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ABSTRACT. Within the fauna of Lake Baikal, two species of bathynellids are known: Bathynella baical-
ensis Bazikalova, 1954 and Baicalobathynella magna (Bazikalova, 1954), both originally described from
the southern basin of the lake. The authors’ findings indicate that bathynellids are prevalent across all
three basins of the lake, occurring on habitats such as methane seeps, mud volcanoes and hydrothermal
vents. A comprehensive analysis of the COI (mtDNA) and 18S rRNA (nuclear DNA) gene fragments from
bathynellids collected at tectonic fault sites in the northern basin of the lake revealed the absence of
any representatives of the genus Bathynella Vejdovsky, 1882 among them. Instead, individuals identified
as Baicalobathynella cf. magna comprise two genetic lineages at the species level, which diverged from
a common ancestor approximately 7 Ma. The genus Altainella Camacho, 2020, whose representatives
inhabit the interstitial hyporheic zone of the Onon river in Mongolia and Aktru mountain river of Altai,
is designated as the closest relative of the Baikal bathynellids studied.
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1. Introduction

The order Bathynelacea represents one of the old-
est crustacean lineages within the class Malacostraca.
These organisms belong to highly specialized groups
of stygobionts and interstitiobionts, mostly inhabiting
cave, interstitial, ground, capillary, and phreatic waters
of all continents except Antarctica, as well as the Canary
Islands, Fiji, and New Caledonia. Due to their unique
habitats, Bathynelacea are typically eyeless, small, and
possess transparent, worm-like bodies with short, weak
limbs covered in long, sensitive bristles.

Bathynelacea includes three families:
Bathynellidae Grobben, 1905; Parabathynellidae
Noodt, 1965; and Leptobathynellidae Noodt, 1965,
comprising over 330 valid species and subspecies
(Camacho et al.,, 2021). The family Bathynellidae
is widespread throughout the world and includes 36
genera and 109 species (Camacho et al., 2021). In
Russia and adjacent countries (ex USSR), 18 spe-
cies and subspecies from five genera of the family
Bathynellidae have been recorded: Antrobathynella
Serban, 1966; Baicalobathynella Birstein & Ljovuschkin,
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1967; Bathynella Vejdovsky, 1882; Altainella Camacho,
2020; and Tianschanobathynella Serban, 1993 (Birstein
and Ljovuschkin, 1967; Turbanov, 2016; Camacho
et al., 2021). In mid-century research, two species of
bathynellids were discovered and described in Lake
Baikal: Bathynella baicalensis Bazikalova, 1954 and
Baicalobathynella magna (Bazikalova, 1954), differing
in size: the length of B. baicalensis is 1.5-2 mm, and in
B. magna, the largest representative of Bathynelacea, it
varies from 2.1 to 3.4 mm; the number of setae on the
pleopods (up to 12 in B. magna and 4-5 in B. baikalen-
sis); a complete reduction of exopod of the antenna
and the presence of two pairs of pleopods in B. magna
(Birstein and Ljovuschkin, 1967). A unique feature of
B. magna is that the morphological characters of this
species do not fully correspond to any of the three
families, and these characters are plesiomorphic for
Bathynellidae (Birstein and Ljovuschkin, 1967; Drewes
and Schminke, 2011; Camacho et al., 2021).
Bazikalova A.Ya. (1949; 1954) reports that the
crustaceans she described were found in Listvenichny
Bay in depth zones of 200-250 and 140-180 m, as well
as at depths of 0.2 and 1440 m in the southern basin of
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Lake Baikal, but does not mention their cohabitation.
Later, bathynellids were found in several areas of the
deep-water zone (Takhteev et al., 1993) and interstitial
at depths of up to 0.6 m in Bolshiye Koty Bay (south-
western coast) (Weinberg and Kamaltynov, 1998;
Timoshkin et al., 2011).

In the Lake Baikal basin, bathynellids have been
repeatedly found in the upper reaches of rivers that are
tributaries of the southern part of the lake (Chernaya,
Bolshiye Koty, Sennaya, Goloustnaya) and in nearby
pits filled with water. The crustaceans have been found
in the Barguzin and Angara river basins, as well as in
the mountain river Bely Irkut (Eastern Sayan, northern
slope of the Munku-Sardyk ridge on the border with
Mongolia) (Takhteev et al., 2000).

The diversity of bathynellid species in Lake
Baikal and its basin likely exceeds what is currently
known. However, due to their small size and reclusive
lifestyle, gathering material is labor-intensive, leaving
their fauna underexplored not only in Eastern Siberia
but also in Central Asia as a whole.

In recent decades, comprehensive studies of the
world fauna of Bathynellacea have been conducted
using the molecular genetic markers 18S rRNA and
COI (Camacho et al., 2013; 2020; 2021; Ji, 2024, etc.),
which makes it possible to compare Baikal bathynel-
lids with representatives of other faunas, as well as to
obtain a more complete pattern of their biodiversity
and evolutionary history. The 18S gene is most often
used to solve systematic problems at the high taxa level
(genera, families) due to its high conservatism and,
generally, low genetic differentiation between species
(Tang et al., 2012). The molecular genetic marker COI
is widely used to separate species, including cryptic
ones, and for DNA barcoding (Antil et al., 2023; Kabus
et al., 2023).

This study aims to investigate the genetic poly-
morphism and analyze phylogenetic relationships of
Baikal bathynellids with related taxa through compar-
ison of nucleotide sequences of COI (mtDNA) and 18S
rRNA (nuclear DNA) gene fragments, contributing to a
deeper understanding of this intriguing and enigmatic
crustacean group.

500 pm

Fig.1. A — photo of Baicalobathynella cf. magna (Bazikalova, 1954); B — photo of antennae of B. cf. magna (A and B — photo by
Enushchenko 1.V.); C — drawing of antennae (a — antennula, b — antenna), adapted from Drewes and Schminke (2011).
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2. Material and methods

Bathynellids were collected in 25 meioben-
thic samples in the summer periods from 2009 to
2023 using a dredge, a bottom grab, a box grab and
a remotely operated underwater vehicle (RovBuilder)
(Table 1, Fig. 1A) in places of tectonic faults, including
areas with gas and thermal water outlets.

The animals were photographed under an
Olympus BX53 light microscope using an Olympus
SC180 digital camera.

Some of the material was used for molecular
genetic studies. DNA was extracted from the entire ani-
mal body according to the protocol described by Doyle
and Dikson (1987). The amplification conditions and
primer structure are presented in Table 2. The ampl-
icons were analyzed by electrophoresis in 1% agarose
gel. The bands of the expected size were excised and
purified according to T. Maniatis (1982). Sequencing
was performed on a NANOFOR 05 genetic analyzer
using the Brilliant Dye Terminator (v.3.1) Sequencing
kit (NimaGene, Holland). The nucleotide sequences
were edited and aligned using the BioEdit program
(Hall, 2011).

A median-joining network between COI haplo-
types was constructed using the Network v.10 (Fluxus
Technology Ltd. 2008), which is freely available on the
website:  https://www.fluxus-engineering.com/shar-
enet.htm.

Phylogenetic analysis based on the 18S rRNA
gene fragment was performed using the web version
of the IQ-TREE v.1.6.8 program (Nguyen et al., 2015),
available at: http://igtree.cibiv.univie.ac.at/. The most
suitable model of molecular evolution was selected
using the Model Finder module integrated into IQ-TREE
(Kalyaanamoorthy et al., 2017). Branch supports were
estimated using the ultrafast bootstrap approximation
(Minh et al., 2013), as well as the approximate Bayes
test (Anisimova et al., 2011). For phylogenetic analysis
and calculation of genetic distances, 17 COI sequences
and 28 18S gene fragment sequences belonging to dif-
ferent species of the Bathynellidae and one species
of the Leptobathynellidae, which we used as an out-

50 pm
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Table 1. Sampling locations of Bathynellinae specimens in Lake Baikal.
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Date of Mecto c6opa Depth, m; Coordinates, N.L., Tun rpyHTa
sample sampler E.L.
27.09.2009 | Krasniy Yar, methane 340 m, 52°24,5496 N, Oxidized brown silt, small pebbles,
seep, 1 km from the coast bottom grab 109°53,4354 E crushed rock and large stones, sand.
“Ocean” Dump.
02.10.2009 | Elokhin-Davsha section 857 m, 54°44,697 N, Oxidized brown silt, layer about 7 cm,
(center) bottom grab 109°05,857 E contains inclusions of hydrotroilite.
“Ocean”
03.10.2009 Academician Ridge, 389 m, 53°62994 N, Oxidized silt, 25 cm thick.
mud volcanoes bottom grab 108°12172 E
“Ocean”
17.06.2010 | Bolshoye Goloustnoye 93 m, 52°00,2084 N, Reduced silt.
bottom grab 105°21,6354 E
“Ocean”
03.07.2015 | Mud volcano Malenkiy 1393 m, 51°92,3788 N, Oxidized silt 2-3 cm thick, iron-manga-
(Bolshoye Goloustnoye box corer 105°63,1519 E nese concretions, diatomaceous (from
area) senerda) detritus.
03.07.2015 Posolskaya Banka, 500 m, 52°03,5767 N, Oxidized silt 0.5 cm, blue clay without
methane seep box corer 105°84,3775 E inclusions or layering.
04.07.2015 Academician Ridge, 531 m, 53°400148 N, Oxidized silt layer 1.5 cm, then very
near gas hydrate box corer 107°891083 E soft floating blue silt, many veins of
sediment hydrotroilite.
05.07.2015 Academician Ridge 536 m, 53°399337 N, Oxidized silt layer 3 cm, then very
box corer 107°891467 E soft floating blue silt, there are layers
of hydrotroilite, iron-manganese
concretions.
29.06.2016. |Kukuysky Canyon, mud 939 m, 52°589665 N, Oxidized silt layer 3 cm, restored blue
volcano K-2 box corer 106°770625 E silt without inclusions.
29.06.2016. |Kukuysky Canyon, mud 939 m, 52°589613 N, Oxidized silt layer 5 cm, reduced blue
volcano K-2 box corer 106°770332 E silt and iron-manganese concretions.
01.07.2016 | Gorevoy Utyos Cape, 885 m, 53°304265 N, Oxidized silt layer 1 cm, in the lower
oil-methane seep box corer 108°391662 E layers of restored silt, oil seepage.
03.07.2016 Begul 1169 m, 52°728098 N, Small oxidized layer, gray sulfur
box corer 106°586247 E crystals.
03.07.2016 Begul 1169 m, 52°728902 N, Iron-manganese concretions, smell of
box corer 106°587093 E hydrogen sulfide.
30.06.2017 |Seaward of Izhimey Cape 1630 m, 53°16542 N, Oxidized silt layer 1-1.5 cm, restored
box corer 107°993352 E blue silt with iron-manganese concre-
tions and sulfur crystals.
30.06.2017 |Seaward of Izhimey Cape 1630 m, 53°275108 N, Oxidized silt layer 3 cm, restored blue
box corer 107°953110 E silt with iron-manganese concretions.
04.07.2017 Hydrothermal vent 330-374 m, 55°517062 N, Sand, brown-orange diatomaceous silt,
Frolikha dredge 109°804481 E plant-wood detritus.
55°520457 N,
109°792553 E
04.07.2017 Hydrothermal vent 413 m, 55°521705 N, Dark brown oxidized silt layer 1-2 mm,
Frolikha box corer 109°776540 E then homogeneous greenish silt.
18.07.2018 Near the Babushkin 39 m, 51°749587 N, Coarse and small sand.
town, bubble gas box corer 105°833133 E
discharge
20.07.2018 | Near the Baikalsk town 375 m, 51°538720 N, Oxidized silt layer 2-3 cm, restored
box corer 104°197605 E silt is grey-black, with mica and clay
crusts, smell of hydrogen sulfide.
19.06.2021 Academician Ridge 513 m, 53°26,260 N, Much oxidized silt, reduced blue silt
Ekman-Burge bot- 107°53,812 E with layers of hydrotroilite.
tom grab
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Date of Mecto c6opa Depth, m; Coordinates, N.L., Tumn rpyHTa
sample sampler E.L.
*10.07.2021 Academician Ridge 517 m, 53°26,260 N, Oxidized silt, fine sand.
(near Bolshoy Ushkany Ekman-Burge 107°53,812 E
Island) bottom grab
*02.07.2023 | North of Shartlay Cape, 58,5 m 53°56,408 N, Silted gray coarse-grained sand.
a ledge near a cliff RovBuilder RB-300 108°11,775 E
*08.07.2023 |Sosnovskaya Banka (the 449 m, 54°08,836 N, Oxidized silt and reduced silt, some
northernmost point of the Ekman-Burge 109°25,046 E sand.
Academician Ridge) bottom grab
*08.07.2023 | Academician Ridge 341-349 m, 53°55,409 N, Oxidized silt, a lot of copepod-diatom
(the bank between the dredge 108°53,135 E detritus.
Upper Head of Svyatoy —
Nos peninsula and 53°55,272 N,
Ushkany Islands) 108°52,866 E
*09.07.2023 [Academician Ridge near 210-208 m, 53°26,235 N, Very fine, heavily silted sand, a lot of
Khoboy Cape dredge 107°48,546 E mica.
53°26,174 N,
107°48,345 E

Note: * — sampling locations of bathynellids for which molecular data were obtained.

group, were additionally retrieved from the GenBank
(Table 3).

The matrix of p-distance between 18S and COI
nucleotide sequences was constructed using the Mega
11 (Tamura et al., 2021).

The divergence time of Baikal bathynellids was
calculated using BEAST v.10.5.0 (Suchard et al., 2018).
The analysis was performed using the Monte Carlo
chain (MCMC) with length 50,000,000 steps. The con-
vergence of the results was assessed using the Tracer
1.7 (Rambaut et al., 2018). Since there are no data on
fossil Bathynellacea to calibrate the molecular clock,
mean COI nucleotide substitution rate was utilized,
calculated on the highest - 1.38% per Ma (Wares and
Cunningham, 2001), and the lowest - 0.7% per Ma
(Knowlton and Weigt, 1998) rates available for this
marker, published for other crustaceans. The ucld.mean
was set as a normal distribution with mean (Mean) =
0.0104 with standard deviation (Stdev) = 0.0016925.
The ucld.Stdev was set as an exponential distribution
with mean = 1.5.

3. Resulits

Bathynellids were found in all three basins of
Lake Baikal, particularly in areas of methane bubble and

jet discharge (Posolskaya Banka, Bolshoe Goloustnoye,
Krasny Yar, Babushkin), on the oil-methane seep
Gorevoy Utes, on active and extinct mud volcanoes
(Malenkiy, Academician Ridge, Kukuysky Canyon), and
also on the hydrothermal vent Frolikha. Remarkably,
specimens were also discovered in the area of the max-
imum depths of the lake (1630 m) near Cape Izhimey
(Table 1). The collected bathynellids inhabited soft
oxidized bottom sediments of light brown and brown
color with a thickness of 0.5 to 5 cm with an admixture
of sand, pebbles, often ferromanganese crusts, detritus
and layers of hydrotroilite. The underlying layer is usu-
ally represented by reduced gray and blue clays.

The collected bathynellids were identified as
Baicalobathynella cf. magna, based on morphological
features (body size from 2.0 to 2.5 mm and antenna
structure) (Fig. 2). Most bathynellids lacked body col-
oration, exept for pink specimens found in the waters
of Cape Izhimei, and red specimens found on the
Academician Ridge (depth 517 m).

Nucleotide sequences of COI of 661 bp long
and 18S rRNA of 1748 bp long were obtained from
11 individuals (nine colorless and two red) and depos-
ited in GenBank under accession numbers PQ476139-
PQ476149 for COI and PQ476288-PQ476298 for 18S.
Analysis revealed six unique haplotypes for the COI

Table 2. Amplification conditions and primers used in this study.

Gene | Amplification conditions, 30 cycles

Primers References

COI DNA denaturation at 95°C — 40 sec
(5 minutes on the first cycle), primer
annealing at 50°C - 60 sec, nucleotide
chain elongation at 72°C - 60 sec (10
minutes on the last cycle)

18S DNA denaturation at 95°C — 60 sec
(5 minutes on the first cycle), primer
annealing at 55°C — 60 sec, nucleotide
chain elongation at 72°C — 60 sec (10
minutes on the last cycle)

LCO1490 (f) 5’-GGT CAA CAA ATC ATA AAG

HCO2198 (r) 5-TAA ACT TCA GGG TGA CCA

SWAM1S8S (f) 5’-GAA TGG CTC ATT AAA TCA
GTC GAG GTT CCT TAG ATG ATC CAA ATC-3’
SWAM1S8S (r) 5-ATC CTC GTT AAA GGG TTT
AAA GTG TAC TC ATT CCA ATT ACG GAG C-3’

Folmer et al.

ATA TTG G-3’ (1994)

AAA AAT CA-3

Palumbi et al.
(1996)
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Table 3. List of taxa used for phylogenetic analysis and calculation of genetic distances with GenBank accession numbers

and references.

Species name 18S GB# COI GB# References
Bathynella sp. MN262083, MN258521 Camacho et al., 2020
MN262082,
MN262079
Bathynella sp. MF094716, MF114308, Camacho et al., 2018b
MF094715 MF114309
B. ruffoi MF436214, MF443327, Camacho et al., 2020
MF436212 MF443329
B. cf. ruffoi MF436213 MF443328 Camacho et al., 2020
Altainella calcarata MN262081, MN258522, Camacho et al., 2020
MN262080 MN258523
A. mongoliensis PQ037633, Ji, 2024
PQ037634
Vejdovskybathynella sp. MF094713 MF114306 Camacho et al., 2018b
Vejdovskybathynella sp. KC469515 KC469534 Camacho et al., 2013
V. caroloi KC469525 KC469538 Camacho et al., 2013
V. vasconica KC469521, KC469535, Camacho et al., 2013
KC469520 KC469536
Antrobathynella stammeri MF094714 Camacho et al., 2018b
Gallobathynella sp. KP999756 Camacho et al., 2017
G. coiffaiti KP999760 Camacho et al., 2017
G. boui KP999758 KP974147, Camacho et al., 2020
KP974146
G. tarissei KP999753 Camacho et al., 2017
Hobbsinella sp. MN262078, MN258519 Camacho et al., 2020
MN262077
H. edwardensis MF443323 Camacho et al., 2018a
Paradoxiclamousella sp. JX121235
P. fideli KC469524 Camacho et al., 2013
Parvulobathynella distincta MF436218 Camacho et al., 2020
(Leptobathynellidae)
Baicalobathynella cf. magna PQ476288- PQ476139- This study
PQ476298 PQ476149;

gene fragment, whereas only two haplotypes were
identified for the 18S gene fragment.

The median-joining network derived from COI
mtDNA demonstrates distinct genetic structuring
among bathynellids, forming two groups (Fig. 1B).
The first group consists of colorless individuals of B.
cf. magna from Cape Shartlay collected at a depth of
58.5 m, while the second group includes colorless
and red specimens from the Academician Ridge near
Cape Khoboy, Bolshoy Ushkany Island, the upper head
of Svyatoy Nos, and Sosnovskaya Banka collected at
depths ranging from 341 to 513 m. Average genetic dis-
tances between these groups were 8.8% to 9.6% nucle-
otide substitutions, with intragroup distances being
negligible.

The phylogenetic tree based on 18S rRNA, with
statistical supports for branch topology, is illustrated
in Figure 3. Small clade supports within larger clus-
ters are omitted for clarity. On the phylogenetic tree,
Baikal bathynellids form a distinct clade within the
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subfamily Bathynellinae, clustering as a sister group to
the European representatives of Bathynella Vejdovsky,
1882, and Altainella Camacho, 2020, from Altai and
Mongolia.

Mean genetic p-distances distances for the family
Bathynellidae, as shown in Table 4, indicate interge-
neric distances based on the COI fragment ranged from
16.3% to 23.0%, whereas 18S distances were lower,
between 1.7% and 6.7%. Intrageneric COI varied from
0.1% to 21%, and for 18S, from 0.1 to 1.9%. According
to molecular data available in GenBank, the closest rel-
atives of the Baikal bathynellids are representatives of
the Altainella inhabiting Aktru mountain river (Altai
Krai, Russia), including Altainella calcarata Camacho,
2019 (Camacho et al., 2020), and Altainella mongoliensis
Ji, Camacho, Lee, and Min, 2024 found in the intersti-
tial hyporheic zone of the Onon River basin (Mongolia)
(Ji, 2024). The average p-distance between species of
the genera Baicalobathynella and Altainella was 20.3%
for COI and 3.1% for 18S molecular markers.
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Bolshoye Goloustnoye
Mud volcano-Maiénk

A

Baikalsk town

‘ Babushkin town

—

50 km
Fig.2. A — Map of sample collection. B — Median joining network constructed based on COI gene fragment sequences. Colors
correspond to collection points. The size of the circle is proportional to the number of nucleotide sequences included in it.

The genus Baicalobathynella originated in the late
Oligocene—early Miocene (around 20.2 Ma), while the
divergence time estimated for the two genetic lineages
of B. cf. magna falls on the late Miocene—early Pliocene
(on average 7.2 Ma) (Fig. 4).

4. Discussion

The data obtained on locations of bathynellid
finds indicate a mosaic distribution across the three
basins of Lake Baikal. It was found that these organ-
isms methane seeps, mud volcanoes, and hydrothermal
vents within zones of active tectonic faults varying in
length and orientation (Seminsky et al., 2022). Some
sites, even without detected methane “flare” discharges,
such as the waters of Academician Ridge devoid of mud
volcanoes (Khlystov et al., 2000), Begul and Izhimey
Capes (Bukharov and Fialkov, 1996), Shartlay Cape
(Lunina et al., 2024), and Sosnovka Bay (Kazmin et al.,
1995), are also associated with tectonic faults.

Analysis of the nucleotide sequences of mtDNA
and 18S rRNA COI gene fragments from bathynellids in
northern Lake Baikal fault zones revealed the absence
of any representatives of the genus Bathynella. Instead,
individuals attributed to B. cf. magna exhibited poly-
morphism in their COI gene sequences, forming two
genetic lineages: “Shartlay” and “Academician Ridge
and Sosnovka.” It should also be noted that the genetic
differences between colorless and red individuals of
this group do not exceed three substitutions per the
COI gene fragment, suggesting intraspecific variabil-
ity. Probably, mosaic distribution implies that active
tectonic faults might influence the genetic structure of
Baikal bathynellid.

% Hydrothermal vent Frolikha

B

1/100 MN262078_Hobbsinella sp.
_IFZGZOW_Hobbsinella sp.
KC469525_Vejdovskybathynella caroloi
KC469521_Vejdovskybathynella vasconica
KC469520_Vejdovskybathynella vasconica
KC469513_Vejdovskybathynella edelweiss
KC469515_Vejdovskybathynella sp.
MF094713_Vejdovskybathynella sp.
KP999756_Gallobathynella sp.
KP999760_Gallobathynella coiffaiti
KP999758_Gallobathynella boui
KP999753_Gallobathynella tarissei
KC469524_Paradoxiclamousella fideli

1/99

JX121235_Paradoxiclamousella sp.
Bath11
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Bath9
Bath8
Bath7
Bath10

1/98| Bath6

Baicalobathynella cf. magna

MN262081_Altainella calcarata

1/100]' MN262080_Al/tainella calcarata
PQ037633_Altainella mongoliensis
PQ037634_Altainella mongoliensis
MN262083_Bathynella sp.
MF094716_Bathynella sp.
MN262082_Bathynella sp.
MF094715_Bathynella sp.
MF436214_Bathynella ruffoi
MN262079_Bathynella sp.
MF436213_Bathynella cf. ruffoi
MF436212_Bathynella ruffoi
MF094714_Antrobathynella stammeri
MF436218_Parvulobathynella distincta

0.94/84]

Bathynellinae

1/92]

0.02
Fig.3. Phylogenetic tree based on 18S nucleotide
sequences constructed for the family Bathynellidae. Sequences
obtained during this study are highlighted in bright green
(“Academician Ridge and Sosnovka”) and yellow (“Shartlay”).
Bayesian/bootstrap supports are given at tree nodes.

Gallobathynellinae
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Table 4. Matrix of mean pairwise p-distances between different genera of Bathynellidae. 18S and COI genetic distances are
given above and below diagonal, respectively. Mean intragenus pairwise p-distances for the COI/18S gene fragment are in italics
and shown on the diagonal. Minimal genetic distances are shown in bold.

1. 2. 3. 4. 5. 6.

1. Baicalobathynella 5,0/0,1 4,4 3,1 5,4 4,6 4,0

2. Gallobathynella 22,2 0,1/1,0 5,7 3,8 1,7 6,2

20,1 19,7 15'/0,8 6,3 6,0 4,0

4. Hobbsinella 23,0 21,0 20,5 21,0/1,9 4,2 6,6

5. Vejdovskybathynella 21,2 16,4 18,5 20,7 14,0/1,2 6,7
6. Bathynella 20,8 19,7 16,3 20,9 20,4 13,0/0,6

Note: * Since the nucleotide sequences for the species A. mongoliensis are not yet publicly available in GenBank, COI genetic
distances for the genus Altainella were taken from Ji et al., 2024.

Molecular genetic data indicate two genetic lin-
eages of B. cf. magna represent two independent spe-
cies, with a significant COI genetic distance of 9.2%
between them. Determining whether one corresponds
to B. magna and the other represents a new species
requires further study.

The divergence time of these lineages (or spe-
cies) dated to the late Miocene-early Pliocene (Fig.
4), and probably aligns with the geological develop-
ment of Lake Baikal, marked by partial geographical
separation of the Northern and Central basins and the
development of a single deep-water reservoir around
6-7 million years ago (Kuzmin et al., 2001; Mats et al.,
2011). This assumption is based on the fact that the
first lineage resides in the Northern Basin near Cape
Shartlay, while the second is found in various parts of
the Academician Ridge, which serves as the boundary
between the Central and Northern Basins.

Representatives of the genus Altainella from
Altai and Mongolia are identified as the closest rela-
tives to the Baikal bathynellids studied based on 18S

rRNA sequences from GenBank. The genetic distance
between the Altai and Mongolian species of Altainella is
15% of nucleotide substitutions, whereas the distance
between the Baikal genetic lineages “Shartlay” and
“Academician Ridge and Sosnovka” is 9% nucleotide
substitutions. It is important to note that the minimum
geographical distance between Cape Shartlay and the
Academician Ridge near Bolshoy Ushkany Island is
approximately 25 km, which is nearly 100 times less
than the distance between the habitats of two closely
related Altainella species.

The estimated time of existence for the common
ancestor of Altainella and Baikal bathynellids suggests
their widespread distribution across southern Siberia
and northern Mongolia until the late Oligocene—early
Miocene (Fig. 4). This period was characterized by the
onset of significant global changes within the Baikal rift
zone (Logachev, 2003; Mats et al., 2011).

Thus, the bathynellids fauna of Lake Baikal is
ancient in origin, and exceeds the two species described
in the middle of the last century, is distributed in three
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Fig.4. Divergence times derived from a relaxed molecular clock analysis based on COI sequences for Baicalobathynella and
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basins of the lake from the interstitial to maximum
depths, including regions with gas and thermal water
outlets. Future studies should focus on accurately char-
acterizing the species composition of bathynellids in
both interstitial and open waters of Baikal and its trib-
utaries, employing a comprehensive approach integrat-
ing morphological and molecular genetics data.

5. Conclusions

The data on the locations of bathynellid finds
indicate their mosaic distribution in three basins of
Lake Baikal. Bathynellids sampled from tectonic fault
sites have been identified as Baicalobathynella cf.
magna. Molecular phylogenetic analysis suggests that
their closest relative is the genus Altainella Camacho,
2020. Representatives of this genus are found in the
interstitial water of the Aktru mountain river in Altai
and the Onon river in Mongolia. The study revealed the
presence of two distinct lineages of B. cf. magna; the
average genetic distance between them, measured at
9.2% of nucleotide substitutions, is indicative of diver-
gence at the species level. The evolution of genetic lin-
eages aligns with the geological period of partial geo-
graphical separation between the Northern and Central
basins of Lake Baikal during the formation of a single
deep-water reservoir, occurring in the late Miocene-
early Pliocene.
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lNepBble CBEAEHHUA O TeHeTHYECKOM
pa3Hoobpa3zum u pUrOreHeTHYECKHX
B3aMMOOTHOLUEHUAX 6aTuHeAnnA
(Malacostraca: Bathynellidae) u3 ozepa
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JlumHostoeuyeckuti uHcmumym Cubupckoco omdesteHus Poccutickoti akademuu Hayk, YiiaH-Bamopckas, 3, Hpkymck, 664033,

Poccua

AHHOTAILIUA. B dpayHe 03. Batikas u3BecTHH Ba Buaa 6atunesuing: Bathynella baicalensis Bazikalova,
1954 u Baicalobathynella magna (Bazikalova, 1954), onrcaHHbIX U3 10)KHOW KOTJIOBUHBI 03epa. ABTOpamMu
BBISICHEHO, YTO OaTHHEJUINIbl PaCIPOCTPAHEHH! B TPEX KOTJIOBUHAX 03€Pa, BCTPEYATCsA HA METAaHOBBIX
cunax, rpsA3eBbIX ByJIKaHaX U ruporepMax. AHAIN3 HYKJIEOTUIHBIX [TOCJIeJoBaTeIbHOCTeN (pparMeH-
ToB reHoB COI mT/IHK u 18S pPHK 6aTuHennn, oOUTaOIMUX B MECTaX TEKTOHWYECKUX Pa3IOMOB B
CEBEPHOI YaCTU 03€epa, BBIABUJI OTCYTCTBUE TpeAcTaBuTesei poga Bathynella Vejdovsky, 1882. Pauku,
oTHeceHHbIe K Baicalobathynella cf. magna, npeacTaByieHb OBYyMs F€HETHYECKUMHU JIMHUAMU, YPOBHA
CaMOCTOATEIBHBIX BUIOB, Pa3oLIeAIINMUCA OT obiiero mpeaka okoyio 7 Ma. Pog Altainella Camacho,
2020, mpeficTaBUTENIN KOTOPOTO OOMTAIOT B MHTEPCTUI[UAJIA TOPHOM peku AKTpY Antas u peku OHOH B
MoHnrosiuu, 0603HaueH OJIKalIIuM pPoJICTBEHHMKOM KCCJIe/JoBaHHbIX OaTtuHe g baiikaa.

Kiouegwie ciioga: 6atunesiapl, 18S pPHK, COI, Batikan, pacnpocTpaneHue, pujioreHeTHYeCKU aHaJIu3, BpeMs

JIBEpreHInu

Jia nutupoBaHus: IleperosunHa T.E., Haymosa T.B., CutHukoBa T.f. [lepBble cBefeHHs O FeHETUYECKOM pa3HOOOpasnu
U GUIOTeHeTUYeCKUX B3aMMOOTHOIIeHUsX OatuHesunn (Malacostraca: Bathynellidae) us osepa Batikan // Limnology and
Freshwater Biology. 2024. - Ne 5. - C. 1318-1336. DOI: 10.31951/2658-3518-2024-A-5-1318

1. Beeaenue

Otpsig Bathynelacea otHOcuTca k HaumboJiee
JPEeBHUM TIPeICTAaBUTEAM BBICIIMX PaKOOOPa3HBIX
(Malacostraca). IlpencraButenu Bathynelacea mpu-
HaZJleXxaT BBICOKOCIENUAM3UPOBAHHBIM  T'pylIaM
CTUTOOMOHTOB U HHTEPCTULMOOUOHTOB, MO OOJIbIIEN
YacTH HACEJAIIIUX IellepHble, UHTEPCTUI[HAIbHEIE,
IPYHTOBbIE, KaMJUIAPHBIE U (PpeaTHyecKyie BOIBI BCEX
KOHTHMHEHTOB 32 HUCKJII0UeHHeM AHTapKTUIBI, a TaKKe
Kanapckux octposoB, ®umku u Hosoil Kanegonuu.
U3-3a ocobeHHOCTell MecT oOWTaHUA Bce NpeACTaBU-
TeJIW MOPsAAKa JINIIEHHI IJ1a3, UMEIOT MeJIKUe pa3Mephl
U IPO3pavHoe, YepBeoOpa3Hoe TeJIO ¢ KOPOTKUMU CJIa-
OBIMA KOHEYHOCTSIMU, MOKPBITBIMM TOHKHUMMU JJIUH-
HBIMHU YyBCTBUTEJIbHBIMU IETUHKAMHU.

B cocTtaBe oTpsAga BBIAEJIAIOT TPU CEMEMCTBA —
Bathynellidae Grobben, 1905; Parabathynellidae Noodt,
1965 u Leptobathynellidae Noodt, 1965 — ¢ 6oJiee uem
330 BasmaHbpIMU BumaMu u noxsugamu (Camacho et
al., 2021). Cem. Bathynellidae Grobben, 1905 mupoko
pacrpocTpaHeHo [0 BCeMy MHpY, U3BECTHO 36 poJIOB

*ABTOp JJI MIEPENUCKU.

u 109 BumoB (Camacho et al.,, 2020). Ha TteppwuTo-
pun Poccuu u compenesbHBIX rocyAapcTB (ObIBIIEro
CCCP) xoHcTaTHpoBaHO 18 BHIOB U MOJABUAOB MATU
pomno ceMm. Bathynellidae: Antrobathynella Serban,
1966; Baicalobathynella Birstein & Ljovuschkin, 1967;
Bathynella Vejdovsky, 1882; Altainella Camacho, 2020
u Tianschanobathynella Serban, 1993 (BupmreiiH
u JlepymkuH, 1967, TypbanoB, 2016; Camacho
et al.,, 2021). B o3. Balikan B cepeauHe IMpPOIIJIOTO
cToJieThss OOHApyXeHBHl M ONMCaHb 2 BHAA OaTu-
Hesump: Bathynella baicalensis Bazikalova, 1954 wu
Baicalobathynella magna (ba3ukasnosa, 1954), pasniuua-
omuecs pasMepamMu: AjvHa B. baicalensis cocraBisaer
1,5-2 MM u y B. magna — camoro KpymnHoro Ipejcra-
Butesia Bathynelacea — oHa Bapeupyer ot 2,1 no 3,4
MM; KOJIMYeCTBOM IIEeTUHOK Ha Iuieonofax (mo 12 y B.
magna u 4-5 y B. baikalensis); moJIHOI peyKI[leH 3K30-
noauta Il anTeHHBI 1 HaJIMYMeM 2 nap IJ1eonofoB y B.
magna (Bupmiteiin u JleBymkuH, 1967). YHuKasbpHasd
0co0eHHOCTh B. magna 3akJio4aeTcsa B TOM, 4TO MOpdo-
JIoru4ecKre IMPHU3HAKU 3TOTO BHJIA HE COOTBETCTBYIOT
MIOJTHOCTBI0O HU OAHOMY U3 3-X ceMeHNCTB, U 3TU NpU-
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3HAKW ABJIAITCA ieanoMopdHeiMU 171 Bathynellidae
(BupiureiiH u JleBymkuH, 1967; Drewes and Schminke,
2011; Camacho et al., 2021).

BasukasoBa A.fA. (1949; 1954) coobmiaer, 4TO
OTMICAaHHBIE el0 payky HalJeHHl B 3aJl. JINCTBEHUYHBIHN
(yctpe p. KpectoBka) B 30Hax riybun 200-250 u 140-
180 M, a Takxe Ha riyouHe 0,2 1 1440 M B 10KHOI KOT-
JoBuHe Baiikasa, HO He yIOMHHaeT 00 UX COBMECTHOM
obutanuu. [lozaHee 6aTUHEIIN/B OBLJIU OOHAPYKEHBI
B HECKOJIBKUX palioHax riTybokoBoAHOM 30HH (TaxTees
u 1p., 1993) u uHTepcTunmanu Ha riyouse go 0,6 m
B Oyxrte Bosbmue KoThl (1oro-zamajjHoe mnobepexbe)
(Beitn6epr u KamanrteiHoB, 1998; TuMowmKuH u [1p.,
2011).

B BogocbopHOM 6accetiHe 03. Baiikan 6aTtuHen-
Juabl OBLIM HEO[JHOKPATHO HaHJEeHH B BEpXHEM Teue-
HUU peK — MPUTOKOB I0XHOH dacTu o3epa (UépHoii,
Bonbminie Kotwl, CeHHOM, ['ojloycTHOI) U B pacmoJio-
KeHHBIX PANOM C HUMU H1ypdax, 3aroTHeHHBIX BOAO.
Pauku o6HapyxeHHI B 6acceiiHax pek BaprysuH, AHrapa,
a Takke B ropHoil peke Benbiii WpkyT (BocTouHBIN
CasH, ceBepHBIH cKJIOH xpebra MyHKy-Cap/sIk Ha rpa-
Hulle ¢ Monrosueii) (Taxrees u ap., 2000).

Pa3znoobpasue BunoB GatuHetua B balikanie u
ero bacceliHe, BeposiTHee BCero, HAMHOI'O OOJIbllle, YeM
M3BECTHO celyac, OJHAKO B CBA3W C MAaJIBIMU pa3Me-
paMU XKHBOTHBIX U UX 00pa3oM XU3HH, cO0p MaTepu-
aJia npejicraBiisieT co00l OYeHb TPYOOEeMKHUIT Ipoliecc,
mo3ToMy ux (ayHa Io-IpexHeMy cjabo HccieoBaHa
He TOJIbKO B BocTounoii Cubupu, HO u B LleHTpasibHOI
A3un B 11eJIOM.

B nocsiegHue mecsATHIETHS BeIyTCsl KOMILIEKC-
HbBle uccieqoBaHUsA MUpoBo (ayHsl Bathynellacea c
HCII0JIb30BaHUEM MOJIEKYJISIPHO-TEHETUYECKUX Map-
kepoB 18S pPHK u COI (Camacho et al., 2013; 2020;
2021; Ji, 2024 etc), 4yTO MO3BOJIAET CPABHUTH HaliKab-
CKUX OaTHHEJUIN]] C IpelCTaBUTeNIsIMU Apyrux dayH,
a Takxe IOJY4YUTh OoJiee IOJIHOE IIpeJCTaBJIeHHE O
ux 61M0opa3HO00pa3uu U 3BOJIIOLMOHHON uctopuu. I'eH
18S ucnonp3yT yalie BCEro AJjiA pelleHus cucreMa-
TUYECKUX 3aJ]a4 Ha yPOBHE BBHICOKHUX TaKCOHOB (POJIOB,
ceMelCTB) 13-3a BBICOKOI KOHCEPBAaTUBHOCTH 3TOTO
Mapkepa U, Kak IpaBUJIO, HU3KOH reHeTUYecKoH nud-

500 pm

gl

Puc.1. A - doto Baicalobathynella cf. magna (basukasoa, 1954); B — poto antenH B. cf. magna (A u B - poto Enymienko U.B.);
C — pUCYHOK aHTEHH: a — aHTeHHYJ1a, b — aHTeHHa (pucyHOK agantupoBaH u3 Drewes and Schminke, 2011).

1328

depennuanym mexny sBugamu (Tang et al.,, 2012).
MounekyssapHo-reHeTuueckuii Mapkep COI mmpoko
HCMOJIB3YIOT AJIA pa3fieJleHus BUJOB, B TOM 4HCJIe,
KPUIITUYECKUX, U MIMPOKO npuMeHswT i JHK 6ap-
konupoBanuA (Antil et al., 2023; Kabus et al., 2023).

Lesnpio faHHOU paboThl OBLIIO MCCJIeJOBaTh reHe-
TUYeCKUM mosuMopdu3M U NMpoaHaJIu3upoBaTh Guio-
reHeTUYeCcKre B3aMMOOTHOIIEHMs OalKaJbCKUX OaTu-
He/UTUu[ ¢ APYTUMU NPeACTABUTESIAMU 3TOU TPYIIILL
Ha OCHOBe CpaBHeHUs HYKJIEOTHUIHBIX MOCJIeJoBaTeIb-
HocTtell pparmenToB reHos COI (MTHK) u 18S pPHK
(amepnoti [THK). HoBble naHHBIe obJieryat fajbHeliliee
HU3yueHHe 3TOU MHTEepPecHON M BO MHOI'OM 3araJoyHoOun
rpynImsl pakooOpa3HbBIX.

2. MaTtepuanbl 1 MEeTOADI

batunemnuas cobpaHbl B 25 MeHOOGEeHTOCHBIX
npobax B jeTHue mepuonsl ¢ 2009 mo 2023 ¢ nomo-
b0 Jparu, JHodeprnaressa, kopobuaToro rpeiidepa u
yIpaBJiieMOro HeoOuTaeMoro IOJBOJHOIO ammnapara
(Tabnumna 1, Puc. 1A) B MecTax TEKTOHUYECKUX Pa3Jio-
MOB, BKJII0YasA payioHbI C BBIXOAAaMU ra3oB U TepMaJlb-
HBIX BOJ.

XKupotHele ObIM coTorpadupoBaHsl NOJ CBe-
TOBBIM MUKpockornoM Olympus BX53 ¢ momoIpio 1ud-
poBoii kamepsl Olympus SC180.

YacTh MaTepuajia HCIOJIb30BaHa AJIA MOJIEKY-
JIApHO-TeHeTHYecKux wucciegosanuil. JHK akcrpa-
rupoBaHa M3 BCEro TeJja >XMBOTHOIO IO MPOTOKOJIY,
onucanHoMy Jloisiom u JukcoH (Doyle and Dickson,
1987). YcnoBua amruymmdukanquu U CTPyKTypa mIpaii-
MepoB npuBedeHbl B Tabsune 2. IIpogyKThl peakiuu
MIpoaHaJIU3UpOBaHbl 3JjieKTpodopeTuyecku B 1%-HoM
araposHoM rese. ITosochsl 0Xx11aeMoro pasMepa BbIpe-
3aHBl U ouuieHsl corjacHo T. Manuatuc (Maniatis,
1982). CekBeHNpOBaHUE NPOBEJIEHO Ha reHeTUYeCcKOM
aHanuzatope «HAHO®OP 05» ¢ momoibio Habopa pea-
reHToB Brilliant Dye Terminator (v.3.1) Sequencing kit
(NimaGene, Tomnanaus). HyxkieoTujHble nocjefno-
BaTeJIbHOCTU OTPeJaKTUPOBAaHHI M BBIPABHEHHI B IIPO-
rpamme BioEdit (Hall, 2011).

50 pm

50 pm
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Ta6smna 1. Mecra Haxoqiok mpezcraButesieil Bathynellinae B 03. Batikast.
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Jata MecTo c6opa I'mybuna, M; opy-| KoopauHarsl, Tumn rpyHTa
cbopa aue coopa N.L., E.L.
27.09.2009 Kpacusiii fAp, meTa- 340 M, 52°24,5496 N, OKUCIEHHBIN KOPUYHEBHIN WJI, MeJIKVEe
HOBBIH cum, 1 KM oT JHouepnareJsib 109°53,4354 E |kamemky, me6GeHb U KPYIHBIE KAMHH, TECOK.
6epera «Oxean» Cpas.
02.10.2009 |Pa3pe3 EnoxuH-/{aBima 857 M, 54°44,697 N, |OKuCJIEHHBIA KOPUYHEBHIH WJI, CJIO OKOJIO 7
(ueHTp) JHOueprnareyb 109°05,857 E CM, €CTb BKpaIJIeHUs TUAPOTPOUINTA.
«OkeaH»
03.10.2009 AxageMuYecKHui 389 M, 53°62994 N, OKWCJIEHHBIN WJI, TOJIIMUHON 25 cM.
xpebeT, rpsa3eBbie JHouepnareJyb 108°12172 E
BYJIKaHbI «Oxean»
17.06.2010 | Bospmoe I'osioycTHOE 93 M, 52°00,2084 N, BoccTaHOBIEHHBIN WJI.
JHOYepIaTesb 105°21,6354 E
«OkeaH»
03.07.2015 I'psa3eBoii ByJIKaH 1393 M, 51°92,3788 N, OKMCJIEHHBIN WJT TOJIIMHOM 2-3 CM,
MaJieHbKHI rpetidpep 105°63,1519 E JKeJie30-MapraHiieBble KOPOUYKH, AeTPUT
(p-u Bosbmioro JaTOMOBO-CeHeJPOBHII.
T'onoycTHOrO)
03.07.2015 INocosibckas G6aHKa, 500 M, 52°03,5767 N, | Oxucnennsiii uia 0.5 cMm, rosy6as riavHa 6e3
METaHOBHIH CHUIl rpetidpep 105°84,3775 E BKpaIUIeHU! U CJIONCTOCTH.
04.07.2015 AxaneMu4ecKui 531 m, 53°400148 N, | OkucieHHBIN cJIoH wiia 1.5 cM, ajiee oueHb
xpebeT, psAIoM ¢ rpetidpep 107°891083 E | MArkuii IBIBy4Uii roy0oi 1, MHOTO IIPO-
ras3oryipaTom ’KUJIOK TUAPOTPOMJIUTA.
05.07.2015 AxagmeMHuYeCKHHI 536 M, 53°399337 N, OKUCJIEHHBIN cJIO uja 3 ¢M, fajiee OYeHb
xpebeT rpetidpep 107°891467 E MATKUH IJIBIBY YU roJiy0oH Wi, ecTh Npo-
CJIOVIKY TUPOTPOUIINTA, XeJle30-MapraHiie-
Bble KOPOUKH.
29.06.2016. | Kykyiickuii KaHbOH, 939 M, 52°589665 N, |OxwuciieHHbIH cjioH nia 3 ¢cM, BOCCTaHOBJIEH-
rpsa3eBoll ByJikaH K-2 rpetipep 106°770625 E HBIN roy1y0oii 11 6e3 BKparsleHU.
29.06.2016. | Kykyiickuii KaHbOH, 939 M, 52°589613 N, |OxmuciieHHBII CJIOH Mja 5 ¢M, BOCCTAHOBJIEH-
rpsA3eBoli ByJikaH K-2 rpetipep 106°770332 E HBII IoJIy0OH WJI U XeJjie30-MapraHiieBble
KOPOUYKH.
01.07.2016 T'opesoii YTec, 885 M, 53°304265 N, OKucJIeHHBIN cjol uia 1 ¢M, B HUXKHUX
He(dTe-MeTaHOBBII CUI rpetidpep 108°391662 E CJIOAX BOCCTAHOBJIEHHOI'O MJla COYEHUA
HedTHU.
03.07.2016 Beryn 1169 M, 52°728098 N, He601b111011 OKMCIIEHHBIN CJIOH, cepble KpU-
rperidep 106°586247 E CTaJLJIbl CEpHI.
03.07.2016 Beryn 1169 M, 52°728902 N, XKeseso-MapraniieBsie KOPOYKH, 3amax
rperidep 106°587093 E CepoBOAOPOAA.
30.06.2017 MopucTee MbIca 1630 M, 53°16542 N, |OxwucsyieHHsIi cjioi mia 1-1,5 cMm, BoccTaHOB-
WxuMmeit rperidep 107°993352 E JIEHHBIH TOJIy0O! WJI C XKejle30-MapraHiie-
BBIMM KOPOYKaMU M KPUCTAJLJIAMU CEPBI.
30.06.2017 MopucTee Mbica 1630 M, 53°275108 N, |OxwuciieHHBII CJIOH 1jia 3 ¢M, BOCCTAHOBJIEH-
Hxumeit rpeiibep 107°953110 E HBIU roJIy0Ol UJI C XXeJie30-MapraHleBbIMU
KOPOYKaMHU.
04.07.2017 T'uaporepMasibHBIN 330-374 m, 55°517062 N, |Ilecok, KOpUYHEBO-OPAHXEBBI AUATOMOBHII
BeHT dposmxa apara 109°804481 E WJI, paCTUTEJIbHO-IPEBECHBIN JETPUT.
55°520457 N,
109°792553 E
04.07.2017 T'uaporepMasibHBIN 413 M, 55°521705 N, TeMHO-KOPUYHEBBIY OKUCJIEHHBIH CJION mjia
BeHT dposmxa rpetibep 109°776540 E 1-2 MM, fajiee OAHOPOHBIN 3eJIeHOBATOTO
LBETa HJI.
18.07.2018 Boase r. BabymkuH, 39 M, 51°749587 N, KpyIHEIN 1 MEJIKUI MTEeCOK.
My3bIPbKOBAsi pa3rpy3ka rpeiidpep 105°833133 E
rasoB
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Jara MecTo c6opa I'my6una, M; opy-| Koopaunartsi, Tumn rpyHTa
cbopa aue cbopa N.L., E.L.
20.07.2018 BosJie r. BaiikaJbck 375 ™, 51°538720 N, OKHCJIEHHBIH CJION uiia 2-3 ¢M, BOCCTaHOB-
rpetidpep 104°197605 E | IeHHBII WJI cepo-YepHBIl, CO CITIONOM U TJIN-
HUCTHIMM KOPOYKaMH, 3allax CepoBOJIOPOAA.
19.06.2021 AxaneMH4ecKHui 513 m, 53°26,260 N, I'pyHT — MHOTO OKHCJIEHHOTO UJjIa, BOC-
xpebeT JHOuepIaTesb 107°53,812 E CTaHOBJIEHHHBIN I'0JIy60 WJI CO CJI0OAMU
OxmaHa-bepaxa TUAPOTPOMIIUTA.
*10.07.2021 Axanemuueckuit 517 m, 53°26,260 N, OKUCJIEHHBIH WJI, MEJIKUH [TeCOK
xpebeT (0K0JI0 0-Ba JHOouepnareJib 107°53,812 E
Bosbiion YiikaHmii) SxMaHa-Bepmka
*02.07.2023 CeBepHee MbIca 58,5 M, 53°56,408 N, |3awnsieHHBIH cepbiii KPYITHO3EPHUCTHII MECOK.
Ilaptiai, ycryn Bo3sie | HITA PoB6uinep 108°11,775 E
CKaJIbl RB-300
*08.07.2023 | CocHoBckasa 6aHKa 449 M, 54°08,836 N, OKUCJIEHHBIH MJI U BOCCTAHOBJIEHHBIN WJI,
(camas ceBepHas Touka | [AHoOuYepHaTeJib 109°25,046 E HEMHOTro Iiecka.
AxaeMHr4ecKoro JxmaHa-bepmxa
xpe6Ta)
*08.07.2023 AxanemMuyeckuit 341-349 m, 53°55,409 N, OKMCJIEHHBIH WJI, 0O4eHb MHOT'0 KOIIENoA-
xpebert (6aHka MexAay Apara 108°53,135 E HO-IaTOMOBOT'O JETPUTA.
Bepxaum H3rosiosbeM —
Cesaroro Hoca u 53°55,272 N,
YiKaHbMMU O-BaMU) 108°52,866 E
*09.07.2023 Axanemuyeckuit 210-208 m, 53°26,235 N, OueHb MeJIKHUIi, CUJIbHO 3auJIeHHBIN 11eCOK
xpebet y M. X0001i1 Apara 107°48,546 E
53°26,174 N,
107°48,345 E

IIpumeuanue: * — mecTta c6opa 6aTUHE TN, AJI KOTOPBIX [TOJIy4YeHbl MOJIeKyJIApHble NaHHbIe.

MeauaHHasA CeTh TaIUJIOTHUIIOB IO (PparMeHTy
reHa COI nmocTpoeHa ¢ MOMOIIbI0 porpamMmel Network
v.10 (Fluxus Technology Ltd. 2008), Haxopnsecsa B
cBOOGOJHOM JOCTyme Ha caure: https://www.fluxus-
engineering.com/sharenet.htm.

OUIIOTeHETUYECKUA aHaiu3 1o (GparMeHTy
resa 18S pPHK npoBefeH c¢ momoiipio Be6 Bepcuu
nporpammbl IQ-TREE v.1.6.8. (Nguyen et al., 2015),
JOCTYMHOM TO cchUIKe: http://igtree.cibiv.univie.
ac.at/. HauboJsiee noaxofAias MoJieib MOJIEKYJIIPHON
3BOJTIONINM BeIOpaHa ¢ momoInsio moAyJia Model Finder,
nHTerpupoBanHoro B IQ-TREE (Kalyaanamoorthy et
al., 2017). Tlogaep>XKy BeTBEH OLleHEHBI OBICTPHIM OYT-
crpen-MetonoM (Minh et al., 2013), a Takke ¢ mOMoO-
11bI0 GariecoBckoro Tecra (Anisimova et al., 2011). [{1s
(duoreHeTHYECKOTO aHAIM3a U pacyeTa reHeTUYeCKUX
QUCTAHII OOIOJJHUTEILHO 13 6a3bl faHHBIX GenBank
npuBJiedyeHo 17 nocsyenosarenbHocTeli COI u 28 nmoce-
JoBaTespHOCTel ¢parMmeHTa reHa 18S, mpuHajiexa-

MUX pa3HbeIM Buam cem. Bathynellidae u ogHomMy BuAy
ceM. Leptobathynellidae, koTopbIii MBI HCITOJTB30BAIH B
kavectBe ayTrpynnsl (Tabmuna 3).

Marpurna p-OqucTaHIui MeXAy HYKJIeOTUIHbBIMU
nocaegoBatesbHOCTAMU 18S u COI nocTpoeHna ¢ moMo-
mpto mporpaMmsel Mega 11 (Tamura et al., 2021).

Bpemsa guBepreHnuu 6aiikajibCKUX OaTUHEJTN[
paccuutado ¢ momoisio BEAST v.10.5.0 (Suchard et
al., 2018). Jlyia aHaM3a 3ammyCcKaJid IporpaMMy C JIJTH-
Hoil nen MonTe-Kapso (MCMC) 50 000 000 miaros.
CXOJMOCTh Pe3yJIbTaTOB OIleHEHA C IOMOIIBI0 IIPO-
rpammbl Tracer 1.7 (Rambaut et al., 2018). ITocKoJIbKY
cBenleHnA 00 uckomaemsix Bathynellacea oTcyTcTByIoT,
I KAJIMGPOBKY MOJIEKYJISIPHBIX YaCcOB KCIIOIb30BAHEI
cpegHUe CKOPOCTH HyKJIeOTAHBIX 3ameH COI, paccuu-
TaHHBIe Ha OCHOBe caMoM BbICOKOH — 1,38% 3ameH 3a
mutH jieT (Wares and Cunningham, 2001), 1 camoii Hu3-
ko# — 0,7% 3ameH 3a MutH JieT (Knowlton and Weigt,
1998) pocTymHBIX CKOpOCTell [AJA 3TOro Mapkepa,

Ta6sauna 2. Yciaosusa aMindUKanuu U CTPYKTypa npaiiMepoB.

I'en YeaoBua ammngukanuy, 30 HUKIJIOB CTpyKTypa IpaiMepoB CcbuIKH
COI nenarypanusa JJHK: 95°C — 40c (5 munyT Ha | LCO1490 (f) 5-GGT CAA CAA ATC ATA AAG | Folmer et al.
IepBOM LIUKJIE), ATA TTG G-3’ (1994)
oTxur npaiiMmepoB — 50°C - 60c, 3j10HTauA HCO2198 (r) 5-TAA ACT TCA GGG TGA CCA
HyKjleoTuAHOH Lenu — 72°C — 60c (10 MuHyT AAA AAT CA-3’
Ha I0CJIeHEM I[HUKJIE)
18S nenarypanua JJHK: 95°C — 60c (5 munyT Ha | SWAM1S8S (f) 5’-GAA TGG CTC ATT AAA TCA | Palumbi et al.
MEPBOM ILIUKJIE), GTC GAG GTT CCT TAG ATG ATC CAA ATC-3’ (1996)
oTxur npaimepos: 55°C - 60c, 310HranuA SWAM1S8S (r) 5-ATC CTC GTT AAA GGG TTT
HykJeoTugHOH nenu: 72°C — 60c (10 munyT Ha|AAA GTG TAC TC ATT CCA ATT ACG GAG C-3’
MoCJIEHEM LUKJIE)
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Ta6suna 3. Ciyicok TaKCOHOB, MCIOJIb30BAHHBIX AJ1A GUIJIOreHeTUUeCckoro aHaii3a U pacueTra reHeTUUeCKUX AUCTAHIUN C

HOMepaMmu AocTyma B GenBank u ccpuikamu.

HasBaHue BHOa 18S GB# COI GB# CChLIKH
Bathynella sp. MN262083, MN258521 Camacho et al., 2020
MN262082,
MN262079
Bathynella sp. MF094716, MF114308, Camacho et al., 2018b
MF094715 MF114309
B. ruffoi MF436214, MF443327, Camacho et al., 2020
MF436212 MF443329
B. cf. ruffoi MF436213 MF443328 Camacho et al., 2020
Altainella calcarata MN262081, MN258522, Camacho et al., 2020
MN262080 MN258523
A. mongoliensis PQ037633, Ji, 2024
PQ037634
Vejdovskybathynella sp. MF094713 MF114306 Camacho et al., 2018b
Vejdovskybathynella sp. KC469515 KC469534 Camacho et al., 2013
V. caroloi KC469525 KC469538 Camacho et al., 2013
V. vasconica KC469521, KC469535, Camacho et al., 2013
KC469520 KC469536
Antrobathynella stammeri MF(094714 Camacho et al., 2018b
Gallobathynella sp. KP999756 Camacho et al., 2017
G. coiffaiti KP999760 Camacho et al., 2017
G. boui KP999758 KP974147, Camacho et al., 2020
KP974146
G. tarissei KP999753 Camacho et al., 2017
Hobbsinella sp. MN262078, MN258519 Camacho et al., 2020
MN262077
H. edwardensis MF443323 Camacho et al., 2018a
Paradoxiclamousella sp. JX121235
P. fideli KC469524 Camacho et al., 2013
Parvulobathynella distincta MF436218 Camacho et al., 2020
(Leptobathynellidae)
Baicalobathynella cf. magna PQ476288- PQ476139- Hame uccnepnosanue
PQ476298 PQ476149;

OnyOJIMKOBaHHBIX IO APYTHMM pakooOpasHbIM. UTOOHI
3a7jaTh mapaMmeTphl Ay ucld.mean BrIOpaHO HOPMaJIb-
HOe pacmpefiejieHre co cpeqHUM noka3aresiem (Mean)
= 0,0104 u craHmapTHRIM OTKJIOHeHUeM (Stdev) =
0,0016925. B xauectBe mapamerpoB mis ucld.Stdev
BHIOPAHO IKCIOHEHI[UAJIBHOE pacIipefieieHue CO cpel-
HUM 3HayeHueM = 1,5.

3. Pe3ynbTaTthbl

BatuHesumiapl HalileHBl B 3-X  KOTJIOBU-
Hax o3epa, B TOM uHCJIe B MecTaxX Ny3bIPbKOBOH U
cTpyiiHou pasrpy3ku MetaHa (Ilocosibckass 0GaHKa,
Bospmoe T'onoyctHoe, Kpacuseiii flp, BabymkuH), Ha
HedTe-MeTaHOBOM curne ['opeBoil YTec, Ha OelNCTBY-
I0IIUX W MOTYXIIUX I'pA3eBHIX ByJkaHax (MasieHbKuM,
Axagemuyeckuii xpebet, Kykyiickuii KaHbOH), a TaKxe
Ha ruapoTrepMasbHOM BeHTe ®Dposmxa. OOHapyXeHbI
pauku U B palioHe MaKCHMaJIbHBIX TJIyOUH o3epa
(1630 m) — y M. Mxumett (Tabsuna 1). BatuHe st
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coOpaHbl Ha MATKWUX OKMCJIEHHBIX AOHHBIX OcCaJKax
CBeTJIO-KODUYHEBOI0 M KOPHUYHEBOI'O IBeTa TOJIIIU-
Hoit ot 0,5 10 5 ¢M ¢ IpUMeChI0 Tecka, rajabKu, 4acTo
XKeJjle30-MapraHIileBbIMH KOpOYKaMH, JeTPUTOM U Ipo-
cyioaMu rugpoTpousiuTa. IlofcTUamIUi CJI0M npef-
CTaBJjieH, Kak IPaBUJIO, BOCCTAHOBJIEHHBIMU CEphIMU U
roJiyObIMU UJIaMU.

[lo MopdosoruyeckuM npuszHakam (pas-
MepHl Tesa oT 2,0 o 2,5 MM U CTPOEHHIO aHTEHH)
coOpaHHBle OaTUHEUITMAB WUAeHTUDUIUPOBAHBI Kak
Baicalobathynella cf. magna (Puc. 2). BoJBIIUHCTBO
O6aTHHe/ UM He NMeJId OKpacky TeJa, JIMIIb B aKBa-
Topuu M. MxxumMelt 66111 0OOGHAPYXKeHBI 0COOH PO30BOTO
1[BeTa, a Ha AkajJieMuyeckoM xpebrte (ryrybuna 517 m)
— 0co0u KpacHOro nBera.

HyxieoTuHble nocjiefoBaTesIbHOCTH pparmeH-
toB reHoB COI mt JJHK mguHo#i 661 m.H., a Takxe 18S
pPHK pnuHoit 1748 n.H. noiyveHH oT 11 6aTtuHesina
(meBATH OeclBETHHIX U ABYX KpacCHBIX) U AEIOHUPO-
BaHHI B 0a3y fmaHHbx GenBank ¢ Homepamu fmoctyma:
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BonbLuoe lonoyctHoe
rpsizeBovt ByrnkaH ManexERi

N
A

r. Bavikanbck

r. BabyLwkuH

50 km

¢ rnapoTepmarbHbIi BEHT Pponvixa

CBSITOI HOC, BEpXHEE U3r0NoBbEe
2 0. bonbLuow YiwkaHui

5 ®

Puc.2. A - Kapra-cxema ¢ o603HaueHHeM MecT c6opa 06pasiioB. PO30BEIM 1[BeTOM 0003HaUYeHbl MecTa cO0POB MpeCTaBUTe-
new Altainella (Camacho et al., 2020; Ji, 2024). B — CeTb raryioTUIIOB, IOCTPOEHHAA Ha OCHOBE IOCJIe[IOBaTEJIbBHOCTEN (hparMeHTa
rera COL LiBeTa COOTBETCTBYIOT TOUKaM cOGopa. BesnurHa Kpyra mponopuuoHaabHa KOJMYECTBY BXOLSIINX B HETO HYKJIEOTUI-

HBIX [TOCJIeJOBATEIbHOCTEN.

PQ476139-PQ476149 (COI) u PQ476288-PQ476298
(18S). Mo pparmenty reHa COI BoIsABJIEHO 6 YHUKAJIb-
HBIX TaIllJIOTUIIOB, Toraa Kak 1o 18S — Bcero aBa.

Ha wmemuanHO# cetm ramiorumoB mno COI
MTJHK mnokazaHo, 4TO uccjiegyeMble OaTUHEJIN[IbI
UMeIOT 4YeTKyI0 I'eHeTHYecKyl CTPYKTypy u dhopmu-
pyioT ase rpymmsl (Puc. 1B). B mepsyio rpymmy BXOOAT
ocobu B. cf. magna, cobpanusie y M. Illaptiai (riy-
6una 58,5 M), BTOopas rpymnna chopMupoBaHa GaTu-
HeJumgaMu (B TOM yHcJjle KpacHOro IBera), cobpaH-
HBIMM Ha AkajaemMudeckoM Xxpebre y M. Xo6o#, o.
Bospmioit YmikaHuii, BepXHero m3roJioBbsa CBATOro
Hoca u B CocHoBckoll 6aHke (ryiyomHsl 341-513 m).
leHeTnueckye AUCTAaHLUUM MeXAy TpyIIamMu cocTa-
Buiu 8,8-9,6% HyKJICOTUAHBIX 3aMeH, TOrJa Kak BHY-
TPUTPYIIIIOBbIE JUCTAHIMHU OJIM3KU K HYJIIO.

dunoreHernyeckoe gepeso o 18S pPHK co cra-
TUCTUYECKUMU TOAJEPXKaMH TOIOJIOTUU BeTBJIEHUs
npuBesieHo Ha Pucynke 3. [logmepXxu A MeJIKHUX

KJ1af] BHYTPpHU OOJIBIINX KJIACTEPOB He yKa3aHbl, TaK KaK
OHU He HecyT 6oblION MHGOPMANMOHHON HarpysKu
U 3aTPYAHAIOT YTeHHe pucyHka. Ha JepeBe mokasaHo,
4To Gatikasbckue 6aTuHes AR GOPMUPYIOT CAMOCTO-
ATEJIBHYIO KJIaJly BHYTpH mojiceMericTBa Bathynellinae
M KJIaCTepU3YIOTCS B KauecTBe CECTPUHCKON TI'PYIIIBI
[I0 OTHOLIEHUIO K KJIajle, BKJIIOYAIOUIeH eBpOIelicKuX
npencraButesieir poga Bathynella Vejdovsky, 1882 u
pona Altainella Camacho, 2020 u3 Antasg u MOHromu.

BHyTpUpo#OBHle U  MEXpOJOBBIE MAaTPHUIIBI
reHeTUYeCKUX JAWCTaHUUM 1Jia ceMm. Bathynellidae,
BBIYMCJIEHHBIE II0 MOJIEKYJIAPHO-(UIOreHeTHYeCKUM
MapkepaM IpefcTaBjeHs B Tabsune 4. MexpoaoBse
p-AViCTaHIMM, paccunTaHHble o ¢parmeHTy reHa COI,
BapbUpyloT OT 16,3% 10 23,0%, Torga kak o 18S p-auc-
TaHLMU CyLlecTBeHHO Huxe, 1,7%-6,7%. 3HauyeHus
BHYTPUPOAOBHIX nucraHuuii mo COI BappUpPYyIOT OT
0,1% go 21%, 18S — ot 0,1 mo 1,9%. Bmkadmmmu
pOJCTBEHHUKAaMM OGaliKaJIbCKUX OaTUHeIUIU[, IO

Ta6smna 4. MaTtpuiia p-qucTaHIui MeXAy pasHeIMu pojaMu ceM. Bathynellidae. I'eHeTueckue auctaHmm no pparmMeHTy
reHa 18S mpuBefeHbl B BepXHel 4acTH MaTpulbl, o ¢pparMeHTy reHa COI — B HuKHel YacTh MaTpuupl. CpeqHue 3Ha4eHUA
D-AYCTaHIMI BHYTpHU Kaxaoro poja no dparmenty reHa COI/18S BriiesieHBl KypCUBOM U IPHBeJIeHB Ha AUaroHaau. JKupHeIM
prUGTOM BhI[eJIEHB MUHKMAaJIbHbIE 'eHeTHYeCKUe JUCTaHIUMN.

1. 2. 3. 4. 5. 6.
1. Baicalobathynella 5,0/0,1 4,4 3,1 5,4 4,6 4,0
2. Gallobathynella 22,2 0,1/1,0 5,7 3,8 1,7 6,2
3. Altainella 20,1 19,7 15/0,8 6,3 6,0 4,0
4. Hobbsinella 23,0 21,0 20,5 21,0/1,9 4,2 6,6
5. Vejdovskybathynella 21,2 16,4 18,5 20,7 14,0/1,2 6,7
6. Bathynella 20,8 19,7 16,3 20,9 20,4 13,0/0,6

IIpumeuanue: * l'eHeTHYecKue AUCTAaHIMM 1A poja Altainella mo ¢dparmenty reHa COI B3aTe u3 Ji et al., 2024, Tak kak B

GenBank HykJIEOTHU/IHbIE [TOCJIEOBATEIBHOCTH A1 Bua A. mongoliensis ellle He OTKPBITHI [J1A CBOOOAHOrO OCTYIIA.
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JocTynHEIM B GenBank MoJieKyJIApHEIM —OaHHBIM,
ABJIAIOTCA TpencTaBuTenn poja Altainella, oburaro-
11e B TOpHOU peke AkTpy (AnTaiickuii kpaii, Poccus)
— Altainella calcarata (Camacho et al., 2020), a Takxe
obHapyXeHHble B MHTEPCTUIMAJIbHON 00JIaCTU THIIO-
peasu GacceiiHa peku OHoH (Mourosus) — Altainella
mongoliensis (Ji, 2024). CpenHsasA p-TUCTAHIUA MEXAY
BuAaMu poJioB Baicalobathynella n Altainella coctaBuiia
20,3%/3,1% nyryieotuaHbx 3aMeH o COI/18S moie-
KYJIApHBIM MapKepaM.

Pox Baicalobathynella Hawyanm ¢opMUpoOBaThCs
B IIO3JHEM OJIUTOIleHe—paHHeM MuolieHe (B cpegHeM
20,2 Ma), Tora Kak paccuMTaHHOe BpeMs ANBepreH-
UM [IByX TeHeTwdyecKux JMHUHN B. cf. magna npuxo-
AUTCSA Ha MO3JHUN MUOLleH—paHHUH IJhoLleH (B cpen-
HeM 7,2 Ma) (Puc. 4).

4. 06cyxpeHue

[TosiyuenHBle JaHHBIE O MecCTax Haxo[oK OaTu-
HeJUINJ CBHAETeJIbcTByeT 00 MX MO3auvyHOM pac-
IpocTpaHeHUM B 3-X KOTJIOBMHaxX o3epa balikaj.
BeiicHeHO, 4TO OaTWHesIUABI MOTyT OOHUTaTh Ha
MeTaHOBBIX CHUIIaX, I'PA3eBBIX ByJIKaHax U TUApPOTep-
Max. OTH palioHbl HaxOoAATCA B 30HE aKTHUBHBIX TeEK-
TOHWYECKUX Pas3jIOMOB Pa3jIM4YHOI NPOTAXKEHHOCTU U
HanpaBJyieHHocTH (Seminsky et al., 2022). HekoTopsie
MecTa HaXxO[OK, Iie He oOHapyxXeHa «(dakeJbHasA» pas-
rpy3ka MeTaHa, Takke NPUYypOYeHbl K TeKTOHUYEeCKUM
pasjioMaM — 3TO akBaTOpuu AKaJeMHUYecKoro xpe0Ta
B MeCTax OTCYTCTBUA TIpPA3€BbIX BYJIKAHOB (XJIBICTOB
u ap., 2000), y meicoB Beryn u Wxumeit (Byxapos
u ®uankos, 1996), u meica [laptnait (Lunina et al.,
2024), 6yxTtel CocHOBKa (BKJII0Yas MMOJBOJHYI0 BO3BHI-
meHHoOCTh — 6anky) (KaspmuH u fp., 1995). Ananus
HyKJICOTUAHBIX IOcjlefjoBaTeJIbHOCTel (parMeHTOB
reroB COI mT/IHK u 18S pPHK 6aTunesmif, oburao-
IUX B MecTaX TeKTOHHMYEeCKHX pa3JIOMOB B CeBEepHOH
yacTH O3epa, BBIABUJI OTCYTCTBHE IIpeAcTaBUTesIei
poaa Bathynella. Tlpu 3TOM payky, OTHECEHHBIE K B.
cf. magna, okaszanuce nosuMopdHBMHU N0 GparMeHTy
reHa COI u mpencraBjieHBl ABYMA TI'eHeTHYECKUMU
muauaMmu: «IlapTiaii» u «AkageMuieckuil xpebeT u
CocHoBKa». CiefyeT TakXe OTMETHUTb, YTO reHeTHYe-
CKMe pasjndusa MexAy 6ecliBeTHBIMM M KPacHBIMHU 0CO-
6sAMu TUHUM «AKafeMudeckuil xpebeT 1 COCHOBKa» He
npesbimaer 3 3aMeH B rede COI, 4TO cOOTBeTCTByeT
BHYTPHUBHJOBOM U3MEeHYMBOCTHU. BeposATHO, Mo3anuHOe
pacrpocTpaHeHne 6aTUHeJUIN B 30HaX aKTUBHBIX TeK-
TOHWYECKUX Pas3jiOMOB BjuAeT Ha (opMHUpOBaHUE UX
reHeTU4eCcKOU CTPYKTYPHL.

MorekyiapHO-TeHeTHYecKre  AaHHblE  CBU-
JeTeJIbCTBYIOT, YTO [Be TIeHeTUYecKue JIMHUU
HCC/IeIOBaHHBIX OaTHMHe/UI IpUHAaaIexaT [ByM
CaMOCTOATeJIbHBIM BUAaM C BBICOKUM ypoBHeM qudde-
peHuuanuu (COI guctaHua MexXAy HAMH COCTaBAeT
9,2%). Kakoii u3 3Tux BUJ0OB IpUHAJIEXUT K B. magna,
a Kakoy ABJIAeTCA HOBBIM [JJIA HayKH, ellé MpefCTOUT
BBIAICHUTb.

PaccuutanHoe BpeMs AuBepreHIy ABYyX reHeTu-
YyecKuX JUHUHN (UM BUOB), COOTBETCTBYET MO3THEMY
MHoOLleHy—paHHeMy IuimoneHy (Puc. 4) u, BepoATHO,

1/100 MN262078_Hobbsinella sp.
_IFZGZOW_Hobbsinella sp.
KC469525_Vejdovskybathynella caroloi
KC469521_Vejdovskybathynella vasconica
KC469520_Vejdovskybathynella vasconica
KC469513_Vejdovskybathynella edelweiss
KC469515_Vejdovskybathynella sp.
MF094713_Vejdovskybathynella sp.
KP999756_Gallobathynella sp.
KP999760_Gallobathynella coiffaiti
KP999758_Gallobathynella boui
KP999753_Gallobathynella tarissei

1/99

Bath11
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Bath9
Bath8
Bath7
Bath10

1/98] Bath6

Baicalobathynella cf. magna

MN262081_Altainella calcarata

1/100]' MN262080_Al/tainella calcarata
PQ037633_Altainella mongoliensis
PQO037634_Altainella mongoliensi:
MN262083_Bathynella sp.
MF094716_Bathynella sp.
MN262082_Bathynella sp.
MF094715_Bathynella sp.
MF436214_Bathynella ruffoi
MN262079_Bathynella sp.
MF436213_Bathynella cf. ruffoi
MF436212_Bathynella ruffoi
MF094714_Antrobathynella stammeri
MF436218_Parvulobathynella distincta

0.94/84]

1/92|

0.02

Puc.3. OwusoreHernuyeckoe AepeBO, IOCTPOEHHOE
0 HyKJIEOTUAHBIM IOcJiefoBaTesIbHOCTAM 18S A cem.
Bathynellidae. fpxo-3enensiM («AkameMuyeckuil xpeGeT u
CocHOBKa») n xenteiM («IllapTiiaii») BbIIEJEHBI TOCJIENO-
BaTeJIbHOCTH, MOJIyYeHHBIe B XOA€ AAHHOI'O KCCJIEAOBAHUS.
BaiiecoBckue/OyTCTpen-nOIepX KU MpUBEAEHB B y3J1ax
Jepesa.

CONpsXKEHO C TreoJIorMyeckMM pasBuTueM baiikaina,
T.e. NPOMCXOAWJIA B Iepuoj 4YacTH4YHOU reorpadu-
yeckoil pazobmeHHocTu CeBepHoll u lleHTpasbHOMI
KOTJIOBUH oO3epa M (OpPMHUPOBaHUA €AUHOro TIJiybo-
KOBOJHOro BojoeMa (He paHee 6-7 MJIH JIeT Hasajn)
(KyspmuH u mp., 2001; Man u ap., 2011). 3to npen-
[I0JIOXKEeHWe OCHOBAHO Ha TOM, YTO IIpeACTaBUTEIN
MepBoOil reHeTHYeckoll JUHUU obutailoT B CeBepHOU
KkoTI0BHHe y MbIca lllapTsaii, npeacTaBuTe I BTOPOH
reHeTUYeCcKol JIMHUY HaceJIAI0T pasjiMyHble y4acTKU
AxafeMudeckoro xpe0Ta, ABJAIIIErocsa TIpaHUIlEH,
pasgessmomei LlenTpaibHyio 1 CeBepHYI0 KOTJIOBUHBL.

lpeacraBurenu popa Altainella w3 Antasa u
MouHrosuu, cyaa no uMmeronMcs B 'enbaHke HyKJIeo-
TUAHBIM NocaenoBaTesibHOCTAM reHa 18S pPHK, aBmisa-
10TcA OGIXalIIiMU pOACTBEHHUKaMU MCCIIeJOBAaHHBIX
Oalikasibckux OaTuHesuA. 'eHeTmyeckas AUCTaHIUA
MeXJy aJTaliCKuM M MOHTOJIbCKMM BHJAaMHU 3TOrO
pona cocraBusia 15% HYKJI€OTHAHBIX 3aMeH, Torga
Kak MexJy OalikaJbCKUMHU IeHeTUYeCKUMU JIMHUAMU
«[MapTtnaii» u «AxkageMudeckuii xpedbet u COCHOBKa» —
9% 3ameH. OgHAaKO OTMETHM, YTO MUHUMAJIbHOE reo-

KC469524_Paradoxiclamousella fideli
JX121235_Paradoxiclamousella sp.

Bathynellinae

Gallobathynellinae
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Puc.4. BpemeHa quBepreHNnY, OlleHEHHBIE C IIOMOIIbI0 paccjaabieHHBIX MOJIEKYJIAPHBIX YacOB Ha OCHOBE HYKJIEOTHUIHBIX
nocsyiegoBaresbHocTer COI i npencrasuresiell Baicalobathynella u Altainella. fIpko-3esieHBIM 0003HaYeHa reHeTUYeCKas JINHUSA
«Axazemuueckuii xpebetr 1 COCHOBKa», XKeJITBIM — reHeTuueckas JuHuA «[llapriai». B rosyosix NpAMOYrojibHUKax gaHbel 95%

JAOBEPUTEJIbHBIE NMHTEPBAJIbI BDEMEHU JUBEPI€HIIVN.

rpaduueckoe paccrosgHue Mexay MbeicoM laprtiail u
AxanemuueckuMm xpe6toMm (y Bosbmioro YmikaHbero
OCTPOBAa) COCTaBJIAET BCEro OKOJIO 25 KM, YTO IIOYTHU B
100 pa3 MmeHblIe, YeM MeXy apeajamMu JBYX OJIN3KO-
POACTBEHHBIX BUIOB poxa Altainella.

Bpewms cymiecTBoBaHuUs ob1ero mpeaka Altainella
U OalikaJIbCKUX GaTUHEJUIN[, CBUAETEJbCTBYEeT O UX
HIIMPOKOM pacipocTpaHeHun B HOxHoii Cubupu u
CeBepHOI1 MoHrosnu BIUIOTH O NO3AHEro oJIMrolneHa—
panHero muoneHa (Puc. 4). 3To reosioruueckoe Bpems
O3HaMEHOBAHO HayajioM IJI00aJIbHBIX WM3MEeHEeHUH B
Batikanbckoil pudToBoil 3oHe (Jloraues, 2003; Mar u
ap., 2011).

Takum o6pa3om, (¢ayHa OatuHesup batikasna
ABJIAETCA [JpeBHEN M0 MPOMCXOXJEHUIO0, BKJIIOYaeT
OoJibllle, 4YeM ABa ONMCAHHBIX B cepeuHe IPOILIJIOr0o
BeKa BH[a, pacIpocTpaHeHa B TpeX KOTJIOBUHAaX o3epa
OT MHTepCTULIMAIN 0 MaKCHMaJIbHbIX IJIyOMH, BKJIIO-
yasg palioHbl C BBIXOJaMH{ I'a30B M TepMaJIbHBIX BOJ.
JlanpHelmue uccaeqOBaHUA OJDKHBI OBITH Hampas-
JIeHBl Ha BBIACHEHHE BHJIOBOTO COCTaBa OaTUHeIUINA,
o0UTaOIX B HHTEPCTUIMAJN U OTKPHITHIX BOJax
Balikasa 1 ero nNpuTOKOB C NpUMeHeHHeM KOMILIeKC-
HOTI'O IIOJXOJa, OCHOBAaHHOTO Kak Ha Mopdosoruye-
CKUX, TaK U Ha MOJIEKYJIIPDHO-TeHeTUYeCKUX JaHHBIX.

5. BoiBOADBI

[TosryyeHHBIE CBefeHUs O MeCcTaX Haxo[oK
OaTUHEIUIN] CBUETEJbCTByeT 00 UX MO3auYHOM
pacmpocTpaHeHU: B 3-X KOTJIOBUHaX o3epa Baiikair.
Barunennuapl, coOpaHHBIE B MeECTaX TEKTOHUYECKHX
pa3yioMOB, OTHeceHBl K BuAy Baicalobathynella cf.
magna. MoJieKyJIApHO-GUIOTeHEeTUYeCKUH  aHaIn3
rnokasaji, 4To uxX OJIMKAWIIMM POACTBEHHUKOM SBJIA-
ercs pof Altainella Camacho, 2020, npencraBuTen
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KOTOpOTO OOMTAalT B MHTepCTULMAIN TOPHON peKu
AxTpy Antas n pexu OHOH B MoHnroysmu. BeiasieHo
CyllleCTBOBAHME [BYX HUBEPreHTHBIX JIMHUEA B. cf.
magna, reHeTH4ecKas QUCTAHIMA MeXay KOTOPBIMU B
cpenHeM cocTaBuia 9,2% HYKJIEOTHUOHBIX 3aMeH, 4TO
COOTBETCTBYeT pa3JjINuMaAM Ha YpOBHEe Pa3HBIX BUJOB.
OBOJIIOLIMA TeHeTHYeCKuX JIMHUK [pUXoAuTcA Ha
Mepuo[] 4acTUYHOH reorpaduveckoil pa3obIeHHOCTU
CeBepHoll 1 lleHTpasbHOI KOTJIOBUH oO3epa balikan
u GOopMHUPOBaHUA €UHOr0 TJIyOOKOBOAHOTO BOJoeMa
(mo3mHMIT MUOLIEH — PaHHUI TJTUOLEH).

BbaaropapHocTH

PabGoTa BeINOJIHEHA NpU NOAAEpKKe OI0JIKeTHBIX
npoekToB 121032300196-811121032300180-7. ABTOpHI
BhIpaxaioT OsaromapHocTs Kyuepy K.M. 3a oT6op
poOsI ¢ moMombio HITA «PoBOunaep», k.6.H. EHymmeHKo
W.B. 3a nomorp npu poTorpadupoBaHmu GaTUHE ITU.
CexBeHUpOBaHue 00pasloB NposefieHO B [IpnbopHOM
I[eHTpe KOJUJIEKTUBHOI'O I0JIb30BaHUA (PU3MKO-XUMU-
yeckoro yiabTpaMukpoaHanusa JIMH CO PAH (LIKII
«YibTpaMuKpoaHau3»). Coop MaTepuasia MpOBOIUIICSA
¢ 6oproB HUC «I'.}0. Bepemarun», «Tutos», «[lananua»
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