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ABSTRACT. This research was investigated the seasonal changes in phytoplankton, bacterioplankton and
autotrophic picoplankton as well as environmental parameters in the photic layer of Lake Baikal. Using
microscopy methods, 43 species belonging to Bacillariophyta, Dinophyta, Chlorophyta, Chrysophyta,
Cryptophyta, Haptophyta, Charophyta and Cyanoprokaryota have been identified. Bacillariophyta
and Chlorophyta were dominating throughout the year. The Shannon, Simpson, InvSimpson diversity
indices, and evenness index showed that microalgae communities varied seasonally. In late spring these
indices were significantly lower than in the under-ice period, summer and autumn that is due to the fact
of the dominance of one species Ulnaria acus (Kiitzing) Aboal in the community. The abundance and
biomass of phytoplankton also varied significantly depending on the season. Five different periods of
phytoplankton development were identified, which were regulated by physicochemical factors.
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1. Introduction

Phytoplankton is a main component in
production of organic matter, it provides about 50%
of global primary production, and is a major source
of energy for aquatic ecosystems (Field et al., 1998).
Given the important role of phytoplankton, seasonal
changes in its structure affect the entire biogeochemical
cycle in water bodies (Cloern, 1996; Behrenfeld et
al., 2006). Mechanisms of seasonal succession are
rather well studied for both freshwater and marine
water bodies (Levasseur et al., 1984; Pinckney et al.,
1998; Anneville et al., 2004; Gasitinaité et al., 2005;
Pilkaityté, Razinkovas, 2007). It is shown that changes
in phytoplankton depend on seasonal variations
in physical factors, nutrient concentrations, and
phytoplankton consumption by zooplankton (Winder,
Sommer, 2012). In addition, the development of
bacterioplankton in water bodies is closely related to
the development of phytoplankton. Bacterioplankton
is the main component of the microbial loop and
provide a trophic link with macroorganisms (Fuhrman,
Azam, 1980). Heterotrophic bacteria mineralize
organic matter, which is synthesized by producers, or
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decompose suspended matters (Ducklow, 1993). Part of
bacterioplankton, such as cyanobacteria, is autotrophic
and receives energy as aresult of photosynthesis (Fukami
et al., 1996). It has been shown that bacterioplankton
plays a main role in the flow of carbon in aquatic
ecosystems, as well as in nitrogen fixation, nitrification,
denitrification, and methanogenesis (Hader et al.,
1998).

The first studies of phytoplankton of freshwater
oligotrophic Lake Baikal began 100 years ago, and
they are still being carried out nowadays (Yasnitskiy,
1923, 1930; Antipova, 1963; Antipova, 1974; Kozhova,
Izmest’eva, 1998; Popovskaya, 1977; Svyatenko et al.,
2002; Hampton et al., 2008; Mokryi, 2011; Izmest’eva,
Shimaraeva, 2012; Popovskaya et al., 2015; Bondarenko
et al, 2019). Phytoplankton is characterized by
heterogeneous spatial distribution throughout the
water area and interannual and seasonal fluctuations in
the abundance and biomass of algae (Votintsev et al.,
1975; Popovskaya, 1977; Popovskaya, 2000). Studies of
bacterioplankton, its vertical and horizontal distribution,
and seasonal changes have been systematically carried
out for several decades (Maksimova, 1973, 1976;
Maksimova and Maksimov, 1989; Ahn et al., 1999;
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Parfenova et al.,, 2000; Straskrabova et al.,, 2005).
Autotrophic picoplankton is an important component
of the lake ecosystem (Popovskaya, 1968; Popovskaya,
Belykh, 2003; Belykh, Sorokovikova, 2003; Belykh
et al., 2006), during the summer it is able to create
from 60 to 90% of primary production (Nagata et al.,
1994). Seasonal dynamics of biological parameters
(abundance and biomass of microalgae, bacteria and
autotrophic picoplankton) and physicochemical factors
are important for understanding the current state of the
lake ecosystem.

This work presents the results of the annual
dynamics of abundance, biomass and species
composition of phytoplankton, abundance of
bacterioplankton and autotrophic picoplankton, as well
as its correlations with the physicochemical parameters
in the photic layer of Lake Baikal in 2022 year.

2. Material and methods

Water samples were taken monthly from
February 2022 to March 2023 in the southern basin
of Lake Baikal at the station of 2.5 km away from
the shore near Bolshiye Koty settlement (51°53’8”
N, 105°05’36”E). Samples were taken with a Niskin
bottle from the depth of 0, 5, 10, 15, 20, and 25 m
and combined into one integral sample. Temperature
measurements were obtained wusing a portable
temperature sensor, transparency was measured using
a Secchi disk. Dissolved oxygen (DO) was measured
using iodometry according to Winkler (Wetzel, Likens,
1991), pH was determined with a portable pH meter,
the electrical conductivity of water (EC?®) was measured
with a conductometer Expert-002 (Russia).

To determine the mineral forms of biogenic
elements, the measurements were carried out in water
filtered through 0.45-um pore-size membrane filters
(Vladisart, Russia). The concentration of biogenic
elements was determined by a spectrophotometer
PE-5400VI (Russia): nitrates (NO,) (GOST 33045-
2014) with sodium salicylate, nitrites (NO,) (GOST
33045-2014) using the Griess reagent, ammonia
nitrogen (NH,*) by the indophenol method, silicon
(Si) as silicomolybdic heteropolyacid (Wetzel, Likens,
1991), and phosphates (PO,*) as phosphomolybdenum
complex (ISO 6878:2004). Total phosphorus (TP) and
nitrogen (TN) were measured in unfiltered water. TP
was determined as a phosphorus-molybdenum complex
after oxidation with potassium persulfate in an acidic
medium, TN after oxidation with potassium persulfate
when heated in an alkaline medium to nitrates, followed
by spectrophotometric determination of their own
absorption in the ultraviolet region of the spectrum (RD
52.24.532-2016). To determine the chemical oxygen
demand (COD), a photometric method was used
based on the oxidation of organic and some inorganic
substances with dichromate ion in an acidic medium
when heated in the presence of a silver sulfate catalyst
(ISO 15705:2002). COD data were recalculated for
organic matter. Determination of COD was carried out
both for filtered samples, obtaining data on the content
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of dissolved organic matter (DOM), and for unfiltered,
determining the total organic matter content (TOM). By
subtracting DOM from TOM, particulate organic matter
(POM) was obtained.

For quantification of microalgae, 1,2 L of
integral samples were fixed by Lugol solution.
Phytoplankton was counted using a light microscope
Axiostar Plus (Zeiss, Germany). Total phytoplankton
abundance (TPA) was quantified by Kuzmin’s method
(Kuzmin, 1975); total phytoplankton biomass (TPB)
was estimated by the method of Makarova and
Pichkily (1970). For identification of species 20 ml
of the samples filtered through 0.8-um polycarbonate
filters (Whatman, USA). Then, 20 ml of 70% ethanol
was passed through the filter. The filter was dried at
room temperature, attached to the stub for scanning
electron microscope (SEM), and coated with gold in an
SDC 004 vacuum evaporator (Balzers, Liechtenstein).
The samples were analyzed on QUANTA 200 SEM
(FEI Company; Hillsboro, USA). For estimation of
total bacterial abundance (TBA), samples were fixed
with 2.5% glutaraldehyde solution and stained with
4, 6-diamidino-2-phenylindole (DAPI), then filtered
through 0.22-um black polycarbonate filters according
to a standard protocol (Wetzel and Likens, 2000).
Samples were analyzed on an inverted fluorescence
microscope Axiovert 200 (Zeiss, Germany). Counts were
taken in no less than 20 microscopic fields per sample.
TBA was calculated using a formula as described
earlier (Gerhardt et al., 1981). To quantify autotrophic
picoplankton, 20-30 ml of each sample fixed with
glutaraldehyde (final concentration 2.5%) was filtered
through 0.45-um filter (“REATREK-Filter”, Russia)
stained with Sudan black. The samples were analyzed
using an Axiovert 200 microscope (Zeiss, Germany)
equipped with an HBO 100W mercury lamp at X 1000
magnification. Autofluorescence of cyanobacteria was
observed under a green filter (wavelength 530-585 nm);
microphotographs were taken with a Pixera Pengium
600CL camera (DiRactorTM) using the VideoTesT-Size
5.0 program.

Statistical analyses were performed in R. To
check correlations between environmental factors
and biological parameters, a matrix of the pairwise
Spearman’s rank correlation coefficients was computed
using rcorr function of R package Hmisc v.4.7-1
(Harrell Jr, 2022) followed by calculation of p-values
with cor.mtest function of R package corrplot v.092
(Wei, Simko, 2021). Correlation matrix was visualized
with function corrlpot of R-package corrplot. To show
differences between samples according to species
composition of phytoplankton and its abundance the
principal coordinates analysis (PCoA) based on the
Hellinger distance measure was used. To assess the
alpha diversity of phytoplankton, the Shannon and
Simpson indices, the inverse Simpson index, and the
evenness index were calculated. One-way ANOVA,
Kruskal-Wallis statistical tests and Tukey HSD post-hoc
test were used to examine the alpha-diversity of
communities in different seasons.
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3. Results and discussion

3.1. Physicochemical parameters and esti-
mates of quantitative indicators of phyto-
plankton, bacterioplankton and autotro-
phic picoplankton

Water temperature changed throughout the study
period with minimum values in March and April - 0.1
°C and with maximum values in July — 6.7 °C (Table
S1). DO concentration was maximum in December and
February 2023, and its minimum was in October. Water
transperancy varied with a minimum in September-
October (6.5-7 m) and with a maximum in December
(22 m) (Fig. 1). Concentrations of Si, NO_, PO,* and
TP had a similar dynamic with maximum values in
March, July, and December, and minimum values in
May-June and October (Fig. 1, Table S1). The maximum
concentration of NH,* and NO,” was revealed only in
October (Table S1).

During the under-ice period of 2022, the
abundance and biomass were the highest in March
and amounted to 88.2x10° cells/L and 0.16 g/m?
(Fig. 1, Table S1) in the photic layer (0-25 m). In
previous studied years the biomass varied from 0.54
to 0.57 g/m?® (Straskréabova et al., 2005; Bondarenko
et al., 2019; Mikhailov et al., 2022), and it was March
when phytoplankton development peaked. In 2022, the
maximum of phytoplankton abundance and biomass
was recorded in June and was 216.07 x 10° cells/L and
0.55 g/m® (Fig. 1, Table S1). TPA and TPB decreased
in July and August, then increased again in September
(112.72x10° cells/L and 0.13 g/m®). The lowest
values of abundance and biomass were observed in
December and amounted to 12.66 x10° cells/L and
0.03 g/m® In March 2023, the high abundance and
biomass values of 269.45x10° cells/L and 0.32 g/m?®

were observed (Fig. 1). The ice-cover in 2023 occurred
earlier in the first half of January (http://sputnik.irk.
ru/), which could affect phytoplankton development.
In 2022, according to the biomass data, the maximum
phytoplankton productivity (71%) was in spring period,
it decreased to 10-11% in summer and autumn, and
the minimum productivity was 8% in winter period.
These results confirm earlier data on spring maximum
of phytoplankton productivity (Antipova, 1963;
Popovskaya, 1977; Popovskaya, 2000) and testify to
the stability of the seasonal functioning of the primary
producers of the lake.

Bacterioplankton and autotrophic picoplankton
also changed seasonally. In February 2022, the value of
0.4 x 10° cells/mL was minimum (Fig. 1, Table S1). In
June TBA increased, in July-August it decreased again.
The maximum of TBA was observed in September-
October (2.2-2.5)x10° cells/mL (Fig. 1, Table S1).
When comparing the data of TBA with previous years
(Straskrabova et al., 2005; Mikhailov et al., 2022), it is
seen that the seasonal dynamics of bacterioplankton in
2022 follows annual trends and is correlated with both
phytoplankton development and the concentration
of organic matter (Fig. 1). Decrease of TBA during
summer and in November may be a result of an increase
in the abundance of cryptophytes in this period (Fig.
2). It has been previously shown that representatives
of Cryptophyta are the main consumers of bacteria in
the summer plankton of a freshwater reservoir and
may play a key role in the transfer of carbon from
prokaryotes to the higher trophic levels (Grujcic et al.,
2018). The increase of TBA in December is probably
associated with an increase in phosphate and nitrate
concentrations (Thingstad et al., 2005), as well as with
the inflow of organic matter formed after phytoplankton
development (Shimaraev et al.,, 2000; Bondarenko
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Fig.1. Annual changes in biogenic elements (Si, NO,, PO,*), transparency and quantitative indicators of phyto-,
bacterioplankton and autotrophic picoplankton in the photic layer (0-25 m) in 2022 — early 2023 at the station 2.5 km from the

Bolshiye Koty settlement.
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et al.,, 2022). The peak of autotrophic picoplankton
abundance also corresponded to September-October
(0.29-0.32) x 10° cells/mL (Fig. 1). The abundance
maximum of autotrophic picoplankton in 2022 was
later compared to the data of previous years, when
the peak occurred in August-September (Belykh and
Sorokovikova, 2003; Popovskaya and Belykh, 2003).
When comparing data on phytoplankton
biomass, bacterioplankton abundance, autotrophic
picoplankton and physicochemical parameters in
2022, we can distinguish five periods of community
development. The first period is under-ice, it is early
spring (February-March-April), it was characterized by
high content of biogenic substances and phytoplankton
growth. The second period is late spring (May-June),
it was characterized by maximum phytoplankton
biomass, increasing of bacterioplankton abundance,
and minimum silicon concentration. Third period
is summer (July-August) with low abundance of
phytoplankton, bacterioplankton, autotrophic
picoplankton and increased concentration of biogens.
The fourth period is autumn (September-October), it was
characterized by autotrophic picoplankton dominance,
low phytoplankton biomass, decrease in nitrogen and
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phosphorus concentrations to minimum values and
decrease of water transparency. And the fifth period is
winter (November-December) with low phytoplankton
biomass and increased content of biogenic substances.

3.2. Taxonomic composition of phytoplankton

Seasonal dynamics of phytoplankton undergoes
significant changes from year to year, both in terms
of quantitative indicators and species composition
(Straskrabova et al., 2005; Izmest’eva et al., 2006;
Pomazkina et al., 2010; Popovskaya et al., 2015). In
2022, Chlorophyta was the most represented group
in phytoplankton of the monitoring station (Fig. 2A).
Bacillariophyta dominated in spring and winter seasons.
The percentage of Chrysophyta increased in summer,
autumn, and winter. Dinophyta, whose representatives
dominated often in the under-ice plankton (Antipova
and Kozhov, 1953; Popovskaya, 1977; Pomazkina et
al., 2010), was less than 10%. The small percentage of
Dinophyta in the photic layer (0-25 m) during the ice
period of 2022 is most likely due to the fact that they
are usually concentrated in the water layer directly
under the ice (Bashenkhaeva et al., 2017; Bondarenko
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Fig.2. Percentage of phytoplankton species in the photic layer (0-25 m) in 2022 — early 2023 at the station 2.5 km from the
Bolshiye Koty settlement. Ratio of abundance by division (A), abundance by species (B), and biomass by species (C).
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et al., 2022; Bashenkhaeva et al., 2023), and have not
yet moved into the water column.

Green algae Monoraphidium griffithii (Berkeley)
Komarkova-Legnerovd and M. contortum (Thuret)
Komarkova-Legnerova in under-ice period (February)
was dominant by abundance (Fig. 2B, Table S2).
Diatom algae Ulnaria acus (Kiitzing) Aboal and
Nitzschia graciliformis Lange-Bertalot & Simonsen
accounted for a significant percentage. The largest
dinoflagellates: Gyrodinium helveticum (Penard) Y.
Takano & T. Horiguchi and Gymnodinium baicalense
N. L. Antipova dominated by biomass (Fig. 2C). Since
March, the percentage of diatom U. acus increased
in phytoplankton, it dominated both in abundance
and biomass with a maximum in June. The spring
period is one of the main periods in the functioning
of Lake Baikal, when there is a mass development of
diatom algae, which create the basis for the annual
primary production of the lake (Popovskaya, 1987). In
recent years, diatoms U. acus dominate in the spring
phytoplankton instead of the typical Baikal cold-loving
species Aulacoseira baicalensis (K. Meyer) Simonsen,
A. islandica (O. Miiller) Simonsen and Stephanodiscus
meyeri Genkal et Popovskaya (Popovskaya et al., 2015;
Bondarenko et al., 2019; Mikhailov et al., 2022). In July,
U. acus and M. contortum accounted for an equal share of
the community. The abundance of mobile cryptophytes
Rhodomonas aff. pusilla (Bachmann) Javornicky and
Chroomonas acuta Utermohl has increased. The increase
of their percentage in the community in summer is
most likely due to the income of DOM after the mass
vegetation of phytoplankton in June. Earlier it was
shown that DOM is formed by the functional activity
of phytoplankton, as well as by its decomposition, and
is the main factor stimulating the growth of flagellates
(Bondarenko et al., 2022). In late summer (August)
and autumn green algae of the genus Monoraphidium
dominated in phytoplankton, the percentage of
stomatocysts of Chrysophyta and small green algae
Sphaerocystis sp. Stomatocysts are characterized by
their maximum abundance in the summer-autumn
period (August-October) after the spring development
of Chrysophyta (Firsova et al., 2008). Diatoms Lindavia
minuta (Skvortzov) T. Nakov (=Cyclotella minuta
(Skvortzov) Antipova) with the maximum development
in autumn period (Mackay et al., 2005; Izmest’eva et
al., 2006; Pomazkina et al., 2010) were also noted as
part of the spring phytoplankton in 2022. In December,
during the winter minimum of total abundance,
U. acus dominated again in phytoplankton with a
significant percentage of stomatocysts, green algae,
and Rhodomonas aff. pusilla. The winter increasing
of cryptophytes may be related to an increase in the
light of the upper layers. It was previously shown that
due to the presence of photoprotective carotenoids,
cryptophytes were able to grow successfully under
high light conditions in the surface layers (Mendes et
al., 2018). Along with the above-described species, an
increase in the abundance of N. graciliformis was noted
in this period, with a subsequent maximum in the ice
period of 2023 (Fig.2).
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3.3. Analysis of the relationship between
phytoplankton, bacterioplankton and
autotrophic picoplankton with physico-
chemical parameters

Correlation analysis of the relationship between
physicochemical and biological parameters showed
that the abundance and biomass of phytoplankton
correlated negatively only with Si (Fig. 3). Transparency
correlated negatively with the abundance of autotrophic
picoplankton, while picoplankton correlated positively
with suspended organic matter and correlated
negatively with NO, and PO,*. These data are
comparable with earlier studies of pikoplankton in
Baikal, which describe the ability of pikoplankton to
develop at concentrations of nitrogen and phosphorus
close to the analytical limits of detection that enable
them to maintain the primary production of the lake in
the summer, when after the mass spring development
of large forms of phytoplankton, the concentration
of biogenic elements decreases (Popovskaya, 1968;
Popovskaya, 2000). Previously, the analysis of long-
term phytoplankton data showed an inverse relationship
between picoplankton and large phytoplankton (both
seasonally and annually) (Popovskaya, 2000).

3.4. Comparative analysis of species composi-
tion and alpha diversity of phytoplankton

The ordination of communities by the abundance
of microalgae species using PCoA showed that the
communities form three groups (Fig. 4). The first group
is under-ice (Feb-Mar23); the second group is late-
spring (Apr-May-Jun); and the third group is summer-
autumn-winter (Aug-Sen-Oct-Nov-Dec) (Fig. 4). July
and March of 2022 were not grouped with anyone.
Analysis of the alpha diversity of communities showed
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Fig.3. Correlation analysis of physicochemical factors
and biological parameters. Only correlations with p-value
< 0.05 are shown. TBA - the total bacterial abundance,
TPA - the total phytoplankton abundance, TPB - the total
phytoplankton biomass.
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that the most diverse were the under-ice and summer-
autumn-winter groups (Fig. 5) compared to the late-
spring group. The Tukey test demonstrated that the
late-spring group was more different from the others
(Fig. 5). The decrease in species diversity in spring
during the peak of phytoplankton development is
associated with the dominance in the community of
one diatom species U. acus. It was revealed that the
evenness and diversity of phytoplankton decrease when
some species outgrow their competitors by increasing
their abundance (Hillebrand, Sommer, 2000). The
dominance of one species in spring, but not the
complete exclusion of small species from the structure
of phytoplankton and their development in subsequent
seasons, confirms that most species are always present
in the community in varying proportions and when
environmental conditions change, the structure of the
community also changes (Nolte et al., 2010).

Conclusion

Seasonal changes of phytoplankton occurs
depending on physicochemical factors and biology of
species. The maximum phytoplankton productivity
was 71% in spring, decreased to 10-11% in summer
and reached minimum values of 8% in December. The
dynamics of abundance and biomass of phytoplankton,
bacterioplankton and autotrophic picoplankton in 2022
was similar to previous years with little changes. The
maximum abundance of autotrophic picoplankton in
2022 was observed in September-October and was
shifted by a month compared to data of previous
years, when the peak was in August-September. Five
biological periods were identified when comparing
the quantitative indicators of phytoplankton,
bacterioplankton, autotrophic picoplankton, and
physicochemical parameters of the environment.
According to the species diversity of phytoplankton,
a division into three groups is revealed. This result
suggests that quantitative indicators are a more
dynamic and sensitive characteristic of the community
than its structural rearrangements. The obtained data
also demonstrate the importance of seasonal study
of communities for understanding changes in the
ecosystem.
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Fig.5. Phytoplankton alpha diversity. ANOVA test to
compare phytoplankton by season. Tukey test significance
code: *** < 0.001; 0.001 < ** < 0.01; 0.01 = * < 0.05.
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AHHOTAIIAA. B paHHOM uCCIeNOBAaHMM MBI IMPOCJIEAWJIM CE30HHBIE WM3MEHEHHsA B COCTaBe
(duTomiaHKTOHA, 0AKTEPHUOIJIAHKTOHA M aBTOTPOMHOro NUKOILIAHKTOHA B (POTHYECKOM cJIoe o3epa
bBaiikan HapsAAy ¢ OCHOBHBIMU (U3UYECKHMHU U XMMHYECKMMM NapameTpaMu cpefdsl. MeTtomamu
MUKpOCKonuu ObUI0 uaeHTUGUIUPOBaHO 43 BuAa, npuHagiexamux K Bacillariophyta, Dinophyta,
Chlorophyta, Chrysophyta, Cryptophyta, Haptophyta, Charophyta u Cyanoprokaryota. Bacillariophyta
u Chlorophyta momuHupoBaau B TeueHue Bcero roga. UHpaekcel pasHoobpasus IllenHoHa, CHMIICOHa,
obpaTHbIlI nHAeKc CHUMIICOHA W HHJAEKC POBHOCTHM IIOKa3ajld, YTO COOOIIecTBa MHUKPOBOAOPOCIIEN
pasamnyaloTces no ce3oHaM. [IprueM 3Ty mokasaresiy MO34HEN BeCHOM OBLJIM 3HAYMTEIbHO HIXe, YeM
B IOJJIEAHBI IepUoA, JIETOM W OCeHbI0, YTO CBSA3aHO C JOMHHUPOBaHMEM B COOOMIECTBE OLHOTIO
BuAa — Ulnaria acus (Kiitzing) Aboal. UncieHHOCTh U G1ioMacca PUTOIIAHKTOHA TaKXe CyIeCTBEHHO
BapbUpoOBajia B 3aBHCHMOCTH OT Ce30HAa. DBUIO BBIZIEJIEHO MATH Pa3jIMYHBIX IEPHUOLOB Pa3BUTHUSA
(pUTOIIAaHKTOHA, KOTOPBIE PETYJIMPYJIMPOBATUCH GU3NKO-XUMUUYECKUMHU (HaKTOpaMU.

Kitiouegsie ctoga: GutoniaHkToH, 6akTepuy, IjuaHobakTepuy, pa3HooOpa3ue, ce30HHAA AUHAMUKA,

($usuKo-xUMUYecKue apamMeTpsl

1. BBepeHue

OUTOIIAHKTOH ABJIETCA OCHOBHBIM
KOMIIOHEHTOM B CO3[@aHUM OPraHUYECKOTO BeIecTBa
IJIA BOJHBIX 3KocucTeM, obecrmeunBas okojio 50%
rio6apHOM nepBruyHOM mpoaykuu (Field et al., 1998).
YuuThIBasg BaXHYI0 pOJib (MUTOIUIAHKTOHA, CE30HHBIE
U3MEHEHUSI B €r0 CTPYKTYPE OKAa3bIBAIOT BJIMsAHME Ha
Bech OMOTE€OXMMHYECKHII KPYTrOBOPOT B BOJOeMax
(Cloern, 1996; Behrenfeld et al., 2006). MexaH13MbI
CE30HHOM CYKIIECCHMHM JIOCTaTOYHO XOPOIIO H3YYEHBI
Kak [JiA TMPEeCHbIX, TaK U [AJA MOPCKHX BOJIOEMOB
(Levasseur et al., 1984; Pinckney et al., 1998; Anneville
et al.,, 2004; Gasitinaité et al., 2005; Pilkaityté,
Razinkovas, 2007). I[loka3zaHO, YTO K3MEHEHUS B
CTPYKType GUTOIUIAHKTOHA 3aBUCAT OT CE30HHBIX
kosebaHuii  Gusmdecknx (HAKTOPOB  OKPYXamoIei
Cpefibl, KOHI[EHTpPAIMI MUTATEJIbHBIX BENIECTB U OT
noemaHus ero 3oomiaHkroHoM (Winder, Sommer,
2012). Kpome TOro, ¢ paspurueM GQuTOIIaHKTOHA
TECHO CBSI3aHO pasBuUTHE OakTepuaJibHOMU
COCTAaBJIAIOLIEH BOJIOEMOB. BaKTepUOIJIaHKTOH
SABJIAETCS  OCHOBHBIM  KOMIIOHEHTOM  MUKPOOHOI

*Corresponding author.

MUIeBOl mNeTii U obecneunBaeT TPOPUUECKYIO
CBA3b C BelcMMU opraHusMamu (Fuhrman, Azam,
1980). TereporpodHble OakTepuu MHWHEPAJIU3YIOT
opraHuieckoe Bell[eCTBO, CHUHTe3upyeMoe
IpoAylleHTaMy, WIM pasjlarailoT TBepAble YacTHI[BI
(Ducklow, 1993). YacTh O6akTepHUOIUIAHKTOHA, a
WMEeHHO IMaHobaKTepuu, sBJsAeTCs aBTOTPOMHOU u
MoJIy4YaeT SHEPruio B pe3ysbTare porocuuresa (Fukami
et al, 1996). [lokaszaHOo, YTO OGaKTEpPUOIJIAHKTOH
urpaeT ILeHTpajJbHyI0 pOJb B IIOTOKe yrjepoAa B
BOIHBIX DJKOCHCTEeMax, a Takxke B (QuUKcaluu asoTa,
HUTpUGUKALNY, OeHUTpUPUKANUU U MeTaHOreHese
(Hader et al., 1998).

B  mpecHoBogHOM  oJUroTpodHOM  O3epe
bBaiikanm mnepBble cucreMaTuieckyde HCCJIeJOBaHUA
durtonymanktona Havaiuch 100 et Hazag u

MPOBOJATCA MO HacTosiee Bpemsa (fAcuHurckuii, 1923,
1930; AnTtunosa, 1963; AntumoBa, 1974; Kozhova,
Izmest’eva, 1998; IlomoBckas, 1977; CBATEHKO U
op., 2002; Hampton et al., 2008; Moxkpsiii, 2011;
UsmectheBa, [Mlumapaesa, 2012; IlonmoBckasa u Ap.,
2015; Bondarenko et al., 2019). ®UTOIIAHKTOH
XapakTepusyeTcsi HeOJHOPOAHBIM IIPOCTPAHCTBEHHBIM
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pacrpejieJieHueM IO BCell aKBaTOpuu oO3epa U
PE3KUMU MEXTOJOBHIMU U CE30HHBIMU KOJIeOaHUAMU
yucaeHHocTH U O6momaccel (KoxoB, 1962; BoTuHIIEB
u [p., 1975; Tlomosckas, 1977; Popovskaya,
2000). HWccnemoBanusi OaKTEPUOIUIAHKTOHA, €ro
BEPTUKAJIBHOTO M TOPHU3OHTAJIBHOTO paclpejesieHus,
a TakXke CE30HHBIX M3MEHEHUH CHCTeMaTHYeCKu
MPOBOJAT Ha TMPOTSKEHUU HECKOJIbKUX [EeCATUJIETHI
(MakcumoBa, 1973, 1976; MakcuMmoBa 1 MaKCHMOB,
1989; Ahn et al.,, 1999; IlapdenoBa u map., 2000;
Straskrabovéetal.,2005). ABTOTpO(dHBII MUKOILTAHKTOH
SIBJIIETCST BAXXHOW COCTABJIAIONIEN SKOCHCTEMBI 03epa
(TIomoBckas, 1968; Ionosckas, Besnpix, 2003; Belykh,
Sorokovikova, 2003; Belykh et al., 2006), B seTHue
MecAlbl OH cnocobeH obOpaszoBbiBaTh oT 60 no 90%
nepBuvHOU npoaykiuu (Nagata et al., 1994). Usyuenue
CE30HHOM OUHAMHKM OMOJIOTMYECKUX IToKaszaTesieH
(uncieHHOCTh UM OMOMacca  MHUKPOBOJIOPOCJIEH,
Oaxktepuii U  aBTOTpPOdHOro  MUKOIIAHKTOHA)
COBMECTHO C MMapaMeTpaMH OKpYXaloleil cpebl BaxHa
JIJ1s1 TOHUMAaHYS COBPEMEHHOT'O COCTOSHYS SKOCUCTEMBI

o3epa.

B manHOiT paboTe MBI NMPUBOAWM Pe3yJIbTATHI
rOOBOM  AWHAMUKHM  YKMCJIEHHOCTH,  OHOMACCHI
U  BUJOBOTO COCTaBa (UTOMJIAHKTOHA, a TaKxe

YHUCJIEHHOCTU OaKTepUOILUIaHKTOHA W aBTOTPOGHOTrO
MUKOIUIAaHKTOHa B (poTuueckoM cJjioe o3epa DBatikain
B 2022 - navaimo 2023 r. COBMeCTHO C (PU3UKO-
XMMHYECKUMHU [TapaMeTpaMu Cpeabl.

2. MaTepuanbl M METOAbDI

[TpoObI BOABI OTOMpPAIN €XeMeCAYHO B TeueHHe
roga c ¢despansa 2022 r. mo mapTt 2023 r. B I0XHOU
KOTJIoOBUHe 03. balikaynm Ha paccrosHUM 2,5 KM OT
noc. Boawimue Kotol (51°53’8” c.m1., 105°05’36” B.4.).
[Ipo6el Obi OTOOpaHbl GaTomMerpoM HuckuHa wus3
cioes 0, 5, 10, 15, 20 u 25 M u 00beAUHEHHI B OQHY
UHTerpajibHyl0 1npoby. M3mepeHus TeMiepaTyphl
MPOBOJIVJTA TOPTATUBHBIM JATYUKOM, IPO3PAYHOCTH
Mmepuiu OesibiM  guckoMm Cekku. PacTBopeHHBIN
kucjgopon (DO) ompemesnsuii MeTOOOM BuHKIIepa
(Wetzel, Likens, 1991), pH — mOTeHIMOMETPUYECKUM
MmetogoM Ha pH-merpe «3Jkcnept-pH» (Poccus),
yAEJBbHYIO 3JIeKTpUYecKyo mpoBogumocts (EC?) — Ha
[IepeHOCHOM  KOHAYKTOMETPHUYECKOM aHaJu3aTope
xuakoctu  «Jkenept-002» (Poccust). MunHepasbHbIE
popMBl OHOTEHHBIX 3JIEMEHTOB ONpefesiAId Ioce
punapTpoBaHHA C UCIOJB30BAaHUEM MeMOpaHHBIX
areTar IeJUII0JIO3HBIX PuIbTpoB ¢ pasMmepoM mop 0,45
MkMm (Brmagmcaprt, Poccus). ConepxaHue OGUOTeHHBIX
3JIEMEeHTOB  OIpedesisIi Ha  crekTpodoToMeTpe
[13-5400BH (Poccus): nutpatsl (NO,) (IT'OCT 33045-
2014) wusMmepsAnu C [pUMeEHEHHEM CaJIMIMIIOBOTO
Hatpusa, Hutputhl (NO,) (TOCT 33045-2014) c
HCIIOJIb30BaHUEM peakTuBa ['prcca, MOHBI aMMOHUA
(NH,*) B B1IIe MHAO(EHOJIOBOIO CUHEr0, KpeMHHMIA (Si)
B BHJEe KpeMHeMOJINOJeHOBON TIeTepONOJIMKHICIOTH
(Wetzel, Likens, 1991), ¢ocdarer (PO,*) B BHIE
pochopHO-MOI1OIEHOBOTO KOMILJIeKca (IsO
6878:2004). sMepeHue coaepxanus obuiero ¢pocdopa
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(TP)uazora (TN) BeIIIOJIHEHO B HEUIBTPOBAHHOU BOJIE.
TP omnpenenanu B Bumge ¢GochopHO-MOIUOAEHOBOTO
KOMILJIeKca Iocjle OKUCJIeHUs IepcysibdaToM Kaius B
Kucjoi cpefie, TN mocsie okucijieHusA nepcysbdaTom
Kajyusa [pd HarpeBaHuMU B MIeJIOYHON cpede [0
HUTPATOB C IOCJIeAYIONMM CIIeKTPOdOTOMEeTpHUYECKUM
omnpejeseHHeM HX COOCTBEHHOrO IIOTJIOI[eHUA B
ybpTpaduosieToBoii obsactu cnekrpa (P 52.24.532-
2016). [lna onpepdeneHUs XUMHUYECKOro IoTpebJieHuA
kucyiopora (XIIK) wucmoJib3oBasii (pOTOMETPUUYECKUN
MeTOJl, OCHOBAaHHBII Ha OKUCJIEHHU OpraHUYecKux
1 HEeKOTOPHIX HeOopraHnvecKux BellecTB OMXpoMart-
HOHOM B KHCJOH cpele I@pU HarpeBaHuu B
IPUCYTCTBUU KaTajusaropa cyJjbdara cepebpa (ISO
15705:2002). Onpenenenvie XITK npoBoanu Kak JJis
(punbpTpOBaHHBIX ITPOO, OJIyYasa JaHHEIE O COAEpXKaHUU
pacTBOpeHHBIX opraHuyeckux BemecTB (DOM), Tak u
[ HeQUIIbTPOBaHHEIX, OllpeiesisAd oblriee cofiepxXaHue
opranuveckux BemectB (TOM). [lamubie XIIK
[epecuUTHIBAJIM Ha OpraHUYecKoe BellecTBO. Brrunrtas
n3 TOM DOM, nosyyany B3BelIEeHHOE OpraHuYecKoe
BerecTBo (POM).

Hna KOJIN4eCTBEHHOI'O onpejeaeHNs
MUKpoBoAopociell 1,2 J1 HHTerpajbHON IPOGHI
¢uxcupoBann pactBopoM Jlorona. ®UTOMIAHKTOH
MOJCYUTHIBAJIM C IIOMOIIbI0 CBETOBOTO MMKPOCKOIA
Axiostar Plus (Zeiss, T'epmatus). OOGIIyI0 YMCJIEHHOCTb
durortankrona (OUD) ompenensan MO  METOAY
Kyspmuna (Kysemusz, yia. 1975); obmyio Ouomaccy
¢urorutankrona (OB®) omneHuBasiM MO METOAY
MaxkapoBori u [Iuukmier (1970). [y BUIOBOU
naeHTudukanuu 20 My npoObl GUIBTPOBANIA 4Yepes
nosinkapbonatueie ¢uabTpel 0,8 Mxm (Whatman,
CIIA). [lnsa obeXBOXUBaHUA MPOMYCKaJIM depe3
¢unbTp 20 M1 70% sTaHo1a. @UABTP BHICYIINBAJIN IIPU
KOMHaTHOI TeMmIepaType, NPUKPEIULAJIN Ha CTOJIUK
JUI1 CKAHUPYIOIIETO 3JIEKTPOHHOTO MuKpockona (COM)
1 HaIIbLJIAJIN 30JI0TOM B BaKyyMHOM ycTaHoBke SDC 004
(Balzers, JluxTeHmrteiiH). OO6Gpasipl aHATU3UPOBAIH
Ha QUANTA 200 SEM (FEI Company; Xusuic6opo,
CIIA). [na omeHka  ob0medl  GakTepuabHOU
yncyieHHocty (OYB) o6pasisl  pukcupoBamu  2,5%
pacTBOpOM IJIyTapoBOro ajbferufila U OKpalllBajiu
4,6-quaMuanHO-2-OEeHUJINHA0JI0M (DAPI),
3ateM ¢uiabTpoBau depe3 0,22 MKM 4YepHbIe
nosvkapOoHaTHBIE (QUJIBTPEL B COOTBETCTBHUU CO
craHgaptHeiM npotokosioMm (Wetzel and Likens, 2000).
OOpasnsl aHaJIM3UpPOBAJIM Ha HHBEPTUPOBAHHOM
dyopecrienTHOM Mukpockore Axiovert 200 (Zeiss,
l'epmaHus). YueTnl mpoBoAwIn He MeHee yeM B 20
MOJIAX MHUKpOCKomna Ha obOpasern. OUb paccuurtsiBaiu
no dopmyne, omnmcanHHo¥ paHee (Gerhardt et al,
1981). [ina y4era oblieil YCJI€HHOCTH aBTOTPOGHOI0
nukortaHkToHa (OYAIT) o 20 — 30 M1 KaXx 101 TpoOHI,
(puKCUPOBaHHON TJIyTapOBBIM ajbJerufioM (KoHedHas
KOHLleHTpanusa 2,5%), ¢uabTpoBasin depe3 (PUIbTP
¢ puamerpoM nop 0,45 MM («PEATPEK-®Ounbtp»,
Poccust), okpallleHHBII cyJaHOM 4YepHBIM. OOpasibl
aHaJM3MpOBAIM C IIOMOIIBI0 MUKpockoma Axiovert
200 (Zeiss, 'epmanus) ¢ pryrHoil 1ammnoit HBO 100 Bt
npu yseamdeHnn X 1000 ¢ MMMEPCHMOHHBIM MAacJIOM.
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ABTOdyopeciieHI[UI0 aBTOTPO(PHOr0 MUKOIIAHKTOHA
HabIojaau noj 3eJieHbIM (PUIbTpoM (AJTMHA BOJTHBI
530-585 uM™); MukpodoTorpaduu chejaHbl KaMepoi
Pixera Pengium 600CL (DiRactorTM) c ucnioyib30BaHNEM
nporpammel VideoTesT-Size 5.0.

CratucTuveckuil aHaiau3 ObI BHIIOJHEH B
R. Jlnsa mpoBepku KoOppesAnuil Mexnay ¢axropamMu
OKpYyXaloleH cpeAsl U GMOJIOTUYeCKUMU MTapaMeTpaMu
OblyIa paccudTaHa MaTpulla NapHBIX KO3(pOUIMEeHTOB
paHroBou koppeJisiiuu CrupMeHa C KUCIHOJIb30BaHUEM
¢yuknuu rcorr makera R Hmisc v.4.7-1 (Harrell Jr,
2022) c mocJenyoIUuM BBIYUCIEHHEM p-3HauYeHUn
¢ momoIbio (PyHKIMKU corr.mtest makera R corrplot
v.092 (Wei, Simko, 2021). KoppenamnuonHas MaTpua
BU3yaJIM3UpOBajach C TMOMOIIbI0 GyHKIUM corrlpot
R-package corrplot. [[;A cpaBHeHHA CTPYKTYPHI
coobecTB MeTooM PCOA jaHHBIE YMCJIEHHOCTH BUJIOB
MUKPOBOAOpOCJIell mpeo0pa3oBajy C HCI0JIb30BaHNEM
Mephl paccTosHuA XesutvHrepa. [[nis oneHku anbda-
pasHooOpa3uA (QUTOMJIaHKTOHA OBUJIM pacCUYUTaHBI
uHjekcel I[llenHona, CuMIICOHA, OOpaTHBI WHAEKC
CuMIicOHa U WUHAeKC PpoBHOCTU. OIHOCTOPOHHUH
ANOVA, cratuctuueckue TtecThl Kpyckasa-Yosuinca
u Tect Trroku HSD wucnosb3oBainch OJjiA CpaBHEHUA
anbba-pa3zHooOpasua cooOIeCTB IO Ce30HaM.

3. Pe3synbTathbl M 06Ccy)XpeHue

3.1. du3nKo-XHMHYECKHe NapamMmeTpbl U
OLEeHKa KOAMYECTBEHHbIX NoKa3aTeAeH
duTO-, 6aKTEepHONAAHKTOHA H
aBTOTPOQHOro NUKONAAHKTOHA

TemmepaTypa BOJbl U3MeHsLIach Ha MPOTIKEHUN
BCEro TMepuojia WCCIAeOBaHUSA C MHHUMAaJIbHBIMU
3HaYeHUAMHU MO0 JIbJOM B MapTe u ampesne — 0,1
°C u ¢ makcumymom B umoJie — 6,7 °C (Tabsmuma S1).
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Konnenrpauua DO Obuta MakcuMasibHasA B Jekabpe
2022 u ¢espane 2023, 1 MUHHMAaJIbHAsA B OKTAOpe.
[Tpo3pauHocTh BOABI BapbupoBajla C MUHHMYMOM B
ceHTaOpe-okTAOpPe (6,5-7 M) U MakCMyMOM B Aekabpe
(22 ™) (Puc.1). KonnenTpanuu Si, NO,, PO > u TP umenn
CXOIHYI0 AUHAMUKY, C MAaKCUMaJIbHBIMU 3HaYeHUAMU B
MaprTe, HuioJie U Aekabpe, U MUHUMaJIbHBIMU B Mae-HlioHe
u oktsaope (Puc.l, Tabmuma S1). MakcumasbHas
koHuenTpanua NH,* u NO,” Gruta oGHapy)keHa TOJIBKO
B okTsAbOpe (Tabsurma S1).

B 2022 rony B ¢doruveckom ciioe (0-25 M) B
MOJJIEAHBIN TTePUOJ] YMCJIEHHOCTh U OGuomacca ObLTu
HaubosplIie B MapTe U cocraBwm - 88,2x10°
ki1./n1 u 0,16 r/m3 (Puc.1, Ta6auma S1). ITojgsie qHBINI
nepuop 2022 r. He ObUI CTOJIb NMPOAYKTUBHBIM, KaK B
IpeAbIaylve rofsl, korga 6uomacca BapbUpoBajia OT
0,54 100,57 r/m?3 (Straskrabova et al., 2005; Bondarenko
et al., 2019; Mikhailov et al., 2022), u UMeHHO Ha MapT
NPUXOAWJICA UK pa3BUTUA GUTONIaHKTOHA. B 2022 1.
MaKCHMYM YHCJIEHHOCTU 1 61oMacch (PUTOIIAHKTOHA
ObUT 3aUKCUPOBAaH B HIOHEe U coctaBuma 216,07 X 102
ki1./nu 0,55 r/m® (Puc.1, Ta6auna S1). B utosie, aBrycre
KOJIMUeCTBEHHble  IIOKas3aTejll  MHKPOBOLOpOCJIel
CHU3WJIUCh, 3aTe€M CHOBa BO3pOCId B CeHTAOpe
(112,72%x10% xn./n u 0,13 r/mM%). HaumeHblnue
YHMCJIeHHOCTh W OuomMacca OTMedeHHl B JAekabpe U
coctaBmwim 12,66 x10° ki1./1 u 0,03 r/m3. B 2023 1.
B MapTe OTMeueHbI BEICOKHE IToKa3aTeJIl YUCIeHHOCTH
n 6uomacce 269,45 % 10° xi./n1 u 0,32 r/m® (Puc.1).
JlemoctaB B 2023 roay HacTynuJl paHblile, B IepBOM
noJsioBuHe siHBaps (http://sputnik.irk.ru/), yro morso
MOBJIUATH Ha pasBuTue ¢purtonsaHkToHa. B 2022 r. no
JlaHHBIM OHOMacchl Ha BeCeHHUH Ieproj IpUXOoAusIcs
MaKCUMyM IO[J0BO IPOAYKTUBHOCTH (PUTOIJIAHKTOHA
(71%), neToM U OCeHBIO OHA CHirkasach o 10-11%,
MUHUMYM TPOJYKTUBHOCTUA OB B 3WMHHUU TMEPUOL

8%. Otu pe3ynapTaThl MNOATBEPXIAIOT pPaHHHE

2022 2023
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Puc.1. 'ofioBbie M3MEHEHNUs MPO3PavyHOCTH, GroreHHbIX a1eMeHToB (Si, NO,, PO,*) 1 KoJIM4eCTBEeHHbIX TOKa3artesiel Gpuro-,
6aKTeprOIJIaHKTOHA U aBTOTPOGHOI0 NUKOIUIAaHKTOHA B doTryeckoM ciioe (0-25 M) B 2022 — Hauaso 2023 IT. Ha CTaHI[UU B
2,5 kM oT nocesika bosibiiie KoThl.
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JaHHbBle O BeCeHHeM MaKCUMyMe IpPOAYKTUBHOCTU
¢uromnankrona (Aatunosa, 1963; ITonosckas, 1977;
Popovskaya, 2000) v cBUI€TEJIbCTBYIOT O CTAOMIBHOCTHU
Ce30HHOr0 (YHKIMOHMPOBAHMA MEPBUYHOIO 3BeHA
ozepa.

bakTeproOIaHKTOH u aBTOTPODHBIN
NUKOIJIAHKTOH TakXke I[peTepneBajii  CEe30HHEBIE
u3MeHeHusa. B ¢espane 2022 r. ObUIM MHUHUMAaJbHEBIE
3HaueHus umncjieHHoctu — 0,4X10° xin./mu (Puc.l,
Tab6suma S1). B utone OYB Bo3pociia, B UI0JIE-aBryCTe
cHoBa cHu3niIack. MakcumyM OYB oTMmeueH B ceHTAOpe-
okTs6pe (2,2-2,5) X 10° ki./mn (Puc.1, Tabauma S1).
[Ipu comnocrtaBaeHnu AaHHBIX 10 OUB ¢ npeApaymuMu
rogamu (Straskrabovaetal., 2005; Mikhailovetal., 2022)
BU/HO, YTO Ce30HHAasA AMHAMHKa OaKTepUOIJIaHKTOHAa
B 2022 r. mpujepXuBaeTcs €XerogHbIM TpeHAaM U
B3aMMOCBsA3aHa KakK ¢ pa3BuTHeM (PUTOIIAHKTOHA, TaK
U ¢ KOHI[eHTpaluen oprannyeckoro Bemecrtsa (Puc.1).
CHuxeHne OYD B jeTHHe MecALB U HOAOpe MOXET
OBITh CJI€ICTBHEM YBEJIMYEHUA YHCJIEHHOCTU B 3TOT
nepuof, kpuntodpurtoBelx (Puc.2). PaHee mnoxkasaHo,
yTo mnpencraButenu othena Cryptophyta sBismoTCA
OCHOBHBIMHM IIOTpeOuTesiIMU OakTepuil B JIeTHEM
IUIAaHKTOHEe MPEeCHOBOLHOTO BoJoeMa U MOTYT WUrpaTh
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KJTIOYEBYIO POJIb B IEPEHOCE YTJieEpoJa OT MPOKapUOT
Ha OoJiee BpicOKHe Tpoduueckue ypoBHU (Grujcic
et al,, 2018). Pe3koe yBeJMYeHUE UKUCJIEHHOCTHU
OaKTepUOIUIaHKTOHA B JieKabpe BO3MOXHO CBSI3aHO C
yBeJIMYeHneM KOHIleHTpauuu (oc¢haToB U HUTPATOB
(Thingstad et al., 2005), a Takxe C NOCTyILJIEHUEM
OPraHUYEeCKOTO BeI[ecTBa, OOpa3yIoIerocs Iocye
otMmupanus ¢uromnankrona (Illumapaes wu  Ap.,
2000; Boumapenko u Ap., 2022). [Muk 4YNCIIEHHOCTU
aBTOTPO(MHOTO NHKOIJIAHKTOHA TAaKXe TMPUXOJIUIICA
Ha  CceHTAOPh-OKTAOph  (0,29-0,32) X 10°  kJj1./MJT
(Puc.1). MakcMMyM YHCJIEHHOCTH aBTOTPOMHOTO
NMUKOIJIaHKTOHA B 2022 1. OBI CMeIllleH Ha MecsI]
10 CPAaBHEHUI0 C JAaHHBIMM MPeABIIYIUX JIeT, KOorja
DMK OpUXOAWICA Ha aprycr-ceHTsaOps  (Belykh,
Sorokovikova, 2003; ITonosckas, Besbix, 2003).

[Tpu CpaBHEHUU JaHHBIX 6roMacch
puUTONIAaHKTOHA, YMCJIEHHOCTU OaKTepHOILIaHKTOHA,
aBTOTPO(DHOrO NUKOIJIAHKTOHA U PU3NKO-XUMHUYECKUX
napamerpoB B 2022 T. MOXHO BBIEJIUTh MATh
Mepuo/ioB pa3BUTHA coobijectBa. [lepBhiii mepuon —
MOJIJIeAHBIN, paHHAA BecHa (¢eBpasib, MapT, amnpeJsib),
XapaKTEPU30BAJICS BBICOKUM COJIepXKaHNeM OHOTeHHbIX
3JIEMEHTOB 1 pOCTOM (PUTOILTAaHKTOHA. BTOpOii mepuog—
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Puc.2. IIpolieHTHOEe COOTHOIIeHHe BUOB GUTOILUIaHKTOHA B doTuueckoM cijioe (0-25 M) B 2022 — Havano 2023 rr. Ha
cTaHuuy B 2,5 kM oT mocesika bosbiivie KoTbl. COOTHOIIIEHNE YMCJIEHHOCTH 1o oTaesiaM (A), yuciaeHHocTd no Bugam (B) u

ouomMaccsl o sugam (B).
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MO3HAS BecHa (Ma#, MIOHb) OTJINYaJICA MaKCHMaJIbHOM
6romMaccoi (GpUTOIIAHKTOHA, COMYTCTBYIOMINM POCTOM
YHCJIEHHOCTH OaKTepUOIUIAaHKTOHA, W MHWHUMYMOM
coepxaHus kpeMHUA. TpeTuii neprof —JieTHUH (1I0JIb,
aBrycT) c HU3KUM 00ujieM puTo-, 6akTeproIJIaHKTOHA,
aBTOTPO(MHOTO TNHKOIUIAHKTOHA ¥  TMOBBIIIEHUEM
KOHIIeHTparuy OuoreHoB. UYeTBepTHIll mepuoa -
oceHHUU1 (ceHTAOpPb, OKTAOPbH) XapaKTepu30oBacCsA
MaKCHUMaJIbHON YHCJIEHHOCTBIO aBTOTPODHOTO
MUKOIJTAHKTOHA, HU3KOU OMoMaccoi (PUTOIIaHKTOHA,
YMEeHbIIIEHEM KOHIleHTpanui azora u (ocdopa Ao
MUHHMAJIbHBIX 3HAYEHUN U CHMXXEHUEM IMPO3PavyHOCTU
Boabl. U mATHIN mepuos — 3UMHUN (HOAOPH, HeKabpb)
€ HU3KOH 6romaccoil pUTONJIaHKTOHA U yBeJInueHUeM
cojiepxaHus OMOTeHHBIX 3JIeMEHTOB.

3.2. TaKCOHOMMYECKHH cOCTaB QUTONAAHKTOHA

Ce3onHas JAVHaMuKa duToniaHkTOHA
npereprneBaeT CyIlmeCTBEHHbIe W3MEHEHHA HN3 roja
B Iroag KakK IIO0 KOJIMYECTBEHHBIM IIOKa3aTeJsisAM, TakK
u no BumgoBoMy cocrtaBy (Straskrdbova et al., 2005;
Izmest’eva et al., 2006; ITomaskuHa u Ap., 2010;
IMonoBckas u Ap., 2015). B 2022 r. B pUTOIIaHKTOHE
MOHMTOPUHIOBOY CTaHLIUM HanboJiee Npe/icTaBIeHHON
rpynmoii  6s1 otagen  Chlorophyta  (Puc.2A).
Bacillariophyta mpeo6iaganu B BeCEHHMN U 3UMHUI
mepuojl. JIeToM, OCEeHbI0 U 3WMMOU yBeJIMYMBaJach
noss Chrysophyta. Otmen Dinophyta, npencraBurenu
KOTOpOro qacTo JOMUHHDPOBAJIN B nmoajiefTHOM
miaaHkToHe (AuTtumoBa, Koxos, 1953; IlomoBckas,
1977; llomaskuHa u 1p., 2010), cocrasiisiit meHee 10%.
He6ompas gosisa Dinophyta B doTtuueckom ciioe (0-25
M) B JieioBbIf iepuof; 2022 1. CKOpel BCEro CBs3aHa C
TeM, YTO OOBIYHO OHU KOHIIEHTPUPYIOTCA B CJIO€ BO/IbI
HeMocpeJCTBeHHO Tofo JbaoM (BamenxaeBa u Ap.,
2017; Bondarenko et al., 2022; Bashenkhaeva et al.,
2023) u emié He MepenuIy B TOJIIY BOJIHL.

[lo 4ucjaeHHOCTM B TMOJUIEAHBIN  TEPUO/]
(beBpanp) JOOMUHMpPOBAJIM  3eJieHBle  BOJOPOCJIU
Monoraphidium  griffithii  (Berkeley) Koméarkova-

Legnerovd u M. contortum (Thuret) Komarkova-
Legnerova (Puc.2B, Ta6suma S2). 3HaUUTebHYI0 JOJII0
COCTaBJISUTM AWATOMOBHIe Bomopocau Ulnaria acus
(Kiitzing) Aboal u Nitzschia graciliformis Lange-Bertalot
& Simonsen. [To 6uomacce JOMUHMPOBAJIM HauboJjee
KpynHele quHobuaresATe:  Gyrodinium helveticum
(Penard) Y. Takano & T. Horiguchi u Gymnodinium
baicalense N. L. Antipova (Puc.2B). C wapTta
yBeJIMuYMBaJIach A0JA B GUTOIIAaHKTOHe auaTtoMen U.
acus, OHa AOMHWHHMPpOBAJia, KaK 110 YMCJIEHHOCTH, TaK U
o 6momacce, JoCTUTrasi MAKCMyMa B HIOHe. BeceHHMIT
MEpPUOJ SABJSAETCA ONHUM M3 OCHOBHBIX HEPUOIOB B
dyuknmonuposanun balikasa, Korga IpPOUCXOAUT
MaccoBasi Beretanusi JUATOMOBEIX  BOJIOPOCJIEN,
KOTOpble CO3[al0T OCHOBY TOHOBOH IepBUYHOMN
npoaykuuu o3epa ([Tomosckas, 1987). B mociennue
roabl B BeCEHHEM q)I/ITOI'[J'IaHKTOHe BMECTO TUIINYHBIX
OallkaJIbCKUX XOJIOHOoJIIoOuBBIX BuUIoOB Aulacoseira
bdicalensis (K. Meyer) Simonsen, A. islandica (O. Miiller)
Simonsen u Stephanodiscus meyeri Genkal et Popovskaya
nomuHUpyOT auatomeu U. acus (ITomoBckass u fp.,
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2015; Bondarenko et al., 2019; Mikhailov et al., 2022).
B urosile paBHyI0 [OJI0 B COOOIL[eCTBe COCTaBJIAIN
U. acus u M. contortum. YBeJu4Yujachb 4MCJIEHHOCTb
HNOJBIXKHBIX KpuntodutoBeix Rhodomonas aff. pusilla
(Bachmann) Javornicky u Chroomonas acuta Utermohl.
YBesnueHre WX OOJIM B COOOIIECTBE B JIETHUH
epruo CKOpell BCero CBf3aHO C IOCTYIJIEHUEM
pacTBOpeHHOTro opraHuyeckoro BemmectBa (POM)
IocJie MaccoBOH Bereranuu (GUTOIJIAHKTOHA B UIOHE.
Panee mnokazanHo, uto POM, o6pa3yomeeca n0pu
(QYHKIMOHAJIBHOY aKTHUBHOCTU (UTOIJIAHKTOHA, a
TaKKXe U IPU €ro pas3jIokKeHUH, SBJIIETCS OCHOBHBIM
dbaxTopoM, CTUMYJIUPYIOIIUM POCT XTYTUKOHOCIIEB
(bonmapenko wu Ap., 2022). Ilo3gHuUM JieTOM
(aBrycT) U oceHbIO B (PUTOIUIAHKTOHE MPeodJIagaIn
3eJIeHble BOJIOPOCTTU pona Monoraphidium,
YBEJIMYIIIACh [JIOJISI CTOMATOLIMCT XPU30(DUTOBBIX U
MEJIKOKJIETOYHBIX 3eJIeHBIX Bojopocieil Sphaerocystis
sp. Jasd CTOMAToOIUCT XapaKTepHa MaKCHUMAJIbHAs
YNCJIEHHOCTh B JIeTHe-OCEeHHUI Iepuof (aBrycr—
OKTA0OpPb) MOCJIe BeCEHHEro Pa3BUTUS XPU30(PUTOBBIX
(®upcoBa u gap., 2008). Ouatomen Lindavia minuta
(Skvortzov) T. Nakov (= Cyclotella minuta (Skvortzov)
Antipova), KOTOpele HMeIT MaKCUMyM pa3BUTHUA B
ocenHuii nepuopa (Mackay et al., 2005; Izmest’eva et
al., 2006; TlomaskuHa u ap., 2010) Takkxe OTMEUYEHBI
B COCTaBe OCeHHero ¢uronjgaHkroHa 2022 r., HO He B
COCTaBe OMUHUPYOMUX BUIOB. B mekabpe, B 3UMHUI
MHHUMYM o0OLell 4YuCcJIeHHOCTH, B (UTOIIAHKTOHE
CHOBa JoMuHupoBasa U. acus, 3HaYWTEJIBHYIO [JOJIIO
COCTaBJIAIM CTOMATOLMCTEI, 3eJieHble BOJI0OpPOC/IN poAda
Monoraphidium wn Rhodomonas aff. pusilla. 3umHuee
yBeJIMUeHHe KpUNTOQUTOBBIX BO3MOXHO CBS3aHO C
MOBHIIIEHNEM OCBEIIEeHHOCTH BepXHUX cjioeB. Panee
MOKAa3aHO, YTO 3a CYeT Haau4usa (HOTO3AMUTHBIX
KapOTUHOWJIOB, KpUNTOMUTOBEIE CIOCOOHBI YCHENIHO
pacTd B YCJIOBUAX BBICOKOH OCBEI[EHHOCTH B
MOBepXHOCTHHIX cj10osX (Mendes et al., 2018). Hapsaay
C BHIIEOMMCAHHBIMM BUJAMH B [JaHHBIA IepUON
0TMeYaJIoCh yBesnueHue uncyieHHoctu N. graciliformis,
C MOCJIEYIOMNM MaKCHMyMOM B IOJUTEJHBIN TePUOL
2023 r. (Puc.2b).

3.3. AHaAu3 B3aMMOCBA3U PUTO-,
6axkTepHoOnNAaHKTOHA U aBTOTPOPHOro
NUKONAAHKTOHA ¢ PU3UKO-XUMHUYECKUMMU
napamerpamm

AHanu3 B3aUMOCBA3U (PU3UKO-XMMHUUYECKUX U
O1oJIOrMYecKrUX NapaMeTpOB MOKa3aJl, YTO YUCIIEHHOCTh
u 6romacca duTomIIaHKTOHA OTpULATEJIbHO
xoppesupoBasia ToJsibko ¢ Si (Puc.3). ITpo3pavHOCTh

OTPULIATEJIFHO KOppeJiupoBajla €  YUCJIEHHOCTBHIO
aBTOTPO(HOrO0 MNUKOIUIAHKTOHA, B TO BpeMs Kak
MHKOIJIAHKTOH MIOJIOXKUTEJIBHO KOPPEeINpPOBaJI
CO B3BEIIEHHBIM OpPraHUYECKMM BEIIeCTBOM U

orpunaTebHo ¢ NO, u PO, *. DTu JaHHbIe CONOCTaBUMBbI
C PpaHHMMHU  HCCJIEIOBAaHUAMHM  IHKOIJIAHKTOHA
bBaiikasa, rhoe omucaHa CrIOCOOHOCTb €ro pasBUTHA
IIpA KOHIleHTpanuax asora u ¢ochopa, OIM3KUX
K AaHaJUTAYeCKMM IpefesaM OOHapyXeHUsA, dYTO
MO3BOJIAET UM NOAAEPXUBATh NEPBUYHYI0 IPOAYKIIHIO
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o3epa B JIeTHME MecCAIbl, KOrja Iocje MacCOBOTO
BECEHHEro pa3BUTHA KPYNHHIX (GOpM (PUTOILIAHKTOHA
KOHIIeHTpalsi OMOreHHbIX 3JIeMEHTOM CHHXaeTcs
(TIomoBckas, 1968; Popovskaya, 2000). Panee aHamu3
MHOTOJIETHUX JaHHBIX [0 (UTOIIAHKTOHY IIOKa3asl
0o0paTHyl0 3aBHCHUMOCTb MeXJy NHUKOIJIAHKTOHOM
U KPYNHBIM (PUTONJIAHKTOHOM (KaK Ce30HHO, TaK U
exerogHo) (Popovskaya, 2000).

3.4. CpaBHMTEeAbHbIH aHaAW3 BUAOBOIO COCTaBa
U anbda-pasHoobpaszue pUTONNAHKTOHA

OpauHaiuA cooOI[ecTB 0 YKWCJIEHHOCTH BUAOB
MUKpoBoAopocseli ¢ mnomompio PCoA moxkaszana,
yTo coobmectBa dopmupyioT Tpu rpymnmsl (Puc.4).
IlepBas — nomyiegnas rpynmna (¢es-map23); BTOpasd
— NO3[HeBeceHHsAA rpynna (amnp-mai-uioH) U TpPeThsa —
JleTHe-OCeHHe-3UMH:AA TIpynna (aBr-ceH-OKT-HOA-JeK)
(Puc.4). Urosib 1 MapT22 HU € KeM He IpyNIUpPOBaJIKCh.
Ananus anbdpa pasHooOpasusa COOOLIECTB IMOKa3al,
yTo HauboJiee pa3sHOOOpa3HBIMM ObLUIN NOAJIEHAs
U  JleTHe-oceHHe-3uMHsAA  rpynnel  (Puc.5), 1o
CpaBHeHHIO c Mo3aHeBeceHHell. Kak mnoxaszan Tpioku
TecT, MO3[IHeBeCeHH:AA TIpyNia CujibHee OTJIMYasiach
or octanbHbix (Puc.5). CHuXeHHe  BHIOBOIO
pasHooOpa3yis BeCHO! B MK pa3BUTUA PUTOIJIAHKTOHA
CBA3aHO C JOMUHMpPOBaHHEM B coo0llecTBe OOHOTO
Buja guatomenn — U. acus. ITlokasaHo, YTO POBHOCTH
U pasHooOpasue GUTOIJIAHKTOHA CHIXKAKTCA IpU
yBeJIMUeHUN  YHUCJIEHHOCTHM  HeCKOJIbKHUX  BUJOB,
nepepocmux cBoux KoHKypeHTOB (Hillebrand, Sommer,
2000). JloMmuHUpOBaHME OAHOTO BHUIAa B BECEHHUU
[eproJ, HO He IOJIHOe MCKJIIoUeHVe MajloYlCIIeHHBIX
BUJOB U3 CTPYKTYphl (UTOILUIAHKTOHA U pa3BUTHeE
UX B I[OCJedylollye Ce30HH, IOATBEepXJaeT To,
yTO OOJIBIIMHCTBO BHIOB Bcerfga IPUCYTCTBYIOT B
cool1iiecTBe B pa3HOM COOTHOIIEHUU U IIPU U3MeHeHUN
YCJIOBUI cpeJibl M3MeHseTcsa U CTPYKTypa cooblecTBa
(Nolte et al., 2010).
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Puc.3. KoppenanuoHHsil aHann3 GU3NKO-XUMHUYECKUX
dakTOopoB U OuoJsiornyeckux mnapamMeTpoB. [lokasaHbI
TOJIBKO KoppesAnuu c p-3HadeHnem < 0,05. OYB - obmas
YnCJIeHHOCTh OakTepuii, OUD - ob6mas YKC/IeHHOCTh
¢uroniankToHa, OB® — obmas 6rnoMacca GUTOIIIAHKTOHA U
OYAII - o0mas ynucaeHHOCTbh aBTOTPO(PHOr0 NMKOIJIAaHKTOHA.

3aknloueHue

Ce3oHHas cyKIeccus puTOnIIaHKTOHA
IIPOUCXOAUT B 3aBHUCHUMOCTU OT (DU3NKO-XUMUYECKUX
daxkrtopoB u Ownosornu BHUAOB. MaxkcumaibHasA

IPOAYKTUBHOCTh (PUTOIUIAHKTOHA MpUXOAWsIach Ha
BeceHHMH neprof — 71% OoT roJoBoOH, JIETOM CHUXKAJIacCh
no 10-11% u B pgexkabpe gocturajia MUHUMAaJIbHBIX
3HaueHU! - 8%. JluHaMuKa YMCJIEHHOCTH WU
6uoMaccel (GUTOIUIAHKTOHA, OAaKTEPHOIJIAHKTOHA U
aBTOTPO(MHOrO NUKOIJIAaHKTOHA B 2022 1. ObljIa CXOXa €
IpeABIYIMMY ToJaMu ¢ HeOOoJIbIINMY U3MeHeHUAMMU.
Maxcumym YHCJIEHHOCTU aBTOTPODHOTO
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Puc.5. Anbda-pazHoobpasue puromsmankroHa. ANOVA
TeCT Ui cpaBHeHUA GUTOILIAaHKTOHA IO ce3oHaMm. Kopg
3HAYMMOCTU TecToB ThokM: *** < 0,001; 0,001 < ** <
0,01; 0,01 = * =< 0,05.

Puc.4. CpaBHUTe/IbHBII aHajJW3 BHIOBOIO COCTaBa
duronymankToHa no ce3oHaM. PCOA 1JIOT NOCTpoeH C
HCII0JIb30BaHMEM Mepbl pacCTOsAHUA XeJIIMHrepa.
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NUKOIJIaHKTOHa B 2022 r. ObLI OTMeUYeH B ceHTsAOpe-
OKTAOpe M ObLI CMeIleH Ha MecAl [0 CPaBHEHUIO C
JaHHBIMHM MpefbIAyIUX JIeT, KOrja IHK IPUXOANJICA
Ha aBr'yCT-CeHTAOPD. IIpu cpaBHEHNN KOJIMYEeCTBEHHBIX
nokazatesiel (UTOIJIAHKTOHA, OaKTepHOIJIAHKTOHA,
aBTOTPOMHOr0 MNUKOIJIAHKTOHA, a Takxe (U3NKo-
XMMHYECKUX [TapaMeTpOB Cpejbl ObLJIO BHIABJIEHO IATH
OMOJIOTMYeCKUX INepruofoB. Ilo AaHHBIM BHUAOBOTO
pasHooOpa3na PUTOIIAaHKTOHA MOKAa3aHO pasfeJieHue
Ha TpU Ipynnsl. JlaHHBII pe3yJbTaT TOBOPUT O TOM,
YTO KOJIMYECTBEHHBIE II0Ka3aTeNu SABJAITCA OoJiee
JAUHAMHUYHOU U YyBCTBUTEJIbHON XapaKTepUCTUKON
coofIliecTBa, 4YeM €ro CTPYKTYpHblE IIepecTPOMKHU.
[TosrydeHHble [OaHHBIE TakXe CBUAETEJIbCTBYIOT O

BaXHOCTHM CE30HHOTO M3y4YeHHs COOOIecTB [Jis
[IOHHMMAaHU U3MeHeHUH B 3KOCcHCTeEMe.
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