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1. Introduction

The earliest references to Baikalian phytoplankton
appear in the works of Gutwinski R.O., Dorogostaysky
V.G., Meyer K.M., Yasnitsky V.N., Yashnov V.A. and
others, dating to the late 19th and early 20th centuries.
At the same time, the development of instrumental and
expedition capabilities resulted in a rapid increase in
the amount of information available about the quanti-
tative indicators of Baikal algal flora and its geographic
location. For example, as noted by Yasnitsky V.N. and
Skabichevsky A.P. in 1957, 120 species and varieties of
phytoplankton were documented, with approximately
40 species being observed to inhabit the pelagic lake.
Popovskaya G.I. (1963) have noted that 210 species of
phytoplankton were found in the Selenginsk shallows
and adjacent sors, and more than 300 for Lake Baikal.
According to Votintsev et al. (1975), a total of 92 spe-
cies of phytoplankton were identified within the pelagic
zone, however, a significant proportion of these species
are not native for the zone, but rather, their presence is
attributable to their displacement from rivers, shores,
and bays. In addition, 122 species were already regis-
tered in the pelagic zone by 1990 (Genkal et al., 2006;
Popovskaya, 1991). This raises the question: if the litto-
ral zone of the lake is about 5% of the total area of the
lake, then what number of this phytoplankton should
be in the littoral zone in order for the currents to spread
to 95% of the pelagic zone?

It is well known that the phytoplankton of Lake
Baikal has three episodes of maximum production:
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spring, beginning under the ice cover, summer, repre-
sented by picoplankton forms, and autumn; however,
the main biomass of plankton is formed during the spring
maximum (Antipova and Kozhov, 1953; Antipova,
1963; Popovskaya, 1977; Popovskaya, 2000). In some
years, the spring maximum exceeds the autumn max-
imum by 100 times or more, while in others it is 2-8
times higher (Popovskaya et al., 2011). Furthermore,
a considerable interannual variability of pelagic phy-
toplankton biomass is documented, ranging from 90 to
6000 mg/m?® (Votintsev et al., 1975; Popovskaya et al.,
2015; Usoltseva et al., 2023). It is noted that, there is
no strong correlation have between individual basins
of Lake Baikal with regard to phytoplankton indicators
(Popovskaya, 1991).

The total biomass of phytoplankton in the litto-
ral zone of Lake Baikal during the period 1958-1990
varied between 2 and 18 times higher than that of the
pelagic zone (Popovskaya, 1991). In the littoral zone,
dinoflagellates of the genus Gymnodinium Stein were
more abundant, when their biomass can reach 100-
300 g/m? (Popovskaya, 1987).

Since the 1980s, significant changes in algal
communities have been observed in the pelagic
zone of the lake. It is expressed in a decrease in the
spring plankton of Aulacoseira baicalensis (K. Meyer)
Simonsen, an increased abundance of A. islandica (O.
Miiller) Simonsen, Synedra Ehrenberg, Stephanodiscus
meyeri Genkal & Popovskaya, small-celled species of
centric diatoms, small flagellate algae and the mass
development of Nitzschia graciliformis Lange-Bertalot
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& Simonsen (Popovskaya, 1991; Popovskaya, 2000;
Bondarenko et al., 2019). In the littoral part of the
lake, an increase in the abundance of small, widespread
diatoms and nanoplanktonic flagellates is observed in
spring phytoplankton (Bondarenko and Logacheva,
2016; Bondarenko et al., 2020a). It is suggested that
the main factors stimulating the growth of flagellates
in the lake’s waters near tributaries subject to active
anthropogenic pressure are the availability of easily
mineralized organic matter, along with the late onset
and decrease in the duration of ice cover on the lake
(Bondarenko et al., 2022).

Since 2011, significant changes have been
recorded in the shallow waters of Lake Baikal in the
benthic phyto-communities, expressed in the mass
development of filamentous algae of the genus Spirogyra
Link, when its projective cover of the bottom can reach
100% (Timoshkin et al., 2016). These algae are most
abundant in areas adjacent to settlements (Timoshkin
et al., 2018). The dying of algae leads to an anomalous
increase in the quantity of organic matter in the lake
ecosystem.

Another significant event in the Baikal ecosys-
tem during the observed period was the transition from
the low water regime of the lake tributaries to the high

water regime after 2018 (Fig. 1) (Sinyukovich et al.,
2024). These changes could affect the influx of biogenic
components with river input into the lake. The width
of the mixing zone of river and Baikal waters has been
determined to reach 1-5 km (Tomberg et al., 2019;
Sorokovikova et al., 2019; Tomberg et al., 2024), and
phytoplankton of the littoral zone can be sensitive to
such changes. Accordingly, the influence of this natural
factor on phytoplankton should also be considered in
this study.

According to number of published studies, it can
see that the phytoplankton of littoral zone were much
less studied compare to pelagic zone, based on the
number of observation stations and the duration of the
observation time series. It is plausible to hypothesise
that the phytoplankton in littoral stations may be more
susceptible to the detrimental effects of anthropogenic
activities. The present study was thus undertaken to
describe the species composition of phytoplankton in
the littotal of Lake Baikal, with particular reference to
the limnic features and the level of anthropogenic load.
Subsequent analysis of these data will facilitate com-
parison of the dynamics of the species composition and
quantitative characteristics of phytoplankton in differ-
ent parts of Baikal.
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Fig.1. Location of phytoplankton sampling stations in 2017-2022. Color indicates the group of the stations.
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2. Methods

Water sampling was made at two types of sta-
tions using a Niskin bathometer (Table 1). At the first
type of stations, samples were collected from a depth of
1 m, and 100-200 m from the shoreline, where the lake
depth averaged from 5 to 50 m. The second type of sta-
tions belonged to the pelagic part of Baikal, where sam-
ples were also collected from a depth of 1 m. Samples
were collected from 2017-2022 in two seasons: late
May-early June (301 stations) and in the second half of
September (283 stations).

To identify the features of the phytoplankton com-
munity structure depending on the location of the sam-
pling points, the stations were divided into four groups
according to anthropogenic impact and limnic features
(Fig. 1). The first group includes stations associated
with high anthropogenic load and located near the set-
tlements and cities: Kultuk, Slyudyanka, Baikalsk, the
BCPM (Former Baikal Pulp and Paper Mill), Tankhoy,
Babushkin, Turka, the Maksimikha, Severobaikalsk,
the mouth of the Tyya River, Zarechnoye, the Senogda
Bay, Baikalskoye (Cape Ludar), Khuzhir, the MRS
station (the settlement of Sakhyurta), Buguldeyka,
Bolshoe Goloustnoye. In the water area associated with
the settlement of Listvyanka, the stations of Sennaya,
Nerpinariy and BEM were selected.

Table 1. Stations of sampling

The second group - stantions with low or no
anthropogenic load: Ulanovo, Cape Baklaniy, Cape
Gorevoy Utes, Svyatoy Nos Peninsula (Nizhneye
Izgolovye Cape), Bolshoy Ushkany Island, Davsha,
Irinda Bay, Tompuda Bay, Khakusy Bay, Frolikha
Bay, Kotelnikovsky Cape, Muzhinay Cape, Elokhin
Cape, Zavorotnaya Bay, Ongureny Cape, Ryty Cape,
Arul Cape, Malye Vorota (Malyye Olkhonskiye Vorota
Strait), Peschannaya Bay, Varnachka Bay, Bolshiye
Koty settlement.

The third group included pelagic stations oppo-
site (1-2 km) the settlement of Listvyanka, Elokhin Cape
and settlement Turka. The fourth group included areas
bordering with the estuary zones of rivers and large
bays. These are the Selenga River (Kharauz station
and Selenga-Vykhod station), the Verkhnyaya Angara
River (near the settlement of Nizhneangarsk), Mukhor
Bay (Small Sea), Aya Bay, Mys Polovinny (Bolshaya
Polovinnaya River) and Chivyrkuisky Bay.

The measurement of chlorophyll a, the water
was filtered through a 0.45 pm membrane filter, fol-
lowed by the extraction of algal pigments with 90%
acetone. Spectrophotometric measurements of the
acetone extract were performed before and after the
acidification process with hydrochloric acid. The chlo-
rophyll a concentration was calculated based on the
known specific spectral indices of light absorption ChL
(GOST 17.1.4.02-90).

E N Station Depth, m E N Station Depth, m
105,864 51,724 Babushkin 12 108,664 54,538 Elokhin 9
104,135 51,529 Baykalsk 20 108,480 54,282 Zavorotny 10
106,069 52,530 Buguldeyka 26 109,663 54,829 Irinda 16
104,190 51,523 BPPM 13 109,108 55,043 Kotelnikovsky 20
105,419 52,021 B. Goloustnaya 20 108,903 54,849 Muzhinay 15
109,311 55,588 Zarechnoye 5 108,525 53,495 Sv.Nos 30
103,725 51,708 Kultuk 36 106,911 53,018 M. Olkhonskiye Vorota 18
109,212 55,357 Ludar 16 107,624 53,620 Onguren 13
108,735 53,268 Maksimikha 5 105,705 52,259 Peschanka 7
106,890 53,021 MRS 4 108,034 53,829 Rytiy 44
109,365 55,637 Severobaykalsk 18 109,725 55,127 Tompuda 26
109,228 55,567 Sometimes 8 108,666 53,863 B.Ushkaniy 20
103,724 51,664 Slyudyanka 16 109,866 55,526 Frolikha 23
105,125 51,648 Tankhoy 19 109,809 55,355 Khakusy 6
108,191 52,953 Turk 22 105,064 51,900 B.Koty 25
109,345 55,590 Tyya 8 104,514 51,795 Ulanovo 15
107,326 53,205 Khuzhir 16 108,709 54,534 Elokhin-pel.

104,830 51,864 BEM 20 108,178 52,985 Turka-pel.

103,719 51,718 Kultuk-pier 6 104,913 51,818 Listvvyanka-pel

104,843 51,864 Nerpinary 16 106,612 52,789 Aya 10
104,875 51,844 Sennaya 36 109,572 55,766 Nizhneangarsk 8
107,562 53,466 Arul 15 106,797 53,043 Mukhor 5
107,539 52,714 Baklaniy 12 106,536 52,399 Selenga-v 10
105,103 51,902 Varnachka 22 106,243 52,331 Kharauz 20
108,515 53,240 Gorevoy utes 6 109,125 53,790 Chiverkuy 20
109,462 54,340 Davsha 17 104,352 51,797 Polovinniy 25
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For the analysis of phytoplankton, 1 L water sam-
ples were fixed with Lugol’s solution and then concen-
trated by gravitation. Algae were enumerated on two
occasions in a 0.1 mL chamber under an Amplival light
microscope with a magnification of x 800 and x 2000.
The biomass was determined by taking into account the
volume of individual cells (Kozhova and Melnik, 1978;
Belykh et al., 2011).

Rare phytoplankton species, defined as those
occurring in less than 5% of all stations over the
entire study period, were excluded from the analysis.
Statistical data processing was carried out in PAST
4.17 (Hammer et al., 2001). The diversity of species
was assessed using the Shannon and Simpson index,
while the interannual stability of species composition
for each station was assessed using the Jaccard index.
For example, the species composition of 2017 was com-
pared to that of 2018, 2019, 2020, 2021, and 2022, and
so on, trying all possible combinations. The Bray-Curtis
distance was used in non-parametric multidimensional
scaling (nMDS) and cluster analysis, and the numeri-
cal parameters of cluster boundaries were determined
using the K-medoids method. The saprobity index was
calculated for indicator species based on literature
data (Barinova et al., 2006, Algae: Handbook, 1989),
and Baikal endemics were assigned an index of 0.4
(xeno-oligasoprobe).

3. Result and Discussion
3.1. Spring phytoplankton assemblage

Spices composition, diversity and biomass
In the spring phytoplankton, diatoms were dom-
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inant, with 67.5% of the total biomass. The ratio of
haptophyta algae was recorded as 15%. The average
biomass of diatoms in groups 1, 2, 3 and 4 was deter-
mined to be 756, 561, 713 and 904 mg/m?3, respectively
(Fig. 2). However, it should be noted that in 2021, the
average biomass at stations in groups 3 and 4 reached
up to 1200 mg/m®. The maximum observed biomass
- 3901 mg/m?® was recorded for St. meyeri at st. MRS
in 2022. The interannual variability of the deviation
of the average biomass values among diatoms is very
significant, ranging from 163 mg/m?® (1-group 1) to
454 mg/m?® (3-group).

The means biomass of haptophyta in groups 1, 2,
3 and 4 were 94, 214, 167 and 242 mg/m?, respectively
(Fig. 2). The maximum observed biomass -1641 mg/m?
was for Dinobryon cylindricum Imhof at st. Arul in 2017.
The interannual deviation of the means biomass of hap-
tophyta varied from 66 (group 1) to 237 mg/m? (group
2). The average biomass of other phytoplankton in most
cases did not exceed 100 mg/m® (Fig. 2). Although,
they rare could reach significantly higher values. Thus,
the biomass of the green alga Dictyosphaerium pulchel-
[um Wood was 1179 mg/m? at st. Mukhor Bay in 2019.

The highest values of phytoplankton biomass
were recorded at stations of group 4, where the mean
value was 1443 mg/m®. The mean values were 974,
933 and 945 mg/m? for stations of groups 1, 2 and 3,
respectively.

The range of interannual fluctuations in phyto-
plankton biomass values at the stations is quite signif-
icant and can reach several thousand mg/m? (Fig. 3).
For example, for the stations of group 1, the maximum
biomass was at st. MRS -4913 mg/m? in 2022, however,
it was only 277 mg/m?® in 2021. Group 2 - 3803 mg/m?
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Fig.2. Distribution of biomass (A) and phytoplankton abundance (C) at stations of different groups. Average values of the

proportion of phytoplankton taxa (B, D).
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Fig.3. Distribution of biomass by stations in the spring of 2017-2022. On the left panel, the stations highlighted in red belong
to group 1 of stations associated with high anthropogenic load.

at st.Kotelnikovsky in 2022, in contrast this value was
92 mg/m?in 2017. Group 3 - 3505 mg/m? at st. Elokhin-
Pelagic in 2021 and 97 mg/m?® in 2018. For group 4 -
3154 mg/m? at st. Harauz in 2019 and 697 mg/m?® in
2018.

The stations of South Baikal around Listvyanka
and B. Koty are characterized by low variability of bio-
mass from year to year. If we consider the mean biomass
values for 2017-2022, the stations can be divided into
three classes: 60-799, 800-1359, and 1360-2100 mg/m?
(Fig. 3). At the same time, the minimum biomass values
were recorded at stations located with both high and
low anthropogenic loads.

The high biomass values have stations of group 4
and st. Baikalsk, Babushkin and Sv. Nos (Fig. 3).

It was tested relationship between the duration
of the ice-free period at the time of sampling and phyto-
plankton biomass (Fig. 4). In all cases, at the beginning
of the expedition, the Southern Basin was without ice
cover for about a month and the low biomass values
at the southern stations could be explained by the fact
that phytoplankton development was in its final stage.
However, this was not always the case in the interan-
nual aspect. For example, in 2021, increased biomasses
were recorded at the stations of B. Koty, B. Goloustnoye,
Peschanka, and Buguldeyka. At the time of sampling,
the stations of Northern Baikal were most often without

117

ice cover for 12-15 days, with a minimum duration of
8 days in 2019 and a maximum duration of 30 days in
2020. However, even with such time variations, there
is no unambiguous linear relationship between the val-
ues of phytoplankton biomass and from the moment
of clearing from ice to sampling. The station of B.
Ushkany Island was ice-free for about 8 days in 2019,
however, phytoplankton biomass was 3430 mg/m?. For
instance, the most frequently recorded values of phyto-
plankton biomass for this station were in the range of
360-550 mg/m?.

The physiological state of the algal community
can be expressed by pheophytin. Pheophytin is primary
product of chlorophyll breakdown. Aging or decay of
chloroplasts leads to the destruction of chlorophyll, the
Mg?* ion is lost, which leads to the formation of phe-
ophytin. Thus, the ratio of chlorophyll-a to pheophytin
(chl-a/pheo.) is less than 1, indicating the death and
decomposition of algae community (Britton, 1986).

The distribution of the chl-a/pheo. index at sta-
tions in 2021 was a very strange (Fig. 5). Thus, the
stations of Southern and Middle Baikal, despite the fact
that at the time of sampling they were ice-free con-
ditions for 26-36 days, had high values of this index,
which indicates a “young” phytoplankton community.
At that time, at the stations of Northern Baikal, which
had been in ice-free conditions for about 12 days, this
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Fig.4. State of ice cover at the time of breaking up of the Southern (left image) and Northern (right image) basins of Lake
Baikal. Horizontal name “days” - the number of days during which the Northern Baikal was ice-free at the time of the expedition.
The diagram shows the biomasses at the stations and the date of sampling.

index was below 1, which indicates an “old” commu-
nity, although the phytoplankton biomass was high.
This could be explained by the fact that in the
Southern and Central Baikal small-celled forms of phy-
toplankton prevailed, with a high rate of cell division
and quickly producing a “young community” with low
biomass. While in the Northern Baikal large-celled forms
dominated. However, the analysis of the phytoplankton

size in the Southern and Northern Baikal shows that the
main dominant in both cases were small-celled forms
with sizes up to 4 um?®and they were more numerous in
the Northern Baikal (Fig. 5). In 2022 such an abnormal
distribution of the index was not observed.

If we compare the distribution of all pigment
characteristics by stations for 2021-2022 using the
UMAP method, we can see three clear clusters (Fig. 5).
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Fig.5. Panel A - the ratio of biomass (green curve) and the chl-a/pheo. index (lilac curve). The gray rectangle highlights
stations with increased pheophytin values, marking the “old” of the phytoplankton community. Panel B - results of the UMAP

method (10 neighbors were searched for, min.dist 0.2). Panel C —

Distribution of phytoplankton by cell volume. Abbreviations in

all panels — Northern Baikal (NB), Southern Baikal (SB), Central Baikal (CB), Maloye More Strait (MM).
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However, only cluster 2 is represented by stations
belonging to one Northern Basin. Clusters 1 and 3 are
represented by stations from all three basins and the
Maloye More Strait, and one cluster contains stations
that are extremely remote from each other. For exam-
ple, Khakusy and Kultuk stations in cluster 3, or BCPM
and N. Angarsk stations in cluster 1. It should be noted
that the stations of clusters 1 and 2 are extremely dis-
similar in pigment characteristics, although they are
geographically close. For example, BCPM (cluster 1)
and Slyudyanka (cluster 3).

Thus, there is any clear evidence that the dura-
tion of the ice-free period in spring is a key factor in the
development of spring phytoplankton.

According to the cell number, the dominants
are diatoms (42%), green algae (26%) and haptophyta
(20%) (Fig. 2). The average number of diatoms in
groups 1, 2, 3 and 4 was 598, 346, 299 and 1091 thou-
sand cells/L, respectively. The maximum number (9768
thousand cells/L) among diatoms was Stephanodiscus
minutulus (Kiitzing) Cleve, Moller at st. Selenga-vikhod
in 2021. The average number of green algae in groups
1, 2, 3 and 4 was 284, 253, 95 and 865.5 thousand
cells /L, respectively. The maximum number (7968
thousand cells/L) was shown by Dictyosphaerium sp.
at st. Chivyrkuisky Bay in 2022. The average abun-
dance of haptophyta in groups 1, 2, 3 and 4 was 228,
265, 172 and 464 thousand cells/L, respectively. The
maximum abundance (5000 thousand cells/L) among
haptophytes was Chrysochromulina parva Lackey at st.
Maksimikha in 2020. The average abundance of blue-
green algae did not exceed 12.8 thousand cells/L,
cryptophytes - 343 thousand cells/L, dinophytes - 15.6
thousand cells/L and euglenophytes - 0.2 thousand
cells/L. Phytoplankton was most abundant at the sta-
tions of group 4 (Fig. 2).

The species composition at the stations is not
very rich. The most common stations are those with
15-22 species. The minimum number of species (3) was

at st. Sennaya in 2017. The highest values of species
diversity (40-45 species) were found at stations located
in the Selenga delta area. The species diversity of sta-
tions in groups 1-3 is comparable, but outliers from the
average value are more often observed at stations in
group 1 (Fig. 6). Stations in group 4 are characterized
by the highest species diversity.

If it considers the average long-term values, the
stations are divided into three classes in which the
number of species is 13-19, 20-26 and 27-41. Stations
of the first class are numerically dominant. They are
most often found in South Baikal and along the western
coast of North Baikal (Fig. 6). Using the Simpson and
Shannon indices shows that there are no significant dif-
ferences all four groups (Fig. 6) in the long-term aspect.
Although the distribution of the Simpson index for sta-
tions of group 1 is shifted to low values, indicating that
in some years one species dominated at the stations.
The mean values of these indices for a series of 2017-
2022 show that most stations in the southern and cen-
tral basins are characterized by low species diversity
with a predominance of some species at the station.

A total 16 species cyanobacteria were iden-
tified, Anabaena Bornet & Flahault (5 species and
one sp.), Aphanizomenon flos-aquae Ralfs ex Bornet
& Flahault, Gloeocapsa limnetica (Lemmermann)
Hollerbach, Gomphosphaeria lacustris Chodat, Lyngbya
limnetica (Campbell), Anagnostidis, Marssoniella elegans
Lemmermann, Merismopedia tenuissima Lemmermann,
Oscillatoria Vaucher ex Gomont (three sp.), Phormidium
Kiitzing ex Gomont (one sp.). Anabaena sp., is the abso-
lute dominant species, with an mean content 8.3, 11.5,
16.7 and 23.9% in group 1, 2, 3 and 4, respectively.
L. limnetica is a subdominant species, with an average
content of 5.8% in group 4 (see Table 2).

Assemblage of haptophyta algae is presented by
Ch. parva. and Chrisophytes algae are presented by 11
species: Chromulina sp., Ch. melosirae, Chrysosphaerella
baicalensis Popovskaya, Dinobryon bavaricum Imhof,
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Fig.6. Species diversity of phytoplankton. 1 - number of species at stations, 2 - Shannon index, 3 - Simpson index, 4 - aver-
age long-term share of species in its Orders (only dominant species, whose abundance is more than 4% in the department, are

shown).
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D. cylindricum, D. divergens, D. sociale (Ehrenberg),
Ehrenberg, Dinobryon sp. 1, Kephyrion sp., Mallomonas
vannigera Asmund, Synura petersenii Korshikov, and
cysts. Ch. Parva and Dinobryon cylindricum are domi-
nant with ratio 47-53 and 27-36%, respectively.

The cryptophyte algae included eight spe-
cies: Rhodomonas pusilla (Bachmann) Javornicky,
Cryptomonas sp. 1, sp. 2, C. erosa Ehrenberg, C. gracilis
Skuja, C. marssonii Skuja, C. ovata Ehrenberg, C. refl-
exa (Marsson) Skuja. Rh. pusilla is absolutely dominant
98-100%.

Dinophytes are represented by six species:
Gyrodinium helveticum (Penard) Takano, Horiguchi,
Gymnodinium baicalense Antipova, Peridinium baicalense
Kisselev, Zvetkov, Peridinium sp. (euriceps), Glenodinium
sp. 1, sp. 2. The rate of Glenodinium sp. 1 and G. helveti-
cum are 43-48 and 31-34%, respectively.

Diatoms are represented by 27 species: A. baical-
ensis, A. islandica, A. granulata (Ehrenberg), Simonsen,
Aulacoseira sp., Melosira varians Agardh, Cyclotella
minuta (Skvortsov) Antipova, C. baicalensis Skvortsov,
Meyer, 1928, C. ocellata Pantocsek, C. meneghini-
ana Kiitzing, Cyclostephanos dubius (Hustedt) Round,
Stephanodiscus minutulus, St. hantzschii, St. meyeri, St.
makarovae Genkal, Stephanodiscus sp. 1, Synedra acus
subsp. radians (Kiitzing) Skabichevskij, S. ulna (Nitzsch)
Ehrenberg, S. ulna var. danica (Kiitzing) Van Heurck,
S. acus Kiitzing, N. graciliformis, Nitzschia sp., Fragilaria
crotonensis Kitton, F. capucina Desmaziéres, Tabellaria
flocculosa (Roth) Kiitzing, Diatoma elongatum (Lyngbye)
Agardh, Asterionella formosa Hassall, Ellerbeckia teres
(Brun) Crawford ex Houk & al., also spores and auxo-
spores. S. acus subsp. radians (40-63%) is dominant
for all groups. However, The minimum and maximum
shares were observed to be in the fourth and third
groups, respectively. Less abundant (11-19% of dia-
toms), N. graciliformis and St. meyeri were identified,
while the rate of other diatom species did not exceed
7%, and was often less than 1%.

The most numerous group were green algae
(34 species): Koliella longiseta (Vischer) Hindak,
Monoraphidium arcuatum (Korshikov) Hindak, M. con-
tortum (Thuret) Komarkova-Legnerova, Ankistrodesmus
sp. 1, Elakatothrix genevensis (Reverdin) Hind4k,
Actinastrum hantzschii Lagerheim, Binuclearia lauter-
bornii (Schmidle) Proshkina-Lavrenko, Closterium sp., C.
ehrenbergii Meneghini ex Ralfs, C. moniliferum Ehrenberg
ex Ralfs, Coelastrum microporum Nigeli, Cosmarium
sp., Dictyosphaerium pulchellum, Dictyosphaerium sp.,
Kirchneriella intermedia Korshikov, Lagerheimia geneven-
sis (Chodat) Chodat, Pediastrum boryanum (Turpin)
Meneghini, P. duplex Meyen, P. tetras (Ehrenberg) Ralfs,
Scenedesmus acuminatus (Lagerheim) Chodat, S. acum-
inatus var. biseriatus Reinhard, S. bijugatus Kiitzing, S.
denticulatus Lagerheim, S. obliquus (Turpin) Kiitzing, S.
quadricauda Chodat, S. acuminatus var. elongates Smith,
S. sp., Schroederia setigera (Schroder) Lemmermann,
Sphaerocystis schroeteri Chodat, Staurodesmus sp.,
Oocystis lacustris Chodat, Oocystis sp., Chlamydomonas
sp., Volvox aureus Ehrenberg. Despite species abun-
dance, significant rate of green algae shows K. longiseta
(28-48%, minimum in group 4), M. arcuatum (34-43%,
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evenly distributed in the stations), M. contortum (4-6%,
evenly distributed in the stations), D. pulchellum (3-6%,
evenly distributed across all groups of stations), and
Dictyosphaerium sp. with a maximum - 9% in station
group 4. The share of other species was less than 3%.

Euglenophyta s were not numerous and
were represented by Euglena Ehrenberg (three sp.),
Trachelomonas hispida (Perty) Stein, and Trachelomonas
sp. They showed the minor abundance in stations group
4of with mean rate of Euglena sp. 2, sp. 3in 9 and 11%,
respectively. All other species had average values of the
share less than 5%.

The abundance of phytoplankton at the pelagic
stations and the coastal stations located near them
(Listvyanka-pel-BEM, Sennaya, Nerpinariy; Turka-
pel-Turka; Elokhin-pel-Elokhin) shows that only some
species is numerous compare to pelagic stations.
For example, at the stations in the area of the settle-
ment of Listvyanka, an excess of the abundance of
Chlamydomonas sp. is noted by 1.6-13 times, N. gracili-
formis by 3-5 times, Ch.parva by 1.5-3 times, A. baical-
ensis, A. islandica, Rh.pusilla, S. acus subsp. radians, K.
longiseta and D. cylindricum by no more than 2.5 times.
At st. Elokhin, an excess of three times was recorded
only for Glenodinium sp. 1. At the station of the set-
tlement of Turka, only Ch. parva exceeded it by 13
times and K. longiseta by 3.8 times. Assuming that the
Barguzin River and Barguzin Bay are the source for the
spread of phytoplankton to the Central and Northern
Baikal, however, it can be deduced that the excess at st.
Maksimikha over st. Sv. Nos (Nizhneye Izgolovye Cape)
was only three times for Ch. parva and S. acus subsp.
radians. The absence of other “markers” of this spread,
such as C. ocellata, was observed at both stations. In
addition, St. meyeri was found in the maximum quantity
of 1110 thousand cells/L at st. Sv. Nos in 2022. For all
other species at the aforementioned stations, the excess
was less than two times or absent. Consequently, over
a six-year observation period, there was an absence of
confirmation for the assumption that “most of the species
composition of pelagic phytoplankton in open Baikal does
not live, but is present due to the carryover from rivers, sors
and bays.”

The Jaccard index was used to assess the inter-
annual spatial variability of phytoplankton communi-
ties, revealing an unstable species composition. The
distribution of the index was closely to normal, when
most stations show an index distribution 0.4-0.55, the
mean value was 0.47 (Fig. 7). This index indicates that
it is not possible to conclude unequivocally that certain
groups of stations possess a more stable interannual
species composition, while others do not. However, the
stations of group 3 exhibited lower interannual vari-
ability, while those of group 4 demonstrated higher
interannual variability. Stations of the 1st and 2nd
groups were characterised by significant changes in the
index. To estimate the frequency with which stations
with low interannual variability occur, the percentage
of occurrence of the index greater than 0.47 was calcu-
lated for each station. The distribution of stations was
then divided into three classes, according to the per-
centage of occurrence of index values greater than 0.47,
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Fig.7. A - distribution of the Jaccard index by groups of stations, B - frequency of occurrence of the Jaccard index, B - per-
centage of cases when the interannual Jaccard index is greater than 0.47, D - distribution of the Jaccard index at stations.

when: 10-33% (high interannual variability), 33-60%
(medium interannual variability), and 60-100% (low
interannual variability).

The stations Kultuk, Baikalsk and BCPM, Mukhor,
Selenga-v, Nizhneangarsk, Severobaikalsk, Tyya and
Senogda are characterized by high interannual vari-
ability (Fig. 7). The stations M. Olkhonskiye vorota,
BEM, MRS, Ritiy, Listvyanka-pel and Frolikha show the
most stable interannual species composition. It should
be noted that two geographically close stations near the
settlement of Kultuk had a 20% occurrence of the index
> 0.47, while at the station Slyudyanka located 5 km
away from Kultuk, this occurrence was 73%.

If we consider the species composition by their
association with the lake basins, we can see that South
Baikal is separated from the others. Most of the sta-
tions in North Baikal, located north of Zavorotnaya sta-
tion, are also isolated (Fig. 8). However, the stations in
Central Baikal, by their species composition, are simi-
lar to some stations in North Baikal and Maloye More,
forming a dense cluster of the following stations: Turka-
pel, Turka, Baklaniy, Aya, Gorevoy Utes, Maksimikha,
Sv. Nos, Arul, Onguren, Ryty and Davsha.

If we consider the differences in species compo-
sition between group station, it can see that the sta-
tions of group 4: Polovinny, Selenga-v, N. Angarsk and
Mukhor differ from the others (Fig. 8). The stations
of group 1: Sennaya, B. Goloustnoye, MRS, Kultuk,
Slyudyanka, and from the group 2 st. Ulanovo have
some species individuality (Fig. 8). While other stations
of all groups form slightly distinguishable “clusters” in
which stations of groups 1 and 2 can be located nearby.
In addition, the “rooted cluster” method also demon-
strates minor differences between phytoplankton com-
positions of group 1 and 2 (Fig. 8). For example, the
species composition of the Elokhin station is close
to the composition of phytoplankton at the Kultuk,
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Slyudyanka, Baikalsk stations, and the Khuzhir station
is close in species composition to the Irinda, Khakusy,
etc. stations (Fig. 8).

Moreover, if it conducts a correlation analysis by
years, even more diverse correlation relationships can
be found. Fig. 8 shows the correlation coefficients (r>
0.5) of st. Slyudyanka with other stations. Thus, there
was a close correlation with stations without anthropo-
genic load Aya, Arul, Baklaniy, Onguren, B. Ushkaniy,
Polovinny in 2018. In different years, the set of cor-
relating stations is different. For example, in 2019, the
Slyudyanka station had high correlations only with 4
stations, and in 2020 already with 34 stations.

The average long-term relationships between
groups of stations for types of small-cell phytoplank-
ton, which are considered indicators of eutrophica-
tion of water bodies, were also tested, namely con-
tent: Anabaena sp., A. flos-aquae, Anabaena macrospora
Klebahn, Anabaena scheremetievi Elenkin, L. limnetica,
Oscillatoria sp. 3, Ch. parva, D. cylindricum, D. sociale, R.
pusilla, Cryptomonas sp. 1, Cryptomonas sp. 2, C. gracilis,
C. marssonii, C. ovata, C. reflexa, Peridinium sp. (euriceps),
Glenodinium sp. 1, Glenodinium sp. 2, Stephanodiscus
minutulus, Stephanodiscus hantzschii, Stephanodiscus
sp. 1, K. longiseta, M.arcuatum, Chlamydomonas sp.,
Euglena sp. 1, Euglena sp. 2, Euglena sp. 3, T. hispida,
Trachelomonas sp.

In small-cell phytoplankton communities, mean
long-term differences were found at the stations
of Nizhneangarsk, Severobaikalsk, Tiya, Kharauz,
Selenga-v., B. Goloustnoye, Sv. Nos, Davsha, MRS and
Mukhor. The differences for other stations all groups
are not pronounced (Fig. 9).

In June 2013, green algae of the genus
Chlamydomonas were recorded in 100 thousand cells/L
at the Kultuk and Slyudyanka stations, up to 23 thou-
sand cells/L at the Listvyanka settlement and 56-140
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Fig.9. Distribution of spring small-cell phytoplankton (nMDS method). The numbers indicate the groups of stations.

thousand cells/1 in the B. Koty settlement, in the Central
and North Baikal 1-10 thousand cells/L (Bondarenko
and Logacheva, 2016). In our studies, from the entire
series of observations (301 stations), a high number of
Chlamydomonas sp. was recorded only in 3% of cases at
the stations: Davsha (2017) - 363, Mukhor (2019) - 68,
Kharauz (2019) - 55, Nizhneangarsk (2020) - 45, M.
Olkhonskie_vorota (2017) - 31.2, Nerpinariy (2017) -
26.9, Senogda (2017) - 19.3, B. Ushkanii (2017) - 15.5
and Olkhonskie_vorota (2021) - 9.2 thousand cells/L.
High values of the abundance of Chlamydomonas sp.
occurred in 2017. At 239 stations (79%), the abun-
dance of Chlamydomonas sp. was less than 1 thou-
sand cells/L. At the B. Koty station, during the under-
ice bloom in 2015, its abundance reached 7 million
cells/L (Bondarenko and Logacheva, 2016), and most
likely, the high abundance of Chlamydomonas sp. at the
Davsha station in 2017 can be explained by a residual
phenomenon after the under-ice bloom. At the Kultuk,
Slyudyanka, and Baikalsk stations, their abundance
was no higher than 0.7 thousand cells/L, and often
they were completely absent. Thus, we do not find evi-
dence that in the spring, Chlamydomonas sp. develops
en masse in the littoral zone, especially in areas with a
high anthropogenic loads.

An analysis of the distribution of nanoplanktonic
forms of dinoflagellates Peridinium sp. and Glenodinium
sp. 1, sp. 2 was also carried out. In the interannual distri-
bution, Peridinium sp. (at no more than 30% of stations)
and Glenodinium sp. 2 are characterized by the lowest
frequency of occurrence, while in some years they were
absent (Fig. 10). The abundance of these species is low,
with an average long-term content of 0.8 thousand
cells/L, for the exception of the Maloe More stations.
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The maximum abundance was noted for Peridinium sp.
(21 thousand cells/L) at st. Nizhneangarsk in 2022,
and for Glenodinium sp. 2 (12 thousand cells/L) at st.
Elokhin in 2021. The absolute dominant, both in fre-
quency of occurrence (90-100%) and in abundance, is
Glenodinium sp. 1 (Fig. 10). The maximum observed
abundance of 193 thousand cells/L was at st. MRS in
2020. High abundance of Glenodinium sp. 1 is typical
for the Maloye More stations, st. Nizhneangarsk and
Elokhin - 84 and 67 thousand cells/], respectively. But
even taking into account these high values, the mean
long-term abundance of Glenodinium sp. 1 was 4.4
thousand cells/L.

If it considers the average long-term values of the
number of these three types of dinoflagellates at all sta-
tions, then the cluster analysis identifies three groups
of stations. The first group includes stations with a high
number of dinoflagellates. These include the stations
MRS, Elokhin, Chivyrkuy and Nizhneangarsk. The sec-
ond group includes stations with a number of up to 3
thousand cells/L, and the third group includes stations
with extremely low numbers. At the same time, sta-
tions with different anthropogenic loads are in all three
groups (Fig. 11).

In general, according to obtained data, it seems
that parts of the Baikal littoral zone with anthropogenic
loads cannot be reliably identified by species composi-
tion of the spring phytoplankton.

There are some features in geographic distri-
bution of the main producers of spring phytoplank-
ton biomass A. baicalensis and S. acus subsp. radians
(Synedra). Thus, synedra is most abundant in Central
Baikal and the southern end between stations Kultuk-
Babushkin (Fig. 12). However, over the entire obser-
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vation period, the maximum number (1630 thousand
cells/L) was recorded in 2020 at st. Peschanka. It has
been noted that Synedra is most abundant for two years
in a row, following there is a sharp decline in num-
bers (Kalyuzhnaya and Antipova, 1974). In our study, a
two-year maximum in the number of Synedra was also
observed at some stations. However, it is important to
note that these maxima were not synchronous in differ-
ent parts of the lake and even within station of the same
basin. For example, Synedra was abundant between
stations Polovinny - Babushkin in 2017-2018, while
on stations Listvyanka - B. Goloustnoye and in North
Baikal (except for the Chivyrkui and Onguren stations),
this number was minimal (Fig. 12). In addition, high
numbers of Synedra were most often observed at the
stations in 2020 and 2022.

The fluctuations in the abundance of Synedra at
the stations cannot be explained by the difference in
the concentrations of biogenic components at the sta-
tions. For example, in 2017, at stations Baikalsk and
Senogda, 1387 and 0.7 thousand cells/L were recorded,
respectively, while the concentration of P_, was 8 and
5pg/L and N - 68 and 87 ug/L (Bondarenko et al.,
2020b).

A week correlation between the chemical com-
position and the quantitative values of Baikal phyto-
plankton was noted earlier (Pomazkina et al., 2010,
Popovskaya et al., 2015).

We will not be able to correctly compare the
obtained data with the study of the last century,
because an integral abundance and biomass for the
water layer of 0-25 m were reported early. However,

Synedra acus subsp. radians
2017 2018 2019 2020 2021 2022

Nizhnengarsk
Severobaikalsk
Tiya

Zarechnaya
Senogda

Ludar
Kotelnikovskiy
Muzhinay
Frolikha

Khakusy
Elokhin-pel

NB Elokhin
Tompuda
Zavorotnaya
Irinda
Davsha
B.Ushkaniy
Chiverkuy
Onguren
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Arul

Khuzhir
MRS
Mukhor
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MM
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CB Gorevoy utes
Turka
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Baklaniy 1400
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Kharau;
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Babushkin
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Baikalsk
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SB Sludyanka
Kultuk

933

Kiltuk-pirs
Polovinniy 467
BEM
Listvyanka-pel
Nerpinariy
Sennaya
Varnachka 0

B.Koty
B.Goloustnoye

Aulacoseira baicalensis
2017 2018 2019 2020 2021 2022

some data are provided in a comparative aspect from
1964-1969 (Votintsev et al., 1975). Thus, in the north-
ern basin it fluctuated from 0.1 to 56 thousand cells/L,
and now from 8.2 to 209 thousand cells/L, although at
some stations it could be 0.3-0.4 thousand cells/L. In
the central basin from 3 to 57.8 thousand cells/L, and
now 35 to 608 thousand cells/L, and in the southern
basin from 0.1 to 699 and from 7.4 to 489 thousand
cells/L, respectively, during these periods. Moreover,
the maximum number of 1080 thousand cells/L was
recorded in June 1969, and now values of 1100-1400
thousand cells/L are not uncommon (Fig. 12).

Based on the correlation analysis, the geograph-
ically extent when there is a high correlation (r>0.6)
from station to station in the distribution of Synedra is
tested. Fig. 12 shows f the distribution of this correlation
pattern. Thus, Synedra develops most similarly at the
northern end of the lake between the Ludar - Tompuda
stations, and at the southern end between the Baikalsk-
Polovinniy stations. At the same time, high correlation
connections exist between the stations of the western and
eastern coasts. For example, the Tyya and Zarechnoye
stations correlate with the Khakusy and Frolikha sta-
tions, and Baikalsk with the Polovinniy station. Along
the western coast, Synedra develops synchronously in
the areas between the Muzhinay-Zavorotnaya, Rity
- B. Ushkaniy, Arul — M.Ol-e vorota and Listvyanka
- B. Goloustnoye stations. Along the eastern coast
these are the sections Davsha - Irinda, Maksimikha -
Sv.Nos, and further in the southern direction all the
stations in the Central and South Baikal form “syne-
dra fields” in 175 and 114 km, respectively (Fig. 12).

Synedra acus subsp. radians
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Fig.12. Distribution of the abundance of Synedra acus subsp. radians and Aulacoseira baicalensis at stations. SB - South Baikal,
CB - Central Baikal, NB - North Baikal, MM - Maloe More. On the right map-scheme, adjacent stations with a high correlation
r>0.6 in the distribution of the abundance of Synedra acus subsp. radians are connected.
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Such uniform distribution of Synedra along the
eastern coast in the South and Central Baikal is most
likely explained by a flatter relief, which results in more
uniform hydrodynamic conditions over large areas.

A. baicalensis was present in minor quantities at
almost all stations during the study period, most often
with zero values or no more than 3 thousand cells/L. At
the same time, it was most often noted in the Small Sea
and Northern Baikal (Fig. 12).

3.2. Autumn phytoplankton

Species composition, diversity and biomass

It can be noted that in all groups, the highest
numbers and biomass were found in Cryptophyte algae,
when these indices could reach 2235 thousand cells/L
and 472 mg/m?, respectively (Fig. 13). In phytoplank-
ton communities, Cryptophyte algae accounted for up
to 45.5%. Haptophyta, with a high number of up to
1000 thousand cells/L, is characterized a small biomass,
often below 50 mg/m3. In contrast, Dinophyte species,
with a low number, yielded a biomass of 50-100 mg/m?
(up to 16% of the total biomass). For diatoms, high
values of these indices are typical only for the fourth
group of stations. The contribution of Cyanobacteria
(2.2% of biomass), Chlorophyta (2.5% of biomass) and
Euglenophyte (<1% of biomass) algae to the phyto-

plankton biomass is not high (Fig. 13). Thus, accord-
ing to abundance, the autumn phytoplankton of the
littoral zone of Lake Baikal can be characterized by
the dominant community of Haptophyta-Cryptophyte
algae, while according to biomass as a community of
Cryptophyte algae.

The often occurred biomass was 260-300 mg/m?
(Fig. 14). The greatest variability of biomass values
is shown by stations of group 4. For example, in the
delta of the Selenga River, the biomass varied from
350 to 4700 mg/m? between years. The stations can be
characterized by distribution of biomass based on the
K-medoids as: 20-260, 290-1000 and 1100-4700 mg/m?3.
Average biomass values in the range of 20-260 mg/m?
are characteristic of most stations in the littoral zone of
Lake Baikal (Fig. 14). However, in some years, stations
on the east coast had a higher phytoplankton biomass
compared to stations on the west coast, for example, in
2021.

In the interannual dynamics, the biomass of sta-
tions of groups 1, 2 and 3 do not show strong variability,
with the average values are in 240-315 mg/m3. There
is no differences in the biomass of phytoplankton from
water areas located near settlements and low anthro-
pogenic load. For example, the phytoplankton biomass
at the stations of Elokhin-pel, Listvyanka-pel (group
3), Zavorotnaya, B. Koty, Kotelnikovskiy, Muzhinay
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(group 2) and Listvyanka (Sennaya, Nerpinary), Kultuk,
Slyudyanka, BPCM (group 1) were minimal between all
observation stations (Fig. 14).

Over the entire observation period, the minimum
and maximum numbers of species were 11 and 50,
respectively (Fig. 15). Stations were divided into three
varieties inherent to species diversity. Thus, the first
is stations with 17-22 species, the second is stations
with 22-26 species, and the third is stations with 26-36
species. According to this gradation, the stations of the
South Baikal and the western coast of the North Baikal
to Cape Kotelnikovsky are less taxonomically diverse
(Fig. 15). The use of the Simpson and Shannon indices
shows that in terms of species diversity and dominance,
no significant differences are revealed between all four
groups (Fig. 15) in the long-term aspect. The average
values of these indices for the period 2017-2022 show
that most stations of South and Central Baikal are char-
acterized by low species diversity with a predominance
of only a few species per station. The stations of the
North Baikal are more diverse and have a more “even”
distribution of the number of species (Fig. 15). The
number of species in groups 1 and 2 is almost identical,
and higher rates of taxonomic diversity are characteris-
tic of the stations of group 4.

Despite the abundance of species composi-
tion, the number of dominant species (in terms of
abundance) is not too large (Fig. 15). The numerical
characteristics of species with an occurrence of more
than 2% are presented in Table 3. Thus, among cya-
nobacteria, 22 taxa were identified, belonging to the
genera: Anabaena (4 species, 1 sp.), Aphanizomenon (1
species), Gloeocapsa (2 species, 1sp.), Gomphosphaeria
(1 species), Lyngbya (1 species), Marssoniella (1 spe-
cies), Merismopedia (3 species), Microcystis (1 species),
Oscillatoria (3 sp.), Phormidium (1 sp.), Tetrapedia
Reinsch (1 sp.) Microcystis pulverea (Wood) Forti, (11-
24%), A. spiroides Klebahn (5-19%) and A. lemmerman-
nii Richter (8-19%) are dominant.

Chrysophytes algae were presented by 10 spe-
cies from Chrysochromulina (2 species), Dinobryon (4
species), Mallomonas (1 species, 1 sp.), Synura (1 spe-
cies, 1 sp.) and cystes. Haptophyta -Ch. parva (93-97%)
is absolutely dominant.

Cryptophytic was presented Rhodomonas (1
species) and Cryptomonas (5 species, 2 sp.), when Rh.
pusilla (98-100%) is dominant.

Dinophyte algae were even less diverse — 7 spe-
cies from: Gyrodinium (1 species), Gymnodinium (1 spe-
cies), Peridinium (1 species, 1sp.), Glenodinium (2 sp.),
Ceratium Schrank (1 sp.). Glenodinium sp. 1 (57-63%)
and Gyrodinium helveticum (23-30%) are dominant.

Diatom assemblages is presented from 29 spe-
cies: Aulacoseira (3 species, 1 sp.), Melosira Agardh (1
species), Cyclotella (4 species), Cyclostephanos (1 spe-
cies), Stephanodiscus (3 species, 1 sp.), Synedra (2 spe-
cies), Nitzschia (1 species, 1 sp.), Fragilaria (2 species),
Tabellaria (1 species), Diatoma (1 species), Asterionella,
Ellerbeckia, Acanthoceras and Urosolenia (1 species),
spores and auxispores. Rates are C. minuta (17-35%), S.
acus subsp. radians, A.formosa (22-23%), N. graciliformis
(7-16%) and Fragilaria crotonensis (15%, high content
in Chiverkuy and Mukhor Bay).
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Chlorophyta is presented 38 species from: Koliella
(1 species), Monoraphidium Komérkové-Legnerova (2
species), Elakatothrix Wille (1 species), Actinastrum
Lagerheim (1 species), Binuclearia Wittrock (1 spe-
cies), Closterium Nitzsch ex Ralfs (3 species), Coelastrum
Nageli (1 species), Cosmarium Corda ex Ralfs (1 species,
1 sp.), Crucigenia Morren (3 species), Dictyosphaerium
Néageli (1 species, 1 sp.), Kirchneriella (1 species),
Lagerheimia Chodat, 1895 (1 species), Pediastrum
Hegewald (4 species), Scenedesmus Meyen (6 species,
1 sp.), Sphaerocystis Chodat, (1 species), Staurastrum (1
sp.), Oocystis (1 species, 1 sp.), Tetraédron Kiitzing (1
species), Chlamydomonas (1 sp.), Chlorella Beyerinck
(1 species). M. arcuatum (39-49%) and K. longiseta (16-
22%) are dominant.

Euglenophyta rare occurred and are presented
by only three genera: Euglena Ehrenberg (3 sp.), Phacus
Dujardin (1 species), Trachelomonas Ehrenberg (1sp.).
To identification of dominates is not be correct due to
their low abundance and rare occurrence.

The Jaccard index from 0.45 to 0.15 is typical for
stations with unstable interannual spices composition,
and vice versa, the stability of the species composition
increases at rates from 0.45 to 0.8 (Fig. 16). Examples
of stations with high interannual variability of phyto-
plankton communities are Baikalsk, Kultuk, Frolikha,
Tompuda, and low MRS, Mukhor, M. Olkhonskiye
Vorota, Buguldeika (Fig. 16). For each station, it was
also calculated how often the interannual differences
had a Jaccard index greater than 0.45. Based on this
calculation, three types of stations were identified. The
first type - 23 stations with high interannual stability of
the species composition of phytoplankton (60-100% of
cases when the Jaccard index was greater than 0.45).
The second type - 17 stations with moderate variabil-
ity of species composition (33-60% of such cases). The
third type - 12 stations with extremely unstable interan-
nual composition (10-33%). Thus, most of the studied
areas of the littoral are characterised a stable or mod-
erately variable species composition of phytoplankton
communities in the interannual aspect (Fig. 16). The
least stable phytoplankton composition was found at
the stations of North Baikal. The lowest stability rate
(10%) was observed at the stations of Elokhin-pel,
Zavorotnaya and Baikalsk.

Using the nonparametric scaling method, the
possibility of dividing the Baikal basins and four ecolog-
ical groups based on the species composition of phyto-
plankton was studied. As follows from Figure 17, most
stations have a similar species composition regardless
of their geographic location. Although Central Baikal
stations, with the exception of Buguldeyka and Aya,
are somewhat isolated from other stations. This can
be explained by the influence of the Selenga, Turka
and Barguzin Rivers, which supply a large amount of
organic matter to these areas of the water area. The
most distinct species composition was found at Mukhor,
Chiverkuy Bay, Maksimikha and Selenga-v stations.
The same distribution is characteristic of the four eco-
logical groups, when most stations form one “insepara-
ble cluster” and the isolation of Mukhor, Chiverkuy Bay
and Selenga-v stations (Fig. 17).
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Fig.16. Distribution of the Jaccard index in autumn phytoplankton.

Additionally, the “rooted cluster” method was
used. The stations of the first and second groups were
selected as the starting points for constructing clusters
(Fig. 17). For example, the Zarechnoye station is one of
the places on Lake Baikal with clear manifestations of
eutrophication in the form of abnormal phytobenthos
blooms and massive emissions of organic detritus into
the beach zone (Timoshkin et al., 2018). The species
composition of phytoplankton at this station is very
similar to that at both the stations of the first group
and the stations of the second group (Ritiy, Sv. Nos,
Ulanovo). Station Slyudyanka, adjacent to the city of
the same name (population 18 thousand people), the
species composition of phytoplankton is expectedly
close to that at the Kultuk station and background sta-
tions of Northern Baikal and even at the pelagic station
(Elokhin-pel.).

Figure 17D shows correlation (r> 0.5) of the
species composition of phytoplankton at st. Sludyanka
station with other stations. For instance, in the spring
the number of stations with a high correlation with
st. Sludyanka was 47, in the autumn - 51. The larg-
est number of stations with a similar species compo-
sition, as at st. Sludyanka, was in 2020 and 2021 - 47
and 46 stations, respectively, and the smallest in 2017
and 2022 - 18 and 6 stations, respectively. At the same
time, in 2017 and 2022, low correlations were found
with nearby stations Kultuk, Baikalsk, BPCM and high
correlations with the stations of Nort Baikal - Elokhin,
Kotelnikovsky and the Selenga River delta.

The average long-term relationships between
groups of stations for types of small-cell phytoplank-
ton (Anabaena sp., A. flos-aquae, A. macrospora, A.
scheremetievi, L. limnetica, Oscillatoria sp. 3, Ch. parva,
D. cylindricum, D. sociale, R. pusilla, Cryptomonas sp.
1, Cryptomonas sp. 2, C. gracilis, C. marssonii, C. ovata,
C. reflexa, Peridinium sp. (euriceps), Glenodinium sp. 1,
Glenodinium sp. 2, Stephanodiscus minutulus, St. hantzs-
chii, Stephanodiscus sp. 1, K. longiseta, M.arcuatum,
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Chlamydomonas sp., Euglena sp. 1, Euglena sp. 2, Euglena
sp. 3, T. hispida, Trachelomonas sp.) were also tested.

The results show that, as in the spring, there is
no clear differentiation of small-cell phytoplankton
communities at stations belonging to different groups
(Fig. 18). The greatest differences in the species com-
position of small-cell phytoplankton are noted at the
stations of Mukhor, Maksimikha, Turka, Turka-pel,
Gorevoy utes, Baklaniy, Selenga-v, Kharauz. That is, at
stations located near river mouths and in bays.

Compared to spring phytoplankton, the abun-
dance of Chlamydomonas sp. was low in autumn. Of 283
observation points, relatively high abundance was at
the stations: Baikalsk (2018) - 36, Selenga-v (2017) - 10
and Tyya (2018) - 9 thousand cells/L. At 144 stations
(51%), the abundance of Chlamydomonas sp. did not
exceed 1 thousand cells/L.

As in the spring phytoplankton, the autumn
distribution of Peridinium sp. (euriceps), Glenodinium
sp. 1, sp. 2 was studied. Peridinium sp. (euriceps) had
the lowest abundance and rare occurrence, the abun-
dance did not exceed 0.4 thousand cells/L. In 2019
and 2020, it was not found at any of the stations. The
abundance and occurrence of Glenodinium sp. 2 were
also extremely low. This species was not found in 2017
and 2018 (Fig. 19). At most stations, its abundance did
not exceed 1 thousand cells/L. Glenodinium sp. 2 was
most abundant in 2019, with an average abundance of
2 thousand cells/l and a maximum abundance of 11
thousand cells/L at st. M. Ol-e vorota.

Glenodinium sp. 1 was found at almost all sta-
tions (Fig. 19). The maximum abundance of 102 thou-
sand cells/L was recorded at st. Nizhneangarsk in 2021.
If we compare the autumn and spring distribution of
Glenodinium sp. 1, we can see that the average values of
its abundance are similar (2.5 - 3.8 thousand cells/L) in
both seasons, and the values of standard deviations and
maximum abundance values are higher in the spring
generation (Fig. 20).



Fedotov A.P. et al. / Limnology and Freshwater Biology 2025 (1): 113-177

*10adse TenuueJaiul 9y} ul G°(Q <JI je uonels wvﬂﬂﬂxﬁuﬁ\ﬁm UM TUO0Ne[a.1100 B 9ARY Jey] suonels - ( "Syels

UOTIONIISUOD IISNID 9} Y2IYM WO0IJ suonels - suondrosur 981e] ‘poylaul 12Isn[ pajool - O ‘uoneryye dnoid 1oy} uo paseq SUOTIEIS JO UOISIAIP - g "SAINU poyouwr uo paseq uopjuedolfyd jo

uonsoduod sa1oads a3 £q (pPrey Mmo[RA

- JTeN)S 2IOJA] 9KOTR\ 9} pue (UIseq [e1UDD)

- DB[I] ‘UISeq UISYIION - P[oY oN[q ‘UIseq WIDYINOS - p[oy Uaa13) suiseq e[ 9y} jo ajeredss - v "£1°819

AmiieniyD
yznyy
zZnereyyf
Asnyeyy

j

euyijol
Auexysn g
uewin
onoueln
eAl

| red-exny

epndwoj
epbouss
efeuuss
r-ebusfes
SONAS

S/RY12GOIONSS
e

g0

Aluuinojod
B)yUBYOSS
uainbuQ
ys.iebuesuyziN

<
©
S}

ewpjiwsyely
L1epny
Ajsnoyiyeloy]
epuL|

soulosie7

eAeujoionez

©
=
=}

JUBIOIY0D UOIIB|aLI0D

G'0<! 1B B)UBAPNIS IS UM

jed-uipfol3
uyo3
eysreqd

$9)) Aorsio

s0U)snojos g

260

2J0J0A 910 W
eAy
iniy

Aluepeg
eyAepinbng
A105°'g
eyyoeuen
ALieuidisN

w3g

jod-exuefnisr]
T unysngeg
Aoupuel

Wodg

sfexreg
IAWLIAY

sad-njny
¢e0Z 2oz 0zZ0Z 6L0C 8L0C LlOCT D

- @
s =
=4 s Q0ujsnojoo'g
ysfeyreg s 5 epndwoy
=P e = 3 ueinbuo BB
g =% puL|
zneseyy| sl S i %wESmZ
3% i Aoyyue| z Un\mw Mg
) - eyhepinbng Ay
qewin A 8d-ujo)
oA fed-uipioi3
eysneqg | ajeuIpiooD
iy 0050 g0 0Sk0  G/Q0 0000  ¢/00r  OSLO-
uexysn'g o
euees 9.
euyyijol A
Aepes J v =
ouyoaiez Foco
sajn foraison T el
Amprenyd sldomi ol eyinp S0
2J0JOA 8]0
fuunojoy SYN . ys[exyieqoionas — oLt Q
A-eBusfes Asmyeyy L\, L woxz.m.ﬁm a
Joyn,
NN x onoueyy -so0- m
g sfexjeg o
N unysnqeg
= w3g M oo
=)
A
-S00
o | e
g 010
efy W | @jeuIp1ood
ue
Eﬁﬁus?m » Aeuryznpy 00£0 52T0 0510 §L00 0000 SL00-  0SLO-
eyueyose Im%somgmN s 1 1 1 1 | 1
ni ad-exuefuss 00€0-
Aueyysn'g ny \m\ﬁm:uw 17
elpyjior —— mxﬁmw - oo,
exyuelpn|s Sl
efeujsnojos'g o
epnduwio) Fosio- 8
uainbuo sain Aoraiog 5
eyn 2
— o©
- GL00- ~
YNy g
e I— 1 3y
SONAS Jrem— f@naag [ 0000
M ysjexreg ixsronuioiy
o e unysnqeg 6.00
> Jepny
W o> rod-uyor3
° Bow < [osio

135



Fedotov A.P. et al. / Limnology and Freshwater Biology 2025 (1): 113-177

1

Abundance, thds cells/L (log scale)

0.225—
0.150 —

0.075—| Kotelnikovskiy
o

Elokhin-pel. o ®
[}

0.000—

Coordinate 2

-0.075—

-0.150 —

Nerpinariy

-0.225—

® Baklaniy

Group
o1
e2

®3
oy

Maksimikha

Turka

Turka-pel

Gorevoy
Utes

Selenga-v

-0.150 -0.075 0.000

| | | |

0.075 0.150 0.225 0.300
Coordinate 1

Fig.18. Distribution of autumn small-cell phytoplankton based on the group affiliation of stations (nMDS method). 1, 2,3

and 4 - group of stations.

The grouping of stations by the abundance of
Glenodinium sp. 1 for 2017-2022 based on the UMAP
method does not reveal a predisposition to the forma-
tion of clusters characteristic of stations with high and
low anthropogenic load. Moreover, stations from differ-
ent basins of the lake were included in a single cluster
(Fig. 20B).

Thus, based on the species composition of
autumn phytoplankton communities, it is impossible to
reliably divide areas of the water area by the degree
of anthropogenic impact on the littoral zone of Lake
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3.3. Saprobity

The degree of organic pollution of water was
assessed based on the presence of indicator phyto-
plankton species - 93 species (Table 3) in the seasonal
aspect and taking into account the group affiliation of
the stations. Beta-mesosaprobionts (3, S = 2) dominate
in the set of indicator species (32%). The share of oli-
go-alphamesosaprobionts (o-a, S = 1.8), oligo-betame-
sosaprobionts (o- 3, S = 1.4) and oligosaprobiont (o,
S = 1.0) was 17, 16 and 11%, respectively. All other
saprobiological groups were less than 10% (Table 3).

Peridinium euriceps sp. Glenodinium sp.1 Glenodinium sp.2
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Fig.19. Distribution of the abundance of Peridinium sp. (euriceps), Glenodinium sp. 1, sp. 2 in autumn phytoplankton. SB —
South Baikal, CB — Central Baikal, SB — North Baikal, MM — Maloe More Strait.
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Fig.20. A - distribution of Glenodinium sp. 1 abundance in spring (green bars) and autumn (orange bars) phytoplankton.
B - grouping of stations by Glenodinium sp. 1 abundance for 2017-2022 based on the UMAP method (8 neighbors, distance 0.2).

The range of changes in saprobity values was:
in spring 1.46-1.69 (mean-1.6), in autumn 1.58-1.68
(mean-1.65) (Fig. 21). In most cases, the saprobity
indices correspond to the Limnosaprobity model, -
self-purification zones (S = 1.5-2.5), and the 3rd class
of water quality (moderately polluted) according to the
works of Sladecek (1973) and Barinova (2017).

It is traditionally assumed that the values of this
index correspond to the “concentration of organic mat-
ter of natural (mainly detrital) nature” and the “con-
centration of dissolved oxygen”. However, the close
ratio of indices for such different groups of stations and
seasons raises doubts about the adequacy of its applica-
tion for Baikal. For example, according to the concept
of the saprobity index, its increased values should be
expected for stations of group 4, adjacent to the estu-
ary zones of rivers or located in bays. However, the
values of the saprobity index for these stations were
lower than for stations of groups 1 and 2. According
to this index, stations of South Baikal located near set-
tlements, for example, Listvyanka, Slyudyanka, Kultuk,
Tankhoy, look better than stations of group 2 with
minimal anthropogenic load. Also, on North Baikal,
the Zarechnaya station with the most abnormal devel-
opment organic detritus of Spirogyra on Baikal looks
better than the Frolikha and Elokhin stations from the
group 2.

In the case of spring phytoplankton, the sapro-
bity index increased due to Ch. parva, D. cylindricum, K.
longiseta and M. arcuatum, which exhibited S index - 2.
In autumn phytoplankton, the saprobity index increased
due to only one species. — Ch. parva (S = 2.0).

It is evident that only a limited number of spe-
cies, developing massively in Lake Baikal, give it the
status of the 3rd class of water quality (moderately pol-
luted). At the same time, one should ask the question
- if these species-markers of “pollution” are present not
only in the littoral zone, but also in the pelagic zone,
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does this imply that the pelagic zone of the lake is also
moderately polluted?

For instance, algae of the genus Dinobryon are
indicators of oligotrophic conditions, preferring water
bodies with a minimum content of mineral phospho-
rus, typical of deep-water northern lakes (Bondarenko
and Logacheva, 2016). D. cylindricum is a typical repre-
sentative of the lake pelagic zone with a total share of
2-18% in the phytoplankton community (Popovskaya
et al., 2015). In spring phytoplankton at the stations of
group 1, its average abundance is 40 thousand cells/L,
and at the stations of group 3- 70 thousand cells/L
(Table 2). So, could the stations of group, enriched with
“polluted” waters, produce such a quantity of D. cylin-
dricum for the pelagic zone of the lake? It is considering
that at stations of groups 2 and 4 average content of D.
cylindricum is 99 and 87 thousand cells/L, respectively,
there is no reason to assume that this type is an indica-
tor of moderately polluted waters.

The abundance of Ch. parva recorded in 2017-
2022 both in the spring and autumn periods was no more
than 5 million cells/L and did not exceed the abundance
of this species recorded at the B. Koty station in 1980-
2000 (Izmest’eva et al., 2011). Additionally, in 1980-
2000 the abundance of this species remained approx-
imately stable. At st. BEM (Listvyanka) in the spring
and autumn in 2017-2022 the content of Ch. parva did
not exceed 58 and 482 thousand cells/l, respectively.
However, in 1990-1995 at the same station its content
reached 6439 thousand cells/L. (Vorobyeva, 2018).
Thus, over the past 40 years Ch. parva has been a typ-
ical representative of Baikal phytoplankton, although
significant changes in the intensity of anthropogenic
impact occurred during this period. Thus, we cannot
say that the use of the saprobity index provides an ade-
quate assessment of the quality of the waters of Lake
Baikal.
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3.4. The influence of water content of
tributaries on phytoplankton

An indicator of low water inflow into the lake
is the level of Lake Baikal. Seasonal fluctuations in the
lake level are characterized by the fact that the mini-
mum lake level occurs in late April-early May, and the
maximum in September-October. In our case, we can
see that extremely low lake levels both in spring and
autumn were in 2016 and 2017 and in the spring of
2018 (Fig. 1). From the summer of 2018 until the end
of 2023, seasonal fluctuations were close to the long-
term average (Sinyukovich et al., 2024). However, the
autumn level of Baikal in 2021, 457.22 m, was the
maximum for 2010-2022. Thus, we have several ref-
erence periods for comparison: 2017 and spring 2018
— extremely low water content of tributaries, 2021 -
extremely high water content, 2019, 2020 and 2022
— normal average long-term water content.

After the ice cover breaks up, the width of the
mixing zone of lake and river waters is affected by wind
mixing and the boundary of the thermal bar, which has
a blocking effect on the penetration of river waters into
the lake (Tomberg et al., 2019; Tomberg et al., 2024).
In the distribution of spring phytoplankton, clusters of
stations from 2017, 2020, 2021 and 2022 are clearly
distinguished, and a cluster so-called “union”, con-
sisting of stations from all years of observation, that
is, stations that are weakly separated from each other
in the interannual aspect (Fig. 22). The low-water
cluster of 2017 includes the following stations: Aya,
Nizhneangarsk, Arul, Baklaniy, Buguldeyka, Davsha,
Elokh-pel, Elokhin, Zarechnoye, Irinda, Kotelnikovsky,
Ludar, Maksimikha, MRS, Muzhinay, Olkhonskiye-
vorota, Muzhinay, Ongureny, Ryty, Severobaykalsk,
Selenga-vykhod, Senogda, Tompuda, Turka, Turka-pel.,
Tyya, B. Ushkany, Khakusy, Khuzhir and Chivyrkuy.
This cluster is characterized by low biomasses - an
average of 600 mg/m?® and an average species abun-
dance of 18 species (Fig. 22). It looks curiously that the
stations directly adjacent to large tributaries of Lake
Baikal (rivers Upper Angara, Turka, Rel, Tompuda,
Tyya, Buguldeika, etc.) did not show high values
of phytoplankton biomass. While the 2017 stations
included in the “union” cluster (Sennaya, Zavorotnaya,
BEM, B. Goloustnoye, Nerpinariy, B. Koty, Mukhor,
Kultuk, Slyudyanka, Kultuk_pirs, Kharauz, Tankhoy,
Babushkin, BPCM, Baikalsk) have a poor species com-
position - an average of 12 species, but high biomass up
to 1500 mg/m?.

The main differences between the 2017 cluster
and the “single” cluster are the abundance of D. cylin-
dricum, Ch. parva, R. pusilla, N. graciliformis, K. longiseta
and S. acus subsp.radians. In addition, S. acus subsp.
radians was noted with increased biomass at the 2017
stations of the “single” cluster (Fig. 22). Thus, in 2017,
32 stations had species features characteristic of this
period, and 15 stations were no different from stations
of other periods.

During the period of extreme water content in
2021, 42 stations formed in a separate cluster, and 9
stations were assigned to the “union” cluster (BEM,
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Kultuk, Listvyanka_pelagial, Nizhneangarsk, Polovinniy,
Selenga-v, Sennaya, Slyudyanka, Ulanovo). On average,
22 species were recorded at the stations of the 2021
cluster, and the biomass reached 1700 mg/m? (Fig. 22).
At the 2021 stations assigned to the “single” cluster, the
biomass was lower than at the stations of the same clus-
ter in 2017. The stations of the 2021 cluster differ from
the 2021 stations assigned to the “union” cluster in that
they do not have indicator species, despite the higher
taxonomic diversity. The main differences (53%) are
determined by the increased presence in the 2021 clus-
ter — M. arcuatum, A. islandica, St. meyeri, D. cylindricum,
Ch. parva, S. acus subsp. radians.

The stations of 2018 and 2019 had no clear
features and all entered the “union” cluster. Eight sta-
tions of South Baikal (Babushkin, Tankhoy, Baikalsk,
BPCM, Slyudyanka, Kultuk, Kultuk-pirs, Polovinniy)
also formed a separate cluster of 2020. And this cluster
is due to the increased abundance of A. baicalensis, A.
islandica, S. acus subsp. radians. All other stations of
2020 belonged to the “union” cluster. The stations of
2022 also formed a separate cluster, with close con-
nections between individual stations of North Baikal
and the Maloe More (Gorevoy Utes, Svyatoy Nos, Aya,
Davsha, Zarechnoye, Ludar, MRS, M.Ol.-e-vorota,
Severobaikalsk, Senogda, Tiya, Frolikha, Khakusy).

The cluster pattern described above does not
allow us to reliably assume that spring phytoplankton
has an unambiguous response to the water regime. If
the onset of phytoplankton development occurs during
the ice-covered period, so many tributaries of the lake
are in a frozen state with minimal underflow in large
rivers (Selenga, Upper Angara, Barguzin, Turka, Tyya)
or its complete absence in small tributaries. Most often,
the fluctuations of the minimal lake level from year to
year is around 20 c¢m, and this also cannot be a key fac-
tor determining the development of spring phytoplank-
ton. The results for 2018 are indicative, thus the spring
of 2018 was preceded by low-water years of 2014-
2017, and it would seem that the lake should experi-
ence a lack of biogenic component to 2018. However,
the stations of 2018 are completely in a “union” clus-
ter, and not indicating any changes in phytoplankton
communities caused by the previous low-water period.
Conversely, 2020 and 2022 stations form separate clus-
ters, although there were no prerequisites in the form
of previous significant fluctuations in water content.

For autumn phytoplankton, only the cluster of
2022 is clearly separated from the others, while clus-
ters of 2017 and 2021 are close to a “union” cluster
Nol (Fig. 22). At the same time, there are a two “onion”
clusters that combine stations from different years. The
stations of a separate cluster of 2017 (20 stations) dif-
fer from other stations of 2017 (Selenga-v, Kharauz,
Tankhoy, Tiya, Frolikha, Tompuda, Irinda, Sv. Nos,
Nerpinariy, Babushkin, Maksimikha) by an increased
presence of R. pusilla, Ch. parva, C. minuta, Oscillatoria
Sp.

The stations of the 2021 cluster (37 stations)
differ from other stations of 2021 (Tankhoy, Mukhor,
Gorevoy Utes, Baklaniy, Sv. Nos, Kharauz, Turka-
pel, Turka, Maksimikha, Davsha, Tompuda, Khakusy,
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Table 4. Species-indicators of saprobity

Indicator species S saprobity| Saprobiological Indicator species S saprobity| Saprobiological
index of group index of group
indicator indicator
species species
Aulacoseira baicalensis 0.4 X-0 Scenedesmus arcuatus 1.8 0-a
Chrysosphaerella baicalensis 0.4 Scenedesmus bijugatus 1.8
Cyclotella baicalensis 0.4 Actinastrum hantzschii 2 B
Cyclotella minuta 0.4 Anabaena flos-aquae 2
Gymnodinium baicalense 0.4 Anabaena lemmermannii 2
Stephanodiscus meyeri 0.4 Anabaena macrospora 2
Peridinium baicalense 0.4 Aphanizomenon flos-aquae 2
Aulacoseira islandica 0.6 0-X, Chrysochromulina parva 2
Tabellaria flocculosa 0.6 Closterium moniliferum 2
Asterionella formosa 1 ° Coelastrum microporum 2
Ceratium hirundinella 1 Cosmarium botrytis 2
Cryptomonas gracilis 1 Cryptomonas erosa 2
Cyclotella ocellata 1 Dictyosphaerium pulchellum 2
Dinobryon bavaricum 1 Dinobryon sociale 2
Gloeocapsa turgida 1 Gomphosphaeria lacustris 2
Gyrodinium helveticum 1 Koliella longiseta 2
Synedra acus subsp. radians 1 Lagerheimia genevensis 2
Synedra ulna var. danica 1 Monoraphidium arcuatum 2
Urosolenia longiseta 1 Monoraphidium contortum 2
Anabaena scheremetievi 1.4 o-p Phacus caudatus 2
Anabaena spiroides 1.4 Scenedesmus. acurminatit 2
Cyclostephanos dubius 1.4 Sc.acuminatus var. biseriatus 2
Diatoma elongatum 1.4 Scenedesmus denticulatus 2
Dinobryon cylindricum 1.4 Scenedesmus obliquus Z
Fragilaria capucina 1.4 Scenedesmus quadricauda 2
Fragilaria crotonensis 1.4 Eadinn g 2
Lyngbya limnetica 1.4 Eifrtots st &
Merismopedia major 1.4 S gl 2
Microcystis pulverea 1.4 VG TS 2
Nitzschia graciliformis 1.4 Trachelomonas sp. (volvocina) 2
Pediastrum kawraiskyi 1.4 Trachelomonas hispida 2
Rhodomonas pusilla 1.4 L s 2
Stephanodiscus makarovae 1.4 Aulacoseira granulata 2.4 B-a
Stephanodiscus minutulus 1.4 Closterium littorale 2.4
Crucigenia quadrata 16 B-o Cryptomonas marssonii 2.4
Cryptomonas reflexa 16 Merismopedia tenuissima 2.4
Gloeotrichia pisum 1.6 Chlorella vulgaris 3 a
Oocystis lacustris 1.6 Melosira varians 3.6 a-p
Schroederia setigera 1.6 Stephanodiscus hantzschii 3.6
Sphaerocystis schroeteri 1.6
Acanthoceras zachariadi 1.8 0-0
Closterium ehrenbergii 1.8
G st 18 Saprobiological group % Species
Cryptomonas ovata 1.8 X-0 8
Cryptomonas rostrata 1.8 0-X. 2
Cyclotella meneghiniana 1.8 0 11
Dinobryon divergens 1.8 o-p 16
Elakatothrix genevensis 1.8 B-o 6
Ellerbeckia teres 1.8 0-a 17
Mallomonas vannigera 1.8 B 32
Merismopedia glauca 1.8 B-a 4
Pediastrum boryanum 1.8 a 1
Pediastrum duplex 1.8 a- 2
Pediastrum tetras 1.8 z 100
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Fig.22. Clustering of spring and autumn phytoplankton based on the year of its formation. Red squares are stations of 2017,
black circles are stations of 2018, purple circles are stations of 2019, blue circles are stations of 2020, blue triangles are stations

of 2021, green circles are stations of 2022.

Frolikha, Chiverkuy, Irinda) in the numerical values of
M. arcuatum and D. sociale. And at the stations assigned
to the “unified” clusters Ne 1 and No2, a greater con-
tribution to the differences is made by M. pulverea, M.
contortum, St. minutulus, A. formosa, C. gracilis, A. lem-
mermannii, A. granulata and N.graciliformis.

It is curiously, however, the 2021 cluster is
poorer in species composition than the 2017 clusters.
The biomass values of 2017 and 2021 are almost com-
parable with each other, and are lower than the bio-
mass values at the stations of the spring cluster of 2017
(Fig. 22). Thus, in the autumn phytoplankton, we do
not find clear evidence of the relationship between
the water content of the tributaries and the develop-
ment of phytoplankton. Also, we do not observe an
unambiguous linear relationship in the system “that
an increase in the influx of biogenic components, as
a result of river runoff, is directly proportional to an
increase in the biomass of phytoplankton.” For exam-
ple, a study of the distribution of phytoplankton in the
Angara-Kichera shallow waters of North Baikal showed
that, despite high concentrations of silica, nitrogen and
phosphorus at a distance of up to 8 km from the mouth
of Upper Angara River, phytoplankton developed only
in the 1-1.5 km zone from the mouth (Tomberg et al.,
2024). That is, the expansion of phytoplankton into the
lake was limited by some other factors, and not by the
amount of biogenic components.

Table 5 shows that 2017 and 2021 are also not
clearly distinguished by phytoplankton biomass at sta-
tions located close to river mouths. At the same time,
the stations of the Selenga River shallow waters show
diametrically different distribution of biomass. At
most stations, unremarkable in hydrological terms, an
increase in phytoplankton biomass and species compo-
sition was noted in 2020 (Fig. 22).
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Most likely, the supply of phytoplankton with
biogenic elements is more influenced by the internal
hydrophysical processes of Lake Baikal in the form of
upwelling - the influx of deep waters into the photic
zone. For example, during the experiment at the B. Koty
station, when the chemical composition of the water
was determined every day from June to November
2020, it was determined that from June 3 to July 17,
the content of mineral phosphorus decreased from 9
ug/L to zero values, and on July 18, as a result of a
storm, upwelling occurred and the phosphorus con-
centration again became about 9 pg/L (Domysheva et
al.,, 2023). In general, during the open water period
of 2017-2022, such upwelling events in the shallow
zone of South and Central Baikal occurred every 4-6
days, and in Northern Baikal 8-16 days (Fedotov and
Khanaev, 2023)

3.5. Comparison of the obtained data with
previous studies

For comparison, the data from 1990-1995 for
the Listvyanka —st. BEM was taken. During this period,
phytoplankton samples were collected every 5-7 days.
Data were selected for several days, approximately
coinciding with the dates of the 2017-2022 expedi-
tions. If it compares the total biomass of phytoplank-
ton, it is clearly seen that in our studies the biomass of
spring phytoplankton did not exceed 450 mg/m?3, while
in 1990 and 1995 it reached 600 and 1050 mg/m?,
respectively (Fig. 23). Biomass most of Orders of spring
phytoplankton in 1990-1995 were either at the level
of or exceeded those in 2017-2022. This is especially
noticeable for Cyanophyta and Cryptophyta algae (Fig.
23). Very high variability is also characteristic of the
decadal time resulution. For example, if the expedition
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had collected samples at 1995 May 29, so they would
have recorded a diatom biomass of - 950 mg/m?, but if
on 1995 June 5, their biomass would have been only
7 mg/m?® (Fig. 23). The cause of this phenomenon most
likely happened duo to a renewal of the upper layer by
deep waters during upwelling.

The autumn phytoplankton biomasses of 1992-
1994 were 3 and 4 times higher than those of 2017-
2022 (Fig. 23). The cryptophyte biomass is especially
surprising, reaching 1752 mg/m?®. Such high total bio-
masses were generally rare in our studies, not to men-
tion Cryptophyta, the biomass of which did not exceed
450 mg/m? at the fourth group of stations (Fig. 13).
The reason for the sharp increase in biomass, when
on 1994 September 14 the Cryptophyta biomass was
42 mg/m3, and on 1994 September 21 it increased up
to 1752 mg/m?3, also remains completely unclear. It can
be assumed that the biomass accumulation occurred
due to cell division and their increase according to the
exponential equation. However, during this period of
time, the biomass of other classes decreased. On the
other hand, what was the source of nutrients for the
growth of Cryptophyta in the 1990s in Listvyanka? In
terms of the intensity of economic and household activ-
ities in those years, the village was clearly inferior to
the modern period

When studying the process of sedimentation of
planktonic algae in the littoral zone near the settlement
of B. Koty in July 2002, it was found that the integral
values of phytoplankton in the 0-15 m layer increased
from 1.7 billion/cells m?2 on July 15, 2002 to 5.2 bil-
lion/cells m?2 by July 22, 2002, i.e. more than 3 times
(Krashchuk and Izmestieva, 2004).

There are 4 stations (BEM, Sennaya, Nerpinariy,
Listvyanka-pel) in the area of the settlement of
Listvyanka. The similarity of the species composition
(Jaccard index) at these stations was checked for each
year. On average, these stations had a similarity index
for the spring and autumn survey of 0.7 and 0.62,
respectively. However, there were also index values of
about 0.5, and the spring species composition of 2017
had a similarity index between stations of 0.13-0.4, that
is, with no similarity (Fig. 23). Thus, we can conclude
that interannual comparison of quantitative parameters
of phytoplankton at one station can give a largely false,
uninterpretable result.

4. Conclusions

The study presents data on the dynamics of
changes in the species composition, cell abundance and
biomass of littoral phytoplankton in the spring (late
May-early June) and autumn (late September) peri-
ods of 2017-2022. The research stations were located
along the perimeter of Lake Baikal every 30-50 km.
The observation stations were divided into 4 groups:
1 - stations adjacent to settlements, 2 - without such
influence, 3 - pelagic stations and 4 - stations of the
estuaries of rivers and bays.

In the spring phytoplankton, diatoms were abso-
lute dominants (67.5%). The rate of Haptophyta ones
was (15%). The average biomass of diatoms in groups
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1, 2, 3 and 4 was 756, 561, 713 and 904 mg/m?3, respec-
tively. Most often, 15-22 species were found at the sta-
tions. The highest values of species richness - 40-45
species were at the stations located near the Selenga
River delta.

In autumn phytoplankton, the minimum and
maximum number of species found at one station were
11 and 50, respectively. In terms of numbers, autumn
phytoplankton of Lake Baikal can be characterized as
a community of Haptophyta-Cryptophyta algae, and in
terms of biomass, only as a community of Cryptophyta
algae. The number and biomass of Cryptophyta algae
could reach 2235 thousand cells/L and 472 mg/m3,
respectively. Haptophyta with a high number, reaching
1000 thousand cells/L, had a small biomass, often below
50 mg/m?. It was found that the saprobity index for all
groups was most often 1.46-1.69 (means 1.6) in spring
and 1.58-1.68 (means 1.65) in autumn. However, only
a few species, developing massively in Baikal, gave it
the status of the 3rd class of water quality (moderately
polluted), which casts doubt on the relevance of using
this index for Lake Baikal. Also, no clear evidence of
the relationship between the water content of tributar-
ies and the development of littoral phytoplankton was
found.

Based on the species composition, cell numbers
and biomass of spring and autumn phytoplankton, we
were unable to reliably illuminate parts of the littoral
zone by the degree of anthropogenic impact.
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Poccua

AHHOTALIUA. B crathe paccMmaTpuBaeTcs BUAOBOM COCTaB, YMCJIEHHOCTb, Oromacca IpUOpPEXHOro
¢uTtorTaHkTOHA 03epa Baiikas B BeceHHUI (KOHEIl Masi-HayaJio UI0H) U OCEHHUH (MO3JHUU CEHTIOPH)
nepuoasl 2017-2022 rr. CTaHI[UM UCCJIEOBAHUA pacloJiarajaruch 0 IepuMeTpy O3epa depe3 KaxKJble
30-50 kM. [aeTcsa xapakTepHCTUKA pa3BUTHA GUTOIJIAHKTOHA B Pa3HBIX palioHaX 03epa, U Ol[eHKa CTe-
IIeHU BJIMAHUA Ha QUTOIJIAHKTOH MPUPOAHBIX M AHTPOIIOT€HHBIX (PaKTOPOB.

Kioueawie ciioea: o3epo baiikas, ce30HHBIN (GUTOILIAHKTOH, aHTPONIOTeHHAsA HarpyskKa

M mutupoBanusa: @enoros A.IL, [Jomsimesa B.M., Cakupko M.B., Bopo6seBa C.C. ®UTOIJIAHKTOH MeJIKOBOAHOI 30HHI 03epa
Baiikas // Limnology and Freshwater Biology. 2025. - Ne 1. - C. 113-177. DOI: 10.31951/2658-3518-2025-A-1-113

1. Beeaenue

[lepBrle ynoMuHaHuA O (UTOIJIAHKTOHE OTHO-
cArea K koHIy XIX, Hayaity XX Beka B paboTtax Gutwinski
R.O., Hoporocraiickoro B.T'., Meiiep K.M., ficHuTckoro
B.H., AmuoBa B.A. u ap. Ilpu sTOM C pacmiupeHuem
NPUOOPHBIX U 3KCIEeJULIMOHHBIX BO3MOXHOCTEMN CTpe-
MUTeJIbHO HapacTaja MHGOpMaI1s 0 KOJINYeCTBeHHBIX
nokasateJiAx anbrogJiopsl baiikana u o ee reorpadu-
yeckol npuypodyeHHoctu. Hanpumep, fAcuurckuii B.H
u CkabuueBckun A.Il1 (1957) ormeuaror 120 BUIOB U
Pa3sHOBHUAHOCTEH (GUTOIJIAHKTOHA (M3 HUX B OTKPBITOM
o3epe xuBeT okoJio 40 BunoB). [lonosckas I'"U (1963)
oTMeuaeT, 4To B CeJIeHTMHCKOM MeJIKOBOJibe 1 IpuJie-
JKalKuX K HeMy copax U ydacTKax OTKpeITOro baiikasa
obHapyxeHo 210 BUI0OB PUTOIJIAaHKTOHA, a AJIA BCETO
Batikana 6oJiee 300. B pabote Botunues u ap. (1975)
yKasblBaeTcs, 4TO B Iejaruajie obHapyxeHo 92 Buaa
duTomaHKTOHA, NpU 3TOM OoJiblIasg 4acTb M3 HUX B
OTKpHITOM baiikasie He XXUBeT, a IPUCYTCTBYeT B CBA3U
C BBIHOCOM U3 peK, COpOB U 3ajuBOB. A K 1990 r. B
nejaruase yxe perucrpupyercsa 122 supa (FeHkan u
ap., 2006; IMonosckas, 1991). Ilpu 5TOM BO3HUKAET
BOIIPOC €CJIU JINTOPaJIb 03epa — 3TO OK0JIO 5% OT Bcel
IJIOIIaAW O03epa, TO Kakas YMCJIEeHHOCTb 3TOro Quro-
IJIAHKTOHA AOJDXHBL OBITh B JINTOPAJIM YTOOBI TE€UEHU-
MU pacnpocTpaHuTcesa Ha 95% miomaay nejaruaim?

Xopoio u3BecTHO, 4TO GUTOIIAaHKTOH Balikana
“MeeT TPU 3N130/]a MaKCUMaJIbHON IPOAYyKIIY — BECEeH-
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HUM, HAUMHAIOIIUICA OO0 JIbAOM, JIETHUM, IIpeJiCTaB-
JIEHHBIN THKOIUIAHKTOHHBIMUA (popMaMu, U OCEHHUU,
OIHAKO, B BECEHHUIM MaKCHMyM CO3[aeTCsi OCHOBHAas
Macca KpyITHOT'O PacTUTE/IbHOTO IJIaHKTOHA (AHTHUITOBA
u KoxoB, 1953; AnutunoBa, 1963; Ilonosckasa, 1977;
Popovskaya, 2000). IIpu 3TOM BeCceHHUIH MaKCUMyM
MpeBHIIIaeT OCeHHMI B oAHU roasl B 100 pa3 u GoJiee,
a B fpyrue B 2-8 pa3 (ITonosckas u ap., 2011). Takxe,
oTMevaeTcs mupokas oT 90 o 6000 mMr/m3, MeXroo-
BasA BapuabesbHOCTh Gromacc GUTOIJIAHKTOHA IIeJia-
ruanu (BotuHuesB u ap., 1975; [Tonosckas u ap., 2015;
Usoltseva et al., 2023). OTmeuaeTcs, YTO KOppeJIAnun
MeXOy OTAeJbHBIMU KOTJOBMHaMH balikaja 1o moka-
3areyiiM (PUTOIJIaHKTOHA OTCyTCTBYIOT (IlomoBckas,
1991).

Obmas 6uomacca GUTONJIAHKTOHA MPUOpPEXHOMN
30He Baiikasia B pa3Hble rofpl mepuoga 1958-1990 rr.
oT 2 no 18 pa3 Obla BhHIIIE 1O CPABHEHUIO C Iejiaru-
asbHOM vacThio o3epa (ITonosckas, 1991). B MmenkoBo-
JHOI 30He ObLIN 0oJiee OOMJIBHBI NWHOQMUTOBBIE poAa
Gymnodinium Stein. Ix 6uomacca Macca MOXeT JOCTU-
rath 100-300 r/m® (ITormoBckas, 1987).

Haunnaa ¢ 1980-x romos B mejaruaid o3epa
OTMEYAIOTCA CYI[eCTBEHHBlE H3MEHEHUs B BOJIOPO-
CJIEBBIX COOOIIECTBAX, BBHIPA3UBINUECA B CHIDKEHUU B
BeceHHeM IUJIaHKTOHe Aulacoseira baicalensis (K. Meyer)
Simonsen, Bo3pocmeii uncieHHOcTH A. islandica (O.
Miiller) Simonsen, Synedra Ehrenberg, Stephanodiscus
meyeri Genkal & Popovskaya, MeJIKOKJIETOYHBIX BUIOB
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LIEHTPUYECKUX AUATOMEH, MEJKUX XT'yTUKOBBIX BOJIO-
pociieit 1 maccoBoM passutum Nitzschia graciliformis
Lange-Bertalot & Simonsen (ITomoBckasa, 1991;
Popovskaya, 2000; Bondarenko et al., 2019). B mer-
KOBOJIHOM 4YacCTU 03epa B BeceHHeM (UTOIJIAHKTOHE
oTMeuaeTcs yBeJnueHre OOINA MEJIKUX, IMUPOKO pac-
MPOCTPAaHEHHBIX JUATOMEN M HAHOIUIAHKTOHHBIX XI'Y-
TukoBbIX (boHaapenko u Jlorauesa, 2016; BoHapeHkKo
u ap., 2020). Beicka3piBaeTcsi NpefIosioKeHUe, 4YTO
OCHOBHBIMM  (paKTOpamMHu, CTUMYJIUPYIOIUMH POCT
KT'YTUKOHOCLIEB B aKBaTOPUU O3€pa y MPUTOKOB, TO/I-
BEprawIunxcsi aKTUBHONW AaHTPONOIeHHONW Harpyske,
SABJIAIOTCA JTOCTYMHOCTDb JIETKOMUHEPAJIN3YEMBIX Opra-
HUYECKHUX BEIeCTB HapsAAy C MO3JHUM HACTYILJIEHUEM
U CHIDKEHUEM [JIMTEJIbHOCTH JIe[OCTaBa Ha oO3epe
(bonpapenko u np., 2022).

Haumnas ¢ 2011 r. B MesIKOBOHOM 30He Barikaia
PErucTpUpyoTCa CylleCTBEeHHblE U3MEHEHUA U B OeH-
TOCHBIX COOOIeCTBaX O3€epa, BBHIPAXXEHHBIE B MAacCCO-
BOM pa3BUTHMH HUTYATOM BOAOPOCIH poja Spirogyra
Link, xorma ee MpOEKTUBHOE MOKPHITHE JHA MOXET
nocturath 100% (Timoshkin et al., 2016). Hau6osee
OOWJIBHBI 3TU BOJOPOCJM Ha aKBaTOPHUAX, HMpUJIEraro-
X K HaceJéHHbIM yHKTaM (Timoshkin et al., 2018).

COOTBETCTBEHHO, TPH OTMUPAHUU ITH BOJOPOCIIU CO3-
JIAf0T TOMOJTHUTEIBPHYI0 MOPLIMI0 OPraHUYECKOTO Belle-
CTBa B KOJIMYECTBAx, He CBOMCTBEHHBIX JKOCHCTEME
o3epa.

JpyruM BaXHBIM COOBITUEM B 3KOCHUCTEME
Baiikasia HabJojaeMoro mnepuoda ObLT TEpPeXohd OT
peXuMa HU3KOU BOAHOCTH IIPUTOKOB 03epa K BICOKOM
mocyie 2018 r.(Puc. 1) (Sinyukovich et al., 2024). 3tu
“3MeHEHYs MOTJIM MOBJIUATH Ha MOCTYILIEHHEe OGHUOTeH-
HBIX KOMIIOHEHTOB C PEYHBIM CTOKOM B 03epo. [lInpuHa
30HBI CMEMIMBAHUA PEYHBIX U 6ANKAJIbCKUX BOJT MOXET
nocrturath 1-5 kM (Tomberg et al., 2019; Sorokovikova
et al., 2019; TomGepr u Ap., 2024), 1 GUTOMIIAHKTOH
MpUOpeXHON 30HBI MOXeT OBIThb UYBCTBUTEJIBHBIM K
TakuM M3MeHeHUsAM. COOTBETCTBEHHO, BJIUAHHE 3TOTO
npupoaHoro ¢akropa Ha GUTOIJIAHKTOH TaK JXe CJie-
JiyeT pacCMOTPeTh B JaHHOU padoTe.

B cpaBHUTEJBHOM acrmekTe MexAy (puroriaH-
KTOHOM Iejlarrajii ¥ MeJIKOBOJHOM 30HbBI, MOXHO KOH-
CTaTUPOBaTh, YTO (PUTOIJIAHKTOH MEJIKOBOJHON 30HBI
ropaszio MeHee U3y4eH, UCXO U3 YUCJIEHHOCTU CTaH-
{1 HAOJII0JIeHN, TaK U MPOJI0JDKUTEIbHOCTU BpeMeH-
HBIX PAOOB HaOJoAeHUs. BeposTHee Bcero, MMeHHO
(GUTONIAHKTOH MEJTKOBOLHO-IPUOPEXHBIX CTAHIUI
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JIoJKeH OBITh 60Jiee UyBCTBUTEJIBHBIM K aHTPOIOTeH-
HOMY BO3JEHCTBUIO. B cBA3M ¢ 3TUM, I€Ibl0 PaGOTHI
ABJIAJIOCH ONKCAHWE BUAOBOTO COCTaBa (DUTOIJIAH-
KTOHa MEJIKOBOAHOI 30HHBI Baiikamga MCXOAs U3 JIMM-
HUYECKUX O0COOeHHOCTell Mobepexbs o3epa M YPOBHA
aHTPOIOTreHHO! Harpys3ku. B mociiefyromieM 3Tu AaH-
HBIE MOTYT fABJIATHCA AAHHBIMH [Jis CpaBHEHUs AWHA-
MUKH BHOBOTO COCTaBa U KOJINUECTBEHHBIX XapaKTe-
PUCTUK DUTOIIAHKTOHA B PA3JIMYHBIX YacTAX Balikasa.

2. MeTtopab!

OT60p npo6 BOABI BBHIIOJIHAJICA Ha ABYX THIAX
cTaHIUi ¢ noMotbio 6atomerpa Huckuna (Tabnuna 1).
Ha nepBomM TuIie cTaHIU NpOo6H OTOMpPAH C TJIyOUHbI
1 m B 100-200 M oTr GeperoBoil JUHUU, TAe TJIyOMHA
o3epa cocTasJisyia B cpeHeM oT 5 10 50 M. Bropoii Tumn
CTaHI[UI OTHOCWJICA K Mejiarnyeckoil yactu Baiikaa,
rfe Takxe npoObl oToupanuch ¢ 1 M riy6uHsl. [Ipo6st
otoupanuck ¢ 2017-2022 rr B [Ba ce30HaA KOHeIl
Mas-Hauasio uioHsa (301 craHuusA) U BO BTOPOM IOJIO-
BUHe ceHT:A0ps (283 craHIuii).

Jlu1s BBIABJIEHUSI 0COOEHHOCTEN CTPYKTYPHI CO00-
mecTB GUTONJIAHTOHA B 3aBHCHMOCTU OT pacIosioxe-

Ta6suna 1. Crannuu npo6ootdopa

HUA TOYEeK ONpOoOOBaHUA IO CTENeHU AaHTPOTeHHOIO
BO3JENCTBUA U JIMMHUYECKUX OCOOeHHOCTell CTaH-
quu ObBUIM pa3fiesieHbl Ha ueTbipe rpynmbl (Puc. 1).
[lepBasg rpymna — palOHBI, COINpsXEHHble C BBICO-
KO aHTpONoOreHHON Harpy3koil. B IlepByio rpymmy
Bouwtu n. Kynryk, r. CioioasHka, r. batikanbck, BIIBK
(BeIBIINIA Barikaiabckuii L1eJLTI0JIO3HO-0YMasKHbIH
xoMbuHar), n. Tanxoi, r. babymkun, n. Typka, m.
Maxkcumuxa, r. CeBepobaiikanibcK, ycTbe p. Thid, 1.3a-
peuHoe, 6yx.CeHorna, c. Baiikanbckoe (Mmbic Jlyzgaps),
n. Xyxup, cr. MPC (nm.Caxiopra), n. byryaspgetika, m.
Bosbmioe I'osioycTHOE, B aKBaTOPUM, COIIPSXXEHHOM C II.
JIuctBaHka oTOnpanuck cranuuu CenHas, Hepnnnapuii
u BOM.

Bropas rpynna - paiioHbl ¢ HU3KOH WUJIU OTCYT-
CTBYIOIIEN aHTPOIOTeHHOU Harpy3kon. OTO CTaHIMU:
YnanoBo, Mbic. Baknanuii, mbic. ['opeBoil yTec, m-B
Cearoii Hoc (M. HuxHee H3rosioBbe), 0. Bosblioi
Ymikanuii, n. JlaBma, 6yx. Upunpma, 0yx. Tommnyna,
3as. Xakychl, Oyx. ®posnmnxa, M. KoTeJbHUKOBCKUI,
M. MyxwuHali, wmbic.EnoxuH, Oyx. 3aBopoTHas, M.
OnrypeHsl, M. PeiThIll, M. Apys, Mansle BopoTa (mpo-
juB Manele OJsibxoHcKHe BopoTta), Oyx. IlecuaHnas,
O6yx. BapHauka, 1. Bosbmue KoTel.

E N CraHuusa I'imy6una, M E N CraHuus I'nybuna, M
105,864 51,724 BabymkuH 12 108,664 | 54,538 Enoxun 9
104,135 51,529 Baiikanbck 20 108,480 | 54,282 3aBOPOTHBIN 10
106,069 52,530 Byrynbpeiika 26 109,663 | 54,829 Hpunna 16
104,190 51,523 BLIBK 13 109,108 | 55,043 KoTeslbHUKOBCKUI 20
105,419 52,021 B.I'osoycTHas 20 108,903 | 54,849 My>xuHai 15
109,311 55,588 3apeuHoe 5 108,525 | 53,495 Cs.Hoc 30
103,725 51,708 Kyntyk 36 106,911 53,018 Mauisie OJIbXOHCKHE 18

BOpOTa
109,212 55,357 Jlynapp 16 107,624 | 53,620 OHrypeH 13
108,735 53,268 MaxkcumMmuxa 105,705 52,259 Ilecuanka 7
106,890 53,021 MPC 108,034 | 53,829 PHITHIN 44
109,365 55,637 CeBepobalikajibCK 18 109,725 55,127 Tomnyna 26
109,228 55,567 CeHorga 8 108,666 | 53,863 B.YmkaHuii 20
103,724 51,664 CroasAaHKa 16 109,866 55,526 dposnuxa 23
105,125 51,648 Tanxon 19 109,809 55,355 Xakychl 6
108,191 52,953 Typka 22 105,064 | 51,900 B.KoThI 25
109,345 55,590 This 8 104,514 51,795 YnaHoBO 15
107,326 53,205 Xyxup 16 108,709 54,534 EstoxuH-nen
104,830 51,864 BESM 20 108,178 | 52,985 Typka-neJL.
103,719 51,718 Kynryk-nupc 6 104,913 | 51,818 JIncTBBAHKA-TIETT
104,843 51,864 Hepnunapuii 16 106,612 | 52,789 Asa 10
104,875 51,844 CeHHas 36 109,572 55,766 HuxHeanrapck 8
107,562 53,466 Apyn 15 106,797 | 53,043 Myxop
107,539 52,714 Baxsanuii 12 106,536 | 52,399 Cenen-B 10
105,103 51,902 Bapnauka 22 106,243 | 52,331 Xapays B 20
108,515 53,240 T'opeBoii yTec 6 109,125 | 53,790 YuBBIpKY ! 20
109,462 54,340 JlaBnia 17 104,352 | 51,797 IToJIOBMHHBII 25
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B TpeThlo rpynmy BOLLIM IejlarkyecKue CTaH-
1y Hanpotus (1-2 kM) n. JIucTBaHka, M. EjoxuH U 1.
Typka. B ueTBepTylo Ipynibl BOILIM paliOHBI, I'PaHU-
yamuye ¢ yCTbeBBIMU 30HaMU peK, U KpPYIHbIe 3aJIUBBL
Oto p. Cenenra (ct. Xapay3 u cr CeseHra-Beixon), p.
BepxHsasa Axrapa (BOsu3u n. HukHeaHrapck), 3ai.
Myxop (Mamnoe Mope), 6yx. As, mbic I10JIOBUHHBIN
(p. bonpmas IlosoBuHHAsA) U UUBBIPKYHCKUIN 3aJTUB.

Juia usmepenus xjopoduwia “a” Boay Guib-
TpoBasiu dYepe3 MeMOpaHHbIM GuiabTp 0.45 MKM,
3aTeM NOUTMeHTHl Bofopocjell skcrparupoBanu 90%
aneToHOM. CnekTpodoToMeTpHUYecKoe H3MepeHue
aleTOHOBOI'O 3KCTpaKTa MPOBOAWIIN A0 U IocJe MOoA-
KHUCJIEHUA COJIAHOM KHUCJIOTOH. PacueT KOHLeHTpanuu
xJjiopodusia “a” OCHOBHIBAJICA Ha U3BECTHHIX yIeJib-
HBIX CIIeKTPaJIbHBIX IIOKa3aTesiAX IOIJIOUeHUS CBeTa
ChL (I'OCT 17.1.4.02-90). ua ananu3a ¢UTOIJIAH-
KTOHa MpoOsl o0beMoM 1 1 puKCUpOBaIN pacTBOPOM
JIrorosiA 1 3aTeM KOHLIEHTPUPOBAJIU IIyTeM OCaXAeHus.
Bonopocsu noacuuTHBaIM ABaXbl B KaMmepe 00beMoM
0.1 M1 oz, cBeTOBBIM MUKpOckorioM Amplival ¢ yBesu-
yenreM X 800 u X 2000. buomaccy omnpepnessanu ¢ yue-
TOM oObema OTJeJIbHBIX KjleTok (KoxoBa u MesnbHUK,
1978; Benbix u ap., 2011).

W3 aHaim3a UCKIIOYaINWCh pefdkue BUAB GUTO-
IJIAaHKTOHA, KOTOpPBlEe 3a Bechb Iepuoj HCCJIeJOBaHUMN
Ha BceX CTaHNMAX UMeJId BCTpeuyaeMocTb MeHee 5%.
Crarucrudeckasi o0paboTka JaHHBIX Besiach B PAST 4.17
(Hammer et al., 2001). BugoBoe pasHoobpasue ole-
HUBAJIOCh Ha ocHOBe MHjAekca [llenHona u CuUMIICOHA.
MexrogoBass yCTOMYMBOCTh BHIOBOIO COCTaBa MJiA
KaxJ0ol CTaHIMHM OlLleHMBaJlach Ha OCHOBe HHJeKca
XKakkapa. Hampumep, cpaBHMBajIoOCh KaK BHUJOBOH

cocrtaB 2017 r. otinyaercs oT TakoBoro B 2018, 2019,
2020, 2021 u 2022 rT., 4 TaK jgajee c nmepedbOpoM Bcex
BO3MOXXHBIX KOMOMHanmii. [ucraHuusa bpesa-Kepruca
HCIIOJIb30Bajach IpU HenapaMeTpHUyeckoM MHOIOMep-
HOM IukanupoBanuu (nMDS) u xyiacTepHOM aHanu3e.
OmnpepesieHre YMCIeHHBIX TapaMeTpoB I'PaHuI] KJ1acTe-
POB IPOM3BOAMIIOCH HAa ocHOBe MeToja K-medoids.

Hnpekc canpobHOCTH paccuuThiBascA
MHAEKC CcampoOHOCTM  KOHKPeTHOro Buaa IO
JaurepaTypHeM faHHbBIM (BapuHoBa u aAp., 2006;
Bomopociu:  cmpaBouHuk, 1989).  batikajbckum
SHJEeMUKaM NprcBauBajICsA WHAEKC 0.4
(kceHO-0JTUTacONPOOUOH).

3. Pe3ynbTathl U AUCKYCCHA
3.1. BeceHHUN QUTONNAHKTOH

Budosolti cocmas, pazHoobpasue u buomacca

B BeceHHeM GUTONJIAaHKTOHE JOMUHHPOBAIIU
JuaTtoMoBble Bomopocau. Eciu paccMmaTpuBath c000-
mecTBO (PUTOIUIAHKTOHA MO GuomMacce, TO AMATOMO-
Bble OBLIM abCOJIIOTHBIM AOoMHUHaHTamMu (67,5%), gojs
30JI0TUCTHIX cocTapiisia 15%. CpenHss 6uomacca qua-
TOMOBBIX B 1, 2, 3 u 4 rpynnax Osu1a 756, 561, 713 u
904 mr/m3, cootBeTcTBeHHO (Puc. 2). XoTsa B 2021 r. Ha
CcTaHIUAX 3 U 4 rpynn cpefHue 61OMAacchl JOCTUTATIU
o 1200 mr/m3. MakcumasibHO HaOJIiogaemMoe 3Haue-
HHe 6uomacchl (3901 mr/m3) 6bU10 y St. meyeri Ha CT.
MPC B 2022 r. MexroaoBas U3MeHUYUBOCTh OTKJIOHe-
HUA OCpeTHEHHBIX 3HaUeHUI1 6roMacc cpeu JUaTOMO-
BBIX BecbMa 3HaumTeJsbHasA, oT 163 (1 rpynma) go 454
(3 rpynma) mr/m>.
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Puc.2. PacnpenenenHue 3HaueHuil Ouomaccel (A) u umcijieHHocTu ¢uroriankroHa (B)
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CpenHssa 6uomMacca 30JI0TUCTBIX BOIOpOCyieii B 1,
2, 3 u 4 rpynmax 6suta 94, 214, 167 u 242 mr/m®, cooT-
BetcTtBeHHO (Puc. 2). MakcumajibHOe HaOJII0qaeMoe
3HaueHue Guomaccel (1641 mr/m®) 6s10 v Dinobryon
cylindricum Imhof Ha cT. Apyn B 2017 r. MexromoBoe
OTKJIOHEeHMe OCpeHEHHBIX 3HaueHUIl 6uomacc cpequ
30JI0THCTHIX BapbupoBasio oT 66 (1 rpymmna) mo 237 (2
rpymmna) mr/m3. CpefgHue 6MOMAacChl APYTHUX OTIIEJIOB
¢uTorIaHKTOHA B OOJIBIIMHCTBE CJIyuae He IpeBhl-
masu 100 mr/m® (Puc. 2). X0OTA B €IUHUYHBIX CITyYasx
MOTJIU OCTUTATh 3HAUYUTEIBHO BBICOKUX MOKa3aTeJIek.
Tak Ouomacca 3eneHON Bogopocsiu Dictyosphaerium
pulchellum Wood 6wu1a 1179 mr/m® B 3aim. Myxop B
2019 .

Haubonpmnie 3HaueHus Ouomacc ¢GUTONIIAH-
KTOHA PErucTpUpOBAJIUCh HA CTAHLUUAX 4 TPy, Te
cpeqHee 3HayeHUe cocTaBwio 1443 wmr/me. Pasmax
kosiebaHuil 6rioMacc U UX cpejHUe 3HAUYeHHs Ha CTaH-
nuax 1-3 rpymnn 6butn cxoxuMu. Tak cpelHue 3Haue-
Hus 6611 974, 933 1 945 Mmr/m® niA ctannmii 1, 2 u 3
TpYIII, COOTBETCTBEHHO.

Jluama3oH MeXroIOBhIX KoJieOaHUI 3HaueHUI
6uomMacchl (PUTOIUIAHKTOHA Ha CTaHIMAX BechbMa 3Ha-
YyyuTeJIeH U MOXeT JOCTHUraTh HEeCKOJIbKO ThICAY Mr/mS3
(Puc. 3). Ecnu paccmaTpuBaTh MaKcUMaJlbHBIE 3Ha-
yeHUsA OMoOMacc, PErucTPUPOBAHHBIX [JIsI KaXOro
roga, To cpeau cTaHUMHN 1-i1 rpynmsl MakCUMyM OTMe-
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Puc.3. Pacnpenesnenus 6uomacc o craHuusaM BecHol 2017-2022 rr. Ha jieBolt maHesu CTaHI[UU,

yeH Ha cT. MPC (4913 mr/m®) B 2022 1., x0T B 2021
610 277 wmr/wme. Ona 2-i rpymmsl - 3803 mr/m® Ha
ct. KorenpHukoBckuil B 2022 r., a B 2017 >Ta Beu-
yrHa 6611 92 Mr/me. [iia 3-8 rpynmsl - 3505 mr/m® Ha
ct. Enoxun-Tlenaruanpe u 97 mr/m® B 2018 1. s 4-i
rpymms - 3154 mr/m® Ha ct. Xapay3 B 2019r. 1 697 mr/m®
B 2018 .

B mHorosetHem acnekre, HauboJiee CTaOUJIBHEI
6pin craHuum IOxHoro Baiikasma B palioHe moC.
JluctBsanka u b. Kotwl. Eciin paccMmartpuBath cpefgHUe
3HaueHuss Oumomacc mia 2017-2022 rr., TO CTaHIUH
MOXHO pasfejuTh Ha Tpu kJiacca: 60-799, 800-1359,
u 1360-2100 mr/m® (Puc. 3). IIpu 3TOM MUHUMAJIbHBIE
3HaueHus 0HMoMacchl perucTpUpOBaJINCh Ha CTAHIUAX,
PacCIOJIOXXeHHBIX KaK C BBICOKOH, TaK U HU3KON aHTpO-
MIOT€HHO Harpy3Komn

Bricokue 3HaueHHsA OroMacc IOMHMO CTaHIUM,
OTHOCAIMUXCA K 4-11 TpyMIie, perucTpUpOBaJIiCh TaKxke
B paiioHe ropofioB batikanbck, babymkuH u B paiioHe
nostyoctpoBa Cs. Hoc (Puc. 3).

beulo mpousBefeHO cpaBHeHHe MHTEHCHBHOCTU
pa3BuTuA OnoMacchl (UTOIJIAHKTOHA OT IMPOAOJIKH-
TeJIbHOCTU Oe3jieqHOro nepuoja Ha MOMEHT oTOopa
npo6sl (Puc. 4). Bo Bcex ciiyvasx Ha Havajio SKCIeau-
1y IOxHasA KOTJIOBHMHA OKOJIO MecsAlla HaXOAWsach
6e3 JjieqoBOrO MOKPOBA M HU3KHe 3HaueHUs OGuomacc
Ha I0’KHBIX CTaHI[UAX MOIJIM OBITh OOBACHEHHI, 4TO pas-

2017-2022
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T T T T
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BbIA€JIEHHBbIE KpaCHbIM

LIBETOM, OTHOCSATCA K 1 rpymnne cTaHIUN, CONPsKeHHBIX C BBICOKON aHTPOIIOTeHHON Harpy3Kom.
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Puc.4. CocTossHME JIeA0OBOTO NOKPOBAa B MOMEHT BCKpBITHA HOXHOI (JieBbIi1 cHUMOK) 1 CeBepHO¥ (IIpaBBIii CHUMOK) KOT-
noBuH batikana. 'opr3oHTasbHBIE HAANKCH - YUCJIO JHEH B KOTOPOM Haxo[ujach ceBepHas OKOHEYHOCTh o3epa B 6e3jieHOM
COCTOSIHUM Ha MOMEHT IIpoBefleHus sKcnequunu. Ha cxeme mokasaHsl 611OMacchl Ha CTaHIUAX U JaTa oT6opa npoo.

BUTHE (PUTOIUIAHKTOHA HAaXOAWUTCA B 3aBepliaiouieid
craauu. OfHAKo, 3TO He Bcerga Tak IIPOMCXOAUIIO B
MexrofoBoM acnekrte. Hanpumep, B 2021 r. Ha cras-
nusax B. Kotsl, B. l'onoyctHoe, Ilecuanka, byryapaerika
PerucTprupoBaJIiCh NMOBHIIEHHbIEe OrioMacchl. CTaHIuu
CeBepHoro baiikasa Ha MOMEHT OnpoOOBaHUA dalle
BCEro HaxoAWJIUCh 6e3 jiefoBoro nokposa 12-15 aner,
C MMHUMAJIbHO IPOJOJIXUTESIBHOCTBIO 8 AHell B 2019
I. 1 MakCHMaJIbHOW NMpOAOJIKUTebHOCThI0 30 AHel B
2020 r. OgHako, ¥ NpU TaKUX BpeMeHHBIX pa3bpocax
HeT OJJHO3HaYHOU JIMHEHHON B3aMOCBA3U MeX/y 3Ha-
yeHUAM OroMacc GUTOIVIAHKTOHA U ¢ MOMEHTA OuHlIe-
HUA 0TO JibAa A0 oTOopa npodb. [TokasaTespbHa cTaHIUA
o. B. Ymxkauuii. B 2019 r. oHa Ha MOMEHT HCCJIeJO-
BaHuA Ob1a B 0e3JIeJHOM COCTOSHHUHN OKOJIO 8 JHEMH.
3HaueHue O6uomacchl GUTOILIAHKTOHA B 3TOT MOMEHT
6b10 3apeructpupoBadHo 3430 mr/m® Xotsa HauboJsiee
yacThle, perucTpyupyeMble 3HaueHUs Ouomacca puro-
IJIAHKTOHA [JIA OTOM CTaHI[MY ObLIM B Juana3oHe 360-
550 mr/m®.

Jl714 xapakTepucTUKu GU3U0JIOTNYeCKOro COCTO-
AIHNAA BOJOPOCJIEBOrO coodlecTBa 0oJblIOe 3HaYeHue
MMeIOT JaHHBle O cojiepxaHuu ¢peoduTHHA — NMEepBUY-
HOro NpoAyKTa pacnaga xjopodusia. CrapeHue uin
pacmaj XJOpoIJlacTOB BelleT K pa3pylleHUI0 XJIOpO-
duta, tepserca woH Mg?*t, uro mpuBOAUT K oOpa-
3oBaHuio (eodurtnHa. TakuM o00pa3oM, OTHOIIEeHNe
xjopoduinia-a k peodpuruny a (chl-a/deo) mensiue 1,
yKasblBaeT Ha OTMHpaHHe U pasJiokeHHe BOAOpocyei
(BputToH, 1986). Pacnpenenenue uHngekca chl-a/dpeo
Ha cTtaHyAx B 2021 r. nokasbplBaeT BeCbMa CTPaHHYIO
kaptuny (Puc. 5). Tak crannuu lOxHoro u CpegHero
Batikasa HecMoOTps Ha TO, YTO HAa MOMeHT IpobooTHopa
HaxXoWJINUCh yXe 26-36 AHell B Oe3JieAHBIX YCJIOBUAX
VMeJId BBICOKME 3HadyeHHsA 3TOro MHJAeKca, YTO CBH-
JeTeJIbCTBYeT O «MOJIOJOM» cooOIecTBe (PUTOIIIaH-
kToHa. B 1O Bpemsa y crannuii CeBepHoro bBaiikaia,
KOTOPBIN HaXoAWJICA B Oe3JIeJHBIX yCJI0BUAX IPUMEPHO
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12 nHel, 5TOT UHAeKC ObLT HUXe 1, YTO TOBOPUT O «CTa-
poM» coollecTBe, XOTA OnoMacca (PUTOIIAHKTOHA
OBLJIa BBICOKOI. DTO MOXHO OBLJIO OBl OOBSACHHUTH, UTO
B lIOxHOM u CpenHem Balikasie mpeoGiafanu MeJiKo-
KJIeTo4Hble (POpMBI (PUTOIJIAHKTOHA, C BBICOKOHM CKO-
POCTBIO AeJIeHUs KJIeTOK W OBICTPO NpOAyLUpYIoLre
«MOJIOJloe cooblecTBO» MPU HU3KOM 6momacce. B To
BpeMs Kak B CeBepHOM Balikasie JOMMHHUPOBaJIM KpPyIl-
HOKJIeTOYHble (GopMmbl. OAHAKo, aHaIW3 pasMepHO-
ctu ¢uromnankroHa IOxHoro u CeBepHoro Baiikana,
[IOKa3bIBaeT, YTO OCHOBHBIM JOMHUHATOM B OOOMX CIIy-
qyaeB OBLIM MeJIKOKJIETOYHble (POpMBI C pa3MepaMu 0
4um® 1 oHU OBLTTM 60JIee MHOTOYNCJIeHHB B CeBepHOM
Barikase (Puc. 5). B 2022 u 2023 rr. TakKoro aHoMaJib-
HOr'O paclpejiesieHus UHeKca He HabJI10Ja1ocCh.

Ecnu cpaBHUBaTh pacnpejesieHrde MUTMEHTHBIX
XapaKTepuCTHK Mo cTaHuuaM 3a 2021-2022 rr. meTto-
aom UMAP, To MOXHO yBUJETb TPU YETKUX KJlacTepa
(Puc. 5). Tosnbko knactep 2 npeAcTaBjeH CTaHIUAMHU,
IpUHa[/IexamuMu K oaHoid CeBepHOI KOTJIOBUHE.
Knacrepsl 1 1 3 npeAcTaBjieHBl CTAaHIUAMU BCEX TpeX
KOTJIOBUH U nposinBa Majioe Mope, npyudeM B OJHOM
KJlacTepbl HaxoOOATCA CTaHIMW, KpaliHe yJaJleHHble
apyr ot apyra. Hanpumep, ct. Xakychl 1 KyJTyk B Kia-
crepe 3, wiu cT. BIIBK u H. Anrapck B xiacrtepe 1.
[Ipu sTOM CileAyeT OTMeTUTh, YTO CTAHLIUM KJIacTepOB
1 u 2 xpaliHe HEMOX0XU MeXAy cO00M 0 MUIMeHTHBIM
XapaKTepHCTHUKaM, XOTA UMeIOT reorpapuueckyio 6Ju-
3octb. Hanpuwmep, crt. BIBK (xactep 1) u CaroasHka
(knacrep 3).

Taxum 06pa3oM, MBI He HAXOAUT BECOMBIX JOKa-
3aTeJIbCTB TOr'O YTO, MPOAOJDKUATEJIbHOCTD Oe3j1eJHOTrO
nepruoja BeCHOH ABJIAETCA KJII0UeBBIM (paKTOpOM B pas-
BUTHH BeceHHero (pUTOIJIAHKTOHA.

Ecn paccMaTpuBaTh KpUTEpUIl YMCJIEHHOCTb
KJIETOK, TO B JIOMMHaHTax OyayT AuaToMoBble (42%),
3eJjieHple Bojopocsu (26%) u 3osotucteie (20%)
(Puc. 2). CpeiHAA YMCJIEHHOCTh AUATOMOBBIX B IpyInax
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Puc.5. ITaHesb A — cooTHoIIleHUe 61oMacchl (3ejleHHasA KpuBas) U uHjekca - chl-a/deo (cupeHepas kpusas). Cepblii IpAMO-
YTOJIBHUK — BBIJIeJIAeT CTAHIIMHU C MOBBIIIeHHBIMU 3HaUeHUAMHU peodUuTHHA, MapKupylie «CTapeHne» coobiiecTBa GuTonIaH-
kToHa. [Ta"ens B — pe3ynpraTel MeToga UMAP (uckasiocs 10 coceneir, min.dist 0.2). [Taness B — Pacripefenesue GUTOILIAaHKTOHA
mo o6beMy kieTok. Ha Bcex maHessax cokpaimeHus - Cesepnbiii Batikan (CB), FOxusiii Baiikan (F0B), Cpemgnuii Baiikan (LIB),

Masioe Mope (MM).

1, 2, 3 u 4 6p1a 598, 346, 299 1 1091 ThIC.KJI/J, COOT-
BeTCTBEHHO. MakcuMasibHyI0 YicjIeHHOCTh (9768 ThIC.
KJI/J1) cpeau auatoMen umen Stephanodiscus minutulus
(Kiitzing) Cleve, Moller B 2021 r. Ha cr. CeJjeHra-
BbIxoAd. CpeqHsAA YMCJIEHHOCTh 3€JIeHBIX BOAOPOCel B
rpynnax 1, 2, 3 u 4 6buta 284, 253, 95 u 865,5 ThIC.
KJI/JI, COOTBETCTBEHHO. MaKCHUMaJIbHYI0 YMCJIEHHOCTb
(7968 TrIC.KJI/JT) TOKa3as Dictyosphaerium sp. B 2022
r. B YuBbIpKylickoM 3anuBe. CpefqHsAA 4MCIIEHHOCTb
30JI0TUCTHIX BoAopocJel B rpymnax 1, 2, 3 u 4 GbLia
228, 265, 172, u 464 TBHIC.KJI/JI, COOTBETCTBEHHO.
MaxkcumarsnbHyio uncjaeHHocTh (5000 Thic.KJ1/1) cpeau
rantoduToBsix uMes Chrysochromulina parva Lackey Ha
cT. Makcumuxa B 2020 r. CpeqHsAA YMCJI€HHOCTh CHHe-
3eJIeHBIX BOZOpOCJell He mpeBbimana 12,8 TeIC.KJI/JI,
KpUNTOQUTOBBIX - 343 THIC.KJI/JI, AMHOPUTOBLIX - 15,6
TBIC.KJI/JT1 U €BrJIEHOBBIX - 0,2 THIC.KJI/JI. DUTOIIaHKTOH
ObL71 HanbosIee 06uJIeH Ha cTaHIuAX 4 rpymnmsl (Puc. 2).

BupaoBoii cocTaB Ha CTaHIMAX He O4YeHb Oorar.
Hanbosiee yacTo BCTpedarTCs CTAaHIUU B KOTOPBIX
obHapyxuBaetrca 15-22 Buga. MuHMMasbHOE KOJIMYe-
ctBO BUI0B (3) 6b110 Ha cT. CenHas B 2017 r. HaubGoJiee
BBICOKME 3HaueHUs BUAOBOTrO paszHooOpasus 40-45
BUAOB HMeJIM CTaHIMU pacloJIoXeHHble B palioHe
nenbThl CesteHru. Buaosoe pasHoobpasue ctaHnui 1-3
TPYIII CONIOCTaBUMO, HO Ha CTAHIMAX 1-H rpyMIiHl yaie
OTMeualoTcA BBIOPOCH OT cpefiHero 3HauyeHus (Puc. 6).
CraHuuu 4-i rpynnsl XapakTepyu3yloTcs HanuOOJIbIINM
BUAOBBEIM pa3HOOOpasueM.
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Eciu paccMaTpuBaTh cpeqHEMHOTOJIETHUE 3Ha-
YEeHUsI, TO 110 BUAOBOMY GOTraTCTBY CTAHIMU AEJIATCA Ha
TPHU KJIacca B KOTOPHIX KoJInyecTBO BUA0B 13-19, 20-26
n 27-41. CraHiyu NepBOro KJjacca 4MCJIEHHO OMU-
HUpYyIT. Hanbosee yacto oHU BeTpevawTcs B FOxHOM
Baiikasile 1 BHOJIb 3amagHoOro mnobepexbsa CeBepHOro
Barikasna (Puc. 6). Ucnons3oBaHue NHaeKcOB CHMIICOHA
u IlleHHOHA, MOKa3bIBAa€T, YTO C IMO3WUIUN BHIOBOTO
pasHoo6pa3us U JOMUHUPOBAHUSA He BBIABJIAIOTCA 3Ha-
YUMBIE PA3JIMYUA MeXOy BCEMU YeTHIPbMs TpyNIamu
(Puc. 6) B MHOTOJIETHEM acliekTe. XOTA paclipefiesieHue
nHAekca CUMIICOHA [JIA CTAHOUH 1-1 Ipynimbl cMeIeHo
K HEBBICOKMM 3Ha4YeHUsAM, CBUJETEJIbCTBYIOLIEE, UTO
B HEKOTOpBIe TOJlbl HA CTAHIUAX JOMUHHPOBAJI OAVH
BuA. CpegHue 3HAUeHUs 3TUX WUHOEKCOB [UIA psAAa
2017-2022 rr., NIOKa3bIBalOT, YTO OOJILIIMHCTBO CTaH-
UM 10)KHOU U I[eHTPaJIbHON KOTJIOBUH XapaKTepu3sy-
I0TCA HEBBICOKMM BHOpa3HooOpasueM c mpeobJiaaa-
HHEM HECKOJIbKUX BUIOB Ha CTAHI[UM.

Cpenn nmaHoGakTepuil HUAEHTUPULUPOBAHO
16 BumoB, Anabaena Bornet & Flahault (ATs BUIOB,
oauH sp.), Aphanizomenon flos-aquae Ralfs ex Bornet
& Flahault, Gloeocapsa limnetica (Lemmermann)
Hollerbach, Gomphosphaeria lacustris Chodat, Lyngbya
limnetica (Campbell), Anagnostidis, Marssoniella elegans
Lemmermann, Merismopedia tenuissima Lemmermann,,
Oscillatoria Vaucher ex Gomont (Tpu sp.), Phormidium
Kiitzing ex Gomont (oauH sp.). Anabaena sp. siBJiAeTCsA
abCOJIFOTHRIM JOMUHAHTAM CO CPeIHUM COJAepKaHUEM
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Puc.6. Bugosoe pazHooOpasue GUTOIIAHKTOHA. 1- YKCJIO BUAOB Ha CTaHIUAX, 2-uHAekc [llenHoHa, 3 - nHAekc CUMIICOHA,
4 - cpeIHEMHOT0JIETHSASA IOJIA BU/A B CBOEM TaKCOHe (II0Ka3aHBI TOJIBKO JOMUHAHTHBIE BU/Ibl, YUCJIEHHOCTh KOTOPBIX 6osiee 4%

B TaKCOHe).

8,3, 11,5, 16,7 u 23,9% B rpynne 1, 2, 3 u 4, cooTBeT-
CTBeHHO. L. limnetica siBnsieTcs cy6JOMUHATOM CO Cpel-
HUM cofepxxaHuem 5,8% B 4-i1 rpymre (Tabnuna 2).

3os10THCTBIE BOJIOPOCIIU OBLIM IIpeJicTaBjieHbl 11
Bugamu: Chromulina sp., Ch. melosirae, Chrysosphaerella
baicalensis Popovskaya, Dinobryon bavaricum Imhof,
D. cylindricum, D. divergens, D. sociale (Ehrenberg),
Ehrenberg, Dinobryon sp. 1, Kephyrion sp., Mallomonas
vannigera Asmund, Synura petersenii Korshikov, u
nuctamu. Cpenu 30JIOTHUCTHIX U TanTodUTOBEIX JOMU-
HaHTOM sBJAeTca Ch. parva, cpefHsA NOJsA KOTOPOH
cocrtasJiana 47-53% u Dinobryon cylindricum (27-36%).

B coctaB KpuUNTOQUTOBHIX BOJOPOCIHEIN BXO-
auyd BoceMb BUAoB: Rhodomonas pusilla (Bachmann)
Javornicky, Cryptomonas sp. 1, sp. 2, C. erosa Ehrenberg,
C. gracilis Skuja, C. marssonii Skuja, C. ovata Ehrenberg,
C. reflexa (Marsson) Skuja, 1939. AGCOJTIOTHBIM IOMU-
HAHTOM cpean KpunTodUTOBBIX sBJAeTcss Rh. pusilla
(98-100%).

JuHOodUTOBEIE Ipe[CTaBJIeHbl WIECTHI0 BUAAMU
Gyrodinium helveticum (Penard) Takano, Horiguchi,
Gymnodinium baicalense Antipova, Peridinium baicalense
Kisselev, Zvetkov, Peridinium sp. (euriceps), Glenodinium
sp- 1, sp. 2. Cpeau KOTOPBHIX BO BCEX Ipynmax AOMHU-
HUPYIOT Glenodinium sp. 1 (43-48%) u G. helveticum
(31-34%).

JuatomMoBele BOOOPOCIX IpeACTaBjieHB 27
Bugamu A. baicalensis, A. islandica, A. granulata
(Ehrenberg), Simonsen, Aulacoseira sp., Melosira
varians Agardh, Cyclotella minuta (Skvortsov) Antipova,
C. baicalensis Skvortsov, Meyer, 1928, C. ocellata
Pantocsek, C. meneghiniana Kiitzing, Cyclostephanos
dubius (Hustedt) Round, Stephanodiscus minutulus,
St.  hantzschii, St. meyeri, St. makarovae Genkal,
Stephanodiscus sp. 1, Synedra acus subsp. radians
(Kiitzing) Skabichevskij, S. ulna (Nitzsch) Ehrenberg, S.
ulna var. danica (Kiitzing) Van Heurck, S. acus Kiitzing,
N. graciliformis, Nitzschia sp., Fragilaria crotonensis
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Kitton, F. capucina Desmaziéres, Tabellaria flocculosa
(Roth) Kiitzing, Diatoma elongatum (Lyngbye) Agardh,
Asterionella formosa Hassall, Ellerbeckia teres (Brun)
Crawford ex Houk & al., a Takxxe crmopsl + ayKCOCIOPBL
Bo Bcex rpymmax qoMuHUpoBasa S. acus subsp. radians
(40-63%), korma MUHMMAaJIbHAsA MW MakKcHMaJIbHas
ee noJss 6buia B 4-11 u 361 rpymnmnax, COOTBETCTBEHHO.
Menee mHorouncyieHHbIMU (11-19% cpenu nuatomeit)
ot N. graciliformis u St. meyeri. Jlojia Opyrux aua-
TOMOBBHIX BHJOB He IpeBhllIasa 7%, a 3a4acTyio ObLia
MeHbIe 1%.

Camoll MHOrOYMCJIEHHON T'pYMION ObLIN 3ere-
Hble Bogopociu (34 Buga): Koliella longiseta (Vischer)
Hinddk,  Monoraphidium  arcuatum  (Korshikov)
Hindak, M. contortum (Thuret) Komarkova-Legnerova,
Ankistrodesmus sp. 1, Elakatothrix genevensis (Reverdin)
Hindak, Actinastrum hantzschii Lagerheim, Binuclearia
lauterbornii (Schmidle) Proshkina-Lavrenko,
Closterium sp., C. ehrenbergii Meneghini ex Ralfs, C.
moniliferum Ehrenberg ex Ralfs, Coelastrum microporum
Nigeli, Cosmarium sp., Dictyosphaerium pulchellum,
Dictyosphaerium sp., Kirchneriella intermedia Korshikov,
Lagerheimia genevensis (Chodat) Chodat, Pediastrum
boryanum (Turpin) Meneghini, P. duplex Meyen,
P. tetras (Ehrenberg) Ralfs, Scenedesmus acuminatus
(Lagerheim) Chodat, S. acuminatus var. biseriatus
Reinhard, S. bijugatus Kiitzing, S. denticulatus Lagerheim,
S. obliquus (Turpin) Kiitzing, S. quadricauda Chodat,
S. acuminatus var. elongatus Smith, S. sp., Schroederia
setigera  (Schroder) Lemmermann, Sphaerocystis
schroeteri Chodat, Staurodesmus sp., Oocystis lacustris
Chodat, Oocystis sp., Chlamydomonas sp., Volvox aureus
Ehrenberg. HecmoTps Ha Takoe BUIIOBOe OOwWIHE, B
3HAUMMBIX KOJIMYeCTBAaX Cpedu 3eJIeHBIX BOIOpOC-
Jieri otMedeHHl K. longiseta (28-48%, MUHUMYM B 4-ii
rpynne craHiuil), M. arcuatum (34-43%, paBHOMepPHO
pacnpefiejieH 1o BceM rpynmnam craHuuii), M. contortum
(4-6%, paBHOMEpPHO paclipefie/ieH [0 BCeM TIpyIiam
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cra"umit), D. pulchellum (3-6%, paBHOMepHO pacrpeje-
JIeH TI0 BCceM TpyIIIaM CTaHIME), U Dictyosphaerium sp.
¢ MakcuMyM (9%) B 4-i1 rpynmne craHiuii. Josa Apyrux
BUJIOB ObLJIa MeHbIe 3%.

EBrjieHOBble BOAOPOCJIU OBLJIM HEe MHOTIOYHC-
JIeHHBI U npejcraBiieHbl Euglena Ehrenberg (tpu sp.),
Trachelomonas hispida (Perty) Stein, u Trachelomonas
sp. Haubosbliyo 4yncjieHHOCTh OHM IOKaszaiu B 4-U
IpyIIle CTaHIUI NIpU CpeIHUX 3HaUeHUsX o Euglena
Sp- 2, sp. 3 9 u 11%, cooTBeTcTBeHHO. Bce ocTasibHEIE
BUABI MeJIU CpefHHe 3HaueHNA [0JId MeHbIe 5%.

B cpaBHHUTeJIBHOM aclekTe IO YHCJIEHHOCTU
duTomIaHKTOHA HA NeJlarn4ecKux CTaHIUAX U PAAOM
C HHUMH pacloJIOXeHHbBIMU IPUOPEXHBIMM CTaHLU-
avu  (JlucrBanka-Ilen-bBOM, CenHas, Hepnunapuii,
Typka-Ilen-Typka, Enoxun-Ilen-Enoxun), cienyer, 4To
TOJIBKO OrpaHHYeHHOe YHCJI0O BUJOB B NPUOpEXHBIX
CTaHIMAX He3HaYuTeJIbHO MHOI'OYKCJIEHHE! [10 CpaBHe-
HUIO C Ilejiaryaseio. Hanpumep, Ha cTaHIuAX B palioHe
noc. JIucTBAHKA OTMedaeTcsA IpeBHIIeHNe YHUCIeHHO-
ctu Chlamydomonas sp. B 1,6-13 pa3, N. graciliformis
B 3-5 pas, Ch.parva B 1,5-3 pasa, A. baicalensis, A.
islandica, Rh.pusilla, S. acus subsp. radians, K. longiseta
u D. cylindricum He GoJiee yeM B 2,5 pa3a. Ha craHn-
1y EnoxuH npeBbllieHne B TpU pas3a 3apUKCHPOBAHO
ToJibko AyiA Glenodinium sp. 1. Ha crannuu n. Typka
MpeBbilIeHre uMei ToabKko Ch. parva B 13 pa3 u K.
longiseta B 3,8 pa3. Typka ABJIsI€TCA YeTBEPTOUN PEKOH 11O
o6beMy BOJ, locTaBsiAeMblX B baiikai, nocie CesieHry,
BepxHneii Auraps! u BaprysuHa.

Ecin  npennosioxutb, 4To p. baprysun wu
BaprysnHckuil 3aJuB ABJIAIOTCA UCTOYHUKOM [JIA pas-
Hoca ¢uromnsiaHkTOoHa B CpenHiolo U CeBepHYI KOT-
JoBuHHI Baiikasia, To npeBbllleHre Ha CT. MakcuMuxa
Hag cr. CB. Hoc (M. HuxuHee U3rosoBse) 6su10 v Ch
parva u S. acus subsp. radians B Tpu pasa. [Ipyroi «map-

Kephl» TepeHoca Takue Kak C. ocellata oTcyTcTBOBajia
Ha ofeux craHUUAX, a St. meyeri B MaKCUMaJbHOM
kosnyectBe 1110 TeIC. KJI/71 OBLT OOHapyXeH Ha CT.
Cs. Hoc B 2022 r. [Ina Bcex APYrux BUJOB Ha BBHILIeE-
MepevyrcIeHHBIX CTaHIMAX NpeBbIlIeHNe ObJIO MeHee
YyeM B /IBa pa3a Wiu oTcyTcTBoBasio. Takum ob6pa3om 3a
mIecTh JieT HaOJII0/IeHni], Mbl He HaxoJUM IOATBEPX-
JieHre TpeOIoJIOKEeHNI0, YTO «DOoJIbIIass YacTbh BUIO-
BOro coctaBa GUTONJIAHKTOHA MeJjlarvuajii B OTKPHITOM
Batikase He XU1BeT, a IPUCYTCTBYET B CBA3U C BBIHOCOM
13 peK, COPOB U 3aJIUBOB».

OneHuBasi MeXIOJIOBYI0O IMPOCTPAHCTBEHHYIO
M3MEHYMBOCTh COOOIIECTB PUTOIIAHKTOHA Ha OCHOBE
nHaekca JXakkapa, MOXHO YBHUJIETb, UTO COO0OIjecTBa
MMeI0T He YCTOMYMBBIM BUAOBOM coOcCTaB. XapakTep
pacnpefiesieHrss OJIM30K K HOPMaJIbHOMY U OOJIBIINH-
CTBO CTaHIMII TNOKa3ajid paclpejesieHre HHJeKca B
auanasone 0,4-0,55, co cpegHuMm 3HauveHuem 0,47
(Puc. 7). Ilpu Takux paclipefieJleHUAX HeJb3sA OOHO-
3HAYHO TOBOPUTB, UTO KaKasA-TO PyIIa CTaHIUN NMeeT
6ojlee YCTOMYUBBII MeXroJIOBOM BHUOBOMI COCTaB, a
Kakasg-to HeT. Cpeou TMOJIYYEHHBIX paclnpenesieHuil
CTaHIUM 3-U T'PYIIB UMEIOT MEHBIIYI0, a 4-i1 TPYIIIbL
6OJIBIIYI0 MEXTONOBYI0 N3MeHYMBOCTh. CTaHuu 1-i1 u
2-U1 rpynn xapakTepu3ynTcsa 60JbMUM pa3dpocoM 3Ha-
yeHUA MHAeEKca. [ kaXxaoi cTaHIUM ObLI paccuuTaH
MPOIIEHT BCTpeuaeMoCTU nHAeKkca 6obiie 0,47, 4ToOb
OIleHUTh, KaK 4acTO BCTPevaroTcsA CTAaHLUM C HU3KOU
MeXrofOBOM W3MEHUYMBOCTbIO. JTO paclupefeyieHue
paszaesnio CTAHI[MM Ha TPU KJlacca, B KOTOPBIX BCTpe-
YyaeMOCTb 3HaUeHUl nHjiekca 6oJibiie 0,47 HaX0UIIOCh
B auanasoHax 10-33 % (BeicoKass MeXroaoBas M3MeEH-
YUBOCTH), 33-60 (cpeHssA MeXrofoBasi U3MEHYNBOCTD)
1 60-100% (HM3KaA MeXrogoBas M3MEHUYHBOCTbD).

Haubospimell MeXrogoBOH  M3MEHYHBOCTHIO
xapakTepusyworcsi craHunuu Kynaryk, Bailikajgbck u
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Puc.7. A - pacnipenienienue usaekca JKakkapa no rpymnmnam craHiui, b - yacrora BecrpedaeMocTty nnaekca JKakkapa, B - mpo-
LIeHT cJIyyaeB Korja MexrojoBoi nnaekc XXakkapa 6osbiie 0,47, I' - pacnpenenenue nHjekca JXKakkapa Ha CTaHITUAX.
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BIIBK, 3an. Myxop, CeneHra-Beixon, HuxHeaHrapck,
CeBepobaiikasnbck, Toia u CeHorga (Puc. 7). CraHuuu
OsbxoHckue Bopota, B3M, MPC, PorThiii, JIucTBsiHka-I1,
®dposnnxa MMearu MaKCUMaJIbHO CTaOMJIBHBIN MeXTofo-
BOU BUAOBOH cocTaB. CielyeT OTMeTUTb UHTePeCHBI
¢axt TOro, uro ase Osu3kue reorpaduyeckyd CTaH-
uuu y 1. Kynatyk umenu 20% BcTpedaeMOCTb UHAEKCa
6osee 0,47, a y pacrnosioxeHHO! B 5 kM cT. ClIIo/isTHKa
3Ta BCcTpeyaeMocTb Oblia 73%.

Ecin paccMaTpuBath BHUAOBOM COCTaB IO
NIPUYyPOYEHHOCTH K KOTJIOBMHAM oO3epa U TPOJIUBY
Manoe Mope, TO MOXHO yBHAeTb, 4To IOxHasa KOT-
JIOBUHA OTAejieHa OT ApyryuX. BoJbMMUHCTBO cTaHIUMI
CeBepHOI KOTJIOBUHEI, pPacIoJIOXKeHHble ceBepHee CT.
3aBopoTrHas Takxe ob6ocobseHn (Puc. 8). A BoT cran-
1nuy LleHTpasbHON KOTJIOBUHEL, [0 BUAOBOMY COCTaBY,
CXOXH C HEKOTOphIMHU cTaHIuAMU CeBepHOU KOTJIO-
BUHBL U Masoro Mops, oOpa3ys IIOTHBIM KjacTep
craniuil Typka-Ilen (1), Typka(Ll), Bakmanuii (1), Asa
(ID Topesoii Ytec (1), Makcumuxa (L), CB. Hoc (1I),
Apyn (MM), Ourypen (MM), Puitsiit (C), Jasma (C).

Ecin paccmarpuBaTh  pasjuudsa  BUAOBOIO
cocTaBa MCXOAsA W3 MPUHAAJIEXHOCTA CTaHIUNA K
Kakoyl jmbo rpynme, TO MOXHO yBHJeTb, YTO CTaH-
unu 4-ii rpynnel IlosmoBuHHBIN, CeseHra-seixod, H.
Anrapck u Myxop ob6ocobiens ot npyrux (Puc. 8).
Crannuu 1-#1 rpynnel CenHas, B. T'omoyctHoe, MPC,
Kynryk, CaroasHka, ¥ U3 2-iI TPYNNBI CT. YJIAHOBO
ob1alaeT HEKOTOPOM BHUIOBOI WHAUBHUAYAJIbHOCTHIO
(Puc. 8). B To Bpemsa Kak Apyrue CTaHIUHU BCeX Ipynn
00pa3yoT MaJio pas3jiduMMble «CKOIUIEHUs», B KOTO-
PBIX MOTYT pAAOM paclojiaratbcs CTaHIUM 1-U 1 2-i
rpynmn. [[yig NpoBepKU TUNOTe3Bl, 4TO CTaHUUM 1-i1 U
2-ii rpynm uMMeT pas3jinuus B cocTaBe (UTOIJIAH-
KTOHAa, OBLJI MCIOJIb30BaH METO]l «yKOPEeHEeHHOIr'o KJia-
crepa» (Puc. 8). Okazasioch, YTO BUJOBOI COCTaB CTaH-
nuu EjoxyH O30k K cocTaBy (GUTOIIAHKTOHA Ha
craHuuax Kynryka, CmoasHku, bBabikanbcka, a cras-
nua Xyxup 6Jv3ka M0 BUAOBOMY COCTaBy CTaHLUAM
Wpunpa, Xakycsl u 1.4 (Puc. 8).

Boslee Toro ecsu IMpoBecTH KOPPEJIAMOHHBIN
aHanu3 no rogaM, To oOHapyxaTca elle Oojiee pas-
HooOpa3Hble KoppeJsiAluoHHBe cBA3u. Ha PucyHke 8
rnokasassl KoddpduireHTs Koppessanuu (r>0,5) craH-
uuu CirofsaHKa ¢ ApyruMu ctaHiyaMu. Tak B 2018 r.
Obl1a TecHasd KOppesALHUOHHAaA CBA3b CO CTAHIUAMU
06e3 aHTpOIOreHHOU Harpy3ku As, Apyn, bakmanuii,
OnrypeH, B. Yimkauuii, [losioBUHHBIN. B pa3Hble rofst
Habop KOppeJUpyIoIUX cTaHUUN pasHbii. Hanpumep,
B 2019 r. cranung CraofsgHKa MMesa BBEICOKME KOoppe-
JIALNUUA TOJBKO € 4 cTaHuuaMH, a B 2020 r. yxe ¢ 34
CTaHIUAMU.

Takxe ObUIM IIPOBEPEHBHl CpegHEeMHOroJieTHHe
B3aUMOCBA3M MeXAy TIpynnaMy CTaHIUNA IO BUAaM
duTomIaHKTOHA, KOTOpPHIE CUMTAIOTCA IOKa3aTesAMH
3BTpOoGUKALNM BOAOEMOB, a UMeHHO Anabaena sp., A.
flos-aquae, Anabaena macrospora Klebahn, Anabaena
scheremetievi Elenkin, L. limnetica, Oscillatoria sp. 3, Ch.
parva, D. cylindricum, D. sociale, R. pusilla, Cryptomonas
sp. 1, Cryptomonas sp. 2, C. gracilis, C. marssonii, C.
ovata, C. reflexa, Peridinium sp. (euriceps), Glenodinium
sp. 1, Glenodinium sp. 2, Stephanodiscus minutulus,
Stephanodiscus hantzschii, Stephanodiscus sp. 1, K.
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longiseta, M.arcuatum, Chlamydomonas sp., Euglena sp.
1, Euglena sp. 2, Euglena sp. 3, T. hispida, Trachelomonas
sp.

B cooOmecTBax MeJIKOKJIETOYHOIo (PUTOIIaH-
KTOHa BBIABJIEHB CpeJHEMHOroJieTHUe pas3jnyuA Ha
cranuuax Hwuxzeanrapck, Cesepo0alikaibck, Toid,
Xapays, Cenenra-Beixom, b. T'onoyctHoe, Cs. Hoc,
Hasma, MPC, Myxop. Paznuuusa Ajid Apyrux CTaHIUMN
He3aBHCHMO OT UX I'PyNIOBO IPUHAIJIEKHOCTH MUHU-
MasibHOoe (Puc. 9).

B wumone 2013 r. perucTpupoBajiUCh 3eJIeHbIe
Bozopocsiu poma Chlamydomonas B kosimdectBe 100
THIC.KJI/JT 'y cTaHuui KynTtyk u CmofsaHka, Ao 23 ThIC.
KJI./ny 1. JIuctBsAHka U 56-140 Teic.KkJ1./71 B II. B. KOTH],
B LlenTpanbpHoil 1 CeBepHON KOTJIOBUHAxX 1-10 ThIC.
ki1./11 (bongapenko u Jlorauesa, 2016). B Hamux ucciie-
JIOBaHUAX, U3 Bcero psafa Habmofgenuit (301 cranusn)
BBICOKasA uucJieHHOCTh Chlamydomonas sp. peructpu-
poBaJsiach TOJIbKO B 3% ciy4yaeB Ha cTaHuuAx: J[aBmia
(2017 r.) - 363, Myxop (2019 r.) - 68, Xapay3 (2019
r.) - 55, Huxueanrapck (2020 r.) - 45, OnbpXoHCKUE_
Bopota (2017 r.) - 31,2, Hepniunaputi (2017 r.) - 26,9,
Cenorpa (2017 r.) - 19,3, b. Ymkanuii (2017 r.) - 15,5
u OsbxoHckue_Bopora (2021 r.) - 9,2 Thic.KJI1./71. Ha
239 crannusax (79 %) uuciaenHocts Chlamydomonas
sp. 6b1a MeHee 1 TBIC.KJI./J1. BricOKMe 3HaUYeHUA 4uC-
JseaHocTH Chlamydomonas sp. mpunuiuch Ha 2017 1.
Ha crannuu B.KoThl B nepuoj nojJjiefHOrO IBeTeHU:A
B 2015 r. ero umcJjIeHHOCTb JOXoausa 40 7 MJIH KJI./JI.
(Bonpmapenko u JloraueBa, 2016), u BeposiTHee BCETO,
BBICOKasA yucJieHHOCTh Chlamydomonas sp. Ha CTaHIUU
Jagsma B 2017 r o0bACHAETCA OCTAaTOYHBIM SBJIEHHEM
nocJsie nmoaseqHoro npereHusa. Ha crtannmax KynTyk,
CrnrofsHKa, balikaibck MX YMCJIEHHOCTh ObljIa He BhIIIe
0,7 ThIC. KJI./JI, @ 3a4acTyl0 OHU BOBCE OTCYTCTBOBAJIM.
Taxum 06pa3oM MbI He HaXOAUM IOATBEPXKAEHUH, YTO
B BeceHHUH nepuop Chlamydomonas sp. MaccoBO pas-
BUBaeTCs B JINTOPAJIbHOM 30He, 0COOeHHO Ha yJyacTKax,
COMNPSKEHHBIX C HaceJeHHBIMU IIyHKTaMHU.

Taxxe OBUIO IIpOBeleH aHaJu3 [0 paclpe-
JleJIeHHI0 HAHOIUIAaHKTOHHBIX (opM AuHOdaresar
Peridinium sp. u Glenodinium sp. 1, sp. 2. B mexromo-
BOM aclleKTe HauMeHbIIell 4acTOTOH BCTpPe4aeMOCTH
xapakTepusylotcsa Peridinium sp. (He 6osiee yem Ha 30%
cra"nmil) u Glenodinium sp. 2, Ipyu 3TOM B HEKOTOPHIE
roAsl oHU oTcyTcTBoBasu (Puc. 10). YUncaeHHOCTh 3TUX
BUJIOB TOXe HH3KasA, CO CpPeJHEMHOrOJIETHUM IIOKa-
3atesem 0,8 TBHIC.KJI./JI, 3a HCKJIIOUEHHEM CTaHIUN
Masioro MopA. MakcuMmasbHasg YHCJIEHHOCTb OTMe-
yeHa ays Peridinium sp. (21 ThHIC.KJI./J1) HA CTaHIUU
Hwuxneanrapck B 2022 r., a ansa Glenodinium sp. 2 (12
TBIC.KJI./J1) Ha cTaHumu EjoxuH B 2021 r. AGCOJIIOTHBIM
JOMHUHATOM, Kak II0 dacTtoTe BcTpedaeMocTu (90-
100%), Tak 1 10 YHCJEHHOCTH, sABaseTca Glenodinium
sp.- 1 (Puc. 10). MakcumaJsibHO HabJiofjaeMas 4uncJieH-
HocTh 193 ThIC.KJI./J1 OblIa Ha ctaHumuu MPC B 2020
r. Jna crannuii Masgoro Mops xapakTepHa BbICOKast
YHMCJIEHHOCTh 3TOro Buja. Takxke BBICOKHE 3HA4YeHU:A
yrcsieHHOCTU Glenodinium sp. 1 6pUTH O6HAPYXeEHBI Ha
craHnuax HuxHeanrapek u Enoxun 84 v 67 ThIC.KIL./JT
cooTBeTCTBeHHO. Ho nOake, ¢ y4eTOM 3THX BBICOKMUX
3HauyeHuil, CpeJHEMHOroJIeTHAA YHCJIEHHOCTb 3TOr0
BUa cocTtaBuaa 4,4 THIC.KJI./JI.
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YUCTIEHHOCTb, ThIC.KI/N (norapudmMmryeckas Wwkana)
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Puc.9. PacnipepiesieHrie BECEHHErO MEJIKOKJIETOYHOTO (GUTOIJIAHKTOHA KCXOs U3 TPYIIIOBOM MPUHAJIEXXHOCTU CTAHIIUIA

(metox nMDS). Lludppamu 0603HaUEHBI TPYIIIBI CTAHINN.

Ecnu paccmaTpuBath, cpeJHEMHOTOJIETHHE 3Ha-
YeHHs YMCJIEHHOCTU 3THUX TpeX BUJAOB AUHO(JAresAT
Ha BCeX CTaHIUAX, TO KJIACTEPHHBIN aHa/IM3 BblAessAeT
Tpu Ipynnsl craHnuil. Ileppas rpynmna BKJIlOYaeT CTaH-
OUM C BBICOKOHM YHMCJIEHHOCThIO OuHO(parenst. U k
HUM oTHocsaTcA crannuu MPC, EsmoxuH, YMBBIDKYU U
H. Anrapck. Bropas rpymnmna BKJIIOYaeT CTaHIIUMU C YHC-
JIEHHOCTBIO 10 3 ThIC. KJI/JI, U TPEThA I'PYyIIa BKJIIOYAET
CTaHIUM C KpaliHe HU3KOH 4KcjeHHOCThIo. [Ipu aTom
CTaHIMM C Pa3jIMYHOI aHTPOIOIeHHON Harpy3Kom
HaxoAATCA BO Bcex Tpex rpymmax (Puc. 11).
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Peridinium sp. Glenodinium sp. 1 Glenodinium sp. 2

TakyMm 006pa3oM, Ha OCHOBE BHUIOBOI'O COCTaBa
BeceHHero GUTOIUIAHKTOHA He yIaeTcs HaJJeXHO UJIeH-
TUGUIMPOBATh YacTH aKBaTOpUU JuTopasiu Balikana
IO CTeNEeHU aHTPOIIOTeHHON HArpy3KU.

PaccMOTpeB pacnpefiesieHUss OCHOBHBIX IIPO-
OyIEeHTOB OHuOMAacchl BeCeHHero (OUTOIUIAHKTOHA,
Kak mponuisix JieT (A. baicalensis), Tak U HaCTOSAIIETO
(S. acus subsp. radians (cuHenpa)) oOHapyXeHBI cJie-
aymoomue ocobeHHoctu. CuHeapa HauboJsiee oOUJIbHA B
LleHTpaJIbHOI KOTJIOBHHE U I0)KHOV OKOHEYHOCTH 03epa
Ha yuactke Kynryk-Babymikux (Puc. 12). Takxe Ha

Peridinium euriceps sp. Glenodinium sp.1 Glenodinium sp.2
2017 2018 2019 2020 2021 _2022] 2017 2018 2019 2020 2021 2022 [ 2017 2018 2019 2020 2021 2022

Puc.10. MexrooBas JUHAMIKA YUcJIeHHOCTU AquHOdarenar Peridinium sp., Glenodinium sp. 1, sp.2. 10B — FOxHbii1 Baiika,
b — LentpanbHeiil Batikan, CBb — Ceepnsriii batikas, MM — Masioe Mope.
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Puc.11. Kytactepusanus CTaHIUN HA OCHOBe YucJIeHHOCTU quHoduiaresat Peridinium sp., Glenodinium sp. 1, sp.2. KpacHbM
[MOKa3aHbl CTAHIUU 1i1 rpyIIHL.

Synedra acus subsp. radians Aulacoseira baicalensis
2017 2018 2019 2020 2021 2022 2017 2018 2019 2020 2021 2022
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Puc.12. PacnpenesnieHue uuciaeHHOCTH Synedra acus subsp. radians v Aulacoseira baicalensis Ha CTaHI[UAX B MEXIOJJOBOM
acniexte. FOb - FOxubii1 Batikai, 1B - LlenTpasnbhsiii Batikan, Cb - CeBepHbiil Batikas, MM - Masnoe Mope. Ha npaBoii kapTa-cxeMe
CcOoeITHEHBI CMEXHbIE CTAHILIUY C BRICOKOI Koppesisiueil r> 0,6 B pacnpeaeaeHny YncaeHHoCcTU Synedra acus subsp. radians.
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3TOM y4YacTKe 4allle Bcero HabJIloqaeTcs BhICOKAs YUC-
JIeHHOCTh cuHephl. OJHaKO, 3a Bech nepuoji HabJiro-
JEeHNM MakcHMaJibHas urcjieHHOCTh (1630 ThIC.KJI./JT)
3apeructpupoBada B 2020 r. Ha cra”Huuu I[lecuyaHka.
Panee ormeuasioch, uTo HauboJiee OOUJIBHA CUHEJpa
OblBaeT OBa rofa MOApsA, Jajlee WAET Pe3KUil crnaj
ee uyncienHoctu (KasmmoxHas u AHTumoBa, 1974). B
HallleM HccjIeJOBAHNU Ha HEKOTOPHIX CTAHIUAX TaKxke
Habofaacsas JBYXJETHUNA MaKCHUMyM YHCJIEHHOCTU
cuHeZpel. Ho BaXXHO OTMETUTh, YTO 3TU MaKCHUMYMBI
OBLJIU He CHUHXPOHHBIMU B Pa3HbIX 4acTsAX 03epa U Jjaxe
B IIpeJiesiax OOHOU KOTJIOBUHBL Hampumep, maccoBoe
passutue B 2017-2018 rr. cuHenphl NMpPOXOAWJIO Ha
yuactke IlosioBuHHBIN - BaGymikuH. B To Bpems kak
Ha yuactke JluctBsaHKa - b. ['omoyctHoe u B CeBepHOI1
KOTJIOBUHe (3a HCKJII0YeHHeM CTaHOUN YuBBIpKYU U
OnrypeH) cuHenpsl O6puUta MuHUMasbHOU (Puc. 12). B
2020 u 2022 rr. HanboJiee 4acTo Ha CTAHIMAX OTMeyYa-
J1ach BBICOKAs YUCJEHHOCTh CUHEPBL.

Jlnana3oH KoJie6aHUl YUCIeHHOCTU CUHEe DBl Ha
CTaHI[UAX He MOXeT ObITh 0OBbsICHEH PasHOCTHI0 KOH-
LeHTpauuil OHOreHHBIX KOMIIOHEHTOB Ha CTaHIMAX.
Tak, Hanpumep, B 2017 r. Ha cTaHuAX Baiikajgbck u
Cenorpa perucrtpupoBanocs 1387 u 0,7 ThHIC.KJI/JI,
COOTBETCTBEHHO, a KOHIeHTpauusa P Obuta 8 wu
5 Mkr/nu N__- 68 u 87 mkr/n (Bondarenko et al.,
2020). OTcyTcTBUE CBA3U MEXAY XMMUYEeCKHMMU IOKa-
3aTe/sIMU U KOJMYeCTBEHHBIMU 3HaueHUsAMU GUTo-
IUTaHKTOHA Balikasia oTMedeHO U paHHee B psifie paboT
(ITomaskuHa u ap., 2010; ITormosckas u Ap., 2015).

Msl He cMoXeM KOPPeKTHO CpaBHUTH IOJIy-
YyeHHBle JJaHHblE C MCCJIe[JOBaHMsA IMPOIIJIOro Beka,
MOCKOJIBKY B JINTepaTypPHBIX JAHHBIX yallle BCero npu-
BOJIUTCS TOJIBKO UHTEerpaJibHasi OlleHKa YMCJIEHHOCTU U
6uoMaccsl 111 cjos Bogsl B 0-25 M. TeM He MeHee npu-
BeJleH HeCKOJIbKO JaHHBIX B CPAaBHUTEJIbHOM acIieKTe C
1964-1969 rr (BotuHiies u ap., 1975). Tak, B ceBepHOI
KOTJIOBHHE OHa koJiebanack ot 0,1 go 56 TwIC.KJI/1, a
cetiyac ot 8,2 no 209 THIC.KJI/JI, XOTA Ha HEKOTOPBIX
cTaHIusax MorJio 6eith u 0,3-0,4 ThIC.KJI/J. B cpenHeit
KOTJIOBUHe OT 3 J1o 57,8 Thic.KJI/J1, a ceiiuac 35 o 608
TBIC.KJI/JI, U B I0)KHOM KoTJioBuHe oT 0,1 1o 699 u ot
7,4 0o 489 ThIC.KJI/J1, COOTBETCTBEHHO B 3TU NEPUOHIL.
IIpu sToM MakcumasbHas yuciaeHHocTh B 1080 Toic.
KJI/71 OBLJIa 3aperucTpyupoBaHa B uioHe 1969 r, a cefiuac
Hepenku 3HaueHUs U B 1100-1400 teic.ki1/71 (Puc. 12).

Ha ocHoBe KOppesAI[MOHHOTO aHaju3a OBLIO
Hcce/loBaHO HacKoJIbKO Teorpadudecku Habmoaa-
eTcsl CXO/ICTBO B paclipe/ie/leHUH CUHepPHl OT CTaHIUU
K cTaHUuU. Bpanuce ToabKO cBA3U ¢ r>0,6. Puc. 12
MoKa3blBaeT MPOCTPAHCTBEHHYIO I'eTepOreHHOCTh pac-
npocTpaHeHus cuHeqpsl. Haubosiee cxoxe cuHenpa
pa3BuBaeTcs Ha CeBepHON OKOHEYHOCTU 03epa MeXIy
craniuamu Jlynaps — Tomnyna, U B I0)KHOU OKOHeu-
HOCTHU MeX[Jy cTaHnuaMu batikanbck-I10J10BUHHBIN.
[Ipr 3TOM BBICOKHE KOpDpEeJIAIMOHHBIE CBA3U Cyllle-
CTBYIOT MeX[y CTAHIUAMM 3amaJHOr0 U BOCTOYHOTO
no6epexbs. Hanpumep, craHuum Teia u 3apedHoe
KOppeJIUpyIT co craHuuaMu Xakychl u ®dposnuxa, a
Barikasbck co craHuued ITosioBMHHBIA. Baosip 3aman-
HOro nobepexbs CUHXPOHHO pa3BUBAeTCs CUHeApa Ha
ydacTkax MexXAy cTaHiusaMu MyxuHaii-3aBopoTHasd,
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PoiTeiil - B. Ymkauuii, Apysn — OJIbXOHCKHUE BOpOTa U
JluctBsanka - b. l'onoyctHoe. Biosib BocTouHOro nobe-
pexbsa 310 yyactku [Jasma - Upunga, Makcumuxa-Cs.
Hoc, n nanee B 10)KHOM HamnpaBjleHUM BCe CTaHIUU B
LlenTpasnbHOoi U IOxHOI KOT/IOBUHAX GOpMHUpYeT ape-
asnel 175 u 114 kM, cooTBeTcTBeHHO (Prc. 12).

Taxkoe paBHOMepHOe pacnpejesieHue CHUHe-
JpHl BAOJIb BOCTOYHOro InoOepexbsas B HxHOH u
LleHTpasibHOM KOTJIOBUHAX, BeposATHee Bcero, 00bAc-
HsAeTcA OoJlee MOJIOTUM pesibedOM B pe3yJibTaTe Yero
cosfaoTcs 6oJjiee OOHOpPOAHBIE T'HMAPOAVHAMUYHBIE
ycJI0BuUA Ha O0JIBINNX ILIOMAAAX.

A. badicalensis B ucciieyeMbIi Iepro MpaKTUye-
CKM Ha BCE€X CTaHIMAX HAXOAWJIach B MUHOPHBIX KOJIU-
YecTBax, yallle BCero ¢ HyJIeBBIMU 3HAUYEeHUAM WUJIA He
6oJiee 3 ThIC.KJI./J1. [Ipy aTOM yalie Bcero oHa oTMeda-
nack B Masiom Mope u Ha CeBepHoM baiikase (Puc. 12).

3.2. OceHHuH QUTONNAHKTOH

Budosolti cocmas, pazHoobpasue u buomacca

PaccmaTpuBas 4ncJieHHble MOKa3aTenu GuTo-
IUIAaHKTOHA Ha YPOBHE OT/eja, MOXHO OTMETHUTb, 4TO
BO BCeX TIpyIax, HauOOJIbIIYI0 YUCJIEHHOCTh U OHO-
Maccy UMesu KpuntopUTOBBIE BOOOPOCJM, KOTAAa 3TU
rnokasarejii MOIJIM IOXOAUTh 10 2235 THIC.KI./J1 U
472 mr/m3, cooTBeTcTBeHHO (Puc. 13). B coobiecTBax
(puTOIIaHKTOHA KPUNTOPUTOBEIE BOJOPOCIIU 3aHU-
Maau Jio 45,5%. 30JI0TUCTBIe BOAOPOCJIM IIPU BBICOKOM
ypcJeHHOoCTH moxofAmier mo 1000 ThIC.KJI./JTI MMeIHU
HeboJIpIIyI0 Oromaccy, 3avacTyio Hike 50 mr/me. B
MPOTHUBOMOJIOXKHOCTh 3TOMY, AUHOPUTOBBIE BUBI MIPU
HHU3KOU YHCJIEHHOCTU AaBajiu Guomaccy 50-100 mr/
M3 (mo 16% oT oOrieit 6ruoMacchr). JJis AUAaTOMOBBIX
BOJIOpOCJIell BBICOKME 3HAUYeHUs 3TUX I[TOKazaTesei
XapaKTepHBI TOJIBKO /ISl YeTBEPTOU I'PYIIbI CTAHINL.
Bxutag nmaHoGakTepuil (2,2% Ouomacchl), 3eJIeHBIX
(2,5% O6umomacchl) U 3BrjeHOBBIX (<1% O6roMacch)
BoJiopocJiell B briomaccy GUTOIJIAHKTOHA He BBICOKUUN
(Puc. 13). Takum o6pa3oM, C MO3ULUU YKUCJIEHHOCTHU
OCeHHUI QUTOIIAHKTOH JIUTOPaJIbHOU 30HHI Baiikasa
MoOXeT OBITh XapaKTepH30BaH JOMHHAHTOH coobiie-
CTBa 30JIOTHMCTO-KpUNTOMUTOBHIX BOAOPOCJEN, a C
MO3UIUKM GHoMacchl KaK COOOIIEeCTBO KPUMTO(PUTOBBIX
BOJIOpOCJIEi.

Haubosiee duacTo BcTpeuaeMoll BeJIMUMHOMN
ouomaccel 0pLM 3HaveHus 260-300 mr/me (Puc. 14).
Haubospiiylo HW3MeHYHMBOCTh 3HAaueHUI OuoMacchl
MOKa3bBalOT cTaHUuu 4-i1 rpynnel. Hanpumep, B
akBaTopuu JienbThl CeJjleHTW B MEXIOJOBOM acIieKTe
6uomMacca wusmenssiach ot 350 1go 4700 wmr/mé.
PacnpeneneHue 3HaueHul 6oMacc, Ha OCHOBe MeTo/ia
K-medoids mo3BoJiAeT oxapakTepu30BaTh CTAHIUU
cJIeyIOUIMM MoKa3aTesiiM 6MoMacchl: CTaHLIUU ¢ 61o-
maccamu 20-260, 290-1000 u 1100-4700 mr/m3. Kak
cienyet u3 Pucynka 14 cpegHue 3HaueHUs GHMoOMacChl
B fuanasoHe 20-260 Mr/M® xapaKTepHBbI i OOJIbIINH-
cTBa cTaHIUil jutopanu Baiikasma. OgHako, B HeEKO-
TOpBble TOJZIbl CTAHIIMU BOCTOYHOIO mobepexbs NMeu
60Jb11yI0 6GrIOMaccy PUTOIIAHKTOHA [0 CPaBHEHUIO CO
CTaHLMAMM 3anafHoro nobepexbs, Hanpumep, B 2021
rony.
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Puc.13. Iloka3aTtesn oceHHero ¢uromiankroHa 2017-2022 rr. PacnpeneneHve 3Ha4eHUN 4rcjaeHHOCTU (A) m 6GromMacch
(duTomrankToHa (B) Ha cTaHIUAX pa3HbIX rpymi. [TaHesu b u ' oTpaxaoT ocpe AHEHHOE 3HAYEHUA JJOJIU OT/1eJTOB QUTOIIaHKTOHA.

B MexronoBoll AuHaMuKe, 3HaueHHs Oromacc
craHiuii 1,2 1 3 rpynm He NOKAa3bIBAIOT CHJIBHYIO
BapuabesIbHOCTb, CpefHUe 3HaueHWs JiexaT B [ua-
naszoHe 240-315 mr/m3. Takxke He OOGHApPYXUBAETCA
paznauumnii B 6uomMaccax (QUTOIJIAHKTOHAa U3 aKBaToO-
puii, pacroJIo)KeHHbIX BOJIM3U HaceJIeHHbIX MYHKTOB,
U C HU3KOM aHTPONOTeHHOW Harpyskoil. Hampumep,
6uomacchl (GUTOIJIAaHKTOHA Ha cTaHuuAx Ejoxus-
[enaruans, JlucrBauka-Ilenaruanes (3  rpymma),
3aBoporHas, b. Kotsl, KotenbHukosckuit, MyxuHati (2
rpynmna) u Jlucreauka (CenHas, Hepnunapuii), Kyaryk,
Cmiogsanka, BIBK (1 rpymnmna) 6su11 MUHUMAJIbHBIMU U3
Bcex cTaHIui Haomonenun (Puc. 14).

3a Bech mepuo]] HaOJIIOJIeHN, MUHUMAJIbHOE U
MaKCHUMaJIbHOE Y1CJIO OOHAPYXKeHHBIX BUI0B 66110 11 1
50, cootBeTcTBeHHO (Puc. 15). Papg cpenHux 3HaueHUN
yurcJa BuzoB s 2017-2022 rr. JeJuT cTaHuu oT6opa
Ha Tpu pasHoBuaHocTu. IlepBas — craHnuu c 17-22
BUJaMHU, BTOpasA — CTaHLUUU ¢ 22-26 BUAAMU U TPeThA
— cTaHIuu ¢ 26-36 sugamu. CorsjacHo 3TOM rpajaaiuu,
craHiuu FOXHOM KOTJIOBUHBI U 3aMaHOTO Mobepexbs
CeBepHOIl KOTJIOBUHBI 10 Mbica KoTeJIbHUKOBCKUN
MeHee TaKCOHOMMYecKr pa3HooOpa3Hbl (Puc. 15).
Hcnonb3oBaHue wuHAekcoB CumicoHa u IlleHHOHa,
[OKa3blBaeT, YTO € IO3ULKY BHIOBOTO pa3HooOpasus 1
JOMMHUPOBaHNA He BBIABJIAIOTCA 3HAYMMble pas3jinuusd
Mexay BceMu ueThipbMs rpynnamu (Puc. 15) B MHoO-
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rojieTHeM acrekTe. CpefHME 3HAUEHUA dTUX UHIEKCOB
ana nepuoga 2017-2022 rr., mokasslBalwT, 4TO 0O0JIb-
MUHCTBO cTaHiuu FOxHON u LleHTpabHOI KOTJIOBUH
XapaKTEPU3YIOTCA HEBBICOKUM BHIOPA3HOOOpa3neM C
mpeobJialaHUeM BCETO HECKOJIBKUX BUIOB Ha CTAHIIUH.
Crannuu CeBepHOU KOTJIOBUHHEI 00Jlee pa3HOOOpa3HbI
U c 6oJiee «BHIPOBHEHHBIM» pacIpejieJiIeHueM YHCJIeH-
HocTU B TakcoHax (Puc. 15). Yucsio BugoB B 1-i1 u 2-1
rpyIax MpakTHYeCKd UAEHTUYHOE, a 6ojiee BBICOKHE
MOKA3aTe M TaKCOHOMUYECKOTO Pa3HOOOpasus xapak-
TEePHBI JIJIs1 CTAHLUH 4-1 TPYTIIHL.

HecMoTps Ha obusire BUIOBOTO COCTaBa, YHMCJIO
BHUOB-JOMHHAHTOB (IO YMCJIEHHOCTH) HEe CJIUIIKOM
6onbmoe (Puc. 15). YucieHHBle XapaKTepUCTUKU
BH/IOB, CO BCTpedaeMOoCThi0 6osiee 2% npefcTraBjieHHl B
Ta6yuna 3. Tak cpenu nmaHo6akTepuil uaeHTUUIN-
POBaHO 22 TaKCOHA, MpUHAAJIEXAIUX poaaM Anabaena
(ueThIpe BUIA, OOUH Sp.), Aphanizomenon (oguH BUT),
Gloeocapsa (mBa Buma, oauH Sp.), Gomphosphaeria
(omuH BUm), Lyngbya (omun Bupm), Marssoniella (omguH
Bup), Merismopedia (Tpu Buna), Microcystis (oauH BU1),
Oscillatoria (Tpwm sp.), Phormidium (oauH sp.), Tetrapedia
Reinsch (oguH sp.). Cpeau npaHo6aktepuii Microcystis
pulverea (Wood) Forti, (11-24%), A. spiroides Klebahn,
1895 (5-19%) u A. lemmermannii Richter (8-19%) 6bL1H1
JIOMUHATaMH.
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3oJsioTUCThIE U TAaNTOGUTOBBIE BOAOPOCTIH OBLITA
npeacrtabiaeHsl 11 Bumamu, pomoB Chrysochromulina
(nBa BUma), Dinobryon (uetnipe BuAa), Mallomonas
(oguH BUA, oOuH Sp.), Synura (OAUH BUM, OAWH Sp.) U
nucramu. Cpeqy 30JI0THCTHIX €QUHCTBEHHBIM JOMU-
HaHTOM sABJsica Ch. parva (93-97%).

KpuntodutoBbie TpeACcTaBJIEHH BOCEMbBIO TaK-
coHamu Rhodomonas (oguH BUA), Cryptomonas (TATh
BHUOB, JIBa SP.), CPEAN KOTOPHIX aOCOJIIOTHBIM JOMH-
HaHT 6611 RA. pusilla (98-100%).

JvuHOouUTOBEIE BOMOPOCJM OBUTH elle MeHee
pasHooGpa3Hbel. Cpequ HUX OOHApyXeHbl 7 TaKCOHOB
poaoB Gyrodinium (oguH Bua), Gymnodinium (omuH
BuUp), Peridinium (omuH BUA, omuH Sp.), Glenodinium
(mBa sp.), Ceratium Schrank (omwH sp.), ¢ AOMHUHU-
poBanneM Glenodinium sp. 1 (57-63%) u Gyrodinium
helveticum (23-30%).

JluaToMoBBlE BOAOPOCITU SABJIAIOTCA MHOTOYKC-
JIEHHBIM U Pa3HOOOPa3HBIM COOOIECTBOM, COCTOALIUM
n3 29 BuaoB. Othesa AUAaTOMOBBEIX COCTOUT U3 POMOB:
Aulacoseira (Tpu Buma, omuH sp.), Melosira Agardh
(omuH Bum), Cyclotella (uetwsipe Buma), Cyclostephanos
(omuH BUA), Stephanodiscus (Tpy BWAa, OOUH Sp.),
Synedra, Nitzschia (ogun Bupm, omuH sp.), Fragilaria
(nBa Bupma), Tabellaria (omuH Bux), Diatoma (oguH
BuUx), Asterionella, Ellerbeckia, Acanthoceras (oquH BU),
Urosolenia (ogwH BU), CIIOPH M ayKCOCIOPHL. B BUAO-
BOM COCTaBe CpeJy AUATOMOBBIX JOMHUHAHTAMU OBLIA
C. minuta (17-35%), S. acus subsp. radians, A.formosa
(22-23%), N. graciliformis (7-16%) u B rpynme 4 -
Fragilaria crotonensis (15%) Han6oJjiee oOMJIbHA B 3aJTU-
Bax Myxop u UUBBIpKY.

Coo0IIecTBO 3€JIEHBIX BOIOPOCTIEN ABJIAETCA
emle 6oJiee MHOTOYHCJIEHHBIM M Pa3HOOGPA3HBIM CO00-
I[eCTBOM, YeM [JUaTOMOBBIE U COCTOMT u3 38 Tak-
COHOB, OTHOcAmMXcA K pojam Koliella (ogvH BuUL),
Monoraphidium Komarkova-Legnerovad (mBa Bupa),
Elakatothrix Wille (ogun Bun), Actinastrum Lagerheim
(omuu Bup), Binuclearia Wittrock (oaud Bux), Closterium
Nitzsch ex Ralfs (tpu Buga), Coelastrum Négeli (ogun

Bua), Cosmarium Corda ex Ralfs (ogun Bupg, omguH
sp.), Crucigenia Morren (tpu Buma), Dictyosphaerium
Nageli (ogun BUn, onuH sp.), Kirchneriella (ogux BU),
Lagerheimia Chodat, 1895 (omuu Buz), Pediastrum
Hegewald (ueTwipe Bupma), Scenedesmus Meyen (mecThb
BUJIOB, OIUH Sp.), Sphaerocystis Chodat, (oguH Bux),
Staurastrum (onuH sp.), Oocystis (oAuUH BUL, OUH SP.),
Tetraédron Kiitzing (ogus Bux), Chlamydomonas (ogunH
sp.), Chlorella Beyerinck [Beijerinck], 1890 (oauH Bux).
Cpenu 3eneHbIx Bogopociieit M. arcuatum (39-49%) u
K. longiseta (16-22%) 6bUTH JOMUHTaMH.

EBrjIeHOBbIE BOAOPOCTU KpaiiHe OAHOPOIHEI
M MaJIOYHMCJIEHHBIE, U TPEJCTABJIEHB TOJBKO TpeMs
ponamu Euglena Ehrenberg (tpu sp.), Phacus Dujardin
(omur BUn), Trachelomonas Ehrenberg (omwn sp.).
BrifiesieHre cpein €BIJIEHOBBIX BOJOPOCJIEN JOMUHA-
TOB He IPEJICTABJIAETCA KOPPEKTHBHIM BBUAY UX HU3KOM
YHCJIEHHOCTU U PEIKON BCTPEYAEMOCTH.

Hcnosb3ysa uaaekc JKakkapa 6bUI0 IPOTECTUPO-
BaHO HACKOJIbKO BU/IOBOHM COCTaB (PUTOIJIAHKTOHA Ha
KaXxJIO¥M CTaHI[MM U3MeHAETCAS B MEXIOJOBOM acCIIeKTe.
Tak BuAOBasA W3MEHYUBOCTh (PUTOIJIAHKTOHA YBe-
JIMYMBAETCS HA CTAHIUAX 1O HAMpaBJIEHUIO HMHIAEKCA
ot 0,45 x 0,15, 1 Ha060POT CTAOUIBHOCTD BUIOBOTO
cocTaBa Bo3pacraeT npu nokasaresnsax or 0,45 k 0,8
(Puc. 16). Ilpumepom cTaHLMIT C BBICOKON MEXTI0J0BOM
U3MEHYUBOCTBIO COOOIIECTB (UTOILUTAHKTOHA ABJISA-
oresa Baiikanbck, Kynrtyk, ®@ponuxa, Tomnyaa, a HU3-
kot MPC, Myxop, OyibxoHCKHe BOpoTa, byryabaerika
(Puc. 16). Ona xaxaol cTaHIWU Takxe ObLJIO paccuu-
TAHO KaK YacTO MEXIOJ[OBbIE€ PA3JINYUA UMETU UHAEKC
XKakkapa 6osbiie 0,45. Ha ocHoBe 3TOro pacyeT ObLIO
BBIZIEJIEHO TPU TUIMA CTAHIMNA. [lepBbId THN — 23 CTaH-
UM C BBICOKOM MEXTOOBOM CTAOMJIBHOCTBIO BHO-
Boro cocraBa ¢uromniaaHkroHa (60-100% ciy4aes,
koraa uHjpekc Kakapa 6wu1 6osee 0,45). Bropoii tun
— 17 craHUME ¢ yMepeHHOW W3MEHYHBOCTHIO BUJO-
Boro cocraBa (33-60% Takux ciydaeB). Tpetuii Tun
- 12 crannuii ¢ kpaiiHe HeCTaOWUJIBHBIM MeXI'OJIOBBIM
cocrtaBoM (10-33%). Takum o6pa3oM, OGOJIBIILHCTBO
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Puc.16. Pacnpenesnenue naaekca JKakkapa B oceHHeM (GUTONIaHKTOHE.
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HccJIeJIOBaHHBIX YYacTKOB JINTOPAJIX 03epa UMeJIH CTa-
OWJIBHBI MJIM YMepeHO M3MeHYMBHIN BUOBOM COCTaB
coobmecTB GUTOILIAHKTOHA B MEXIOAOBOM aclekTe
(Puc. 16). HaumeHee cTabMJIBHBIN cocTaB (QUTOIJIAH-
kTOoHa oOHapyxeH Ha craHnuAx CeBepHoro barikana.
Haumenbsmuii nokasatesib crabwibHoctTu  (10%)
umenu craHnuu Enoxun-Tlenarnanp, 3aBopoTHasA u
Batikanbck.

Ha ocHoBe meToAa HemapaMeTpU4ecKOro IIKa-
JMpoBaHUA ObUla HM3ydyeHa BO3MOXHOCTb pasfiesieHuA
KOTJIOBUH bBaiikasa u 4YeThpex 5KOJIOTUYECKUX TpyMNIl
Ha OCHOBe BHJOBOro cocTaBa (puromiaHkToHa. Kax
cienyeT u3 Pucynka 17, 60JIbIIMHCTBO CTAHIIUE UMEIOT
CXOXHWI BHUJIOBOM COCTaB He3aBHUCHUMO OT reorpadu-
4yecKol IpuypodYeHHOCTH. XoTA craHuuu CpeaHero
Batikana 3a uckioueHWeM cTaHIUMN Byrysbheiika u
As HeckoJIbKO 060CO0JIeHBl OT JPYTUX CTaHUUN. DTO
MOXHO OOBACHUTH BiusAHUeM pek Cesenra, Typka
1 bBaprysuH, mnocTaBjAlIUX OO0JIbIIOE KOJIMYECTBO
OpraHn4ecKkoro BelllecTBa B 3TU PalOHBl aKBaTOPUHU.
Hawnbosiee OTJIMYHBIN BUAOBOM COCTAaB MMeJIU CTaHIUU
Myxop, Yussipkyiickuii 3aiuB, Makcumuxa u CejieHra-
Brixon. Takoe xe paciipefiesieHrie CBOMCTBEHHO U YeThl-
peM 5KOJIOTMYeCKUM TIpynmnaM, Korga OOJIbIIMHCTBO
CTaHIUI 06pasyloT, OJTHO, «<HEPA3IeIMMOE CKOTLIIEHHE»
u 060cobseHHOCTh cTaHiuil Myxop, UuBBIPKyHCKUI
3aymB u Cesenra-Beixoq (Puc. 17).

JlonosiHUTENIBHO OBLI MCIIOJIb30BaH METOH «YKO-
PEHEeHHOro KJjacTepa». B kadecTBe Hauya/JbHBIX TOYEK
IIOCTPOEHM:A KJIacTepoB ObLIM BHIOpaHbI CTaHLUM Iep-
Boil u Bropoiul rpynn (Puc. 17). Hanpumep, cranmnus
3apeuHoe ABJIAeTCA OAHUM U3 MecT balikasna ¢ ApKUMu
MIPOsIBJICHUAMHU 3BTPOGHPOBAHUA B BIJle aHOMaJIbHOTO
1BeTeHUs (purobeHToca U MacCOBBIMU BhIOpOCaMu B
30HY IULKa opranuyeckoro ferpura (Timoshkin et al.,
2018). BupgoBoii coctaB (pUTOMIAHKTOHA 3TOM CTaH-
LMY OYeHb CXO0X C TAaKOBBIM KaK Ha CTaHLUAX NepBOH
TPYMIBI, TaK U Ha CTAHLUUAX BTOPOU rpynmbl (PHITHIN,
CB. Hoc, YnanoBo). Mnu xe Ha craHiuu CIOAgHKA,
COMNPs’KEHHOH C OJHOMMEHHBIM IropojoM (HaceJjieHHue
18 ThIC. YesT) BUAOBOI cocTaB GUTOIJIAHKTOHA OXH/Ia-
eMo 6JIM30K K TakoBOMYy Ha cTaHuuu Kyartyk u ¢oHo-
BhIX cTaHnuAx CeBepHoro balikana u Aaxe Ha mejaru-
yeckol craHumu (EjoxuH-nearuassb).

[TpuBegem npumep koppesauuu (r>0,5) BuAo-
BOro cocraBa ¢uromiaHkToHa cT. CiofgHKa € ApY-
ruMu craHnuaMu. CieyeT OTMEeTUTh, YTO B BeCeHHel
CbeMKe KOJIM4eCTBO CTaHLMK, WMMEIOINX BBICOKYIO
KoppeJiAanuio co cT. CimofsHka ObUIO 47, B OCEHHIOI
cbeMKy - 51. Hanbosibllee 4MCII0 CTAaHIMNA CO CXOXUM
BUAOBBIM COCTaBOM, kak Ha cT. CirofsHKa, ObIO B
2020 u 2021 rr. — 47 u 46 craHIUA, COOTBETCTBEHHO,
a Haumenbmue B 2017 u 2022 rr. - 18 u 6 cranuuy,
cooTBeTCTBeHHO. [Ipu stoM, B 2017 u 2022 rr. BBHIAB-
JIeHBl HU3KHe KoppeJiALnUY ¢ 0JIN3KOPACIOJIOKeHHBIMU
craniuamu Kynryk, Batikansck, BIIBK u Beicokue Kop-
peJianuu co craHiuamu CeBepHoro baiikasa - EnoxuH,
KoTenbpHuKoBCKU U enbToN p. CeneHra.

Takxe OblsIa IpOBepeHBl CpegHEeMHOroJieTHHe
B3aUMOCBA3M MeXAy TIpynnaMy CTaHIUNA IO BUAaM
¢durtomankTona Anabaena sp., A. flos-aquae, A.
macrospora, A. scheremetievi, L. limnetica, Oscillatoria
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sp. 3, Ch. parva, D. cylindricum, D. sociale, R. pusilla,
Cryptomonas sp. 1, Cryptomonas sp. 2, C. gracilis, C.
marssonii, C. ovata, C. reflexa, Peridinium sp. (euriceps),
Glenodinium sp. 1, Glenodinium sp. 2, Stephanodiscus
minutulus, St. hantzschii, Stephanodiscus sp. 1, K.
longiseta, M.arcuatum, Chlamydomonas sp., Euglena sp.
1, Euglena sp. 2, Euglena sp. 3, T. hispida, Trachelomonas
sp.

PesynbpraTtel nMDS 1mnokasbBalOT, 4TO, Kak U
B BECEHHIOI0O CbeMKy, HeT 4YeTKoH auddepeHIina-
M1 COOOIIeCTB MEJIKOKJIETOUYHOIO (PUTOIIaHKTOHA
Ha CTaHIUAX, [OpUHAJJIeXalllX pasHbBM Trpynnam
(Puc. 18). HauboJpllivie OTJIMYMA BHUOBOIO COCTaBa
MEJIKOKJIETOYHOTO  (PUTONJIAaHKTOHA  OTMedYaeTcs
Ha craHuuax Myxop, Makcumuxa, Typka, Typka-
[Menaruans, 'opeBoii yTec, bakianuii, CejieHra-BeIXo[,
Xapays. To ecTp Ha CTaHLIUAX, PACIOJIOXEHHBIX BOJIN3U
YCTbeB peK U B 3aJIMBax.

[To cpaBHeHUIO ¢ BeceHHHUM (QUTOIIAHKTOHOM
yrcseHHOCTh Chlamydomonas sp. oceHblo ObTa HU3-
Kasa. M3 283 Touek HaOJIIOAEeHUA, OTHOCUTEIBHO BBICO-
Kas 4McJIEHHOCTH ObljIa Ha cTaHIuAX: barikasbcek (2018
r.) -36, Cemnenra Boixof (2017 r.) - 10 u Teia (2018 r.)
— 9 TeIC.KJI./71. Ha 144 ctannusx (51%) 4umcjieHHOCTh
Chlamydomonas sp. He TipeBsIIajga 1 ThIC.KJI./JT.

Taxxe xak 1 B BeceHHeM (UTOIJIAHKTOHE, OBLIIO
U3y4YeHO OCeHHee pachpocTpaHeHue Peridinium sp.
(euriceps), Glenodinium sp. 1,sp. 2. HaumeHbIyI0 Yuc-
JIEHHOCTh M PEIKYI0 BCTpeYaeMOCTh umen Peridinium
sp. (euriceps), 4ncJjieHHOCTb He TmpeBbimasna 0,4 ThIC.
Kki1./1. B 2019 u 2020 rr. oH He ObLI OOHapyXeH HU
Ha OOHON U3 cTaHIUi. YNCIIeHHOCTh U BCTPeYaeMoCThb
Glenodinium sp. 2 Takxe ObUIU KpaliHe HU3KUMU. DTOT
BUJ He ObUT oOHapyxeH B 2017 u 2018 rr. (Puc. 19).
Ha GoJibmMHCTBE CTaHIUI ero YMCJIEHHOCTh He NPeBhl-
masa 1 Teic.k1./71. HauGosiee MmaccoBo Glenodinium sp.
2 6b11 oTMeueH B 2019 1., npu cpefgHell YMCIIEHHOCTU
2 TBHIC.KJI./JT ¥ MaKCUMaJIbHOH 4YKCJIeHHOCTH 11 TEIC.
KJI./71 Ha cT. OnbpxoHckue Bopora.

Glenodinium sp. 1 BcTpedascsi IpaKTHUYeCKU Ha
Bcex craHmuax (Puc. 19). MakcumasibHasA YHCJIeH-
HOCTb 102 ThBIC.KJI./JT OBUIA 3aperucTpyupoBaHa Ha CT.
Huxneanrapck B 2021 r. Eciiyi cpaBHUBaTh OCEHHee U
BeceHHUe pacmpefiesienne Glenodinium sp. 1, TO MOXXHO
yBUJIeTh, YTO CpeAHHEe 3HauyeHUs ero 4YHCJIeHHOCTU
cxoxu (2,5 - 3,8 ThIC.KJI./J1) B 06a ce30Ha, a BEJINYLMHBI
CTaHAAPTHBHIX OTKJIOHEHUI U MaKCHMaJIbHble 3Ha4eHUA
YKCJIEHHOCTH 0oJiee BBICOKH y BeceHHell reHepanuu
(Puc. 20).

I'pynnupoBka CTaHIM 1O  YHCJIEHHOCTU
Glenodinium sp. 1 3a 2017-2022 rr. Ha OCHOBE MeTOAa
UMAP He BbIABJIAET NPeApacIIoIOKeHHOCTH K GOopMU-
pOBaHMIO KJIaCTepOB, CBONCTBEHHBIM MeCTaM C BBHICO-
KOM M HU3KOU aHTPOIOreHHOU Harpyskoil. bojiee Toro
B €IMHBIN KJIacTep IONajy CTAHIMU C PasHBIX KOTJIO-
BUH o3epa (Puc. 20B).

Taxum o6pa3oM, Ha OCHOBe BHJIOBOTIO COCTaBa
cool1iecTB oceHHero (UTOIJIAHKTOHA HeJIb3fA IOCTO-
BEpHO pas3[e/IMTh Y4YacTKU aKBaTOpPUM IO CTeleHu
AHTPOIIOTeHHOr'0 BO3AEeNCTBUA Ha NPUOPEXHYI0 30HY
barikama.
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Puc.18. PacnipeneneHue HHAMKATOPHBIX BUJIOB OCEHHero GUTOIJIAHKTOHA UCXO/(A U3TPYIIIOBON IPUHAJIEXHOCTU CTAHIIUH

(meton nMDS). 1, 2, 3 u 4 - rpynmna CTaHIUH.

3.3. Canpob6HocTb

OrneHKa CTeneHW OpPraHUYecKoro 3arps3HeHusA
BOJBI OBLJIA TIPOBEJIEHA MO MPUCYTCTBUI0 WHAWUKATOP-
HBIX BUAOB ¢uTomiankroHa - 93 supga (Tabiuma 4)
B CE30HHOM acleKTe M C y4eTOM TPYIIIOBON IMpHUHA-
JIEXHOCTU CcTaHOUN. B Habope WMHOMKATOPHBIX BHUIOB
noMuHUPYT (32%) Gerame3ocanpobuoHTH (B, S =
2). Honsa omuro-anbdamesocanpobuoHToB (o0-a, S
1,8), onuro-6erame3ocanpo6uoHToB (o- B, S = 1,4) u
oyurocanpo6buonra (o, S = 1,0) cocrasisana 17, 16 u
11%, cooTBeTCcTBEHHO. BCce ocTasbHBIE canipoOUOIOTN-
yeckue rpynnsl 66t MeHee 10% (Tabsmra 4).

JuanaszoH KoJjiebaHUN 3HAYeHUN CcanpoOHO-
ctu cocraBwiI: BecHou 1,46-1,69 (cpenuee-1,6), oce-
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Puc.19. Pacnpenenenue uncyieHHoctu Peridinium sp. (euriceps), Glenodinium sp. 1, sp. 2 B oceHHeM (DUTOIJIAHKTOHE.

Heio 1,58-1,68 (cpennee-1,65) (Puc. 21). B 60ibmuH-
CTBE CJIyYyaeB HWHJIEKCHI CANmpOOHOCTH COOTBETCTBYET
Momenu - Limnosaprobity, B- 30HB camoouuieHus (S
= 1,5-2,5), u 3-my wjaccy kauecTBa Boj (ymMepeHHO
3arpsi3HEHHBbIE) corjlacHo pabortam Sladecek (1973) u
Barinova (2017).

TpaAuIMOHHO WHTEPHPETUPYETCS, YTO BEJIU-
YUHBI 3TOTO WHJIEKCA COOTBETCTBYIOT «KOHI[EHTPALNU
OpraHUYeCcKUX BEIIECTB €CTEeCTBEHHOro (B OCHOBHOM,
JIETPUTHOTO) XapakKTepa» U «KOHI[EHTPAI[UU PacTBO-
peHHoro kucjaopoza». OgHako, 6JIM3K0e COOTHOLIEHHE
WHJIEKCOB Il TaKUX Pa3HBIX TPYMI CTAHIUH U CE30-
HOB, BBI3BIBAET COMHEHUE B aJIEKBATHOCTH €r0 MpUMe-
HeHus a1 batikana. Hampumep, corjiacHO KOHIIENIUN
MHJIEKCA canmpoOHOCTU CJIEOBAJIO OXHUAATh MOBHIIIEH-

Peridinium euriceps sp. Glenodinium sp.1 Glenodinium sp.2
2017 2018 2019 2020 2021 2022 | 2017 2018 2019 2020 2021 2022 [2017 2018 2019 2020 2021 2022
—_— [ ]

I0Bb -

HOxwuwii1 Batikan, 1B — LlentpasneHbiil Batikan, CB — Cesepuriit batikan, MM — Manoe Mope.
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Coordinate 1

sp. 1 B BeceHHeM (3eJIeHHBIE CTOJIOMKM) U OCEHHEM (OpaHXeBbIe

cTosIONKYM) GUTOMIAHKTOHE. b - rpynmupoBka cTaHnuil no yncjaeHHocTH Glenodinium sp. 1 3a 2017-2022 rr. Ha OCHOBe MeTO/Ia

UMAP (cocenett 8, nuctanius 0,2).

Hble ero 3HAYeHUs y CTaHIUU 4 TPYIIb, TPUMBIKA0-
IMX K YCTHEBBIM 30HaM peK WM PacCIOJIOKEHHBIX B
sasimBax. OOHAKO, 3HaUYeHUA HHAEKca CcanpoOHOCTU
IJI DTUX CTaHIUN ObLJIM HIDKE, YeM i cTaHiui 1
u 2 rpynn. Crannuu IOxHoro Baiikana, pacrnoJioxeH-
Hble PAJIOM C HaceJ€eHHBIMHM INYHKTaMM, HampuMep,
JIuctBanka, Cmioganka, Kynaryk, TaHxoil BHIIAOAT
COTJIaCHO 3TOMY UHJeEKCy OJiaromojiyyHee, 4yeM CTaH-
UM BTOPOU TPYIIIB C MUHAMAJIBHON aHTPOIIOT€HHOMN
Harpy3kou. Tak xe 1 Ha CeBepHOoM balikane, cTaHIusa
3apeyHasa ¢ caMbIM QHOMAaJIbHBIM pPa3BUTHEM CIIHUPO-
rupel Ha bBatikaje, BBITJIAAUT JIy4Yille, YeM CTaHI[UU
®posmxa, E10XUH U3 BTOPO¥ TPyIIIHL.

B ciyudae ¢ BeceHHUM (PUTOIJIAHKTOHOM HMHIEKC
canmpoGHOCTH yBeJuuuBajica 3a cuer Ch. parva, D.
cylindricum, K. longiseta v M. arcuatum, VMEIONUINX
nHAeKC canpoOHocTu 2. B oceHHeM (PUTOIIAaHKTOHE
WHJIeKC CalpoOHOCTU YBeJIMYMBAJICA TOJIBKO 3a CUeT
omHoro Buaa — C. parva (S = 2.0).

Bcero HeckoJbKO BUAOB, MacCOBO pa3BUBAI0-
muxca B batikasie, mpugamoT eMy cTatyc 3-ro Kjacca
KauecTBa BOJi (yMepeHHO 3arpsisHeHHBIe). [Ipu 3TOM
cjieqyeT 3a4aThCsA BOIIPOCOM - €CJIM 3TU BUIbI-MapKephl
«3arps3HeHus» MPUCYTCTBYIOT He TOJIbKO B IMpUOpEX-
HOI YacTu 03epa, HO U B Iejlaruajy, TO 3HAUUT Iejia-
ruajgb o3epa ABJIAeTCA YMepPeHHO 3arpA3HeHHON?

Bogopocsiu pona Dinobryon - mokasaTtenid 0JIM-
roTpodHBIX YCJIOBUH, NpeANOvYUTaIiie BOAOEMBI C
MUHUMAJIBHBIM CcOAepXaHueM MHuHepajbHoro @oc-
dopa, TunuuHble 1A TTyOOKOBOAHBIX CEBEPHEBIX 03ep
(Boumapenko u JloraueBa, 2016). D. cylindricum sBis-
eTcA TUIUYHBIM IIpeAcTaBUTeJIeM Mejiaruajiu o3epa C
obmeit foJieii 2-18% B coobmecTBe (GUTOMIAHKTOHA
(TTortoBckas u ap., 2015). B BeceHHEM (GUTONIIAHKTOHE
Ha CTaHUUAX 1-11 rpynmsl ero cpeqHsAA YricJIeHHOCTh 40
TBIC.KJI./JI, @ Ha cTaHUMAX 3-U rpynmnbl 70 TBIC.KJI./JI
(Tabsmmra 2). Tak Heyxeau ctaHnuy 1 rpynmsl, obora-

IIeHHbIe «3arpsA3HEHHBIMU» BOJaMM, MOTJIM CIIPOLYIIU-
poBaTh Takoe KosiudectBo D. cylindricum pyisa mesaru-
any o3epa? YUUTHIBasA, 9YTO HA CTAaHIMAX 2 U 4-H Irpynn
cpenHee ero comepxanve 99 u 87 THIC.KJL./JI, COOTBET-
CTBEHHO, HET OCHOBaHMII NoJIaraTh, YTO 3TOT BUJ ABJIA-
eTcsA nokKasarejieM YMepPeHHO 3arps3HeHHBIX BOI.

Peructpupyemas B 2017-2022 rr. 4nCJIEHHOCTD
Ch. parva kak B BeCeHHel, Tak 1 OCEHHUII MIepUO/Ib He
0oJiee 5 MJIH KJI./J1 4 He IIpeBhIlIajia YUCJIEHHOCTh 3TOTO
BUJa, perucrpupyemyio Ha craHuuu b. Kotel B 1980-
2000 rr. (Izmest’eva et al., 2011). J[OTOJHUTEJIHHO,
B 1980-2000 rr. 4YHCJIEHHOCTb 3TOr0 BHJA OCTaBa-
JIoch MpuMepHO cTabuibHOU. Ha cTtaHuuu JIMcTBAHKA
BOM BecHoll u oceHblio B 2017-2022 rT. comepxaHue
Ch. parva He npeBsimaiio 58 v 482 ThIC.KJI./JI, COOTBET-
ctBeHHO. OnmHako B 1990-1995 rr. Ha 3TOHM Xe CTaH-
LuU ee colepxaHue Ooxoauyo A0 6439 ThIC.KJI./JL.
(Vorobyeva, 2018). Takum o6pa3oMm, 3a nocyaeanue 40
et Ch. parva siBJisieTCA TUIWYHBIM IIpefCcTaBUTEJIEM
duroniankToHa bBalikajsia, XOTA B 3TOT mHepuUof IpPo-
UCXOOWJI CyllleCTBEHHBble K3MeHeHUs WHTEeHCUBHO-
CTU aHTPONOTeHHOTO BO3[eicTBUA. TakuM oOpasoMm,
MBI He MOXeM TOBOPUTh, YTO HCIOJIb30BaHME UHeKCa
canpoOHOCTU JaeT aJieKBaTHYIO OLleHKy KauecTBa BOJ
03. barikas.

3.4. BAvAaHMe BOAHOCTH NPUTOKOB HA
PHUTONNAAHKTOH AMTOPaAH 03epa

[NokasaTesieM HU3KOM BOAHOCTHM IIPUTOKa B
03epo sABJAeTCA ypoBeHb balikasa. Ce30HHBIE KoJie-
OaHusA ypoBHA Dalikaja XapakTepusylTcA TeM, UYTO
MUHUMAJIBHBIN YPOBEHb O3epa MPUXOAUTCA Ha KOHell
anpeJsisi-Havasio Mas, a MaKCUMaJIbHBIL Ha CEHTAOPb-OK-
TAOph. B HameMm cjiyuae MOXHO BUAEThb, UTO 3KCTpe-
MaJIbHO HU3KHE YPOBHU 03epa KaK BeCHOI, TaK U oce-
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Hbio 6611M B 2016 1 2017 1. 11 BecHou1 2018 r. (Puc. 1).
C netHero nepuoga 2018 r. u go xoHna 2023 r. ce30H-
Hble KoJiebaHUA ObUIM OJIM3KU K CpeJHEMOT0JIETHUM
(Sinyukovich et al., 2024). OgHako, OCEHHUI1 ypOBEHD
Barikama B 2021 r. 457,22 M ObLJT MakKCHMAaJIbHBIM 3a
2010-2022 rr. TakuMm o6pa3oM, MBI IMeeM HeCKOJIbKO
pedepaTHbIX nepuoaos cpaBHeHuA: 2017 u BecHa 2018
I. — DKCTpeMaJIbHO HU3Kas BOAHOCTb MPUTOKOB, 2021
I. — BKCTpeMaJIbHO BBICOKas BOAHOCTh, 2019, 2020 u
2022 rr. - HOpMaJibHasA CpeJHEMHOI0JIeTHAA BOOHOCTD.

[Tocne paspyuieHus JieJOBOTO IIOKpOBa Ha
MIMPUHY 30HB CMEIIMBAHUA O3€pHBIX U PEUYHBIX BOJ
OKa3bIBaeT BJIMsIHNE BETPOBOe IepeMellrBaHUe U Ipa-
HUI[a TepMobapa, oKasblBalollero OJioKHpylolllee Aeli-
CTBUE Ha IPOHUKHOBEHHE pPeYHBIX BOJ B IJIyOb 0O3epa
(Tomberg et al., 2019; Tom6epr u Ap., 2024). B pacmpe-
JeJleHnU BeceHHero (GOUTOIJIaHKTOHA OTYETJIMBO BhIJle-
JIAI0TCA Kiactepsl craHiuil 2017, 2020, 2021 u 2022
rof0B, U KJIacTep, Ha3BaHHBIN «eJUHBIM», COCTOAIINM
M3 CTaHI[UI BceX I'o/IoB HaOJII0IeH s, TO €CTh CTaHIINH,
cyabo pazgesAIUX MeXay co0ol B MeXrogoBOM
acrnekre (Puc. 22). Knacrep manoBogHoro 2017 r. BKJTIO-
yaeT craHnuii: As, HuxHeanrapck, ApyJ, bakinanuii,
Byrynspetika, [asma, Enox_mesn, EjoxuH, 3apeuHoe,

Upunpa, KotenbHukoBckuii, Jlygaps, Maxkcumuxa,
MPC, MyxwuHali, OJbXOHCKUE-BOpOTa, MyxuHai,
Onrypensl, PrwiThili, CeBepobatikanbck, CeJieHra_

Boixof, CeHorna, Tomnyna, Typka, Typka-niesn., Teig, B.
Ymxkanuii, Xakycsl, Xyxup 1 UMBbIpKyH. DTOT KJIacTep
XapaKTepU3yITCs He BRICOKUMU OrioMaccaMu — B Cpefi-
HeM 600 mr/m® U cpeiHEl BUIOBOU YHCJIEHHOCTHIO - 18
BuZ0B (Puc. 22). 5To BRIIJIAAUT HECKOJIBKO KypPbe3HO,
YTO CTAHI[UM, HENOCPEeJCTBEHHO MpHUMBIKAIIe K
KpynHbeIM npuTokaMm Baiikanma (p. B. Aurapa, Typka,
Pens, Tomnyna, Teisa, Byrynpaeiika u T.n), He IOKa-
3aJI1 BBICOKHMX 3HaUeHUil OriomMacchl GUTOMIaHKTOHa. B
TO BpeMs Kak craHnuu 2017 r., Bolle/irie B eJUHBIN
kiactep (CeHHas, 3aBopoTtHas, BOM, B. I'osoycTHoe,
Hepnunapuii, B. Kotsl, Myxop, Kynryk, CiaroasHka,
Kynryk_nmupe, Xapays, Tauxoii, BaOymxkun, BILIBK,
Batikanbck) umeroT 6eJHBIN BHIOBOI COCTaB - B Cpef-
HeM 12 BHZIOB, HO BhICOKKE Oromacchl 1o 1500 mr/me.
OcHOBHEBIE 0TIMYUA Mexay kiactepom 2017 r. u «equ-
HBIM» KJIaCTEpPOM 3aKJIIOYalTCs B YHCJIEHHOCTH D.
cylindricum, Ch. parva, R. pusilla, N. graciliformis, K.
longiseta v S. acus subsp.radians. Takxe S. acus subsp.
radians oTMeYeHa C MOBBIIIEHHON GMOMAacCcoil Ha CTaH-
nusax 2017 r. «eguHoro» kiacrtepa (Puc. 22). Takum
obpazom B 2017 roxmy 32 craHUIUU UMeJU BUAOBBIE
0c00eHHOCTHU, XapaKTepHble IS 3TOro nepuoja, a 15
CTaHI[UM HUYEM He OTJIUYaJIMCh OT CTAHIUI JPYyTUX
epruoaoB.

B nepuopn skcrpemasnpHOU BogHOcTH B 2021 T,
42 cTaHIMU BOILIU B OT/IeJIbHBIH KJ1acTep, a 9 ctTaHuui
OBLJIU OTHECeHHI K «eAUHOMY>» kjactepy (bOM, Kynryk,
JluctBaHka_nesnaruanb, H.AHrapck, [IoOBUHHBIMH,
Cenenra-peixoji, CenHas, CioAsfHKa, YJiaHOBO). B
cpegHeM Ha cTaHLIUAX kjaactepa 2021 r. perucTpupo-
Baju 22 Buma, a bumomacca goxomuia go 1700 mr/me
(Puc. 22). Ha crannusax 2021 r., OTHECEHHBIX K «eJH-
HOMY» KJiacTepy OuoMacca Obljla HUKe, YeM Ha CTaH-
LUAX 3TOro ke kiacrepa B 2017 r. CtaHuuu Kiiacrepa
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2021 r. oTyimyaiorca ot ctaHnui 2021 r., OTHECEeHHBIX
K «eJUHOMY» KJIacTepy, TeM 4YTO He UMeIT WHAWKa-
TOPHBIX BHUJIOB, HECMOTps Ha 0oJiee BEICOKOE TaKCOHO-
Muueckoe pazHooOpasue. OcHoBHble pasiuuus (53%)
OIpe/iesIAIOTCA IMOBBIIEHHBIM IPUCYTCTBHEM B KJIa-
crepe 2021 r. — M. arcuatum, A. islandica, St.meyeri, D.
cylindricum, Ch. parva, S. acus subsp. radians.

Crannuu 2018 u 2019 rr. He UMeJU OTJINYU-
TeJIbHBIX 0COOEHHOCTEe 1 BCe BOLLIU B «eqUHBIN» KJIa-
crep. Bocems craniuu HOxHoro Baiikana (baOymikuH,
Tauxoii, Batikansck, BLBK, Croganka, Kyniryk,
Kynryx-Beixon, I[TosioBuHHEI) B 2020 r. Takxe o0paso-
BaJIM OTJeJIbHBIN Ky1acTep. U 3TOT K1actep o0ycjioBjieH
MTOBHIIIIEHHOM YMCIEeHHOCThIO A. baicalensis, A. islandica,
S. acus subsp. radians. Bce ocrtanbHble ctaHiuu 2020
I. OTHOCWJINCh K «eIUHOMY>» KJiactepy. Crannuu 2022
I. Takxe o0pa3oBajii OTAEbHBIN KjlacTep, C TECHBIMU
CBA3AMHU MeXJy OTAeJbHBIMH CTaHIUAMH CeBepHOro
batixana u Masnoro mops (T'opeBoit yTtec, CB. Hoc,
As, MaBma, 3apeuHoe, Jlymapb, MPC, OinbxXxOHCKUe
— Bopota, Ces.Baiikanbck, CeHorga, Teisa, dposrxa,
Xakycsl).

OnucaHHasA BhIIle KapTHMHA KjacTepus3aluiu He
[I03BOJIAET YBEpeHHO TOBOPUTb, YTO BeCeHHUH (PuTo-
IJIAHKTOH KMeeT OJHO3HAUHBIY OTKJIMK Ha pexum
BogHocTU. Eciyu Havasno pasBuUTUA (PUTOIIAHKTOHA
IIPUXOJUTCS Ha MOAJIeAHBI I[epuof, TO W MHOIHe
IIPUTOKU O3epa HaxoAATCA B 3aMepIIMM COCTOSIHUE C
MMHHMaJIbHBIM IIOJAPYCJIOBBIM CTOKOM Y KPYIIHBIX peK
(Cenenra, B. Aurapa, BaprysuH, Typka, Teis) uam xe
€ro IMOJIHEIM OTCYTCTBHEM Yy MeJIKUX IIPUTOKOB. Yaige
BCEro AuanasoH KoJieGaHWA MUHHUMAaJIbHOI'O YPOBHA OT
roja k rofy coctaniisgeT 20 cM, 1 3TO TaKke He MOXeT
OBITh KJIIOUEBBIM (PaKTOPOM, OIlpeesIANIuM pa3BUTHe
BeceHHero (GUTOILIaHKTOHA. [lokasaTeslbHBI pe3yJib-
TaThl 10 2018 r. BecHe 2018 r. npefmecTBoBagu Majio-
BogHble Toabl 2014-2017 rr. u kasajioch OB cHucTeMa
JI0JDKHA HCIBITaTh HEJOCTAaTOK B NMPUTOKE OHMOTeHHBIX
KOMIOHeHTOB K 2018 rogy. OgHaxko, Bce ctannuu 2018
rojga TMOJIHOCTBI0 HaxofATCA B «eJUHOM» KJacTepe,
He yKasblBasd Ha Kakue-TO U3MeHeHU: B coolliecTBax
(uTonIaHKTOHA, BEI3BAaHHBIX IIPeAIeCTBYIOMUM MaJlo-
BOJIHBIM IepuogioM. U Hao6opoT, ctaniuu 2020 u 2022
rT. OpMUPYIOT OTAEJIbHbIEe KJIacTephl, XOTs NPeANnoCH-
JIOK B BUJie IIpe/IIecTBYIOIINX 3HAaUUTeJIbHBIX KoJjeba-
HUM BOOHOCTH He OBLIO.

HAna  oceHHero GUTOILUIAHKTOHA OTYETJIMBO
othaessgeTrca OT ApPYrux TOJIbKO kiactep 2022 r., a
kiactepsl 2017 u 2021 rr. 6JM3KM K eUHOMY KJia-
crepy Nel (Puc. 22). IIpu 3TOM, eJUHBIX KJIaCTepOB,
KOTOpHIE coueTaloT B cebs CTaHIUM pa3/IMYHBIX I'OJI0B
yxe nBa. CTaHI[UU OTHeJbHOro kjacrepa 2017 r. (20
CTaHI[UM) OTJIUYaeTcs OT Apyrux craHuuii 2017 r.
(Cenenra-Boixof;, Xapay3s, Tauxoii, Teia, ®posuxa,
Tomnyna, Upunaa, Ce.Hoc) HepnuiHapuii, baOymikuH,
Makcumuxa) NOBBIIIEHHHIM npucyTcTBueM R. pusilla,
Ch. parva, C. minuta, Oscillatoria sp.

Crannuu kiactepa 2021 r. (37crannuiil) oTyiu-
yatoTcs oT Apyrux craHuuit 2021 r. (Tanxoi, Myxop,
l'opeBoit ytec, Baxmanuii, Cs.Hoc, Xapays, Typka-
nes, Typka, Makcumuxa, [asma, Tomnypna, Xakychl,
®ponuxa, Yusblpkyil, UpuHaa) yucjaeHHBIMU 3HaYeHU-
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Puc.21. Pacnpe,z[eﬂeHI/Ie HHAEKCa Cal'[pO6HOCTI/I BeCEHHero 1 OCeHHero (I)I/ITOHJ'IaHKTOHa.
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Ta6suna 4. Buabl-MHANKATOPHl CallpOGHOCTHU

HWHAUKaTOPHBIA BUL S uHAEeKc Canpo- HWHOUKaTOPHBIA BUJ S uHaeKc Camnpo-
canpo6HOCTH | 6HoIoruyecKas canpoGHocTH | GHosiormyeckas
BUA rpymna BHAA rpymnmna
Aulacoseira baicalensis 0.4 X-0 Scenedesmus arcuatus 1.8 0-a
Chrysosphaerella baicalensis 0.4 Scenedesmus bijugatus 1.8
Cyclotella baicalensis 0.4 Actinastrum hantzschii 2 B
Cyclotella minuta 0.4 Anabaena flos-aquae 2
Gymnodinium baicalense 0.4 Anabaena lemmermannii 2
Stephanodiscus meyeri 0.4 Anabaena macrospora 2
Peridinium baicalense 0.4 Aphanizomenon flos-aquae D)
Aulacoseira islandica 0.6 0-X, Chrysochromulina parva 2
Tabellaria flocculosa 0.6 Closterium moniliferum 2
Asterionella formosa 1 0 Coelastrum microporum 2
Ceratium hirundinella 1 Cosmarium botrytis 2
Cryptomonas gracilis 1 Cryptomonas erosa 2
Cyclotella ocellata 1 Dictyosphaerium pulchellum 2
Dinobryon bavaricum 1 Dinobryon sociale 2
Gloeocapsa turgida 1 Gomphosphaeria lacustris 2
Gyrodinium helveticum 1 Koliella longiseta 2
Synedra acus subsp. radians 1 Lagerheimia genevensis 2
Synedra ulna var. danica 1 Monoraphidium arcuatum 2
Urosolenia longiseta 1 Monoraphidium contortum 2
Anabaena scheremetievi 1.4 o-B Phacus caudatus 2
Anabaena spiroides 1.4 Scenedesmus acuminatu 2
Cyclostephanos dubius 1.4 Sc.acuminatus var. biseriatus 2
Diatoma elongatum 1.4 Scenedesmus denticulatus 2
Dinobryon cylindricum 1.4 Scenedesmus obliquus 2
Fragilaria capucina 1.4 Scenedesmus quadricauda 2
Fragilaria crotonensis 1.4 Synedra acus 2
Lyngbya limnetica 1.4 Synedra ulna 2
Merismopedia major 1.4 Synura petersenii 2
Microcystis pulverea 1.4 Tetraédron incus 2
Nitzschia graciliformis 1.4 Trachelomonas sp. (volvocina) 2
Pediastrum kawraiskyi 1.4 Trachelomonas hispida 2
Rhodomonas pusilla 1.4 Volyox aureus 2
Stephanodiscus makarovae 1.4 Aulacoseira granulata 2.4 B-a
Stephanodiscus minutulus 1.4 Closterium littorale 2.4
Crucigenia quadrata 1.6 B-o Cryptomonas marssonii 2.4
Cryptomonas reflexa 1.6 Merismopedia tenuissima 2.4
Gloeotrichia pisum 1.6 Chlorella vulgaris 3 a
Oocystis lacustris 1.6 Melosira varians 3.6 a-p
Schroederia setigera 1.6 Stephanodiscus hantzschii 3.6
Sphaerocystis schroeteri 1.6
Acanthoceras zachariadi 1.8 o-a
Closterium ehrenbergii 1.8
Crucigenia tetrapedia 1.8 Canpo6uoJiornyeckas rpynna % BHUI0B
Cryptomonas ovata 1.8 X-0 8
Cryptomonas rostrata 1.8 o-X 2
Cyclotella meneghiniana 1.8 ° 11
Dinobryon divergens 1.8 o-f 16
Elakotathrix genevensis 1.8 B-o 6
Ellerbeckia teres 1.8 o= 17
Mallomonas vannigera 1.8 B 32
Merismopedia glauca 1.8 B-a 4
Pediastrum boryanum 1.8 a 1
Pediastrum duplex 1.8 a-B 2
Pediastrum tetras 1.8 z 100
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Puc.22. Knacrepusanus BeCEHHEro U 0CeHHero (puToIUIaHKTOHa UCX0sA U3 rofa ero dopmuposaHusa. KpacHble kBagparhl -
craHuuu 2017 r., yepHble Kpyru - ctanuu 2018 r., nusossle kpyru — craHnuu 2019 r., cuHue Kpyru — ctannuu 2020 r., cuHue

TpeyroyibHuku — 2021 r., 3ejieHble Kpyru — craHuuu 2022 r.

amu M. arcuatum u D. sociale. A Ha cTaHUIUAX, OTHe-
CeHHBIX K «eUHBIM» KjiacTepaM Nol u No2, Gonpmuii
BKJIAZ B OTJINYMA BHOcAT M. pulverea, M. contortum,
St. minutulus, A. formosa, C. gracilis, A. lemmermannii, A.
granulate v N.graciliformis.

Kak He cTtpaHHO, HO kiactep 2021 r. o BHUAO-
BOMY cocTaBy OeJiHee, ueM kJiacTepsl 2017 r. 3HaueHUs
6uomacce! 2017 1 2021 IT. IpaKTUYEeCKU CONOCTaBUMBI
Mexay coboii, 1 MeHbllle 3HaueHuii 6uoMacc Ha CTaH-
nusax BeceHHero kiacrepa 2017 r. (Puc. 22). Takum
o0pa3oM, U B oceHHeM (UTOIUIAHKTOHE MBI He Haxo-
JUM OTYeTJINBBIX AOKa3aTeJIbCTB, B3aUMOCBA3U MEXIY
BOJHOCTBI0 IIPUTOKOB U Pa3BUTHEM (PUTOIIAHKTOHA.
Taxxe, MBI He HaOJII0gaeM OJHO3HAYHOHN JIMHEHHOU
CBA3U B cHUCTeMe «dueM OoJibllle MPUTOK OHOreHHBIX
KOMIIOHEHTOB 3a CYeT Pe4HOro CTOKa, TeM OoJiblie 61o-
Macca GUTOIIaHKTOHa». Tak HcciiefoBaHue pacipeze-
JneHus GUTOIUIAaHKTOHA Ha AHrapa-KuuepckoMm MeJsiko-
Boabe CeBepHoro Balikasa nokasaso, YTO HECMOTPs Ha
BBICOKHME KOHIIEHTpalui KpeMHusdA, azora u ¢docdopa
Ha paccTossHUU 10 8 KM OT ycThA p. B. AHrapa ¢uro-
IJIAHKTOH pa3BUBAaJICA TOJIBKO B 1-1,5 KM 30He OT yCThbA
(Tombepr u fp., 2024). To ects 3KcnaHcuA GUTOIIIAH-
KTOHa B IJIyOb 03epa Obljla JUMUTHUPOBaHA, KaKUMU-TO
Apyrumu (akTopamu, a He KOJIMYeCTBOM OMOTeHHBIX
KOMIIOHEHTOB.

Tabsmna 5 nmokaselBaeT, 4yTo o 6uomacce GUTO-
IUIAaHKTOHA Ha CTaHIMAX, OJIM3KO paclOJIOKeHHBIX K
YCTbsIM pEeK, TakXe He OAHO3HA4yHO paspgessanT 2017
n 2021 rr. Ilpu saToM ctaHu CeJIeHrMHCKOro MeJIKO-
BO/IbsA MOKa3bIBAIOT, AUaMeTpaJbHO pasHoe paclpeje-
JeHue 6uomacc. Ha GoJIbIIMHCTBE CTaHIMM, HUYEeM He
npuMevaTesibHbIX B TMPOJIOTUYeCcKOM IuiaHe, B 2020
I. OTMeYeHO yBeJInueHre 6ruoMacchl (PUTOIUIaHKTOHA U
BugoBoro cocrapa (Puc. 22).
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BeposaTHee Bcero, Ha cHaOxeHue (PuUTOIIAH-
KTOHa OHMOTeHHBIMH 3JiIeMeHTaMu OoJiblliee BJIASAHHUE
OKa3blBalOT BHYTpPeHHUe ruapodu3nyuecKyue IIpolLecCh
bBaiikasa B BUjle anBeJUIMHIOB — NIOCTyIJIeHUE TJTyOuH-
HBIX BoA B doTHueckylo 30Hy. Hanpumep, B xone sKc-
nepuMeHTa Ha ctaHnuu b. KoTel korga xumuuyeckun
COCTaB BOJBl OIpefesisyICA KaXAbll AeHb C HIOHA IO
HOs6pb 2020 r. OBLIO OllpeiesIeHo, YTO ¢ 3 MIOHA 1o 17
HI0JIA cofiepXXaHue MuHepajbHoro ¢ocdopa ¢ 9 MKr/ma
CHU3UJIOCH 10 HYJIEBBIX 3HaUeHNI, a 18 1A B pe3yJib-
TaTe MITOpMa IIPOU30IIIeJ] allBeJUIMHI U KOHI[eHTpauus
dochopa BHOBb cTana okosio 9 Mmkr/n (Domysheva
et al., 2023). B nesioM Xe 3a IEPUOA OTKPBITOH BOZBI
2017-2022 rr. Takue ABJI€HUA alBeJUIMHra B MeEJIKO-
BogHON 30He lOxHOro m CpegHero balikana mpowuc-
xoaunu uepe3 4-6 nHelt, a B CeepHoM baiikase 8-16
nuen (Fedotov and Khanaev, 2023)

3.5. ConocraBAneHHEe NOAYUEHHbIX AAHHBIX
C NpPeAbIAYLUHMH UCCACAOBAHUAMM

B kauecTtBe cpaBHeHHs Mbl BbIOpasiu AaHHBIE
1990-1995 rr. ana cranuuu JlucreaHka bOM. B Teue-
HHe 3TOro nepuojia npobsl GUTOIIAHKTOHA OTOUpa-
JIMCh Kaxable 5-7 aHell. Beuiu BRIOpaHBI JaHHBIE IJIS
HECKOJIBKUX JIHEH, MpUMepHO, COBMAJaolUX CO CPO-
KamMu ImpoBefaeHus skcrneauruii 2017-2022rr. Eciu
cpaBHUBaTh oOmue G6uomaccel GUTONJIAHKTOHA IJIaH-
KTOHA, TO OTYETJIMBO BUJIHO, YTO B HAIIUX HCCJIeJOBa-
HHUAX Oromacca BeceHHero (pUTOIIaHKTOHA He MpPEeBHI-
maJsa 450 mr/m3, a B 1990 u 1995 rr. oHa Joxoauia,
no 600 u 1050 mr/m3, coorBeTcTBeHHO (Puc. 23).
[IpakTrueckyu Bce OTAeJIBl BeCeHHero (GpUTOIIaHKTOHA
1990-1995 rr. no 6uomaccaM Ky ObLIN Ha yPOBHE UJIN
npeBocxoAuyi TakoBble B 2017-2022 rr. OcoGeHHO,
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3TO 3aMETHO I ITMaHOOaKTepUuil U KPUNTOPUTOBBIX
BogopocJieii (Puc. 23). OueHb BbICOKass N3MEHUYMBOCTh
XapakTepHa U B JeKaJJHOM BpeMeHHOM pacImpefe-
neHun. Hampumep, ecnu OBl 3Kcneguuusa oTOupaa
npo6sl 29 mas 1995 r., To 3apeructprpoBanu 661 6HO-
Maccy AMaTOMOBHIX B - 950 mr/m3, a ecsint 661 05 uioHA
1995 r., To ux G6uomacca OwuIa OBl TOJIBKO 7 Mr/m3
(Puc. 23). BeposiTHasA MpUyYUHAa 3TOTO sIBJIEHUE - 0OHOB-
JeHue BepxXHel TOJIIM TJyOMHHBIMM BOJaMU TIpPU
anBeJIJIUHTE.

buomaccel oceHHero ¢uromIaHkToHa 1992-
1994 rr. B 3 1 4 pasa MpeBbILIaJIM TaKOBbEe Iepuofa
2017-2022 rr. (Puc. 23) OcobeHHO yauBUTeJIbHa O1O-
Macca KpUNTOMOUTOBBIX, Aoxondmas no 1752 mr/ms.
Takue BbICOKHME cyMMapHBle GHoMacchl BooOie OB
pedKu B HalIUX HCCJIeOBAaHUAX, HE TOBOPs yXe Ipo
KpUNTopUTOBBIX, OMOMacca KOTOPHIX He IpeBbIIIajia
450 mr/m® Ha yeTBepTOH rpymme craHmui (Puc. 13).
Takxe coBepllleHHO HesICHBIM OCTaeTcsl MpUYMHA pe3-
KOro yBesnueHus 6riomMaccsl, koraa 14 ceHTsa6psa 1994
r. 6oMacca KpuntoduToBbIX 6b11a 42 Mr/me, a 21 ceH-
TA6pA 1994 r. yBenuuwiack Ao 1752 mr/m®. MoxHO
MPEeANoJIOXKUTh, YTO HapaboTKU GroMacchl TPOU30ILIa
U3-3a [leJIeHUs KJIeTOK U UX YBeJIMUeHUIO 110 SKCIIOHEH-
nuaJbHOMY ypaBHeHU0. OJHaKo, 3a 3TOT MPOMEXYTOK
BpeMeHHU OroMacca JIpyrux KJjacCcoB Hao60pOT YMeHb-
mmiack. C Ipyroil CTOPOHHI, a KaKol MCTOYHUK MUTa-
TeJIbHOT'O BelllecTBa AJis pOCTa KPUNTOMUTOBBIX OBLI
B 1990-e roan!l B 1. JIucrtBsHka? Ilo MHTEHCHBHOCTU
X03AIMICTBEHHO-OBITOBOM JesATEJIbHOCTU B T€ TOMBI IOCe-
JIOK SIBHO YCTyHaJl COBpeEMeHHOMY IepPUOLY.

[Ipu wucciemoBaHuUM mpollecca ceUMeHTaluu
IUTAaHKTOHHBIX BOJIOpOCJIell B NPUOpPEXHOI 30He 03.
Batikan B patioHe noc. B. KoTsl B utosie 2002 r. 661710
YCTAHOBJIEHO, YTO WHTerpajibHble 3HaueHus QuUTo-
IUIaHKTOHA B cjoe 0-15 M yBesmmuuaucs ot 1,7 mupa/
k1. M2 15 wmrona 2002 r. go 5,2 mipn/ ki M2k 22
utona 2002 r., To ecth Oosiee yeM B 3 paza (Kpamyk u
HamecTtbeBa, 2004).

B patioHe m. JIucTBsiHKa pacroJioXxeHbl 4 CTaH-
uun (BOM, Cennas, Hepnunapuii, JluctBaHka-Ilemn).
Brlyia mpoBepeHa cXOXeCTh BUJIOBOI'O COCTaBa (MHAEKC
JKaxkapa) Ha 3THUX CTAHIUAX AJ1A Kaxoro roga. B cpen-
HEM 3THU CTAaHIMU UMEJIU UHAEKC CXOJICTBA IJiA BeCeH-
Hel u oceHHell cbeMku 0,7 u 0,62, COOTBETCTBEHHO.
OnHako, ObLTM U 3HAUeHUA UHJeKca u okosio 0,5, a
BeceHHUH BHA0BOM cocTaB 2017 roma mMes HMHIOEKC
cxopacTBa Mexay craHuuamu 0,13-0,4, To eCTb € OTCYT-
ctBueM cxoxctpa (Puc. 23).

TakuMm o00pa3oM, MOXHO HIPUUTHU K BHIBOAY,
MeXTrof0BOe CpaBHEHUE KOJIMYeCTBEHHBIX TapaMeTpOB
puTOIIaHKTOHA N0 OAHOM CTaHLUU, MOXET JaTh BO
MHOT'OM JIOXHBIN, He UHTePIPeTUPYEeMBIN pe3yJibTaT.

4. BoiBOADI

B pabote mpefcraBiieHBl JaHHBIE IO JUHAMUKeE
M3MeHeHUsA BUAOBOTO COCTaBa, YMCJIEHHOCTU KJIETOK
u 6uomMaccel npubpexHoro (GUTONJIAHKTOHA B BeceH-
HUN (KoHel Masg-Hayajio UIOHA) U OCeHHUMN (IIo3qHUH
ceHTAOpPD) nepuobl 2017-2022 rr. CTaHIUU HUCCIeO-
BaHMA pacloJiarajiiuch o nepuMeTpy o3epa yepes Kax-
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naele 30-50 kM. CraHiuu HaOTogeHus pa3fesiijiich Ha
4 rpynnsl: 1 - cTaHI[UY, TPUMBIKaIOIIe K HaceJeHHbBIM
MyHKTaM, 2 - 6e3 Takoro BJIUAHUA, 3 -CTAaHIMU IeJa-
ruajgyd U 4 - CTaHIIMU YCTheBbIX YacTel peK U 3aJIUBHI.

B BeceHHeM pUTOMIAHKTOHE JUATOMOBBIE OBLITU
abCcoJTIOTHRIMU JIoMUHaHTaMu (67,5%). JoJisa 30/10TU-
cThix cocrasiisia (15%). CpeaHss 6uoMmacca AUaTOMO-
BbIXB 1, 2, 3u 4 rpynmnax 6s11a 756, 561, 713 1904 mr/m3,
cooTBeTcTBeHHO. Hanbosee yacTo Ha cTaHIUAX OOHa-
pyxuBaiu 15-22 Buga. Haubosiee BbICOKME 3HAUYEHUA
6oraTctBo BUJOB - 40-45 BHUAOB OBLJIO Ha CTAHIUAX,
pacnosioxxeHHble BOIM3U AesbTH p. CesleHra.

B oceHHeM OGuUTONJIAaHKTOHE MHHHMAaJIbHOE U
MakKcHUMaJlbHOe KOJIMYeCTBO OOHapyXeHHBIX BUOB
Ha ofHOM cTaHIuu 66110 11 1 50, coorBeTcTBEHHO. C
MO3UI[UU YKCJIEHHOCTH OCeHHUI (UTOIJIAaHKTOH NpPU-
O6pexHol 30HHI balikasia MoxeT ObITh XapaKTepu30BaH,
Kak coobmecTBo rantTouToBO-KpUNTOPUTOBBEIX BOJIO-
pocJieii, a ¢ mo3uluu 61MoMacchl TOJIBKO Kak coobiie-
CTBO KpUNTOMUTOBHIX BOJOpOCieil. UHCIeHHOCTh U
6uomMacca KpuntTopUTOBBIX BOAOPOCJEN MOTJIM JOXO-
IUTh 10 2235 THIC.KJL./J1 1 472 MI/M?, COOTBETCTBEHHO.
30JI0THUCTBIE BOLOPOCTM NPU BBICOKON YMCJIEHHOCTU,
poxonsment no 1000 TeIC.KJI./JI, UMenau HeGOJBIIYIO
6uomaccy, 3aJactyio Huxe 50 mr/m3,

YcraHoBjieHO, YTO HauboJiee YacTO UHIEKC
canpoOHOCTU [ BceX rpymn BecHou 1,46-1,69 (cpen-
Hee-1,6), ocennio 1,58-1,68 (cpenHee-1,65). OnHako,
TOJIBKO HEeCKOJIbKO BH/IOB, MAacCOBO Pa3BUBAIOIINXCSA B
Batikane, npugaBaiau eMy craTyc 3-To Kjacca KauecTBa
BOJI (yMepeHHO 3arpsi3HeHHbIe), UTO CTaBUT 0[] COMHe-
HHe peJieBaHTHOCTb HCII0JIb30BaHUs JAHHOTO MHJIeKca
nnsa Baiikama. Takke He OOHapyXeHO OTYETJIMBBIX
JloKa3aTeJIbCTB B3aUMOCBS3M MeXIy BOJHOCTBIO IpU-
TOKOB U pa3BUTHEM IPUOPEXHOTo PUTOMIaHKTOHA.

Ha ocHOBe BHIOBOTrO COCTaBa, YHCJIEHHOCTU
KJIETOK U GroMacchl BeCEHHero 1 oceHHero (puToIUIaH-
KTOHAa HaM He yJaJjioch JJOCTOBEPHO pa3fiesIAThb 4acTU
akBaTOpuu NpuOpexHOU 30HB balikana 1o cremneHu
AHTPONOTEHHOT'0 BO3JENCTBUSA Ha NMPUOPEXHYI 30HY
Barikaia.
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