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Phylogeography of Lasiopodomys gregalis (Rodentia: Cricetidae) 
in the southern part of its geographic range
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ABSTRACT. The narrow-headed vole species complex (subgenus Stenocranius) is represented by at least two cryptic 
species: Lasiopodomys gregalis and L. raddei. One of L. gregalis lineages (lineage B, inhabiting northern Mongolia 
and neighbouring territories) forms a secondary contact zone with L. raddei. In the current study, we analysed phylo-
geographic structure of L. gregalis lineage B by means of sequences of mitochondrial cytochrome b and reconstructed 
ecological niches of both species at present and in the past. The source of the spread of  L. gregalis lineage B was prob-
ably the territory of modern western Mongolia and southeastern Tuva. Despite seeming continuity of the geographic 
range of lineage B, mitochondrial clusters within it turned out to be allopatric or parapatric; the reasons for such spatial 
structure are not yet clear. Based on the ecological niche modelling, it can be hypothesised that the two studied species 
reacted differently to climatic fl uctuations of the late Pleistocene, and the structure of the modern geographic range of 
L. gregalis lineage B has formed largely due to inter-specifi c competitive interactions with L. raddei.
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Филогеография Lasiopodomys gregalis (Rodentia: Cricetidae) 
в южной части ареала

Т.В. Петрова*, А.Н. Куксин, Н.И. Путинцев, Н.В. Лопатина, А.А. Лисовский*

РЕЗЮМЕ. Комплекс видов узкочерепных полевок (подрод Stenocranius) представлен по крайней 
мере двумя криптическими видами — Lasiopodomys gregalis и L. raddei. Одна из линий L. gregalis 
(линия В, населяющая северную Монголию и соседние территории) формирует вторичную зону 
контакта с L. raddei. В рамках данной работы мы анализировали филогеографическую структуру ге-
нетической линии В L. gregalis на основании последовательностей митохондриального гена цитох-
рома b, а также реконструировали экологические ниши обоих видов в настоящем и в прошлом. Ис-
точником расселения линии В L. gregalis, вероятно, была территория современной западной Мон-
голии и юго-восточной Тувы. При кажущейся непрерывности ареала линии В, митохондриальные 
кластеры внутри неё оказываются аллопатричны или парапатричны, причины такой пространствен-
ной структуры пока не ясны. По результатам моделирования экологических ниш можно предполо-
жить, что исследуемые виды реагировали на климатические флуктуации позднего плейстоцена раз-
личным образом, и структура современного ареала линии B L. gregalis сформировалась во многом 
благодаря межвидовым конкурентным взаимодействиям с L. raddei.

КЛЮЧЕВЫЕ СЛОВА: моделирование экологической ниши, цитохром b, узкочерепная полевка, 
Stenocranius, Lasiopodomys raddei.
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Introduction

Narrow-headed voles (subgenus Stenocranius) are 
a widespread rodent species complex inhabiting dry 
open landscapes: tundra, steppe and alpine meadows. 
During the Pleistocene, this complex’s geographic 
range was continuous, occupied the territory covered 
by tundra-steppe and steppe and extended almost to 
the entire territory of the northern Palearctic. With the 
formation of a wide taiga zone in the Holocene, its geo-
graphic range broke up into several isolated regions. 
Narrow-headed voles’ evolutionary history has been 
thoroughly discussed in the context of climatic fl uctua-
tions (Prost et al., 2013; Baca et al., 2019; 2023).

Based on molecular, craniological and breeding data 
(Petrova et al., 2016), it has been shown that the narrow-
headed vole species complex is represented by at least 
two closely related species — widespread Lasiopodomys 
gregalis (Pallas, 1779), as well as L. raddei (Poljakov, 
1881), which occurs locally in southeastern Transbaika-
lia; the two probably diverged at the beginning of the 
Middle Pleistocene, ~0.8 Mya (Petrova et al., 2015).

Lasiopodomys gregalis consists of three strongly di-
verged mitochondrial lineage s: A, B and C (Petrova et al., 
2015). Recently, in a microsatellite loci analysis, it was 
demonstrated that these lineages are not an artefact of the 
mitochondrial-DNA distribution. According to species 
distribution modelling (SDM) results, they are potentially 
able to come into contact in the Altai-Sayan region but are 
still genetically isolated, and therefore can be recognised 
as separate taxa, probably of the lowest taxonomic rank 
(Petrova et al., 2021). Judging by our previous fi ndings 
(Petrova et al., 2015), the common ancestor of the three 
L. gregalis lineages inhabited the Altai-Sayan region, 
where subsequent separation of three lineages A, B and C 
occurred. Palaeontological data indirectly support the hy-
pothesis of the L. gregalis sensu lato ancestral range: a sis-
ter lineage of the most recent common ancestor (MRCA) 
of the three L. gregalis lineages was discovered by Baca et 
al. (2023) in Denisova Cave (Altai).

The narrow-headed vole was the most abundant and 
common mammalian species in all habitats throughout 
Eurasia in the Late Pleistocene and was tightly associ-
ated with the mammoth faunistic complex (Gerasimov 
& Velichko, 1982; Kowalski, 2001; Markova & van 
Kolfschoten, 2008). According to dental morphology 
of the narrow-headed vole, even stratigraphic horizons 
can be distinguished. Therefore, it is especially impor-
tant to understand in detail the evolutionary history of 
this interesting wide-ranging and ecologically diverse 
species. Previous studies (Prost et al., 2013; Petrova 
et al., 2015) have mainly been focused on lineage A, 
whose geographic range underwent fragmentation 
caused by the expansion of forests in the Holocene. 
Lineage C is an endemic of central Tuva and has a nar-
row range. The third one, lineage B, occurs in arid areas 
across Mongolia from Lake Uvs-Nuur in the west to 
eastern Transbaikalia and middle reaches of the Amur 
River. Phylogeographic structure of this lineage was 
studied preliminarily (Petrova et al., 2015), whereas 

new genetic data (Petrova, 2017; Petrova et al., 2016; 
2021; 2023) indicate that lineage B itself also has well-
pronounced phylogeographic structure.

The uniqueness of the Southern Siberia territory 
is the ecotonicity in both latitudinal and longitudinal 
directions. Southern Siberia is the boundary between 
boreal and arid regions of the Holarctic and at the same 
time a transitional band at the junction of the ultra-con-
tinental and continental sectors of the Palearctic (Ka-
ramysheva, 1988). The buffer position of this territory 
manifests itself, among other things, in the complexity 
and originality of the fl ora. The mountain belt of South-
ern Siberia (Altai-Sayan-Baikal mountain country) is 
an area with the richest fl oral biodiversity, in particular 
steppe biocoenoses (Namzalov, 2021), which are the 
main biotope of the narrow-headed vole in the south-
ern part of its geographic range. Zonation structure 
of Southern Siberia is determined by the location of 
mountain ranges, uplands and intermontane basins in 
different climatic facies. Thus, steppe communities are 
fragmented and in particular are observed in the extra-
zonal steppe formations located on warm insulated 
slopes (Makunina et al., 2007; Namzalov, 2020).

As revealed recently (Petrova et al., 2023), eco-
logical preferences in Transbaikalia differ signifi cantly 
between L. gregalis lineage B and L. raddei, although 
these preferences are caused by the same environmen-
tal factors. This fi nding led us to the idea of the im-
portance of understanding the evolutionary history of 
lineage B: this task may be key to the elucidation of 
the mechanisms behind parapatric co-occurrence of the 
two species in Transbaikalia. Accordingly, this study is 
devoted to reconstruction of the evolutionary history of 
L. gregalis lineage B using mitochondrial cytochrome 
b (mt cytb) data and new direct calibrations for diver-
gence dating and SDM.

 
Material and methods

Sampling, DNA isolation and mitochon-
drial cytochrome b amplifi cation

In total, 137 narrow-headed voles of lineage B 
from 47 localities in southeastern Tuva, Zabaikalskiy 
Territory and Amur Region of Russia and in northern 
Mongolia were included in the molecular analysis. Se-
quences from 29 specimens were obtained within the 
framework of the current study; the rest were down-
loaded from the NCBI Nucleotide database or taken 
from our previous studies (Fig. 1, Appendix 1). Addi-
tionally, to perform the divergence dating analysis, we 
used mt cytb sequences of the two other lineages (A 
and C) of Lasiopodomys gregalis and of L. raddei pub-
lished before (Petrova et al., 2015; 2023) along with 
sequences of L. gregalis from Denisova Cave (Altai) 
and radiocarbon-dated Lasiopodomys anglicus Hinton, 
1910, from Late Pleistocene Europe (Baca et al., 2023).

Isolation of genomic DNA from fresh muscle tis-
sue samples stored in 96% ethanol was performed with 
the ExtractDNA Blood & Cells Kit (Evrogen, Russia). 
DNA from museum skin samples was extracted using 
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the QIAmp Tissue Kit (Qiagen). To reduce potential 
contamination, all manipulations with  the museum 
specimens  were carried out in a separate laboratory 
room isolated from the post-PCR facilities that are pre-
dominantly being used for studies on historical samples 
from the collection at the Zoological Institute of RAS. 
All the working surfaces, instruments and plasticware 
were sterilised with UV light and chloramine-T.

A part of the cytb gene was amplifi ed with primers 
UCBU and LM by a standard protocol described else-
where (Abramson et al., 2009). To amplify short over-
lapping cytb fragments from museum skin samples, we 
used fi ve pairs of primers generated in our previous 
study (Petrova et al., 2015). 

Sequences obtained in the current study were sub-
mitted to GenBank under the following accession num-
bers: OR004258–OR004286 (Appendix 1).

Phylogenetic analyses
Sequences were edited and aligned with the CLUS-

TALW algorithm (Thompson et al., 1994) implemented 
in BioEdit (Hall, 1999). The level of genetic differen-
tiation in cytb on the basis of p-distances was estimated 
in MEGA 7.0.18 (Kumar et al., 2016). 

We employed PartitionFinder 2.1.1 (Lanfear et al., 
2017) involving AICc (corrected Akaike information 
criterion) and the ‘user’ algorithm to select an optimal 
partitioning scheme: either separate models for a co-
don position (1, 2, 3 or 1+2, 3) or analysis without any 
partitioning. The latter analysis was chosen as the ‘best 
scheme’ with the GTR+I+G+X model.

Phylogenetic reconstruction based on cytb se-
quences was performed using 135 specimens of 
L. gregalis lineage B, whereas specimens of lineages 
A and C and of L. raddei served as an outgroup. The 
fi nal alignment comprised a 1018-bp cytb fragment. 
Maximum likelihood (ML) analysis was performed on 
the IQ-TREE Web server (Trifi nopoulos et al., 2016) 
with 10,000 ultrafast bootstrap replicates (Hoang et 
al., 2018). Bayesian inference (BI) analysis was car-
ried out in MrBayes 3.2.6 (Ronquist et al., 2012) with 
the following parameters : nst = mixed and the distribu-
tion of the substitution rates between sites; the dataset 
was divided into partitions by codon position. Each 
analysis was started with a random tree and involved 
two replicates with four Markov chains (MCMC) for 
3 million generations each, with the results recorded 
every 1000th generation. Stationarity and convergence 
of separate runs were assessed using ESS statistics in 
Tracer v1.7 (Rambaut et al., 2018). A maximum clade 
credibility tree was constructed based on the trees sam-
pled after 25% burn-in and was visualised by means 
of the FigTree v1.6 software (http://tree.bio.ed.ac.uk/
software/fi gtree/, accessed on 26 November 2021).

The phylogenetic network for L. gregalis cytb data 
was computed via the median-joining algorithm im-
plemented in PopART 1.7 (https://popart.maths.otago.
ac.nz). The alignment used for the network analysis and 
for calculation of genetic diversity indices was truncated 
to the length of shorter sequences (with the fi nal length 

comprising the 776 bp fragment) and included 128 se-
quences (several museum specimens were excluded 
due to insuffi cient sequence length). Genetic diversity 
indices and haplotype (Hd) and nucleotide (Pi) diversity 
levels along with their standard deviations within seven 
major cytb haplogroups of L. gregalis and L. raddei were 
calculated in DNASP v6.12 (Rozas et al., 2017).

Divergence dating
Divergence time points within Lasiopodomys voles’ 

phylogeny were estimated by the Bayesian relaxed-clock 
method in the BEAST v2.6.7 software (Bouckaert et al., 
2014). We analysed an expanded cytb alignment that in-
cluded specimens of lineages A and C of L. gregalis and 
of L. raddei. For more accurate dating, we also utilised 
11 cytb sequences of L. anglicus from Late Pleistocene 
Europe (all the radiocarbon-dated specimens) and fi ve 
sequences of L. gregalis from Denisova Cave, as pub-
lished by Baca et al. (2023). These sequences were dated 
in terms of tip dates according to radiocarbon dates of 
L. anglicus (14.26–42.64 thousand years ago, kya) or 
results of those authors’ molecular dating for L. gre-
galis (26.477–113.05 kya). To calibrate the tree root, 
we added the following outgroup specimens too: La-
siopodomys brandtii (Radde, 1861) (GenBank acces-
sion No. JF906120), L. mandarinus (Milne-Edwards, 
1871) (FJ986322), Alexandromys kikuchii (Kuroda, 
1920) (NC_003041), Neodon fuscus (Büchner, 1889) 
(NC_040138) and Chionomys nivalis (Martins, 1842) 
(MT381934). The MRCA of the ‘Microtus’ species group 
(all taxa excluding the genus Chionomys) was calibrated 
by means of a normal distribution, with a mean of 2.2 Mya 
based on the assumption of Late Pliocene radiation of ba-
sal lineages of ‘Microtus’ (Tesakov et al., 1999; Zheng 
& Zhang, 2000; Martin et al., 2008) and 0.2 Mya as its 
standard error according to Bannikova et al. (2010). The 
GTR+I+G substitution model, empirical base frequencies 
and a relaxed log-normal clock with the coalescent con-
stant population model were applied as a tree prior.

Species distribution modelling
We assessed temporal range shifts of L. gregalis 

lineage B and of L. raddei by building last intergla-
cial (LIG, 140–120 kya), last glacial maximum (LGM, 
~21 kya), and present species distribution models. Bio-
climatic variables of WorldClim and elevational grids 
of 0.02-degree spatial resolution served as ecological 
predictors (Fick & Hijmans, 2017; Karger et al., 2017). 
We did not fi nd an elevation grid for the LIG, and there-
fore we used the LGM grid in this analysis. Species 
occurrences were mainly taken from the information on 
the molecular voucher specimens (Fig. 1). To reduce 
spatial autocorrelation and sampling bias, we excluded 
duplicated localities within a 50-km resolution grid and 
controlled Moran’s I after each modelling run. The test 
sample was obtained by rarefaction of the initial data-
set via a similar procedure, but the grid resolution and 
rarefying distance were 1.1-fold greater.

We chose the ‘maxent.jar’ algorithm implemented 
in the ENMeval 2.0.3 R package (Muscarella et al., 
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2014; Kass et al., 2021) to build Maxent models with 
a set of parameters by means of regularisation multi-
pliers ranging from 0.75 to 3 with three combinations 
of feature classes (L, LQ and LQH where L = linear, 
Q = quadratic and H = hinge). For the fi nal analysis, 
we selected only those predictors whose permutation 
importance was above 2% in the preliminary runs. 
The best model was chosen based on the AICc calcu-
lated by means of the test sample. Ten thousand back-
ground points were randomly selected for model cal-
culation from the whole study territory with a slightly 
(two-fold) higher probability of point selection outside 
a 40 km buffer area around voles’ occurrence points.

Results

Phylogenetic analyses
The result of tree reconstruction was overall consist-

ent with our previous study (Petrova et al., 2015) and 
showed subdivision of lineage B into western, Trans-
baikal and Amur sub-lineages, but the additional data 
made the phylogenetic structure of L. gregalis more 
complicated (Figs 2, 3). The western part of the L. grega-
lis lineage B distribution is represented by four clusters 
B1–B4 and is basal towards the eastern one. Cluster B1 
is composed of specimens from southeastern Tuva and 
western Mongolia (localities 1–3 and 8–11) and is ba-
sal to the whole lineage B. Cluster B2 consists of speci-
mens from southeastern Tuva, mainly from the Eastern 
Tannu-Ola Mountain Range (localities 4–7). Cluster B3 

from the northern shore of Lake Khuvsgul (locality 12) 
is grouped with moderate support (bpp = 0.89, bs = 90.0) 
with the B2 cluster. Two specimens from central Mongo-
lia (locality 13) constitute cluster B4. Two major branch-
es can be distinguished within the eastern clade. The fi rst 
one is formed by clusters B5 and B6 from Transbaikalia 
and eastern Mongolia, respectively, whereas the popula-
tions of eastern Mongolia are subsidia ries of  the popula-
tions of Transbaikalia. The second branch of the eastern 
lineage is composed of specimens from the middle Amur 
River, cluster B7 (localities 46 and 47).

Intergroup p-distances based on cytb data (Tab. 1) 
varied from 0.9–1.5% (between populations of south-
eastern Tuva and western and central Mongolia: clusters 
B1–B4) to 1.0–2.5% (between populations of the eastern 
part of the geographic range: the middle Amur River and 
Transbaikalia, i.e. clusters B5–B7) and 1.8–3.2% (be-
tween western and eastern populations), whereas popu-
lations of southeastern Tuva and western Mongolia (B1) 
and eastern Mongolia (B6) are the most distant ones.

The median-joining haplotype network (Fig. 3A) 
contains a hypothetical ‘central’ node (marked with 
an asterisk), branches from which lead to four geo-
graphical groupings from western and central Mon-
golia and southeastern Tuva (clusters B1–B4) and to 
the fi fth one: the ‘common ancestor’ of the eastern 
lineage (clusters B5–B7). The network does not indi-
cate a united position of cluster B2 from southeastern 
Tuva (Tannu-Ola) with cluster B3 formed by speci-
mens from the northern shore of Lake Khuvsgul, as 
displayed in the phylogenetic tree. The haplotype that 

Fig. 1. Sampling sites of Lasiopodomys gregalis lineage B. Samples subjected to the cytochrome b analysis are marked with 
grey circles, and the locality ID numbers correspond to Appendix 1. Samples used for SDM are indicated by triangles: black 
for L. gregalis and white for L. raddei.
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is characteristic for specimens from central Mongolia 
(cluster B4) is genetically rather far from the others 
(nine mutations away from the nearest specimens), 

with a p-distance of 1.1–3.1% (Tab. 1). The Trans-
baikal cluster (B5) is represented by 18 haplotypes, 
which are almost not shared among localities. On the 

Fig. 2. Bayesian phylogenetic reconstruction for Lasiopodomys gregalis on the basis of cytochrome b data. Values above major 
nodes denote BI posterior probabilities and ML bootstrap support. Black circles mark nodes with 0.95–1.0 BI posterior probabili-
ties and 95–100 ML bootstrap support. For haplotype codes and location ID numbers (in brackets), refer to Fig. 1 and Appendix 1.
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contrary, the eastern Mongolian cluster (B6), which 
is a subsidiary of cluster B5, has star-like structure 
with two shared haplotypes occurring each in fi ve and 
11 localities throughout eastern Mongolia and border-
ing regions of southeastern Transbaikalia.

Haplotype diversity (Hd) within three major hap-
logroups (Tab. 2) varies from 0.639 in the Tannu-Ola 
cluster (B2) and 0.748 in L. raddei to 0.926 in Trans-
baikalia (B5). Nucleotide diversity (Pi) varies from 
0.12–0.18% in clusters B2 and B3 (Tannu-Ola and 

Table 1. Average p-distances between (below diagonal) and within populations (diagonal) according to cytochrome b data

Mitochondrial cluster B1 B2 B3 B4 B5 B6 B7
B1. Southeastern Tuva, western Mongolia 0.004
B2. Southeastern Tuva, Tannu-Ola 0.014 0.001
B3. Lake Khuvsgul 0.013 0.009 0.001
B4. Central Mongolia 0.015 0.012 0.011 0.001
B5. Transbaikalia 0.026 0.022 0.023 0.025 0.003
B6. Eastern Mongolia 0.032 0.027 0.026 0.031 0.010 0.002
B7. Amur 0.023 0.019 0.018 0.020 0.020 0.025 0.003

Table 2. Genetic diversity within the major haplogroups. n, sample size; h, the number of haplotypes; Hd, haplotype diversity; 
Pi, nucleotide diversity; SD, standard deviation.

Mitochondrial cluster / species n h Hd (SD) Pi (SD)
B1. Southeastern Tuva, western Mongolia 22 8 0.827 (0.052) 0.31 (0.04)
B2. Southeastern Tuva, Tannu-Ola 9 3 0.639 (0.126) 0.12 (0.04)
B3. Lake Khuvsgul 5 3 0.800 (0.164) 0.15 (0.04)
B4. Central Mongolia 2 1 n/a n/a
B5. Transbaikalia 33 19 0.926 (0.032) 0.30 (0.04)
B6. Eastern Mongolia 46 12 0.756 (0.056) 0.18 (0.02)
B7. Amur 11 4 0.782 (0.075) 0.29 (0.06)
L. raddei 67 22 0.748 (0.056) 0.26 (0.03)

Fig. 3. A: The median-joining haplotype network based on cytochrome b data of Lasiopodomys gregalis lineage B. The size 
of the circles is proportional to haplotype frequency; branch length is scaled and shown with hatch marks. B: The geographic 
distribution of mitochondrial clusters.
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Khuvsgul groups) to 0.31% in cluster B1 (western 
Mongolia). The highest nucleotide diversity was found 
in the B1 cluster from southeastern Tuva and western 
Mongolia (Tab. 2), indicating the absence of sharp fl uc-
tuations in population size.

Cytochrome b genotyping
One of the aims of the current study was to deter-

mine genetic affi liation of several specimens from pre-
viously unexplored territories. The new material from 
the Tunka basin is represented by only two museum 
specimens (Fig. 1, localities 14 and 15), for which only 
short fragments of mt cytb (160 bp) have been obtained 
so far. We did not include them in the fi nal versions 
of the phylogenetic and population analyses owing to 
their insuffi cient length. Nonetheless, the alignment 
and preliminary phylogenetic reconstruction identifi ed 
them clearly as members of lineage B and identical to 
specimens from Transbaikalia and eastern Mongolia.

Additionally, we checked our earlier conclusion 
(Petrova et al., 2015; 2021) about the sympatry of L. gre-
galis lineages B and C in Tuva in the vicinity of the Ust-
Buren Village. It was found that this information emerged 
due to an error in the materials’ labels. The collector’s di-
ary contains information about four specimens from that 
expedition: three from Ust-Buren (lineage C geographi-
cally speaking) and one from the Erzinsky District (line-
age B geographically). These four specimens are stored 
in the Zoological Museum of Moscow State University 
with correct labels. The error came from labels of three 
tissue samples that are stored separately in the Zoologi-
cal Institute RAS tissue collection: all of them are la-
belled as Ust-Buren. We compared cytb sequence of the 
specimen that was found to belong to lineage B from this 
group of tissue samples — with cytb of a voucher speci-
men (ZMMU S-188787) from the Erzinsky District of 
Tuva (Fig. 1, loc. 7) and found them genetically identi-
cal. Thus, we concluded that our hypothesis of the sym-
patry of two genetic lineages in Ust-Buren was erroneous 
due to tissue mislabelling. We updated geographic infor-
mation in the NCBI Nucleotide database (accession No. 
KJ192307) accordingly.

Divergence dating
This analysis based on cytb sequences (Fig. 4) in-

dicated the polytomy of L. anglicus, L. raddei and of a 
branch leading to the MRCA of L. gregalis; L. anglicus 
is grouped together with L. raddei, albeit with low sup-
port (bpp = 0.64). The MRCA of these basal lineages 
of the subgenus Stenocranius dates back to the Mid-
dle Pleistocene, ~652 kya (Tab. 3). Taking into account 
the addition of molecular data from layers 12.3 and 14 
of Denisova Cave, the order of basal branches within 
L. gregalis is unresolved: the cluster uniting repre-
sentatives of lineages A, B and C of L. gregalis is 
unsupported (bpp = 0.54). Lineages A and B+C split 
~346 kya, whereas the MRCA of lineages B and C dates 
back to ~259 kya, and the fi rst subdivisions within line-
age B probably took place ~115 kya (Fig. 4; Tab. 3), 
in good agreement with our previously published data 
(Petrova et al., 2015). There is a difference in the to-
pology of basal splits between the dated tree (Fig. 4) 
and the tree without dating (Fig. 2). Cluster B1 either 
situates at the base of lineage B or is grouped with the 
rest of the western clusters (B2–B4) with low support. 
Relationships among clusters B2–B4 also proved to be 
unresolved (Fig. 4). Therefore, such a topology should 
be interpreted as polytomy at the base of lineage B.

Specie s distribution modelling
According to the results of the species distribution 

modelling (Fig. 5A–C), the proposed distribution of 
habitats suitable for L. gregalis lineage B is almost con-
tinuous both in cold (LGM) and warm (LIG and present) 
epochs. The optimal habitats in the LIG (Fig. 5C) 
were concentrated in South Siberia including the Altai-
Sayan region, the Selenga River basin, the western 
slope of the Greater Khingan and even steppes north 
of the Sayan Mountains. During the LGM (Fig. 5B), 
suitable biotopes moved eastwards: the patch north of 
the Sayan Mountains disappeared, and the territory of 
eastern Tuva and bordering Mongolia (Yenisey River 
headwaters) also became unsuitable, while Selenga and 
the western slope of the Greater Khingan retained high-
ly suitable habitats. A big suitable area appeared in the 
middle Amur River basin.

Table 3. Time estimates (ya: years ago) for some splitting events on the basis of cytochrome b data.

Nodes Mean (ya) 95% HPD (ya)
L. gregalis — L. raddei 651 946 1 020 359–305 064
L. gregalis A — (B+C) 346 219 170 353–528 704
L. gregalis B — L. gregalis C 259 384 414 778–112 042
L. gregalis B MRCA 114 613 186 066–51 393
B1 MRCA. Southeastern Tuva, western Mongolia 28 936 51 278–9 557
B2 MRCA. Southeastern Tuva, Tannu-Ola 15 751 31 556–3 923
B3 MRCA. Lake Khuvsgul 12 138 26 697–1 608
B4 MRCA. Central Mongolia 5 856 16 326–69
B5 MRCA. Transbaikalia 33 134 55 510–14 083
B6 MRCA. Eastern Mongolia 21 559 36 028–8 505
B7 MRCA. Amur 23 174 45 832–6 327
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Fig. 4. The maximum clade credibility tree for narrow-headed vole cytochrome b haplotypes. Bayesian posterior probability 
(above 0.7) of major clades is presented as italic text below nodes; nodes with bpp > 0.95 are labelled with black circles. Mean 
node height in thousands of years ago (kya) is presented above nodes; node bars show 95% highest posterior density (HPD) 
intervals of node heights. For haplotype codes and location ID numbers (in brackets), refer to Fig. 1 and Appendix 1. For cluster 
names, refer to Fig. 3B. Outgroup taxa (Alexandromys kikuchii, Neodon fuscus and Chionomys nivalis) are not shown for better 
presentation.
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For L. raddei, conditions during the LIG were ex-
tremely unfavourable (Fig. 5F). By contrast, its suit-
able habitats in the LGM (Fig. 5E) extended across the 
steppes of the whole upper Amur River basin and an 
adjacent area of the basin of internal drainage, spread-
ing much wider than nowadays (Fig. 5D). The Selenga 
River basin contained suitable habitats as well.

Discus sion

Early divergences of narrow-headed voles
Being the most abundant species in all habitats 

throughout the Palearctic in the Late Pleistocene and 
hence often used for stratigraphic calibrations, the 
narrow-headed vole is a useful model for climatic and 
landscape reconstructions. A divergence dating analy-
sis within major lineages of narrow-headed voles was 
performed some time ago (Petrova et al., 2015), but 
molecular data on a number of Pleistocene tissue sam-
ples were obtained recently (Baca et al., 2023), which 
allowed us to take advantage of the new reliable cali-
brations.

According to the results of the analysis based on 
cytb sequences, the time points of the main splits 
among narrow-headed voles match the ones we calcu-

lated earlier (Petrova et al., 2015) and are notably older 
than those determined by Baca et al. (2023). This dis-
crepancy apparently is due to the fact that the latter au-
thors used only the tip dates as calibrations without tak-
ing into account the age of basal splits. This approach 
depreciates the relaxed clock algorithm and does not 
allow to trace a reduction in the observed evolution 
rates back in time (Ho et al., 2005; Peterson & Masel, 
2009). For instance, the biggest difference between the 
results of Baca et al. (2023) and our estimates is seen in 
deeper nodes, such as the separation of L. gregalis from 
L. raddei [178 kya with 95% highest posterior density 
(HPD): 210–148 kya (Baca et al., 2023) versus 652 kya 
with 95% HPD 1020–305 kya] or the basal split within 
L. gregalis estimated at ~95 kya (Baca et al., 2023; Fig. 
S3) versus our estimate of ~346 kya (Fig. 4; Tab. 3).

The dates we obtained for the main nodes among 
narrow-headed voles, despite being deeper than those 
published by Baca et al. (2023), are very low for the 
formation of full-rank species. Lineages A, B and C 
live allopatrically in the Altai-Sayan region and are 
well isolated from each other genetically; consequently, 
they can be recognised as separate taxa, probably of the 
lowest taxonomic rank (Petrova et al., 2021). Accord-
ing to our estimates, the time of the basal split within 

Fig. 5. The scheme of the proposed current and past distributions of habitats suitable for Lasiopodomys gregalis lineage B 
(A–C) and L. raddei (D–F). Models age given for the present (A and D), the last glacial maximum (LGM, B and E) and the 
last interglacial (LIG, C and F). Colours denote habitat suitability levels ranging from 0.0 (unsuitable) to 1.0 (best habitats) on 
a cloglog scale.
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L. gregalis (A / B+C) is 170–529 kya (Tab. 3) with the 
mean value of 346 kya, as noted above. 

Lasiop odomys gregalis lineage B geo-
graphic distribution

As we already stated, three lineages of L. gregalis 
(A, B and C) can come into contact in the Altai-Sayan re-
gion but remain genetically and spatially isolated (Petro-
va et al., 2021). A single case of sympatry of L. gregalis 
genetic lineages B and C in central Tuva (Tuva Basin) 
confused us (Petrova et al., 2015; 2021). According to 
the results of our new molecular analysis of the museum 
voucher specimens, we are forced to admit that this was 
a mistake. The confusion was caused by a mislabelled 
tissue sample. Thus, lineages B and C are entirely al-
lopatric, and a geographic barrier is formed by forested 
northern slopes of the East Tannu-Ola Mountain Range, 
with the only possible contact zone being the corridor of 
suitable habitats along the mountain pass discussed by 
Petrova et al. (2021). The new data on mt cytb clarify the 
current position of the possible boundary between the 
lineages; at present, it possibly goes to the north from the 
Shuurmak Village inhabited by lineage B representatives 
(Fig. 1, loc. 6), whereas at ~40 km north of Shuurmak, 
lineage C was detected.

Representatives of lineage B also may come into 
contact with lineage A individuals in the vicinity of 
Lake Uvs-Nuur; however, no traces of sympatry or hy-
bridisation were found. From the new analysed data, 
we can conclude that the northern boundary of the line-
age B geographic range in Cisbaikalia is determined by 
southern slopes of the forested East Sayan Mountains 
and Khamar-Daban Mountain Range. According to the 
SDM results (Fig. 5A–C), unsuitable biotopes existed 
there during all the time periods analysed by us. In 
Transbaikalia, the northern border apparently is formed 
by the southern limit of the solid taiga zone from north-
ern Baikal to the Amur River.

The contact zone of L. gregalis lineage B with L. rad-
dei in Transbaikalia was discussed in detail in our earlier 
study (Petrova et al., 2023). Although results of a micro-
satellite loci analysis there revealed traces of hybridisa-
tion, we did not fi nd any populations where the species 
lived sympatrically; also no traces of hybridisation and 
subsequent introgression were detected by the analysis 
of mt cytb and of the nuclear BRCA1 gene. Consequent-
ly, the new data clearly indicate that L. gregalis lineage 
B, despite the possibility of contact with L. raddei and 
lineages A and C of L. gregalis, does not mix with them 
throughout the geographic range from western Mongolia 
and southeastern Tuva to the Tunka basin, eastern Trans-
baikalia and the middle Amur River.

Until now, it has seemed that unlike L. gregalis line-
age A (whose geographic range is highly fragmented), 
lineage B inhabits a territory devoid of obvious geo-
graphical barriers. Nevertheless, our fi ndings unam-
biguously show that even on the territory of continuous 
suitable habitats throughout the entire modern geo-
graphic range (Fig. 5A), mitochondrial clusters within 
lineage B do not mix either (Fig. 3B). The only case 

where it is impossible to suppose a clear-cut boundary 
between the groupings is clusters B1 and B2 in western 
Mongolia and southeastern Tuva.

Lasiop odomys gregalis lineage B evolu-
tionary history

Phylogenetic reconstruction in MrBayes (Fig. 2) 
revealed a sister position of cluster B1 towards all 
other clusters, B2–B7, albeit with moderate support. 
The topology of the dated tree (Fig. 4) slightly differs 
and does not show the basal position of the B1 cluster. 
Nevertheless, because the territory to the north of the 
Eastern Tannu-Ola Mountain Range (the basin of upper 
reaches of the Yenisey River) is inhabited by L. grega-
lis lineage C (Petrova et al., 2021), which is sister to 
lineage B, it can be theorised that the area of origin and 
accordingly the source of the spread of lineage B was 
located on a neighbouring territory.

On the basis of the divergence dates (Fig. 4) and 
the dynamics of suitable habitats (Fig. 5), we can ad-
vance a hypothesis about the formation of the modern 
geographic range of L. gregalis lineage B. Probably 
at the end of the LIG of after it, ~115 kya according 
to divergence dating (Fig. 4), the geographic range of 
L. gregalis, except for lineages A and C’s geographic 
ranges (Fig. 6C, to the southeast of the black dotted 
line), was clearly divided into two parts: western and 
eastern. Representatives of the modern B1 cluster in-
habiting western Mongolia and southeastern Tuva may 
be descendants of the western group. Although this 
territory was less suitable for L. gregalis during cold 
epochs (Fig. 5B), cluster B1 is characterised by high 
nucleotide diversity (Tab. 2), indicating the absence of 
sharp fl uctuations in the population size.

It is unclear exactly how the eastern part of the geo-
graphic range was occupied (Fig. 6C); in the LIG, almost 
all the territory of northern Mongolia was suitable enough 
(Fig. 5C), but in the subsequent cold period — probably 
the Ermakov (=early Zyryan) glacial period, which took 
place ~75–50 kya — a band of unsuitable biotopes could 
emerge to the west and south of Lake Khuvsgul, as pro-
posed for the LGM (Fig. 5B), thereby separating the Se-
lenga River basin from the westernmost regions.

During cold epochs (as proposed for the LGM, 
Fig. 5E), favourable conditions for the dispersion of 
L. raddei could form. We assume that the increase of 
L. raddei’s geographic range led to the displacement of 
L. gregalis from suitable habitats, and thereby the east-
ern part of its geographic range was fragmented, with 
the separation of clusters B4, B5 and B7 (Fig. 6B). Di-
vergence dates (Fig. 4) suggest that this separation took 
place before the LGM. The displacement of L. gregalis 
by L. raddei is indirectly confi rmed by the absence of 
ancestral polymorphism in modern L. gregalis popula-
tions in eastern Mongolia.

The separation of the B6 cluster (the settlement in 
eastern Mongolia) can be considered a relatively recent 
event. These populations are probably a derivative of the 
populations of Transbaikalia (B5) because the former 
occupy a terminal position on the haplotype network 
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Fig. 6. The proposed scheme of formation of the modern geographic range of Lasiopodomys gregalis lineage B. A: The present; B: 
the last glacial period (LGP); C: the last interglacial (LIG). The proposed border of the L. gregalis lineage B geographic range 
is the bold dotted line; lineages A and C’s geographic range is indicated by wide hatching. For L. gregalis, habitat suitability 
intervals on a cloglog scale are marked with a solid fi ll, with a darker colour meaning higher suitability. For L. raddei, only the 
highest suitability range is shown (marked with narrow hatching); for a complete scheme, see Fig. 5D–F. Sampling localities 
and the positions of rivers and lakes are modern.
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(Fig. 3A). Currently, Transbaikal and eastern Mongolian 
clusters are geographically separated by the territory oc-
cupied by L. raddei (Petrova et al., 2023). According 
to the SDM results, we can suppose that in contrast to 
the prosperity during cold epochs (Fig. 5E), L. raddei 
underwent a reduction in the geographic range and a 
corresponding demographic decline during interglacials 
(Fig. 5D, F); consequently, perhaps up to the LGM, 
eastern Mongolia could be periodically inhabited by 
L. raddei. Representatives of L. gregalis probably broke 
through L. raddei to eastern Mongolia after the LGM 
(Fig. 6A), when L. raddei population density decreased. 
As reported by Petrova et al. (2015; Fig. 4), L. raddei 
(haplogroup ‘D’) demonstrates starlike structure on the 
haplotype network. The dispersal was probably carried 
out by a small number of L. gregalis founders because 
populations of eastern Mongolia (B6 cluster) exhibited a 
founder (or probably a bottleneck) effect: starlike struc-
ture on the haplotype network (Fig. 3A) and low indices 
of genetic diversity (Tab. 2).

Apparently, judging by the modelling results, the 
separation of the B3+B2 ancestors’ branch also oc-
curred in a cold epoch (Fig. 6B), although their modern 
range was not suitable during the Ice Age. Therefore, 
this group could probably inhabit territory to the east 
of Lake Khuvsgul.

Possibly, after the LGM, the western and eastern 
parts of the L. gregalis lineage B geographic range 
merged (Fig. 6A). At the same time, representatives 
of the Transbaikal B5 cluster returned to the west of 
Lake Baikal and are nowadays found in the Tunka ba-
sin. Clusters B2 and B3 (probably inhabiting the terri-
tory east of Khuvsgul Lake) were also able to spread 
to the west, and currently, representatives of clusters 
B3 and B5 inhabit neighbouring territories to the north 
of Lake Khuvsgul, while cluster B2 representatives al-
most mixed with descendants of ancestral lineage B1 
in western Mongolia and southeastern Tuva (Fig. 6A). 
Nevertheless, we did not fi nd any sympatric localities 
of clusters B1 and B2 even on the seemingly homoge-
neous territory of the Ubsunur basin. It is diffi cult to 
explain this pattern, which replicates the situation ob-
served in narrow-headed voles at higher taxonomic lev-
els, e.g. the absence of sympatric populations of cryp-
tic species L. raddei and L. gregalis in Transbaikalia 
(Petrova et al., 2023) and the allopatry of lineages A, 
B and C within L. gregalis in the Altai-Sayan Region 
(Petrova et al., 2021). In the absence of geographical 
barriers, the genetic isolation could be explained by 
some behavioural features or post-zygotic isolation 
mechanisms, but there are no such data yet. To investi-
gate population processes at different taxonomic levels, 
an analysis of single-nucleotide polymorphisms from 
genomic data is needed.

Comparative phylogeography of steppe 
mammals

Several steppe species inhabiting Mongolia and ad-
jacent territories are similar in phylogeographic struc-
ture to the narrow-headed vole; therefore, it is interest-

ing to compare these patterns for gaining a more com-
plete understanding of the history of steppe landscapes 
of Southern Siberia.

One of the species highly similar to narrow-headed 
voles both in ecology and in the structure of the geo-
graphic range is Cricetulus barabensis Pallas, 1773. 
The geographic range of the two main 20-chromosome 
sublineages (C. b. barabensis + C. b. tuvinicus and 
C. b. xinganensis + C. b. ssp) is similar to the L. gregalis 
lineage B range. Poplavskaya et al. (2019) hypothesised 
that during the Kazantsevo interglacial (130–110 kya), 
these sublineages were restricted to disjoint refugial ar-
eas (probably located in central Mongolia/west Trans-
baikalia and the Amur region) owing to interglacial 
expansion of forests in the Hentei–Khangai area (Gol-
ubeva, 1978). Centres of diversity of these C. baraben-
sis lineages are highly similar to the ones predicted for 
L. gregalis lineage B, but during a comparison of diver-
gence times of these groups, notable rate discrepancies 
were revealed. For instance, according to our results, the 
time of the split between lineages B and C of L. grega-
lis is estimated as 259.4 kya (95% HPD: 415–112), well 
consistently with the basal radiation time of C. baraben-
sis sensu lato into three lineages: 262 kya (95% HPD: 
610–159), although p-distances in these groups differ al-
most twofold. Within three groups of C. barabensis s.l., 
p-distances are 2.3–4.2%, whereas between lineages B 
and C of L. gregalis, they are 6.2%. Perhaps this fi nd-
ing is explained by a high cytb mutation rate in voles in 
general and in narrow-headed voles in particular. A dis-
proportionate increase in the mutation rate at the ends of 
the branches does not allow us to conduct the divergence 
dating analysis correctly.

Another  wide-ranging steppe dweller is the long-
tailed ground squirrel Urocitellus undulatus Pallas, 
1778. U. u. eversmanni demonstrates high variation in 
western Mongolia, whereas individuals from Uvs Aimag 
(Ubsunur basin) in particular have been detected in dif-
ferent lineages (McLean et al., 2018), in good agreement 
with the pattern observed for L. gregalis, which demon-
strates a mixture of clusters B1 and B2 on this territory.

Floral biodiversity in general and steppe bio-
coenoses in particular are among the richest ones in the 
Altai-Sayano-Baikal mountain country. Large numbers 
of both endemic and relict species have been found in 
extra-zonal mountain-steppe complexes of the forest-
steppe belt of South Siberia; accordingly, one can sup-
pose that these habitats serve as refugia (Kyrgys et 
al., 2009; Namzalov, 2009; Namzalov, 2020). Three 
major nodes of fl oral biodiversity have been detected: 
Sailugem-Mongun-Taiginsky in the Altai and western 
Tuva, Sangilensko-Darkhatsky in southeastern Tuva 
and Mongolia and Selenginsko-Daursky in Transbaika-
lia (Namzalov, 2021). It is curious that their location 
clearly coincides with the diversity centres of narrow-
headed voles. The Altai is a centre of the geographic 
range of L. gregalis lineage A (Petrova et al., 2015). 
In southeastern Tuva, we assume separation of an 
L. gregalis ancestral group into three lineages: A, B 
and C (Petrova et al., 2021). In Transbaikalia, the cryp-
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tic species L. raddei — apparently a relic of the early 
Pleistocene — was found (Petrova et al., 2016), and 
this territory is also a probable centre of dispersal of 
clusters B2–B7 of L. gregalis lineage B. As described 
above, these territories are also centres of diversity of 
other steppe dwellers. Thus, in the context of steppe 
landscapes’ history, the phylogeographic data on 
L. gregalis in the southern part of its geographic range 
match well the hypothesis advanced by Poplavskaya 
et al. (2019). This hypothesis combines data on sev-
eral steppe dwellers and indicates the existence of two 
major refugia in Mongolian steppe in the past: in the 
vicinities of Sangilen Uplands and in Transbaikalia in 
the Selenga River basin.

Conclusions 

For lineage B of L. gregalis, despite the absence of 
visible geographical barriers, well-pronounced phy-
logeographic structure was uncovered. The source of 
the spread of this lineage at the end of the LIG was 
probably the territory of western Mongolia and south-
eastern Tuva. Mitochondrial clusters within this lineage 
turned out to be almost allopatric, thereby replicating 
the pattern seen in narrow-headed voles at higher taxo-
nomic levels. Apparently, the modern structure of the 
L. gregalis geographic range in Mongolia and sur-
rounding territories has formed as a result of i) com-
petitive interactions with the cryptic species L. raddei 
and ii) climatic fl uctuations.
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Appendix 1. Material used in the genetic analysis. Museum voucher abbreviations: ZMMU, Zoological Museum Moscow 
State University; ZIN, Zoological Institute RAS; IBSS, Institute of Biology and Soil Science FEB RAS; ISEA, Institute of 
Systematics and Ecology of Animals SB RAS; and ISU, Irkutsk State University. Tissue samples from the museum collections 
are marked with an asterisk. Sequences obtained in the current study are highlighted in bold, and those taken from previous 
studies are indicated by superscripted numbers: 1from Petrova et al. (2021); 2from Petrova et al. (2015); 3from Lissovsky et al. 
(2013); 4from Petrova et al. (2016); and 5from Petrova et al. (2023).

Map 
ID

Locality, coordinates Tissue 
ID

Tree code Mt 
cluster

Museum voucher GenBank acc. 
No.

1 Russia, Tuva, Uvsnuur Lake, Naringol 
River, 50.337°N, 93.396°E

4780 Uvsnuur B1 ZMMU s-52426* OR004258

2 Russia, Tuva, Erzinsky District, 
Narin-Gol, 50.104°N, 94.596°E

4910 Naringol B1 ZIN 105693 MT1197991

4912 Naringol B1 ZIN 105696 MT1198001

4913 Naringol B1 ZIN 105697 MT1198011

4914 Naringol B1 ZIN 105702 MT1198021

4915 Naringol B1 ZIN 105704 MT1198031

3 Mongolia, Hanhuhei Range, Khulan, 
49.366°N, 94.273°E 

4778 Hanhuhei B1 ZMMU s-42092* OR004259

4 Russia, Tuva, Tes-Khemsky District, 
NE from Samagaltay, Kuduktug-
Khem River, 50.623°N, 95.083°E

5800 KuduktugKhem B2 ZIN 107056 OR004260
5801 KuduktugKhem B2 ZIN 107057 OR004261
5802 KuduktugKhem B2 ZIN 107058 OR004262
5806 KuduktugKhem B2 ZIN 107059 OR004263

5 Russia, Tuva, Tes-Khemsky District, 
Cha-Ova-Art, 50.63°N, 95.165°E

5744 ChaOvaArt B2 ZIN 107055 OR004264

6 Russia, Tuva, Tes-Khemsky District, 
3 km NE of Shuurmak, 50.674°N, 
95.355°E

5741 Shuurmak B2 ZIN 107052 OR004265
5742 Shuurmak B2 ZIN 107053 OR004266
5891 Shuurmak B2 ZMMU s-208502 OR004267

7 Russia, Tuva, Erzinsky District, Tore-
Khol Lake, 50.051°N, 95.118°E

2777 Torekhol B2 ZMMU s-188787* KJ1923072

8 Russia, Tuva, Erzinsky District, Tes-
Khem River, 50.055°N, 95.35°E

5892 TesKhem B1 ZMMU s-208503 OR004268
5893 TesKhem B1 ZMMU s-208504 OR004269
5894 TesKhem B1 ZMMU s-208505 OR004270
5895 TesKhem B1 ZMMU s-208506 OR004271
5896 TesKhem B1 ZMMU s-208507 OR004272
5897 TesKhem B1 ZMMU s-208508 OR004273
5899 TesKhem B1 _ OR004274

9 Mongolia, Dzavhan District, Khangay, 
Tes, 49.40°N, 96.92°E 

3820 Khangay_Tes B1 ZIN 55985 KJ1922962

4159 Khangay_Tes B1 ZIN 55984 OR004275
10 Russia, Tuva, Tere-Kholsky District, 

50 km SE from Kungurtug, 50.4°N, 
98.2°E

4381 Kungurtug B1 _ MT1198041

4383 Kungurtug B1 _ MT1198051

4384 Kungurtug B1 _ MT1198061

4385 Kungurtug B1 _ MT1198071

4386 Kungurtug B1 _ MT1198081

4387 Kungurtug B1 _ MT1198091

4388 Kungurtug B1 _ MT1198101

4389 Kungurtug B1 _ MT1198111

11 Mongolia, Khuvsgul District, 
Burenhan, 49.53°N, 98.9°E

37 Burenhan B1 ZMMU S-179176 KJ1922952

12 Mongolia, Khuvsgul District, northern 
shore of Khuvsgul Lake, 51.617°N, 
100.5°E

4608 Khuvsgul B3 ISEA 61589 OR004276
4609 Khuvsgul B3 ISEA 61591 OR004277
4610 Khuvsgul B3 ISEA 61592 OR004278
4611 Khuvsgul B3 ISEA 61593 OR004279
4612 Khuvsgul B3 ISEA 61182 OR004280

13 Mongolia, Uverkhangay, 22 km SE 
Khudzhirt, 46.75°N, 102.97°E

4427 Khudzhirt B4 ZMMU S-191064 OR004281
4428 Khudzhirt B4 ZMMU S-191065 OR004282

14 Russia, Buryatia, Tunkinsky District, 
51.64°N, 100.87°E

6080 Tunka B5 ISU 7024* OR004285
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15 Russia, Buryatia, Tunkinsky District, 
Mondy, 51.68°N, 101.0°E

6081 Tunka B5 ISU 7473* OR004286

16 Russia, Buryatia, Kyakhtinsky 
District, Naushki, 50.37°N, 106.25°E

35 Naushki B5 ZMMU S-179177 KF7510983

36 Naushki B5 ZMMU S-179178 KF7510993

17 Russia, Buryatia, Kabansky District, 
Istomino, 52.14°N, 106.32°E

2380 Istomino B5 IBSS 2029 KF7511013

2381 Istomino B5 IBSS 2032 KF7511023

2382 Istomino B5 IBSS 2033 KF7511033

2383 Istomino B5 IBSS 2035 KF7511043

18 Russia, Buryatia, Ulan-Udinsky 
District, Oshurkovo, 51.96°N, 
107.40°E

2379 Oshurkovo B5 IBSS 1989 KF7511003

19 Russia, Buryatia, Ivolginsky District, 
Khojtobeye Village, 51.797°N, 
107.395°E

6063 Selenga B5 IBSS 62506 OR004283

6064 Selenga B5 IBSS 62507 OR004284

20 Russia, Buryatia, Yeravninsky 
District, Indola, 52.633°N, 111.3°E

3092 Indola B5 - KJ1923062

21 Russia, Zabaykalskiy Territory, Chita, 
Ugdan, 52.1°N, 113.4°E

2794 Ugdan B5 - KF7510773

22 Russia, Zabaykalskiy Territory, Chita, 
Antipikha, 51.988°N,113.559°E

5988 Antipikha B5 - OP7654365

5989 Antipikha B5 - OP7654375

5990 Antipikha B5 - OP7654385

5991 Antipikha B5 - OP7654395

5992 Antipikha B5 - OP7654405

5993 Antipikha B5 - OP7654415

5994 Antipikha B5 - OP7654425

5995 Antipikha B5 - OP7654435

23 Russia, Zabaykalskiy Territory, 
Nerchinskiy District, Zulzikan, 
52.7°N,116.3°E

3796 Zulzikan B5 ZMMU S-23252 KJ1922972

24 Russia, Zabaykalskiy Territory, 
Sretenskiy District, Matakan, 
52.27°N, 117.64°E

1081 Matakan B5 ZMMU S-182032 KF7510783

1083 Matakan B5 ZMMU S-182034 KF7510793

4034 Matakan B5 ZIN 101669 KJ1922982

4035 Matakan B5 ZIN 101670 KJ1922992

4036 Matakan B5 ZIN 101674 KJ1923002

4037 Matakan B5 ZIN 101671 KJ1923012

4038 Matakan B5 ZIN 101672 KJ1923022

4039 Matakan B5 ZIN 101673 KJ1923032

25 Russia, Zabaykalskiy Territory, 
Nerchinskiy District, Nizhniye Kluchi, 
52.096°N, 116.887°E

4032 Kluchi B5 ZIN 101668 KJ1923042

4033 Kluchi B5 - KJ1923052

26 Russia, Zabaykalskiy Territory, 
Nerchinskiy District, Nerchinsk, 
51.9°N, 116.6°E

4250 Nerchinsk B5 ZIN 6218 KT3365494

27 Russia, Zabaykalskiy Territory, 
Duldurginskiy District, Alkhanay 
50.73°N, 113.48°E

4420 Alkhanay B5 - OP7654345

4421 Alkhanay B5 - OP7654355

28 Russia, Zabaykalskiy Territory, 
Borzinskiy District, Utochi, 50.004°N, 
115.720°E

4755 Utochi B6 - OP7654775

4605 Utochi B6 - OP7654785

4607 Utochi B6 - OP7654795

4580 Utochi B6 - OP7654805

5996 Utochi B6 - OP7654815

5998 Utochi B6 - OP7654825

5999 Utochi B6 - OP7654835

6000 Utochi B6 - OP7654845

Appendix 1. (continuation)
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29 Russia, Zabaykalskiy Territory, 
Borzinskiy District, 12 km NW Hara-
Nur Lake, 50.018°N, 116.507°E

4739 Haranur B6 - OP7654855

4740 Haranur B6 ZIN 105339 OP7654865

4741 Haranur B6 ZIN 105340 OP7654875

30 Russia, Zabaykalskiy Territory, 
Borzinskiy District, Ikkiri, 49.983°N, 
116.550°E

5980 Ikkiri B6 - OP7654885

31 Russia, Zabaykalskiy Territory, 
Zabaikalskiy District, Tsemas, 
49.767°N, 117.017°E

5977 Tsemas B6 - OP7654895

5979 Tsemas B6 - OP7654905

32 Mongolia, Dornod, 9 km SW of 
Khukh-Nuur Lake, 49.401°N, 
115.485°E

4736 Khukhnur B6 ZIN 103855 OP7654745

4737 Khukhnur B6 ZIN 103856 OP7654755

32 Mongolia, Dornod, 3 km SW of 
Khukh-Nuur Lake, 49.451°N, 
115.494°E

5254 Khukhnur B6 - OP7654765

33 Mongolia, Dornod, Khavirga River, 
48.854°N, 115.247°E

4731 Khavirga B6 ZIN 103850 OP7654695

4732 Khavirga B6 ZIN 103851 OP7654705

4733 Khavirga B6 ZIN 103852 OP7654715

4734 Khavirga B6 ZIN 103853 OP7654725

4735 Khavirga B6 ZIN 103854 OP7654735

34 Mongolia, Dornod, 20 km NE from 
Choibalsan, 48.032°N, 114.587°E

4728 ChoibNE B6 ZIN 103847 OP7654665

4729 ChoibNE B6 ZIN 103848 OP7654675

4730 ChoibNE B6 ZIN 103849 OP7654685

35 Mongolia, Dornod, 10 km East from 
Choibalsan, 48.128°N, 114.717°E

5252 ChoibE B6 - OP7654645

5253 ChoibE B6 - OP7654655

36 Mongolia, Dornod, 20 km SE from 
Choibalsan, 47.982°N, 114.845°E

4694 ChoibSE B6 ZIN 103832 OP7654615

4695 ChoibSE B6 ZIN 103833 OP7654625

4697 ChoibSE B6 ZIN 103834 OP7654635

37 Mongolia, Dornod, 85 km SEE from 
Choibalsan, 47.747°N, 115.599°E

4699 Choib85 B6 ZIN 103836 OP7654605

38 Mongolia, Dornod, 25 km NW from 
Matad, 47.135°N, 115.083°E

4726 Matad B6 ZIN 103845 OP7654465

4727 Matad B6 ZIN 103846 OP7654475

39 Mongolia, Dornod, 5 km S from 
Kolodets Badmashi-Khuduk, 
47.184°N, 116.539°E

4722 Badmashi B6 ZIN 103842 OP7654485

4723 Badmashi B6 ZIN 103843 OP7654495

4724 Badmashi B6 ZIN 103844 OP7654505

40 Mongolia, Dornod, 10 km NW from 
Tamsag-Bulak, 47.316°N, 117.2°E

4715 Tamsag B6 ZIN 103841 OP7654515

41 Mongolia, Dornod, 14 km S from 
Buir-Nuur Lake, 47.55°N, 117.71°E

4702 BuirnurS B6 ZIN 103837 OP7654525

42 Mongolia, Dornod, Buir-Nuur Lake, 
47.7°N, 117.8°E

4151 Buirnur B6 ZIN 19308 KU1845754

4586 Buirnur B6 ZIN 19307 KU1845794

4587 Buirnur B6 ZIN 19311 KU1845804

43 Mongolia, Dornod, 5 km NW from 
Khalkhgol, 47.648°N, 118.564°E

4712 Halhgol B6 ZIN 103838 OP7654535

4713 Halhgol B6 ZIN 103839 OP7654545

4714 Halhgol B6 ZIN 103840 OP7654555

44 Mongolia, Dornod, Khalkhgol River, 
Sumber, 47.59°N, 118.55°E

4153 Sumber B6 ZIN 19297 KU1845774

4585 Sumber B6 ZIN 19301 KU1845784

45 China, Inner Mongolia, Ulan-Nur 
Lake, 48.302°N, 117.480°E

4601 Ulannur B6 - OP7654565

4602 Ulannur B6 - OP7654575

4603 Ulannur B6 - OP7654585

4604 Ulannur B6 - OP7654595

46 Russia, Amur Region, Svobodnensky 
District, 51.45°N, 127.65°E

3821 Amur B7 ZIN 41190 KJ1922942

Appendix 1. (continuation)
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47 Russia, Amur Region, Romnensky 
District, Dalnevostochnoye, 50.52°N, 
128.84°E

1568 Amur B7 IBSS 233-08 KJ1922912

1569 Amur B7 IBSS 234-08 KJ1922922

1570 Amur B7 IBSS 235-08 KJ1922922

1571 Amur B7 IBSS 236-08 KJ1922932

1572 Amur B7 IBSS 2420 KJ1922912

1573 Amur B7 IBSS 2421 KJ1922912

1574 Amur B7 IBSS 2426 KJ1922932

1575 Amur B7 IBSS 2427 KJ1922922

1576 Amur B7 IBSS 2428 KJ1922932

1577 Amur B7 IBSS 2429 KJ1922922

Appendix 1. (termination)


