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ABSTRACT. The assessment of phytoplankton diversity in freshwater bodies strongly depends on the
methods used for taxonomic identification. Araphid diatoms of the genera Ulnaria (Kiitzing) Compére
and Fragilaria Kiitzing are often dominate the phytoplankton composition of freshwater ecosystems. To
use of an integrated approach, including metabarcoding using analysis of fragments of the V3-V4 region
of 18S rRNA, light and scanning electron microscopy, made it possible to assess the differences of these
species. It was shown that in 2017, a gradual change of the studied species occurred in the Southern
and Middle parts of Lake Baikal, which is due to the fact that the high development of Fragilaria radians
is early then ones of Ulnaria acus. Thus, during the hydrological spring in the pelagic zone of the lake
in these areas, and in the Chivyrkuisky and Barguzinsky Bays, U. acus dominated among diatoms. The
population development in the Northern part of the lake did not correspond to the revealed trends,
according to which a high number of both species should be expected here in the late spring, but it
did not exceed 3% of the total number. In the summer, the number of U. acus decreased significantly
and reached its minimum in the autumn. Ulnaria danica was present in the phytoplankton of large bays
throughout the entire study period.
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1. Introduction regulate the structure of phytoplankton communities

provides insight into the potential consequences of
environmental change and its impact on higher trophic
levels.

Lake Baikal is the deepest and largest oligotro-
phic lake in the world. The lake’s phytoplankton is
characterized by a heterogeneous spatial distribution
throughout the lake water area. Continuous long-term
studies have shown that pelagic phytoplankton is char-

Phytoplankton is the main player in the cre-
ation of organic matter for aquatic ecosystems, pro-
viding half of the global primary production (Field et
al.,, 1998; Kise and Geuer, 2018; Naselli-Flores and
Padisak, 2023). Its variability determines the devel-
opment and dynamics of all subsequent trophic levels,
directly affecting the nutrition, growth, reproduction

and survival of various organisms (Smetacek, 1985; acterized by sharp interannual and seasonal fluctua-

Smetacek, 1998; Héllfors .and Uusitalo, 2.0‘13)' It is tions in abundance and biomass (Popovskaya, 1977;
known that changes in environmental conditions affect Popovskaya et al, 2015; Bondarenko et al., 2019;

the development of phytoplankton (Irwin et al., 2006),

R . Usoltseva et al., 2023). The sub-ice period (February
and as a consequence, the entire biogeochemical cycle

c A g — April) for Lake Baikal is characterized by the mass
in water bodies (Behrenfeld et al., 2006). Analysis of development of diatoms and dinoflagellates at the

phytoplankton abundance and biomass, together with ice-water interface (Obolkina et al., 2000; Popovskaya,
physical parameters such as upwelling and mixing, sug- 2000; Bondarenko et al., 2006; Annenkova et al., 2015;
gests the possibility Of d.ividing the ocean into maj(?r Bashenkhaeva et al., 2025). The mass development of
biomes and then predicting how they will change in diatoms continues until July (Mikhailov et al., 2022),

response to climate warming (Sarmiento et a‘l., 2004; while in the summer period (July and August) the main
Boyd, 2002). Thus, understanding the mechanisms that production depends on cyanoprokaryotes of the gen-
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era Synechocystis and Synechococcus (Popovskaya and
Belykh, 2003; Belykh et al., 2007), as well as on dino-
flagellates, green and chrysophyte algae (Mikhailov et
al., 2022). In September — October, a second peak in the
overall diversity of diatoms is observed (Popovskaya,
2000; Mikhailov et al., 2022; Bashenkhaeva et al.,
2023; Grachev et al., 2021).

Pennate araphid diatoms are among the main
producers of Lake Baikal, they play an important role
in the spring bloom of phytoplankton. Previously,
the dominant diatom species included Synedra acus
subsp. radians (Kiitzing) Skabitchevsky (Popovskaya,
2000; Popovskaya et al., 2015; Bondarenko et al.,
2019; Usoltseva et al., 2023), Synedra ulna (Nitzsch)
Ehrenberg (Popovskaya, 2000; Shishlyannikov et al.,
2018) and Synedra acus Kiitzing (Popovskaya et al.,
2015; Rusanovskaya et al., 2020). The genus Synedra
was considered widespread in various types of terres-
trial water bodies, but no type species was selected
when describing the genus (Ehrenberg, 1830). Later, D.
Williams and F. Round revised the genera Fragilaria and
Synedra based on electron microscopy data (Williams,
1986; Williams and Round, 1987; Round et al., 1990).
This led to some species being transferred to the
genus Fragilaria, in particular the freshwater species
S. acus subsp. radians, which became Fragilaria radians
(Kiitzing) D.M.Williams & Round (Williams and Round,
1987). In 2001, P. Compere elevated the name Synedra
subgen. ulnaria Kiitzing to generic rank and selected the
species Synedra ulna as the type species, which led to
the emergence of the genus Ulnaria (Kiitzing) Compére
(Compere, 2001). As a result of the taxonomic revi-
sion, the genus Ulnaria is formed by freshwater pen-
nate seamless species. Synedra acus is currently known
as Ulnaria acus (Kiitzing) Aboal (Lange-Bertalot and
Ulrich, 2014), and Synedra ulna is Ulnaria ulna (Nitzsch)
Compére (Williams, 2011). However, it is believed that
the Western part of the Eurasian continent is inhabited
by U. ulna, the Eastern part by Ulnaria danica (Kiitzing)
Compére & Bukhtiyarova (Bukhtiyarova and Compére,
2006). Populations of U. ulna are capable of interspe-
cific hybridization with populations of U. danica located
in the West Siberian Lowland and to the east of it up
to Lake Baikal. Baikal (Podunay et al., 2021; Podunay,
2022). According to previously obtained data, only
U. danica was found in Lake Baikal (Zakharova et al.,
2023).

The separation of species within the genera
Fragilaria and Ulnaria is difficult. According to var-
ious authors, this is partly due to the morphological
descriptions of the species, which are not always made
in sufficient detail and unambiguously, which has led
to the fact that in some cases there is an overlap of
morphological features (Kahlert et al., 2019; Zakharova
et al., 2023). Traditionally, phytoplankton taxa have
been identified using light microscopy (LM). However,
using only this method for the correct identification
of Fragilaria and Ulnaria species in the phytoplankton
structure turns out to be clearly insufficient and leads to
data merging and underestimation of the abundance of
U. acus and F. radians species in the Baikal phytoplank-
ton due to their morphological similarity. Thus, a more
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labor-intensive method is required - scanning electron
microscopy (SEM) (Zakharova et al., 2023). In recent
years, the use of metabarcoding with marker gene
amplification in the study of freshwater phytoplankton
has opened up great prospects for studying diversity,
including for Lake Baikal. At the same time, the choice
of primers and markers, as well as their specificity for
influencing specific groups of algae, is an important
step, which strictly depends on the research goals and
the availability of relevant databases (Hadziavdic et al.,
2014; Latz et al., 2022; Bukin et al., 2023). Previously,
we also showed that the use of metabarcoding based
on the analysis of the variable fragment V3-V4 of 18S
rRNA allows reliable identification and qualitative
comparisons between these two species in natural pop-
ulations (Zakharova et al., 2023; Morozov et al., 2023).

Thus, the aim of this work was to estimate
the relative abundance of the species Ulnaria danica,
Ulnaria acus and Fragilaria radians at different stations
of Lake Baikal. Baikal during three seasons (hydrologi-
cal spring, summer and autumn) based on the analysis
of metabarcoding and microscopy data.

2. Materials and methods
2.1. Sampling

Sampling was carried out from the research
vessels “G.Yu. Vereshchagin” and “Akademik V.A.
Koptyug” (Center for Comprehensive Ship Research of
Baikal LIN SB RAS) at 7 stations of Lake Baikal during
the period of spring mixing (May, June), direct strati-
fication in summer (July) and autumn (September) of
2017 (Table 1, Fig. 1) using an SBE 32 Carousel water
sampler (Sea-Bird Electronics, USA). Equal volumes of
water were collected from depths of 0, 5, 10, 15, 20, 25
m and used for further analysis.

2.2. Phytoplankton analysis

Phytoplankton analysis was performed for com-
plex water samples (200 ml of water from different lay-
ers). For quantitative determination and identification
of phytoplankton using light microscopy, 1.2 1 of each
combined sample was fixed with Lugol’s solution (final
concentration of KI - 0.66%, L- 0.33%) (Guseva, 1959).
Samples were concentrated by settling and subsequent
siphoning. Microalgae were counted using an Axiostar
Plus light microscope (Zeiss, Germany) at a magnifi-
cation of X200 in two replicates. The abundance was
calculated using the method of G.V. Kuzmin (Kuzmin,
1975), biomass - using the “true volume” method of
cells (Makarova and Pichkily, 1970; Belykh et al.,
2011). For electron microscopy analysis, 20 ml of the
sample were filtered through 1 pm polycarbonate fil-
ters (Whatman, USA) and then passed through the filter
with 20 ml of 70% ethanol for dehydration. The filter
was dried at room temperature, attached to a scanning
electron microscope (SEM) stage, sputtered with gold
in an SDC 004 vacuum setup (Balzers, Liechtenstein)
and analyzed using a FEI Quanta 200 scanning electron
microscope (FEL, USA) at the shared-use instrument cen-



Petrova D.P. et al. / Limnology and Freshwater Biology 2025 (5): 1178-1195

—{56°N

‘Chivirkuisky

Maloe More Strait Bay
VIS

Barguzinsky
Bay

Angara River

4 Selenga River
—52°N

100kmlL— |

ter for physicochemical ultramicroanalysis of the LIN
SB RAS (Ultramicroanalysis Shared-Use Center). The
valves of U. acus, F. radians and U. danica were counted
twice among 100 randomly encountered valves.

2.3. DNA extraction, amplification and
sequencing

To isolate DNA, integral water samples with a
total volume of 20 L (equal sample volumes from dif-
ferent depths) were collected. The samples were pre-fil-
tered using a 27 um prefilter and then through polycar-
bonate filters with a 0.2 pm pore diameter (Whatman,
USA). The biomass from the membrane was washed into
sterile TE buffer (10 mM Tris—HCl, 1 mM EDTA, pH8.0)
and stored at -80°C. Before DNA extraction, the sam-
ples were thawed at 4°C. The biomass from the TE buf-
fer was concentrated by centrifugation at 16,100 rpm,
4°C for 30 min. DNA from the cell pellet was isolated
as described previously (Bukin et al., 2023). Amplicon
libraries of fragments of the V3-V4 region of 18S
rRNA were obtained using primers TAReuk454FWD1

L 1 1
106°E 108°E 110°E

1
104°E

Fig.1. Phytoplankton sampling scheme.

5”-CCAGCASCYGCGGTAATTCC-3" and TAReukREV3
5-ACTTTCGTTCTTGAT-3" (Stoeck et al., 2010). The
libraries were sequenced on an Illumina Miseq using
the MiSeq® v3 reagent kit (2x300 bp). The study was
carried out using the equipment of the resource center
“Genomic Technologies, Proteomics and Cell Biology”
of ARRIAM (Saint-Petersburg, Russia).

2.4. Metabarcoding data analysis

The 18S rRNA amplicon libraries were ana-
lyzed in mothur 1.44.11 (Schloss, 2020). The sequenc-
ing data for obtaining 97% identical ASVs (Amplicon
Sequence Variant) were analyzed in Usearch 11.0.667.
In this case, R1 and R2 reads were combined, flank-
ing primer sequences were trimmed and filtered by the
expected error level of less than one per fragment, and
ASVs were generated using the Unoise 3 algorithm.
ASVs were generated with a cutoff of 4 substitutions.
An ASV occurrence table by samples was generated by
mapping the raw data to the obtained ASVs with a 99%
identity level. Taxonomic classification was performed

Table 1. Stations and calendar of sampling in Lake Baikal in 2017.

Location Stations Coordinates Sampling dates
Latitude | Longitude Spring Summer Autumn
The South | The central station of the Maritui | 51 38.710 | 104 13.715 | 26.05.2017 | 18.07.2017 | 26.09.2017
pelagic basin |[settlement —Solzan settlement trans-
zone of verse section (SMS)
the lake Middle The central station of the Cape 52 20.722 | 106 03.870 | 29.05.2017 | 20.07.2017 | 29.09.2017
basin | Krasny Yar - the channel Kharauz
transverse section (MKKh)
North The central station of the Cape 54 27.052 | 109 04.164 | 01.06.2017 | 22.07.2017 | 01.09.2017
basin [ Elokhin — Davsha settlement trans-
verse section (NED)
The central station of the 5519.487 | 109 28.707 | 02.06.2017 | 23.07.2017 | 02.09.2017
Baikalskoye settlement — Cape
Turali transverse section (NBT)
Bays and strait Barguzinsky Bay (BB) 53 27.245 | 108 44.387 | 31.05.2017 | 25.07.2017 | 31.09.2017
Chivirkuisky Bay" (ChB) 53 42.564 | 109 06.384 | 04.06.2017 | 25.07.2017 | 04.09.2017
Maloe More Strait (MS) 53 14.500 | 107 15.416 | 05.06.2017 | 21.07.2017 | 05.09.2017

Note: ‘At ChB samples were collected from 0 m and 8 m depths.
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for the obtained ASVs using the mothur program and
the SILVA v.138 database. Since this database does not
offer a taxonomic definition below the genus, all ASVs
assigned to the genera Ulnaria and Fragilaria were
compared with 18S rRNA sequences sequenced from
monoclonal strains of the Baikal diatoms U. acus, U.
danica and F. radians (Zakharova et al., 2023) using
blastn 2.2.31 + (Camacho et al., 2009). The blast anal-
ysis results (matches with an identity level of >98.5%)
and ASV abundances were used to calculate the relative
occurrence of U. acus, U. danica and F. radians in the
analyzed communities.

3. Results
3.1. Species composition of
phytoplankton

Using light microscopy (LM), the species struc-
ture, quantitative indicators and spatial distribution
of phytoplankton were determined at seven stations
of Lake Baikal during the hydrological spring (May -
June), summer and autumn of 2017 (Table 1; Fig. 1).
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It was revealed that the spring phytoplankton of 2017
was mainly represented by diatoms, chrysophytes and
green algae (Fig. 2A). The total abundance of phyto-
plankton at the studied stations during this period
varied in a wide range from 193.5 thousand cells/1 in
the North of the lake (NBT) to 1027 thousand cells/]
in Barguzinsky Bay (BB) (Fig. 2B). The main abun-
dance at stations SMS in South Baikal and MKKh in the
Middle Basin was made up of diatoms U. acus and F.
radians, which are considered together in the LM analy-
sis due to similar morphological features. These species
accounted for 90% and 78% of the total phytoplankton
at these stations. In the Northern part of the lake, at sta-
tions NEB and NBT, as well as in the bays and Maloye
More Strait (stations ChB, BB and MS), the abundance
of these species was low and did not exceed 3%. The
dominant species was the chrysophyte Dinobryon cylin-
dricum Imhof., which accounted for 59% and 63%,
respectively, of the total phytoplankton at stations NBT
and BB. The codominant complex of algae was green
algae of the genus Monoraphidium (Fig. 2A). Among
the diatoms, the species Nitzschia graciliformis Lange-
Bertalot & Simonsen was the most abundant.
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Fig.2. Dynamics of phytoplankton abundance in Lake Baikal in 2017. A - Distribution of individual taxa in the phytoplank-
ton structure; B — Total abundance and abundance of representatives of the genera Ulnaria and Fragilaria.
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In summer, the total abundance of phytoplankton
at the stations studied decreased. The maximum of this
indicator of 424 thousand cells/1 was recorded at the
SMS station in South Baikal (Fig. 2B), where the green
alga Monoraphidium griffithii (Berkeley) Komarkova-
Legnerova dominated, accounting for up to 97% of the
total phytoplankton. In the Middle and Northern parts
of the lake, chrysophyte algae of the genus Dinobryon
and green algae of the genus Monoraphidium domi-
nated (Fig. 2A). At the same time, the minimum val-
ues of the total abundance were recorded at the NEB
station of 15 thousand cells/L (Fig. 2B). At the NBT
station, the diatom alga Lindavia baicalensis (Skvortsov
& K.I.Meyer) Nakov, Guillory, M.L.Julius, E.C.Theriot
& A.J.Alverson was recorded, accounting for 30% of
the total number. In the bays and strait, the abundance
of U. acus and F. radians increased slightly compared to
the spring period. At the ChB station, the proportion of
these species increased to 33% of the total abundance
(Fig. 2A).

Quantitative indices of autumn phytoplankton in
the Baikal pelagic zone varied in a small range from 27
to 83 thousand cells/l. Whereas in the bays this range
was significantly greater from 27 thousand cells/L in
BB to 329 thousand cells/1 in ChB (Fig. 2B). A heteroge-
neous structure was observed at all stations, with repre-
sentatives of chrysophyte and green algae dominating
(Fig. 2A). U. acus and F. radians were absent or only
single cells were observed. The species U. danica was
noted by LM at stations ChB and BB in spring, and at
station ChB in summer (Fig. 2), however, its numbers
did not exceed 0.8% of the total numbers. In autumn,
the species was not recorded by the LM method at any
of the stations.

Since the morphology of F. radians and U. acus is
almost identical and therefore cannot be reliably iden-
tified without electron microscopy and marker gene
sequencing data (Zakharova et al., 2023), an SEM anal-
ysis of the species content was performed. It was found
that U. acus dominated in the samples at all stations in
spring (Fig. 3). F. radians was presented in the Southern
(SMS) and Middle Baikal (MKKh), as well as in the bays

100%
90%
80%
70%
60%
50%
40%
30%
20%
10%

0%
SMSMKKhNED NBT BB ChB MS

Spring

B F. radians

SMSMKKh NED NBT BB ChB MS

Summer

B U.acus

(ChB, BB) and the Maloye More Strait (MS), whereas
this species was absent from the Northern stations NED
and NBT. The highest abundance of F. radians accord-
ing to SEM data was in Chivyrkuisky Bay (ChB) and
accounted for 29% of the total number of analyzed
cells (Fig. 3). In summer, F. radians was found only at
three stations, with its proportion decreasing at SMS
and MKKh stations, but increasing almost threefold at
MS station compared to spring. In autumn, the species
was found only at SMS and MKKh in quantities com-
parable to summer. It should be noted that U. danica
valves were detected in samples from all three seasons
using the SEM method. The maximum quantity of U.
danica in all seasons was noted for samples collected in
Chivyrkuisky and Barguzinsky Bays (ChB, BB), where
it reached 76% and 80%, respectively (Fig. 3). In the
Northern Basin and Maloye More Strait, the species
appeared in summer and increased its proportion in the
phytoplankton structure in autumn (Fig. 3). In autumn,
a small quantity (up to 1%) was noted in Southern and
Middle Baikal, where the species was completely absent
in the spring-summer periods.

Since F. radians and U. acus share some similar
morphological features, they cannot be reliably iden-
tified by LM alone without electron microscopy data
and marker gene sequencing (Zakharova et al., 2023).
An analysis of the abundance of the studied species
was conducted using SEM. As a result, it was found
that U. acus dominated in the samples at all stations in
spring (Fig. 3). The presence of F. radians was noted in
Southern (SMS) and Middle Baikal (MKKh), as well as
in the bays (ChB, BB) and the Maloye More Strait (MS),
whereas this species was absent from the Northern sta-
tions NED and NBT. The highest abundance of F. radi-
ans, according to SEM data, was in Chivyrkuisky Bay
(ChB) and accounted for 29% of the total number of
analyzed valves (Fig. 3). During the summer, F. radi-
ans was detected at only three stations. Its proportion
decreases at SMS and MKKh stations, and increases
almost threefold at MS station compared to spring. In
autumn, the species was found only at SMS and MKKh,
in numbers comparable to summer.

SMSMKKhNED NBT BB ChB MS

Autumn
B U. danica

Fig.3. The ratio of U. acus, F. radians and U. danica species in the phytoplankton of Lake Baikal in 2017 according to SEM data.
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Using the SEM method, U. danica valves were
detected in samples from all three seasons. The max-
imum abundance of U. danica in all seasons was
observed in samples collected in Chivyrkuisky and
Barguzinsky Bays (ChB, BB), where it reached 76%
and 80%, respectively (Fig. 3). In the Northern Basin
and the Maloye More Strait, the species appeared in
summer and increased its share in the phytoplankton
structure in autumn (Fig. 3). In autumn, small quanti-
ties (up to 1%) were recorded in Southern and Middle
Baikal, where the species was completely absent during
the spring and summer periods.

3.2. Sequencing data analysis

The data on the number of reads in the analyzed
communities are presented in Table 2. ASVs with an
identity level of more than 98.5% with the 18S rRNA
sequences of U. acus, U. danica and F. radians were used
to calculate the relative abundance of these species.
Based on the data obtained, it can be concluded that
U. acus dominated at all sampling stations in the spring
and summer. A small number of F. radians ASVs were
present in the spring samples from Southern and Middle
Baikal, as well as in Chivyrkuisky Bay (SMS, MKKh and
ChB) (Fig. 4). In summer, ASV of this species is recorded
in South Baikal (SMS) in trace amounts, while in the
Northern part of the lake at the NED station and in the
Maloye More Strait (MS) it reaches 13.3% and 6.6%,
respectively, of the total number of reads attributed to
the studied species. In autumn, ASV attributed to the
species U. acus, U. danica and F. radians were recorded
only at four stations out of seven. At the same time, in
Middle Baikal (MKKh) and Maloye More (MS), U. acus
dominated, while in the bays (BB and ChB), ASV of U.
danica dominated, which was present in the samples of
these stations in spring and summer in smaller propor-
tions. In the spring, ASV U. danica was detected in SMS
and MKKh samples, but their number did not exceed
0.5% of the total number of ASV of the Ulnaria and
Fragilaria genera (Fig. 4).

N

Relative abundance ASV

N
X

4. Discussion

Modern ecological research aims to understand
the structure of communities and their seasonal vari-
ability (community succession), as these factors influ-
ence the subsequent food chain. In aquatic ecosystems,
the characteristics of the phytoplankton community
also have important biogeochemical consequences
(Hallfors and Uusitalo, 2013; Behrenfeld et al., 2006).
Phytoplankton studies have focused mainly on interan-
nual changes, ¢t that time, changes during the year are
rarely taken into account.

According to the data obtained, high phyto-
plankton concentrations were recorded at the studied
stations in spring 2017 (Fig. 2), which, according to the
previously adopted classification (Popovskaya, 1977),
characterizes this year as highly-moderately produc-
tive. According to the LM analysis, the phytoplankton
of 2017 was mainly represented by diatoms, chryso-
phytes and green algae. Among diatoms, the domi-
nance of diatoms of the two-species complex U. acus
and F. radians was noted in the spring (the population
counts were conducted for both species together), but
their population declined in the summer. In the fall, U.
acus and F. radians were recorded at only two stations
out of seven (Fig. 2). This seasonal change coincides
with that described earlier for S. acus subsp. radians
(renamed F. radians): blooming in the spring, followed
by a gradual decrease in population during the summer
and an almost complete absence in the fall. However,
the LM method, which is widely used to analyze the
species composition of phytoplankton, failed to obtain
data on the population of each species separately
due to their morphological similarity, and U. danica
was recorded only in the bays. The SEM method and
metabarcoding data analysis allowed us to make sig-
nificant data adjustments, since in the spring of 2017
U. acus dominates, while F. radians is present in small
quantities at all stations, except for the Northern part of
the lake (Fig. 3). The seasonal dynamics of the develop-
ment of species of the Ulnaria and Fragilaria genera, as
well as other representatives of phytoplankton, occurs
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Fig.4. Relative abundance of ASVs assigned to the species U. acus, U. danica and F. radians.
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depending on physicochemical factors and the biology
of the species. Earlier, when analyzing metabarcoding
data, we found that the peaks in the abundance of both
species are located close to the period of ice release
from the lake. At the same time, the development of
the U. acus population lags behind F. radians by about a
month (Morozov et al., 2023). According to the analysis
of data obtained during the analysis of the seasonal suc-
cession of microeukaryotes and bacteria for the central
station of the Listvyanka - Tankhoy settlement section
of the Southern Basin of Lake Baikal, the abundance
of both species in the Ulnaria and Fragilaria genera is
approximately 1.5 times higher than that of F. radians.
In the period from March to September 2017 in Lake
Baikal (Mikhailov et al., 2022), it was found that the
peak of F. radians development this year in Southern
Baikal occurred in mid-April, while the maximum abun-
dance of U. acus shifted to May (Morozov et al., 2023).
We assume that it is this fact that led to the fact that
in the samples of the hydrological spring of 2017 (late
May, early June) we observe the dominance of U. acus,
which still maintains a high abundance in Southern
and Middle Baikal, while F. radians ends its vegetation
and its proportion is much lower. Nevertheless, the
obtained data cannot explain the observed distribu-
tion in the northern part of the lake. If we assume that
the water warms up later in the northern basin, which
should delay the change of species, then the propor-
tion of F. radians in the NED and NBT samples should
be quite high, however, in the phytoplankton structure
of the northern stations, according to the data of two
methods, only U. acus was noted. At the same time,
its abundance was almost 1000 times lower than the
abundance in South and Middle Baikal, as well as in
the bays. The summer population of the pelagic stations
includes both species U. acus and F. radians. Since the
species complete blooming around July (Fig. 2), their
abundance is low and they do not dominate the phyto-
plankton composition. In autumn, when the abundance
is still decreasing, the SEM method in the pelagic zone
notes the reappearance of F. radians, but this does not
compare with the metabarcoding data, where only U.
acus ASVs are recorded for the MKKh station. Despite
the fact that the diatom bloom in Lake Baikal occurs at
an earlier period, a similar situation was noted in July
2019, when the authors recorded a fairly high abun-
dance of F. radians. According to their data, it was sug-
gested that this phenomenon is a result of upwelling
(Grachev et al., 2021). F. radians cells that have com-
pleted their vegetation period sink much more slowly
than large-celled diatom species. This phenomenon is
the reason why the shells of this species can be observed
in the water column throughout the year (Bondarenko
et al., 2019). This explains well the fact that we see F.
radians valves in the SEM analysis, but do not detect
ASV F. radians in the metabarcoding data analysis.
Interestingly, the SEM and metabarcoding meth-
ods note the presence of U. danica in the samples from
Chivyrkuisky (ChB) and Barguzinsky Bays (BB) in all
three seasons (Fig. 3), with a gradual increase in its
share relative to U. acus and F. radians. Despite the
obvious differences in the morphology of this species,
it was not identified in autumn samples by the SM
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Table 2. Read count statistics. Legend: EC — read count
after error correction; Tax — reads assigned to Fragilaria/
Ulnaria taxa.

Samples Season Read count
EC Tax
SMS Spring 26378 2872
MKKh 26600 2958
NED 26413 4
NBT 31285 2
BB 25820 218
ChB 33968 66
MS 30803 8
SMS Summer 70070 524
MKKh 60515 21
NED 26345 2
NBT 22635 0
BB N/D N/D
ChB 23157 3
MS 23753 15
SMS Autumn 24625 0
MKKh 58273 14
NED 17154 0
NBT 19669 0
BB 14892 221
ChB 24471 2
MS 24580 1

method (Fig. 2), which suggests that using only the LM
method distorts the recorded species diversity, espe-
cially in seasons with low phytoplankton abundance.

5. Conclusion

The use of molecular methods in combination
with scanning electron microscopy data allowed us to
reveal the presence of hidden diversity in the structure
of phytoplankton in Lake Baikal using diatoms of the
genera Ulnaria and Flagilaria as an example. It is shown
that U. acus and F. radians demonstrate time period
differences in distribution. We assume that during the
ice-covered period the population is a mixture of these
species, but the abundance of F. radians decreases by
the beginning of the hydrological spring period, while
U. acus is still at its peak. In the following summer and
autumn periods, the abundance of U. acus gradually
decreases. The reappearance of F. radians valves in the
Southern and Central parts of the lake in July is not
associated with a bloom or active growth of this spe-
cies. We only note the presence of valves, but do not
detect their ASVs in the metabarcoding data. The pop-
ulation of the Northern part of the lake does not follow
the identified pattern of replacement of these species
and requires additional research with sampling, includ-
ing during the ice period. U. danica is present in the
phytoplankton of the bays throughout the open water
period, unlike pelagic stations. Its abundance peaks in
the autumn.
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lNMpocTpancTBEHHbIE U BpeMEHHbIe
pa3annuma B pa3sutum BupoB Ulnaria
danica, Ulnaria acus u Fragilaria radians B
o3epe baukan

[Terpora J.I1.*", T'anaubsaui F0.I1.", ®upcosa A.Jl.

JlumHostoeuyeckuti uHcmumym Cubupckoeo omdesteHus Poccutickotli akademuu Hayk, yJ1. YiaH-Bamopckas, 3, e. Hpkymck, 664033,
Poccua

AHHOTAIIHAA. OneHka pazHooOpasys (GUTOIIAHKTOHA B MPECHOBOAHBIX BOAOEMAax CUJIBHO 3aBUCUT
OT MEeTOAOB, UCIOJIb3yeMBIX IIPH TaKCOHOMHYECKOHN uAeHTUGUKanuy. beclioBHble JUaTOMOBBIE BOAO-
pocau u3 pomoB Ulnaria (Kiitzing) Compére u Fragilaria Kiitzing JTOMUHUPYIOT B cocTaBe (pUTOIIAH-
KTOHa B NPECHOBOAHBIX dKocucTeMmax. [IpuMeHeHHe KOMILIEKCHOTO NOAXOJa, BKJIIOYAIOIIEro MeTa-
OapkoAMpOBaHUE C HCIOJIb30BaHWEM aHanu3a ¢parmeHToB V3-V4 peruona 18S pPHK, cBeToBoil u
CKaHUpYyOIIel 3JIeKTPOHHOM MUKPOCKOIINY, TI03BOJIMJIO IPOBECTH OL[eHKY pa3jInyuii B paclpeesieHun
3TUX BUJIOB B 03. Batikaj. [TokasaHo, uto B 2017 roxy HOxHoii u CpefHeli yacTu 03. Baiikas mpoucxogut
IIOCTelleHHas CMeHa HcceAyeMBIX BHUOB, 9YTO 00YCJIOBJIEHO TeM, 4TO MUK pa3Butus Fragilaria radians
onepexaet Ulnaria acus. B mepuoJ ruipoIorun4eckoi BeCHHI IeJlarnyeckoi 30He 03epa B 3THX palioHaX,
B UuBBIpKyIiCKOM 1 Bapry3uHckoM 3ajmBax cpefu AuaTtoMel noMmuHuposaia U. acus. Pa3BuTue nomy-
Jianuy B CeBepHOM 4acTU 03epa He COOTBETCTBOBAJIO BHIABJIEHHBIM TEHAEHIHAM, COIJIaCHO KOTOPHIM B
KOHIIe BECHBI 3[1eCh CJIe[0BaJI0 OXUAATh BBICOKYI0 YMCJIEHHOCTh 000MX BUAOB, OOHAKO OHA He IIPEeBHI-
mana 3% oT ob1ieli yrcaeHHOCTU. B jieTHUI nepuof yncjieHHOCTh U. acus 3HaYMTeIbHO CHUXAaslach U
JIoCTUraja CBoero MUHUMYyMa oceHblo. Ulnaria danica npefictapyieHa B GUTOIUIAHKTOHE KPYITHBIX 3aJIH-
BOB B T€UEHMU BCEro rnepuoja 1uccjaeJoBaHUA.

Kitiouegsie cioga: MetabapkoqUHT, MUKPOCKOTIUA, IaTOMOBBIe Bogopocau, 18S pPHK, o3epo Baiikan

Jia nutuposanus: Iletposa [I.II., I'amaubann FO.I1., @upcosa A.Jl. IIpocTpaHCTBEHHBIE U BpEMEHHBIE PA3JINUUA B Pa3sBUTUU
BunoB Ulnaria danica, Ulnaria acus u Fragilaria radians B o3epe Baiikan // Limnology and Freshwater Biology. 2025. - Ne 5.
- C. 1178-1195. DOI: 10.31951/2658-3518-2025-A-5-1178

1. BBeAeH"e Jlara€T BO3MOXHOCTbD pa3ieJIEHUA OKeaHa Ha OCHOBHbIE

6I/IOMIJI, a 3aTe€M CIPOTHO3MPOBAThb HNX HN3MEHEHUA B

OUTOIUIAHKTOH SABJIAETCA OCHOBHBIM yYacT-
HUKOM B CO3[JaHUM OPraHUYeCKOro BellecTBa MJiA
BOAHBIX 3KOCHCTEM, obecrneyrBas MNOJOBUHY I100asib-
Hoii mepBuyHoi mpoaykuuu (Field et al., 1998; Kise
and Geuer, 2018; Naselli-Flores and Padisak, 2023), a
€ro M3MEHYHBOCTD OTpeJieJisieT Pa3BUTHE U AUHAMUKY
BCEX MOCJEAYIOINX TPODUYECKUX YPOBHEH, OKa3bl-
Basg HEMOCPEICTBEHHOE BJIMAHME HA MHUTAaHUE, POCT,
Pa3MHOXeHHE U BBDKMBAaHHME PpA3JIMYHBIX OpraHu3-
MmoB (Smetacek, 1985; Smetacek, 1998; Hillfors and
Uusitalo, 2013). W3BecTHO, YTO M3MEHEHUS YCJIOBUI
OKpY>XaloIlleil Cpefibl, BIMAIOT Ha pa3BuTHe GUTOIJIAH-
kroHa (Irwin et al., 2006), a Kak cjencTBUE U Ha Bech
ororeoxumMuuecknil nukjg B Bogoemax (Behrenfeld et
al., 2006). AHayiM3 YMCIIEHHOCTU W Guomacchl GuTo-
IJIAHKTOHA COBMECTHO C TaKUMM (HU3NYECKUMU Mapa-
MeTpaMH, KaK arBeJUTMHT U TepeMelIMBaHue, MPe/o-

* ABTOP [JIsl IEPEIUCKHY.
Anpec e-mail: daryapetr@gmail.com (/I.I1. ITerpoBa)

INocmynuwna: 05 ceutsabps 2025; IlIpunama: 10 oxtabpsa 2025;
Ony6tukoaana online: 31 okrta6psa 2025
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OTBET Ha IIOTeIJIeHue KjnMaTa (Sarmiento et al., 2004;
Boyd, 2002). TakuMm o6pa3oMm, NOHUMAaHUE MeXaHU3-
MOB, PEeryJUpYIOUMX CTPYKTYPY GUTOIIAHKTOHHBIX
coo0I1ecTs, aeT NpejCcTaBjieHHe O TNOTeHI[UaJIbHBIX
MOCJIEICTBUAX U3MeHEeHUHN OKpyXalollell cpedbl U UX
BJIMAHUU Ha GoJiee BHICOKHE Tpoduieckrie ypOBHU.
Ozepo batikan - camoe riy6okoe U KpyIIHOe
oyurotpodHoe o3epo B Mupe. DUTONJIAHKTOH O3epa
XapakTepusyeTcsi HEOTHOPOOHBIM IPOCTPAHCTBEH-
HBIM paclipefieJleHleM IO Bcell aKBaTOpUU oO3epa.
HermnpepbiBHBIE MHOTOJIETHUE HCCJIENOBAHNS TTOKa3ay,
YTO (PUTOIIAHKTOH Iejlaruajiyu XapaKTepusyercs pes-
KUMM MEeXTOJOBBIMU U CE30HHBIMM KOJIEOaHUAMM YLC-
JeHHocTH U 6uomacchel (ITomoBckas, 1977; ITomoBckas
u 1p., 2015; Bondarenko et al., 2019; Usoltseva et
al., 2023). Tlognemueiii mepuof (deBpasib-anpeinb)
Iy o3epa bBaiikan xapakTepusyeTcsi MacCOBBIM pas-

© Asrop(s1) 2025. DTa pabora pacnpocTpaHs-
eTcs o MexIyHapoJHo! jiutieH3uel Creative BY NG

Commons Attribution-NonCommercial 4.0.


https://www.doi.org/10.31951/2658-3518-2025-A-5-1178
https://orcid.org/0000-0002-5594-504X
https://orcid.org/0000-0002-4764-6330
https://orcid.org/0000-0001-8668-667X
mailto:daryapetr@gmail.com

lMemposa .11. u dp. / Limnology and Freshwater Biology 2025 (5): 1178-1195

BUTHEM JUATOMOBBIX BOLOpOCJIell M AUHOGJIIAresuIsAT
Ha rpaHuile paszeiia (a3 «ien — Boga» (OGoJKUHA U
ap., 2000; Popovskaya, 2000; Bondarenko et al., 2006;
Annenkova et al., 2015; Bashenkhaeva et al., 2025).
MaccoBoe pa3BuTHe OUaTOMelN IPOIOJIKAETCS BIUIOTh
no moia (Mikhailov et al.,, 2022), Torga kak B JIeT-
HUl nepuof (MIOJIb U aBI'YyCT) OCHOBHAas NPOAYKIMsA
3aBUCUT OT LHMAHONPOKapUOT podoB Synechocystis u
Synechococcus (Popovskaya and Belykh, 2003; Belykh
et al.,, 2007), a Takke OT AUHODUTOBHIX, 3€JIEHBIX U
xpusoduToBrx Bogopociiei (Mikhailov et al., 2022). B
ceHTAOpe—oKTs0pe HabyiofaeTcsi BTOPOM MUK OOIero
pasHoobpa3usa AuaToMOBHIX Bogopoceli (Popovskaya,
2000; Mikhailov et al., 2022; Bashenkhaeva et al.,
2023; Grachev et al., 2021).

[TlenHaTHble OecIIOBHBIE AUATOMEN — OJNHU U3
OCHOBHBIX IIPOAYIIEHTOB 03. Baiikaj, OHU UrparT Bax-
HYI0 pOJIb B BeCeHHeM I[BeTeHHU (GUTOIUIaHKTOHA.
PaHee B uncile JOMUHUPYIOUINX BUAOB AUATOMEN OBLI
oT™MeueH BuUA Synedra acus subsp. radians (Kiitzing)
Skabitchevsky (Popovskaya, 2000; ITonoBckas u [p.,
2015; Bondarenko et al., 2019; Usoltseva et al., 2023),
Synedra ulna (Nitzsch) Ehrenberg (Popovskaya, 2000;
Shishlyannikov et al., 2018) u Synedra acus Kiitzing
(TTonoBckas u Ap., 2015; Rusanovskaya et al., 2020).
Pon Synedra cumrajyicAi MMPOKO pacIpOCTPaHEHHBIM
B HaseMHBIX BOJ0eMaX pa3JIMYHOro0 TUIA, OOHAKO
IIpU ONKCAaHUM POJa He OBLI BEIOpAH TUIIOBOH BHU[
(Ehrenberg, 1830). IMo3guHee MO. Buibamcom u .
PaynaoMm GbLIH IPOBeleHBl peBU3UM pofoB Fragilaria u
Synedra, ocHOBaHHBIe Ha JAHHBIX 3JIEKTPOHHOI MUKPO-
ckonuu (Williams, 1986; Williams and Round, 1987;
Round et al., 1990). 3To mpuBey0 K TOMYy, TO HEKO-
TOpble U3 BUIOB OBUIN IlepeHeceHH B pof Fragilaria, B
YaCTHOCTU NPECHOBOIHHIN BUA S. acus subsp. radians,
craBmuii Fragilaria radians (Kiitzing) D.M.Williams &
Round (Williams and Round, 1987). B 2001 II. Kommpe
ITOBBICUB IO POJIOBOTO paHra HaszpaHue Synedra subgen.
ulnaria Kiitzing v BeIOpaB Bup Synedra ulna B KauecTBe
TUIIOBOr'O, YTO IpUBeso K mosBieHuto poxa Ulnaria
(Kiitzing) Compere (Compére, 2001). B pesyibrare
TaKkCcOHOMHYeckoll peusuu pof Ulnaria cdopmu-
pOBaH IPECHOBOAHBIMU I€HHATHBIMU OeCIIOBHBEIMU
BuAaMu. Synedra acus B HACTOALIMI MOMEHT HU3BeCTHA
kak Ulnaria acus (Kiitzing) Aboal (Lange-Bertalot and
Ulrich, 2014), a Synedra ulna — Ulnaria ulna (Nitzsch)
Compére (Williams, 2011). OgHako, CYMTAETCH, YTO
3anmagnasa yacth EBpa3uiickoro KOHTHMHEHTA 3acejieHa
U. ulna, Boctounas — Ulnaria danica (Kiitzing) Compére
& Bukhtiyarova (Bukhtiyarova and Compére, 2006).
Honysauum U. ulna ciocoGHBI K MEXBUIOBON TUOpPU-
ausanuu ¢ nomyssmuaMu U. danica, HaXoOAIMMUCS
B patioHe 3anagHo CHOHUPCKON HU3MEHHOCTH U K BOC-
TOKY OT Hee BIUIOTh fl0 03. Baiikan ([Togynait u ap.,
2021; Mopynaii, 2022.). CorjiacHO paHee MOJIyYeHHBIM
JaHHBIM B 03epe Balikan o6HapyxeHa ToJsibko U. danica
(Zakharova et al., 2023).

Pasnenenue BUOOB BHYTpU ponoB Fragilaria u
Ulnaria 3atpynHeHo. OT4acTH, N0 MHEHUIO Pa3HBIX
aBTOPOB, 3TO CBA3aHO ¢ MOP(}OJIOrHYecKUMU OIHca-
HUSMU BUJIOB, KOTOpble He BO BCeX CJIyYasX CHesIaHBI
JIOCTAaTOYHO NMOAPOOHO U OJHO3HAYHO, YTO NPUBEJIO K
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TOMY, 4TO B psifle CJIy4aeB MMeeT MeCTO HaJIoXeHUe
MopdoJsiornueckux mnpusHakoB (Kahlert et al., 2019;
Zakharova et al., 2023). TpaAUIMOHHO TAaKCOHBI PUTO-
IUIAHKTOHA WJIeHTUGUIMPOBAINICh C IIOMOIIBIO CBe-
ToBOM Mukpockonuu (CM). OpHako UCIOJIb30BaHUE
TOJIBKO 3TOrO MeTOJa JJisi IPaBUJIBHON HIeHTHU(dUKa-
uu BufoB Fragilaria u Ulnaria B coctaBe GUTOIJIAH-
KTOHA OKa3bIBAETCsI ABHO HEJJOCTATOYHBIM U IPUBOAUTH
K 00beUHEHUI0 JaHHBIX U HeIOydYeTy YHCJIEHHOCTHU
BunoB U. acus u F. radians B cTpykType 6aiiKasibCKOTO
duTOoIIIAHKTOHA N0 NpUYNHE UX MOPGOJIOIMYECKOTo
cxonctBa. Takum obpasoM, TpebyeTcs NpUMeHEHUs
6oJlee TPyJOEMKOrO MeTOJa — CKaHUPYIOUIEH 3JIek-
TpOoHHOI MuKpockonuu (COM) (Zakharova et al., 2023).
B mocienHue rofwl HCHOJIb30BaHME MeTabapKOIUHIa
¢ ammmbukanuell MapKepHBIX I'eHOB IIpU HCCIIEO-
BaHUM [IPECHOBOAHOIO (UTOIUIAHKTOHA OTKPBLIO
60JIbIlIie TEepCHEeKTHBH II0 U3yYeHUIo pa3Hoobpasus,
B TOM umcje u JjiA o3epa Barikan. Ilpu 3ToM BEIGOP
npaiiMepoB U MapKepoB, a TaKxXe UX CHenudUIHOCTh
I BO3/IeHICTBYSA Ha KOHKPETHbIE I'PYIIIEL BOJOPOCIIEH,
SIBJIAETCA BaXXKHBIM 3TAIlOM, KOTOPHIM CTPOro 3aBUCUT
OT LieJIeli uccaeJOBaHUI U HaJINYMs COOTBETCTBYIOMINX
6a3 ganubix (Hadziavdic et al., 2014; Latz et al., 2022;
Bukin et al., 2023). PaHee HaMM TakXe [I0Ka3aHO, YTO
HCIOJIb30BaHUE MeTaGapKOAUPOBAHUS, OCHOBAHHOTO
Ha aHaju3e BapuabenpHoro ¢parmeHra V3-V4 18S
rRNA, mo3BoJsifeT HOCTOBEpHO WAeHTUGUIMPOBATH U
IIPOBOAUTH KaueCTBEHHBIE CPaBHEHUS MeXIY 3TUMU
JIByMsA BUJAaMU B IPUPOIHBIX nomyJAnusax (Zakharova
et al., 2023; Morozov et al., 2023).

TakuMm obpa3om, Liespl0 JaHHOU paboThl ObLIa
IIPOBECTH OLIEHKY OTHOCHUTEJIBHON YKCJIEHHOCTU BHJIOB
Ulnaria danica, Ulnaria acus u Fragilaria radians Ha pas-
HBIX CTaHIUAX 03. Bafikay B TeueHUU Tpex CE30HOB
(rupmpoJioruyeckass BecHa, JIETO M OCeHb) Ha OCHOBe
IpUMeHeHHs KOMIUJIEKCHOTO IMOAXOJa: aHaau3a [aH-
HBIX MeTabapKoAVMPOBaHUA U MUKPOCKOIIUU.

2. MaTepuanbl 1 MEeTOADI
2.1. OT60p Npo6

OT60p npob6 npoBoAusics ¢ 60pTa Hay4HO-HCCIIe-
JoBaTenbckux cyaoB «[.}0. Bepemarun» u «AxkageMuk
B.A. Komrior» (LIKII «lleHTp KOMILIEKCHBIX CYJO-
BhIX ucciiefoBaHull bBalikana») Ha 7 CcTaHIUAX O3epa
bBatikan, B mepuoj BeceHHero IepememninBaHus (Mati,
WIOHBb), HpsAMOHN crpaTtudukanuu JeroMm (Hionb) u
oceHbi0 (ceHTsA6pB) 2017 roma (Ta6suna 1, Puc. 1) c
nmomoIeio npobooréopuuka SBE 32 Carousel water
sampler (Sea-Bird Electronics, CIIIA). PaBHbie 0GbEMBI
BOJIbI OBLIIN coOpaHsI ¢ riyousnsl 0, 5, 10, 15, 20, 25 M
Y WCMOJIb30BaHHI [IJIA AaJIbHENIero aHaausa.

2.2. AHanu3 QUTONAAHKTOHA

Anpanu3 GUTOIUIAaHKTOHA MNPOBOAWIICA A
KOMILIEKCHBIX Tpo6 Bofbl (200 MJ1 BOABI M3 pa3HBIX
cjioeB). 1A KOJIMYeCTBEHHOr'0 OIpefeseHHsa U WUJeH-
TUUKaUU (PUTOIUIAHKTOHA C IIOMOIIbI0 CBETOBOM
MUKpockonuu 1,2 1 kaxaoi oO0beJUuHEeHHOI IpoOHI,
3adukcupoBaHHON pacTtBopoM Jliorona (koHedHas
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Puc.1. Cxema or6opa npo6 GpuUTONIaHKTOHA.

koHnenTpanusaA KI — 0,66%, I, — 0,33%) (I'ycesa, 1959).
KoHnenTprpoBaHue npob NpoBOAWINA METOAOM OTCTa-
UBaHUA U nociefylomero cudoHuposaHusa. Iloacuer
MHKPOBOAOPOCJIEN MPOBOAUIN Ha CBETOBOM MUKPO-
ckome AxiostarPlus («Zeiss», ['epMaHusA) mpu yBeJyiu-
yeHnu B X200 B [ByX IOBTOPHOCTAX. UMCIIEHHOCTH
paccumutbiBasu 1o Meroguke I'.B. Ky3pmuHa (Ky3pMuH,
1975), 6uomaccy — mo MeToay «HMCTUHHOTI'0 OoObeMa»
kiretok (MakapoBa u ITuukuibel, 1970; Bensix u ap.,
2011). Ona aHamm3a MeTOAOM 3JIEKTPOHHOI MUKPO-
cxkonuu 20 MJI Ipo6s PUIBTPOBAIM Yepe3 MoJIUKapoo-
HaTHble GuabTpHl 1 MkM (Whatman, USA) u 3aTtem npo-
nyckanu yepe3 ¢uiabTp 20 Mu1 70% 3TaHOJIA C LEJIBI0
o6e3BoxxrBaHVA. PUIBTP BHICYIINBAJIN IPU KOMHATHON
TeMIlepaType, IPUKPeIUIAIN Ha CTOJIMK JJI CKaHUPY-
IOITETO 3JIEKTPOHHOTO MUKpockorna (COM), HambLIAIN
30JI0TOM B BakyymMHOM yctaHoBke SDC 004 (Balzers,
JIUXTEHIITENH) U aHAJIM3UPOBAJIM C [TOMOIIBI0 CKaHU-
pytomero asiekTpoHHOro mMukpockona FEI Quanta 200
(FEI, USA) B npu6OpHOM I[eHTpe KOJUIEKTUBHOTO T10JIb-
30BaHUA (PU3UKO-XMMHYECKOr0 YJIbTPaMHKpOaHaIn3a

JIMH CO PAH (IIKII «YnpTpaMukpoaHainus»). [Togcuet
ctBopok U. acus, F. radians v U. danica npon3BOIUIICA
B ABaxAnl cpequ 100 ciaydaliHO BCTpeueHHBIX CTBOPOK.

2.3. Bbipenenune AHK, amnanpuxkauma v
CeKBeHUpPOBaHUA

C nensio BeigesieHua JHK 6b15111 0TOOpaHbl MHTe-
rpajibHbie TpOOHI BOBI 0OIIM 06bemMoM 20 J1 (paBHbIE
06beMbI TPpo0 ¢ pa3HbIX I1yOuH). ITIpo6sl OpLIM Ipe/Ba-
puUTesibHO NPO(PUIBTPOBAHEI C MCIIOJIb30BAHUEM IIpef-
¢uasTpa ¢ auamMerpoM mnop 27 MKM, a 3aTeM 4Yepe3
nosvkapOoHaTHble GUIBTPH ¢ Auamerpom mop 0,2
MKM (Whatman, CIIA). Buomaccy ¢ MeMOpaHBI CMBI-
Basu B crepuibHbIE TE 6ydep (10 mM Tris-HCI, 1 mM
EDTA, pH8.0) u xpanwnu npu -80°C. Ilepen Bwizesie-
HueM JTHK oOpasiibsl pasMopaxyBasiu IpU TeMIlepaType
4°C. Buomaccy u3 TE-Oydepa KOHIIEHTPUPOBAIN METO-
oM 1eHTpudyrupoanusa npu 16 100 o6/muH, 4°C B
teuenre 30 muH. JJHK 13 ocagka Kj1eTOK BbIAEJIAIN 10
onrcaHHoMy paHee metony (Bukin et al., 2023).

Ta6suna 1. Crannuu u kajgeHaapb or6opa npob B o3epe Baiikan B 2017 r.

MecTomnoJjioxxeHue CraHIuu KoopauHatsl JlaTel oT60pa mpo6
IIupoTta Hoiarora BecHa Jleto OceHb
[Nenaruueckas | lOxHasa LenTpasbHasa craHIUA 51 38.710 | 104 13.715 | 26.05.2017 | 18.07.2017 | 26.09.2017
30Ha 03epa |KOTJIOBMHA | pa3pe3a nocesjiok Mapuryii —
nocesiok Cosizad (SMS)
CpenHsasa LenTpasibHasA craHLUA 52 20.722 | 106 03.870 | 29.05.2017 | 20.07.2017 | 29.09.2017
KOTJIOBMHA | pa3pe3a Mbic KpacHsit fp —
nporoka Xapay3 (MKKh)
CeBepHas | lleHTpasnbHas craHuus pas- | 54 27.052 | 109 04.164 | 01.06.2017 | 22.07.2017 | 01.09.2017
KOTJIOBMHA | pe3a MbIc EJIOXHH — nocesiok
Jagsma (NED)
LenTpaspHas craHuuA pa3- | 55 19.487 | 109 28.707 | 02.06.2017 | 23.07.2017 | 02.09.2017
pe3a noceJiok baiikaibckoe —
Mmeic Typanu (NBT)
3aJsIBBL U IIPOJIVBBI Baprysunckuti 3anus (BB) 53 27.245 | 108 44.387 | 31.05.2017 | 25.07.2017 | 31.09.2017
Yussipkyiickuii 3B’ (ChB) [ 53 42.564 | 109 06.384 | 04.06.2017 | 25.07.2017 | 04.09.2017
ITposmme Masioe Mope (MS) | 53 14.500 | 107 15.416 | 05.06.2017 | 21.07.2017 | 05.09.2017

IIpumeuanue: * B ChB mpo6sl 6611 0TOGpaHs! ¢ Tyryounsl 0 M and 8 M.
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AMITMKOHHEIE 6UOIOTEKN dparmen-
TtoB V3-V4 peruona 18S pPHK O6puin  mnosy-
YyeHbl ¢ TmoMoInblo mpaiiMepoB TAReuk454FWD1

5’-CCAGCASCYGCGGTAATTCC-3° u TAReukREV3
5-ACTTTCGTTCTTGAT-3" (Stoeck et al., 2010).
Bubsinoteku 6pLTM cekBeHUpoBaHB Ha Illumina Miseq
C ucrosb3oBaHueM Habopa peareHToB MiSeq® v3
(2x300 n.1.). PaboTta npoBoausack ¢ HUCIOJIb30BAHNEM
obopynoBanus L[KII «['eHOMHBIE TEXHOJIOTUM, IIPOTEO-
MUKa U KjaeToyHas 6uosorusa» G®I'BHY BHUUCXM.

2.4. AHanM3 AAHHbBIX
MmeTabapkoaupoBanusa

bubnuoreku amruiikoHoB 18S pPHK 6biiu npo-
a”asu3vpoBanel B mothur 1.44.11 (Schloss, 2020).
JlaHHBIe cekBeHUpOBaHUA AJiA NHoJiydeHua 97% uneH-
TUYHBIX ASV (BapuaHT IocJie[oBaTeJIbHOCTH aMILIM-
KoHa - amplicon sequence variant) 6bUTH POAHAIU3U-
poBasnbl B Usearch 11.0.667. Ilpu 3Tom mpouTteHus R1
u R2 obbeauHaANM, NocjiefoBaTeIbHOCTU (QJIaHKUPYIO-
IUX [paliMepoB oTpe3aiu U GUIbTPOBAJIX 110 YPOBHIO
OXMJJaeMBIX OIIMOOK MeHee OJHON Ha QparmMeHT U
reHepupoBanu ASV no anroputMmy Unoise 3. ASV 6b111
CreHepHpOBaHbl IpyU OTcedeHUU 4 3ameH. Tabsaumy
BcTpeuaeMocTu ASV 1mo ofpasuamM reHepupoBasd
IyTeM KapTHPOBAaHUA CHIPHIX JAaHHBIX Ha IOJy4eHHbIE
ASV ¢ ypoBHeM uaeHTU4YHOCTH 99%. [liA moJiydeH-
HBIX ASV ¢ ucnosib3oBaHueM nporpaMmsl mothur u
6a3pl gaHHbIX SILVA v.138 GpUIa IpoBeieHa TaKCOHO-
Muyeckas kiaccudukanuda. ITockosbky sTa 6asa gaH-
HBIX He IpejjlaraeT TaKCOHOMHUYECKOI'O OIlpejiesIeHuA
HUXe popa, Bce ASV, oTHeceHHBIe K poaam Ulnaria u
Fragilaria, OpUIM COIOCTABJIEHH C IOCJIENOBATEIBHO-
ctamu 18S pPHK, cexkBeHMpOBaHHBIMM U3 MOHOKJIO-
HaJIbHBIX MITaMMOB 0aliKaIbCKUX JUaTOMOBBIX BOAOPO-
cneit U. acus, U. danica u F. radians (Zakharova et al.,
2023), ¢ ucnoJb3oBaHueM blastn 2.2.31 + (Camacho et
al., 2009). Pesymnbrarhl blast-ananmza (coBnageHus ¢
YPOBHEM HJeHTUYHOCTU 6osiee 98.5%) 1 YUCIIEHHOCTh
ASV ObLIN UCNIOJIB30BAHHI [JIA pacyeTa OTHOCUTEJIbHOMN
BcTpeuaemoctd BuoB U. acus, U. danica u F. radians B
aHaJIM3MpyeMBIX COOOIIecTBax.

3. Pe3ynbTarthbl
3.1. BupoBom cocTtaB PUTONAAHKTOHA

C nomo1bio cBeToBO Mukpockomnuu (CM) onpe-
JeJieHsl BUZOBasA CTPYKTypa, KOJMUeCcTBeHHbIe IT0Ka3a-
TeJId U MPOCTPAHCTBEHHOe pacipefiesieHre PUTOILIaH-
KTOHA Ha CceMU CTaHIMAX o3epa bBaiikajm B TeueHUU
TUAPOJIOrnYeckoi BecHBI (Mall — HIOHB), JIeTa U OCEHU
2017 r. (Tabauna 1, Puc. 1). BeisiBjIeHO, YTO BeCeHHUH
¢utonankToH 2017 r., B OCHOBHOM, OBLI MpencTaB-
JleH OUaTOMOBBIMM, XPU30MDUTOBBIMU U 3eJIeHBIMU
Bogopociamu (Puc. 2A). O6mias 4uciaeHHOCTh PuTo-
IUTAaHKTOHA Ha HCcIefyeMbIX CTaHI[USAX B 3TOT Mepuoj
BapbUpoOBajla B IIMPOKOM [AuamnasoHe 193,5 ToicC.
kJ1./71. Ha CeBepe o3epa (NBT) go 1027 ThiC. KJ1./J1. B
Baprysunckowm 3asnuse (BB) (Puc. 2B). OcHOBY uuncieH-
HocTH Ha craHiuAax SMS B I0xHoMm Batikame nu MKKh
B CpefiHell KOTJIOBUHE COCTAaBJIsJIM AUATOMOBBIE BOJIO-
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pocau U. acus u F. radians KOTOpble U3-3a CXOXUX MOP-
¢onoruveckux NPU3HAKOB YUYUTHIBAIOTCS COBMECTHO
npu a”anuze Metogqom CM. Ha fosio 3TUX BUIOB NpU-
xoausiock 90% u 78% ot obiero kojguyectsa puro-
IUTAaHKTOHA Ha JaHHBIX cTaHNuaxX. B CeBepHoil YacTu
osepa Ha craHuuax NEB u NBT, a takxke B 3ajmBax u
nposimBe Majioe Mope (cranuum ChB, BB u MS) umc-
JIEHHOCTh JAHHBIX BUIOB OblJla HU3KOU U He IpPEBHI-
masna 3%. JoMUHUPYIOIMUM BHUAOM OblLia XpHU30duTo-
Basi BogopocJiib Dinobryon cylindricum Imhof., Ha goJto,
xoTopoii Ha craHuuu NBT u BB npuxomunock 59% u
63%, COOTBETCTBEHHO, OT OOIIero Kojuyectsa GuTo-
IIaHKTOHA. COOMUHUPYIOMINM KOMILJIEKCOM BOJIOPO-
cieitt 6bUTM 3esieHble poma Monoraphidium (Puc. 2A).
Cpemqu OUATOMOBBIX IO YHCJIEHHOCTU 3J1eChb JOMMU-
HupoBas Bujp Nitzschia graciliformis Lange-Bertalot &
Simonsen.

B nerHuil mepuop oOmias 4YuUCIEHHOCTb UTO-
IUTAaHKTOHA Ha HCCJIeQyeMbIX CTaHIMAX CHU3UJIACH.
MakcumyM 3TOro mnokasatesiai 424 TeiC. KJI./J1. OBLI
oTMedeH Ha ctaHiuu SMS B IOxHoM batikamne (Puc. 2b),
rae JOMUHHPOBAJIa 3eJieHas BoJopocsib Monoraphidium
griffithii (Berkeley) Komarkova-Legnerova, Ha [0JII0
KOTOPOM MPUXOANJIOCh A0 97% OT 0611ero KojimiecTsa
¢urtortankroHa. B Cpenneit u CeBepHOI 4acTu o3epa
JIOMUHMPOBaJIN XpU30(QHUTOBBIE BOJOPOCIU U3 poja
Dinobryon u 3esyenbie poga Monoraphidium (Puc. 2A).
[Tpu 3TOM MUHUMAaJIbHbIE 3HAUEHUs OOIIel YMCJIeHHO-
cTu O6bJIN oTMeueHHI Ha ctaHiuu NEB — 15 Thic. KJI1./J1.
(Puc. 2B). Ha craniuu NBT 6511a 3adukcupoBaHa qua-
TOMOBasi Bojopocyb Lindavia baicalensis (Skvortsov &
K.I.Meyer) Nakov, Guillory, M.L.Julius, E.C.Theriot &
A.J.Alverson, Ha JJOJTI0 KOTOPOH IO YMCJIEHHOCTU TIPU-
xogunoch 30 %. B 3asmmBax U mpoJsivBe YMCJIEHHOCTH
BuzoB U. acus u F. radians o CpaBHEHUIO C BECEHHUM
MepuoioM He3HAYUTEJbHO yBeaudmiack. Ha crannuu
ChB mons 3Tux BUIOB BhIpocia A0 33% oT obIen unc-
seHHoctu (Puc. 2A).

KonmuuecTBeHHBIE TMOKa3aTead oceHHero GuUTo-
IUTaHKTOHA TNesjlarnanu balikana BapbupoBaili B
HeOoJIbIIIOM Auana3oHe 27 mo 83 Thic. ki1./71. Torma Kkak
B 3aJIMBaxX 3TOT Auana3oH ObLI CyIIeCcTBEHHO 6oJibllle
ot 27 ThiC. KI1./71. B BB mo 329 Teic. KiI./i1. B ChB
(Puc. 2B). Ha Bcex cTaHIMAX OTMevaiach pa3HOpOAHAsA
CTPYKTYypa, IIpXU 3TOM JOMHUHHPOBAIN NpPeACTaBUTEU
xpu30dUTOBLIX U 3esieHbIX Bogopocieit (Puc. 2A). U.
acus v F. radians oTCyTCTBOBAJIM WJIM OTMEYAJIUCh €[IU-
HUYHBEe KiIeTKU. Bupg U. danica mo JaHHBIM CBETOBOI
MHKPOCKOITUU ObT oTMedyeH Ha crtaHuusx ChB u BB
BECHOM, a Takxke Ha craHuum ChB B sieTHUIT mepuof
(Puc. 2), ogHako, YMCJIEHHOCTh ero He Ipesbimaia 1%
oT obmen yncjaeHHocTu. OceHpo meTogqom CM Buf He
OBLJI 3apETUCTPUPOBAH He Ha OQHOM U3 CTaHITUIA.

IMockosbky F. radians v U. acus uMelOT 4YacTb
MepeKphIBalOIMIXCS MOP(OIOTUUYeCKUX IPU3HAKOB, 3TO
MPUBOAUT K TOMY, UTO UX HeJIb351 HaZleXXHO UAeHTUudu-
I[UPOBaTh TOJIBKO MO JaHHbBIM CM 06e3 JaHHBIX 3JIeK-
TPOHHOM MUKPOCKOIIUY U CEKBEHUPOBAHUA MapKePHBIX
reHoB (Zakharova et al., 2023). Beu1 poBeeH aHAJIN3
YHCJIEHHOCTU MCCJIeyeMBIX BHJIOB C HCIIOJIb30BaHUEM
COM. B pesysbTaTe yCcTaHOBJIEHO, YTO BECHOU B 06pas-
I[ax Ha Bcex CTaHIuAX JoMuHuposasa U. acus (Puc. 3).
B HOxHOM (SMS) u Cpeanem Batikane (MKKh), a Takxe
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Puc.2. Ce30HHasA AMHAMUKA YMCJIEHHOCTU (PUTOIIAHKTOHA B 03. Batikan B 2017 r. A — PacnipeiesieHUs OT/I€JIbHBIX TAKCOHOB
B CTPYKType GUTOIIaHKTOHA; B — O6LIas YricIeHHOCTh U YKCJIEHHOCTY NpeJicTaBuTesieil pogos Ulnaria u Fragilaria.

3ayimBax (ChB, BB) u nposiuee Majioe mope (MS) otme-
yajiock nnpucytcraue F. radians, Torjja Kak Ha ceBepHBIX
crannuax NED u NBT stot Bup orcyrcrBoBasl. Camoe
OoJIbiioe KosndecTBo F. radians o qaHHsiM COM GBLIIO
B YusnipkytickoM 3asuBe (ChB) u cocrasysamo 29% ot
obmiero 4ucia aHaausupyeMsix kietok (Puc. 3). B sert-
Huil nepuof F. radians oGHapyXeHa TOJIBKO Ha TpeX
CTaHLMAX, IIPU 3TOM €€ [0JiA CHIPKaeTCs Ha CTaHLUAX
SMS u MKKh, ogHako, yBeJIWYMBAETCA MOYTH B TPHU
pasa Ha ctaHiuu MS no cpaBHeHUIO ¢ BecHON. OceHblo
BUA o6HapyXxeH ToJibko Ha SMS 1 MKKh B KoJsinyecTBax
COIMOCTaBUMBIX C JIETOM.

Creqyer oTMeTUTh, 4TO MeToAoM COM CTBOpKU
U. danica oGHapyxeHb B 0o6paslax BCEX TpeX Ce30-
HOB. MakcuMasibHoe KosmdectBo U. danica Bo Bce
Ce30HBl OTMeuaeTcs MAjid o0pasloB, OTOOpaHHBIX B
YussIpKylickoM u BaprysmHckom 3aymBe (ChB, BB),
rae gocturaet 76% u 80%, coorBercTBeHHO (Puc. 3).
B CeBepHoil koTjiOBMHe U mnposiuBe Masioe Mope
BUJ MNOABJIAETCA JIETOM U YBeJMYMBaeT CBOIO JOJIO B
CTPYKType duroriaHkToHa oceHblo (Puc. 3). OceHbio
HeboJIbIIoe KoJinuecTBO (0 1%) oTMeueHOo B FOkHOM 1
Cpennem bBaiikane, rae BUJ IOJHOCTBIO OTCYTCTBOBAJ
B BeCeHHe-JIeTHUH NIepUOAHL.
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3.2. AHaAM3 AaHHbIX CeKBEHUPOBaHUA

JlaHHbIe 0 KOJIMYeCTBe MPOUYTEHUN B aHAJIU3UPY-
eMBIX coo0llecTBax IpejcTaBijieHsl B Tabsnuie 2. ASV,
OJiA KOTOPHIX ypPOBEHb WJIEHTUYHOCTH C TOCJIef0Ba-
teapHOCTSAMU 18S pPHK mtammoB U. acus, U. danica u
F. radians coctaBuJi 60Jjiee 98.5%, OBLIIN HCIIOJIb30BAHbI
OJIA pacueTa OTHOCUTEJBPHOU BCTPEYaeMOCTH JAHHBIX
BUIOB. Vcxonsa M3 MOJIyueHHBIX JaHHBIX MOXHO ce-
J1aTh BBIBOJ], YTO B BECEHHUI U JIETHUI NIepHo/J] Ha Bcex
CTaHIUSAX, TJe MPOXOau 0TOop NMpob, JOMUHHpOBAJa
U. acus. B BeceHHux oOpa3sijax u3 I0xHoro u CpefgHero
bBatikana, a Takxe B YuBbIpKylickoro 3aauBa (SMS,
MKKh u ChB) mpucyTcTByeT HEGOJIBIIOE KOJIHMYECTBO
ASV F. radians (Puc. 4). Jletom ASV 3TOro BUjaa peru-
crpupyertcs B IOxxHo11 Batikase (SMS) B cjie JOBBIX KOJIU-
yecTBax, Torja kak B CeBepHOI 4yacTU o3epa Ha CTaH-
nuu NED u B mposiuBe Manoe Mope (MS) mocturaer
13,3% u 6,6%, COOTBETCTBEHHO, OT OOIIero KoJjuye-
CTBa MPOYTEHMI, OTHECEHHBIX K HCCJIeyeMbIM BHUAaM.
B ocennuti nepuop ASV, oTHeceHHbIe K Bufam U. acus,
U. danica u F. radians, perucTpupOBaJIMCh TOJIBKO HA
yeThlpeX CcTaHUUAX u3 ceMu. I[Ipu stom B CpeaHem
Baiikaie (MKKh) u Manom Mope (MS) AOMHHUPO-
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Puc.3. CootHomenue BuoB U. acus, F. radians u U. danica B puroriankToHe o3epa Baiikan B 2017 rogy mo naHasmmM COM.

Basia U. acus, Torma kak B 3anuBax (BB u ChB) momu-
HupoBasu ASV U. danica, koTopasi IpUCyTCTBOBAIU B
obpa3srax 3TuX CTAHI[UH BECEHHUM W JIETHUU MEePUoj
B MEHbBINUX N0JiAX. B Becennuii nepuop ASV U. danica
Obls1a oOHapyxeHa B obpasriax SMS u MKKh, ofHako,
UX KOJn4ecTBO He mpesnimano 0,5% oT obmiero Kosu-
yectBa ASV pozmos Ulnaria u Fragilaria (Puc. 4).

4. 06¢cy)xpenune

CoBpeMeHHbIE 3KOJIOTMYECKHNE WCCJIeJOBAHUA
HalpaBJieHbl Ha IOHMMAaHWE CTPYKTYPHl COOOIIECTB
U UX CE30HHON W3MEeHYMBOCTU (CyKIleccuu Coo0-
IECTB), MOCKOJIBKY 3TU (PaKTOPHI BJIUAIOT HA TOCJe-
AYOIyI0 TPohUYECKyI0 Iefb. B BOAHBIX 3KOCHCTEMAax
XapaKTepUCTUKU coo0mecTBa (PUTOIJIAHKTOHA TaKXe
VMEIT Cepbe3Hble OMOTeoXMMHYECKHe TOC/IeICTBUSA
(Hallfors and Uusitalo, 2013; Behrenfeld et al., 2006).
HccienoBanuss (QUTOIUIAHKTOHA COCPEIOTOYEHHI B
OCHOBHOM Ha MEXTOJ[OBBHIX M3MEHEHUsSX, B TO BpPeMs
KaKk BHYTPUTOJIOBBIE W3MEHEHUs PACCMATPUBAIOTCS
penko.
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CorJyracHO TOJTyYeHHBIM JJaHHBIM BecHOU 2017
roJa Ha WUCCJIEAYEMBIX CTAHIUAX OBUTM OTMEeYeHbI
BBICOKME KOHIleHTparuu @QurorutanktoHa (Puc. 2),
YTO, COIJIACHO TPUHATOM paHee KjaccubUKaIuu
(ITonoBckas, 1977), xapakTepusyeT 3TOT rof] KakK BEICO-
KO-cpeTHenpoAYKTUBHEIN. [lo manHbeM aHaymza CM
BBIABJIEHO, YTO (PUTOIUIAHKTOH 2017 T., B OCHOBHOM,
OB TIpeJiCTaBJIEH UATOMOBBIMH, XPU30(PUTOBBIMU U
3eJieHBIMH Bogopocysivu. Cpenyw QuaTtoMell B BeCEH-
HUU TMeproj, OTMEeYaJioch JJOMHHUPOBaHHE IUATOMO-
BBIX BOJOPOCJIEN KOMILJIeKca M3 JByX BuIoB U. acus
u F. radians (y4eT 4MCJIEHHOCTHU BeJICS CYMMapHO AJIA
ABYX BUOB), OJHAKO WX YHCJIEHHOCTh CHUXAaJIacCh
netoMm. Ocensio U. acus u F. radians 6511 3aperucTpu-
POBaHHI TOJIBKO Ha BYX cTaHIusaxXx u3 cemu (Puc. 2).
Takoe ce30HHOe MU3MEHEHWE COBIAAAET C ONMMCAHHBIM
paHee s S. acus subsp. radians (mepeuMenoBaHa B F.
radians): 11BeTeHHe BECHOM, 32 KOTOPBIM CJIeIyeT MOCTe-
MeHHOEe YMEHBIIIEHNE YMCJIEHHOCTH B TeueHWe JIeTa U
MPAKTUYECKU TIOJIHOE OTCYTCTBUE oOceHb. OJIHaKo,
meTosioM CM, KOTOPBIA IIMPOKO MPUMEHSETCS IJis
aHa/jm3a BUAOBOTO COCTaBa (PUTOIUIAHKTOHA, HE y/a-

SMSMKKhNED NBT BB ChB MS |SMSMKKhNED NBT BB ChB MS SMSMKKhNED NBT BB ChB

BecHa
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Jleto

Ocenb
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Puc.4. OTHocuTe bHAsA YrcaeHHOCTh ASV, oTHeceHHbIX K Bumam U. acus, U. danica u F. radians.
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JI0Ch MOJIyYUTh JAaHHBIE O YMCJIEHHOCTU KaXJ0ro BUAA
B OT/EJIbHOCTH U3-3a UX MOPQOJIOTNYECKOH CXOXKeCTH,
a U. danica oTMeuasiach TOJIBKO B 3anBax. Metog COM
YU aHaJM3 JaHHBIX MeTa0apKoAUpPOBaHUsA, MO3BOJIMIIA
IIPOBECTH 3HAUYUTEJIbHYI0 KOPPEKTHPOBKY JaHHBIX,
Tak BecHoul 2017 r. gomuHupyet U. acus, Toraga Kak
F. radians npefictaByieHa B HeGOJIBIINX KOJIMYECTBAX Ha
BCeX CTaHLUAX, KpoMe CeBepHoll yacTu o3epa (Puc. 3).
Ce3oHHasA NUHAMUKa pa3BUTHA BUAOB ponos Ulnaria u
Fragilaria, xak 1 Apyrux mpeacTaBUTesell PUTOIIaH-
KTOHa NPOUCXOJUT B 3aBUCUMOCTH OT PU3NKO-XUMUYe-
ckux ¢pakToOpoB U OKoJioruu BUA0B. PaHee npu aHause
JaHHBIX MeTabapKoAMPOBaHUA HaMH OBUIO yCTaHOB-
JIeHO, 4TO MUKW YKCJIEHHOCTH 000MX BUAOB PacIoJio-
JKeHBI 0JIN3KO K IepHOAY 0CBOOOXAeHNA 03epa OT JIbJa.
IIpu sToMm passutue nonysAauuu U. acus orcrtaer oT F.
radians npumepHo Ha MecsAln (Morozov et al., 2023).
CorsiacHO aHaJIM3y JaHHBIX, 10JTy4YeHHBIX [IPU aHajn3e
Ce30HHOU CyKIleCCUY MUKPO3YKapuOT U GakTepuil Ay
LIEHTpaJIbHON CTaHIMM pa3pe3a Iocesok JINCTBAHKA
— nocesiok Tauxoii FOxHON KOTJIOBUHBEL 03. batikan B
mepuoj; ¢ Mapta mo ceHts6pp 2017 r (Mikhailov et
al., 2022), ycraHoBJieHO, 4TO TUK pa3sutus F. radians
B 3ToM roay B lOxHoIl Balikase npuxoauics Ha cepe-
JUHY ampeJis, Torga Kak MakCMMyM d4ucjeHHocTd U.
acus cBUHYT Ha Mail (Morozov et al., 2023). MuI mipef-
rosiaraeM, 4TO UMEHHO 3TOT (paKT IpuBeJ K TOMy, 9TO
B o6pasiax rugpoJiorudeckoii BecHsl 2017 (koHel Mas,
Hayaja WIOHA) MBI HabiromaeM AoMuHUpoBaHue U.
acus, KoTopas ellle COXpaHseT BBICOKYI0 YMCJIEHHOCTb
B IOxHOM M Cpemuem Baiikase, Torma kak F. radians
3aKaH4YMBaeT CBOI0 BereTaluio, U ee JOJiA ropaszio
Huxe. Cxoxas cutyanys HabogaeTcsa U IpU aHajIu3e
BeceHHero ¢urtoriankToHa B 2020 rogy metogoM COM.
TeMm He MeHee, NIOJIy4eHHble JaHHbBIE He MOTYT OOBAC-
HUTH HaOJrogaeMoe pacnpefesieHre B CeBepHOI 4acTu
o3epa. Eciii peAN0JI0KNUTH, YTO B CEBEPHOI KOTJIOBUHE
BOJla IIporpeBaeTcs IO3Xe, YTO AOJDKHO 3aJepXKUBaTh
CMeHy BUIOB, TO 1ojiA F. radians B o6pa3uax NED u NBT
JOJDKHA OBITh AOCTAaTOYHO BBICOKOM, OAHAKO, B CTPYK-
Type (PUTOIIAHKTOHA CEBEPHBIX CTAHLUU M0 JaHHBIM
JBYX MeTOAOB oTMeyasach ToJbko U. acus. Ilpu aTom
ee yrcyieHHOCTh nouTu B 1000 pa3 Obia HUXKe YMCJIeH-
HoctH B IOxnHOM 1 CpeHeM Baiikasie, a Takxe 3a1Bax.
JleTHAA NoNMyJIALMA NeJjlariyecKUX CTaHLWK BKJIIOYaeT
o6a Buma U. acus u F. radians. TIOCKOJIbKY BUIBI 3aBEP-
AT I[BeTeHre Npubu3uTesibHoO B utose (Puc. 2), To
HUX KOJIMYeCTBO HEBHICOKOe 1 OHU He NOMUHHUPYIOT B
cocraBe puToriaHkToHa. OCceHbl0, KOrga YNCcIeHHOCThb
elle cHIXxaeTca MerogoM COM B nesjarvaniy oTMeda-
eTcs MOBTOPHOe MosiBJieHue F. radians, oHaKo, 3TO He
COIMOCTaBjIAETCA C JAaHHBIMHU MeTabapKOAMPOBaHUS,
rae aas cranquu MKKh peructpupyores ASV TOJIbKO
U. acus. HecMoTps Ha TO, 4TO I[BeTeHNe AUaToOMeH B 03.
Batikan npuxonutcs Ha 0oJjiee paHHUI NepPUOJ, MOXO-
kas cuTyauus Op1a oTMedeHa B utosie 2019 r., koraa
aBTOpaMHM PperucTpupoBajach JOCTAaTOYHO BBICOKAs
yncyeHHocts F. radians. CorjiacHO UX JaHHBIM, OBLIO
BBIIBUHYTO IIPeAINOJIOXKEeHHe, YTO 3TO ABJIeHUe ABJIA-
eTcsa pesyJibTaToM anBesunHra (Grachev et al., 2021).
OxoHUMBIINE CBOI0 Bererauuino kierku F. radians,
MIOTPy>Xal0TCA ropasfio MejJieHHee KPyNHOKJIeTOYHBIX
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Tabauna 2. CraThCcTUKAa KOJIMYecTBa IIPOYTEHUH.
VYcnosHele o603HaueHus: EC — KkoJsinyecTBO IpOYTEeHUH Mmocje
KoppeKnny omubok; Tax — IpoYTeHNs, OTHECEHHbIe K TaKCOo-
Hawm Fragilaria/Ulnaria.

Oo6pasern Ce3on KoJsinuecTBO
IIPOYTEHUN
EC Tax
SMS Becna 26378 2872
MKKh 26600 2958
NED 26413 4
NBT 31285 2
BB 25820 218
ChB 33968 66
MS 30803 8
SMS Jleto 70070 524
MKKh 60515 21
NED 26345 2
NBT 22635
BB H.J. H.1.
ChB 23157 3
MS 23753 15
SMS OceHb 24625
MKKh 58273 14
NED 17154 0
NBT 19669 0
BB 14892 221
ChB 24471 2
MS 24580 1

BUJIOB AuaroMell. JlaHHOe sBJIeHHE CJIyXWUTb IIPUYU-
HO¥ TOro, YTO MaHIMpU 3TOr0 BUAA MOXHO HaOJII0AaTh
B TOJIIle BOJH B TeueHUHU Bcero roga (Bondarenko et
al., 2019). Oto xopomo 06bACHSAET TOT GAKT, YTO MBI
BuANM cTBOpKU F. radians npu aHanu3e MetooM COM,
HO He obHapyxwuBaeM ASV F. radians npu aHau3e JgaH-
HBIX MeTabapKOAMPOBaHUS.

HuTepecHo, uTo MeTogamu COM u MeTabapkoau-
poBaHus oTMeuaetcs npucytcreue U. danica B mpobax
n3 Yusbeipkyrickoro (ChB) u Bapry3mHCKOro 3aJHMBOB
(BB) Bo Bce Tpu ce3oHa (Puc. 3), npu 3TOM IPOUCXOAUT
IIOCTeIIeHHOe yBeJMYeHue ee JOJIM II0 OTHOIIEHUIO K
U. acus u F. radians. He cMOTps Ha SIBHbIE pa3JTAYUA
Mop@oJsioruu 3TOro BHAa, OHA He Obula WAEHTUDU-
I[UpOBaHa B oceHHUxX Mpobax meromoMm CM (Puc. 2),
YTO MO3BOJIAET HaM IPeANOJIOKUTb, YTO NMPU HCIOJIb-
30BaHMUU TOJIBKO MeToma CM mpouCXOOWUT HCKaxeHHe
perucTprupyemMo BUJOBOIO pa3HOoOpas3usa, 0COOEHHO B
Ce30HHI C HU3KOH YMCJIEHHOCTh (UTOIJIAHKTOHA.

5. 3akniouenue

Hcnosib30BaHe MOJIEKYISIPHBIX METOZOB B COBO-
KYIHOCTH C [JaHHBIMU CKaHUPYIOIEN 3JeKTPOHHOM
MUKPOCKOIIMY, MO3BOJIUJIN BHIABUTH HaJMYUE CKPHI-
TOro pasHoobpasus B CTPYKType (GUTOIIAHKTOHA O3.
Baiikan Ha mpUMepe UATOMOBBIX BOAOPOCTEH POAOB
Ulnaria u Flagilaria. Tloka3aHo, uto U. acus u F. radians
JIEMOHCTPUPYIOT BpEMEHHbIE pa3jNyusA B paclpeje-
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JjeHuy. Mbl pefrosaraeM, 4YTo B NMOZJIeHbIN Nepuoa
MIOIyJIANMA NpefcTaBjAeT u3 cebsa cMech 3TUX BUJIOB,
oJIHaKo yncyieHHocTs F. radians yMeHbIIaeTcA K HAYaIy
nepyuoja rugpoJIoruyecKoll BecHHI, B TO BpeMs Kak U.
acus HaXOAUTCA ellle Ha NMHMKe CBOel 4KMCJIeHHOCTU. B
nocjefyomye JIETHUNA U OCEHHUIl NepuoAbl YKCJIeH-
HocTh U. acus mocreneHHO cHuxaercA. IToBTopHoe
nosiejieHue cTBopok F. radians B FOxHoUW u CpenHeii
4acTsAX 03epa B HI0JIe He CBA3aHO C «LBETEeHHeM» WJIN
aKTHBHBIM POCTOM AAHHOI'O BH/IA, TOCKOJIbKY MBI OTMe-
yaeM TOJIBKO HaJIn4yMie CTBOPOK, HO He OOHapyXuBaeM
cooTBeTCTBYIOIMX ASV B JaHHBIX MeTabapKOAWpPOBa-
HuA. [onysanusa CeBepHON yacTH o3epa He oAAaeTcCA
BBIAIBJICHHOM 3aKOHOMEPHOCTH CMEHAEeMOCTH HaHHBIX
BUAOB U TpebyeT AOMOJIHUTEJIBHOIO HCCJIeJOBAHUA C
oTOopoM Ipob B TOM 4UucJie B mOAJIeAHBIN nepuod. U.
danica mpucyTCcTByeT B cocTaBe GUTOIJIAHKTOHA 3aJIU-
BOB B TeUEHUM BCEro nepruoAa OTKPHITON BOAHI, B OTJIH-
ylhe OT NeJjlarndyeckux cTaHuui. IIuk ee 4uciaeHHOCTH
MIPUXOJUTCA HA OCeHHU! Neprof.
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