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ABSTRACT. Phytoplankton has higher species richness in summer, when water temperatures are higher
than in other seasons in aquatic ecosystems. Here, we characterized phytoplankton communities using
microscopy and environmental parameters (temperature, pH, transparency) in the southern basin of
Lake Baikal and Irkutsk Reservoir, which is directly connected with the lake as it is the upper part of
Angara River, the Lake Baikal outlet. Surface water temperature was 10.1-18.4 °C in the southern basin
of Lake Baikal and 14.9-20.0 °C was in Irkutsk Reservoir, pH values were similar both in the lake and
the reservoir (8.09-8.44 and 7.96-8.28, respectively), and Secchi disc water transparency was 4.5-9.0 m
in the lake and 2.5-4.5 m in the reservoir. The phytoplankton community included 104 species from 7
high-rank taxa such as Chrysophyta (36), Chlorophyta (30), Bacillariophyta (22), Cyanobacteria (11),
Cryptophyta (2), Dinophyta (2), and Haptophyta (1). Species composition of summer phytoplankton
communities of the Irkutsk Reservoir and the southern basin of Lake Baikal were different, however the
community composition in terms of high-level phylotypes was very similar. At the same time, a large
number of small-cell cyanobacteria were identified in the lake. A high species richness of Chrysophyta,
genus Dinobryon (11 species) and silica-scaled chrysophytes (22) was founded. The composition of
dominant species of the southern basin of Lake Baikal and Irkutsk Reservoir became wider compared
to data published earlier, and included Cyanodictyon planctonicum, Cyanodictyon sp., Microcystis sp.,
Dinobryon sociale, Dinobryon sociale var. americanum, Chlorella vulgaris and Mychonastes homosphaera.
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1. Introduction Kozhova, 1960; Vasilyeva and Kozhova, 1963; Kozhova,

1964; Vorobyova, 1981; 1985; 1995; Popovskaya
et al.,, 2012). These studies show that the dominant
composition of phytoplankton in the Irkutsk Reservoir
depends on the phytoplankton of Lake Baikal. Recent
studies conducted in June 2023 (Firsova et al., 2023;
Bessudova et al., 2023b) showed that since the creation

Phytoplankton is the basis of the food web
in aquatic ecosystems and a sensitive indicator of
environmental changes. During the formation of
reservoirs, changes occur in the composition of its
phytoplankton community (Shchur, 2009; Korneva,

2015; Nogueira et al., 2010; Mikhailov, 2020). The
reservoir, located within the city, is under anthropogenic
influence. Therefore, monitoring of its condition is very
important. An increase in water temperature in the
reservoir causes an increase in the diversity of summer
phytoplankton species, including due to cyanobacteria
and green microalgae (Vorobyova, 1995; Popovskaya
and Firsova, 2005; Shchur, 2009; Popovskaya et al.,
2012; Korneva, 2015; Mikhailov, 2020; Obertegger et
al., 2022). Studies of the phytoplankton were carried
out both before formation of the Irkutsk Reservoir, in
Angara River (Yasnitsky, 1926), and after (Vasilyeva and
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of the reservoir, there has been a slight increase in the
species richness of the phytoplankton community. The
main part of the dominant phytoplankton complex
remained the same, and still depended on Baikal
waters, however richness increased at the expense of
other species. Additionally, communities sampled in
June 2023 (Firsova et al., 2023), were shown to divide
into two groups. One of the groups included all Baikal
communities and the Burduguz sample of the Irkutsk
Reservoir. All other phytoplankton communities from
the Irkutsk Reservoir fell into the second group.
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The Irkutsk Reservoir had the highest diversity
of chrysophytes compared to other reservoirs of the
Angara cascade, since it is the coldest and less trophic
(Vorobyova, 1995). In summer, the temperature in
the reservoir averaged 8.3-16.2 °C, species diversity
increased, and biomass rarely exceeded 1 g/m?3. As
a rule, species of the genus Dinobryon Ehrenberg,
Asterionella  formosa Hassall, Chroomonas acuta
Utermohl, Stephanodiscus minutulus (Kiitzing) Cleve
& Moller, Nitzschia graciliformis Lange-Bertalot &
Simonsen dominate during this period.

In the second half of August, intensive bloom of
Anabaena lemmermannii P.G. Richter was previously
observed (Vorobyova, 1995; Popovskaya et al., 2012).
The purpose of this study is to determine the species
composition, structure, abundance and biomass of
summer phytoplankton in the southern basin of Lake
Baikal and in the Irkutsk Reservoir.

2. Methods

Samples were collected in August 17-20, 2023,
from the board of a research vessel “Papanin” at 9
stations in the southern basin of Lake Baikal (South
Baikal) and at 8 stations in Irkutsk Reservoir, including
bays (Fig. 1, Table 1), at the same stations as in June
2023 (Firsova et al., 2023). Water transparency (S)
was measured with a Secchi disc. Water samples were
collected with a 5 L Niskin bottle (Volta, Moscow,
Russia). Water temperature, redox potential (Eh) and
pH were measured with a pH-410 field device (Aquilon,
Moscow, Russia) at each sampling depth. Values from
each depth were then averaged and phytoplankton was
studied by light and scanning electron microscopy as
described previously (Bessudova et al., 2023b; Firsova
et al., 2023).

Exploratory analysis of community composition
was performed using R package vegan v.2.5-6
(Oksanen et al., 2022). For exploratory analyses,
the phytoplankton species abundance and biomass
data were transformed with the Hellinger procedure
(Legendre and Gallagher, 2001) Environmental
factors and summarized numerical values of biomass
and abundance of phytoplankton were analyzed for
collinearity. Pearson correlation coefficients and their
p-values were computed for each pair of explanatory
variables using R packages rcorr and Hmisc. The
correlation matrix was visualized with R package rcorr
using hierarchical clustering to group variables. Next,
data on biomass and abundance of phytoplankton
were excluded from the analysis, and environmental
variables were centered and scaled to have zero means
and standard deviations of one. This standardized
environmental matrix was used for the constrained
ordination of phytoplankton species abundance and
biomass using redundancy analysis (RDA). Species
presence/absence data was also analyzed by constrained
correspondence analysis (CCA). Both forward selection
and backward elimination approaches were tested to
produce a model.
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3. Results
3.1. Environmental parameters

In August 2023, environmental parameters of
South Baikal and Irkutsk Reservoir changed (Table 1)
relative to June 2023 (Firsova et al., 2023). Thus, in
August, surface water temperature was 10.1-18.4 °C in
the lake and 14.9-20.0 °C in the reservoir (3.6-5.0 °C
and 6.0-12.7 °C in June, respectively). In August, pH
values were similar both in the lake and the reservoir,
8.09-8.44 and 7.96-8.28, respectively, in contrast with
June when water was higher in the reservoir (8.0 go
8.7) than in the lake (7.0-8.0). Water transparency in
South Baikal decreased in August (4.5-9.0 m) compared
to June (10-22 m), the same was for Irkutsk Reservoir
(3.0-5.0 m in June, 2.5-4.5 m in August).

3.2. General characteristics of summer
phytoplankton

We found in South Baikal and Irkutsk
Reservoir in total 104 species from 7 high-rank taxa
of phytoplankton (Fig. 2, Table 2). Chrysophyta
(36 species) and Chlorophyta (30) had the highest
species richness, compared with Bacillariophyta (22),
Cyanobacteria (11), Cryptophyta (2) and Dinophyta
(2), and Haptophyta (1).

The total abundance and biomass of
phytoplankton in South Baikal varied significantly
from 190x10% to 2779 x10° cells/L and 26 to 427
mg/m?3, respectively (Fig. 2). The highest abundance
was recorded at St. 1 (12 km from Kultuk) due to a
bloom of three small-cell species such as Cyanodictyon
planctonicum, Cyanodictyon sp. u Microcystis sp.,
therefore, the total biomass did not exceed 107 X 10°
cells/L despite the highest abundance. At St. 3, the
highest biomass was determined by Dinobryon species.
The total abundance and biomass of phytoplankton
in Irkutsk Reservoir were lower than in South Baikal,
186x10% to 310x10° cells/L and 41 to 140 mg/m?3,
respectively (Fig. 3).
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Fig.1. Sampling scheme.
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Table 1. Sampling sites and environmental parameters in August 2023.

St. No.| Station Name Date, Coordinates Max S, Eh |Depth,| Water pH
dd.mm.yy N/E depth, m | m m T, °C
South Baikal
1 12 km from Kultuk | 17.08.23 51 ° 40.578°/ 1252 6.5 | -65,9 17.3 8.25
103 ° 52.309° 17.3 8.37
10 17.2 8.34
15 17.0 8.33
20 15.0 8.25
25 10.0 8.44
2 3 km from Marituy | 17.08.23 51 ° 45.546°/ 1337 7.5 | -66,0 16.9 8.33
104 ° 13.222° 16.0 8.36
10 15.2 8.30
15 11.6 8.47
20 7.7 8.50
25 5.6 8.17
3 Marituy-Solzan 17.08.23 51 ° 38.710°/ 1243 5.5 | -72,6 0 17.5 8.40
104 © 13.715° 5 16.6 8.42
10 10.3 8.85
15 6.1 8.83
20 5.0 8.25
25 4.4 8.16
4 3 km from Solzan 17.08.23 51 ° 31.4287/ 350 5.0 | -68,2 18.4 8.44
104 © 14.417° 18.0 8.42
10 17.3 8.36
15 14.4 8.30
20 12.1 8.44
25 9.6 8.37
5 Cape Tolsty- 18.08.23 51 ° 36.402°/ 1120 6.5 | -19,5 16.0 8.26
Snezhnaya River 104 © 44.147° 15.8 8.44
10 13.9 8.57
15 6.0 8.78
20 5.0 8.34
25 4.6 8.19
6 |3 km from Tankhoi| 18.08.23 51 ° 35.4407/ 1402 8.5 | -86,9 18.0 8.40
105 ° 06.968° 17.7 8.40
10 17.2 8.41
15 16.7 8.07
20 15.0 8.40
25 13.0 8.43
7 Cape Kadilny- 18.08.23 51 ° 46.7317/ 1424 4.5 | -58,4 17.7 8.37
Mishikha 105 ° 22.528° 16.0 8.42
10 12.5 8.34
15 6.5 8.10
20 5.7 8.00
25 5.2 8.03
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St. No.| Station Name Date, Coordinates Max S, Eh [Depth,| Water | pH
dd.mm.yy N/E depth, m | m m T, °C
8 |Listvyanka-Tankhoi| 18.08.23 51 °42.262°/ 700 6.5 | -39,5 0 17.4 8.29
105 ° 00.720° 5 17.1 8.39
10 15.8 8.32
15 13.3 8.29
20 10.5 8.27
25 6.6 8.01
9 3 km from 18.08.23 51 ° 49.033°/ 1434 9.0 | -46,5 0 10.1 8.09
Listvyanka 104 ° 54.616° 5 8.2 8.09
10 5.9 8.06
15 4.8 8.00
20 4.6 7.93
25 4.5 7.97
Irkutsk Reservoir
10 Burduguz 19.08.23 52°04.1057/ 15.5 4.5 | -43,6 14.9 7.96
104 ° 59.451° 5 105 7.96
10 8.5 7.96
11 Kurma Bay 19.08.23 52°06.845°/ 9.7 3.0 | -58,6 0 18.7 8.12
104 °45.926° 5 18.0 8.23
12 center against 19.08.23 52°10.874°/ 17 3.5 | -58,2 0 17.7 8.16
Kurma Bay 104 °47.935° 5 17.4 8.29
10 14.9 8.19
13 Elovy Bay 19.08.23 52 °09.906"/ 10 2.5 | -47.,4 0 18.5 7.98
104 °29.172° 5 16.4 8.03
14 |center against Elovy| 19.08.23 52 °14.5487/ 25 3.5 | -65,5 0 20.0 8.27
Bay 104 °45.243° 5 185 8.42
10 16.0 8.22
15 center against 20.08.23 52°21.5117/ 27 3.5 | -55,8 0 18.0 8.13
Ershovsky Bay 104 °37.550° 5 17.3 8.20
10 16.4 8.13
16 Ershovsky Bay 20.08.23 52 °20.8517/ 16 3.0 | -53,0 18.9 8.28
104 °34.439° 17.9 8.08
10 16.6 7.93
17 head water 20.08.23 52 °23.4787/ 25 3.5 | -56,1 18.6 8.16
104 °33.722° 17.6 8.95
10 15.8 8.07
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Table 2. Distribution of phytoplankton species in South Baikal and Irkutsk Reservoir in August 2023. “+” — the presence
of this species. Species whose abundance exceeded 10, 50, 100 x 10° cells/L are highlighted in colors corresponding. The color
gradation is darker as the number increases. Station names in Fig. 1

Species South Baikal Irkutsk Reservoir

112345167 ]|8]|9|10(11(12(13|14]15]|16]17

Cyanobacteria

Anabaena sp.

Aphanothece sp.

Cyanodictyon sp.

Cyanodictyon planctonicum B.A. Mayer

Dolichospermum flos-aquae (Bornet &
Flahault) P. Wacklin, L. Hoffmann &
Komaérek

Dolichospermum lemmermannii (Richter) P.
Wacklin, L. Hoffmann & J. Komarek

Dolichospermum scheremetieviae (Elenkin)
Wacklin, L. Hoffmann & Komarek

Limnococcus limneticus (Lemmermann) +
Komarkova, Jezberova, O. Komarek &
Zapomelova

Microeystis p.

Microcystis pulverea (H.C.Wood) Forti +

Pseudanabaena galeata Bocher + +

Cryptophyta

Komma caudata (L. Geitler) D.R.A. Hill + 1+ |+ |+ ]+

Rhodomonas pusilla (Bachmann) + | + + + +
Javornicky

Dinophyta

Ceratium hirundinella (O.F. Miiller) + + |+ |+ + + |+
Dujardin

Glenodinium sp. + + | + + | + +

Haptophyta

Chrysochromulina parva Lackey +

Chrysophyta

Chrysosphaerella coronacircumspina Wujek | + | + | + | + + + |+ |+ |+ |+ + |+ |+ |+
& Kristiansen

Chrysosphaerella brevispina Korshikov +

Dinobryon bavaricum Imhof + | +

Dinobryon crenulatum West & G.S. West | +

Dinobryon cylindricum O.E. Imhof

+ [+ |+ |+

Dinobryon cylindricum var. palustre +
Lemmermann

Dinobryon divergens O.E. Imhof + + + + +

Dinobryon korshikovii Matvienko ex + | + + | + + + |+ |+ + |+ |+ |+
Kapustin

Dinobryon pediforme (Lemmermann) + + |+ ]|+ |+
Steinecke

Dinobryon sociale (Ehrenberg) Ehrenberg | + | + | + | + | + | + |+ |+ |+ |+ |+ |+ |+ |+ |+ |+ ]|+

Dinobryon sociale var. americanum + |+ |+ |+ |+ ]+ + |+ |+
(Brunnthaler) Bachmann

Dinobryon stipitatum Stein + + + | +
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Species South Baikal Irkutsk Reservoir
1(2(3]14)|5]|]6]|7]|8]9]10]11]12]|13|14|15|16|17

Dinobryon suecicum var. longispinum + + |+ ]+ +
Lemmermann

Kephyrion sp.

Kephyrion littorale J.W.G. Lund + + | + + | +

Kephyrion spirale (Lackey) Conrad + +

Paraphysomonas gladiata Preisig & Hibberd| + + |+ |+ ]+ + + | + + |+ ]+ |+

[Paraphysomonas uniformis subsp. hemiradia + | +
Scoble & Cavalier-Smith

Paraphysomonas sp. + + + |+ +

Lepidochromonas butcheri (Pennick & +
Clarke) Kapustin & Guiry

Spiniferomonas abrupta Nielsen + + +

Spiniferomonas cornuta Balonov + + | + + |+ ]+ + | + +

Spiniferomonas bourrellyi Takahashi + + | + + + + + | +

+ |+ [+ |+

Spiniferomonas takahashii (Nicholls) Preisig + + | + + |+ |+
& Hibberd

Spiniferomonas trioralis (E. Takahashi) + |+ |+ + ]|+ + |+ +]+|+ |+ +]+
Preisig & Hibberd

+
+
+

Spiniferomonas trioralis f. cuspidata Balonov| + + + +

Spiniferomonas septispina Nicholls +

Spiniferomonas silverensis Nicholls

+

Mallomonas acaroides Perty +

+ |+ [+ |+
+ |+ [+ |+
+

+

Mallomonas alpina Pascher & Ruttner + + + + | +

Mallomonas crassisquama (Asmund) Fott

+ |+ [+ |+ |+

Mallomonas tonsurata Teiling + + + | + +

Mallomonas vannigera Asmund

+
+

Synura sp. 1 + | +

+ |+ [+ |+

Synura sp. 2

Synura cf. glabra + + |+ |+ +

Bacillariophyta

Acanthoceras zachariasii (Brun) Simonsen
Asterionella formosa Hassall - +

Aulacoseira baicalensis (K.I. Meyer) + |+ + |+ +
Simonsen

Aulacoseira granulata var. angustissima (O. + +
Miiller) Simonsen

Aulacoseira islandica (O. Miiller) Simonsen + + |+ + |+

Aulacoseira ambigua (Grunow) Simonsen + +

Cyclostephanos dubius (Hustedt) Round + + |+ |+ + | + + | + + | +

+ |+ |+ |+

Cyclostephanos makarovae (S.I. Genkal) K. | + | + + + + 1+ |+ |+ + |1+ +
Schultz

Discostella pseudostelligera (Hustedt) Houk + + | + + |+ |+ |+ +]+
& Klee

+

Fragilaria capucina Desmaziéres + |+ + 1+l +1+

Fragilaria crotonensis Kitton +

Fragilaria radians (Kiitzing) D.M.Williams + | + + |+ |+ |+ + |+ F ] +H| |+ +
& Round

Hannaea baicalensis Genkal, Popovskaya & + + + | +
Kulikovskiy
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Species South Baikal Irkutsk Reservoir
345|678 9]10]11|12|13|14|15|16](17

Lindavia baicalensis (Skvortsov & + | + + |+ | +
K.I.Meyer) Nakov, Guillory, M.L. Julius,
E.C. Theriot & A.J. Alverson

Lindavia minuta (Skvortzov) T. Nakov & al.| + | + + |1+ + |+ ]+

Nitzschia graciliformis Lange-Bertalot & + | + + |+ |+ |+ |+
Simonsen

Stephanodiscus hantzschii Grunow

Stephanodiscus meyeri Genkal & +
Popovskaya

Stephanodiscus minutulus (Kiitzing) Cleve &| + | + + +
Mbller

Thalassiosira pseudonana Hasle & Heimdal + +

Ulnaria acus (Kiitzing) Aboal

Urosolenia eriensis (H.L. Smith) Round & + + | +
R.M. Crawford

Chlorophyta

Ankistrodesmus arcuatus Korshikov +

Chlamydomonas sp.

Chlorella vulgaris Beijerinck

+ [+ |+ [+
+
+
+
+
+
+
+
+
+
+

Coenococcus planctonicus Korshikov +

Coenocystis sp. + + + 1+ +1+

Desmodesmus abundans (Kirchner) E.H. + +
Hegewald

Desmodesmus armatus (Chodat) E.H. +
Hegewald

Desmodesmus bicaudatus (Dedusenko) P.M. | + + +
Tsarenko

Desmodesmus communis (E. Hegewald) E. | + + |+ |+ + + | +
Hegewald

Desmodesmus intermedius (Chodat) E. + | +
Hegewald

Dictyosphaerium ehrenbergianum Nageli +

Elakatothrix genevensis (Reverdin) Hindak | + + + |+ ]+ + | + + |+ + |+ |+

Franceia ovalis (Francé) Lemmermann +

Kirchneriella lunaris (Kirchner) Mobius + | +

Koliella longiseta (Vischer) Hindak + + +

Koliella variabilis (Nygaard) Hindak + |+ ++ ]+ +]+]+]+

+ [+ [+ |+
+
+
+

Lagerheimia genevensis (Chodat) Chodat + +

Monoraphidium circinale (Nygaard) + |+ |+ |+
Nygaard

Monoraphidium contortum (Thuret) + |+ |+ |+ |+ +]+]+]+ + |+ + |+ + | +
Komarkovéa-Legnerova

Monoraphidium griffithii (Berkeley) S I S S R R B o + |+ |+ |+ + | +
Komarkovéa-Legnerova

Monoraphidium minutum (Nzgeli) + | + + + | + + + + + | +
Komarkovéa-Legnerova

Mychonastes homosphaera (Skuja) Kalina&| + | + | + | + | + | + | + | + | +
Puncochérova

Pseudopediastrum aff. integrum (Négeli) M.
Jena & C.Bock

Stauridium tetras (Ehrenberg) E. Hegewald + + + +
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Species

South Baikal

Irkutsk Reservoir

4

5

6 11112(13|14]15|16|17

Scenedesmus sp.

+

Scenedesmus ecornis (Ehrenberg) Chodat

+

Scenedesmus obtusus Meyen

Sphaerocystis sp.

Tetraédron minimum (A. Braun) Hansgirg

Tetraédron trigonum f. gracile (Reinsch) De
Toni

Total 4513213748

35

39 50401294847 |55]|46

Note:
Approximate concentration, X 10° cells/L

Cyanobacteria
Chrysophyta
Bacillariophyta

Chlorophyta

3.3. Phytoplankton species composition
of South Baikal

The species richness of phytoplankton at South
Baikal varied within 21-48 species (Fig. 2, Table 2).
Chrysophyta included 27 species and intraspecies of
which 15 were silica-scaled chrysophytes. Chlorophyta
included 24 species followed by diatoms (15),
Cyanobacteria (8), Cryptophyta (2), Dinophyta (2), and
Haptophyta (1) (Fig. 2, Table 2).

The most abundant were cyanobacteria such as
Cyanodictyon planctonicum (840 X 10° cells/L at St. 1),
Microcystis sp. (833 x 10° cells/L at St. 1), Cyanodictyon
sp. (768 x10® cells/L at St. 1) and Dolichospermum
lemmermannii (25 x 102 cells/L at St. 1). As for large-cell
chrysophycean species, Dinobryon bavaricum (109 x 10®
cells/L at St. 4), Dinobryon cylindricum var. palustre
(54 %102 cells/L at St. 3), Dinobryon sociale (80 x 10°
cells/L at St. 6), Dinobryon sociale var. americanum
(93x10® cells/L. at St. 3), Dinobryon -cylindricum
(27 x 103 cells/L at St. 3) (Figs 4, 5) played a prominent
role. Among Chlorophyta, three species, Ankistrodesmus
arcuatus (42x10% cells/L at St. 4), Monoraphidium
griffithii (30x10° cells/L at St. 7) and Mychonastes
homosphaera (42 x10° cells/L at St. 4) prevailed both
in abundance and biomass (Figs 4, 5). Bacillariophyta
had a low abundance (less than 10 x 10° cells/L).

Warm-water diatom  Asterionella  formosa
(12 x 103 cells/L) was only on St. 1 (Fig. 4).

3.4. Phytoplankton species composition
of Irkutsk Reservoir

Phytoplankton species composition of Irkutsk
Reservoir was similar to South Baikal, but its abundance
is lower and its species richness is higher (29-50
species) (Fig. 2, Table 2). Chrysophyta included 27

3
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Fig.2. Relative abundance of high-rank phytoplankton
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i m Cyanobacteria
(]

m Cryptophyta
= Dinophyta

B Haptophyta

12%

1% Chrysophyta

2%
= Bacillariophyta

m Chlorophyta

32%

3000

2000 300

g

1000 150

o U
1 2 3 7 8 9 10 1 12 13 14 15 16 17

Irkutsk Reservoir

4 5 6
South Baikal

mm abundance — biomass

Fig.3. Distribution of phytoplankton abundance and
biomass in South Baikal and Irkutsk Reservoir in August 2023.



Firsova A. et al. / Limnology and Freshwater Biology 2023 (6): 204-228

100%

HE

90%

b

!
9

50%

I Im

90%

80%

70%

60%

50%

40%

30%

10%

12 13 14 15 16 17

0%

3

~ [ [ [ [ ..

+ | T Y | | — I EN
cHEEN B s [ [ |
=]

~ I T [ [ [
o E—

v [T |

8

2

South Baikal Irkutsk Reservoir
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m benthic diatoms m other

Fig.4. Distribution of relative abundance (A) and relative biomass (B) of dominant phytoplankton species in South Baikal
and Irkutsk Reservoir in August 2023.

Fig.5. Representatives of phytoplankton in South Baikal and Irkutsk Reservoir: 1 — Dolichospermum flos-aquae; 2 — Ceratium
hirundinella; 3 — Asterionella formosa; 4 — general view of a sample from Irkutsk Reservoir (in front of Elovy Bay); 5 — Lindavia
minuta; 6 — Cyclostephanos dubius; 7 — Cyclostephanos makarovae; 8 — Stephanodiscus minutulus; 9 — Thalassiosira pseudonana; 10
— Discostella pseudostelligera; 11 — Aulacoseira granulata var. angustissima; 12 — Fragilaria capucina; 13 — Cocconeis placentula; 14 —
Hannaea baicalensis; 15 — Peridinium sp.; 16 — Gyrodinium helveticum; 17 — Dinobryon bavaricum; 18 — Mallomonas alpina. Scale bars:
1,3,4-50 ym; 2,12,14-17 - 10 pm; 5-7, 11,13, 18 — 5 um; 8-10 — 2 um.

212



Firsova A. et al. / Limnology and Freshwater Biology 2023 (6): 204-228

species and intraspecies, as in lake, with prevalence of
silica-scaled chrysophytes (22 species). Cyanobacteria
such as Cyanodictyon planctonicum (42x10° cells/L
at St. 12), Microcystis sp. (20 x 10° cells/L at St. 12),
Dolichospermum lemmermannii (25X 10° cells/L at St.
14), green algae such as Chlorella vulgaris (59 x 103
cells/L at St. 14), Koliella longiseta (41 x 10° cells/L at
St. 10) and Monoraphidium griffithii (15x10° cells/L
at St. 14) were the most abundant as well as in Lake
Baikal. The abundance of large-cell species significantly
decreased, only Dinobryon sociale (24 x10° cells/L at
St. 10) and Dinobryon sociale var. americanum (16 X 10°
cells/L at St. 10) was dominant. Among Bacillariophyta,
Asterionella formosa (10x10% cells/L. at St. 14),
Aulacoseira granulata var. angustissima (11 x 10® cells/L
at St. 15) and Nitzschia graciliformis (13 X 102 cells/L at
St. 15) had low abundances. Small centric species such
as Cyclostephanos makarovae, Stephanodiscus minutulus,
Cyclostephanos makarovae, Discostella pseudostelligera
and Thalassiosira pseudonana also had low abundances.
Their highest abundance of 19 x 10° cells/L was at St.
10 (Figs 4, 5).

3.5. Phytoplankton species composition
of Irkutsk Reservoir bays

Phytoplankton species composition of the bays
and the central part of Irkutsk Reservoir was similar.
Benthic diatoms had large abundance (45-64)x10°
cells/L in the bays due to their shallowness. The total
abundance and biomass varied between 242 x 10% and
321 x10°% cells/L, 41 and 140 mg/m3, respectively
(Fig.3). The highest species richness was in Ershovsky
Bay (St. 16) (55 species) due to diatoms (19) and silica-
scaled chrysophytes (18). In Kurma Bay (St. 11) 50
species were identified, and in Elovy Bay (St. 13), there
were 29 (Fig. 2, Table 2). Cyanobacteria Cyanodictyon
planctonicum (22-68)x10% cells/L. and chlorophyte
Chlorella vulgaris (16-48)x10% cells/L) prevailed
in all three bays. The dominating species included
diatoms Nitzschia graciliformis (up to 29 x 10° cells/L),
Aulacoseira granulata var. angustissima (up to 23 x 1032
cells/L) and small centric species (up 28 x 103 cells/L),
among which Stephanoscus minutulus and Thalassiosira
pseudonana were the most abundant. Microphotographs
of summer phytoplankton species are shown in Fig. 5.

3.6. Comparison of phytoplankton
communities and impact of environmental
factors

South Baikal and Irkutsk Reservoir communities
clearly split into two groups as revealed by exploratory
analysis (Fig. 6). Importantly, similar patterns were
obtained using all three types of community composition
data: species abundance, species biomass and presence/
absence matrices (Fig. 6A-C). Explanatory power was
the highest for RDA-based model inferred from species
abundance data (Fig. 5A), its adjusted R2 was as
high as 31%. This model included two environmental
variables, namely water transparency and pH, acting
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in similar direction. Explanatory power of the models
generated from species biomass (Fig. 6B) and presence/
absence (Fig. 6C) data were 19% and 9%, respectively.
In this case, models retained single environmental
factor, water transparency.

There was good positive correlation of abundance
and biomass of small centric and benthic diatoms
(Fig. 6D). Additionally, abundance and biomass of
stomatocysts had also prominent positive correlation
with total biomass. Considering hydrophysical/
chemical parameters, water transparency and pH had
negative impact to abundance and biomass of small
centric and benthic diatoms. Water transparency and
temperature were also negatively correlated.

4. Discussion

Our study showed that in summer, surface water
temperatures in South Baikal and Irkutsk Reservoir were
similar compared to June 2023 (Firsova et al., 2023). The
composition of dominant species of Irkutsk Reservoir
and South Baikal phytoplankton communities were
similar (Fig. 2, Table 2). However, similarly with June
2023, the community composition revealed significant
differences between South Baikal and Irkutsk Reservoir
(Fig. 6A-C). The main indicator of this effect was
revealed to be such simple hydrophysical parameter as
water transparency, that was significantly decreased at
Irkutsk Reservoir station. The only intriguing difference
between the results of exploratory analyses of the June
and August phytoplankton assemblages was the shift
of the Burduguz community to the group of Irkutsk
Reservoir samples (Firspva et al., 2023). This effect
can be explained by the move of the Baikal/Reservoir
transition upstream Angara in late summer. In summer,
an increase of surface water temperature (Table 1)
promotes the growth of warm-water phytoplankton
species in both South Baikal and Irkutsk Reservoir.
Small-cell colonial cyanobacteria dominated at all
stations. Among these cyanobacteria, Cyanodictyon
planctonicum had the highest abundance in South Baikal
at St. 1 near Kultuk. We found that the abundance
and biomass of summer phytoplankton in the Irkutsk
Reservoir were low, which is similar to the results of
previous studies (Vorobyova, 1995; Popovskaya et
al,, 2012). As in previous years (Vorobyova, 1995;
Popovskaya et al., 2012), the dominant species included
the cyanobacterium Dolichospermum lemmermannii and
its abundance was below 25 X 102 cells/L. Whereas, in
the second half of August and early September 1985,
the number of Dolichospermum lemmermannii cells
reached 7.2 x 106 cells/L (Vorobyova, 1995). Nitzschia
graciliformis dominated the South Baikal and Irkutsk
Reservoir in June 2023 (Firsova et al., 2023). In August
2023, this species remained one of the dominant ones
(Figure 3), but its numbers decreased significantly
compared to June.

The dominant species of summer phytoplankton
identified in our study were similar to previous
studies of the 60s and 80s (Vorobyova, 1995), and
of 2008 (Popovskaya et al., 2012), which indicates
the stability of the species composition. Compared to
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previous studies (Kozhova, 1964; Vorobyova, 1995;
Popovskaya et al., 2012), some changes have occurred:
the phytoplankton species richness and the number
of dominant species have increased. Chlorella vulgaris
and Mychonastes homosphaera are the most abundant
among Chlorophyta, while Dinobryon sociale prevails
among Chrysophyta. The high Chrysophyta richness of
the Irkutsk Reservoir has already been reported as it is
the coldest and has the lowest nutrient concentrations
among other reservoirs in the Angara Cascade
(Vorobyova, 1995; Bessudova et al., 2023b). We noted
a high richness of species of the genus Dinobryon (11
taxa) in South Baikal, including taxa not described here
earlier such as Dinobryon crenulatum and Dinobryon
suecicum var. longispinum. These species were likey
brought into the Lake from tributaries, and bloomed
in South Baikal due to more favorable conditions such
as high water transparency, lack of currents and low
abundance of diatoms competing Chrysphytes for
silicon. It was previously shown that such factors play an
important role to increase the diversity of Chrysophytes
in the Gulf of the Ob River (Bessudova et al., 2023a). The
species composition was also enriched with dominating
species Dinobryon sociale and Dinobryon sociale var.

americanum. The species composition of silica-scaled
chrysophytes changed in regard to the vernal complex
of species (Bessudova et al., 2023b), being enriched
with species typical of warmer waters (Bessudova et al.,
2021) such as Paraphysomonas gladiata, Paraphysomonas
uniformis subsp. hemiradia, Lepidochromonas butcheri,
Spiniferomonas septispina.

5. Conclusion

Despite the similar environmental parameters
such as water temperature and pH as well as high number
of common taxa, the total abundance and biomass of
summer phytoplankton were higher in the southern
basin of Baikal than in Irkutsk Reservoir. There were
discrepancies in the species composition and in the list
of dominant species. Cyanobacteria bloomed in South
Baikal, although their growth in Irkutsk Reservoir was
limited. Concerning previous studies, including that
of June 2023, the overall richness increased due to
Crysophyta species. The total abundance and biomass
of phytoplankton corresponded to summer periods of
the previous years.
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BUAOBOM COCTaB, YNCAEHHOCTb H
6uomacca neTHero PUTONNAHKTOHA I0)XHOM
KOTAOBHMHDBI 03. Banikan u UpkyTckoro
BOAOXPaHMAULIA

dupcosa A.*, lN'anaussann 1O0., beccynosa A., Muxaiios U., Tutosa JI.,
MapueHkoB A., XuixanoBa [l., Haiumosa M., by3esuu B., JIuxomBaii E.

JlumHostoeueckuti uHcmunym Cubupckozo omdesieHus Poccutickoli akademuu Hayx, yst. Ynan-Bamopckaa, 3, Hpkymck, 664033, Poccus

AHHOTAILMA. ®uTONIaHKTOH B BOAHBIX DKOCHCTEMax MMeeT 06oJiee BBICOKOE BHIOBO€ OOraTcTBO
JIeTOM, KOrjja TeMmepaTypa BOABI BhIllle, YeM B ApyrHe ce30HB rojga. OxapakTepn30BaHO COOOIIe-
CTBO (UTOIUIAHKTOHA C ITOMOIIBI0 MUKPOCKOIIMK W ONpeAesieHbl MapaMeTphl BOABI (TeMmeparypa,
pH, mpo3pavHOCTh) B I0XKHOI KOTJIOBUHE 03epa Bbarikanm u UpkyTckom BogoxpaHuiuiie. TeMmneparypa
MMOBEPXHOCTHHIX BOJ B I0XXHOW KOTJIOBUHE 03epa barikai cocrasysiia 10,1-18,4 °C, B UpKyTCKOM BOJIO-
xpanwuiie 14,9-20,0 °C. 3uavueHus pH Kak B 03epe, Tak U B BOOOXPAHUIIHIIE ObUIN cxoaHBIMU (8,09-
8,44 u 7,96-8,28 COOTBETCTBEHHO), a MPO3PAayHOCTh BOJHI MO AucKy Cekku cocrasisiia 4,5-9,0 M B
o3epe U 2,5-4,5 M B BogoxpaHuauiie. CoobiiecTBo GUTOIIAHKTOHA BKI0YaI0 104 Buaa u3 7 TakKCOHOB
BBICOKOT'0 paHra, Takux kak Chrysophyta (36), Chlorophyta (30), Bacillariophyta (22), Cyanobacteria
(11), Cryptophyta (2), Dinophyta (2) u Haptophyta (1). BumoBoit cocTaB JIETHUX COOOLIECTB (PuUTO-
IUTaHKTOHA MpKyTCKOTro BOOOXPaHMJIMIIA U F0’)KHOM KOTJIOBUHHI 03. Baiikas pa3jiudasicsa, OqHAaKO COCTaB
coobmiecTB 0 (UJIOTHUIIAM BBICOKOTO yPOBHA OBLI BechbMa CXOOHBIM. Tak, B O3epe BBIABJIEHO OoJjiee
BBICOKasl YKCJIEHHOCTh MEJIKOKJIETOUHBIX HraHoOakTepuil. OOHapyXeHO BEICOKOE BHAOBOE GOraTCTBO
Chrysophyta, poga Dinobryon (11 BUIOB) U KPEeMHHUCTHIX YeIyH4aThix Xpu3o¢puroBsix (22). CoctaB
JOMMHMPYIOIIMX BUAOB I0)XKHOIM KOTJIOBUHHI 03. batikas u UpKyTCKOro BOJOXpaHWJIMINA CTaJl MIKUpPe 110
CpaBHEHUIO C OMyOJIMKOBAaHHBIMU paHee JaHHBIMU U BKJIIOUMII Cyanodictyon planctonicum, Cyanodictyon
sp., Microcystis sp., Dinobryonsociale, Dinobryonsociale var. americanum, Chlorella vulgaris u Mychonastes
homosphaera.

Kittouegeie csioga: o3epo batikan, MpkyTcke BogoxpaHuuile, GUTOMIaHKTOH

1. Beepenue HccenoBaHnsa (PUTOILUIAHKTOHA IIPOBOAMJINCH B peEKe

AHrapa pno o6Opas3oBaHus HpKyTCKOro BOJOXpaHH-
auma (Acuunkuii, 1926), tTak u nocje (Bacuinesa u
KoxoBa, 1960; BacuabeBa u KoxoBa, 1963; KoxoBa,
1964; BopobbeBa, 1981; 1985; 1995; Popovskaya et
al.,, 2012). OTu uccaemoBaHUA MOKasajM, YTO JIOMHU-
HUPYIOI[UN cOCTaB (PUTOILUIAHKTOHaA HMpKyTckoro
BOJIOXPAHWJIMINA 3aBUCUT OT (UTOILUIAHKTOHA O3epa

@OUTOIJIAHKTOH SABJIIETCA OCHOBOHM IHIIEBOH
CeTH BOIHBIX SKOCUCTEM U UYyBCTBUTEJIBHBIM HHAVKA-
TOPOM M3MeHeHMI OKpyxamlleil cpefsl. B mpouecce
dbopmupoBaHUA BOJOXPaHWININA IPOUCXOAAT U3Me-
HeHUsI B cocTaBe (GUTOIJIAHKTOHHOTO COO0IecTBa
(Ilyp, 2009; KopneBa, 2015; Nogueira et al., 2010;

Muxaiiios, 2020). BogoxpaHuiuiie, pacroJioXeHHOe
B uepTe TOopojia, HAXOAUTCA IO AHTPOIOT'eHHBIM
BO3/IeliCTBHEM, [1I03TOMY OYeHb BaXXHO CJIEAUTH 3a ero
cocrosiHueM. [ToBHIINIeHNe TeMIlepaTyphl BOABL B BOZO-
XpaHWINIAX BBI3BIBAET yBeJMUeHHe pa3Hoobpasus
6oJiee TeIUIOMOOMBHIX BUAOB (QUTOIJIAHKTOHA, B TOM
yucjie 3a cyeT [[HAaHOOAKTepuil U 3eJeHBIX MUKPOBO-
nopocJieii (BopobbeBa, 1995; ITonosckasa u ®dupcosa,
2005; Iyp, 2009; Popovskaya et al., 2012; KopHesa,
2015; MuxaiioB, 2020; Obertegger et al., 2022).
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batixan. HepaBHue wucciefoBaHUsA, IpOBeJeHHBIE B
nioHe 2023 r. (Firsova et al., 2023; Bessudova et al.,
2023b), nokasajiy, uTO ¢ MOMEHTA CO3aHNA BoJgoeMa
MIPOM30IILJI0O HEKOTOpOE yBeJMYeHUe BUAOBOro Oorat-
ctBa ¢uronsiankToHa. OCHOBHasA 4acTh JOMUHHUPYIO-
mero Komiiekca (pUTOMJIAHKTOHA OCTajiach IpexHen
U [O-TIpe’XHeMy 3aBuicesia OT OaliKaJIbCKUX BOM, OJHAKO
60raTcTBO YBEJIMUYMUJIOCH 3a CUeT APYyrux BuAoB. Kpome
TOTO, IpX aHajau3e Npob, OTOOpaHHHIX B HiOHe 2023 T.
(Firsova et al., 2023) 6bLJI0 TOKAa3aHO, YTO IO COCTaBY
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cooO1ecTBa GUTOIJIAHKTOHA EJIATCA HA ABE I'PYIIIHL.
B omHy u3 rpynn BXOOAT Bce Oailikajsibckue cooOlie-
cTBa U npoba Bypayry3 MpkyTCcKoro BOJOXpaHUIINIIA.
Bo BTOpyI0 rpynmy nomafaiwT Bce OCTajibHBIE MPOOHI
HpkyTckoro BojoxpaHwiumia. HpkyTckoe BOOOXpa-
HWINIIE OTJIMYajioch HaWOOJBIINM pa3HooOpazueM
Chrysophyta mo cpaBHeHMI0 ¢ APYTMMH BOJOEMaMU
Anrapckoro Kackaga, IIOCKOJIBKY OHO HauboJiee
xojoqHOe U MeHee TpodHoe (BopobneBa, 1995).
JleToM TeMmepaTypa B BOJOeMe COCTaBJIsjIa B CpeHEM
8,3-16,2 °C, BuaoBoe pasHOOOpa3re yBEeJIUYUBAJIOCH,
6uomacca penko mnpesbimasia 1 r/m3 Kak npasusio,
B 3TOT HepUoj NOMUHUPOBAIU BUABI poda Dinobryon
Ehrenberg, Asterionella formosa Hassall, Chroomonas
acuta Utermohl, Stephanodiscus minutulus (Kiitzing)
Cleve & Moller, Nitzschia graciliformis Lange-Bertalot &
Simonsen. Bo BTOpo#i noJjioBUHe aBrycra HabJlogaoch
WHTEeHCUBHOe pa3Butue Anabaena lemmermannii P.G.
Richter (BopobbeBa, 1995; Popovskaya et al., 2012).

Lless paboTHL — OllpefieieHre BUI0BOT'O COCTaBa,
CTPYKTYPBbI, YMCJIEHHOCTU U G1OMAacCHl JieTHero Guro-
m1aHkToHa HOxHOU KOTJ/IOBUHH 03. baiikan n UpkyT-
CKOT'0 BOJIOXpaHUJINIIA.

2. MeToAb!

[TpoOGs1 ObIM 0TOOpansl 17-20 aBrycra 2023 .
6opTa Hay4yHO-UCCJIeJOBATEJIbCKOTO cyaHa «[lamaHuH»
Ha 9 cTaHOUAX B IOKHOU KOTJIOBUHBI 03. bBarikan
(FOxwupi1 Barikai) u Ha 8 craHnUAX VPKyTCKOTO BOO-
XpaHWJININA, BKJIIOYas 3aymBel (Puc.1, Tabswura 1), Ha
TeX e CTaHIUAX, 4YTO U B uioHe 2023 r. (dupcosa u ap.,
2023). TIpo3payHOCTb BOJHI (S) U3MeEPSIN C TOMOIIBIO
nucka Cekku. I[IpoGel BoAbl oTOMpanu GaTtomMeTpoM
HuckuHa emkocTthio 5 i1 («BojbTa», MockBa, Poccus).
Temnepatypy, OBII u pH Boabl u3MepsAIN IOJIEBBIM
npubopom pH-410 («AxBujoH», MockBa, Poccusa) Ha
Kax o rirybuHe oTOopa npob. 3aTeM MpoOHI ¢ KaX A0
TJIyOWHBI yCPeIHAIN U GUTOIJIAHKTOH M3yYaJii MeTO-
JaMu CBETOBOM U CKaHUPYIOIIel 5J1eKTPOHHOU MUKPO-
ckomuu, kak ommcaHo paHee (Firsova et al.,, 2023,
Bessudova et al., 2023b).

[TonckOBBIYI aHAJIM3 COCTaBa COODOIIECTB MPOBO-
OWJIN C WUCIOJIb30BaHMEM S3BIKa ITPOTPAMMHPOBAHUS
R u makera vegan v.2.5-6 (Oksanen et al., 2022). [{na
pa3BeJOYHOTO aHaIKU3a JaHHbIe O YUCJIeHHOCTU BUAOB
u Ouomacce GUTOIUIAHKTOHA OBUIM IIpeoO0pa30BaHBI
¢ momoIsio mpouenypsl XesumnHrepa (Legendre and
Gallagher, 2001). ®axTophl OKpyXamIleil cpedsl U
CyMMapHble 3HaYeHUs GMOMAaCChl U YMCJIEHHOCTU (DUTO-
IUTAHKTOHA OBUIM TPOaHAJIM3VPOBAaHB Ha TpeaMeT
KOJUJIMHEeApHOCTU. KoadpdunmeHTs KoppeJianuu
I[MupcoHa M uX p-3HaUYeHUs OBUIM PACCYUTAHBI IJIs
KaX 0¥ Mmapsl OOBSACHSIOMUX ITEPEMEHHBIX C UCII0JIh30-
BaHueM naketoB R rcorr u Hmisc. KoppesAainonHyio
MaTpUIly BU3yaJTM3UPOBAJIU C IIOMOIIbI0 TakeTa Reorr ¢
WUCIIOJIb30BaHNEM HepapXudyeckoi KjiacTepusaluu JJiA
rPYNIMPOBKY NlepeMeHHBIX. 3aTeM JTaHHbIE O GrioMacce
Y YMCJIEHHOCTU (PUTOIIAHKTOHA ObLIM MCKJTIOUEHHI U3
aHaim3a, a IepeMeHHBble OKpyXawllell cpefbl ObLIN
[IEHTPUPOBAHBI Y MaCIITaOUPOBAHbI TaK, YTOOB UMETh
HyJleBOoe cpeJHee 3HaueHHe U CTAaHAAPTHOE OTKJIO-
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HeHUe, paBHOe eJWHUIle. JTa CTaHAAPTU3UPOBAHHAas
MaTpyLa OKpYyXawllell cpeAbl HCHIOJIb30BaIach AJiA
OrpaHUYEeHHOM OpJWHALNN YMCJIEHHOCTU 1 01MOMacChl
BUJOB (GUTOIIAHKTOHA IyTeM aHaIn3a N30BITOYHOCTU
(RDA). [HdaHHble O MpPUCYTCTBHUN/OTCYTCTBUM BUIOB
TaKKe aHaJMU3UPOBAJIM C IOMOIIbI0 OIPAaHUYEHHOI'O
aHaimza coorsercTBus (CCA). Iy cozmaHusa MoAeIn
OBLJIM TPOTECTUPOBAHBI MOAX0/bI KaK MpAMOro oTbopa,
TaKk 1 OOpaTHOrO MCKJIIOYEHUs OOBACHAIIUX Iepe-
MEHHBIX.

3. Pe3yAabTarthl
3.1. MapameTpbl BOAHOM CpeAbl

B aBrycre 2023 r. 5KoJiorudeckre IapaMeTphbl
IOxHoro Baiikaia u HpKyTcKOro BOAOXpPaHUJIUINA
nsMeHmanchk (Tabmmnma 1) oTHocuTeabHO uioHA 2023
r. (Firsova et al., 2023). Tak, B aBTycTe TeMIepaTypa
MOBEPXHOCTHHIX BoJ coctaBysiia 10,1-18,4 °C B o3epe
u 14,9-20,0 °C B Bogoxpauuiuie (3,6-5,0 °C u 6,0-12,7
°C B HIOHEe COOTBETCTBEHHO). B aBrycre 3HaueHus pH
KakK B 03epe, TaKk 1 B BOJAOXpaHUJIUIIE ObLIN CXOOHBIMU
- 8,09-8,44 u 7,96-8,28 COOTBETCTBEHHO, B OTJIMUUE
OT MIOHA, Korjaa 3HauyeHus pH Boasl B BOOOXpaHUJIUIIE
6nun BhIme (8,0-8,7), uem B o3epe (7,0-8,0). IIpo3pau-
HOCTB BOJHI 1o Aucky Cexku B IOxHoM batikasie cyme-
CTBEHHO CHu3WIach B aBrycre (4,5-9,0 M) mo cpas-
HeHMIo ¢ uioHeM (10-22 M), TO Xe caMoe OTMeYeHO
u B Upkyrtckom Bomoxpauwiuile (3,0-5,0 M B uioHe,
2,5-4,5 m B aBrycre).

3.2. O6wan xapaKTepuCTUKa AeTHero
PuTONAAHKTOHA

B IOxHOoM batikane u MpKyTCKOM BOAOXpaHWU-
Jmile HaMu obHapyxeHo Bcero 104 Buga u3 7 OTAesI0B
(Puc.2, Tabaurja 2). HaubGosibiliee BUAOBOE O60raTCTBO
nmenn Chrysophyta (36 Bumos) u Chlorophyta (30) mo
cpaBHeHuio ¢ Bacillariophyta (22), Cyanobacteria (11),
Cryptophyta (2), Dinophyta (2) u Haptophyta (1).

Obmasa umncjeHHOCTh M Ouomacca GUTOIIIAH-
krtoHa IOxHoro Baiikana CylecTBEHHO BapbUPOBAaJIA
oT 190X 10°% no 2779 % 10°% xi1./1 u ot 26 g0 427 mr/
Mm® coorBercTBeHHO (Puc.3). Hawubosibillasg 4ncjieH-
HOCTh oTMeueHa Ha cT. 1 (12 kM ot Kynryka) 3a cuer
I[BETEHUs TPEX MEJIKOKJIETOUYHBIX BUAOB: Cyanodictyon

O3epo Baiikan
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Puc.1. Cxema ot6opa npob.
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Ta6suia 1. Mecra or6opa npo6 u mapaMeTphl OKpyXaroleli cpedsl B aBrycre 2023.

Ne |Ha3BaHHe cTaHIUH HMarta Koopaunatel |MakcumasibHasAs| S, OBII | I'my6una, m | T Boasr,| pH
N/E riy6uHa, m °C
M
H0x#Hb111 Baiikan
1 12 km ot Kynryka | 17.08.23 51 ° 40.578°/ 1252 6.5 | -65,9 17.3 8.25
103 ° 52.309° 17.3 8.37
10 17.2 8.34
15 17.0 8.33
20 15.0 8.25
25 10.0 8.44
2 3 kM ot Mapurys 17.08.23 51 ° 45.546°/ 1337 7.5 | -66,0 16.9 8.33
104 ° 13.222° 16.0 8.36
10 15.2 8.30
15 11.6 8.47
20 7.7 8.50
25 5.6 8.17
3 Maputyii-Con3aH 17.08.23 51 ° 38.7107/ 1243 5.5 | -72,6 0 17.5 8.40
104 ° 13.715° 5 16.6 8.4
10 10.3 8.85
15 6.1 8.83
20 5.0 8.25
25 4.4 8.16
4 3 kM ot Cos3aHa 17.08.23 51 ° 31.428°/ 350 5.0 | -68,2 18.4 8.44
104 °14.417° 18.0 8.4
10 17.3 8.36
15 14.4 8.30
20 12.1 8.44
25 9.6 8.37
5 Meic TOJICTHIN-P. 18.08.23 51 ° 36.402°/ 1120 6.5 | -19,5 16.0 8.26
CHexHas 104 ° 44.147° 15.8 8.44
10 13.9 8.57
15 6.0 8.78
20 5.0 8.34
25 4.6 8.19
6 3 kM ot Tanxos 18.08.23 51 ° 35.4407/ 1402 8.5 | -86,9 18.0 8.40
105 ° 06.968° 17.7 8.40
10 17.2 8.41
15 16.7 8.07
20 15.0 8.40
25 13.0 8.43
7 Msic KaauibHbIH- 18.08.23 51 °46.731°/ 1424 4.5 | -58,4 17.7 8.37
Mumpixa 105 ° 22.528" 16.0 8.42
10 12.5 8.34
15 6.5 8.10
20 5.7 8.00
25 5.2 8.03
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No |Ha3BaHMe cTaHIUU HMara Koopaunarel |MakcumanbHas| S, OBII | I'my6una, m | T Boasr, | pH
N/E ryyouHa, m °C
M
8 JIuctBauka-Tauxoi | 18.08.23 51 °42.262°/ 700 6.5 | -39,5 17.4 8.29
105 ° 00.720° 17.1 8.39
10 15.8 8.32
15 13.3 8.29
20 10.5 8.27
25 6.6 8.01
9 |3 kM or JluctBsanku| 18.08.23 51 ° 49.033°/ 1434 9.0 | -46,5 0 10.1 8.09
104 ° 54.616° 5 8.9 8.09
10 5.9 8.06
15 4.8 8.00
20 4.6 7.93
25 4.5 7.97
WpKyTCKOe BOJOXpaHUJIUIIE
10 Bypayrys 19.08.23 52 ° 04.1057/ 15.5 4.5 | -43,6 14.9 7.96
104 ° 59.451° 10.5 7.96
10 8.5 7.96
11 3asuB Kypma 19.08.23 52°06.8457/ 9.7 3.0 | -58,6 18.7 8.12
104 ° 45.926° 18.0 8.93
12 L[EHTP HaNpOTUB 19.08.23 52°10.874°/ 17 3.5 | -58,2 17.7 8.16
3aj1Ba 104 ° 47.935° 17.4 8.29
10 14.9 8.19
13 3auB EnoBriit 19.08.23 52°09.906°/ 10 25 | 47,4 18.5 7.98
104 ° 29.172° 16.4 8.03
14 LIEHTP HalpOTUB 19.08.23 52 °14.548°/ 25 3.5 | -65,5 20.0 8.27
3asmBa EjoBEIi 104 © 45.243° 185 8.42
10 16.0 8.22
15 IIEHTp HaIpOTHUB 20.08.23 52°21.5117/ 27 3.5 | -55,8 0 18.0 8.13
3asmmBa EpmoBckuit 104 ° 37.550° 5 17.3 8.20
10 16.4 8.13
16 | 3anuB Epmosckuii | 20.08.23 52°20.851°/ 16 3.0 | -53,0 18.9 8.28
104 ° 34.439° 17.9 8.08
10 16.6 7.93
17 BepxHUI Obed 20.08.23 52 °23.478°/ 25 3.5 | -56,1 18.6 8.16
104 ° 33.722° 17.6 8.95
10 15.8 8.07
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Ta6sauna 2. Pacnpenenenue BuaoB ¢uromiaHkToHa B I0xxHoM Barikase u FpkyTckoM BoJoXpaHuuile B aBrycre 2023 r.
«+» — Haynuuue 3Toro BuAa. COOTBETCTBYIOMIMMU LBETAMU BBbIAEJIEHBI BUbI, YUCJIEHHOCTh KOTOPHIX mpeBbimasia 10, 50, 100
TBIC. KJI/J1. 'pafjaniiida 1jBeTa TeMHee 10 Mepe yBeJinueHus HoMmepa. Ha3zpaHuA crannuii Ha Pucyhnke 1.

TakCcoOHBI I0>xHb1i Balikai HpkyTckoe BoAOXpaHUJIMILE

112(3|4|5|6|7|8]|9|10(11(12(13|14]|15]|16]17

Cyanobacteria

Anabaena sp.

Aphanothece sp.

Cyanodictyon sp.

Cyanodictyon planctonicum B.A. Mayer

Dolichospermum flos-aquae (Bornet &
Flahault) P.Wacklin, L.Hoffmann &
Komérek

Dolichospermum lemmermannii (Richter) P.
Wacklin, L. Hoffmann & J.Komarek

Dolichospermum scheremetieviae
(Elenkin) Wacklin, L. Hoffmann &
Komérek

Limnococcus limneticus (Lemmermann) +
Komarkova, Jezberova, O.Komarek &
Zapomelova

Microcystis sp.

Microcystis pulverea (H.C.Wood) Forti +

Pseudanabaena galeata Bocher + +

Cryptophyta
Komma caudata (L. Geitler) D.R.A. Hill + |1+ + |+ ]+ +

Rhodomonas pusilla (Bachmann) + | + + + +
Javornicky

Dinophyta

Ceratium hirundinella (O.F. Miiller) + + |+ + + + | +
Dujardin

Glenodinium sp. + + | + + | + +

Haptophyta

Chrysochromulina parva Lackey +

Chrysophyta

Chrysosphaerella coronacircumspina Wujek | + | + | + | + + + |+ +]+]+ + |+ |+ |+
& Kristiansen

Chrysosphaerella brevispina Korshikov +

Dinobryon bavaricum Imhof + | +

Dinobryon crenulatum West & G.S. West

Dinobryon cylindricum O.E. Imhof +

+ [+ |+ |+
+
+
+
+

Dinobryon cylindricum var. palustre
Lemmermann

Dinobryon divergens O.E. Imhof + + + + + | +

Dinobryon korshikovii Matvienko ex + | + + | + + + |+ |+ + |+ |+ |+
Kapustin

Dinobryon pediforme (Lemmermann) + + |+ + |+
Steinecke

Dinobryon sociale (Ehrenberg) Ehrenberg | + | + | + | + | + |+ | + |+ |+ |+ |+ |+ |+ |+ |+ ]| + ]| +

Dinobryon sociale var. americanum + |+ |+ |+ ]+ A+ ] ]+ + |+ + ]+
(Brunnthaler) Bachmann

Dinobryon stipitatum Stein + + + | +
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TakcoHBI I0>xHbIi1 Balikai HpkyTckoe BOOOXpaHUJIHIIE
1(21314]|5]|]6]|7]|8]9]10|11|12|13|14(15|16|17
Dinobryon suecicum var. longispinum + + |+ ]+ +
Lemmermann
Kephyrion sp.
Kephyrion littorale J.W.G. Lund + + | + + | +
Kephyrion spirale (Lackey) Conrad + + | +
Paraphysomonas gladiata Preisig & Hibberd| + + |+ |+ |+ + + | + + |+ + |+
Paraphysomonas uniformis subsp. hemiradia |+ +
J.M.Scoble & T.Cavalier-Smit/
Paraphysomonas sp. + + + |+ |+
Lepidochromonas butcheri (Pennick & +
Clarke) Kapustin & Guiry
Spiniferomonas abrupta Nielsen + + + +
Spiniferomonas cornuta Balonov + + | + + |+ |+ + | + + |+ |+
Spiniferomonas bourrellyi Takahashi + + | + + + + + | + + |+ |+
Spiniferomonas takahashii (Nicholls) + + | + + |+ |+ +
Preisig & Hibberd
Spiniferomonas trioralis (E. Takahashi) + |1+ + |+ ]+ + |1+ +1+]|+ |+ ]+ +|+]+]|+
Preisig & Hibberd
Spiniferomonas trioralis f. cuspidata + + + + | +
Balonov
Spiniferomonas septispina Nicholls + + + | +
Spiniferomonas silverensis Nicholls + + |+ |+
Mallomonas acaroides Perty + + |+ [+ +]+]+ +
Mallomonas alpina Pascher & Ruttner + + + + |+ +]+]+ + |+ |+ |+
Mallomonas crassisquama (Asmund) Fott +
Mallomonas tonsurata Teiling + + + | + + |+ |+ |+ +]+]+
Mallomonas vannigera Asmund +
Synura sp. 1 + | + + + +
Synura sp. 2 + +
Synura cf. glabra + + |+ + +
Bacillariophyta
Acanthoceras zachariasii (Brun) Simonsen + | + + | +
Asterionella formosa Hassall - + + - + | + - + |+ |+
Aulacoseira baicalensis (K.I. Meyer) + |+ |+ |+ + | + + |+ + +
Simonsen
Aulacoseira granulata var. angustissima (O. + + +
Miiller) Simonsen
Aulacoseira islandica (O. Miiller) Simonsen + + |+ + |+ + | +
Aulacoseira ambigua (Grunow) Simonsen + + | +
Cyclostephanos dubius (Hustedt) Round + + |+ ]+ + | + + | + + 1+ + |+
Cyclostephanos makarovae (S.I. Genkal) K. | + | + + + + |+ + ]+ + | + +
Schultz
Discostella pseudostelligera (Hustedt) Houk + + | + + |+ |+ +|+]|+]+
& Klee
Fragilaria capucina Desmaziéres + |+ |+ + |+ + |+
Fragilaria crotonensis Kitton
Fragilaria radians (Kiitzing) D.M.Williams + | + + |1+ + |+ +|+ ]+ F+H]+]+H|+]+
& Round
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TakcoHBI I0>xHbIi1 Balikai HpkyTckoe BOOOXpaHUJIHIIE

112134567 8]|]9]10(11|12|13|14|15|16(17

Hannaea baicalensis Genkal, Popovskaya & + + + | +
Kulikovskiy

Lindavia baicalensis (Skvortsov & + | + + |1+ |+
K.I.Meyer) Nakov, Guillory, M.L. Julius,
E.C. Theriot & A.J. Alverson

Lindavia minuta (Skvortzov) T.Nakov & al.| + | + + |1+l +|+]+|+]++]+++]+]+]+

Nitzschia graciliformis Lange-Bertalot & | + | + + |+ |+ |+ |+ + + | +
Simonsen

Stephanodiscus hantzschii Grunow +

Stephanodiscus meyeri Genkal & + + + | +
Popovskaya

Stephanodiscus minutulus (Kiitzing) Cleve | + | + + +
& Moller

Thalassiosira pseudonana Hasle & Heimdal + +

Ulnaria acus (Kiitzing) Aboal +

Urosolenia eriensis (H.L. Smith) Round & + + | +
R.M. Crawford

Chlorophyta

Ankistrodesmus arcuatus Korshikov +

Chlamydomonas sp.

Chlorella vulgaris Beijerinck

+ |+ |+ [+

Coenococcus planctonicus Korshikov +

Coenocystis sp. + + + 1+ +] +

Desmodesmus abundans (Kirchner) E.H. + + +
Hegewald

Desmodesmus armatus (Chodat) E.H. +
Hegewald

Desmodesmus bicaudatus (Dedusenko) P.M.| + + +
Tsarenko

Desmodesmus communis (E. Hegewald) E. | + + |+ ]+ + + | +
Hegewald

Desmodesmus intermedius (Chodat) E. + | +
Hegewald

Dictyosphaerium ehrenbergianum Négeli +

Elakatothrix genevensis (Reverdin) Hinddk | + + + |+ + + | + + |+ ++ ]+

Franceia ovalis (Francé) Lemmermann +

Kirchneriella lunaris (Kirchner) Mobius + | +

Koliella longiseta (Vischer) Hindak + + +

Koliella variabilis (Nygaard) Hindak + |+ ++ |+ +]+]+]+]+

+ [+ |+ [+

Lagerheimia genevensis (Chodat) Chodat + +

Monoraphidium circinale (Nygaard) + |+ +]+
Nygaard

Monoraphidium contortum (Thuret) + |+ |+ +|++]|+]+]|+ + |+ + |+ + | +
Komarkova-Legnerova

Monoraphidium griffithii (Berkeley) + |+ |+ |+ ]+ ]+ + |+ |+ ]+ + | +
Komarkova-Legnerova

Monoraphidium minutum (Négeli) + | + + + | + + + + + | +
Komaérkova-Legnerova

Mychonastes homosphaera (Skuja) Kalina&| + | + | + | + | + | + | + | + | +
Puncochéarovéa
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TakcoHBI I0>xHbIi1 Balikai HpkyTckoe BOOOXpaHUJIHIIE
1(21314]|5]|]6]|7]|8]9]10|11|12|13|14(15|16|17
Pseudopediastrum aff. integrum (Négeli) M.
Jena & C. Bock
Stauridium tetras (Ehrenberg) E. Hegewald + + + +
Scenedesmus sp. + +
Scenedesmus ecornis (Ehrenberg) Chodat | + + + |+ |+ |+ + + + | + +
Scenedesmus obtusus Meyen
Sphaerocystis sp. + | + + +
Tetraédron minimum (A. Braun) Hansgirg + +
Tetraédron trigonum f. gracile (Reinsch) De + +
Toni
Total 45(32|37148(34139|44|31|21|50(50|40(29]|48|47 55|46
IIpumeyanue: A 10%
[IpumepHas koHLeHTpanus, X 10% kiu/n
3%
Cyanobacteria 30% 1‘:/
Cl
Chrysophyta 50 | 100
Bacillariophyta
Chlorophyta 10
m Cyanobacteria
34%

o m Cryptophyta
planctonicum, Cyanodictyon sp. u Microcystis sp., npu 19% YPIOpty
9TOM, HECMOTpsI Ha CaMyl0 BBICOKYIO YHCJIEHHOCTD, = Dinophyta
obmas 6uomacca He mpessimana 107 mr/m3. Ha cr. 3 B Haptophvt
HaunboJIblIyI0 GroMaccy ornpeAerin BUAsl Dinobryon. 12% aptophyta
Obmas 4YncIeHHOCTh M Ouomacca (GUTOINJIAHKTOHA 1% Chrysophyta
B HpkyTckoM BoJOXpaHWIUIe OBUIM HIXe, 4YeM B 29% 2% o
IOxHOM Baiikase, U usMeHsuch or 186x10° nmo = Bacillariophyta
310X 10° ki1./11 1 oT 41 go 140 Mr/m* COOTBETCTBEHHO ® Chlorophyta
(Puc.3).

3.3. BupoBo# cocTaB PUTONAAHKTOHA
lO>xHoro Baikana _32%

BupoBoe OGorarctBo GuromiaHkToHa HOxHOrO
Batikasna BappupoBasio B ipefeiax 21-48 sugos (Puc.2,
Tabsuna 2). Chrysophyta Britouanu B cebs 27 BUAOB U
BHYTPUBHUIOBBIX TAKCOHOB, M3 KOTOPHIX 15 ObLIM yemyii-
yaTteiMu  xpusoburtoBeiMu. Chlorophyta cocrosiu
u3 24 BUJOB, 3a KOTOPHIMU CJIeIOBaJii OUATOMOBEIE
Bogopocyiu (15), Cyanobacteria (8), Cryptophyta (2),
Dinophyta (2) u Haptophyta (1) (Puc.2, Tabauna 2).

Hawn6oJiee BEICOKYIO YHCIEHHOCTDb UMeJIU IIaHO-
baxtepun, Takue Kak Cyanodictyon planctonicum
(840x10® xu./n1 Ha cr. 1), Microcystis sp. (833 x10°
KJ1./n Ha cT. 1), Cyanodictyon sp. (768 X 10° ki1./51 Ha CT.
1) u Dolichospermum lemmermannii (25 % 10® ki1./71 Ha
cT. 1). Uro Kacaercs KPyHHOKJIETOYHBIX BHUIOB XpU30-
duToBbx, TO Dinobryon bavaricum (109x10® w1/
Ha cT. 4), Dinobryon cylindricum var. palustre (54 X 10®
KJI1./J1 Ha cT. 3), Dinobryon sociale (80 x 10° kJj1./J1 Ha CT.
6), Dinobryon sociale var. americanum (93 x 10® ki1./71
Ha cT. 3), Dinobryon cylindricum (27 X 10® kJ1./71 Ha CT.
3) urpanm 3ameTHy1o posb (Puc.3, 4). Cpeau 3eJieHbIX
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Puc.2. IIponieHTHOe COOTHOIIEHNE PA3HBIX I'PYIN BOAO-
pocieir B IOxHoM Batikane (A) u B MpkyTckoMm BojoxpaHu-
sumie (B) B aBrycre 2023 1.
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Puc.3. PacnpenesieHue dricjieHHOCTH U 6roMacch Guro-
mia"HkToHa lOxnHoro Baiikana m HMpKyTckoro BoOJOXpaHU-
guma B asrycre 2023 r.

SIN/IN



®upcosa A. u dp. / Limnology and Freshwater Biology 2023 (6): 204-228

| |
1I'=
‘Hm
HE
I
|
- I
. N

I ! =

! i

I
I

100%

~ [ M [ [
N e

~ [HEN
< [T T | —
'J-lf_:_

« [ T

=
6

10 11 12 13 14 15 16 17
KO:kubpiii Baiixan HpkyTckoe BonoxpannaHnie
u Cyanodictyon planctonicum u Cyanodictyon sp u Dolichospermum lemmermannii
Microcystis sp. u Dinobryon bavaricun u Dinobryon cylindricum
u Dinobryon cylindricum var. palustre W Dinobryon sociale B Dinobryon sociale var. americanum
u Asterionella formosa ® Nitzschia graciliformis 8 Aulacoseira granulata var. angustiss
W MENKHE LIEHTPHYECKIE JHATOMOBBIE Ankistrodesmus arcuatus Chiorella vulgaris
Coenococcus plancionicus w Koliella variabilis u Monoraphidium griffithii
u Mychonastes homosphaera u Pseudopediastrum aff. integrum ¥ CTOMATOUHCTBI

® OEHTOCHBIE THATOMOBEIE B MHHOPHBIE BH/Ibl
Puc.4. PacnpenesieHre 4iCJI€HHOCTU M OMOMAacchl JOMUHUPYIOMUX BUA0B ¢duToriaHkToHa B KOxHom Batikase u UpkyT-
CKOM BofoXpaHuuile B asrycre 2023 r.

Puc.5. Ipeacrasutenu IOxHoro Baiikana u Mpkytckoro Bopoxpanwmma: 1 — Dolichospermum flos-aquae; 2 — Ceratium
hirundinella; 3 — Asterionella formosa; 4 — o6muil naH npo6s 13 MPKyTCKOro BOMOXpaHWINIIA (HanpoTuUB 3ayriBa EjoBBHIN);
5 — Lindavia minuta; 6 — Cyclostephanos dubius; 7 — Cyclostephanos makarovae; 8 — Stephanodiscus minutulus; 9 — Thalassiosira
pseudonana; 10 - Discostella pseudostelligera; 11 — Aulacoseira granulata var. angustissima; 12 — Fragilaria capucina; 13 — Cocconeis
placentula; 14 — Hannaea baicalensis; 15 — Peridinium sp.; 16 — Gyrodinium helveticum; 17 — Dinobryon bavaricum; 18 — Mallomonas
alpina. MacmtabHas nuHedka: 1, 3, 4 — 50 um; 2, 12, 14-17 — 10 um; 5-7, 11,13, 18 — 5 mxm; 8-10 — MKM.
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BHIEJLUTNCh TpU Buma - Ankistrodesmus arcuatus
(42x10® xn./n Ha c1. 4), Monoraphidium griffithii
(30x10°® kn./n1 Ha c1. 7) and Mychonastes homosphaera
(42 X103 k1./71 Ha cT. 4) KOoTOphIe TpeobJIaZiaIn Kak 1o
YHCJIEHHOCTH, Tak U 1o 6uomacce (Puc.4, 5). /luarto-
MOBBIE UMEJIM HU3KHE KOJIMYECTBEHHBIE TTOKA3aTeNId U
He npesbimaay 10 X 10° ki1./J1.

TemoBoaHAs JI1aTOMOBast BOAOPOCJIb
Asterionella formosa (12 x10° kJ1./J1) mpucyTCTBOBasIa
TOJIbKO Ha cT. 1 (Puc.4).

3.4. BupoBoM cocTaB PUTONAAHKTOHA
UpKyTCKOro BOAOXpaHMAMLLA

@OUTOIIAHKTOH MPKYTCKOTO BOJOXPAHUIIAIIA
UMeJl CXOACTBO C 0ailkaJbCKHUM, HO €ro 4YHCJIEHHOCTb
ObLJIa HIXe, a BUJOBOE 60raTcTBO Bhile (29-50 BugoB)
(Puc.2, Tabmuna 2). XpuszodurtoBsle BKI0OYaIU 27
BUJIOB W BHYTPUBHUOBBIX TaKCOHA, TaKXe KakKk U B
03. Baiikas, n3 KOTOpBIX mIpeobJsajany KpeMHUCTBIE
yemyiiyaTele xpuzodurosele (22 Buaa). Takxe, Kak U
B 03epe, K JAOMUHUDPYIOMKUM OTHOCUJIMCH IMaHOOaK-
Tepuu, Takue kak Cyanodictyon planctonicum (42 x 10°
KJI./71 Ha cr. 12), Microcystis sp. (20X 103 kj1./71 Ha
cT. 12), Dolichospermum lemmermannii (25 X 10° ki1./71
Ha cT. 14), 3eneHble Bojgopocu, Takue kak Chlorella
vulgaris (59 x10° xi./n Ha ct. 14), Koliella longiseta
(41 x10® xn./n Ha c1. 10) u Monoraphidium griffithii
(15x103% xi./n Ha cT. 14). YncjaeHHOCTh KPYITHOKJIE-
TOYHBIX BUJIOB XPU30(PUTOBBIX CYIIECTBEHHO CHU3U-
Jnach, u3 Hux Dinobryon sociale (24 x10° xi./n Ha
ct. 10) u Dinobryon sociale var. americanum (16 X 10°
KI1./71 Ha cr. 10) Obin gomuHupylomumu. Cpenu
Bacillariophyta Asterionella formosa (10 X 10® ki1./;1 Ha
cT. 14), Aulacoseira granulata var. angustissima (11 x 10°
K1./n1 Ha cT. 15) u Nitzschia graciliformis (13 x10°
KJI./J1 Ha cT. 15) nMesn HU3KYI0 YUCJIEHHOCTh. MeJikue
[[EHTPUYECKHE BU/Ibl JUATOMOBBIX BOJIOPOCJIEN, TaKue
kak Cyclostephanos makarovae, Stephanodiscus minutulus,
Cyclostephanos makarovae, Discostella pseudostelligera
u Thalassiosira pseudonana, Takxe WMeIN HU3KYIO
yrcJieHHOCTh. CamMasi BBICOKAs YUCJIEHHOCTh MEJIKUX
LeHTpuYeckux auatomert — 19 X 102 ki1./1 — 6pUTa HA
cT. 10.

3.5. BupoBom cocTtaB PUTONNAAHKTOHA
3anmBOB UpKYyTCKOro BOAOXpaHUAMILA

BumoBoii cocTtaB (PUTOIUIAHKTOHA 3aJIUBOB U
LeHTPaJIbHONM 4YacTu WPKYTCKOTO BOAOXPaHMJIUIIA
OBLIT CXOAHBIM. BeHTOCHBIE TUaTOMeN UMeTN OOJIbIIYI0
ypcjieHHOCTh (45-64) X 10° kJ1./1 B 3ajiMBax M3-3a UX
MeJiIKkoBoqHOCTH. OOmias uucjeHHOCTh U Onomacca
BapbupoBaiu oT 242x10° go 321 x10° kin./7, 41 u
140 mr/m® cootrBercTBeHHO (Puc.3). Hawubosibiiee
BHUJI0BOe OoraTcTBo ObUIO0 B EprmoBckoMm 3aiuBe (CT.
16) (55 BuAoB) 3a cueT JUATOMOBBIX BojiopocJeit (19)
1 KPeMHHCTBHIX demyiyaTeix xpusoputoBeix (18). B
saymBe Kypma (ct. 11) BoisiBjieHO 50 BUOB, U B 3aJIBE
EnoBsiit (cT. 13) — 29 (Puc.2, Tabaura 2). Bo Bcex Tpex
3ajmBax mnpeoGiajganu LuaHoGaktepuu Cyanodictyon
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planctonicum (22-68) X 10° xJ1./1 u 3enenHsie Chlorella
vulgaris (16-48) x10° win./m) (Puc.3). JoMUHUDPYIO-
UMY BUAAaMU ObLIN IraTOMOBBIEe Bomopocsu Nitzschia
graciliformis (go 29 x 10° ku1./m), Aulacoseira granulata
var. angustissima (go 23 X 10% kJ1./J1) 1 MeJIKue HeHTpH-
yeckre BUAB (10 28 X 10° KJI./71), cpeau KOTOPBIX
HauboJjiee MHOTOYMCIEHHBIMU ObLIN  Stephanoscus
minutulus w Thalassiosira pseudonana. MukpodoTo-
rpadbuy JIETHUX BUAOB (PUTOIJIAHKTOHA MPECTABJIEHBI
Ha PUCYHKE 5.

3.6. CpaBHeHHe cooblmecTB
duTonnaHkToOHa U BAMAHMA daKTopoB
OKpy)Xalouien cpeabl

Kak mokaspiBaeT aHau3, cooOmectsa H)XxHOro
bBaiikasiia u UpkyTcKkoro BOOOXpaHWIMIIA YeTKO pa3fe-
Jumck Ha aBe rpynmnsl (Prc.6). BaXXHO OTMETHUTb, YTO
aHAJIOTUYHbIE 3aKOHOMEPHOCTU OBLUIM TIOJIYYEHBI C
WCIIOJTh30BaHUEM BCEX TPEX THUIIOB JAHHBIX O COCTaBe
COOO0IIeCTB: YHMCJIEHHOCTH BHOB, OMOMACCH BUOOB U
MaTpHULbl IpUCyTCTBUA/0TCyTCcTBUA (Prc.6A-C). O6bscC-
HUTeJIbHAs cujia OblJla caMOM BBICOKOH JIJISI MOJIEJIH,
MmoJTyueHHO! MeTojjoM RDA Ha OCHOBe MaHHBIX O
yrcJieHHOCTU BUI0B (Prc.6A); ee CKOpPEKTUPOBAaHHBIN
koabduruent nerepmunanuu (adjusted R2) mgocturan
31%. DTa Mofmenb BKJIIOYAJa ABE MepeMeHHBIE OKpY-
XKaloIen cpebl, a UMEHHO TPO3PAYHOCTh BOIBI U PH,
JIENICTBYIOIIIE U BJIUSIONIME HA COCTaB COOOIECTB
B CxXOOHOM HampaBjeHuu. OOBACHUTENbHAA CHJIA
Mo/eJieH, MOoJTyYeHHbIX Ha OCHOBE JIaHHBIX O Oromacce
BunoB (Puc.6B) u npucytcrBun/orcyrcreuu (Puc.6C),
cocraBmaa 19% u 9% coorBeTcTBeHHO. IIpu 3TOM B
MOJe/IAX COXPAHAJICA eOUHCTBEHHBIN 3KOJIOTMYeCKUi
(akTop — MPO3pPavyHOCTh BOMHI.

YcraHOBJIEHa XOpoIIas IMOJIOXKUTEbHAs Koppe-
JIAIUASL YMCJIEHHOCTU Y OMOMAacChl MEJIKUX ILeHTpuue-
ckux u 6eHTOCHBIX quaTtoMel (Puc.6D). Kpowme Toro,
YHCJIEHHOCTh 1 OHoMacca CTOMAaTOLMCT TaKXke HMMeJIH
BBIPAXXEHHYI0 TOJIOKUTEJbHYI0 KOPPEeJAIUI0 ¢ o0Iei
6uomaccoii. PaccmaTtpuBas rupodpusnueckye u ruipo-
XUMHYECKUE MapaMeTphl, MOXHO BUAETh, YTO IIPO3paAY-
HOCTh BOJB U pH oKazaju HeraTMBHOE BJIMAHUE HA
YHCJIEHHOCTh U OMOMACCy MEJIKUX I[eHTPUYECKUX U
JIOHHBIX JuaToMel. [Ipo3payHOCTh BOIBI M TeMIepa-
Typa TakKXe OTPHUIATEJIBHO KOPPEIUPOBAJIM MEXIY
co0oI1i.

4. 06cyxpenue

Hamu wuccnemoBaHusa I1okasajiy, YTO JIETOM
TeMIiepaTypa NOBepXHOCTHhIX BOJ B HOxxHOoM Baiikase
n HpKyTCKOM BOJOXpaHWIUIe OBLIM CXOOHBIMU B
otanune ot utoHsa 2023 r. (Firsova et al., 2023). CocTas
JOMUHUPYIOMINX BHUOB COOOIIeCTB (PUTONIAHKTOHA
HpkyTckoro Bogoxpanunuma 1 l0xHoro batikana 6bL1
cxonubiM (Puc.2, Tabauia 2). OaHako, Kak U B HMIOHE
2023 r., B cocTase coobmecTs I0xxHO-Batikana u UpkyT-
CKOTO BOJOXpAaHWJIUIIA BHIABJIEHB CYIeCTBEHHbIE
pasnuuus (Puc.6A-C). BrisABIIEHO, YTO OCHOBHBIM ITOKa-
3aresieM 3Toro 3dd¢eKTa sABJAETCA TaKOIl IPOCTOH
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Puc.6. Koppesanusa napaMeTpoB OKpyXXaloleil cpefsl M OrpaHHuYeHHas OpAVHAIMA YMCJIEHHOCTH BUJOB, GHOMACCH U
JIaHHBIX O IPUCYTCTBUN/OTCYTCTBUH. (A) — AHaIM3 N30BITOYHOCTH Ha OCHOBE TaHHBIX O YHCJIEHHOCTH BUJIOB; (B) — AHaIN3 130HI-
TOYHOCTH Ha OCHOBe JaHHBIX 0 Griomacce BuoB; (C) — OrpaHUYeHHbI aHaIU3 COOTBETCTBIUA Ha OCHOBE JaHHBIX O IPUCYTCTBUA/
oTcyTcTBUA BuoB; Cephle KPYXKU — MecTa otbopa npob B HOxxHoM Baiikase. XKesTsie KBagpaThl — TOUKH 0TOOpa Mpo6 B UpKyT-
CKOM BojioxpaHuuile. POMOb — TOn-15 JOMUHUPYOMUX BUI0B GUTOIUTAaHKTOHA. CHHIE CTPEJIKU — OOBACHAIIINE [IepEMEHHBIE,
ncnosb3yemMsle B Mojeu. (D) — AHanu3 KOppeJsiAlyy apaMeTpoB OKPYXarolleil cpefbl M CyMMAapHBIX YMCJIOBBIX IT€PEMEHHBIX.
3HaveHuUs MPeLCTABIIAIT co60iT K0abbuUIMeHTH Koppesauy [InpcoHa ¢ I{BETOBOI MapKHUPOBKOI ClipaBa. 3auepKHyThie STYEKH
[IPeACTaBJIAI0T He3HaYUMBIe koppessanuu (p > 0,05). M'mapodusndeckue 1 rTHAPOXUMUYECKHE TapaMeTphl (IIPO3payHOCThb BOAEL,
TeMInepatypa BoJsl, pH ¥ OKHCIUTEIbHO-BOCCTAHOBUTEJIBHBIN MMOTEHNNAJ) HCIOJIB30BAJIMCh B KauecTBe OOBACHAIMINX Iepe-
MEHHBIX IIPU OrpaHUyYeHHoi opAnHaimu. B/l — nonHsle quaTomen, SCD — MeJIKHe [JeHTpUYeCKre JUaToMeH, St — CTOMaTOLHCTEL

rufpodusnyeckuii MapameTrp, KakK IIPO3pPavHOCTb
BO/JIbl, KOTOPHIH B Ipo6ax VUpKyTCKOro BOAOXPaHMJINIIA
3HAYUTEJIbHO CHIXeH. EMMHCTBeHHBIM UHTPUTYIOMINM
OTJIMYMEeM pe3yJIbTaTOB IIOHCKOBBIX aHaJIM30B UIOHb-
CKMX U aBI'yCTOBCKMX KOMILJIEKCOB (UTOIIAaHKTOHA
cTas cABUT OypAyTry3CKOro cooOmiecTsa B rpymniy npoo
WpKyTCKOro BOJOXPaHWININA, II0 CPABHEHUIO C UIOHEM
(Firsova et al., 2023). 3T0oT 2pdeKT MOKHO OOBACHUTD
cMellleHHeM B KOHIle JieTa I'paHULbl llepexojia TeMile-
parypel Batikay/BooxpaHuJIUIe BBEpPX IO TeYeHUI)
Anrapsl. JleToM NOBBIIIEHHE TeMIepaTypsl IOBepX-
HOCTHBIX BOJT (Tabsmia 1) cmocob6CTByeT poCcTy Terio-
BOJHBIX BUAOB (PUTOILIAHKTOHA KaK B O3epe, TaKk U B
BojoxpaHwiunie. Ha Bcex cTaHIUAX JOMHUHHPOBAJIU
MeJIKOKJIETOUHble KOJIOHHAJIbHble IMaHOOaKTepUU.
Cpenu »Tux nuaHoOaKTepull HaUOOJIBLIYIO YHCJIEH-
HocTh B IOxHOM Baitikane mmen Bupm Cyanodictyon
planctonicum Ha ct. 1 (12 xm ot Kysryka). YcraHoB-
JIEHO, 4TO YHMCJIEHHOCTh U Omomacca JieTHero ¢uro-
IUTaHKTOHAa VIpKyTCKOrO BOAOXPaHWJIMIA HEBBICOKU,
YTO aHaJIOTMYHO pe3yJibTaTaM NpeJblAyIUX Hcciieslo-
BaHwui1 (BopoGbeBa, 1995; Popovskaya et al., 2012). Kak
u B mpeapiaymue roasl (Bopo6sesa, 1995; Popovskaya
et al.,, 2012), TOMUHUPYIOIIUM BUAOM ObLJIa IUAHO-
6axrtepus Dolichospermum lemmermannii, Y1CJIEHHOCTb

KoTopoll Obuta Hmxke 25X 10° wi./n. Torma Kak BO
BTOPOI ITOJIOBHHE aBrycra U Havajie ceHTA0pA 1985 r.
YMCJIEHHOCTD Jocturasa Dolichospermum lemmermannii
7,2%x106 xn./n (BopobbeBa, 1995). B uione 2023 T.
Nitzschia graciliformis moMmunHupoBasia kak B HOxHOM
Batikaie, Tak u B UpkyTckom BogoxpaHuuile (Firsova
et al., 2023). B aBrycte 2023 1. 3TOT BUJ TaKXe OCTa-
BaJICA OAHUM U3 JJOMHUHUPYIOIUX, HO €r0 YHCJIEHHOCTh
3HAUUTEJIBHO CHU3WJIACh 110 CPABHEHUIO C MIOHEM.
BhisiBJIeHHBIE B HAMIUX HUCCIEAOBAHUAX JOMUHU-
pymomue BUAB JeTHero GUTOIJIAHKTOHa ObLI aHaJio-
TU4eH NpeaslayIuM ucciaegopanusaM 60-x u 80-x
rozioB (Bopo6reBa, 1995), u 2008 r. (Popovskaya et al.,
2012), 9TO CBUETETBCTBYET O CTAOMIIBHOCTH BUIOBOTO
cocraBa. IIo cpaBHEHHUIO C MPeBIAYIINMU UCCIeN0Ba-
nusamu (Koxosa, 1964; BopobreBa, 1995; Popovskaya
et al., 2012) mpousomUT HEKOTOpPble W3MeHEHUS:
YBEeJIMYMJIOCh BHJOBOE OOraTcTBO (PUTOILIAHKTOHA U
qucyo JoMuHupyoomux BumoB. Cpemu Chlorophyta
O6butn HamboJstee pacnpoctpanensl Chlorella vulgaris n
Mychonastes homosphaera, a cpequ Chrysophyta npeo6-
Japana Dinobryon sociale. O BBICOKOM GOTaTCTBE XpPU30-
¢duToBBIX MPKYTCKOTO BOJOXpaHWJIWINA yXe coobma-
JIOCh, TIOCKOJIBKY OHO SIBJIAETCS CAaMBIM XOJIOAHBIM U
YMeeT caMble HU3KHWE KOHIIEHTpAal[U NUTATeIbHBIX
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Bell[eCTB cpefu JApPYyTUX BOLOEMOB AHIrapcKoro
kackaga (BopobbeBa, 1995; Bessudova et al., 2023b).
Mbl OTMeTWIM TakXe BBICOKOe BHJI0OBOe OOraTrcTBo
poma Dinobryon (11 TtakconoB) B IOxHoM Baiikare,
BKJIIOUAs paHee He yKa3aHHEIE 37]eCh TaKCOHBI, TaKue
kak Dinobryon crenulatum w Dinobryon suecicum var.
longispinum. DTu BUABI, BEpPOSTHO, OBUIM BBIHECEHBI
B 03ep0 U3 MPUTOKOB, U AJIA UX pa3BUTUA B IOxHOM
batikasnie cioxunnch 6ojiee OJIaTONPUATHBIE YCJIOBUA,
BKJIIOUaOIie 0oJiee BBICOKYI0 IIPO3PayHOCTh, OTCYT-
CTBUE TeYeHUs U MUHUMAaJIbHOe pa3BUTHe AUaTOMel],
KOHKYyPUPYIOIIUX C HUMM 3a KpeMHHH. PaHee ObLIO
[I0Ka3aHo, YTO 3TU (aKTOPH UTPalOT BaXXHYI0 POJIb B
(opMupoBaHUM BBICOKOTO BHUAOBOI0 pa3HOOOpasus
xpu3odpuToBeIX B 3anuBe peku O6b (Bessudova et
al., 2023a). BumoBoil cocTaB AOMHUHHUPYIOUINX TaKXe
monosyiHWICA Bumgamu Dinobryon sociale u Dinobryon
sociale var. americanum. BuioBO¥ cOCTaB KPEMHUCTBIX
YemyiH4yaTelX XpU30(DUTOBBIX H3MEHWJICA IO OTHO-
IIEHUI0 K BeceHHeMy KoMIUtekcy BumoB (Bessudova
et al., 2023b), obGoraTuBIKCh BUAAMU, TUINYHBIMI
s 6osiee Temsbix Bon (Bessudova et al., 2021),
TakuMu kak Paraphysomonas gladiata, Paraphysomonas
uniformis subsp. hemiradia, Lepidochromonas butcheri,
Spiniferomonas septispina.

5. 3aknioueHue

HecmoTpsas Ha cxofHble IapaMeTphl CpeJbl,
Takue Kak TeMiieparypa u pH Bofel, a Takxe 60JibIIoe
KOJIMYEeCTBO OOIIMX TAaKCOHOB, 00ILas YMCJIEHHOCTb U
6uoMacca JjieTHero ¢puTomiaHKkToHa B I0xHOM Balikase
BhIllle, yeM B HpKyTcKOM BojoxpaHwiuiie. Umesnnch
pacxoxJeHus B BUJOBOM COCTaBe U CIHCKe JOMUHU-
pyomux Bujaos. B IOxHOM Baiikase nuanobakTepuu
UMeJId BBICOKYIO YHCJIEHHOCTb, XOTA B HIpKyTCKOM
BOJIOXpaHWIUIIE UX POCT OBLJI OrpaHUYeHHBIM. UTO
Kacaercs NpeabAyIINX HCCIeNOBaHUI, B TOM yucjie
MpoBeJieHHBIX B nioHe 2023 1., ob11iee OOraTCTBO YBEJIU-
ynsiock 3a cueT BumoB Crysophyta. O6mias uucieH-
HOCTh M Ouomacca GUTOIJIAHKTOHA COOTBETCTBOBAJIU
JleTHeMy [epuoAy NpeblayIUX JIeT.

BAaaropapHoCTH

Bripaxxaem 6J1arofgapHOCTb KOMaH/ie HaAyYHO-UC-
cJjlejoBaTeJbCKOro cyaHa «[lamaHuH» 3a CJIaXE€HHYIO
pabory. Mukpockonuyeckue WCCIeJOBaHUA BBINOJI-
HeHbl B lleHTpe smekTpoHHOUW Mukpockonuu [[KII
«YJIbTpaMHKpOaHaIM3» JIMMHOJIOTUYECKOTr0 WHCTU-
TyTa, https://www.lin.irk.ru/copp/. Pabora BHIIOJI-
HeHa npu prHaHCcoBOU noaaepxke Poccuiickoro Hayy-
Horo ¢onaa, mpoekt No 23-14-00028, https://rscf.ru/
project/23-14-00028/.

KoHpAUKT UHTEpecoB

ABTOpH HACTOALIMM 3asBJIAIOT, YTO JaHHAasd
nccjefoBaTesbckas paboTa M BHITYCK PYKOIIMCH COOT-
BETCTBYIOT 3THYECKUM CTaHAapTaM U HU y KOT0 U3
aBTOPOB HET MOTEHI[UAJIbHOTO KOHQJIUKTa UHTEPECOB.
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Mp&I Takxe 3asBJiseM, YTO 3TO HccieJoBaHe He GUHaH-
CUPOBAJIOCh KaKMM-JIU00 areHTCTBOM nomMumMo PHO®.
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