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ABSTRACT. Using data from phytoplankton studies conducted in the Votkinsk Reservoir from July
2020 to 2025, its taxonomic composition, ecogeographic structure, and quantitative indicators were
studied. The algal flora includes 379 intraspecific algal taxa from 9 divisions identified, with diatoms
and green algae accounting for 61% of the algal flora. The annual list of planktonic algae included
between 193 and 301 species and subspecies, with the main species composition remaining relatively
constant over several years. In terms of ecogeography, the reservoir’s phytoplankton algae are repre-
sented by typically planktonic species, widespread in water bodies worldwide, indifferent to water salin-
ity, and found only in freshwater bodies with neutral waters. The average phytoplankton abundance was
59.6 + 8.3 million cells/L and was determined by the development of cyanoprokaryotes, predominantly
with small cell sizes. The average biomass was 8.89 +0.93 mg/L, consisting mainly of cyanoprokaryotes
and diatoms. Over the study period, phytoplankton abundance and biomass fluctuated by two orders
of magnitude and exhibited increasing trends. The dominant assemblage was formed by cyanoprokary-
otes, primarily anheterocystous small-celled representatives of the genera Aphanocapsa, Anathece and
Planktolyngbya, diatoms, cryptophytes, and dinoflagellates. In all years of the study, dominant species
were Aphanizomenon flos-aquae and Aulacoseira granulata. Ongoing changes in phytoplankton, particu-
larly the increased coenotic role of small-sized disazotrophic cyanoprokaryotes and dinophytes, indicate
progressive eutrophication of the waters of the Kama Reach of the Votkinsk Reservoir due to the com-
bined influence of anthropogenic factors and global warming. The community index Q and saprobity
index characterize of the Votkinsk Reservoir as f-mesosaprobic, moderately polluted, corresponding to
water quality class III.
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1. Introduction In the Perm Krai, the Votkinsk Reservoir is one

of the main sources of drinking and industrial water, as

Phytoplankton plays a crucial role in lentic
ecosystems, serving as the primary source of primary
production and energy. Light, nutrient cycling, energy
flow, nutrient concentration, and water temperature
determine the growth and composition of phytoplank-
ton (Reynolds et al., 2002). The hydrodynamic char-
acteristics of a water body can significantly influence
conditions within the water column. Specifically, the
transformation of river ecosystems due to hydrotech-
nical constructions alters the habitat conditions for
aquatic organisms, leading to changes in phytoplank-
ton and increased water productivity (Maavara et al.,
2017).

well as the primary receptor of wastewater from indus-
trial enterprises and housing and communal services
in the Perm-Krasnokamensk industrial complex. The
water quality corresponds to class 3 (3a, 3b), catego-
rized as polluted and heavily polluted, with a pollution
index of 2.92-3.73 (State..., 2024).

The study of phytoplankton began as early as
1933-1934 in the unregulated Kama River. Systematic
research on the structure and seasonal dynamics of phy-
toplankton commenced in 1938 (Shtina, 1941; Tauson,
1947). Data on the development of phytoplankton in
the reservoir from the 1970s and 1980s to 2016 have
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been presented in several studies (Tretiakova et al.,
1988; Tretiakova, 1989; Belyaeva, 2017, 2018; 2022).
The observed climate anomalies in the region (Third
Assessment..., 2022) and water pollution are the causes
of increased phytoplankton development, changes in
species diversity and algae taxa ratios (Riihland et al.,
2008; Sterner et al., 2020; Mineeva et al., 2024). In this
connection, there is a need to study the transformation
of phytoplankton of the Votkinsk Reservoir under the
combined effects of climate and a complex of anthro-
pogenic factors with an assessment of the role of auto-
trophs in the formation of the quality of the aquatic
environment.

The goal is to study the spatiotemporal changes
in the structure of phytoplankton of the Votkinsk
Reservoir.

2. Materials and methods

The Votkinsk Reservoir was formed in 1962 on
the Kama River as a result of the construction of the
Votkinsk Hydroelectric Power Plant dam downstream
from the mouth of the Saigatka River (Perm Krai).
The reservoir is a narrow, highly winding water body,
particularly in its central and upper sections. Based
on its configuration and morphological features, it
belongs to a simple valley type. The water surface area
is 1120 km?, and the volume is 9.36 km?. The length
of the reservoir is 340 km, with a maximum width of
8.6 km and an average width of 2.7 km. The maximum
depth is 22.8 m near the dam, and the average depth
is 7.1 m. Shallows up to 2 m deep account for 14% of
the total area at the normal pool level (NPL) of 89 m
(Baltic System). The macrophyte coverage area is 7%.
The water exchange coefficient is 5.8 year' (Mikhalev
et al., 2011). Only one reach, the Kama Reach, is iden-
tified within the reservoir. Based on its morpholog-
ical and morphometric characteristics, the Votkinsk
Reservoir is divided into 3 areas: upper, central, and
lower (Matarzin and Matskevich, 1970).

A decrease in water mineralization is observed
along the reservoir’s longitudinal axis: from 380 mg/L
near the city of Perm and in areas downstream of indus-
trial discharges to approximately 200 mg/L in the cen-
tral part and 130-160 mg/L in the dam area (Kitaev
and Rochev, 2007). Water color is low, ranging from 33
to 49 degrees on the Cr-Co scale. Data from expeditions
to the Votkinsk Reservoir conducted from July 2020 to
2025 at eight hydrobiological sites were used to ana-
lyze phytoplankton changes (Fig. 1). Phytoplankton
samples of 1.0 L were collected at eight hydrobiological
cross-sections (Fig. 1) in the surface (0.5-1.0 m) water
layer. The collection and processing of quantitative
phytoplankton samples were carried out according to
standard hydrobiological methodologies (Methodology
for Studying..., 1975). Abundance was counted in a
0.01 mL “Uchinskaya” chamber using a light micro-
scope (ZEISS Axiostar Plus). Biomass was estimated
by the cell-volume method, based on cell abundance
and volume calculated using geometric similarity for-
mulas. Species accounting for =10% of the total phy-
toplankton biomass were classified as dominant. The
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Fig.1. Map of the location of hydrobiological sections in
the Votkinsk Reservoir.

identification of diatoms was performed in permanent
mounts using light microscopy. To determine the tax-
onomic affiliation of the algae, foreign and domestic
keys, systematic synopses, and monographs cited in
Belyaeva (2024) were used. Species names were veri-
fied using an international database AlgaeBase (Guiry
and Guiry, 2022). The similarity analysis of the algae
species composition among the studied river sections
was performed using the Sgrensen—Czekanowski indi-
ces (Megarran, 1992). They were calculated dominance
frequency (DF), dominance order (Dt), and occurrence
frequency (pF) (Gorbulin, 2012).

The ecological and geographical characterization
of the algae was compiled according to the most widely
recognized frameworks adopted in algal ecology and
biogeography (Proshkina-Lavrenko, 1953; Sladecek,
1973; Davydova, 1985; Marvan et al., 2005). To assess
water saprobity, the Pantle-Buck indicator organism
method in Sladecek’s modification was used (Pantle
and Buck, 1955; Sladecek, 1973).

Water quality assessment was performed using
the community index Q, calculated as:=Pi is the bio-
mass share of the i-th functional group in the total phy-
toplankton biomass, and F- is the coefficient (factor F)
established for the i-th functional group for a specific
type of water body according to Padisak (Padisék et al.,
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2006; Padisék et al., 2009). The Q index corresponded
to ecological condition values on a scale from 0 to 5:
0-1 - poor, 1-2 - low, 2-3 — moderate, 3-4 — good, and
4-5 - high.

Relative water transparency was measured by
the depth at which the Secchi disk disappeared from
view. Dissolved oxygen concentration and water tem-
perature were measured using a HANNA HI 9146-04
oximeter (HANNA Instruments Ltd, England), and water
pH was measured using a HANNA HI 98130 multipa-
rameter analyzer (HANNA Instruments Ltd, England).
Average monthly temperatures and precipitation data
were obtained from the open GIS portal Meteoservice
(2026). Regression and non-parametric analyses, along
with graphical representations, were performed using
MS Excel 2010 and STATISTICA 10. Only those statis-
tical relationships that were significant at p<0.05 are
presented.

3. Resulits

In the Votkinsk Reservoir transparency was
60-150 c¢m in the period 2020-2025. The pH level of the
water changed within 7.8 to 8.6. Oxygen content 6.02-
9.52 (average 7.99+0.13) ppm. The years of research
varied significantly in water level, precipitation and
temperature regime (Table 1). Precipitation and water
level were below the average perennial over the sum-
mer in 2023. July 2021 with the highest rainfall. In the
summer season, the long-term average water tempera-
ture was 17.7 +0.2 °C with fluctuations of 16.9-18.6 °C.
Warm (in terms of temperature over the summer) are
2021-2023. The average air temperature in July 2020
and 2023 was higher than the long-term average, in
2025 on 1.5 °C lower.

During the study period, 379 taxa of algae of
rank below genus (354 species) were identified in
the phytoplankton of the Votkinsk Reservoir, belong-
ing to 167 genera, 89 families, 52 orders, 9 divisions,
including: Bacillariophyta — 123, Chlorophyta — 111,
Cyanoprokaryota — 59, Chrysophyta — 37, Euglenophyta
— 22, Dinophyta — 10, Charophyta (ord. Desmidiales) —
10, Cryptophyta — 4, Xantophyta — 2, Raphidophyta — 1.
The list of algae included between 193 and 301 species
and intraspecific taxa (IST) annually (Table 2). During
the study period, the species richness of algae showed
a negative trend; however, in the long-term observa-

tion series (since the study of the phytoplankton of the
Kama Reservoir), the number of species and IST has
been increasing (Fig. 2).

In the summer phytoplankton, the most diverse
orders included Sphaeropleales (60), Chlorellales (30),
Naviculales (26), Chroococcales (24), Euglenales (22),
Nostocales (15), Bacillariales (12), Chrysosaccales
(12), Stephanodiscales (12) and Fragilariales (11),
which together accounted for 56% of the over-
all diversity. Among families, the most diverse
were Scenedesmaceae (28), Microcystaceae (21),
Naviculaceae (17), Schroederiaceae (15), Euglenaceae
(15), Aphanizomenonaceae (13), Oocystaceae
(12), Stephanodiscaceae (12), Fragilariaceae (12),
Bacillariaceae (12) and Chrisococcaceae (12), ollec-
tively forming 45% of systematic taxa below the genus
rank. The species richness of Bacillariophyta was pri-
marily composed of representatives from the genera
Navicula Bory (13), Nitzschia Hassall (10), Fragilaria
Lyngb. and Aulacoseira Thwaites (5 each), contributing
to 32% of the diatom species richness; in Chlorophyta
the most prevalent genera were Scenedesmus Meyen
and Desmodesmus R. Chodat (7 each), Monoraphidium
Komaéarkova-Legnerovd and Chlamydomonas Ehrenb.
(5 each); in Chrysophyta — Kephyrion Pascher — had
8 species, while Dinobryon Ehrenb. and Mallomonas
Perty each had 5; from Euglenophyta, the genus
Trachelomonas Ehrenb. had 6 species, and from
Cyanoprokaryota — Dolichospermum (Bornet & Flahault)
P.Wacklin, L.Hoffmann & Komérek had 8 species.
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Fig.2. Number of algae species in different areas of the
Votkinsk Reservoir.
1 — upper area, 2 — central area, 3 — near-dam area.

Table 1. Climatic conditions of the Perm region and the water level regime of the Votkinsk reservoir

Parameter 2020 2021 2022 2023 2024 2025
Average air temperature, °C 16.9 (+0) |18.6 (+1.8)|18.1 (+1.4)|17.7 (+2.4)|17.5(+0.4)|17.2 (+0.3)
Summer
July 21.1 (+2.4)| 18.5(-0.1) |20.1 (+1.5)[20.7 (+2.0)| 18.6 (-0.3) | 17.1 (-1.5)
Water tempera-ture on sampling days, °C 23.8 £0.6 | 23.9 £0.5 | 24.2 = 0.5 23.9 0.2 25+0.6 21.5 £0.3
Precipitation, mm 63.7 (-22) | 77.7 (-28) | 29.7 (-37) | 44.7 (-41) 98 (+9) 76 (-4)
Average Summer
July 36 (-33) 144 (+45) 8 (-54) 51 (-27) 85 (-12) 64 (-15)
Water level, m (Baltic system) Summer 88.7 88.3 88.7 87.4 88.7 88.5
July 88.6 88.3 88.8 87.4 88.8 88.5
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Table 2. Taxonomic composition of phytoplankton in the Votkinsk Reservoir from 2020 to 2025

Algae Department / Years of 2020 2021 2022 2023 2024 2025
Research

Cyanoprokaryota 21 58 40 30 38 32
Chrysophyta 18 32 40 20 28 23
Bacillariophyta 76 91 78 67 54 62
Xanthophyta 1 0 1 0 0
Cryptophyta 2 4 4 4 2
Dinophyta 7 10 9 7 5 7
Raphidophyta 1 1 1 1 1 1
Euglenophyta 16 14 18 9 4 10
Chlorophyta 60 86 73 54 78 69
Charophyta 4 5 5 0 4 5
Total 205 301 268 193 216 205

The minimum number of species and intraspe-
cific taxa of algae was noted in the channel part of the
dam area of the reservoir. In warm years with insignif-
icant precipitation in July (2020, 2022 and 2024), the
number of algae taxa is higher in the central area of
the reservoir. In 2021, with increased precipitation in
July, the maximum variety of algae was noted in the
upper area of the reservoir and decreased to the dam.
In low-water 2023, the richness of species is higher in
the dam area (Fig. 2). The correlation of species rich-
ness and precipitation (for July) in the reservoir as a
whole was 50% and is significant only in the upper area
(84%; p<0.01), Cyanoprokaryota and Chlorophyta
had a high dependence on precipitation (Table 3). A
significant increase in the number of algae taxa was
found with an increase in the average summer tempera-
ture (0.91 and 0.72; p<0.05 for Cyanoprokaryota and

phytoflagellates), there are no significant dependences
of the number of species and IST on air temperature in
July.

The coefficients of similarity (Chekanovsky-
Sgrensen index) of the algofra of the reservoir in the
interannual aspect are quite high, 78-84%. For dif-
ferent areas, the reservoirs are lower, accounting for
60-76% (p<0.05). The composition of phytoplankton
in the upper area of the Votkinsk reservoir is similar
to that in the middle area by 76%, the difference with
the lower area is more significantly 60%. Between res-
ervoir areas, differences in phytoplankton composition
are associated with different conditions of existence, in
particular, with the influence of the flora of tributaries
and bays, as well as with the washing of periphyton
algae from underwater substrates in shallow waters.

Table 3. Correlation coefficients of structural characteristics of phytoplankton in the Votkinsk Reservoir and some abiotic

factors
Parameter pH Average air temperature Precipitation (mm) Water level
(§(¥) Average (m), July
Summer July Summer July
Total biomass, mg/1 0.33 0.50 -0.16 -0.21 0.51% -0.78*
B, iarionh -0.10 0.25 0.42 -0.59 -0.32 -0.74*
acillariopi yta
B ioronh 0.87* -0.21 -0.75 0.77* 0.23 0.02
orophyta
a " 0.19 0.50* -0.16 -0.16 0.84 -0.64*
;yanoprokaryota
B 0.86* 0.14 -0.69* 0.69* 0.10 0.55
phytoflagellates
Total abundance, million cells/1 0.31 0.59* -0.21 -0.11 0.85* -0.54*
o 0.20 0.35 0.18 -0.39 -0.16 -0.67*
acillariophyta
L 0.76* 0.02 -0.37 0.57 0.12 -0.12
. N 0.29 0.58* -0.21 -0.11 0.87* -0.52*
yanoprokaryota
N, 0.07 0.04 -0.29 0.31 0.71* 0.33
phytoflagellates
Number of taxa 0.10 0.86* -0.17 -0.28 0.50 0.25
Number .. -0.46 0.61* 0.24 -0.66 0.38 0.09
Number 0.56 0.62* -0.60* 0.34 0.63* 0.49
Number . 0.47 0.91* -0.44* -0.14 0.73 0.03
Number .. -0.19 0.72* 0.15 -0.48 -0.10 0.29
Note: B — biomass; N — abundance; * — differences are significant at p < 0.05.
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The summer phytoplankton of the Votkinsk
Reservoir is characterized by the predominance of
planktonic (40%) and planktonic-benthic (37%) spe-
cies, most of which are cosmopolitans (87%). In terms
of pH preference, alkaliphiles (50%) and indifferents
(41%) are more diversely represented; in relation to
salinity, indifferents dominate (70%). The number of
saprobity indicator species reached 65% of the total
composition. Assessment of water saprobity by indica-
tor species showed a predominance of f-mesosaprobes
(28%) and o—f-mesosaprobes (22%).

Phytoplankton abundance from 2020 to 2025
varied by two orders of magnitude, ranging from 3.7
to 459.4 million cells/L (averaging 59.6 = 8.3 million
cells/L), and was generally determined by the massive
development of Cyanoprokaryota (80%), predomi-
nantly those with small cell sizes. Cyanoprokaryota
reached their maximum development in 2021 (char-
acterized by heavy precipitation in July), while their
minimum development occurred in 2022 during the
driest July. Total phytoplankton biomass values over
the years fluctuated from 0.18 to 42.21 mg/L (aver-
aging 8.89+0.93 mg/L) (Table 4). Cyanoprokaryota
also made a significant contribution to the total phy-
toplankton biomass, with the exception of the warm
and dry year of 2022, which saw a sharp decline in
overall phytoplankton development and a dominance
of Bacillariophyta in the biomass. A high proportion of
diatoms was also noted under similar weather condi-
tions in 2023.

The contribution of algal divisions (average val-
ues by areas) to the overall abundance and biomass
of phytoplankton in different areas of the Votkinsk
Reservoir is shown in Figure 3. Over the study period,
a decrease in the proportion of Cyanoprokaryota (from
95% to 86%) was noted, while a positive trend in the
contribution of Chlorophyta to phytoplankton abun-
dance was detected.

An increase in the proportion of Chlorophyta
(from 5% to 15% of the biomass) and phytoflagellates
(from 6% to 17%) due to the development of dinoflagel-
lates, cryptophytes, and, less frequently, golden algae,
this is particularly evident in years with low precipita-
tion and moderate temperatures in July. The contribu-
tion of Cyanoprokaryota to biomass formation remains

O Bacillariophyta

million cells/L a
— — A e m Chlorophyta
250 M
O Cyanoprokaryota
200 W other
150
100

Fig.3. Contribution of algae divisions to the structure of
phytoplankton of the Votkinsk Reservoir: (a) abundance, (b)
biomass. 1 — upper area, 2 — central area, 3 — near-dam area.

significant, especially in the reservoir’s near-dam area,
except for the low-water year of 2023 (Fig. 3). When
comparing areas of the reservoir based on the taxo-
nomic structure of phytoplankton (the contribution of
individual groups to overall quantitative indicators),
reliable differences are observed for the upper area in
2023 and 2024; in other years, the differences between
areas are not statistically significant (p>0.05). No sig-
nificant differences were found for different sections of
the reservoir in terms of abundance.

For the phytoplankton, the mean values of
abundance (62.4+15.4 and 61.2*+15.2 62.4 million
cells/L, respectively) and biomass (9.23+1.36 and
8.30+1.57 mg/L) in the shallow zone and the main
channel area showed no significant differences.

Differences in weather conditions during the
study years revealed significant positive correlations of
phytoplankton abundance and biomass with July pre-

Table 4. Structural characteristics of phytoplankton in the Votkinsk Reservoir

Parameter 2020 2021 2022 2023 2024 2025

Total abundance, 1.8-228.3 20.1-459.4 3.7-33.1 16.3-216.5 3.8-220.7 8.4-202.4
million cells/1 31.4+14.4 125.2+29.8 18.0+2.3 79.4x17.4 75.3x17.1 41.7+13.7
Total biomass, mg/1 0.18-25.63 4.53-42.21 0.72-13.60 3.81-34.00 0.88-30.32 1.37-22.83
4.04+0.18 12.48+2.23 5.39+1.09 12.89+2.61 | 10.30*x2.17 7.49+1.49

Saprobicity index 1.75-2.20 1.90-2.19 1.98-2.13 1.61-2.15 1.53-2.10 1.84-2.18
2.01+0.02 2.11+0.02 2.06 = 0.02 1.92 £0.04 1.95 £0.05 2.00 £0.04

Community Index Q 0.86-3.10 0.81-1.83 2.01-3.13 2.07-2.88 1.00-1.67 1.02-2.77
1.81+0.24 1.26+0.12 2.54+0.13 2.36+0.09 1.38+0.10 1.79+0.17

Shannon-Weaver Index 0.50-4.93 0.95-5.03 2.54-4.70 2.33 -4.33 2.72-4.76 1.11-4.61
3.04+ 0.15 | 3.05+ 0.36 | 3.88+ 0.18 | 3.18 £0.18 | 3.98+ 0.19 | 3.24 +0.33

Note: in the numerator — min — max, in the denominator — mean values with standard error.
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cipitation (r?=0.85; p=<0.01 u 0.51; p<0.05, respec- At the current stage of the reservoir’s existence,
tively) and negative correlations with water level the dominant complex included Cyanoprokaryota
(r2=-0.54; p<0.05 u -0.78; p<0.05, respectively). and Bacillariophyta, as well as Cryptophyta and
Differences were noted in how quantitative phyto- Dinoflagellata (by biomass), which develop in the
plankton indicators responded to short-term versus upper and central areas (Table 5). The maximum val-
summer-average temperature conditions (Table 2). The ues of occurrence, order, and frequency of dominance
relationship between water temperature on sampling were characteristic of Aphanizomenon flos-aquae Ralfs

days and July air temperature, on the one hand, and ex Born. end Flah. (pF=92.7, Dt=73.0, DF=69.2).
the total phytoplankton abundance and biomass, on The phytoplankton of the Votkinsk Reservoir is char-

the other, was not significant, which is explained by acterized by the increasingly widespread distribu-
the algae divisions responding in different directions. tion (across the entire water area) and development
At the same time, a significant negative correlation was of non-heterocystous cyanoprokaryotes with high
found between July temperature and the biomass of occurrence (pF=70-90): (Aphanocapsa holsatica
green algae and phytoflagellates. Average summer air (Lemmermann) G.Cronberg & Komérek, A. inserta
temperatures warm the water and create optimal con- (Lemmermann) G.Cronberg & Komaérek, Anathece
ditions for the growth of Cyanoprokaryota (r=0.58 for clathrata (West & G.S.West) Komarek, Kastovsky &
abundance and r=0.50 for biomass; p=<0.05). It is pre- Jezberovd), Planktolyngbya limnetica (Lemmermann)
cisely the mass development of this group that deter- Komarkova-Legnerova & Cronberg, and species of the
mines the significant relationship between summer genera Oscillatoria Vaucher ex Gomont and Limnothrix
temperature and total abundance (r=0.59; p<0.05) M.-E.Meffert). The dominant complex of species by
and the strong tendency toward a relationship with biomass, as a rule, includes A. flos-aquae (pF=93.4,
total biomass (r=0.50). A significant positive correla- Dt=75.0, DF=69.0) and Aulacoseira granulata
tion was also noted between phytoplankton develop- (Ehrenberg) Simonsen (pF=90.2, Dt=68.2, DF =86.8)
ment and water pH, which was particularly high for with the maximum values of occurrence, order, and
Chlorophyta and phytoflagellates. frequency of dominance. Other dominant species are

Table 5. Dominant complex of phytoplankton of the Votkinsk Reservoir

Dominant species 1981- 2010- 2020 2021 2022 2023 2024 2025
1982 2016
Cyanoprokaryota

Aphanizomenon flos-aquae ol RS SR S ok ook ko ek
Planktolyngbya limnetica - o * ok * * * o
Microcystis spp. ok i kg B * - - -
Anathece clathrata - xR * * * * * %
Aphanocapsa holsatica - - & * * * ok e
Limnothrix planctonica (Wotoszynska) Meffert - wH - * ok * - R

Bacillariophyta

Aulacoseira granulata * S s sk ok ok ik
Aulacoseira ambigua (Grunow) Simonsen * - - * -
Actinocyclus normanii (W.Gregory ex Greville) - i3 3 S = . - -

Hustedt
Aulacoseira italica (Ehrenberg) Simonsen * wx - * - - - R
Skeletonema subsalsum (A.Cleve) Bethge o - - - . - - -
Asterionella formosa Hassall R ol - - - - - -
Dinophyta

Peridinium cinctum (O.F.Miiller) Ehrenberg - - = * * * ok %

Apocalathium aciculiferum (Lemmermann) - - - * * - - *
Craveiro, Daugbjerg, Moestrup & Calado
Cryptophyta

Cryptomonas ovata Ehrenberg * - - & b * o sk

Komma caudata (L.Geitler) D.R.A.Hill - - - ¥ * - * -
Chlorophyta

Pediastrum boryanum (Turpin) Meneghini o = = - - - * R
Lobomonas ampla Pascher - - - - - N % %

Note: * 10-15%, ** 15-30%; *** >30%, proportion of the species in the total abundance (N) or biomass (B)
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characterized by low values of frequency and order of
dominance, even with high occurrence.

Shannon indices of species diversity, calculated
based on phytoplankton abundance (Hn) and biomass
(Hb), varied widely (from 0.46 to 4.98 bits/specimen
and from 0.49 to 5.02 bits/mg). The average long-
term values of the index are quite high: 2.92+0.14
and 3.34+0.13, respectively (Table 4). The highest
frequency of relative occurrence for Hb and Hn was
3.1-3.6 (58%). The sharp decrease in Shannon index
values (=0.5) in the shallow waters of the lower part
of the reservoir in 2020 was determined by the wide-
spread development of several cyanoprokaryotes spe-
cie, which form the basis of phytoplankton abundance
and biomass (up to 75-90% of the total abundance)
and indicated a simplification of the phytoplankton
structure.

The Pantle-Bucca saprobity coefficients, reflect-
ing the degree of organic pollution in water masses,
ranged from 1.53 to 2.20 and characterized the waters
during the summer season as f-mesosaprobic with
a water quality class of III (moderately polluted).
Differences between the saprobity indices at shallow
and channel stations were not statistically significant.

In the phytoplankton, algae from codons H1, B,
Y, Lo, G, MP, P, D, and C were most widely represented.
The Q index values varied from 1.0 to 3.1 and were
significantly lower in the near-dam area — 1.41 =0.26,
which was determined by the dominance of cyanopro-
karyotes within the algal communities and indicated
low water quality.

4. Discussion

The list of planktonic algae species before the
regulation of the Kama River (in the area corresponding
to the Votkinsk Reservoir) included 330 taxa of algae,
predominantly diatoms (Tauson, 1947). In the 1980s,
the phytoplankton of the Votkinsk Reservoir was found
to contain 396 taxa of algae (considering the flora of
the bays), with 301 taxa of algae below the genus level
in the channel part. The species diversity of the algal
flora was mainly composed of green algae (broadly
defined) — 113 species and diatoms — 111 (Tretiakova
et al., 1988; Tretiakova, 1989). During our study, from
2020 to 2023, diatoms predominated in terms of spe-
cies count in the phytoplankton, while in 2024-2025,
green algae were more abundant.

Throughout the study period (2020-2025), the
average values of abundance and biomass for the phy-
toplankton of the Votkinsk Reservoir experienced sig-
nificant fluctuations, showing a tendency to increase
but not exceeding the values recorded for the phyto-
plankton of the Votkinsk Reservoir in previously stud-
ied periods (since 2008) (Belyaeva, 2017; 2018; 2022;
Korneva et al., 2025). It has been previously shown that
the abundance and biomass values in August are 1.5-2
times higher at shallow stations than riverbed stations
of the reservoir for the phytoplankton of the Votkinsk
Reservoir (Belyaeva, 2018; 2022). However, during
the period from 2020 to 2025, the differences in the
July phytoplankton turned out to be insignificant. Such
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differences are likely explained by variations in tem-
perature and hydrodynamics in different months, as
according to S.P. Kitaev (1984), shallow areas are more
heated and hydrologically isolated in August.

An increase in air and water temperatures,
alongside changing precipitation patterns, drives the
transformation of biological communities in reservoirs
(Korneva et al., 2019). Specifically, it stimulates the
growth of Chrysophyta and Dinophyta, making phyto-
flagellates a common component of reservoir commu-
nities (Korneva, 2022; Sakharova and Korneva, 2018).
A clear dependence of phytoflagellate development on
summer water temperatures has been established for
the Volga reservoirs (Korneva, 2015). In the summer
phytoplankton of the Votkinsk Reservoir, an increasing
share of mixotrophic phytoflagellates has been observed
over a number of years, driven by the development of
large-celled Dinophyta and Cryptophyta. Against this
background, an increase in total phytoplankton biomass
is noted. Furthermore, according to many authors, the
proliferation of phytoflagellates indicates the progres-
sive eutrophication of a water body (Sladecekova and
Sladecek, 1993; Rosowski, 2003; Goryunova, 2006;
Suikkanen et al., 2007; Korneva, 2009; Wells et al.,
2015). At the current stage of the reservoir’s existence,
the dominant complex included both the species of
cyanoprokaryotes and diatoms established in previous
studies (Belyaeva, 2017; 2018; 2022), as well as new
species. The latter include small-sized non-heterocys-
tous cyanoprokaryotes (by abundance) and species of
Cryptophyta and Dinophyta (by biomass) (Table 5).
Such distribution and succession of cyanoprokary-
otes species are observed in many reservoirs during
their long-term existence, for example, in the basins
of the Volga (Korneva, 2015), Irtysh (Succession...,
2009), Angara (Kozhova and Basharova, 1984),
Yenisei (Kozhevnikova, 2001), and Ob (Bazhenova and
Mikhailov, 2021) rivers, as well as in the Prospect res-
ervoirs in Australia (Luong et al., 2024), Hongfeng in
southwest China (Long et al., 2018), and Lac au Duc in
western France (Le Moal et al., 2021). This typically
occurs at the final stages of oligo-eutrophic succession
and indicates an increase in the trophic status of the
waters (Korneva, 2015; Korneva and Glushchenko,
2020). During certain periods of the reservoir’s exis-
tence, the dominant complex also included invasive dia-
toms: in the 1980s, Skeletonema subsalsum (Tretiakova
et al., 1988; Tretiakova, 1989), which currently occurs
only occasionally; from 2004 to 2018, Actinocyclus nor-
manii was a dominant species throughout the reservoir
(Belyaeva, 2017; 2018; 2022), and during the period of
our study it is found throughout the reservoir, but was
rarely part of the dominant complex (upper area).

The Shannon index (H), reflecting the complex-
ity of community structure, takes into account the
total number and dominance of individual species. Our
research has shown that the diversity index generally
decreases in water areas during the “blooming” period,
with significant dominance of one to three species of
phytoplankton, which is characteristic of the reservoir’s
dam area. In shallow waters, the index is often higher
than at channel stations, obviously due to the constant
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washing out of benthic or periphytic species.

Our studies have shown the differences in the
saprobity index in the Votkinsk Reservoir are not sig-
nificant in both spatial and interannual aspects.

Similar conclusions regarding the absence of spa-
tial and temporal differences using the widely used sap-
robiological analysis of surface waters in the state mon-
itoring system have been reached by many algologists
(Kulizin et al., 2020; Korneva and Solovyeva, 2021,
Vodeneeva et al., 2022; Startseva et al., 2022; Sharagina
et al.,, 2024). The approach using morpho-functional
groups of phytoplankton and the community index Q
showed changes both across the reservoir’s areas and in
the interannual aspect. There is a clear ecological deg-
radation of the phytoplankton structure from the upper
area to the dam area, with water quality classes rated
as “poor” and “low,” dominated by phytoplankton spe-
cies, which was determined by hydrological conditions,
particularly maximum depths, stagnant zones, and
accumulation of biogens. In the interannual aspect, the
index has a dependence on air temperature (0.54 aver-
age for summer and 0.56 for July) and on the amount
of precipitation (-0.92 average for summer and -0.85
for July).

5. Conclusion

In the summer phytoplankton of the Votkinsk
Reservoir (2020-2025), a total of 379 species and infra-
specific taxa of algae from 9 divisions were recorded.
The highest number of taxa below the genus level was
noted in the Bacillariophyta (32% of the total flora).
The contribution of Chlorophyta was 29%. However, in
the past two years, green algae have dominated in terms
of species richness, with diatoms taking the second
position. The maximum species diversity of algae was
characteristic of the central area of the reservoir. From
an ecological and geographical perspective, the phyto-
plankton is represented by typical planktonic species
that are widely distributed in global water bodies, indif-
ferent to salinity, restricted to freshwater environments,
and preferring neutral waters. During the study period,
abundance and biomass values varied by two orders of
magnitude. Interannually, a rising trend in increasing
phytoplankton abundance and biomass was observed.
A reduction in the proportion of Cyanoprokaryota
and an increase in the proportion of green algae have
been noted in the formation of phytoplankton abun-
dance and biomass. Additionally, there has been an
increase in the proportion of phytoplankton flagellates
contributing to biomass formation. The composition
of the dominant phytoplankton complex has changed
over the years and has recently come to include cryp-
tophytes and dinoflagellates (by biomass). The compo-
sition of the dominant phytoplankton complex varied
by year, and has recently come to include Cryptophyta
and Dinophyta (by biomass). The dominant complex is
primarily formed by indicator species of anthropogenic
eutrophication (Aphanizomenon flos-aquae, Bugsl poaa
Microcystis, Aphanocapsa holsatica, Limnothrix planc-
tonica, Aulacoseira granulata, A. ambigua, Pediastrum
boryanum), and there is also a mass development of
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non-heterocystous cyanoprokaryotes (Aphanocapsa hol-
satica, Anathece clathrata, Planktolyngbya limnetica). The
saprobic indices characterize the waters of the Votkinsk
Reservoir as f-mesosaprobic throughout the entire area
of water, which corresponds to a Class III water quality.
However, despite the overall stability of the index, it
evidently underestimates the actual degree of eutrophi-
cation in the reservoir, as which is confirmed by the
quantitative development and composition of the dom-
inant phytoplankton complex. The Q community index,
using morphofunctional groups of phytoplankton, also
classifies the waters as moderately polluted (Class III
quality), but is more informative and reflects both spa-
tial and interannual changes in water quality.
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AHHOTALIUA. Ilo maTepuajiaM HcclaefOBaHUM (PUTOIUIAaHKTOHA BOTKMHCKOrO BOOXpaHWIMIIA B
niosie 2020-2025 r. M3yuyeHbl ero TaKCOHOMUYECKHI COCTaB, 5KOJIOro-reorpaduyeckas CTpyKTypa U
KOJIM4eCTBeHHbIe Ioka3areau. UnenTudunupoBaHo 379 BUAOB U BHYTPHUBUAOBBEIX TaKCOHOB BOJOPO-
cjierl u3 9 OTHeJsioB, OCHOBY BUIOBOTO OOraTcTBa CO3[Al0T JUATOMOBBIE U 3eJieHbie Bogopocau (61%
anprogJiopsr). CrcoK BOAOPOCJIEN IJIAHKTOHA eXeroaHo Bkiovas or 193 1o 301 BUIOB 1 BHYTPUBU-
JOBBIX TAKCOHOB, OCHOBHO! COCTaB BHJIOB Ha IPOTSXXEHUM psAAa JIET ocTaBaJicsd JOCTAaTOYHO IIOCTOSH-
HBIM. B sKoJioro-reorpadpudeckoMm acmnexre ajabrodsopa ¢GUTONIIAaHKTOHA BOAOXPAHWJIMILA MPEACTaB-
JleHa TUNWYHO IJIAHKTOHHBIMU BHAAMU, IIMPOKO PacIpoCTpaHeHHBIMH B BOJOEMaX 3eMHOro Miapa,
nHANGGEepeHTHEIMHU K COJIEHOCTH BOABI, OOUTAIOIMMU TOJIBKO B IIPECHBIX BOJOEMAaX C HENTpaJIbHBIMU
BogamMu. CpefHsAA UYWMCJIEHHOCTh (PUTOILIAHKTOHA COCTaBmya 59.6+8.3 MUIH KII./JI U ONpeAesisasaach
Pa3BUTHEM [MAHOMPOKAPUOT. 3HaYeHusA cpeaHen 6romacchl — 8.89 +0.93 mr/j, ee OCHOBY COCTaB-
JIAUIM IMaHOIPOKApUOTHL U AMATOMOBbBIE BOAOPOC/IU. 3a Mepuoj uccjefoBaHusA i GUTOILIAaHKTOHA
OTMeueHbl KoJjieOaHUA 3HaUeHU! YKCJIEHHOCTH U OroMacch Ha 2 MOpAAKa, a TakXe UX TPeHH K yBe-
JIn4yeHn1o0. JJOMUHAHTHBIN KOMIUIEKC c(pOpMHPOBaH LUaHONIPOKapHUOTaMy, IpeuMyIlecTBeHHO Oe3reTe-
POLMCTHHIMY MEJIKOKJIETOYHBIMU TIPeCTaBUTEIIMU poAoB Aphanocapsa, Anathece, Planktolyngbya, a
TakXe JUAaTOMOBBIMU, KpUNTO(PUTOBEIMU U JUHO(GUTOBEIMU BONOPOCIAMU. Bo Bce rofpl mcciegoBa-
HUSI OCHOBHBIMM JOMHHAHTHBIMU BUJaMHU ABJBUIUCH Aphanizomenon flos-aquae v Aulacoseira granulata.
[Tpoucxopsanyie n3MeHeHNs B PUTOIIAHKTOHE, B YaCTHOCTH yCUJIeHHe lIeHOTUYeCKOl POoJIu MeJIKopas-
MEPHBIX A1a30TPOdHBIX HUAHOIPOKAPUOT U AMHOMUTOBBIX BOJOPOCJIEH, CBUIETEIbCTBYIOT O Iporpec-
cupyomieli aBTpodukanuy Bog Kamckoro mieca BoTKMHCKOro BOAOXpaHWJINIA [IPX COBMECTHOM BJIMA-
HHU aHTPOIIOT€HHBIX (DaKTOPOB U NMOTEIUIEHUA KianuMarta. HAeKc coobmiecTBa Q 1 MHAEKC canpoOHOCTHA
XapaKTepHU3yI0T BOAE BOTKMHCKOr0 BOAOXpaHMJINIINA KaK f-Me30canpoOHble, YMEPEHHO 3arpsA3HEHHBIE,
4TO cooTBeTCTBYET III KjIaccy kauecTBa BOA.
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1. BBeAe“"e HOCTH, TpaHC(I)OpMa].II/IH PEYHBIX 3KOCHUCTEM, IIPOMC-

xXoAAmas BCJIeICTBHE THAPOCTPOUTESIBCTBA, 3aKJI0ya-
eTcs B M3MEHeHUHU yCJI0BHUM OOHUTaHWA I'MApPOOHOHTOB,
U Takxe INPUBOJUT K M3MeHeHHI0 (PUTOIIaHKTOHA U
pocty npoaykruBHoctu BoA (Maavara et al., 2017).
Ha rtepputopun Ilepmckoro kpasa BoTkuHckoe

DUTOMIAHKTOH UTPaeT BAXHYI0 POJb B JIEHTH-
4ecKHX 5KOCHCTeMax, ABJIAACh OCHOBHBIM MCTOYHUKOM
HepBUYHON MPOAYKIMU U 3Hepruu. CBeT, KpyroBOpOT
BEIIECTB M MOTOK 3HEPTUM, KOHIIEHTPAIUsA MUTaTesIb-
HBIX BEMIECTB U TEMIEpATypa BOIBI ONPENE/IAKT POCT BOJOXPaHWIMILE ABJIAETCA OJHUM U3 OCHOBHBIX MCTOY-
¢uronankToHa u ero cocras (Reynolds et al., 2002). HUKOB [TMThEBOr0 Y IPOMBIIIJIEHHOTO BOJOCHAGKEHMS,
I'npponuHaMuieckie OCOGEHHOCTH BOJOeMa MOTYT TaKXe U OCHOBHOU NMPUEMHMK CTOYHBIX BOJ MPOMBILI-

CHUJIbHO BJIMATH Ha yCJIOBUA B BOAHOU TOJIIE, B 4acCT- JTIEHHBIX Hpe}alI/IHTI/Iﬁ u Hpe;[HpI/IHTI/Iﬁ KUJIAIIHO-KOM-
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MyHaJIbHOro Xxo03sficTBa Ilepmcko—KpacHokaMcKOro
MPOMBIIIJIEHHOTO KoMIljlekca. Boja cooTBeTcTByeT
3 wkiraccy kauvectBa (3a, 36) paspsagy 3arpsAsHeH-
Hasgd U OuyeHb 3arpsA3HeHHas — YKU3B 2.92 - 3.73
(T'ocynmapcTBeHHBIH. .., 2024).

N3yyeHue GUTOIJIAaHKTOHA Ha aKBaTOPUM COOT-
BETCTBYIOIIEl BOTKMHCKOMY BOJIOXPaHWIUIY OBLIO
HayaTo ellle B He 3aperyjaupoBaHHOI peke Kama B
1933-1934 rr., ¢ 1938 r. 6bUI0 HAyaTO CHCTEMATH-
Yyeckoe U3y4YeHUe CTPYKTYPHl U CE30HHOM NUHAMUKU
¢urortankroHa (UItunHa, 1941; TaycoH, 1947).
JlanHble 0 pa3BUTHUU (UTOIJIAHKTOHA B BOJOXPaHU-
nuie B 1970-1980-x go 2016 r. npeacTasiieHHl B psaae
pabor (TperpsakoBa u Ap., 1988; TperbsakoBa, 1989;
Bensesa, 2017; 2018; 2022).

Hab6sromaemble KJIMMaTHuyecKhe aHOMAJIUM B
peruoHe (Tperuil oneHouHHIH..., 2022) u 3arps3He-
HUe BOJ CTAaHOBATCA NPUYMHAMU yBeJIMUEHUs CTelleHU
pa3BuTUA GUTOIJIAHKTOHA, U3MeHEeHNI1 BUJOBOT'O pas-
HooOpa3usi U COOTHOIIEHUS TaKCOHOB BOJOpOCeil
(Riihland et al., 2008; Sterner et al., 2020; Mineeva
et al.,, 2024). B cBs3u C yeM, BO3HMKAeT HeOOXOmu-
MOCTb U3y4YeHUs TpaHchopMaluu (PUTOIIAHKTOHA
BoTKkUHCKOr0 BOJAOXpaHUJINILA TP COBMECTHOM BJIUSA-
HUU KJIMMaTa U KOMILJIeKCa aHTPOIIOreHHBIX (haKTOpOB
C OI[eHKOH poJsiu aBTOTpodoB B GOpMHPOBAHUU Kaye-
CTBa BOJIHOMU cpefibl. Llesb — u3yueHue MpoCTpaHCTBEH-
HO-BpeMEeHHBIX W3MeHeHUN CTPYKTyphl (PUTOILIaH-
KTOHa BOTKHMHCKOTr0 BOOOXpaHUJIHIIA.

2. MaTepuanbl U MEeTOADI

BoTkuHCckoe BojoxpaHuauiie o00pa3oBaHO B
1962 r. Ha p. Kame B pe3ysibTate COOPyXeHUs MJIOTUHEL
Botkunckoii I'SC Huxe ycTba p. Caitratku (Ilepmckuii
kpail). BomoxpaHunuille mnpejacTaBisfeT cobOU y3KuUil
BOJ0OEM CO 3HAUYUTEJIbHOM WM3BUJIMCTOCTBIO, OCOOEHHO
B IIEHTpaJIbHOM M BepxHel yacTAX, 10 CBOMM OYepTa-
HUAM U MOP(OJIOTMYeCKUM 0COOEHHOCTAM OTHOCHUTCA
K IIPOCTOMY [JOJIMHHOMY TuIly. Iliomanps BOgHOTO 3ep-
kama 1120 km?, o6bemM 9,36 kM. JIMHA BOOXPAHHU-
numa 340 kM, HauboJblas mupuHa 8,6 kM, cpeqHssa
- 2,7 kM. MakcumasbHas riryornHa 22,8 M y MJI0THHBI,
cpenHaAs —7,1 M. [1momaap MeJIKOBOAMI O 2 M COCTaB-
nsaet 14% obmelt mnomaau npu HITY (HopmanbHBIN
MOAMNOPHBIH ypoBeHb) 89 M (BC). Ilnomaap 3apactanuii
— 7%. KoadpdunueHnt BogoodMena 5,8 rog! (Muxases
u ap., 2011). B BogoxpaHuIuIlle BbIJIeIAETCA TOJIBKO
onuH 1uiec — Kamckuii. [To ocobeHHOCTSAM MOopdosioruu
1 MopdomeTpruu BoTKHHCKOe BOAOXpaHWUJINIE pa3fe-
JleHO Ha 3 palioHa: BepXHUM, LleHTpPaIbHbIN, HUXHUMI
(Marap3ux u MariikeBud, 1970).

ITo pnuHe BogoxpaHuiuiia HabI0gaeTcsa yMeHb-
meHue MUHepaausanuu o ot 380 Mr/j B paiioHe T.
IlepMu 1 B cTBOpax HUXe IIPOMBIIJIEHHBIX BEIOPOCOB, B
cpeniHeM paiioHe ~ 200 Mr/J1, B IPUIJIOTUHHOM — 130~
160 mr/n (KutaeB u PoueB, 2007). L[BeTHOCTh HU3KasA
33-49 rpaa no XxpoM-Ko6abTOBOH IIKAJIE.

Jna aHanus3a H3MeHeHHUH (UTOIUIAHKTOHA
HCIIOJIb30BaHbl JaHHbIe 3KCIeJULNH 0 BOTKHMHCKOMY
BOAOXpaHUJIUIY, IpOBeJeHHbIe B utoJie 2020-2025 rr.
[Ipo6sl ¢uromiaHkToHa o6bseMoMm 1,0 71 oTbupanu
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Ha BOCbMM rupgpobuosorudeckux crBopax (Puc. 1),
B noBepxHocTHOM (0,5-1,0 M) cyioe Boasl. OT6Op U
06paboTKy KOJIMUeCTBEHHBIX NpoO (UTOIIAaHKTOHA,
OCYLIEeCTBJISUIM N0 OOI[EeNPUHATBIM B T'HAPOOHOJIO-
ruu Metogukam (Meroguka usydeHus..., 1975). Vuer
YHCJIEHHOCTU TPOBOJIWJIA B KaMmepe «YUMHCKasg» O0b-
emoM 0,01 MJI ¢ UCIOJIB30BaHMEM CBETOBOTO MUKPO-
ckoma (ZEISS Axiostar Plus). Buomaccy oueHMBaIu
CYETHO-MAaCCOBBIM METOAOM, MCXOIs M3 YMCJIEHHO-
CcTU U oObeMa KJIETOK, OIpeesIeHHOTo 1o ¢popMyJiaM
reoMmerpuueckoro nopobus (Meroauka u3ydeHUS...,
1975). K fOMUHUPYIOMUM OTHOCUJIU BUABI, JOCTUTAI0-
mue =10% cymmapHOI GrMoMacchl WU YUCIIEHHOCTU
¢utortaHkToHa. UaeHTUdUKAIUI0 IUATOMOBBIX BOJO-
pocJieil TpOBOAWJIM B MOCTOSHHBIX IIperapaTtax ¢ Ipu-
MeHeHHeM CBeTOBOI MuKpockonuu. [jis ompenere-
HHSA TaKCOHOMMYECKOU NMPUHAJJIEXXHOCTU BOJIOPOCIIei
HCIIOJIb30BaJIU 3apybexHble U OTedyeCcTBEeHHBIE OIpe-
JleTUTesd, CBOOKU CHCTeMaTH4YecKoro xapakrepa U
moHorpacduu B padore I1.I'. Bensieoii (2024). BugoBbie
Ha3BaHUSA YTOUYHSAJIU C UCIOJIb30BaHUEM MeXIyHapo/I-
Holt 6a3bl JaHHbX AlgaeBase (Guiry and Guiry, 2025).
Ananu3 cxojicTBa (pa3snuus) BULOBOTIO COCTaBa BOJIO-
pocJieil ncciaeOBaHHBIX YYaCTKOB peKd MpPOBefeH C
HCIIOJIb30BaHUEeM UHJekcoB CépeHceHa-YekaHOBCKOTO
(Msrappas, 1992).

52°00°B S3°00"B  54°00"B 55°00"B S6°00"B S7°00"B  58°00"B  59°00"B  60°0'0"B
L L L L f L ! s L

N

ﬂepmcxuﬁ Kpaii

61°00°C -+ --foo i
—-tbole00C

60°00"C - oo !
2 iH60°00"C

59°00"C - 59°00"C

58°00"C -
- 158°00"C

ST e Fs700°C

s6c00"c
56°00"C N B
100

P 50
— |

T T T T T T T
53°00"B 54°00"B 55°0'0"B 56°00"B 57°00"B 58°00"B 59°00"B

Puc.1. Kapra-cxema pacnoJioxeHus rufgpoOuosiormuie-
CKHX CTBOPOB B BOTKMHCKOM BOJOXpaHUJIMILE.
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J7id oLleHKH poJid OTAEJbHBIX TaKCOHOB B
dopMupoBaHUU aJBrOIIEHO30B BBIYUC/IAIA YacTOTY
BcTpeuaemoctu (pF), wacrory pgomunupoBanus (DF),
nopsagok aomuHuposanusa Dt=DF/pF-100%, cpenHe-
B3BellleHHOe OTHOCHUTeIbHOe 00ujIve BUIOB 110 YK CJIeH-
Hoctu (N%) u 6uomacce (B%). YacToTy BcTpeuaeMOCTU
BHUJA OIlpeJesisAii Kak OTHOIIeHNe YKcjia CTaHIuM, Ha
KOTOPBIX OTMeueH B/, K 00IlleMy YHCJIy CTaHIUi, IPU-
HuMaeMomy 3a 100%; 4acTOoTy JOMUHHUPOBAHUA — KaK
OTHOILIeHUe 4YKcJia CTAaHIMHN, Ha KOTOPBIX BUA AOMUHU-
pyeT 1o 6uomacce WM YMCJIEHHOCTU K 00IeMy 4KCIy
cTaHIu, npuHuMaemMomy 3a 100% (I'opbynuH, 2012).

DKoJioro-reorpaduyeckas XapaKTepuCcTHKa
BOJIOPOCJIel cocTaBjieHa 1o Harnbosiee pa3paboTaHHBIM
cucTteMaM, NPUHATBIM B 3KOJIOTUM U Ouoreorpaduun
Bogopociieit (IIpomkuHa-JIaBperko, 1953; Sladecek,
1973; HaseigoBa, 1985; Marvan et al., 2005). [na
OLleHKM camnpoOHOCTH BOABI HCIOJIb30BaId MeTO[
WHANKATOPHBIX opraHu3MoB [lantie u bykk B moAu-
dukanuu Ciiagedeka (Pantle and Buck, 1955; Sladecek,
1973). OneHKy KavecTBa BOABI MPOBOJIUIU C TIOMOIIIBIO
uHAeKca coobmiectB Q: rae Pi — mosia 6Guomaccsl i-u
pyHKUIMOHANBHON TPyNnbel B 001mieii 6uomacce duro-
wiaHkToHa; F — koapduuuent (dbakrop F), ycraHoB-
JIeHHBIN A1 i-8 PyHKIMOHAJIBHON TPYNNBI AJIA OIpe-
JeyieHHoOro tuma Bogoema no ITagucak (Padisak et al.,
2006; Padisak et al., 2009). Uugexc Q COOTBETCTBO-
BaJl 3HaYeHUAM JKOJIOTMYECKOT0 COCTOSHHUS COTJIACHO
mkasie oT 0 go 5: 0-1 — mioxoe, 1-2 — HU3KOe, 2—-3 —
yMepeHHoe, 3-4 — xopolee U 4-5 — BEICOKOE.

OTHOCHUTEJIbHYI0 IPO3PAYHOCTh BOJABI U3MePAIU
o IyyOMHe HCYe3HOBeHUsA K3 BuAa Aucka CeKkKu.
KonneHTpalinio pacTBOPEHHOI0 KUCJIOpOAa U TeMIlepa-
TYPY BOABI U3MepPAIM € IoMolblo okcuMeTpa HANNA
HI 9146-04 (HANNA Instruments Ltd, England), pH
BOJIBI MHoOronapaMeTpuueckuM aHaJIu3aTOpoOM
HANNA HI 98130 (HANNA Instruments Ltd, England).
CpenHue 3HaueHUs TeMIlepaTyp IO MecAllaM, JaHHBIE
no armocgepHbIM OcagkaM IOJIyuYeHbl U3 OTKPHITOrO
I'IC-nopTtasna Meteocepsuc (2026).

PerpeccronHbIll, HemapaMeTpuieckuil aHa-
Ju3bl U rpaduyeckre MOCTPOEHUA BHIIOJHEHEl C MpU-
MeHeHreM nporpamMm MS Excel 2010 u STATISTICA.
IIpeacTaByieHBl TOJBKO Te CTaTUCTHYECKHe CBA3U,
KOTOpEIe ObLIM AO0CTOBepHH! Ipu p < 0,05.

3. Pe3ynbTaTthl MCCAGAOBAHUA

B BoOTKMHCKOM BOAOXpaHWIULE B IEPUOJ
2020-2025 rr. MNpPO3pPayHOCTH BOABl COCTABJIAIA
60-150 cM. YposeHb pH BOABI U3MEHAJICA B IIpefiesiax
7,8-8,6. Conepxanue kucigopoaa 6,02-9,52 (cpennee
7,99+0,13) mr/na. T'oxgpl Ucc/IeJOBAHUM 3HAUYUTEIbHO
PAa3JIMYAJIMCh IO BOJHOCTU, KOJTUYECTBY aTMOCHEPHBIX
0CaJIkoB U TeMmIiiepaTypHoMy pexumy (Tabmuma 1).
KonuyecTBO 0cagKkoB M BOOHOCTD OBLJIM HUXE CpeIHUX
MHOT0JIETHUX 3a JieTo B 2023 r. Hross 2021 r. ¢ cambIM
GOJIBIIMM KOJIMYECTBOM OCa[KOB. B JieTHMII ce30H
CpeqHEMHOTrOJIETHEE 3HAYEHWE TEMIEPATYPhl BOIBI
cocraswio 17,7 +0,2°C npu konebaunusax 16,9-18,6 °C.
K remnbim (1o TemnepaType 3a JieTo) oTHeceHBl 2021—
2023 rr. Cpennsas TeMneparypa Bo3ayxa B uwJie 2020
u 2023 rr. Obla BhIllE cpefHel MHorojieTHel, B 2025
r. — Ha 1,5°C Huxe.

3a mepuoja WUCCIeNOBaHUA B (PUTOIIAHKTOHE
BOTKMHCKOrO0 BOOOXpaHWJIMIIA BHIABIEHO 379 Tak-
COHOB BOJOpOCJiell paHrom Huxke poaa (354 Bupma),
oTHocAmuxcsA K 167 pomam, 89 cemeticTBam, 52 nopsg-
kaMm, 9 otnmesnam, B ToMm umcie: Bacillariophyta — 123,
Chlorophyta - 111, Cyanoprokaryota — 59, Chrysophyta
— 37, Euglenophyta — 22, Dinophyta — 10, Charophyta
(mop. Desmidiales) — 10, Cryptophyta — 4, Xantophyta
— 2, Raphidophyta — 1. Cnricok BogopocJiell BKJIIOYAIT
exerofHo ot 193 go 301 BuOOB U BHYTPHUBUAOBBIX TaK-
coHoB (BBT) (Tabmuua 2). B mepuop wucciieqoBaHusA
60raTcTBO BUOB BOJOPOCJIEN MMeeT OTPHIATEJIbHBIN
TpeH[, OAHAKO, B MHOTOJIETHEM psAy HalOiofeHui (c
MOMeHTa u3yveHus ¢puToraaHKkToHa Kamckoro mieca)
— yucJsio BuzoB u BBT Bo3pacraer (Puc. 2).

B JjeTtHeM GUTOILUIAHKTOHE TIO OOTaTCTBY
BUJIOB BBIAEJsUMCh Topsaku Sphaeropleales (60),
Chlorellales (30), Naviculales (26), Chroococcales
(24), Euglenales (22), Nostocales (15), Bacillariales
(12), Chrysosaccales (12), Stephanodiscales (12) u
Fragilariales (11), B KOTOpHIX cocpemoToueHO 56%
obmiero pasHoobOpasus. Cpeiu ceMelicTB HauboJiee pas-
HooOpa3Hb Scenedesmaceae (28), Microcystaceae (21),
Naviculaceae (17), Schroederiaceae (15), Euglenaceae
(15), Aphanizomenonaceae (13), Oocystaceae
(12), Stephanodiscaceae (12), Fragilariaceae (12),
Bacillariaceae (12) m Chrisococcaceae (12), BMmecTe

Ta6suna 1. KiimMartuyeckue ycyioBusA IlepMcKoro Kpas U ypoBHEHHBIN pexXXrM BOTKUHCKOr0 BOAOXpaHWIMIIA

INToka3saTeyb 2020 2021 2022 2023 2024 2025
CpenHss TeMIiepaTypa Bo3ayxa, “C 16,9 (+0) [18,6 (+1,8)|18,1(+1,4)|17,7(+2,4)|17,5(+0,4)|17,2(+0,3)
JIeTO
UI0JTb 21,1 (+2,4)| 18,5(-0,1) | 20,1 (+1,5)|20,7 (+2,0)| 18,6 (-0,3) | 17,1 (-1,5)
Temneparypa BoJbpl B JHU oT6opa npob, | 23,8 +0,6 23,9+0,5 24,2+0,5 23.9+0,2 25+0,6 21,5+0,3
°C
KoJiuecTBO 0CcaIKOB, MM 63,7 (-22) 77,7 (-28) 29,7 (-37) 44,7 (-41) 98 (+9) 76 (-4)
JIeTO
2113 36 (-33) 144 (+45) 8 (-54) 51 (-27) 85 (-12) 64 (-15)
YpoBeHb BobI, M (banTuiickas cucrema) 88,7 88,3 88,7 87,4 88,7 88,5
JIeTo
UI0JTb 88,6 88,3 88,8 87,4 88,8 88,5
IIpumeuanue: B ckoOKax «+ » [MOKA3bIBaeT MPEBHIIIeHNE HOPMEI, «-» IOHIXKEHHE OT HOPMBI
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Ta6suna 2. TakcoOHOMHYeCKUH cocTaB (PUTONIIAHKTOHA BoTkuHCcKoro Bogoxpanmiuia B 2020-2025 rr.

OTtaest BogopocJei o/ TobI 2020 2021 2022 2023 2024 2025
uccJieJOBaHUI

Cyanoprokaryota 21 58 40 30 38 32
Chrysophyta 18 32 40 20 28 23
Bacillariophyta 76 91 78 67 54 62
Xanthophyta 1 0 1 0 0
Cryptophyta 2 4 4 4 2
Dinophyta 7 10 9 7 5 7
Raphidophyta 1 1 1 1 1 1
Euglenophyta 16 14 18 9 4 10
Chlorophyta 60 86 73 54 78 69
Charophyta 4 5 5 0 4 5
Bcero 205 301 268 193 216 205

oHU GopMupylT 45% cucreMaTU4eCcKnuxX TaKCOHOB
paHroMm Hmxe poaa. OcHOBYy BHUAOBOro Oorarcrsa
BojiopocJieii Bacillariophyta cocTaBisim npecTaBu-
Tesm pomoB Navicula Bory (13), Nitzschia Hassall (10),
Fragilaria Lyngb. u Aulacoseira Thwaites (mo 5 mpen-
craBureJieil), popmupyitomue 32% 6GoraTcTBa BHOB
auaromei; u3 Chlorophyta mo 4uciy BuaoB mpeo6Ja-
mamu Scenedesmus Meyen u Desmodesmus R. Chodat
(mo 7 npencraButesieit), Monoraphidium Komérkové-
Legnerova u Chlamydomonas Ehrenb. (mo 5 mpepcra-
Butesieir); u3 Chrysophyta — Kephyrion Pascher — 8
BuAoB, Dinobryon Ehrenb. u Mallomonas Perty — mo
5; u3 Euglenophyta pox Trachelomonas Ehrenb. (6) u
Cyanoprokaryota — Dolichospermum (Bornet & Flahault)
P.Wacklin, L.Hoffmann & Komarek (8).

MuHUMAaJIbPHOE KOJIMYeCTBO BUIOB U BHYTPUBU-
JOBBIX TAKCOHOB BOJIOpPOCJIel OGbLJI0 OTMEUeHO B PYyCJIo-
BOH 4YacTH MPUIJIOTUHHOTO paiioHa BOAOXpaHWJIUIIA.
HckmoueHneM crana MajioBoaHeiii 2023 1., Korma
60raTCTBO BUJIOB 3/lech ObUIO BHINIE. B TeIsible TOOBI
C He3HAUUTEJIbHHIM KOJIMYEeCTBOM OCA[KOB B HIOJIe
(2020, 2022 u 2024 rr.) 4UCJIO TaKCOHOB BOJIOPOC-
Jlefl BhIllle B LIEHTPaJIbHOM paiioHe BOAOXpaHMWJIMIIA.
B 2021 r., ¢ MOBBIIIEHHBIM KOJIMYECTBOM OCAJKOB B
uioJle, MaKcuMaJibHOoe pa3HooOpa3ue BOLOpocei
OTMEYeHO B BEPXHEM palioHe BOJOXPAHWJIMINA U CHU-
xasiocb Kk minoTuHe (Puc. 2). Koppessamnuu 6oratcTsa
BUJOB M KOJIMYECTBA OCAOKOB (3a HIOJIb) B I[€JIOM IIO
BogoxpaHwunly coctaBuwia 50% 1 3HauMMa TOJIBKO
B BepxHeM paiioHe (84%; p<0,01), BHICOKYI0 3aBUCH-
MOCTh OT OCAJKOB MMeJiu nuaHomnpokapuoTsl (LII) u
3esieHble Bogopociu (Tabmuia 3). JJoctoBepHOe yBe-
JIMYeHUe YKCJIa TAKCOHOB BOJOPOCJIEN YCTAHOBJIEHO C
pocTtoM cpefdHeil jieTHell Temmnepatypsl (0,91 u 0,72;
p<0,05 nnsa UII u purodiarensiaT) 3HaUUMbIE 3aBU-
cuMocTH ynciia Bugos 1 BBT ot TemmniepaTtypsl Bo3ayxa
3a HI0JIb — OTCYTCTBYIOT.

KoadpdpunmeHTh CXOJICTBa (uHOekc
YexaHoBckoro—CepeHceHa) ajbrodJiopsl BOAOXpPaHU-
JMIA B MEXTOJOBOM acIeKTe OOCTAaTOYHO BBICOKU,
78-84%. JIy1a pa3HBIX palioHOB BOJOXPAaHUJIMIIA HITKeE,
u cocrassuu 60-76% (p<0,05). CocraB duTonsas-
KTOHA BEPXHET0 paiioHa BOTKMHCKOr0 BOAOXPaHIIHIIA
CXOJIeH C TAaKOBBIM B cpe/lHEM paiioHe Ha 76%, oTinune
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Yucno BUIOB
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Puc.2. KonnuecTBo BUAOB BOAOPOCTEN B Pa3HBIX paiio-
HaxX BOTKHMHCKOro BOAOXpaHUJIMILA

1 - BepxHUMH, 2 — LEHTpaJIbHbIM, 3 — MNPUIIOTUHHBINI
patioH.

C HIDKHUM paiioHOM 6oJiee 3HauuTesbHO 60%. Mexay
palioHaMM BOAOXPaHWJIMIL OTJIWYMA cocTaBa (QUTO-
IIJIAHKTOHA CBA3aHBI C Pa3HbIMU yCJIOBUAMMU CYIIECTBO-
BaHUA, B YACTHOCTU C BJIMAHNEM (PJIOpHl IPUTOKOB U
3aJIMBOB, TaKXe CO CMBIBOM BoJopocJiell nepudurona
€ IOABOJHEBIX CyOCTPaTOB Ha MEJIKOBOAbAX.

Jua metHero (GUTOILUIAaHKTOHA BOTKMHCKOTO
BOJOXpPaHWIMIA XapaKTepHO I[IpeoOJiafjaHue IIJIaH-
KTOHHBIX (40%) W IJIaHKTOHHO-OeHTOCHBIX (37%)
BU/IOB, OOJIBIIMHCTBO U3 KOTOPBIX ABJIAIOTCS KOCMO-
nosiutamu (87%). Ilo otHomenuto k pH cpenst 6osee
pa3HooOpa3Ho TmpejcrajeHbl ajgkanmuduis (50%) u
uaguddepenTs (41%), MO0 OTHOLIEHUIO K COJIEHOCTHU
— unauddepents (70%). Yncao BUAOB-UHAUKATOPOB
canpo6HocTU focturaiio 65% obiero cocrasa. OreHka
carnpoOHOCTH BOA 10 MHAMKATOPHBIM BHJaM NOKazasa
npeobiiaganue -me3ocanpo6oB (28%) u o—f-me3oca-
po6oB (22%).

YucneHHocTh putomaHkToHa ¢ 2020 mo 2025
IT. U3MeHsIach Ha 2 mopsAaka, oT 3,7 no 459,4 muH
ki1./n (cpegHsas 59,6+8,3 MuIH KJI./JI) U ompefesis-
Jlach, Kak IMpaBuio, MaccoBbiM pasButuemMm LT (80%)
[IperMyIlecTBeHHO C MeJIKUMH pa3MepaMHu KJIETOK.
LIT gocturanu MmakcuMalsibHoro passutusa B 2021 r. (c
00JIBIIIM KOJINYeCTBOM OCAJKOB B MI0Jie), a8 MUHUMYM
WX pasBUTUA npuxoguyca Ha 2022 r. ¢ caMbiM CyXUM
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Ta6suna 3. KoadduireHTH KOppeIsauy CTPYKTYPHBIX XapaKTepUCTUK GUTOIIaHKTOHA BOTKUMHCKOr0 BOOOXpaHWINIA U

HEKOTOPHIX aGHOTHYECKUX HAKTOPOB

IToxa3zaTeJyibp pH Cpennsasa temneparypa |KosmuectBo ocagkos (MM)| VYpoBeHs
Bo3xayxa (°C) BOIBI (M)
JIeTo HI0JIb JIeTo HI0JIb HI0JIb
buowmacca, mr/m 0.33 0.50 -0.16 -0.21 0.51* -0.78*
T -0.10 0.25 0.42 -0.59 -0.32 -0.74*
B orophyta 0.87* -0.21 -0.75% 0.77* 0.23 0.02
B anoprokaryota 0.19 0.50* -0.16 -0.16 0.84 -0.64*
B tofiageliates 0.86* 0.14 -0.69* 0.69* 0.10 0.55
YucieHHOCTh MJIH KJIL./JI 0.31 0.59* -0.21 -0.11 0.85* -0.54*
acilariophsta 0.20 0.35 0.18 -0.39 -0.16 -0.67*
W et 0.76* 0.02 -0.37 0.57 0.12 -0.12
Cyanoprokaryota 0.29 0.58* -0.21 -0.11 0.87* -0.52*
N i tofiageliates 0.07 0.04 -0.29 0.31 0.71* 0.33
UYucsio TakCOHOB 0.10 0.86* -0.17 -0.28 0.50 0.25
UUCTIO,, o iophyta -0.46 0.61* 0.24 -0.66 0.38 0.09
UHCTIO ooyt 0.56 0.62* -0.60* 0.34 0.63* 0.49
UUCTIO, o okaryota 0.47 0.91* -0.44* -0.14 0.73 0.03
InCII0 o noceiiaies -0.19 0.72* 0.15 -0.48 -0.10 0.29

IIpumeuanme. B — 6uomacca; N — 4rcjIeHHOCTh; * — focToBepHO npu p < 0.05.

utosieM. 3HaueHus oOmiell 6roMacchl (PUTOIIAHKTOHA
Ha MNpOTAXeHUU paAaa JieT BapbupoBanu ot 0,18 no
42,21 mr/n (cpenuss 8,89+0,93 mr/mn) (Tabnuna 4).
Becomsiii kyiaz B ¢dopMupoBaHue o001ieii Oriomacchl
¢utonsiaHnkToHa BHOCcuUaM Takxe LI, mckiIoyeHueMm
CTaJI TemJIbIA ¢ HeJOCTaTKOM ocajikoB 2022 r., koraa
HabJTIojajics pe3Kuil crajg B pa3BUTUN (PUTOIIAHKTOHA
B LleJIOM U MpeobJafjaHue Mo Ouomacce AUAaTOMOBBIX
BojopocJieil. Bricokasd [oJii AUMATOMOBBIX BOLOPOC-
Jlell oTMedeHa W B CXOJHOM IIO IIOTOAHBIM YCJIOBUAM
2023 r.

Bxutag oThenioB Bogopocel (cpeqHue 3HauYeHNUsA
no patioHam) B ¢GopMHpOBaHUEe OOIIUX 3HAYeHUN 4uC-
JIEHHOCTH U 6rioMacchl (PUTOIIAaHKTOHA B Pa3HBIX paii-
OHax BoTKMHCKOro BoAoXpaHWIMILA NpeAcTaBjieH Ha
pucyHke 3. B nepuop ucciiejoBaHUA OTMeUeHO CHIKe-
Hue nosu LI (c 95% mo 86%) 1 BBIABJIEH TOJIOXKUTEIH-
HBIN TPeH]| JOJIU 3eJIeHbIX BOAOpocJiell B popMUpOBa-
HUU YUCJIeHHOCTU GUTOIUIaHKTOHA. B dopmupoBaHumn
6uomacchl NPOMUCXOOUT YyBeJjMueHHe MOJIM 3eJIeHBIX
BogopocJieii (¢ 5% mo 15% 6uomaccer) u putodiares-
At (c 6% po 17%) 3a cueT pa3BUTHUA JUHODUTOBBHIX,
KpuUnTOQUTOBBIX U peXe 30JI0TUCTHIX BOAOPOCEH,
3TO OCOOEHHO YeTKO IPOSABJIAETCA B TOAbl C HU3KUM
KOJIN4eCTBOM OCAJIKOB M HEBBICOKOIM TemmepaTrype 3a
utosb. Jlosia L1 B dopMupoBaHuy 61oMacChl OCTalOTCs
3HAYUTEJIbHOM, OCOOEHHO B MPUILJIOTUHHOM paiioHe
3a ucknoyeHueM manosogHoro 2023 r. (Puc. 3). [Ipu
CpaBHEHUHU palioHOB BOJOXPaHWJIMIA HA OCHOBE TaK-
COHOMMYECKOU CTPYKTYpHhl (UTOIIAHKTOHA (BKJIaga
OTAEJIbHBIX I'PYII B OO0llKe KoJIMYecTBeHHble MOoKas3a-
TeJM) CTaTUCTUYeCKU 3HAUMMBl pa3jIMuds BepxXHero
palioHa ¢ HUXe pacnoJjioxeHHbMU B 2023 u 2024 rr.,
B Apyrue rofbl pa3jnuusa MexJy palioHaMu He[OoCTO-
BepHHI (p > 0,05).

235

[ butonsaHKTOHA B MeJIKOBOAHOU 30HE U
PYCJIOBOII YacTHU 3HAaueHUs CpeJHel YHCJIEHHOCTU
(62,4+15,4 u 61,2*15,2 CcOOTBETCTBEHHO) U OMO-
maccsl (9,23 +1,36 u 8,30+ 1,57) He umesnu JOCTOBEp-
HBIX pa3IYni.
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OBacillariophyta B Chlorophyta O Cyanoprokaryota Bother

Puc.3. BkiaZi OCHOBHBIX OTZEJIOB BOJIOPOCJIEl B CTPYK-
Typy puTonsankToHa BOTKMHCKOI0 BOJOXpaHUINIIA.

[Ipumeuanue: a — 4ucJIeHHOCTh, 6 — Ouomacca, 1 -
BEPXHUI, 2 — LeHTPaJIbHBIN U 3 — MPUIIOTUHHBIN palioHbI
BOJOXPaHWJIMINA.
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Taﬁnuua 4. OcHOBHBIE CTPYKTYPHBIE XapaKTEPUCTUKN CI)I/ITOHJ'[aHKTOHa BoTkuHCKOrO BOJOXpaHW/IMIIa

IToxasaTesm 2020 2021 2022 2023 2024 2025

YncyieHHOCTh, MJIH KJL./JI 1.8-228.3 20.1-459.4 3.7-33.1 16.3-216.5 3.8-220.7 8.4-202.4
31.4+14.4 125.2+29.8 18.0+2.3 79.4+17.4 75.3%x17.1 41.7+13.7

buomacca, mr/n 0.18-25.63 4.53-42.21 0.72-13.60 3.81-34.00 0.88-30.32 1.37-22.83
4.04+0.18 12.48 £2.23 5.39x+1.09 12.89+2.61 10.30+£2.17 7.49+1.49

Hnpexc 1.75-2.20 1.90-2.19 1.98-2.13 1.61-2.15 1.53-2.10 1.84-2.18
canpoOHOCTH 2.01+0.02 2.11+0.02 2.06* 0.02 1.92 +£0.04 1.95 £0.05 2.00 £0.04
Hupexc coobmectBa Q 0.86-3.10 0.81-1.83 2.01-3.13 2.07-2.88 1.00-1.67 1.02-2.77
1.81+£0.24 1.26+£0.12 2.54+0.13 2.36x+0.09 1.38+£0.10 1.79+0.17

Hnpexc 0.50-4.93 0.95-5.03 2.54-4.70 2.33 -4.33 2.72-4.76 1.11-4.61
[lTenHoHa-YuBepa 3.04+ 0.15 3.05+ 0.36 3.88+ 0.18 3.18 £0.18 3.98+ 0.19 3.24 +£0.33

IIpuMevaHue: B YUCIUTETIE — MiN — MAx, B 3HaMeHAaTeJsie — CPeAHIE BEJIMYKMHBL CO CTAHAAPTHON OMNOKOIL.

Paznuns MOroAHBIX YCJIOBUM B TOABI UCCJIENO-
BaHWI MO3BOJINJIA BBIABUTH 3HAYKUMBIE TOJIOXUTETD-
HBle 3aBHCUMOCTH YMCJIEHHOCTU U OuoMaccel (purto-
IUTAHKTOHA OT KOJIMYeCTBA aTMOC(EPHBIX OCAIKOB
3a mrosb (r=0,85; p<0,01 u 0,51; p<0,05 cooTBeT-
CTBEHHO) W OTpHIlaTeJIbHbIe C BOMHOCTHIO (r=-0,54;
p<0,05 u -0,78; p<0,05 cooTBeTcTBeHHO). OTMEUYEHbI
pa3auuus B OTKJIMKE KOJIMYECTBEHHBIX IMOKa3aTesiei
(puTOIUTAaHKTOHA HA KPAaTKOBPEMEHHBIE M CpeJIHHE 3a
JeTo TemmepaTtypHsle ycioBusa (Tabmuma 2). CBs3b ¢
TeMIepaTypoi BoAbl B JHU oTOOpa IIpob U TeMIlepary-
pO¥i BO3/yXa 3a UI0JIb C OOIIMMU 3HAYEHUSIMU YHCJIEH-
HOCTU U O6uomaccel GUTOIIAHKTOHA He 3HauyuMa, YTO
omnpeJieJisieTCsl pa3HOHAIMPABJIEHHON peaKI[iel OTAeJIOB
BojiopocJielt. [Ipu 3TOM oTMeueHa JIOCTOBEPHasi OTpU-
maTeJibHask KOPPeJIAIUs TeMIIepaTyphl UiJisi ¢ Gruomac-
COI1 3eJIeHBIX Bojiopociieli u purodaresuiar. CpeHue
3a JIeTo TeMIlepaTyphl Bo3Ayxa (MHTerpaJbHblE) OTpa-
’KalT TPOTpeB BOABI M MPU KOTOPOM OINTUMAJIbHEIE
ycsioBus AjiA Beretanuu LI (r=0,58 no 4uciieHHOCTU
u r=0,50 no 6uomacce; p<0,05). UmeHHO MaccoBoe
pa3BUTHE [AaHHOTO OT[Aejla OmpejesisieT 3HAYNMYI0
CBsI3b JIETHEH TeMIIepaTypsl C OOIell YMCJIEHHOCTHIO
(r=0,59; p<0,05) 1 BBHICOKYI0 TEHJIEHI[UIO K CBS3U C
ob6mert 6rmomMaccoi (r=0,50). Takxe oTMeueHa JOCTO-
BEpHAs MMOJIOXUTEIbHAS 3aBUCUMOCTD pa3BUTUs PuTo-
IUTAaHKTOHA OT pH BOIBI, 0COOEHHO BBICOKAsA JIJIS 3eJie-
HBIX XJIOPOKOKKOBBIX BoJopocJyieil u puTodJiaresiiar.

B mepuiop ucciiefjoBaHusA BoJOeMa B JOMUHAHT-
HBIN KoMILIeKc Bxo vty LI v qruaToMoBEIe BOJIOPOCIIH,
a Takxe KpuUnToGUTOBblE U AUHODUTOBEIE BOJOPOCIU
(no 6uomacce), KOTOPHIE IOJIy4aIl pa3BUTHE B BEPXHEM
U [leHTpaJIbHOM parioHax (Tabsmia 5). MakcumaibHbie
MoKa3aTeJjik BCTPeYaeMOCTH, MTOPS/IKA U YaCTOTHI JIOMU-
HUPOBaHUsA OBUIN XapaKTepHsI Ay1s1 Aphanizomenon flos-
aquae Ralfs ex Born. end Flah. (pF=92,7, Dt=73,0,
DF=69,2). [Ina ¢urongaHKToOHa BoTKUHCKOrO BOJO-
XpaHWJIUINA XapaKTepPHO Bce OoJiblliee pacrnpocTpaHe-
Hue (10 Bcell akBaTopwuu) U pa3BuUTHUe OE3reTeporucT-
Heix LIl c Beicokoil BcTpewaeMocThbio (pF=70-90):
(Aphanocapsa holsatica (Lemmermann) G.Cronberg
& Komarek, A. inserta (Lemmermann) G.Cronberg
& Komarek, Anathece clathrate (West & G.S.West)
Komaérek, Kastovsky & Jezberova), Planktolyngbya
limnetica (Lemmermann) Koméarkova-Legnerovd &
Cronberg, Bugsl ponos Oscillatoria Vaucher ex Gomont

u Limnothrix M.-E.Meffert). B JoMUHaHTHBIN KOMILIEKC
BUIIOB MO0 Ouomacce, Kak MpaBmio, BXomar A. flos-
aquae (pF=93,4, Dt=75,0, DF=69,0) u Aulacoseira
granulata (Ehrenberg) Simonsen (pF=90,2, Dt=68,2,
DF=86,8) ¢ MakcUMaJIbHBIMHU T0Ka3aTeJId BCTpevae-
MOCTH, TIOPSIZIKa M YaCTOTHl JOMUHHUPOBaHUsA. J[pyrue
JIOMUHAHTHBIE BUJIbI XapPAKTEPU3YIOTCSA HU3KUMU TTOKa-
3aTesIAMU YaCTOTH U MOPSAAKA JOMHUHUPOBAHUA JIaXe
MPU BBICOKOM BCTPEYAEMOCTH.

WHpekcel BuAoBOro pasHooOpasusa IlleHHOHa,
paccuntadHbie o uucjeHHoctu (Hn) u Guomacce
(Hb) ¢uTomnaHkTOHa IMKUPOKO BappupoBaM (OT
0,46 nmo 4,98 o6utr/3k3. u or 0,49 mo 5,02 GuT/Mmr).
CpeqHeMHOTrOJIeTHHE 3HAYEHUA WHJIEKCA JIOCTATOYHO
BeJIMKY, cooTBeTcTBeHHO 2,92+0,14 u 3,34+0,13
(Tabmuma 4). HawboJbllag dYacTOTa OTHOCHUTEJIb-
Hoi BcTpewaemoctu Ajs Hb u Hn cocraBuna 3,1-3,6
(58%). Pe3koe cHIDKeHUE 3HAUeHUH nHaeKca IlleHHoHa
(=0,5) B MeJTKOBOABAX HUXHEr0 PAaliOHA BOJOXPaHU-
quma B 2020 r. onpeneisanaoch MacCOBEIM Pa3BUTHEM
HeckoybKkux BuoB LII1, popmupyromux OCHOBY uuC-
JIEHHOCTH U Gmomaccel ¢uromiankToHa (10 75-90%
oOmiefl 4MCIEeHHOCTH) U yKasblBajlo Ha YIpolleHue
CTPYKTYPHI (DUTONJIAHKTOHA.

Koaddunmentsl canpobHoctu IlaHTie-Bykka,
OTpaXamwIle CTeleHb OPTraHUYEeCKOTO 3arps3HeHUA
BOJHBIX Macc, M3MEeHsAINCh B Auama3oHe oT 1,53 go
2,20 u xapakTepu3oBajid BOABI B JIETHUI CE30H Kak
B-Me3ocanpo6Hsie ¢ III Kj1accoM KayecTBa BOLHI — yMe-
peHHo 3arpsis3HeHHasA. Mex 1y nHIeKcaMu CanmpoOHOCTH
Ha MEJIKOBOJIbSX U PYCJIOBBIX CTAHIUAX PA3JIMYUA CTa-
THUCTHUYECKU He 3HAYMMBI.

B ¢uromnankToHe, Ha OCHOBe (QYHKIIMOHAJIb-
HOU KJIaccudukanuy, Haubosiee MUPOKO ObLTA Tpe/I-
craBjeHbl Bogopocau u3 rpynn H1, B, Y, Lo, G, MP,
P, D u C. 3HaueHusa uHpekca Q BappupoBanu ot 1,0
40 3,1 1 ObUIM 3HAQUUTEJIbHO HUXE B IMPUILJIOTUHHOM
- 1,41 +0,26, 4TO OmpedesiAIOCh JOMUHUPOBAHUEM B
COCTaBe aJIbroIleHO30B [MAHOMPOKAPUOT U CBUETETh-
CTBOBAJIO O HU3KOM KaveCcTBe BOJI.

4. 06cy)xpeHue pe3yAbTaToB

Cnucok BHJIOB BOJIOPOCJIEN IUIAHKTOHA [0
3aperyiupoBanus p. Kama (Ha cooTBeTCTBYyMOIIeH
BOTKMHCKOMY BOJOXpaHWJIUINY aKBaTOPHHU) BKJIIOYATI
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Ta6suna 5. JJoMruHaHTHBIN KoMIUIeke GUTOILIaHKTOHA BOTKMHCKOr0 BOogOXpaHUIMIIA

I[OMI/IHaHTHI)Ie BUOBI

1981-
1982

2010-
2016

2020 | 2021 | 2022 | 2023 | 2024 | 2025

Cyanoprokaryota

Aphanizomenon flos-aquae (N, B)
Planktolyngbya limnetica (N)
Microcystis spp. (N)

Anathece clathrata (N)
Aphanocapsa holsatica (N)
Limnothrix planctonica (Woloszyniska) Meffert (N)

sk

*% *kk ko ket %ok *

Kk * %

*%

Fkk * * * * * *

* * *% F*kk %k

*k *

Bacillariophyta

Aulacoseira granulata
Aulacoseira ambigua (Grunow) Simonsen (B)
Actinocyclus normanii (W. Greg. ex Greville) Hustedt (B)
Aulacoseira italica (Ehrenb.) Simonsen (N, B)
Skeletonema subsalsum (A.Cleve) Bethge (N, B)

Asterionella formosa Hassall (B)

*

*

Fedede Fekek Fedede dedek Fekek

*

*

Fekk

Dinophyta

Peridinium cinctum (O.F.Miiller) Ehrenb. (B)

Apocalathium aciculiferum (Lemm.) Craveiro, Daugbjerg,
Moestrup et Calado (B)

Cryptophyta

Cryptomonas ovata Ehrenb. (B)
Komma caudata (L.Geitler) D.R.A.Hill (B)

*

%k

Chlorophyta

Pediastrum boryanum (Turpin) Menegh. (N, B)
Lobomonas ampla Pascher (B)

*

IIpumeuanue: * 10-15%, ** 15-30%; *** ~30%, moJisg Buma B o6ieit unciaeHHoct (N) uiu 6uomacce (B)

330 TakCOHOB BOZOpOCJEN, ¢ mpeobsagaHueM OUATO-
MoBbIX (TaycoH, 1947). B 1980x romax B (puTOILIaH-
KTOHe BOTKMHCKOro BOLOXpaHWJIMILA onpeneseHo 396
TaKCOHOB BoAopocJiel (¢ yueToM ¢JIOPH 3aJIMBOB), B
pycioBoii yactu — 301 TakCOH BOAOpOCJIEN paHTroM
Hmxe pofa. OCHOBY BHIOBOrO pa3HOOOpa3us ajbro-
dopsl popMupoBasiu 3eJIeHble BOIOPOCTU (B HIHMPO-
KoM nmoHumaHuu) — 113 BugoB u BBT u guatomMoBbie
— 111 (TpetwsixoBa u ap., 1988; TperbskoBa, 1989).
B mepuion Hailero wuccjiefoBaHWA B (PUTOIJIAHKTOHE
B 2020-2023 rT. 110 4MCJy BHUOOB Ipeobiafaid Aua-
TOMOBEIE BoZopociv, a B 2024-2025 rr. 3ejieHble
BOJOPOCJIN.

B TeueHuwe wucciegyemoro mnepuoga (2020-
2025 rr.) 11 GUTONJIAaHKTOHA BOTKMHCKOTO BOJIOXpa-
HWINIA CpeJHUe 3HaYeHMs YMCJIeHHOCTU U GOMaCChI
MoABeprajiich 3HAUMTEJbHBIM KoJjie0aHUAM, HMeJn
TEeHJEHIUI0 K YBeJIMUeHMI0, HO He BBIXOAWJIU 3a Ipe-
JeJibl 3HaUeHUH, 3aperucTpUpOBaHHBIX AJiA GuTOonIaH-
KTOHa BOTKMHCKOrO BOAOXpaHWIHIA OJIA paHee H3Yy-
yeHHBIX TepuoaoB (c 2008 r.) (Bemsesa, 2017; 2018;
2022; Korneva et al., 2025). Jlna ¢duTomiaHKTOHa
BOTKHMHCKOrO BOOOXpaHWJIMIIA paHee ObLIIO ITOKa3aHo,
YTO 3HAUeHUA YMCJIEeHHOCTH M O6HoMacchl B aBrycTe B
1,5-2 pa3sa Bblllle HA MEJIKOBOAHBIX CTAHLMAX, YeM Ha
pycioBbix (BesseBa, 2018; 2022), ogHAaKoO B MepUO
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2020-2025 rr. AJia MIJIBCKOro (PpUTOILIAHKTOHA pas-
JIMYUA OKa3aJIMCh HeJOCTOBEPHHIMU. Takue pasjnyus,
cKopee BcCero, OOBACHAITCA OCOOEHHOCTAMH TeMIle-
paTypbel U TUAPOAWMHAMHMKUA B pasHble MeCAIbl, TakK
corinacHo C.II. KutaeBy (1984) B aBrycre MeJIKOBO-
ObsA ABJIAIOTCA OoJiee IPOrPeTHIMU U THMAPOJIOTUYECKU
M30JIMPOBaHHBIMU.

YBesnveHue TeMnepaTyphl BO3A4yXa, BOOb U
aTMocdepHBIX 0CaJKOB CITIOCOOCTBYIOT TpaHCchOpMAaIUU
6uosiornyeckux coobuiecTs BogoxpaHwinil (KopHeBa
U ap., 2019), B 4aCTHOCTU CTUMYJIUPYET POCT 30JI0TU-
CTBIX U IMHOQUTOBBIX BOAOPOCJIEH, B pe3yJjbTaTe 4yero
puTodaresJIATH CTAHOBATCA OOBIYHBIM KOMIIOHEHTOM
coobiectB Bodoxpanuui (Sakharova and Korneva,
2018; Kopnesa, 2022). J{yis1 BOJKCKUX BOAOXPAHUJIHIIL
BBIAIBJIEHA 3aBHUCHUMOCTb pas3BuTusa (QurodJiaresuiAar
¢ TemIepaTypoud Boasl B JjieTHui mnepuop (KopHesa,
2015). [Jyis netHero GUTOIJIAHKTOHAa BOTKMHCKOTO
BOAOXpaHUJIUINA Ha MPOTAXKEHUU pAAA JIeT OTMeYeHO
yBeJInueHre OOJI1 MUKCOTPODHBIX (urodiaressiar,
YTO OllpefdesiieTcd pa3BUTHEM KPYHMHOKJIETOUHBIX
npeAcTaBuTes el AUHOMUTOBBIX U KpPUOTO(PUTOBBIX
BojopocJiieil. Ha ¢oHe sTOoro orMeuaeTcs yBesndeHuHe
6uomaccel puTonIaHKTOHa. Takke, MO MHEHUIO MHO-
TUX aBTOPOB, pa3pButue (purodsaresUIAT CBUAETEJIb-
CTByeT O MPOTrpeccUpymolleM 3BTPOGUPOBAHUU BOMO-
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emMa (Sladecekova and Sladecek, 1993; Rosowski, 2003;
T'oproHoBa, 2006; Suikkanen et al., 2007; KopHesa,
2009; Wells et al., 2015).

Ha coBpemeHHOM 3Tare cylecTBOBaHNA BoJioeMa
B JOMUHHUPYIOMNN KOMILJIEKC BXOAUJIU KaK BUABI-10MU-
HaHThI LII1 1 ;aTOMOBBIX BOAOPOCJIEH, yCTAaHOBJIEHHbIE
B mpefiiecTBylomux ucciegopaHusx (bessesa, 2017;
2018; 2022), Tak 1 HOBBIE BH[IbI, HapUMep, MeJIKO-
pa3MmepHble 6e3retepourictHble LI 1o 4ncIeHHOCTH U
BUJIbl KpUNITOOUTOBBIX U AMHOPUTOBBIX (110 OrioMacce)
(Tabmuna 5). IlomoGHoe pacmpocTpaHeHHe U CMeHa
BuzoB LII1 HaGrofaeTcss BO MHOTUX BOJIOXPaHIIUIIAX
B IIpoljecce UX MHOT'0JIETHErO CyIeCTBOBaHMs, HaNpu-
Mep, B bacceiiHax pek Bosru (Kopnesa, 2015), HpThima
(Cykueccun..., 2009), Aurapn (Koxosa u Bamaposa,
1984), Enuces (Koxesnukona, 2001), O6u (Bazhenova
and Mikhailov, 2021), B Bogoxpanwmmax [IpocrnekT
B ABctpasinu (Luong et al., 2024), XyH}5H Ha 10ro-3a-
nage Kuras (Long et al., 2018), Jlak-o-/{lok Ha 3amaje
@®pannuu (Le Moal et al., 2021). O6GBIYHO 3TO MPOUC-
XOAUT Ha 3aKJII0YUTEJIbHBIX CTaAUAX OJIUT0-3BTPOd-
HOHM CyKLlecCMU U CBUAETeJbCTBYeT 00 yBeJIMYeHUU
Tpoduueckoro craryca Bon (KopnHesa, 2015; Korneva
and Glushchenko, 2020). B onpezesieHHbIE TEPUOIBI B
JOMMHAHTHHIN KOMILJIEKC BXOAWJI UHBA3WBHbIE AUATO-
MoBbIe Bogopocyu: B 1980x rr. — Skeletonema subsalsum
(TpetpsikoBa u Ap., 1988; TperbsakoBa, 1989), ceiiuac
3TO BUJ C eqUHNYHON BcTpeuaeMocTh; ¢ 2004 mo 2018
rT. Actinocyclus normanii JOMAHAHTHBIN BUJ MO BCeM
akBaTtopuu BomoxpaHuaumia (bensesa, 2017; 2018;
2022), B mepuo/i HaIlero HccjefOBaHUS BCTpedyaeTcs
10 BCcell aKBaTOPUM BOJJOXPAHUJIUIIA, HO PeJIKO BXOOUT
B JOMUHAHTHBIN KOMILIEKC (BepXHUI palioH).

Unpexc Illennona (H), oTpaxarmmuil cTeneHb
CJIOXKHOCTH CTPYKTYPHI COO0IIecTBa, YUMThIBaeT obliee
KOJIMYeCTBO U CTeleHb JOMHHUPOBAHUA OTJeJIbHBIX
BUOB. Hamm wucciieqoBaHuA NOKasad, 4YTO HHIEKC
pa3HooOpasus, Kak IpaBuJio, CHUXaJcA Ha ydyacTKax
aKBaTOPUU B TEePUOJ «IlIBET€HHs» BOJbI, NMPU 3HAUU-
TeJIbHOM JOMUHHUPOBAaHUM OJHOro-Tpex Bupos LI,
YTO XapaKTEPHO [AJ1A IPUILIOTUHHOrO palioHa BoJoXpa-
Huuma. Ha MeJsTkoBOIbsAX MHAEKC YacTo BhIIIE, YeM Ha
PYCJIOBBIX CTaHIMAX, OUEBHUJHO 3a CUeT IOCTOSHHOI'O
cMbIBa 6EHTOCHBIX WU Nepu(PUTOHHBIX BUIOB.

[TpoBejeHHBle HaMM HCCJI€[IOBAaHUA TOKa3aIu
OTCyTCTBUE TPOCTPAHCTBEHHBIX U BpPEMEHHBIX pa3s-
JIMYUI IIAPOKO WCIOJIb3yeMOI'o B CHCTeMe Tocyhap-
CTBEHHOI'0 MOHUTOPHHIA IOBEPXHOCTHBIX BOJ callpo-
OMOJIOTUYECKOTO aHajiu3a BOM, IIOJOOHbIE BHIBOJIBI
coenaHsl MHoruMmu asnserojioramu (KynmsuH u ap.,
2020; Korneva and Solovyeva, 2021; BogeHeesa u Jip.,
2022; Crapuea u Ap., 2022; Sharagina et al., 2024).
Paznuunsa uHpekca canpoOHOCTU B BOTKMHCKOM BOJIO-
XpaHWJIUIle HeJIOCTOBEPHO KaK B MPOCTPAHCTBEHHOM,
Tak U B MEXTroJIoBoM acrekTax. [10/IXo[] ¢ 1CIoIb30Ba-
HUeM MOpGOPYyHKIIMOHAIBHBIX Py (PUTOIIIAHKTOHA
U UHJeKca coobiiecTBa Q, mokasaJi ero u3aMeHeHU s, Kak
1o palioHaM BOJIOXPaHWJIUINA, TaK U B MeEXT0JJ0BOM
acriekte. Haboiaercs yeTkass sKojoruveckas Jerpa-
Janus CTPyKTYpbl GUTONJIAaHKTOHA OT BepXHero palioHa
(uupekc Q 2,19 +0,20), ¢ k1accoM KavyecTBa BOJ «yMe-
peHHoe», K MpumIoTUHHOMY (MHAekc Q 1,33+0,22) c
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KJIaCCOM KayvecTBa BOJ «HU3KOE», TPU JOMUHUPOBAHUU
B cOcTaBe ajbroieHo3oB L1, 4To onpeAessaiocs ruapo-
JIOTUYECKUMH YCJIOBUAMH, B YAaCTHOCTH, MaKCHUMaJlb-
HBIMU TJTyOWMHAMM, 3aCTOMHBIMU 30HAMHU U aKKyMYJIs-
1yel 6MOreHoOB. B MeXIoJOBOM acleKTe UHIEKC NMeeT
3aBUCUMOCTH OT TeMIepaTypsl Bo3ayxa (0,54 cpenuss
3a jeto u 0,56 3a MI0JIb) U C KOJHUYECTBOM OCAIKOB
(-0,92 cpennee 3a neto -0,85 utosb).

5. 3akniouenue

B coctaBe sieTHero pUTONIAHKTOHA BOTKMHCKOIO
BojoxpaHwuma (2020-2025 r1T.) 3aperucTpupo-
BaHo 379 BumoB u BBT Bogmopocieil u3z 9 oThesios.
Haunbosbilee 4MCIIO TaKCOHOB PaHrOM HUXe poAda
OTMEYeHO B OTJesle JUAaTOMOBBIX Bomopocyein (32%
anbprodJiopsl). Bkyian 3esieHBIX BOJOPOCJIEH COCTaBUII
29%. OpgHako B mocjieqHUE OBa rojia Mo OoraTcTBy
BUJIOB IIpe00JI1aiaioT 3eJieHble BOJOPOCIH, JUaTOMOBBIE
3aHMMalOT BTOPYIO Mmo3unuio. MakcuMmaibHOe BUI0BOE
pasHooOpasye BOAOPOCyIell XapaKTepHO JIA LIeHTpaJlb-
HOro palioHa BoJoOXpaHuiIuma. B skosoro-reorpadu-
4ecKoM acnekTe pUTOIJIAHKTOH MpecTaBJieH TUINYHO
IJIAHKTOHHBIMM BHJaMH, LIHPOKO paclpocTpaHeH-
HBEIMH B BoJloeMax 3eMHOro mapa, MHAuGGpepeHTHEIMU
K COJIGHOCTU BOJibl, OOUTAIOIMMHU TOJIBKO B IIPECHBIX
BOJ0OEMAax U MpeANOoYUTAIMU HelTpabHble BOMHL.
3a mepuoj uccieJOBaHWA 3Ha4YeHUsA YHUCJIEHHOCTU U
6uomacchl U3MeHAJINCh Ha 2 mopsAjaka. B Mexrogosom
acrekre A1 GUTOIIAHKTOHA OTMeueH TPeH/[] yBesnde-
HUA 00IUX YMCJIEHHOCTU U 61oMacchl. BriABIeHO CHU-
xeHue goau LI u yBenuueHue A0JIU 3eJIeHBIX BOJO-
pocieii B GOPMUPOBAHUN YMCJIEHHOCTU U GHOMAacCCHI
durtonnankToHa. B ¢popmupoBaHuu O6romMaccel Kpome
3TOro, OTMeYeHO yBeJnueHHe Aoy (urodJiaresiar.
CocTaB AOMHHAHTHOTO KOMILIeKca (PUTOIIaHKTOHA
M3MeH:AJICA 10 TofaM, U B ITocjIeJHee BpeMs CTaJl BKJIIO-
4aTh KpUNTOQUTOBblE U JOUHOQUTOBbIE BOAOPOCIU
(mo 6uomacce). OCHOBYy JOMHHAHTHOTO KOMILIeKca
(GopMUPYIOT NPEeMMYyIIeCTBEHHO BUJbI-MHAUKATOPHI
aHTpororeHHoro 3BTpodupoBanusa (Aphanizomenon
flos-aquae, Bunmbpl poma Microcystis, Aphanocapsa
holsatica, Limnothrix planctonica, Aulacoseira granulata,
A. ambigua, Pediastrum boryanum), Taxxe HabJjroma-
eTcs MaccoBoe pa3BUTHe 0e3reTepoIMCTHHIX LHaHO-
npokapuoT (Aphanocapsa holsatica, Anathece clathrata,
Planktolyngbya limnetica).

Hupekchl canpoOHOCTU XapaKTepU3yI0T BOJBI
BOTKHMHCKOro BOOOXpaHWIMIA Kak f3-Me3ocarnpoOHbIe
0 BCcell akBaTopuM, uTo cooTBeTcTBYyeT III Ky1accy kave-
cTBa BoAd. OiHAKO, HECMOTPA Ha OOIIyl0 CTaOMJIBHOCTD
HMHJEKC, OYeBUAHO, He[JOOlleHUBaeT peasbHyl0 CTelleHb
3BTpodUPOBAHNA BOAOXPAHWJINIA, BBIABJIEHHYIO IO
KOJIN4eCTBEHHOMY Pa3BUTHI0O U COCTaBy AOMHHAHT-
HOro KoMIUIeKkca (puToniaHkToHa. Haekc coobiecTBa
Q, ¢ ncnosib3oBaHeM MOPPODYHKIMOHAIBHEIX [Py
(duTomIaHKTOHA, TaKXXe XapaKTepu3yeT BOJbI KaK yMe-
penHo 3arpsi3HeHHble (III kiacc kadyecTBa), HO IpU
3TOM sBJIAeTcA Oosiee MH(GOPMATUBHBIM U OTpaxxaeT
KaK IIpPOCTpaHCTBeHHble, TaK M MeXIOJOBble H3MeHe-
HUA KayecTBa BOJBL.
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