400
0.740 0.657 0.629 0.546 0.516 0.421
0.415 0.366 0.351 0.302 0.286 0.234
0.369 0.325 0.310 0.266 0.252 0.203
0.262 0.230 0.221 0.189 0.179 0.146
0.182 0.161 0.155 0.133 0.127 0.103
0.108 0.096 0.092 0.081 0.077 0.063

results of the conducted study allow us to conclude that in
the studied territories (Uchkulan, Khurzuk, Khasaut), the
S. pygmaeus species is not homogeneous and is represented by
two genetically different groups of the little ground squirrel.
Moreover, one of the groups is closer to the East Caucasian
(plain), and the other to the Central Caucasian (mountain)
samples. The village of Khasaut is located on the left bank of
the river, just below the confluence of the Bermamyt River,
6 km from the summit of Bolshoy Bermamyt. According to
the data of A.l. Dyatlov et al. (1980), in the vicinity of Mount
Bermamyt, mountain little ground squirrels penetrated north
of'the Rocky Ridge in several places (five settlements), which
is not observed in other parts of the range. This is the only
place in the gap zone where the rivers do not form barriers
between the populations in the mountains and on the plains.

As can be seen from Table 2, of the three studied groups
of S. pygmaeus from the Karachay-Cherkess Republic, the
Uchkulan and Khurzuk samples are characterized by low
values of the haplotype (h = 0.346-0.473) and nucleotide
(m = 0.0004-0.0006) diversity indicators. Similar results
were obtained earlier for the Central Caucasian samples
(Kabardino-Balkarian Republic) of the little ground squirrel,
originating from an altitude of 1,200-1,500 m above sea level
(Tembotova et al., 2024).

Low genetic diversity in the Elbrus sample was also found
by O.A. Ermakov et al. (2023) (haplotype diversity —
0.333 £ 0.215, and nucleotide diversity — 0.03 %). For com-
parison, we note that for the little ground squirrel groups from
the western and eastern lines, the values of the haplotype
diversity index varied from 0.859 to 0.964, and the level of
nucleotide diversity m varied from 0.17 to 0.76 %, which is
almost six or more times higher than in the Elbrus sample
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(Ermakov et al., 2023). Thus, the results of both the present
and previous studies show that most mountain samples of
the little ground squirrel in the Western and Central Cau-
casus (with the exception of the high-mountain Dzhily-Su
gorge) are characterized by a low level of genetic diversity
(Tembotova et al., 2024). Low values of h and © may be the
result of a serious decline in numbers over a long period of
time (bottleneck effect) (Kholodova, 2006; Abramson, 2007).
It is possible that mountain populations of the little ground
squirrel have repeatedly experienced a decline in numbers.
Low genetic diversity can lead to a decrease in the adaptive
capacity of individuals and populations and increase the risk of
their extinction (Gitzendanner, Soltis, 2000; Willi et al., 2006).
Relatively high values of the noted indicators were revealed in
the sample from the vicinity of the village of Khasaut. Thus,
the haplotype diversity was almost two times higher, and the
nucleotide diversity was five or more times higher than in the
other two samples (Uchkulan, Khurzuk) of the little ground
squirrel. The sample from the vicinity of the village of Khasaut
is closer in genetic diversity to the previously studied plain
samples from the southern edge of the Caspian Lowland of
the Eastern Caucasus than to the mountain ones. Such a ratio
of genetic diversity indices (high h and ) is characteristic not
only of populations that have had a high population size for a
long time, but also of those formed as a result of the unification
of previously isolated and genetically heterogeneous groups
(Rogers, Harpending, 1992).

The significantly negative values of the Tajima’s test
observed in almost all of the studied S. pygmaeus samples
may indicate a recent population expansion after a decline in
numbers (a bottleneck).

The histograms show (Fig. 5) that in the sample from the
vicinity of the village of Khasaut, the distribution of nucleotide
differences has a multimodal nature, which does not corres-
pond to the expected distribution. Discrepancies between the
expected and observed distributions indicate high heterogene-
ity of the studied sample. In the combined sample (Uchkulan
and Khurzuk), the two curves show good agreement and have
a unimodal distribution (Fig. 5).

The age of the so-called lowland group (haplogroup Al),
which included the mitotypes of the S. pygmaeus from
Khasaut, is less than 400 thousand years. The age of clade A2,
represented by the ground squirrels of the Eastern Caucasus,
is less than 300 thousand years. The group of S. pygmaeus
of the Western (Uchkulan, Khurzuk) and Central Caucasus,
which form clade B, is phylogenetically younger. Its age is
less than 200 thousand years. The calculated age does not
contradict the data and opinions of other authors, who be-
lieved that the ancestors of modern mountain ground squirrels
penetrated into the highlands from lowland areas at different
times (Tsvirka, Korablev, 2014). Considering the statements of
many researchers (Sviridenko, 1927; Ioff, 1936; Varshavskii,
1963) that in the new history of the range of the little ground
squirrel we have to deal not with the primary, but essentially
with the repeated dispersal of this rodent, it is likely that the
different evolutionary ages of the three identified haplogroups
of S. pygmaeus are associated with the multi-stage dispersal
of the species across the study area.
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On the genetic structure and origin
of Spermophilus pygmaeus in the North Caucasus

The results of molecular dating suggest that the western
haplogroup of the little ground squirrel penetrated in a
continuous strip into the Central, Eastern Caucasus and the
eastern end of the Western Caucasus through the Stavropol
Upland and the Caspian Lowland less than 400 thousand
years ago.

It can also be assumed that as a result of the first stage of
settlement, the little ground squirrel became established at the
eastern end of the Western Caucasus in the Khasaut area, as
well as on the plain and in the foothills of Kabardino-Balkaria,
where stable ground squirrel populations existed until 1990
(Tembotov et al., 1969; Tembotova, Kononenko 2017), which
have not been registered in the Kabardino-Balkarian Republic
since the end of the 20th century. Less than 200 thousand years
ago, as a result of settlement, the species rose to the mountains
to an altitude of 2,000 m above sea level and higher along
the Baksan, Malkinsky and Chereksky gorges. Apparently,
it penetrated the border territories of Karachay-Cherkessia
along the subalpine belt, as evidenced by the same evolutio-
nary age of animals of the Western (Uchkulan, Khurzuk) and
Central Caucasus.

In the Eastern Caucasus, as a result of the first wave of
dispersal of the ground squirrel from the Russian Plain, the
species was established in the north of the Nogai Steppe
(Sukhokumsk) and in the southern outskirts of the Caspian
Lowland (Kar-Kar Valley). It is quite clear that the penetra-
tion of the little ground squirrel into the southern regions of
the Caspian Lowland occurred through the entire Caspian
Lowland, based on which it could be assumed that the mi-
totypes of the species throughout its territory would be of
the same evolutionary age. However, given that the Caspian
Sea changed its outlines for a very long time in geological
time, the lowland was regularly flooded and then freed from
water; it is quite understandable that a stable population did
not exist there. From the above, it follows that the Caspian
Lowland in the areas of Khumtop, Lvov and Zelenomorsk
was re-populated by the ground squirrel after 100 thousand
years and it is more likely that the settlement came from the
Russian Plain.

Conclusion
The ground squirrel penetrated into the North Caucasus
from the western part of a vast range, covering the plain of
Eastern Europe, northern Crimea, the Ciscaucasia and the
northern parts of Central Asia (Vereshchagin, 1959). The age
of the western haplogroup is about 800 thousand years. The
spread to the northern parts of Central Asia and the North
Caucasus most likely occurred in parallel, since the age of
the eastern haplogroup S. pygmaeus 1 and the oldest age of
the haplogroups that penetrated into the North Caucasus are
close — within 350—400 thousand years for S. pygmaeus 1
and haplogroup Al (Fig. 2). At the same time, the ground
squirrel penetrated into the North Caucasus in a continuous
strip to the Central, Eastern Caucasus and the eastern end of
the Western Caucasus through the Stavropol Upland and the
Caspian Lowland.

As aresult of the first wave of settlement, the little ground
squirrel became established in the Western Caucasus in the
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Khasaut area, and in the Central Caucasus, on the plainand in
the foothills of Kabardino-Balkaria, where stable populations
of ground squirrels existed until 1990 (Tembotov et al., 1969;
Tembotova, Kononenko 2017), which have not been recorded
in the Kabardino-Balkarian Republic since the end of the 20th
century. The absence of a continuous forest belt in the Central
Caucasus, in particular in the Kabardino-Balkarian Republic,
allowed S. pygmaeus to penetrate into the mountains later,
less than 200 thousand years ago, along three gorges: Cherek,
Baksan and Malkinsky. It is more likely that the species pen-
etrated into the subalpics of the Western Caucasus (Khurzuk
and Uchkulan) from the Central Caucasus.

The population in Khasaut is probably a genetic isolate,
which is confirmed by genetic distances (within 1.54—1.69 %)
(Table 3) with animals from neighboring areas of the
Karachay-Cherkess Republic (Uchkulan, Khurzuk) and the
Kabardino-Balkarian Republic (Bezengi, Aktoprak, Dzhilysu,
Irikchat, Tyrnyauz); however, further research is needed.

The first wave of the gopher’s settlement in the Eastern
Caucasus (in Dagestan) has survived to this day in the north of
the Nogai steppe in the Sukhokumsk region, and in the south
of the Caspian lowland in the Kar-Karl valley, as evidenced
by the evolutionary age of haplogroup Al. The younger age
of haplogroup A2 (less than 300 thousand years), also origi-
nating from the Eastern Caucasus (Khumtop, Zelenomorsk,
Lvovsky 13, Kar-Kar 2), is most likely due to the repeated
settlement of the Caspian lowland, regularly flooded by the
Caspian waters in historical times. This is also evidenced by
the genetic distance (0.76—1.1 %, Table 3) between animals
from the Kar-Kar 1 valley and the central regions of the Cas-
pian lowland (Khumtop, Zelenomorsk, Lvovsky 13), which
gives reason to believe that the settlement apparently origi-
nated from the Russian Plain, and that there is a weak gene
flow between these populations, which is probably associated
with the low mobility of the species, seasonal movements of
its young over short distances (maximum 5 km) (Naumov,
2010), and low numbers.

Regarding the taxonomic status of the Caucasian mountain
ground squirrel, we consider it premature to draw any conclu-
sions, since not all territories of the Caucasus were covered
by the studies. Nevertheless, the results obtained both in the
present study and in the previously conducted one (Tembotova
et al., 2024) suggest that the genetic distances (1.33-1.67 %)
obtained between the lowland and mountain samples of the
little ground squirrel of the North Caucasus correspond only to
the level of intraspecific differences, according to the gradation
given for the genus Spermophillus by (Baker, Brandley, 2006).
Probably, one can agree with the opinion of N.N. Vorontsov
and E.A. Lyapunova (1969) that S. musicus is a derivative
of S. pygmaeus, made on the basis of karyological studies.
M.V. Tsvirka and V.P. Korablev (2014) noted that significant
transformations of the karyotype of the mountain ground
squirrel occurred after it had already settled in mountainous
regions; over time, the characteristics that emerged were fixed,
leading to the stable isolation of the Caucasian mountain
ground squirrel from the lowland populations of the little one.
The genetic differentiation and structuring that we observed
in the S. pygmaeus species in the conditions of the North
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Caucasus are probably also due to the geographical isolation
of the lowland and mountain populations, which caused the
emergence of local adaptations to habitat conditions as a result
of a reduction in numbers and fragmentation of the range,
which is still observed today.
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