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ABSTRACT. Hundreds of Baikal amphipod species form a so-called species flock, and Eulimnogammarus
(Philolimnogammarus) marituji Bazikalova, 1945 is one of the most widespread representatives of this
group in the southern part of Lake Baikal. Despite this, nothing is known about the genetic structure of
this species. In this study, we identified three genetic lineages of E. marituji based on the sequences of a
mitochondrial gene cytochrome c oxidase subunit I (COI) and a nuclear gene 18S rRNA. We designated
these lineages as the southern (S), western (W) and central (C) lineages. While the three lineages are
geographically separated in Baikal, they are mixed in the Angara and Yenisey rivers. The age of the last
common ancestor is estimated at 3.6 million years ago. We also observed first-and second-generation
hybrids, which at the moment prevents us from considering these lineages as separate biological species.
In addition, based on the literature and our observations, we hypothesise that the previous findings of
a distinct species Eulimnogammarus (Philolimnogammarus) viridis (Dybowsky, 1874) in the Yenisey River

should be attributed to E. marituji.
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1. Introduction

The Baikal representatives of the Amphipoda
order (Crustacea) are one of the prime examples of the
“species flock”. To date, more than 350 endemic species
and subspecies have been described (Takhteev, 2019).
As autochthonous dwellers of Lake Baikal (Sherbakov,
1999), which is estimated to be 25-70 million years
(my) old (Mats et al., 2011), they have inhabited all
existing ecological niches. Amphipods inhabit at all
depths (0642 m) and have various feeding types (from
algae to parasitism) and life forms (pelagic, benthic and
symbiotic) (Takhteev, 2000). Numerous studies have
estimated the genetic diversity of Baikal amphipods
from different ecotopes of the lake (Yampolsky et al.,
1994; Sherbakov et al., 1998; Gomanenko et al., 2005;
Daneliya et al.,, 2011; Daneliya and V&inold, 2014;
Gurkov et al., 2019; Zaidykov et al., 2023). Littoral
amphipods are an interesting group in this regard,
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being easily accessible for capture and study. The
intraspecific genetic distance for some species is often
comparable to the interspecific distance for non-Baikal
amphipods, suggesting cryptic diversity (Gurkov et al.,
2019). At the same time, all Baikal amphipods reside
within the Gammarus clade according to molecular data
(Macdonald III et al., 2005).

We will use the same terms as in our previous
works (Drozdova et al., 2022; Saranchina et al., 2024).
A set of similar sequences of one gene, as determined
by a species delimitation method will be referred to as a
haplogroup. In this study, a genetic lineage will refer to
a group of animals with separate haplogroups for each
marker gene.

In our previous work on the genus
Eulimnogammarus Bazikalova, 1945 it was found that
the formerly single species E. verrucosus (Gerstfeldt,
1858) splits into three geographically separated lin-
eages in Baikal (Gurkov et al., 2019). Subsequently,
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pre- and postzygotic barriers were checked and genome
sizes were different for all three lineages (Drozdova et
al., 2022). As no qualitative morphological distinctions
were found, we assert that these lineages are cryptic
species. Although the E. vittatus (Dybowsky, 1874) spe-
cies also have separate lineages, the genetic distance
between them is smaller than the distances between
the E. verrucosus lines (Gurkov et al., 2019). A differ-
ent pattern emerges for E. cyaneus (Dybowsky, 1874):
it does not form clearly defined genetic lineages, and
different geographical populations can interbreed
freely (Drozdova et al.,, 2025). The littoral species
Gmelinoides fasciatus (Stebbing, 1899) comprises four
haplogroups by the cytochrome oxidase subunit I
(COI) gene sequences, and the distance between one
of these groups and the other is comparable to the dis-
tance between the E. verrucosus and E. vittatus lines
(Gomanenko et al., 2005; Bukin et al., 2018; Drozdova
et al., 2024).

It should be noted that the distribution of the
genetic lineages of all aforementioned species correlates
with the spots where they were caught. In particular, it
has been established that there are different lineages of
the E. verrucosus and E. vittatus inhabiting the different
banks of the Angara River, the single Baikal outflow
(Gurkov et al., 2019). The minimum geographic dis-
tance between the river’s source banks is only 1 km,
which is a distance the animals could potentially cover.
For E. verrucosus cryptic species are shown to blend at
the Angara source but one of them dominates over the
other one downstream. Distinctions in diets, breeding
season, preferred temperature or other ecological fea-
tures have not been identified, so the reasons for the
replacement of one species by another are unknown.
One more interesting fact is that the age of the last
common ancestor reaches 4 my, whereas the age of the
Angara is only 70-120 thousand years (Saranchina et
al., 2024). A study of the genetic origin of the Baikal
amphipod in the Angara River may shed light on the
ongoing evolutionary processes in Baikal.

In this article, we focus on another
Eulimnogammarus species, Eulimnogammarus
(Philolimnogammarus) marituji  Bazikalova, 1945

(Bazikalova, 1945). This littoral species is found at
depths of 0-30 m (Kamaltynov, 2009), whose body
length ranges from 16 to 25 mm, during the winter-sum-
mer breeding season. The species is widespread partic-
ularly in the southern part of the lake (Govorukhina,
2005) and is also one of the dominant species along the
water course (based on our observations). Despite this,
the E. marituji phylogeny remains unstudied. Currently,
there is only one transcriptome for a single specimen
available in the NCBI Genbank database, which was
produced as part of a project on the phylogeny of all
Baikal amphipods species (Naumenko et al., 2017).

2. Materials and methods
2.1. Sampling

A total number of 67 E. marituji individuals were
caught and analysed. Amphipods were collected from
14 spots, six of which were located at the shore of
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Lake Baikal, seven in the Angara River and one in the
Yenisey River. The exact dates and coordinates for each
animal are listed in Supplementary Table S1. The ani-
mals were caught with a hand net at depths of 0-0.5 m;
most of the samples were photographed before fixation
in ethanol. The amphipods were identified as E. marituji
according to the morphological key (Bazikalova, 1945).

2.2. DNA extraction, PCR and markers
genes sequencing

DNA was extracted from the pleopods and pereo-
pods using an S-sorb commercial kit (Syntol). The tube
containing the tissue and two steel beads was placed
in a TissueLyser (Qiagen) and homogenised at a maxi-
mum speed for 1.5 min. Subsequent extraction was per-
formed according to the manufacturer’s instructions but
the lysis step was one hour long instead of five minutes.
The 5’ regions of the mitochondrial cytochrome c oxi-
dase subunit I (COI) gene and nuclear 18S rRNA gene
were used as marker fragments. To amplify the COI
gene, 2x BioMaster HS-Taq (BioLabMix) and 2.5x real-
time PCR reaction mix (Syntol) were used. 5x ScreenMix
(Evrogen) and 2x BioMaster HS-Taq (BioLabMix) were
used to amplify the 18S rRNA fragment. Eight primers
for the COI polymerase chain reaction were as follows:
LCO_Eve_F1 (TCTCTACTAATCATAAAGATATCGG),
Eve F5  (AGAGCTATCTCAGACTTTGAATC), COL
LCO1490 (GGTCAACAAATCATAAAGATATTGG),
jgLCO01490 (TITCIACIAAYCAYAARGAYATTGG) and
HCO_Eve R1 (TAAACTTCTGGATGGCCAAAGAATCA),

Eve R5 (TGCCAGTAGGAACTGCGATA), COL
HCO2198 (TAAACTTCAGGGTGACCAAAAAATCA),
jgHCO2198 (TAIACYTCIGGRTGICCRAARAAYCA).

The 18S rRNA gene was amplified using the 18SF
(CCTAYCTGGTTGATCCTGCCAGT) and 18S700R
(CGCGGCTGCTGGCACCAGAC) primers. The LCO_
Eve_F1/HCO_Eve_R1 and Eve_F5/Eve_R5 primers pairs
were taken from our previous work (Saranchina et al.,
2024). COI_LCO1490/COI_ HCO2198 is a universal
pair commonly used to amplify invertebrate COI frag-
ments (Folmer et al.,, 1994). jgLC0O1490/jgHC02198
primers were constructed based on COI_LC0O1490,/COL_
HCO2198 primers to broaden their taxonomic scope
(Geller et al., 2013). 18SF/18S700R were designed for
studies in amphipods (Englisch et al., 2003). Forwards
and reverse primers were used in various combinations
for each sample (see Supplementary Table S1). The
PCR programme was as follows: 95°C 5 min, then 30
cycles with the steps of 95°C for 30 sec, 53°C for 1 min
and 72°C for 1 min, with a final step of 72°C for 5 min
out of the cycle.

PCR efficiency was tested using gel electrophore-
sis in a 1% agarose gel in 1x TAE buffer. The obtained
PCR products were purified using Cleanup Standard
or Cleanup Mini kits (Evrogen) for COI fragments
and ColGen (Syntol) for the 18S rRNA gene. Sanger
sequencing method was performed according to the
standard protocol with a modified reagent volume
(BigDye® Terminator v3.1 Cycle Sequencing Kkit, Life
Technologies): A ready reaction mix was added at a vol-
ume of 1 uL and a buffer at a volume of 2 uL per reac-
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tion. The same pairs of primers were used for sequenc-
ing both genes. Fragment separation and analysis were
performed using a Nanophor 05 sequencer (Institute for
Analytical Instrumentation RAS) (Alekseev et al., 2019;
Bocharova et al., 2021).

2.3. DNA sequence analysis

The raw sequences were basecalled using
Mutation Surveyor V5.1 (Minton et al., 2011) and saved
in.abl format in the Chromas V2.6.6 (Technelysium)
program. Alignment to the reference and calculation of
the final consensus were performed using the UGENE
V41.0 program (Okonechnikov et al., 2012). Reference
sequences for the western species of E. verrucosus
were obtained from the NCBI database: COI fragment
NC_023104.1 (Rivarola-Duarte et al., 2014) and 18S
fragment AY926773.1 (Macdonald III et al., 2005).

In addition to our own data, we also included
the sequences from NCBI in the phylogenetic net-
works  (https://www.ncbi.nlm.nih.gov/nucleotide/).
The sequences of E. cyaneus MK887733.1 (Gurkov et
al., 2019) and E. viridis AY926664.1 (Macdonald III et
al., 2005) were used as outgroups for the COI network.
One E. marituji COI sequence was retrieved from raw
transcriptome sequence data (Naumenko et al., 2017).
Based on this data, a de novo assembly was obtained
(Drozdova et al., 2022), in which the COI sequence was
searched using the exonerate utility (Harrison et al.,
2024), with the sequence NC_023104 also being used as
a query (Rivarola-Duarte et al., 2014). The authors indi-
cate that the specimen was caught near the Bolshie Koty
settlement. In the case of the 18S gene, the sequences
from E. cyaneus FJ752393.1 and E. viridis AY926774.1
(Macdonald III et al., 2005) were used as outgroups.
The COI network comprised 72 sequences, 69 of which
are animals obtained during this study. One sequence
was taken from transcriptome data (Naumenko et al.,
2017), and two new sequences belong to the E. viridis
species. Two more sequences serve as outgroups. The
18S rRNA network comprises 72 sequences, three of
which belong to the E. viridis species, with no transcrip-
tome data from (Naumenko et al., 2017) used. The E.
cyaneus 18S rRNA sequence KX341964 was used as an
outgroup (Romanova et al., 2016).

The sequences were aligned using the Kalign
algorithm (Lassmann and Sonnhammer, 2005)
and trimmed manually in the UGENE programme
(Okonechnikov et al., 2012) to the shortest sequence.
The COI alignment was 516 bp long, while the 18S rRNA
alignment was 449 bp long. The resulting files were
loaded into SplitsTree V4.18.1 (Huson, 1998) to con-
struct networks. The presence of a barcoding gap was
assessed with ASAP (Assemble Species by Automatic
Partitioning) algorithm through the SpartExplorer web
interface (https://spartexplorer.mnhn.fr/; Puillandre
et al., 2021; Miralles et al., 2022). A calibrated phy-
logeny was produced using beast V2.7.3 (Bouckaert
et al., 2014) with the optimized relaxed clock model.
Calibration was performed based on the previously
defined rate of 0.01773 substitutions per my for the
COI gene in gammarid amphipods (Copilas-Ciocianu et
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al., 2019). The reliability of the obtained estimates was
assessed using Tracer V1.7.2 (Rambaut et al., 2018).

The R programming environment V4.3.2 (R Core
Team, 2024) in RStudio V2023.09.1 was used for data
visualisation. The following packages were used for the
maps, which were drawn using Stamen Design’s data
and distributed by Stadia Maps (https://stadiamaps.
com/stamen/), and phylogenetic networks: ape V5.7
(Paradis and Schliep, 2019); dplyr V1.1.1 (Wickham
et al.,, 2023a); ggmap V3.0.2 (Kahle and Wickham,
2013); ggplot2 V3.4.2 (Wickham and Sievert, 2016);
ggtree V3.2.1 (Wang et al., 2020); openxlsx V4.2.5
(Schauberger and Walker, 2023); phangorn V2.10.0
(Shavit et al., 2007); reshape2 V1.4.4 (Wickham, 2007,
p. 200); scales V1.2.1 (Wickham and Seidel, 2022); tang-
gle V1.1.0 (Schliep et al., 2021); tidyr V1.3.0 (Wickham
et al., 2023b); treeio V1.18.1 (Wang et al., 2020). The
final compilation was performed using Inkscape V1.1.2
software (https://inkscape.org/).

All code and initial
at the GitHub repository (https://github.com/
SaranchinaAlexandra/E.marituji article data). The
sequences obtained during this work are available at
the NCBI Genbank database; the accession numbers are
PV804880-PV804946 (COI) and PV810004-PV810071
(18S rRNA).

data are available

3. Results
3.1. E. marituji genetic lineages

To estimate the genetic diversity of the E. marituji
populations, we used two marker genes with different
origins and substitution rates. The cytochrome c oxidase
subunit one (COI) fragment is a commonly used marker
gene for crustacean phylogenetics. However, this gene
has its flaws: the mitochondrial genetic signal can
diverge from that of the nuclear markers (Eberle et al.,
2020). To avoid this, in addition to the COI fragment,
we also sequenced a more conservative nuclear marker:
the first fragment of the 18S rRNA gene. Analysis of
the two marker genes in 67 animals from Lake Baikal
and the Angara and Yenisey Rivers showed that the E.
marituji species diverged into three groups according
to the COI gene sequences (Fig. 1A). This delimitation
was confirmed using the ASAP method, which returned
three partitions as the best scheme. Two specimens
appeared to be hybrids based on the 18S rRNA gene;
these are labelled as haplogroup (H) (Fig. 1B).

We labelled the resulting lineages according
to their distribution in Baikal since in the rivers they
occurred together (see below). The central lineage (C)
included the animals sampled at the central Baikal basin
shore and the Angara River. Specimens from the west-
ern Baikal shore and the Yenisey River constituted the
western lineage (W). The southern lineage (S) included
amphipods from the southern Baikal shore (the Angara
source served as a barrier between the southern (S)
and western (W) animals), and from the Angara and
Yenisey rivers.

Two specimens (AmspAll and GRA3, see
Supplementary Table S1) turned out to be 18S rRNA
hybrids. At the split network they are labelled as
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A

Haplogroup

Fig.1. Split phylogenetic networks based on COI (A) and 18S rRNA (B) fragments. The E. cyaneus and E. viridis sequences
serve as outgroups. The hybrid haplogroup (H), which is present only on the 18S network, is labelled with a dark-blue circle.

(H) (Fig. 1B). At position 488 (when aligning to the
Drosophila melanogaster COI LC025528.1), guanidine
occurred only in the W haplogroup, while adenine was
found in the other two groups. At position 510, cytosine
characterised the S haplogroup, while thymine occurred
in the W and C haplogroups (Fig. 2C). According to the
COI sequence, AmspAl1l belonged to the S haplogroup,
meaning that AmspAll was a first-generation hybrid
of S and W lineages (Fig. 2A). In the case of GRA3, the
COI sequence belonged to the C haplogroup (Fig. 2B).
Inheritance of traits of all three lineages indirectly sug-
gests the fertility of first-generation hybrids and free
crossbreeding of all genetic lineages. Based on these
data, we can also hypothesise the presence of the C lin-
eage in the Angara River.

Three animals were caught at the Olkhon gate
spot and determined as E. marituji based on the mor-
phological characters. However, according to both
marker gene sequences they belonged to the E. viridis
species. At the networks, they clustered with the out-
groups (Fig. 1).

3.2. Geographical distribution of E.
marituji genetic lineages

In this study, we analysed the animals from 14
sampling spots from Lake Baikal, as well as the Angara
and Yenisey rivers (Fig. 3C).

In the lake, the sampling was performed in six
spots, namely Port Baikal, Listvyanka village, Bolshie
Koty village (Fig. 3E), near the Sarma River estuary,
Cape Uyuga (Fig. 3B), and the Olkhon gate channel
(this spot is not shown on the map, because the animals
from this spot turned out to be E. viridis). According
to the data obtained, Baikal is inhabited by all three
genetic lineages of E. marituji. The central (C) hap-
logroup was found in the central basin at the following
spots: near the Sarma river estuary (one animal) and
near the Uyuga cape (six samples) (Fig. 3B). The W rep-
resentatives were found in Listvyanka and Bolshie Koty
villages (14 and 3 individuals, respectively). At the
Angara source on the opposite shore, the Port Baikal
spot was inhabited by S haplogroups of E. marituji (two
amphipods) (Fig. 3E).

The animals were also sampled in seven spots
along the Angara River, the only Baikal outflow. Two
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of these were in the Irkutsk reservoir: the Bolshaya
rechka and Korolok Bay areas were inhabited by the
C haplogroup (four animals per spot) (Fig. 3E). In
Angara in Irkutsk, five spots were analysed: Verhnyaya
naberezhnaya (one sample), between the Glazkovskij
and Akademicheskij bridges on the left bank (four
samples), near to the Glazkovskij bridge on the left
bank (four samples), near to the Glazkovskij bridge
on the right bank (five animals), and Yakobi (six ani-
mals). E. marituji in these locations belonged to C and
S lineages. At the Verhnyaya naberezhnaya and Yakobi
spots, we caught C representatives, and at the spot near
the Glazkovskij bridge on the left bank all four were
S. On the right bank near the Glazkovskij bridge, we
caught four S animals and one C animal. Three S lin-
eage representatives and one C lineage representative
were found at the spot between the bridges on the left
bank (Fig. 3D). The detected hybrids were sampled at
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Fig.3. Geographical distribution of E. marituji based on COI haplogroups. A, sampling spot in the Yenisey River. En, Yenisey
River in Krasnoyarsk. B, spots in Lake Baikal (central basin). Sr, near the Sarma River estuary; Uy, near Cape Uyuga. C, gen-
eral geographical area of sampling. D, sampling spots in the Angara river within the territory of the Irkutsk city. GL, near to
the Glazkovskij bridge on the left bank; GR, near to the Glazkovskij bridge on the right bank; BL, between the Glazkovskij and
Akademicheskij bridges on the left bank; VN, Verhnyaya naberezhnaya; Ya, Yakobi beach. E, spots in the southern Baikal basin
and Irkutsk reservoir. See Supplementary Table S1 for exact coordinates and sample sizes.

the Glazkovskij bridge on the left bank and at the spot
between the bridges on the left bank. On the map they
are marked according to their COI gene haplogroup (C
and S, respectively).

Eleven animals were analysed from a single
catching spot near the Posadnyi island in the Yenisey
River, into which the Angara River flows. According
to the results, seven of the animals belonged to the S
haplogroup and four animals were W representatives
(Fig. 3A).

3.3. The age of E. marituji genetic lineages

As the time frame in which a species may have
emerged is important for understanding its evolution,
we estimated the age of the last common ancestor for
all genetic lineages. The evolutionary history of all
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three lineages relative to the E. cyaneus outgroup was
calculated using Bayesian phylogeny and molecular
clock calibration. The length of the analyzed COI frag-
ment equalled 707 bp. The W and S lineages were the
closest and diverged 2.6 my ago (95% highest posterior
probability interval (95% HPD 1.4-4.7 my)). The first
lineage to separate was C; the split occurred 3.6 my ago
(95% HPD 2.1-5.5 my) (Fig. 4).

4. Discussion
4.1. Separation within the E. marituji
species

The study demonstrates that the E. marituji spe-
cies comprises at least three genetic lineages, as deter-
mined by COI and 18S rRNA marker genes. The western
(W) and southern (S) lineages appear to be the clos-
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est, having diverged around 2.6 my ago (Fig. 4). The
third lineage, the central (C) lineage is a sister lineage
to the first two and separated from them by around 1
my. We also detected two hybrids: the first generation
W/S hybrid and the second generation W/S/C animal
(Fig. 2).

The obtained data raise the question of whether
the discovered genetic lineages constitute distinct spe-
cies. This is quite a complex issue, which can be tack-
led with different approaches. The first approach is
based on an exclusively morphological method of spe-
cies delimitation. In the case of Baikal amphipods, this
point of view was actively promoted by Prof. Vadim
V. Takhteev (Takhteev, 2000). For a long period in the
history of science, this was the only available approach,
but the development of the universal and relatively
inexpensive sequencing methods is rendering this para-
digm obsolete. The second species delimitation method
is based on comparing the indicators from different bio-
informatic algorithms comparing the genetic distances.
However, a key issue with this approach is that there
are multiple algorithms, which often yield conflicting
results. Despite this, they answer one specific question,
in the end the final result will strongly depend on the
input data and methods chosen (Miralles et al., 2024).
The third method is directly related to the biological
species concept, specifically the criterion of the ability
to freely cross and generate fertile offspring (Bickford
et al., 2007). The main problem with this method is
the inability to check reproductive barriers for the vast
majority of animal species. This species delimitation
approach forms part of integrative taxonomy, which
considers genetic and reproductive barriers (Hupato et
al., 2023). Fortunately for researchers studying Baikal
amphipods, this method is available for at least for
some of the species. In our works, we have examined
pre- and postzygotic barriers in the E. verrucosus and
E. cyaneus lineages. The obtained data show a posi-
tive correlation between the degree of genetic separa-
tion and reproductive barriers (Drozdova et al., 2022;
2025). However, the best choice seems to be combining
genetic data, reproductive analysis, and morphology.
Knowledge of all these features would provide a com-
plete picture of the evolution of a species group.

With regard to E. marituji, the obtained data
are merely the first step in answering the question of
species delimitation. The COI-based genetic distances
between E. marituji haplogroups are smaller that of E.
verrucosus, which clearly has post- and prezygotic bar-
riers. At the same time, however, the genetic distance
within E. marituji is larger than within the E. cyaneus
species which have no barriers (Drozdova et al., 2025).

The discovery of hybrids implies the possibil-
ity of crossing between all three lineages and the fer-
tility of the first generation hybrids, which hints at
a presence of a single biological species. However,
cross-breeding experiments must be conducted under
controlled laboratory conditions to check this hypoth-
esis. Unfortunately, it is currently impossible to create
a laboratory culture of Baikal endemic amphipods and
test the fertility of the first generation. However, it
makes sense to conduct the experiments on pre- and
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Fig.4. Calibrated Bayesian phylogeny of the E. marituji
genetic lineages based on the COI fragments. The E. cyaneus
sequence serves as an outgroup. Numbers at nodes indicate
the predicted age of the last common ancestor of the two hap-
logroups in millions of years. The grey lines correspond to the
95% highest posterior density interval.

postzygotic barriers using the previously established
design (Drozdova et al., 2022; 2025).

The data on the reproduction of E. marituji
in nature is quite controversial. Earlier works men-
tion a winter—spring breeding season (Bazikalova,
1945; Gavrilov, 1949; Bekman and Den’gina, 1969).
However, a newer investigation obtained through two
years of monitoring the Angara source, suggests that E.
marituji has a winter-summer breeding period and pos-
sibly delays reproduction in the autumn (Govorukhina,
2005). Our data confirm this view (Fig. 5). Females
with developed eggs of all genetic lineages were cap-
tured from mid-June until the end of July, and oviger-
ous W female was also noted in the beginning of April.
Among the photographs, we found a female at stage
IV of maturity, i.e. with highly developed juveniles
in the marsupium (Bazikalova, 1941) in a precopula
(amplexus) (Fig. 5B). This behaviour is characteristic of
small relatively thermophilic amphipods in Baikal and
beyond (Asochakov and Popova, 2020; Drozdova et al.,
2025; Geisler, 1944). The suggested mechanism is that
warmer conditions allow for a shorter incubation time
and, consequently, an increased number of reproduc-
tive cycles per year. According to the obtained data,
E. marituji can be classified as a species with several
breeding cycles per year.

4.2. The geographical distribution of E.
marituji genetic lineages

The geographical distribution of E. marituji lin-
eages in Lake Baikal has parallels to the distribution of
other Baikal species. In particular, the separation by the
Angara source is also characteristic for E. verrucosus and
E. vittatus (Gurkov et al., 2019). A separate haplogroup
inhabiting the western bank of the central basin was
discovered for another Baikal amphipod species, G.
fasciatus (south-western population according to the
authors) (Bukin et al., 2018). The small number of sam-
pling points did not allow us to correlate the geological
events that had occurred in the lake with the evolution-
ary history of the species in a manner similar to that
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of the aforementioned studies. However, we can draw
some conclusions about the distribution of E. marituji
in the Angara and Yenisey rivers. In the Angara River
S, and W representatives are more common (Fig. 3D,
E). The presence of W haplogroup hybrids and W ani-
mals in the Yenisey River indicates their existence in
the Angara River. We can assume that the W and S rep-
resentatives enter the river with the stream since they
both inhabit the Angara source (Fig. 3E). Explaining
the presence of C in the river is more difficult based
on our results. It is most likely that the E. marituji C
lineage spreads southwards along the western Baikal
shore, but such animals were absent from the samples
taken in the Listvyanka and Bolshie Koty villages due
to small sample size (17 individuals in total) were sim-
ply not present. Further studies with greater geographic
coverage and a larger sample size are needed to address
this issue.

4.3. The history of studying E. marituji and
E. viridis species

During this study, three amphipod specimens
were collected in the Olkhon Gate strait and iden-
tified as E. marituji using the morphological key
(Supplementary Table S1). However, further sequenc-
ing revealed that they were close to the individuals of
Eulimnogammarus viridis (Dybowsky, 1874) analyzed by
other authors (Macdonald III et al., 2005) (Fig. 1, 5G).
The morphology of these two species is very similar;
in the only existing morphological key, they are dis-
tinguished by only one qualitative and two quantita-
tive features (Bazikalova, 1945) (Supplementary Table
S2). As with E. marituji, the type location of E. viridis is
southern Baikal (Bazikalova, 1945; Kamaltynov, 2009).
Both species are abundant at the source of the Angara
and have similar ecological features (body length of
25-26 mm (Bazikalova, 1945; Govorukhina, 2005),
habitat depth of 0-30 m, and a preference for pebble
floor (Kamaltynov, 2009)). They also have similar body
colouration (Fig. 5).

Yet the main source of confusion is the infor-
mation about the distribution of these species in the
Angara River. Earlier works has noted that E. viridis
is a common species in various parts of the Angara
(Bazikalova, 1957; Dorogostaysky, 1917; Golyshkina,
1969; Kamaltynov, 2009; Kozhov, 1931) and even
Yenisey rivers (Greze, 1957). However, according to
more recent sources and our own observations, this spe-
cies has not been recorded in Angara (Takhteev, 2009;
Mekhanikova, 2016). At the same time, the species E.
marituji was widespread in our samples from the Angara
and Yenisey rivers, a pattern that was not observed in
the earlier studies. Furthermore, the first description of
E. marituji was made 70 years after the first description
of E. viridis (Bazikalova, 1945). Such contradictions can
be explained by several possible scenarios. E. viridis
may have predominated over E. marituji but the ratio
may have reversed over time. This could be related to
an increase in anthropogenic impact, such as the con-
struction of dams and the subsequent formation of res-
ervoirs (since the 1950s to the present day). Another
possible reason is their morphological similarity. The
initial description of E. viridis is rather minimalistic
by modern standards (Dybowsky, 1874), and this may
have been the reason for the confusion. An additional
obstacle could be that the morphological features of
amphipods inhabiting the Angara River tend to differ
from those of lake amphipods (Bazikalova, 1957). The
external appearance of the animal (all morphological
traits, including those not significant for the species
identification) could also change drastically, which is
also the case for e E. marituji (Fig. 5).

It is noteworthy that recent publications mention
the presence of E. viridis in the Yenisey River (in the
publication it is referred by the name of the subgenus
Philolimnogammarus viridis, rather that Eulimnogammarus
viridis) (Zuyev et al., 2011; Andrianova et al., 2018;
Kravchuk et al., 2021). The E. marituji species had
never been seen in the Yenisey before it was described
in this paper. However, all 11 animals analyzed from
the river belonged to E. marituji. So, there is a chance

Eulimnogammarus marituji

Baikal representatives

River representatives

Fig.5. E. marituji from different locations. A, a specimen sampled nearby the Listvyanka settlement (W); B, a precopula
sampled nearby the Listvyanka settlement; C, a precopula from the Angara River in the Irkutsk city (S); D, a precopula from the
Irkutsk reservoir (C); E, an E. viridis individual from the Olkhon gate; F, an individual from Baikal caught in the Cape Uyuga area
(C); G, an animal from the Angara River in the Irkutsk city (C); H, an amphipod sampled in the Yenisey River (S). Scale bar is

equal to 1 cm.
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that the animals initially identified as E. (P.) viridis are
E. marituji. As we noted earlier, the morphological dif-
ferences between the two species are very subtle, and
the conditions in the river can alter some of these diag-
nostic traits. In the further studies of the Baikal amphi-
pod fauna, we would recommend combining morpho-
logical expertise with genotyping of specimens.

5. Conclusions

This study established the genetic structure of
the Baikal littoral species Eulimnogammarus marituji
in Lake Baikal and in the Angara and Yenisey rivers.
Based on cytochrome c oxidase (COI) and 18S rRNA
marker gene sequences, this species contains at least
three genetic lineages: central (C), western (W) and
southern (S). According to the obtained data, all three
lineages can coexist in the rivers, but in the lake they
are geographically separated. The estimated time of the
last common ancestor’s existence of all lineages was
about 3.6 my ago. First- and second-generation hybrids
between different lineages were recorded in the Angara
River, which is indirect evidence against considering
the genetic lineages within E. marituji separate biologi-
cal species. Based on our data and the literature we sug-
gest that the amphipods abundant in the Yenisei River,
determined as E. (P.) viridis, may belong to E. marituji.
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FfeHeTMUEcCKanA CTPYKTypa BuAa amPUNoA
Eulimnogammarus (Philolimnogammarus)
marituji Bazikalova, 1945 B 6acceMne
o3epa bavkan
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AHHOTAILIUSA. CotHu BuaoB amdunon o3epa baiikan ¢opMUPYIOT Tak Ha3bIBaeMbIll OyKeT BUJIOB, U
Eulimnogammarus (Philolimnogammarus) marituji Bazikalova, 1945 — oguH U3 caMbIX pacIpOCTpaHeH-
HBIX €ro NpeicTaBUTesIeN B I0KHOU YacTu o3epa. Ho HecMOTps Ha 3TO, O TeHeTUYECKOH CTPYKType HU
B o3epe Baiikasi, HU 3a ero mpefejaaMy HUYEro He M3BECTHO. B JaHHOM mcciaeqOBaHUM OOHApYXeHO,
yT0 E. marituji COCTOUT KaKk MUHUMYM M3 TPeX FeHETHYeCKUX JIMHUI [0 MUTOXOHIPHUAJIBHOMY MapKep-
HOMY T'eHy IepBoi cyObeJUHUIIBI HUTOXpoM c-okcuaassl (COI) u sgepHoMy reny 18S pPHK. B manHoi
paboTre oHU 0003HauYeHHI Kak 10xkHasA (S), 3anmagHas (W) u nenTpanbHas (C). B Batikane Bce Tpu JJUHNANU
paszesieHnl reorpaduuecky, HO B pekax AHrapa u EHucell oHu o6uTanT coBMecTHO. [TocieqHuii o0mmi
MpeJioK BcexX (puyioreHeTUYeCKUX TPYII CyIlecTBOBAJ Nopsaka 3,6 MJIH. JieT Ha3ad. B maHHoi paborte
yaanock 3abUKCUPOBaTh 'MOPHIOB IEpBOT0 U Jaxie BTOPOTrO MOKOJIEHUs, YTO He IO3BOJISIET paccMa-
TpUBATh reHEeTHYeCcKHe JMHUU KaK OTAesbHble OHoJornveckre BUAK Ha JaHHOM 3Tane. Kpome Toro,
Ha OCHOBEe aHaJIN3a JIMTEPATYPHBIX MCTOYHUKOB, a TaKXXe NAHHBIX 3TOH pabOTHl, MOXHO BBIIBUHYTH
MpeANoJIOXKeHNE, UTO B aMGUIIOL, onpenesisgemsiil Kak Eulimnogammarus (Philolimnogammarus) viridis
(Dybowsky, 1874) B pexe Enuceii, Ha camMoM feJie ABisercs Bugom E. marituji.

Kiioueavie citoga: Aurapa, Eaucedi, Eulimnogammarus (Philolimnogammarus) viridis, IUTOXpOM C-OKCH[1a3a,
uoreHeTuka

Jlia mutupoBanusa: CapaHumHa A.E., Toopyxuna E.B., PomanoB H.A., ®umunnos A.B., Tumodees M.A., [Ipozposa IIL.B.
T'enetnyeckas cTpykTypa Buga améumnon Eulimnogammarus (Philolimnogammarus) marituji Bazikalova, 1945 B 6acceiine o3epa
Baiikan // Limnology and Freshwater Biology. 2025. - No 4. - C. 681-701. DOI: 10.31951/2658-3518-2025-A-4-681

1. BeepeHue T'omaneHko u gp., 2005; Daneliya et al., 2011; Daneliya

and Vidinola, 2014; Gurkov et al., 2019; Zaidykov et
al., 2023). HTepecHOIT B 3TOM OTHOIIIEHUU U JIETKO0-
CTYITHOU /11 OTJIOBA W W3YYEHWsA T'PYIION SIBJISIOTCSA
JquTOpasibHbie amumnonsl. I'eHeTUYeCKoe PpaccTos-
HHE MeXIy Pa3HbIMU MPeJICTABUTEIIMU OJJHOTO BHUJA
YaCcTO COTIOCTABUMO C MEXBUAOBBIM PACCTOSHUEM MJIA
HebalKaIbCKUX aMGUIIOM, YTO IMO3BOJIsIET TOBOPUTH O
KpUNTUYecKoM pasHoobpasuu (Gurkov et al., 2019). B

OOHUM M3 SAPKUX NPUMEPOB «OyKeTa BHUOB»
ABJIAIOTCS  OalikaJbCKyie TpeACTaBUTEN  OTPAAa
Amphipoda (Crustacea). Ha maHHBIEi MOMEHT OIMKICAHO
6osiee 350 sHAEeMUYHHIX BUOB U moasuaoB (Takhteev,
2019). Bygyun aBTOXTOHHBIMH OOWTaTeJsIMH O3epa
Batikasn (Sherbakov, 1999), orjeHOYHBIII BO3pacT KOTO-
poro 25-70 mutH Jiet (Mar u Ap., 2011), oHu 3acemim

BCe CyLIeCTBYIOILIME 3KOJIornuyeckrie Humu. AMGUIIoanl
obuTaT Ha Bcex riryomHax osepa (0-1642 M), umeroT
Pa3HO0Opa3HbIli ClIeKTp NUTaHNA (OT PACTUTEIHBHOTO 10
Mapa3uTHUYEeCKOro), pa3Hble XXU3HeHHbIe ¢hopMHI (Iesia-
ruyeckue, 6eHTOcHBIE U cuMOuoTnveckune) (Taxrtees,
2000). Bo mHOxecTBe paboT, IOCBAI[EHHBIX TeHe-
TUYECKOMY pa3HooOpa3uio OaiikajJbCKux aM@puIon,
VICCJIe/IOBAHbI )KMBOTHBIE M3 PA3HBIX SKOTONOB Barikasa
(Yampolsky et al., 1994; Sherbakov et al., 1998;
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TO Xe BpeMms, Bce Oalikajbckue amMPUIOABI IO MoJie-
KyJIApHBIM JAHHBEIM BXOJAT B COCTaB poja Gammarus
(Macdonald III et al., 2005).

[Tpu o6cyxaeHnr 6Opa3HO0Opa3us BaXHO AOTO-
BOPHUTHCA O TEPMUHAX; B I[aHHOﬁ CTaTbe 6y'JI[y'T HCIIOJIb-
30BaHHI Te Xe MOHATHA, YTO U B Ipeapayux paboTax
(Drozdova et al., 2022; Saranchina et al., 2024). Ha6op
CXOXUX IOCJIeJoBaTeJIbHOCTEl OJHOIO reHa, OTJeJieH-

© Asrop(s1) 2025. DTa pabora pacnpocTpaHs-
eTcs o MexIyHapoJHo! jiutieH3uel Creative
Commons Attribution-NonCommercial 4.0.
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HBIII METOJIOM pasrpaHn4eHys BUAOB, OyZeM Ha3bBaTh
ramnorpynnoii. TepMuH «reHeTHdeckas JIMHUA» OyJeT
HCII0JIb30BaH i1 O0O3HAUYeHUs TIPYIIB XHUBOTHBIX,
MMeoIell OTAesIbHBIE TallJIOrPYIIIBL AJIs1 KaXJ0r0 Map-
KEepHOro IreHa.

Panee B paborax, NOCBSAIIEHHHIX BUJaM popa
Eulimnogammarus Bazikalova, 1945, 661710 0GHapyXeHO,
4yTO mpexne equHblil Buf Eulimnogammarus verrucosus
(Gerstfeldt, 1858) B Baiikane auddepeHIMpOBaH Ha
TPpU JlajieKue reHeTHU4ecKue JINHUY, pa3/ieJieHHble reo-
rpaduuecku (Gurkov et al., 2019). [To3xe y 3TUX TPyl
ObUTN OOHAPYKEHHI IIOCT- U [IPE3UroTUYecKre 6apbepHl,
a Takke pasHuIa B pasMepe reHoMoB (Drozdova et al.,
2022). TlockonpKy y peAcTaBuTeNel BceX Tpex JMHUN
He HAIUIM KauyeCTBEHHBIX MOpP(OJIOTMYeCcKUX pasu-
YU, MOXHO YTBEepX/JaTh, YTO OHU SBJIAIOTCA KpUIITHYeE-
CKUMU 000c06JIeHHBIMU BUuAamu. Bug Eulimnogammarus
vittatus (Dybowsky, 1874) Takxkxe uMeeT OTAEJIbHBIE
reHeTH4ecKue JIMHUM, XOTSl TeHeTHYyecKoe paccTo-
SIHHMEe HeCKOJIbKO MeHbIlle, 4yeM MexAay JuHuaMu E.
verrucosus (Gurkov et al., 2019). Hy0 KapTUHY MOXHO
HabmonaTe B ciaydae Buma Eulimnogammarus cyaneus
(Dybowsky, 1874). dauHbIi Bu He GOpMHUPYET YETKO
chopMUpOBaHHbIE T'eHeTHYecKUe JIMHUM, U IpeJcTa-
BUTEJIM Pa3HBIX MOMYJIANUN MOTYT CBOOOJHO CKpemlu-
BaThcA Mexay coboii (Drozdova et al., 2025; Gurkov
et al., 2019). Jlutopasnbubiii Buf Gmelinoides fasciatus
(Stebbing, 1899) popmMmupyeT YeThIpe rarJIorpymisl Mo
MapKepHOMY TeHy NepBOH CyObeJUHUILBl IIUTOXPOM
c-okcupassl (COI), u paccTosHUe MeXIy OOHOMN Tpyn-
IIOH U TpeMsI OCTaJIbHBIMU CPABHUMO C PAcCTOsSHUEM B
rpynnax BuzioB E. verrucosus u E. vittatus ('oMmaHeHKO 1
ap., 2005; Bykus u ap., 2018; [ipo3gosa u fp., 2024).

CTouT OTMETHUTh, YTO paclIpocTpaHeHUe reHe-
TUYECKUX JIMHUH BCeX IepevrCJIeHHBIX BHIIe BUJIOB
KOppeJMpyeT C TOYKaMHU OTJIoBa. B wacTHocTh, OyiA
BunioB E. verrucosus u E. vittatus ycTaHOBJIEHO, YTO Ha
pasHbIX 6eperax eqUHCTBEHHOIO UCTOKA, PeKU AHTrapHI,
0o0uTaT pasHble reHetuyeckue JuHUU (Gurkov et al.,
2019). MunuMasibHOe paccTosiHHUe Mexay Oeperamu B
HCTOKe BCero OKoyo 1 KM — 3TO JUCTaHIUsA, TOTEHIN-
aJIbHO IpeofoJiuMas I XUBOTHBIX. J{71a E. verrucosus
[I0Ka3aHO CMellleHre KPUNTUYECKUX BUJOB BOJINM3U
HCTOKA AHTaphl, BEPOATHO, CBA3aHHOE ¢ GOJIBIION CKO-
POCTBIO TEUEeHMs, HO HIXKe 110 TeYeHUI0 OVH BU JOMU-
HUpyeT Haj ApyruM. Pasymuuuii no cnekTpy muTaHus,
CE30HYy pa3MHOXeHUs, peAroYnuTaeMol TeMIeparype
U IPYTUM 3KOJIOTHUYECKHUM XapaKTepHUCTHUKaM IoKa He
HaliIeHsl, ¥ IPUYMHBL 3aMelleHNs B peKe OJHOro BUAa
JpyryuM IIOKa He ycTaHOBJIeHHL Eme ogHuM HHTepec-
HBIM (paKTOM fIBJIAETCA TO, YTO BO3pacT obIiero mpeaka
3TUX ABYX KPUIITUYECKUX BUIOB COCTABJIAET MOPAAKA 4
MJIH. JIeT, B TO BpeMs1 KaK BO3pacT caMoOl AHraphl ore-
Hupaetca B 70-120 tric. et (Saranchina et al., 2024).
HccrejoBaHue reHeTUYECKOr0 IPOUCXOXAeHNA aMpu-
o/l B peke AHrape IO3BOJIUT IPOJIUThH CBET HA DBOJIIO-
I[OHHBIE TIPOIleCcCHl, MpoucxoAsamre B Batikae.

JlanHasa pabora TOCBAIIeHA elje OJHOMY
Buny pomaa Eulimnogammarus, Eulimnogammarus
(Philolimnogammarus) marituji  Bazikalova, 1945
(basuxamnoBa, 1945). OTOT IUTOPaJIbHBIN BUJ BCTpeya-
ercs Ha rirybuHax ot 0 go 30 m (KamanteiHoB, 2009),
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JJIMHA Tejla BapbupyeT OT 16 Ao 25 MM, NUMeeT 3UM-
He-JIeTHUI Ilepuoj pasMHOXeHusd. PacrnpocTpaHeH
IIperMMylllecTBeHHO B IOXHON uactu balikasa, sABa-
eTca OJHUM W3 JOMUHMDPYIOIIMX BHUJOB B HCTOKe
(ToBopyxuHa, 2005) u pyciyie (Hamu AaHHBIE) peKHU
Axrapsl. HecmoTpss Ha 3TO, reHeTHYeCKOe Ppa3HOo-
Opa3ue BHJa paHee He n3ydasau. B 6aze maHHbx NCBI
HaxXOOUTCA TPAHCKPUNTOM OJHOro 3k3eMIiuiApa E.
marituji, cieJlaHHBINA B paMKax HccjieqoBaHusa ¢uiore-
HHUU BcexX BUIOB Oatikayibckux ampumnop (Naumenko et
al., 2017).

2. MaTtepuanbl 1 MEeTOADI
2.1. OTAOB XMBOTHbIX

Bcero ObUIO OTJIOBJIEHO W IPOAHAJIU3WPOBAHO
67 sk3emiuiapa E. marituji u3 14 Toudek, U3 KOTOPBIX
mecthb B Baiikasie, ceMb B peke AHrape u ofHa U3 peKku
EHuceni. [laTa U KoopAWHATa OTJIOBA [JJIA KaXJOro
XKMBOTHOTO M3 KaXJ0l TOYKM yKaszaHbl B Tabi. 1 npu-
JIoxeHuA. AMGUIIOA BBIJIABJIMBAJIM CAYKOM Ha IJIyOuHe
0-0,5 u dororpadpuposanu nepep ¢dukcaiueil B 3Ta-
HoJie. AMdunoas! ObIIA oNpeliesieHbl Kak MpefCcTaBu-
Tesu Buma E. marituji o MopdOJI0riyeckoMy KJII04y
(basukamnoBa, 1945).

2.2. Buoipenenue AHK, NMUP un
CEeKBEeHHPOBaHUEe MapPKepHbIX
nocaeAoBaTeAbHOCTEN

JHK BeIAesiany U3 nepeonoj U IJIeoNno[ XXHUBOT-
HBIX C IIOMOIIbI0 KOoMMepueckoro Habopa S-Copb
(Cunrou). IIpobupKy ¢ TKAaHAMU U ABYMsA CTaJIbHBIMU
mapukaMy IoMenianud B romoreHusaTtop TissueLyser
(Qiagen) Ha MakcUMaJIbHOM CKOpOCTU Ha 1,5 MUHYTHL
HanpHeiimee BeigeneHve JHK npoBoausiu corjiacHO
WHCTPYKLIUM IPOU3BOAUTEJIA, HO 3Tall JIM3UPOBaHUA
TKaHell COCTaBJIAJl OJWH 4Yac BMECTO IIpeAlHCaHHBIX
IATU MHHYT. B KkadecTBe MapKepHBIX IIOCJIeIOBa-
TeJIbBHOCTell HCIIOJIb30Bajld IEepPBYI0 YacTb MUTOXOH-
JIpUaJbHOTO TeHa MepBOM CyObeOUHULBI LHUTOXPOM
c-okcupmaszel (COI), a Takke mepBylo uacTb Oojee
KOHCepBaTUBHOro spepHoro reHa 18S pPHK. [laa
amminukauun COI wucnosb3oBaayd TOTOBBIE CMeCU
2X buoMactep HS-Taq (BuoJlabMukc) u 2,5x peak-
uoHHy cMmech s IMIP-PB (Cunton). dna amruu-
duxanuu agepHoro reHa 18S pPHK wucnosb3oBanu 5x
ScreenMix (EBporeH) u 2,5X peakllMOHHYIO CMeCh AJIA
[MIIP-PB (CuHrous). Ana ammauduxkanuu dparmeHTa
COI ObUIM KCHOJIB30BaHBl YeThIpe Maphbl MpaiiMepoB:

LCO_Eve F1 (TCTCTACTAATCATAAAGATATCGG),
Eve F5  (AGAGCTATCTCAGACTTTGAATC), COL
LCO1490 (GGTCAACAAATCATAAAGATATTGG),
jgLC01490 (TITCIACIAAYCAYAARGAYATTGG) wu

HCO_Eve R1 (TAAACTTCTGGATGGCCAAAGAATCA),
Eve R5 (TGCCAGTAGGAACTGCGATA), COI_HCO2198
(TAAACTTCAGGGTGACCAAAAAATCA), jgHCO2198
(TATIACYTCIGGRTGICCRAARAAYCA). [lna amruu-
¢ukanusa reda 18S pPHK wucnomnbp3oBanu mnpariMepsr:
18SF (CCTAYCTGGTTGATCCTGCCAGT) u 18S700R
(CGCGGCTGCTGGCACCAGAQ). Ilpatimeprt LCO_Eve_
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F1/HCO_Eve R1 u Eve F5/Eve R5 wucmnosnbs3oBain B
npouwtoi pabore (Saranchina et al., 2024). ITapa npaii-
MepoB COI_LCO1490/COI_HCO2198 sBnsercsa craH-
naptHoil A ammuuukanuu COI 6ecrno3BOHOYHBIX
(Folmer et al., 1994). ITapa npaiimepoB jgL.CO1490/
jgHCO2198 cxoHcTpyupoBaHa Ha ocHoBe COIL
LCO1490/COI_HCO2198 c 11e/1p10 pacmiipeHus TaKCo-
HoMmmueckoro crektpa (Geller et al., 2013). Ipaiimepsr
18SF/18S700R Obuiu pa3paboTaHbl A1 U3YYEHUS
ambumnof (Englisch et al., 2003). IIpsavble u o6paTHBIE
IpayiMepsl UCMOJIb30BaId B pa3HbIX KOMOMHAIMAX 1A
kaxgoi npo6sl (Tabn. 1 mpunoxenwus). IIporpamma
ana ammmdukanum 6suta ciefyromeii: 95°C 5 muH,
3ateM 30 rukyoB ¢ maramu 95°C 30 cek, 53°C 1 muH,
72°C 1 muH, u nocjeqauu mar 72°C 5 MUH, He BKJIIO-
YEeHHBII B I[TUKJIL.

KavecTBo mnpomenmeil peaknuy MpOBEpAINd C
MOMOIIIBI0 TeJib-3JIeKTpodope3a B 1%-HOM arapo3Hom
rejie B 1x 6ydepe TAE. Ilomyuennsiii [ILIP-npoaykt
OYUINIAJIM € TIOMOII[bI0 KOMMepueckux Habopos Cleanup
Standard wiu Cleanup Mini (EBporeH) mjia ¢parmeH-
ToB reHa COI m Habopa ColGen (CuHTO/I) B Ciyyae
¢pparmenToB 18S pPHK. CexkBeHrpoBaHue IO METOAY
CoHrepa NpoBOAWJIA IO CTaHAAPTHOMY IIPOTOKOJIYy C
n3MeHeHUeM 00beMOB peakTHBoB (BigDye® Terminator
v3.1 Cycle Sequencing kit, Life Technologies): roroByto
PEeaKI[MOHHYI0 CMecCh HCIOJIb30Bajld B oObeMe mo 1
MKJI, a Oydep — 1o 2 MKJI Ha peakiuio. [{A1 ceKBeHU-
poBaHMA 000MX reHOB HCIIOJIb30BajIy Te Xe MpaliMepHl,
yro u asna [ILP. Pasznenenve u aHanu3 ¢pparMeHTOB
IIPOBOAWJIY C MCIOJIb30BaHUeM npubopa Hanodop-05
(MuctutyT aHanutudeckoro npubopoctpoeHus PAH)
(Bouaposa u mp., 2021; AnekceeB u Ap., 2019).

2.3. AHanM3 NOAYYEHHbIX AAHHbIX

Ceipble IpouTeHUA o6pabaThBaIU B IIporpamMme
Mutation Surveyor V 5.1. (Minton et al., 2011) u
coxpaHeHbl B (opmate abl B mporpamme Chromas V
2.6.6. (Technelysium). BripaBHUBaHUE TPOYTEHUH U
[oJIyuyeHre HUTOrOBOM KOHCEHCYCHOH IIOCJieJoBaTeJIb-
HocTu ocymecTBiu B nporpamme UGENE V 41.0
(Okonechnikov et al., 2012). B kauecTBe OMOPHBHIX
nocjefoBaTeJbHOCTEH Ui COOpPKM HCIOJIb30Bajd
reHbl 3anagHoro Bupa E. verrucosus u3 06a3bl JaHHBIX
NCBI: mns COI ¢parment NC_023104.1 (Rivarola-
Duarte et al., 2014), gisa 18S AY926773.1 (Macdonald
III et al., 2005).

[ToMuMO NOJIy4eHHBIX HAMU AaHHBIX, B (usore-
HeTHYecKre CeTH TakKe BKJIIOUMJIN I0cJieJoBaTesIbHO-
ctu u3 6a3bl ganubix NCBI (https://www.ncbi.nlm.nih.
gov/nucleotide/). [I;1s1 ceTH, HocTpoeHHOH 110 reHy COI,
B KauecTBe BHeIHel Ipynibl UCIOJIb30BaJIN M0CIIEI0-
BaTtesibHOCTh E. cyaneus MK887733.1 (Gurkov et al.,
2019) u E. viridis AY926664.1 (Macdonald III et al.,
2005). Taxkxe B ceTh BKJIIOUEHA IOCJIEJOBATEJIHBHOCTH
E. marituji, u3Bjie4yeHHasA U3 CHIPHIX JAaHHBIX CEKBEHU-
poBaHus TpaHCKpunToMoB u3 crarbu (Naumenko et
al., 2017). Ha ocHOBe 3THUX HaHHBIX OBLJIA MOJIy4eHa
c6opka (Drozdova et al., 2022), B KOTOPO¥1 C TOMOIIIbIO
yTWIUTH exonerate (Harrison et al., 2024) npoBoauu
nouck nocJiegopatesbHocT COI; B KauecTBe 3ampoca
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TakXe 1CI0JIb30Bajv nocjegoBatesbHocTh NC_023104
(Rivarola-Duarte et al., 2014). CorsacHo uHbOpMa-
UM B CTaTbe, JAHHBI 3K3EMILISAP OTJIOBJIEH OKOJIO
mocenka Bosbmie Korbl (Naumenko et al., 2017).
Juia rena 18S B kauecTBe BHENIHUX IPYNI MCIOJIB30-
BaJiu mnocisiegoBaTenbHOCTU E. cyaneus FJ752393.1 u
AY926774.1 (Macdonald III et al., 2005) mus E. viridis.
KosmmuecTBO mocsienoBatesbHOCTeN 1A ceTu 1mmo COI
cocraBuwyio 72. U3 Hux 69 moJsiyueHH B XoAe JaHHOM!
paboThl, o/iHa MMOCJIeI0BaTEeIbHOCTh U3 JJAHHBIX CeKBe-
HUpoBaHusA TpaHckpunToma (Naumenko et al., 2017),
JiBe TMOJTyueHHble HaMU I10CJIeOBaTeJIbHOCTU MpHUHA-
Jexat Buay E. viridis u ele aBe SBJIAIOTCA BHEIMIHUMU
rpynnamu. J{yisi ceTu, mocTpoeHHOMH 1o reHy 18S, komu-
YyeCcTBO IIOCJIeJOBaTEJbHOCTEN TakXke 72, HO IOCJe-
JoBatesbHOCTEN AnA ambunon Buma E. viridis Tpu, a
nocyegoBaresbHocTy U3 (Naumenko et al., 2017) Her.
s punoreHeTU4eckoro JjpeBa B KauecTBe BHeEIIHe
TpYIIIEL MCNOJIB30BaJIA MOCJIe0BaTeIbHOCTh reHa 18S
Bupa E. cyaneus KX341964 (Romanova et al., 2016).

Bce mnocienoBaTenbHOCTH OBLIM  BBIPOBHEHBI
asroputmoM Kalign (Lassmann and Sonnhammer,
2005) u o6pesann BpyuHylo B mnporpamme UGENE
(Okonechnikov et al., 2012) mo camo#i KOPOTKOIi MocJie-
JoBaTejpHOCTU. OOmias [JiHA BhHIpaBHUBAHMUA TeHa
COI cocraBuna 516 nap HykJIeOTHZOB (1.H.), B CJIy-
yae ¢pparmenTa 18S pPHK — 449 n.H. [TonyuyuBmuecs
datinbr 3arpy3wnm B mporpammy SplitsTree V4.18.1
(Huson, 1998) nmna moctpoeHus cereil. Hanuuue pas-
pbiBa MeXAy BHYTPU- U MEXIPYNIOBOM HM3MeHYMBO-
cteio (barcoding gap) 6bUIO yCTAHOBJIEHO C IMTOMOIIBIO
anmroputMa ASAP (Assemble Species by Automatic
Partitioning) depe3 onnaiH-yTHIUTYy SpartExplorer
(https://spartexplorer.mnhn.fr/; Puillandre et al.,
2021; Miralles et al., 2022). 115 mocTpoeHUs KaJuGpo-
BAaHHOU (GUJIOTeHNU MCTO0JIb30BAJIM MakeT beast V2.7.3
(Bouckaert et al., 2014) u Mozmesib ONTUMHU3UPOBAH-
HBIX OCJIabJIEHHBIX MOJIEKYJIAPHBIX YacoB; KaJMOPOBKY
MPOBOWJIM Ha OCHOBE CKOPOCTH HAKOIUJIEHUs 3aMeH B
COI — 0,01773 3ameHsl 3a 1 MJIH JIeT, onpeAesieHHON
paHee 1A ramMapuaHeix amumno (Copilas-Ciocianu
et al., 2019). KavecTBO MOJTy4YeHHBIX JJAHHBIX aHAJIN3U-
poBas ¢ MOMOIIbI0 TakeTa Tracer V1.7.2 (Rambaut et
al., 2018).

7 BuU3yaimzaliu HCIOJIb30BaJId S3BIK IIPO-
rpammupoBanus R V4.3.2 (R Core Team, 2024) B
o6osmouke RStudio V2023.09.1. i1 OTPUCOBKU KapT
oT koMmaHuu Stamen Design u pacnpocTpaHseMbIX
komnanuen Stadia Maps (https://stadiamaps.com/
stamen/), a Takxe OJiA (QUIOreHETUYECKUX ceTell U
JlepeBbeB UCIOJIb30Bas TakeTwl: ape V5.7 (Paradis and
Schliep, 2019); dplyr V1.1.1 (Wickham et al., 2023a);
ggmap V3.0.2 (Kahle and Wickham, 2013), ggplot2
V3.4.2 (Wickham and Sievert, 2016); ggtree V3.2.1
(Wang et al., 2020); openxlsx V4.2.5 (Schauberger and
Walker, 2023); phangorn V2.10.0 (Shavit et al., 2007);
reshape2 V1.4.4 (Wickham, 2007); scales V1.2.1
(Wickham and Seidel, 2022); tanggle V1.1.0 (Schliep et
al., 2021); tidyr V1.3.0 (Wickham et al., 2023b); treeio
V1.18.1 (Wang et al., 2020). A c60pKHU MOJTyYeHHBIX
n300pakeHUI MCII0JIb30BaIU MPOrpaMMHOe obecreye-
aue Inkscape V1.1.2. (https://inkscape.org/).
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Hcrosb3yeMbIll  KOJT U HCXOJHbIE TaHHBIE
JoctynHel B penosutopuu GitHub (https://github.
com/SaranchinaAlexandra/E.marituji_article data).
INostyyeHHbIE B JAHHOM HCCJIEJOBAHUU TTOCJIEIOBATETh-
HOCTU JOCTynHH B 6a3e aaHHbIXx NCBI noxg Homepamu
PV804880-PV804946 (COI) m PV810004-PV810071
(18S pPHK).

3. Pe3ynbTarthbl
3.1. FeneTtnueckue Aunum E. marituji

JlJ1s oleHKU MONYIALMOHHO-TeHETHYeCKOro pas-
HooOpa3us E. marituji UCTIOb30BAIU IBa MapKepHBIX
reHa ¢ pa3HbIM NPOUCXOXJIEHNEM U C pa3HON CKOpO-
CThI0 HaKOIUIeHUs 3aMeH. [[yia ¢uiorenuu Gecrio3Bo-
HOYHBIX, B YaCTHOCTHU, pakooOpa3HbIX, Haubojee pac-
MpOCTPaHEeHHBII MapKep — 3TO ¢parMeHT IepBOil
cyObeJUHUITB IIUTOXPOM C-OKCHUAA3bl, OAHAKO JaHHBIN
Mapkep HMMeeT HeJOCTAaTOK: TeHeTUYeCKUH CUTrHaj
MUTOXOHAPHUAJIBHBIX TEHOB MOXET PacXOJUThCS C CUT-
HAJIOM, MOJTyYEeHHBIM OT sAAepHBIX MapkepoB (Eberle et
al., 2020). Yto6s! n3bexaTth MOAOOHOTO UCX0/1a, KpOMe
yuactka COI ucnosbp3oBajii yuacTok 0ojiee KOHCepBa-
TUBHOTrO sfepHoro reHa 18S pPHK. Ananus 72 XuBOT-
HbIX U3 DBaiikana, Aurapel u EHucesa mo ABymM Map-
KepHBIM reHaM IoKasaJs pasfesieHue Bupa E. marituji
Ha Tpu rpynnel (Puc. 1). [IBa sk3eMIUIsipa OKa3aJlCh
rubpugamu no reHy 18S pPHK; oHu obGo3HaueHHI Kak
ramiorpynna (H) (Puc. 1B).

[MonyuuBmnecs reHeTuyeckue JIMHUU Ha3BaHBI
o TOYKaM oOTJioBa u3 o3epa balikan (cM. Huxe),
MocKkoIbKy B AHrape u EHucee oOuTaloT npeicTaBu-
TeJd pa3HBIX TeHeTUyeckux JUMHUN. lleHTpasibHas
ramiorpynna (C) BkioyaeT B cebsl KMBOTHBIX, OTJIOB-
JIeHHBIX Ha mnobepexbe LEeHTPaJIbHOU KOTJIOBUHBI
Batikana, a Takxe B Anrape. 3anagHas juHua (W)
COCTOUT U3 0co0eli, OTJIOBJIEHHBIX Ha 3aMagHOM Oepery
ozepa u B Enmcee. K woxHol ramnorpynne (S) oTHO-
cATCA XUBOTHBIE C 10XKHOTO nobepexsbs batikana (3gech
UCTOK AHraphbl C/IYXHUT YCJIOBHBIM OapbepoM MeXIy
10kHOH (S) u 3anagHoii (W) ramorpynmnamu), a TaKkxe
u3 Anrapsl u EHuces.

JlBa sKk3eMIUIsIpa, OTJIOBJIEGHHblE B uepTe
Upkyrcka, (AmspAll u GRA3, Tabn. 1 npusoxeHus)
okazasnuch rubpugamu no reny 18S pPHK, Ha crut-

ceTu OHM 0003HaveHH Kak ramiorpynmna H (Puc. 1B).
B mo3uruu 488 (npu BeipaBHuBaHuU Ha COI Drosophila
melanogaster, 1.C025528.1) Habsogaju cMech CHTHa-
JIOB T'yaHMHa, BCTpeyYarolierocs B 3TOH NO3ULKUY TOJIBKO
y ramiorpynnsel W, 1 afieHruHa, KOTOPHIi BCTpeyaeTcs y
OCTaJIbHBIX AByX. B mo3unum 510 BcTpeyaeTcsa UTO3UH
(ecTh TOJIBKO Yy S) U TUMUH, BcTpevamwmuiica y W u C
(Puc. 2B). Ilo reny COI AmspAll oTHOcUTCA K Tpynne
S. U3 3TOro MOXHO 3aKJIIOUYUTh, YTO 3TO >KHUBOTHOE
sBasercsa rubpugom simHu S u W (Puc. 2A). B ciy-
yae ke nmpobsl GRA3 nociiegoBaresibHocTh COI OTHO-
curca k rpynne C (Puc. 2B). BeposiTHee Bcero, 3TOT
SK3eMILIAP TMOpHJ BTOPOTO IOKOJIEHUs, II0 MaTepyH-
ckoll JmHUM yHacjenosaBumuii C ramiorpynmy COIL,
a IO OTI[OBCKOM reTepo3uroTrHele S/W ramiorpymnmnsl
18S. HacnemoBaHue XapaKTepUCTUK BCeX TpeX JIMHUM
KOCBEHHO CBUAETeJIbCTByeT O (epTUJIbHOCTU IIOTOM-
CTBa MEepBOro IMOpUAHOrO IMOKOJIEHUA U CBOOOOHOM
CKpeIMBaHUN BCeX TpeX IeHeTUYeCKUX JIMHUN MexXAy
coboii. Takke Ha OCHOBAaHMM 3THX HaHHBIX MOXHO
IIpeATI0JIOKUTh IPUCYTCTBHE B AHrape auHuu W.

B mnposuBe OsbxoHCcKHe BopoTra Hamu ObLId
BBUIOBJIEHB TPU XXKUBOTHBIX, KOTOpble 10 MOP(OJIOTU-
YyecKOMY KJIIoUy OBLIM ompefesieHbl Kak E. marituji, HO
II0 TOCJIeJOBATEeJIbHOCTAM 0O0OHMX MapKepHBIX TI'eHOB
coBnaysiu ¢ ApyruMm Bupaom, E. viridis. Ha cetrsix oHU
SIBJIAIOTCA 4acThbio BHemHel rpynmnsl (Puc. 1).

3.2. lFeorpadpmueckoe pacnpeseneHme
reHeTuueckux nunun E. marituji

B nmaHHOM wHccefoBaHWM NpOaHAIN3HPOBAHBI
XKUBOTHBIX B 14 pa3jnyHBIX TOYKax M3 o3epa bBaiikai,
peku Aurapsl u peku Exuceit (Puc. 3B).

B Baiikase XHUBOTHBIe OBLIM OTOOpPAHHI B IIECTU
TOYKax, a MMeHHO: B IopTy balikaJ, B nmoc. JINCTBAHKA,
B noc. Bonpmue Kotel (Puc. 3]/]), oKoJIO yCThsl peku
CapMma, y meica Yiwora (Puc. 3B), a Takxe B NpoJinBe
OsnbxoHckue Bopora (Touka Ha KapTe He IIOKa3aHa,
TaK KakK BbUIOBJIEHHbIE )KMBOTHBIE OKa3aauch BUAOM E.
viridis). CorjiacHO MOJTy4eHHBIM JaHHBIM, Balikas Hace-
JIAIOT TPU reHeTn4yeckue JUHUU E. marituji. B ueHTpasib-
HOM KOTJIOBHHe OOUTaeT LieHTpaJbHas ramjiorpymmna B
TOYKax OKOJIO ycTbs peku CapMma (OOHO XKHMBOTHOE), U
y MbIca Yiora (mectb %uBOTHBIX) (Puc. 3B). B mocer-

b

Fannorpynna:

Puc.1. dunoreHeTuyeckue CIUIUT-CETH, IIOCTPOEHHBle IO TMocjiefoBaTesibHOCTAM reHoB COI (A) u 18S pPHK (B).
IMocnegoBaTtensHOCTU BUAOB E. cyaneus u E. viridis siBnisAo0TCA BHeIIHUME rpynnamu. ['mbpugHas rpynna (H) o6o3HavueHa TeM-
HO-CUHUM KPYXKOM U IIPHUCYTCTBYET TOJIBKO Ha CeTU mocJjiefoBaTesibHOCTel 188S.
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kax JluctBAHKa u Bosbmume KoThl oOHapyXkeHH Ipef-
crasutenu 3anagHon guHuu (W) (14 u 3 ocobu cooT-
BeTCTBeHHO). Ha mpoTuBOmNOJIOXKHOM Oepery HCTOKa
Awnrapel, B mopty DbBaiikanm ob6uraioT oxHbie (S) E.
marituji (ABoe ®uBOTHBIX) (Puc. 3M).

B pexe AHrape, Kotopas ABJIAeTCA €JUHCTBEH-
HBIM HCTOKOM Dbalikasna, >XKHMBOTHBIe ObLIM OTOOpPaHBI
B ceMM ToykaX. B aByx Toukax B MpKyTCKOM BOJO-
XpaHuauile, Bosbmas peuka u 3aausB Koposiok, obu-
TalT XUBOTHBle TeHeTuuyeckoi JuHuM C (mpoaHa-
JIM3UPOBAHO IO YeThIpe >KMBOTHHIX B KaXAOU TOYKe)
(Puc. 3[1). B uepte ropoma HpkyTcka anpoOupoBaHO
nATh Touek: BepxHsasa HabepexHas (OQHO *XUBOTHOE);
MeXJy MocTaMH, JieBbili Oeper (UeThlpe XHBOTHBIX);
I'71a3k0BCKUIT MOCT, JieBbIl Geper (4eThipe XHUBOTHBIX);
I';1a3koBCKUiT MOCT, NpaBbiii Oeper (IATh XUBOTHBIX) U
SAxobu (1ecThb XUBOTHBIX). E. marituji B JaHHBIX JIOKa-
nuAx oTHocATcA K juHUAM C u S. B Toukax Bepxnsas
HabepexHasa U fIkoOM HaMu BBIJIOBJIEHBI IIpeJCTaBU-
Tesu ramorpynmnsl C, a B Touke y 'J1a3K0BCKOro MocTa
Ha jieBOM Oepery Bce uYeTblpe — S IpeACTaBUTEJIN.
Ha nmpaBoMm Gepery okosio I'J1a3KOBCKOro MoCTa BCTpe-
4yeHBbl YeThpe IpeACTaBUTes A JINHUU S U OJWUH 3K3eM-
wiap jguHun C. B Touke MexAy MocTaMU Ha JIeBOM
6epery Tpu u3 S u oauH u3 C ramiorpynnsl (Puc. 3I).
BcrpeueHHble HaMu THOpUABI U3 TOYEK, PaCIOJIOXKeH-
HBIX Ha JjieBOM Oepery ['J1a3KOBCKOIO MOCTa U MeXAY
MocTaMu, OTMeYeHBl Ha kapTe 1o redy COI u npuHan-
Jexar K ramtorpynnam C u S cOOTBeTCTBEHHO.

W3 opHON TOYKM OTJIOBA OKOJIO OCTpOBA
INocaauwil B pexe EHncell, B KOTOpy10 BiafgaeT AHrapa,
npoaHaiu3nupoBaHo 11 xuBoTHBIX. CorjacHO 00OMM
MapKepHBIM I'eHaM OHU NpHUHaJJjIeXaT K FreHeTU4eCKUM
auHuAM S (ceMb 5k3eMILIApoB) U W (UeThipe 5K3eM-
wisipa) (Puc. 3A).

3.3. Bpemsa pasaenenuna tpex
reHeTuueckux nuuun E. marituji

[TockosbKy [Jid NOHMMAaHUA 3BOJIIOLUHN BHUAA
BaXHO IIPeACTaBJIATb, B KaKUX BpPEeMEHHBIX paMKax
OHO MOIJIO NPOMCXOAWTh, NPOBEJIU OLIEHKYy Bo3pacTa
nocjegHero oOmero npefka IJisg BceX IeHeTHYeCKuX
JIMHUH. DBOJIIOIMOHHYI0 KHCTOPHIO BCeX TpeX JIMHUUI
[0 OTHONIEHUIO K BHelIHel rpynmne E. cyaneus paccuu-
TaJju ¢ IOMOIIbI0 6aliecoBCKOU PUIOTeHUU U MOJIEKY-
JIIPHBIX YacoB. J[JIMHaA MpOoaHaIM3UPOBAaHHOIO OTpe3Ka
COI cocraBuia 707 n.H. bamxaliiumMu U3 Tpex JIUHUN
okaszasnuch 3anagHasn (W) u roxxHas (S) rpymnrsl, uybe pac-
XOXJeHue CIIy4Ywioch 2,6 MJIH JieT Hasaj (MHTepBasl
95%-HOI HauBHICIIEHl aNOCTEpPUOPHON BEpPOATHOCTU
(95% HPD 1,4-4,7 mutH net)). PaHbine Bcex OT 00Iero
IpejJiKa Tpex rpyIIl oTAensIach leHTpaabHasa (C) reHe-
TU4ecKas JuHuA, nopsaaka 3,6 (95% HPD 2,1-5,5 miH
JieT) MJIH JieT Hasaf (Puc. 4).

4. 06cyxpeHue
4.1. Aenenme BHYTpHM Bupa E. marituji

B manHoii paboTe BrepBhle IOKa3aHo, 4To BuA E.
marituji COCTOUT U3 KaK MUHUMYM TpeX reHeTUYeCKUX
JIMHUH 110 MapKepHBIM I'eHaM IIUTOXPOM C-OKCUAA3bl U

488 G e ~— 488 A
5107 { 510C
488 A 5 v - 488G 488 A 5 488 AIG
510C 5107 510T f f 510 CIT
- 488 AIG 488 AIG
f 510 CIT 510 CIT
AmspA11 GRA3
COI: S Col: C
18S: W/S 18S: W/S
Mbpua NnepBoro NokoneHus? Bpwua BTOPOro NokoneHus?
488 510
TCGTGT- TGGTGACTCTGGATAACCA\.' TGAC
TectcfRATccTcAETETGGATAACCARMTTGAG
f
GRA3 || i
3 WY /\/\
Bl M {Tcalc
AmspA1l f
( I\
L
c } V
V'

Puc.2. IIpoucxoxaeHue TUOPUOHBIX 5K3eMILIAPOB E.
marituji. A — TANOTeTHYeCcKoe MPOUCXOXAeHNe 5K3eMILApa
AmspAll. B — runoTteTuveckoe IPOMCXOXJEeHHE 3SK3eM-
mwiapa GRA3. B — uacTe XxpomarorpaMM CeKBeHHPOBAHUA
reHa 18S pPHK c rerepo3urotHeiMu 3aMmeHamMu (0603HaYeHBI
KaK BBIPOXJEHHbIE HyKJIeOTHAH R 1 Y).

18S pPHK. 3amagHasa (W) u 1oxHas (S) JMHUU OKa3a-
Juch Haubosiee GJIM3KUMM, M pa3fesIIUCh MOpsAKa
2,6 muH jer Hazan (Puc. 4). TpeTss, neHTpajbHaA
nunus (C), ABIsAETCA CeCTPUHCKOM JJIs IEePBbIX ABYX, U
OoTAesInjIach OT HUX paHblile IPUMePHO Ha 1 MJIH. JeT.
[Ipu sTOM B NIpoOaHAJIN3WPOBAHHBIX HAMHU XKWBOTHBIX
BcTpeTuiicsa rubpun W/S nepBoro nokoJjieHus u ruopus
W/S/C BToporo nokoJsienus (Puc. 2).

[losyuenHble MOaHHBIE 3acTaBJIAIOT 3adaThCA
BOIIPOCOM O TOM, ABJIAIOTCA JIU 0OHApyXXeHHble reHeTH-
YyecKHe JIMHUY OT[Ae/IbHBIMM BHUJaMU. DTO OYeHb KOM-
IJIEKCHBIN BOMIPOC, K OTBETY HA KOTOPBIM CYIIeCTByeT
HECKOJIbKO noaxoaoB. OAuMH K3 IOAXOJ0B OCHOBaH
Ha pasfeJieHM! BUJIOB HCKJIIOUMTEJIbHO 10 MopdoJio-
ruyeckuM mpusHakam. B ciyuae Gatikanbckux ampu-
o4 JaHHYI0O TOYKY 3pE€HMsA aKTUBHO npoasuras B.B.
TaxteeB (TaxteeB, 2000). DTo HampaBjeHUe OBLIO
€JMHCTBEHHbIM J[JOCTYIHBIM Ha MNPOTAKEHUU JOJITO
nepuofa HCTOPHMU HayKH, OJHAKO C IOABJIEHUEM
YHUBEPCAJIbHBIX W OTHOCUTEJIBHO [elleBBIX METO[0B
CEeKBEHHPOBAaHMUA 3Ta NapaJurMa IOCTEeNeHHO yXOAUT
B IIpouwoe. Bropoii MeToa OCHOBaH Ha IOKa3aTeJIfaX
pas3yIMYHBIX OHOMH(OpMaTHYeCKUX ajropuTMOB pas-
JleJleHus BHJIOB, CPaBHUBAIOUIUX TeHeTHU4ecKue MIuc-
TaHuu. OJHAKO OAHON M3 IJIABHBIX MPOOJEM 3TOrO
noAxoja fABjAeTCA CyllecTBOBaHME Cpa3y HEeCKOJIBKUX
OAOOHBIX aJIrOPUTMOB, KOTOpble MOTyT AejaThb Ipo-
THUBOIIOJIOXXHbIE BBIBOABI. KaXIblI M3 KOTOPHIX HMeeT
CBOM JOCTOMHCTBA W HEAOCTAaTK{, B YaCTHOCTU Ipey-
BeJIMUMBaTh 3HaUeHNe reHeTU4yeckol AucraHuuu. [Ipu
3TOM BCe OHU OTBEYaloT Ha OAWH KOHKPEeTHBII IIpaKTUu-
YeCcKUN BONPOC, U B UTOT'e KOHEYHBIN pe3yJibTaT OyaeT
CWJIBHO 3aBHCETb OT BBOAHBIX AAHHBIX M BbIOpAaHHBIX
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Puc.3. I'eorpaduueckoe pacnpenenenue E. marituji mo ramiorpynnam COL A — touka c6opa B peke Ennceii, B — B o3epe
Balikan (ueHTpasibHasA KOTJIOBUHA), B — obmias reorpadus orbopa npob, I' — Touku c6opa B peke AHrape B uepTe ropoja
HpkyTcka, | — TOUKM B I00KHOH KOTJIOBUHe o3epa U MpKyTckoMm BofoxpaHuiuile. KoJmuecTBO XXMBOTHBIX B KaXKAOH TOUYKE CM.

B Ta6s. 1 npusioxeHus.

MeTtozoB (Miralles et al., 2024). TpeTuii moaXoHd HaIPS-
MyI0 OTCBUIaeT K CaMOMy TepMUHY “OHOJIOrMYecKHuil
BUJ”’, 2 KOHKPeTHO K TOM ero 4acTu, rJe TOBOPUTCS Emars W
0 CIOCOGHOCTU CBOOOJHOTO CKPELIMBAHUA U POXIAE- 26

Huto ¢deprmibHOro noromcrsa (Bickford et al., 2007).

I'maBHasA mpoGjeMa 3TOro MOAXOAAa B HEBO3MOXHOCTHU 28

MPOBEPKU PENPOAYKTUBHBIX GapbepoB IJiA IMOIABJISA-

I01Iero GOJIBIIMHCTBA XUBOTHBIX. JIaHHBIA MeTOJ| pas- 12,1
JeJeHds BUIOB sBJSAETCA YacTbl0 HMHTETPATHUBHOU

TaKCOHOMUY, YUYUTHIBAIOIIEl U reHeTUKy, U penponykK- =
tuBHbIe 6aprepsl (Hupalo et al., 2023). K cuacTsio, aia -

uccjeioBaTesiell 6aiikabCKUX aM@UIIOL 3TOT MOAXO0M W e 5 7 5 5 i 5 3 7 %

JOCTYTIEH, 10 KpayHei Mepe [Jisi YacTu BUIOB. PaHee P "'g" net rasan

rpe- U OCT3UTOTUYeCKUe Gapbepsl OBLJIN SKCIIEPUMEH- Hc.4. RaTuopoBaHHad barecopckad (uorenus rexe-
TUYeckux JuHun E. marituji, ocHoBaHHasA Ha pparmeHnte COL

TaJIbHO TPOBEPEHHI [Ji TeHeTUYeCKUX rpYNN BUO0B

E E I IMocregoBaTesbHOCTD E. cyaneus CIy>XUT BHEIIHEH IPYIIIOLL.
- VErrucosus u k. cyaneus. 110J1y4€HHBIE JAHHBIE TOBO- Yuicsia Ha y3J1aX MIOKA3BIBAIOT IIPEICKA3aHHEBII BO3pACT Cylle-

PAT O HAJIMYINH ITOJIOXKUTEJIbHOM KOPpEeJIALNN CTEIICHN CTBOBaHMA IIOCJIeJHEro OOLIero IpeaKa ABYX TPYNI B MJIH
TeHEeTUYECKOTO pasfesieHVsi U PENPOAYKTUBHBIX Gapbe- seT. Cepble JIMHUY COOTBETCTBYIOT 95% HHTepBajly HauBbIC-
poB (Drozdova et al., 2022; 2025). Tem He MeHee, Hau- IIel aroCcTepUOPHOI BEPOATHOCTH.
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JIy4IINM BapuaHTOM ABJIAeTCsA KOMOWHAIMsA He TOJIBKO
reHeTUKH U pellpoAyKIUH, HO U MopdoJioruu. 3HaHuA
0 BCeX acleKTax JaAyT MaKCHMaJlbHO MOJIHYI0 KapTHUHY
5BOJIIOLMM KOHKPETHOH I'PYIIIEI BUAOB.

Bosspamasace k E. marituji, MOXHO CKa3arh,
YTO IOJIyYeHHEbIe JaHHble ABJIAIOTCA TOJIBKO II€PBBIM
1miaroM Ha IIyTHU K OTBeTy Ha BOIIPOC O €JUHCTBe BHAA.
I'enetuueckoe paccrosHue o reHy COI mexny rpyim-
namu E. marituji MeHbllle, 4eM Mexay rpymnmnamu E.
Verrucosus, y KOTOPBIX HMeeTCs 4YeTKO BBIpaXXeHHbIe
Ipe- U nocr3urornyeckue 6apreprsl. Ho B Toxe BpemsA
pasgeneHue BHyTpU E. marituji 6osbiie, yem y Bufa E.
cyaneus, y KoToporo 3Tux 6apsepoB HeT (Drozdova et
al., 2025).

OOHapyXxeHHble TUOpUABl KOCBEHHO CBUJETEJIb-
CTBYIOT O BO3MOXHOCTH CKpell[BaHUs BCeX TpeX reHe-
TUYeCKUX JINHUH, a Takke 0 pepTUIbHOCTHA ruOpHI0B
[IepBOTrO IOKOJIEHUs, YTO SABJIAETCA NPU3HAKOM edu-
Horo Byuaa. OgHaKo, 4TOOBl IIOJTHOLIEHHO MOATBEpAUTD
WJIU ONPOBEPTHYTh JAaHHYI0 TEOPUI0, Hy)KHO IIPOBECTHU
SKCIIEPUMEHTHl II0 CKPELIMBAHUI0 B KOHTPOJIMPYEMBIX
JabopaTopHBIX ycJIoBUAX. K coxasieHuio, Ha JaHHBIN
MOMEHT He IOJIyYMJIOCh BOCCO3[aTh JiabopaTOpHYIO
KyJbTypy OalikajibCKUX aM@UIo[, U BO3MOXHOCTb
NpoBepuUTh (GepTUIbHOCTh IEPBOT0 MOKOJIEHUA OCTa-
eTcsA HeocyllecTBUMOI. TeM He MeHee, BO3MOXHO IIpO-
BECTH JKCIIEPUMEHTHl IO MOCT- U IPe3UroTU4ecKuM
GaprepaM, oTpaboTaHHble Hamu paHee (Drozdova et
al., 2022; 2025).

HNudopmanusa o pasmHoxeHuu E. marituji B ipu-
POOHBIX YCJIOBHAX HECKOJIbKO IIpOTHBOpeurBa. B pan-
HUX paboTax ykasblBalOT 3MMHe-BeCEeHHUIl Ce30H pas-
mHOXeHUs (basukasoBa, 1945; BekmaH u [leHbruHa,
1969; T'aBpusoB, 1949). Ho mo mocjieqHUM JaHHBIM,
IIOJIy4YeHHbBIM B XOJe ABYXI'OJWYHOIO MOHHUTOPHHIa
Jutopanu B ucToke AHraphl, E. marituji nmeeT 3uUM-
He-JIeTHUI epuoJi pa3MHOXEHUA 1, BO3MOXHO, 3aMe/l-
JsileT pa3MHoXeHHe oceHblo. (I'oBopyxuHa, 2005).
[TosiydenHble B aHHOM paboTe cOOpPHI NOATBEPXKAAIOT
nocJieAHI0 TouKy 3peHus (Puc. 5). CaMKu ¢ pa3BHUBalo-
HIIMMUCA ANIAMU BCeX TpeX reHeTUYeCKUX JIMHUY ObLIn

BBUJIOBJIEHBI C CEPeUHBI UIOHS 10 KOHeI] MI0JIsA, a TaKxXe
B HauaJjle ampeysa ObUTU 3adUKCUPOBAHHI ANIEHOCHBIE
camku JuHUU W. B oTJioBax 6blyIa OOHapyXeHa caMka
Ha IV craguu nosoBoii 3pesioctu (basukaiosa, 1941),
C pa3BUBILIENCA MOJIOJbI0O B BBIBOJIKOBOM KaMepe, B
npexonyye (ammiekcyce) (Puc. 5b). Takoe mnoBefe-
HUe XapaKTepHO [Ji MaJIeHbKUX U TeIlJIOJII00UBBIX
amdurnof, kak B camoM batikase, Tak U 3a ero npefe-
namu (Geisler, 1944; Drozdova et al., 2025; Acoyakos
u ITomoBa, 2020). D10 sABJIeHUE OOBSACHAIOT TEM, YTO
Takue BUbl OOUTAIOT B 60Jiee TelJIbIX YCJIOBUAX, U 3TO
MO3BOJISIET COKPATUTh CPOK BHIHAIIMBAHUSA [MOTOMCTBA,
U KakK CJIe[ICTBUE, YBeJINUYMBAaeTCs KOJIUUYEeCTBO perpo-
JYKTUBHBIX LUKJIOB B rofay. CorjlacHO AaHHBIM 3TOTO
ucciaenoBaHusd, E. marituji MOXHO OTHeCTU K BUJAaM,
MMEIOIIMM HeCKOJIbKO ITMKJIOB Pa3MHOXEHUS B TOJ.

4.2. Teorpaduueckoe pacnpepenreHue
reHeTuueckux nunun E. marituji

leorpaduueckoe pacrnpepeseHre reHeTHye-
ckux JuHUM E. marituji B o3epe balikan cooTHOCUTCA
C pacmpocTpaHeHHeM Jpyrux OalikajbCKUX BUAOB. B
YacTHOCTH, JejleHHe HCTOKOM AHrapbl XapaKTepHO
Takke A BUmgoB E. verrucosus u E. vittatus (Gurkov
et al.,, 2019). OtnmespHasA ramiorpymmna, oOWTawIIas
Ha 3amnagHoM Oepery IleHTpaJIbHOU KOTJIOBUHBI, OOHa-
pyXeHa y mgpyroro Oakikaibckoro Buma Gmelinoides
fasciatus (aBTOpBI HA3BIBAKOT €€ ro-3amagHon) (BykuH
u ap., 2018). MeHblilee KOJIMUECTBO TOYEK OTOOpaA He
[I03BOJIAET HaM CXOIHBIM, C aBTOpaMH HCCJIeOBaHUM,
00pa3oM COIIOCTaBUTh IeoJIoru4eckre COOBITHA, TPOUC-
XOJIMBILIKIE C 03€pOM, 1 3BOJIIOIMOHHYIO MCTOPHIO BIAA.
TeMm He MeHee, MOXXHO cZeJlaTb HEKOTOPBIE BBIBOJBI O
pacnpenenenue E. marituji B pekax Anrape u EHrucee.
B Anrape npeo6yiafjaioT mpefcTaBUTeNN 0kHOU (S) u
neHTpaysbHON (C) reHetudveckux jguHuii (Puc. 3T, ).
Haiimennsiii rubpup 3anagHoi ramiorpynnsl (W), a
TaKxe IIpUcyTcTBUe IpefcraBuTesieil W B peke EHnceil
CBUJIETEJIbCTBYIOT O MX HaJM4UM Takke U B AHrape.
MoxHO MpeAnosoXuTh, 4TO mpefactaButes W u S

Eulimnogammarus marituji

Eulimnogammarus viridis

Baiikanbckue npeacrasutenu

PeuHble npeacTtasutenu

Puc.5. BuemHuii Buj npencrasuresneil E. marituji, OTJIOBJIEHHBIX B Pa3HBIX TOYKaX. A — 5K3eMIUIAP, BBUJIOBJIEHHBINI OKOJIO
noc. Jlucteanka (W), b — npekonyJsa, BeUIOBJIeHHasA okoJio noc. Jlucteanka (W), B — mpekomnysa u3 peku AHrapsl B uepre
ropoaa Upkyrcka (S), I' — npekomysia u3 UpkyTckoro Bogoxpanuiumia (C), I — sup E. viridis u3 nposinBa OJibXxoHCKHe Bopora,
E — sk3emmiAp u3 Baiikaa, OTJIOBJIEHHBI B paiioHe Meica Yiora (C), E — xuBoTHOe u3 pexu AHrapH B uepTe ropoaa UpKyTcka
(C), K — sk3emmuisap u3 peku Enucetli (S). PazmepHas jnHelika paBHa 1 cM.
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[oNajanT B peKy ¢ TeueHueM, Tak Kak B balikase obe
OHU OOHapyXXeHBl y caMmoro ucroka AHrapsl (Puc. 31).
OO0bsAcHUTL npucyTcTBUe JuHUU C Ha OCHOBE UMeE-
muxcs JaHHBIX cjloxkHee. BeposaTHee Bcero, jnHuA C E.
marituji pacIpocTpaHAeTCA B I0’)KHOM HaIpaBJIEHUU M0
3anagHoMy Oepery balikasa, a B IpoaHaIM3MpOBaHHBIX
HaMH XMBOTHBIX M3 IOcesIKOB JIncTBsAHKaA U Bosbline
KoTsl (ob1iee k0J1-BO XMBOTHBIX 17) X IPOCTO He OKa-
3aj10ch. {1 pellleHHWA 3TOro BOIpPOca HYXHBI IOCJIe-
JAyloliye HccjefoBaHue ¢ 00JpmUM reorpaduieckuM
MOKPBITUEM U O0JIbIIEel BEIOOPKOLA.

4.3. Uctopuna uayuenun eupoB E. marituji n
E. viridis

B xome maHHOro wuccjaeoBaHUA B MPOJIUBe
OsnbxoHckue Boporta (Tabsn. 1 npusioxeHus) ObLIA
UccyeloBaHbl TPU dK3eMIUIsApa aM(uIiof], KOTopele o
MopdoJsiornyeckoMy K04y ObUIM OmpejiesieHbl Kak E.
marituji, HO AaJibHEWINNII aHaJU3 MOocJieJoBaTeIbHO-
cTell Mmokasaj UX CXOACTBO C IpOaHaJIM3UPOBAHHBIMU
APYrMMH aBTOpaMU 3K3eMIUIAPOM, IpHHAJIeXalim
k BuAy Eulimnogammarus viridis (Dybowsky, 1874)
(Macdonald III et al., 2005) (Puc. 1, 5E). Mopdosorus
3TUX BUJOB CX0Xa, U B €JUHCTBEHHOM CYIIIeCTBYIOIIEM
KJTII0Ye UX OTJeJisIeT OJIH KaueCTBeHHBIN MPU3HAK U ABa
konnuecTBeHHBIX (BasukasoBa, 1945) (Tabna. 2 npu-
noxenus). Kak u y E. marituji, TUoBoe MeCcTOHaX0X-
nenuie E. viridis — >T0 1oxHbiii Baiikan (BasukasioBa,
1945; KawmanteiHoB, 2009). O6Ga Buaa pacmnpocTpa-
HEHbl B WCTOKe AHrapbl, HNMeEIT CXOXYH 3KOJIOTHU-
YecKyl0 XapaKTepuUcTUKy (AiaMHa Teyia Ao 25-26 MM
(basuxamnoBa, 1945; I'oBopyxuna, 2005), riiyorHa o6u-
taHusa 0-30 M, o6a MpeAnovYMTalOT rajedyHblii TPYHT)
(KamanteiHoB, 2009), ob6a Bufja UMEIOT OYeHb CXOXYIO
okpacky (Puc. 5).

Ho rmaBHy0 mnyTaHuly BHOCUAT UH@opManus
O pacmpocTpaHeHUU 3TUX BUJIOB B AHrape. B paHHUX
paboTax E. viridis yacTo BCTpeYalOT B peKe Ha Pa3HbBIX
ee ydactkax (BasukasoBa, 1957; T'osbiiikuHa, 1969;
JHoporocratickuii, 1917; Koxos, 1931; KamanaThHOB,
2009) u naxe B Enucee (I'pese, 1957). Ho B 60J1ee coBpe-
MeHHBIX HcTouHMKax (TaxrteeB, 2009; MexaHMKOBa,
2016), a Taxxe HamMX COOCTBEHHBIX cOOpax MaHHBIN
BUJ B peKe He OTMedeH. B TO xe BpeMms, COIJIaCHO
Ja”HHOMYy ucciefnoBaHuio, Bua E. marituji mmpoko pac-
npoctpaHeH B AHrape u EHucee. [Ipu 3ToM B paHHUX
UccJIeIOBaHUAX NMOJOOHON KapTUHBL He HabJII0aIoCh.
Bosnee Toro, onucanue Buaa E. marituji Ob110 caesaHo
no3xe Ha 70 ner omnucanusa E. viridis (basukasosa,
1945). 3Ty cuTyauuio MOXXHO 0OBACHUTH HECKOJIBKUMU
BapuaHTaMu. Bo3moxHo, Buj E. viridis nmpeBamupoBat
Hana E. marituji, HO ¢ Te4yeHUeM BpeMeHU HUX COOTHO-
meHUe M3MEeHWJIOCh Ha IIPOTHBOIOJIOXKHOe. B uacT-
HOCTH, 3TO MOIJIO OBl OBITH CBS3aHO C yBeJIWYeHHEM
aHTPONOTreHHON Harpysku B BHle BO3Be[leHUsA Kackaga
IUIOTUH U Mocjeyiomero GopMHupoBaHUus BOAOXPaHU-
aut (c 1950-x no Hacrosiee Bpems). Jpyroi nmpuuu-
HOU MOXeT CJIYXUTh UX MOpQOJIOruiyecKkas CXOXeCTb.
IepBoonucanve E. viridis JOBOJBHO MHUHUMAJIH-
CTUYHO MO CcoBpeMeHHBIM cTtaHaapTaMm (Dybowsky,
1874), 4TO MOIJIO MOCJYXUTbh MPUYUHOMN IyTaHUIIBL.
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JIONOJTHUTE IbHON NpenATCTBUEM MOXeT CJIYXUTb TOT
daxTt, yTo MOpdosIornyecKkre xapakTepucTuku ampu-
oA, OOMTAalIMMUX B peKaxX, MOI'yT U3MEHATbCA U He
COBIIAJAaTh C XapaKTepUCTHUKaMU KMBOTHBIX U3 O3epa
(basukanoBa, 1957). BHemHUN OOJIMK XUBOTHBIX
(cOBOKYIHOCTb BcCeX MOpP(OJIOTHYecKUX IPHU3HAKOB,
B TOM 4Kcjle He 3HAQUUMBIX AJIA OIpefesieHUs BHUAa)
TaKXkXe MOXeT KapAWHaJIbHO U3MEHATHCA, B TOM 4HCJIe
nis suga E. marituji (Puc. 5).

3aciayxuBaer BHUMaHUA TOT GakKT, YTO B
COBpPeMEHHBIX HCTOYHMKax HHpopMauuu o dayHe
ambunon EHuces oTrMmevaror npucyTcTBue E. viridis
(B myOnmkanuAx ykasaH [0 Ha3BaHUIO MOApoja Kak
Philolimnogammarus viridis, a He Eulimnogammarus
viridis) (AunpuaHoBa u ap., 2018; KpaBuyk u Ap., 2021;
3yeB u ap., 2011). Bup E. marituji 7o onucaHus B JaH-
Ho¥ pabote B EHucee HU pa3y 3aMeueH He OblI. TeM
He MeHee, Bce 11 nmpoaHaInM3MpOBaHHBIX HAMU XHBOT-
Helx u3 EHuces npuHamexanu kK Buay E. marituji.
CyliecTByeT BEPOSATHOCTb, UTO XXUBOTHEIE, paHee OIpe-
neneHHble Kak Eulimnogammarus (Philolimnogammarus)
viridis, Ha camoMm JieJie siBJiAroTcs E. marituji. Kak otme-
4eHO BbIllle, MOpQoJIoriuyecKre OTINYNA MeXAy HUMU
OYeHb TOHKHEe, U peyHble YCJIOBUA MOIYT HW3MEHHUThb
HeKOTOpble MopdoIoruyecKkye XapakTepruCcTUKY, B TOM
qucse U BuaocnenuduyHse. B ganpHeHmux ucciaeqo-
BaHUAX peyHol ¢payHbI OaiikasibCcKUX amM(UIo MOXHO
peKoMeHJJ0BaTh coBMemlaTh MopgoJjoruyeckoe olpe-
JleJieHNe ¢ FeHOTUIIMpOBaHueM 00pa3LoB.

5. BoiBOABI

B xome paHHOro wuccieoBaHUsS YCTaHOBJIEHA
reHeruyeckas CTPyKTypa JINTOpajlbHOro BuAa Oaii-
kasibckux ambunon Eulimnogammarus marituji B o3epe
bBatikan, a Takxe pexax AHrape u EHucee. JlaHHBII
BUJ NofpasfesifAeTcsa Ha TpU reHeTHYecKue JIMHUU 110
MapKepHBIM I'eHaM LIUTOXpoM c-okcuaasbl 1 18S pPHK
— uenTtpansHylo (C), 3amaguyio (W) u roxuHyo (S).
CorsiacHO oJIy4eHHBIM JJaHHBIM, B peKax Bce TpY JINHUU
MOryT oOUTaTh COBMECTHO, B TO BpeMs Kak B balikase
OHU reorpaduyecku pasfesieHsl. PaccuutanHoe BpeM:A
CyllleCcTBOBaHUsA NocjieHero obiero npeaka E. marituji
cocTaBUJIO OKoOJI0 3,6 MJIH. JieT Ha3al. B peke Aurape
yaasoch 3aduKkcUpoBaTh TMOpPUIOB pa3HbIX IeHeTHye-
CKUX JIMHUY, NPeAIoIOXKUTEJbHO NIEpBOr0 U BTOPOTO
[IOKOJIEHUs, 4TO fABJIAETCA CBUJETEIbCTBOM B IOJIb3Y
reHeTU4ecKoro eauHCTBa MOpP(OJIOrHYecKoro BHJA.
Ha ocHoBe mojlyueHHBIX NaHHBIX, a TakXe aHaau3a
JIUTepaTypHBIX MCTOYHUKOB B AAHHOM HCCJIEJOBAaHUU
BBIIBUTaeTcsA IpeAlojoxkeHWe, 4YTO aMQUIOABl W3
EHnces, paHee ompepnesisieMble kak Eulimnogammarus
(Philolimnogammarus) viridis, Ha caMoM JieJie TIpPUHA/[I-
aexart k Buny E. marituji.

BaaropapHocTH

ABTOpPBI NPUHOCAT 6JIaroJapHOCTh KOJLJIEKTUBY
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