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ABSTRACT. The results of a study of the current state of the ecosystem of Lake Vedlozero (Republic of
Karelia, northwestern Russia) in 2021-2022 and its changes over 30 years are presented. In recent years,
in the summer-autumn period, algal blooms, including toxic cyanobacteria, have intensified in the lake,
which affects the quality of the water and fish habitat. Active algal blooms are still local and are observed
mainly in areas of the lake with intense anthropogenic impact. In general, the Lake Vedlozero ecosystem
at the present stage corresponds to mesotrophic status in terms of hydrochemical and hydrobiological
indicators.The lake’s aquatic communities have not undergone noticeable changes since the 90s of the
last century. The concentration of chlorophyll a has increased by an order of magnitude (3 pg/1 in 1992
and 11-90 pg/1 in 2021). Planktonic communities are in a stable state and provide a stable food supply
for planktivorous fish. The composition and structure of benthic communities also did not change over
the 30-year period.To calculate fish productivity, an analysis of the distribution of organic matter and
energy in the food web of the lake ecosystem was carried out using the balance model of V.V. Boulion.
The results of the model calculation are in good agreement with empirical data. Thus, the model can be
used for calculating fish production and estimating possible catches in the lake. According to the model,
possible catches amount to a third of fish production and are equal to 9.6 kg/ha. For the first time in
2021, an alien species of the American rotifer Kellicottia bostoniensis was recorded in Lake Vedlozero,
which may indicate that the range boundary of this species is moving northward against the backdrop
of continuing warming of the regional climate in northwestern Russia.
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1. Introduction Great Lakes - Superior, Huron, Ontario (Austin and
) Colman, 2007; Dobiesz and Lester, 2009), in the lakes
In recent decades, there has been an increase of Europe - Zurich, Geneva, PluBsee (Efremova et
in anthropogenic load on lakes, which, coupled with al., 2016). Positive trends in surface water tempera-
fluctuations in climatic factors, leads to changes in the ture have been identified for Lake Baikal (Hampton
living conditions of aquatic animals and plants, which et al., 2008; Izmestleva et al., 2016), and the Rybinsk
entails changes in the useful biological resources of Reservoir (Litvinov and Zakonnova, 2012). Over the
lakes (DOddS{ et al., 2009; Le et a!., 2010; Moss et al,, past two decades, in Karelian lakes Topozero, Rugozero,
2011; Schne.:lder et al., 2014; Tsai et al., 2022; Xia et Vygozero, Segozero, Vodlozero, and Syamozero, an
al,, 2016; Qin et al,, 2023; Zha.ng etal., 2023). increase in average water surface temperatures from
Climate change is affecting both srpall and‘ large June to October has been noted (Efremova et al., 2016).
lakes around the world. A clear and rapid reaction of The fragile ecosystems of small and medium-sized north-
lakes to climate warming is an increase in the water ern lakes are the most vulnerable to climate change,
temperature of the upper layer, where the most active which requires an in-depth study of the changes in hab-
development of phytoplankton occurs. Increases in itat and structure of aquatic communities.

surface water temperatures observed in the American
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Eutrophication due to nutrient loads and inten-
sive fishing of valuable fish species change the struc-
ture of fish community, lead to significant shifts in fish
stocks of lakes and changes in the level of biological
resources (Schneider et al.,, 2014; Feng et al., 2023;
Abo-Taleb et al., 2023).

The complex interactions of elements in the food
web of a lake, which provide the food supply for fish,
make it urgent to comprehensively study lake ecosys-
tems, their production properties and the functioning
conditions of plankton and benthos. The level of biolog-
ical resources depends on the state of the entire ecosys-
tem of the lake, therefore the assessment of fish stocks
must take into account the state of its planktonic and
benthic communities. Thus, an increase in phosphorus
load leads to increased eutrophication in lakes. As a
result, the productive properties of the lake change,
the production of phyto-, zooplankton and benthos as
the basic food resources increases, and as a result, the
intensity of fish production and the volume of possible
catches increase (Moss et al., 2011).

Lake Vedlozero is medium lake in the southern
part of Karelia, which has fishing significance. There
are certain difficulties for directly assessing the fish
productivity of a lake, so it is relevant to obtain model
estimates using food supply values, for example, plank-
ton and benthos biomass, as well as other indicators.

To effectively manage fisheries and carry out
measures to increase fish stocks, it is necessary to assess
the current state of the lake’s ichthyocenosis, its com-
position, structure and food supply.

The purpose of the work is to assess the current
state of the aquatic ecosystem of Lake Vedlozero and its
bioresource potential.

2. Materials and methods of research

Lake Vedlozero is located in the Republic of
Karelia in the northwestern part of Russia. The climate
regime of this territory is characterized as transitional
from marine to continental. According to the classifi-
cation of B.P. Alisov, the climate of Karelia belongs to
the Atlantic-Arctic zone of the temperate zone. The pre-
dominance of air masses of Atlantic and Arctic origin
led to long, relatively warm winters, late springs, short
and cool summers. High air humidity, large amounts
of precipitation and sharp variability of meteorologi-
cal indicators are observed in all seasons of the year
(Nazarova, 2014a).

In the 2000s, for the territory of Karelia, an
increase in the average annual air temperature by
1-2°C and an increase in the annual amount of pre-
cipitation by 20-70 mm were noted compared to the
base line (1961-1990). The most intense warming

was observed in winter. Over the past twenty years,
the date of stable transition of air temperature through
0°C towards an increase occurs earlier by 5-7 days; the
stable transition of average daily temperature through
10°C (the onset of the summer season in Karelia) earlier
by 2-5 days; the date of transition through 0°C in the
downward direction is observed later by 7-10 days. As
a result, the duration of the summer season and the
warm period has increased for the entire territory of
Karelia (Climate..., 2004; Nazarova, 2014b).

Lake Vedlozero is located in the southern part
of the Republic of Karelia. Its basin is of glacial origin.
The morphometric characteristics of the lake are shown
in Table 1.

Lake Vedlozero is a mesotrophic lake (Lakes...,
2013). Its catchment area is well developed econom-
ically (agriculture is developed). There is a high pop-
ulation density here. The lake is used for water sup-
ply, recreation, and recreational fishing. The current
state of the ecosystem of Lake Vedlozero was formed
as a result of the interaction of natural processes in the
aquatic environment and in the lake’s catchment area.
The lake is under constant influence of anthropogenic
pressure. The northeastern part of the lake, where the
rural settlement of Vedlozero is located and where the
Vokhtozerka River flows, experiences increased anthro-
pogenic impact. Wastewater flows into the river from
treatment plants. In the 70s of the last century, a dam
was built in the northeastern region of the lake between
the island and the shore of the lake. The dam dramati-
cally changed the hydrological regime of this part of the
lake. As a result, an artificially created bay appeared,
shallow and stagnant (Sabylina and Efremova, 2022).
In the summer of 2023, a hole was made in the dam,
which significantly increased the circulation of water
in the bay. The response of the plankton community
to changing hydrological conditions in this part of the
lake will need to be assessed in the coming years.

The chemical composition of Lake Vedlozero
water is characterized by satisfactory quality (Sabylina
and Efremova, 2022). The water is low-mineralized,
pronounced hydrocarbonate class, calcium group.
Based on the humus content, the amount of nutrients
and the pH value, the lake is classified as meso-hu-
mus, eutrophic and neutral. The northeastern bay of
the lake is experiencing heavy anthropogenic pressure.
High content of nutrients, especially phosphorus, in the
waters of the River Vokhtozerka indicates extremely
unsatisfactory treatment of domestic wastewater. In the
bay, which receives runoff from residential and point
sources of pollution, the content of nutrients is the
highest throughout the year. This causes the extremely
unfavorable ecological state of this area of the lake,
which is most in demand by the population in terms of

Table 1. Morphometric characteristics of the Lake Vedlozero (Lakes..., 2013).

Center As.l., Catchment Lake surface | Lake volume, Depth, m
coordinates m area, km? area, km? million m? .
average maximum
61°33°N 77 564 58 407 7 14.8
32°42°E
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water use. In the summer-autumn period, the water of
the bay is susceptible to algal blooms, including cya-
nobacteria, which release toxins dangerous to humans
and animals.

Macrophytes vegetation is very poor (Lakes...,
2013).

To assess the current state of the lake’s ecosys-
tem, an analysis of the concentration of chlorophyll a,
the indicators of summer phytoplankton, zooplankton
and macrozoobenthos of some fish populations was car-
ried out (based on published data and data obtained
during the open water period 2021-2022).

Phytoplankton and chlorophyll a samples were
taken in the surface layer of the bay (station 1) and the
central part of the lake (station 3) in March, May, June,
July and September 2021. Zooplankton and macrozo-
obenthos samples were taken in July 2021, as well as
in July and September 2022 at the same stations and
additionally near the confluence of the river (station
2) (Fig. 1). Selection and processing of phytoplank-
ton samples was carried out in in a Nageotte chamber
with a volume of 0.02 cm? accordance with accepted
methods (Methodology..., 1975). The concentration of
chlorophyll a was measured by the spectrophotometric
method (SCOR-UNESCO, 1966). Zooplankton was sam-
pled from the water column using a Judi net with pores
of 100 um at station 3. Benthic samples were collected
with an Ekman-Burge dredge (capture area 0.023 m?),
and laboratory processing of samples was carried out
using standard methods (Proceedings..., 1999).

For the flora and fauna of planktonic and ben-
thic communities, an analysis of species composi-
tion, biodiversity and structural indicators, as well as
the dominance of indicator species, was carried out.
Quantitative estimates of zooplankton abundance and
biomass were recalculated per cubic meter and sq.m. in
a water column.

To assess fish production, the balance model of
V.V. Boulion was used (Hidkanson and Boulion, 2002;
Boulion, 2017). This model reflects the most general
patterns of distribution of organic matter and energy
in the food web of a lake ecosystem. The dependencies
were obtained by analyzing data on lakes in northern
and eastern Europe, the Republic of Belarus and the
European part of Russia and are expressed in regression
correlation (Hidkanson and Boulion, 2002; Boulion,
2017). Initial data for the model of Lake Vedlozero: lat-
itude — 61.5 °N, average depth — 7 m, maximum depth
14.8 m, total phosphorus — 24 pg/1, color — 76 degrees.

3. Results and Discussion

Phytoplankton. According to 1989 and 1992
data, the lake’s phytoplankton included 92 taxa:
Cyanophyta — 9, Chrysophyta — 9, Bacillariophyta —

)] / 0 5
km

Fig.1. Sampling stations in the Lake Vedlozero in 2021
and 2022: St. 1 — northeastern bay; St. 2 — near the River
Vokhtozerka; St. 3 — deep-water part of the lake between the
islands. The arrow and number 4 schematically show the
position of the dam.

44, Xanthophyta — 3, Cryptophyta — 3, Dinophyta - 3,
Euglenophyta — 4, Chlorophyta — 17. Mass species were:
Aulacoseira granulate (Ehr.) Sim., Tabellaria fenestrata
(Lyng.) Kiitz., Cetratium hirundinella (O.F.Miill) Duj.,
Microcystis aeruginosa (Kiitz.) Kiitz., Aphanizomenon
flosaquae (L.) Ralfs, Aphanothece clatrata W & G.S.West,
Gloeotrichia echinulata P.G.Rich.. The abundance and
biomass of phytoplankton were characterized by mini-
mum values during the ice-covered period and an order
of magnitude increase from May to July (Table 2). The
average annual concentration of chlorophyll a in the
lake in 1992 was 3.2 pg/l (Lakes..., 2013). Average
annual production according to 1992-1993 data was
50 g C /m? year (Lakes..., 2013):

Phytoplankton in the surveyed areas of the lake
during the open water period 2021 was characterized
by low species richness. In terms of the number of spe-
cies, diatoms and green algae predominated; a total of
104 species of algae of eight systematic groups were
identified: Bacillariophyta — 42; Chlorophyta - 24;
Cyanobacter — 20; Chrysophyta — 6; Dinophyta — 2;
Euglenophyta - 5; Crypthophyta — 3, Xantophyta — 2.
The basis of the floristic complex (89% of the total list
of all species) were representatives of diatoms, greens,
cyanobacteria, and goldens. The data obtained in 2021
are comparable with the data of the previous research
period, when the share of species of the four main divi-
sions was 88% of the total list.

The leading group of diatoms in terms of species
diversity is represented by the classes Centrophyceae
and Pennatophyceae, which is typical for most water
bodies of the Arctic and Subarctic (Getsen, 1985). The
centric genus Aulacoseira (9) is more diverse, and the
pennate genus is Nitzschia (6), Navicula (6), Pinnularia
(4). Among the centric diatoms in the plankton of the
lake, the most common species are Aulacoseira granu-
lata A. italica (Ehr.) Sim., A. islandica subsp. helvetica

Table 2. Quantitative indicators of phytoplankton in Lake Vedlozero in 1989 and 1992.

Index III 1989 III 1992 V 1989 V 1992 VII 1989 VII 1992
Abundance, thousand cells/1 28 252 277 2264 2308
Biomass, mg/1 0.07 0.07 0.52 0.31 7.40 7.93
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(O.Miil.) Sim., A. distans (Ehr.) Sim., A. distans var. alpi-
gena (Grun.) Sim., A. ambiqua (Grun.) Sim., Melosira
varians C.Agard., as well as several species from the
genera Stephanodiscus, Cyclotella. The most common
and widespread in the algal flora of Lake Vedlozero
were pennate diatoms such as Asterionella formosa Has.

and Tabellaria fenestrata (Lyng.) Kiitz.

The second large division is green algae (24 taxa).
From this group of algae, the taxonomically diverse
order of green algae is Volvox, represented by species
from the genera Chlamydomonas, Pandorina, Eudorina.

Of the cyanobacteria, the most diverse are the
genera typical of the summer algal flora of the region:
Aphanizomenon, Dolichospermum (Anabaena - 4 taxa),
Microcystis (3), Oscillatoria (2), which cause “water
blooms” in water bodies of the temperate zone. Golden
algae are represented by species from the genera
Dinobryon, Mallomonas, and small-celled algae from
the genus Kephyrion. The diversity of euglenaceae is
formed by representatives of the genera Trachelomonas
(4 taxa) and Euglena. The share of participation of other
departments Xanthophyta, Cryptophyta, Dinophyta in

the formation of algal flora diversity is low.

Bay, st. 1. In March 2021, in the bay behind
the dam (station 1), a predominance of cyanobacte-
ria was observed, represented by Dolichospermum flos-
aquae (Lyngb.) Breb., Microcystis aeruginosa, Microcystis
wesenbergii (Kom.) Starm. both in numbers and biomass.
Diatoms, whose contribution to the creation of biomass
was 39%, mainly belonged to the genus Aulacosreira,
widespread in northern water bodies. Green algae are
few in number, and their contribution to the creation
of biomass is also small. The total number is up to 910
thousand cells/1, the total biomass is up to 0.12 mg/1.

In May 2021, the concentration of chlorophyll
a was 35.6 ng/l. The dominant complex was formed
by diatoms. The maximum contribution was made by
Aulacoseira italica Kutz.Sim. var. italica, share in the
total biomass is 53.9%, in the total number — 34.5%.
Aulacoseira granulata (Ehr.) Sim., which was also the
dominant spring plankton in all studied areas of the
lake, reached values of 0.977 mg/1, Asterionella formosa
also reached its maximum development with a biomass
of 0.250 mg/l. Green vegetated inactively, mainly due
to representatives of the genus Chlamydomonas, up to
10% of the total number. In May, the values of abun-
dance and biomass increased several times compared to

the data for March 2021.

In June 2021, 28 species of phytoplankton
belonging to 5 divisions were discovered in the bay,
with a predominance of diatoms, mainly belonging to
the genus Aulacoseira: Aulacoseira distans var. alpigena,
A. granulata, A islandica subsp. helvetica, A. italica, A.
subarctica (O. Mull.) Haworth, A. distans both in num-
bers and biomass. Cyanobacteria, represented by the
genus Microcystis, grew less actively in this part of
the reservoir than in the spring. In addition to green
algae, represented by Monoraphidium contortum (Thur.)
Komark.-Legn., there are golden algae (Dinobryon diver-
gens Imh.) and euglenophytes (Trachelomonas volvocina
Ehr. Total number 1018 thousand cells/1, total biomass

0.731 mg /1.

In July 2021, the concentration of chlorophyll
a was 90.8 pg/l. In the planktonic community, cyano-
bacteria dominated in abundance (97.5%) and biomass
(72.1%) (Fig. 2). With a relatively small biomass (1.05
mg /1), the number reached 10,307 thousand cells/1 due
to the small volumes of cyanobacterial cells. During this
period, Dolichospermum flos-aquae and Dolichospermum
spiroides actively developed, together their share in the
total abundance was up to 70%, in the total biomass
up to 58%. Microcystis aeruginosa in numbers reached
15.6% of the total, while in biomass only up to 5.4%.
The cyanobacterium Aphanizomenon flos-aquae (L.)
Ralfs., being the dominant species in the lake in the
previous study period (Lakes..., 2013), was noted in
this area of the lake in summer, its share in the total
biomass up to 8% of the total, as well as Snowella lacus-
tris (Chod.) Kom. et Hind (up to 9% of the population).
Diatoms are also included in the complex of dominant
biomass (up to 24%) due to the species Aulacoseira dis-
tans and A. granulata. In terms of abundance, the share
of diatoms was 1.8%.

In September 2021, the concentration of chloro-
phyll a was 39.7 ug/l. The maximum values of phyto-
plankton abundance and biomass were observed in the
autumn due to the massive development of green algae.
Green volvox algae dominated (up to 76% of biomass,
84% of abundance), Eudorina elegans Ehr. and Pandorina
morum (O.F.Mull) Bory. Diatoms accounted for 16% by
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Fig.2. Dynamics of the ratio between the abundance (N,
thousand cells/1) (a) and biomass (B, mg/1) (b) of algae of dif-
ferent systematic divisions (%) in the bay in different months
of 2021.
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biomass, 8.6% by abundance, cyanobacteria — less than
1% by biomass and 6.2% by abundance, euglenoids —
6.2% by biomass, less than 1% by abundance. The litto-
ral zone of Lake Vedlozero is characterized as eutrophic
with periods of politrophy during outbreaks of flower-
ing in the summer and autumn according to the lake
typification scales (Trifonova, 1990; Kitaev, 2007).

Center, st. 3. In the central deep-water part of
the lake (station 3), the maximum development of phy-
toplankton occurred in the spring (Table 3). Diatoms
were dominant in spring, and cyanobacteria in summer
and autumn (Fig. 3).

In spring, in the center of the lake, diatoms
accounted for 81% of the total number and 97% of the
total biomass.

The maximum abundance (695 thousand cells/I,
44% of the total number) and biomass (5.534 mg/l,
81.6% of the total biomass) was recorded for Melosira
varians (695 thousand cells/l, 5.534 mg/1). The dom-
inant complex also included Aulacoseira islandica in
abundance (up to 14% of the total abundance, 8.5% of
the total biomass), and Asterionella formosa was notice-
ably vegetative (up to 8% of the total abundance, 1.2%
of the total biomass). Green algae accounted for 14.7%
of the total abundance, 1.1% of the total biomass; the
maximum abundance was noted for Stichococcus sp.
(11.5% of the total number). The abundance of cyano-
bacteria, golden algae, and euglena algae was 1.1, 1.9,
and 1.3% of the total abundance.The biomass of cya-
nobacteria was extremely small, not exceeding a frac-
tion of a percent of the total biomass; for golden and
euglena algae it reached 0.5 and 1.2%, respectively.

In July 2021, in the center of the lake, the con-
centration of chlorophyll a was 35 pg/l. Cyanobacteria
(89.9% of the total number, 68.2% of the total bio-
mass), diatoms (4.4% of the total number, 28.7% of
the total biomass), and green algae (5.5% of the total
number, 2.7% of the total biomass) actively developed.
The shares of golden, euglena algae and cryptophytes
did not exceed fractions of a percent, both in number
and in biomass. The dominant complex of algae is rep-
resented by species from the genus Dolichospermum,
contributing to the formation of the total number up
to 70%, and biomass up to 47%. The cyanobacterium
Aphanizomenon flos-aquae, which was also among the
dominants in the lake earlier (Lakes..., 2013), in the
summer of 2021 had a share in the total biomass of up
to 19%. Diatoms in the dominant summer plankton are
represented by Aulacoseira granulata (16.5% of the total
biomass, 0.4% of the total number).

In September 2021, the concentration of chloro-
phyll a in the center of the lake was 11.4 ug/l. The
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Fig.3. Dynamics of the relationship between the abun-
dance (N, thousand cells/1) (a) and biomass (B, mg/1) (b) of
algae of different systematic divisions (%) in the central part
of Lake Vedlozero in different seasons of 2021.

basis of the population of the autumn phytocenosis in
the center of the lake was created by cyanobacteria
(91.4%), now due to the development of Microcystis
aeruginosa, its share in the total number is 86.6%, bio-
mass — 18.5%. The number of diatoms reached 5.8%,
greens — 2.5%, euglena — 0.3%. The biomass of autumn
phytoplankton in this area of the lake was within the
range of 1.890 mg/l; in addition to cyanobacteria
(49.7%), its basis was formed by diatoms(37.3%), such
species were actively developing as Aulacoseira granu-
lata, Aulacoseira italica, Tabellaria fenestrata. The bio-
mass of green algae reached 10%, euglena — 3.1%.
Compared with the dominant phytoplankton
species in terms of abundance and biomass in 1989
and 1992, the dominant species of the 2021 growing
season included diatoms Aulacoseira italica, Asterionella
formosa, cyanobacteria Dolichospermum flos-aquae,
D. spiroides and Microcystis wesenbergii, green algaes
Eudorina elegans and Pandorina morum. The previously

Table 3. Seasonal distribution of biomass (g/m®) and abundance (thousand cells/1) of phytoplankton in the Lake Vedlozero

during the open water period 2021.

Station Seasons
Spring (May) Summer (July) Autumn (September)
Abundance Biomass Abundance Biomass Abundance Biomass
St. 1 (Bay) 3305 3.703 10569 1.456 45663 24.029
St. 3 (Center) 1560 6.781 21835 4.839 13575 1.890
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dominant Ceratium hirundinella is found singly in the
summer. In March 2021, the abundance of phytoplank-
ton increased by an order of magnitude, the biomass
increased insignificantly compared to the data for
1989 and 1992. This is explained by the dominance of
small-celled cyanobacteria Dolichospermum flos-aquae
and Microcystis wesenbergii. The obtained quantitative
characteristics of the planktonic phytocenosis in the
central part of the Lake Vedlozero characterizes it as
mesotrophic, according to the lake typification scales
(Trifonova, 1990; Kitaev, 2007).

Zooplankton.

During the period of our research in 2021, 40
species of zooplankton were identified in the pelagic
zone of the lake (Copepoda - 9, Cladocera — 14, Rotaria
— 17). The number of species in the summer ranged
from 24 to 26 and averaged 25. For the first time, an
alien species of the American rotifer Kellicottia boston-
iensis was noted in the lake. It did not reach high abun-
dance (0.3 th.ind/m?®) and was observed only in the fall.

The species richness and structure of the zoo-
plankton community of Lake Vedlozero, taking into
account its natural and seasonal variability, is typical
for lakes in this region of Karelia. The Shannon-Weaver
index, reflecting the biodiversity, was relatively high:
3.4-3.6 for abundance and 2.8-3.3 for biomass, reflect-
ing the health of the summer structure of zooplankton.

In summer, the zooplankton biomass was dom-
inated by cladocerans (Daphnia cristata u Bosmina
longispina), accounting for 45 to 60% of the total bio-
mass. Small cyclops Thermocyclops oithonoides repre-
sented 10-15% of the biomass.The community struc-
ture and the ratio of the main zooplankton groups in
July 2021 and 2022 were similar. Usually, more than
70-80% of the summer zooplankton biomass was repre-
sented by filter-feeding cladocerans and peaceful cope-
pods. Predatory cladocerans and cyclops accounted for
about 15%. In July 2022, a rare phenomenon in the
samples was the mass development of the large preda-
tory crustacean Leptodora kindtii, which accounted for
up to 40% of the biomass. This caused a temporary
change in the ratio of peaceful and predatory plank-
ton (1:1.5). In autumn plankton, copepods Eudiaptomus
graciloides and Thermocyclops crassus dominated in
terms of numbers and biomass.

The summer biomass of pelagic zooplankton
of 0.9-1.6 g/m?® characterizes the plankton system as
mesotrophic, but close to the oligotrophic boundary
(Table 4).

The transcontinental species of the American
rotifer K. bostoniensis is currently actively expanding
its habitat and spreading northward through the lakes
of northwestern Russia, including Karelia (Syarki and
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Fig.4. Dynamics of changes in the number (a, ind/m?)
and biomass (b, g/m?) of macrozoobenthos of Lake Vedlozero
in different years.

Zdorovennova, 2021; Syarki, 2019; Syarki et al., 2023).
Since the native rotifer K.longispina is not a food item
for fish, the appearance of a similar alien species will
not have a significant impact on biological resources.

Macrozoobenthos. The data we obtained on
the current state of macrozoobenthos indicates that
in 2021-2022 the number of benthic organisms varied
from 87 to 2000 ind./m?, with biomass — 1.51-6.39 g/
m?2.

Comparison of the literature data of 1992 and
the results obtained in 2021 and 2022 did not show a
decrease in the quantitative indicators of macrozooben-
thos. Using the Mann-Whitney criterion, no significant

Table 4. The abundance and biomass of zooplankton in the Lake Vedlozero.

Date Abundance, thousand individuals Biomass, g
‘m3 ‘m? m3 m?2
07.07.2022 46,7 373,7 0,88 7,01
13.07.2021 86,3 431,5 1,57 7,83
29.09.2021 24,1 180,6 0,81 6,04
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change in the total number and biomass of zoobenthos
was noted when comparing the two study periods (Fig.
4). Thus, the level of statistical significance is higher
than the critical value of 0.05, p = 0.86 when com-
paring the number, and p = 0.86 when comparing the

biomass.

The dominant complex is represented by larvae
of chironomids Chironomidae and Oligochaeta. The
quantitatively rich fauna of the bottom of the lake is
not distinguished by a wide variety of species. In the
zoobenthos of Lake Vedlozero, 6 systematic groups of
invertebrates were noted, common to lakes of North-
West Russia - chironomid larvae, oligochaete worms,
mayfly larvae Ephemeroptera, bivalves Bivalvia and
midge larvae Ceratopogonidae, as well as amphipods. A
total of 13 taxa have been identified. Oligochaete worms
are represented by two eurytopic species Tubifex tubifex
(Miiller, 1774) and Limnodrilus hoffmeisteri Claparede,
1862. In the shallow area of Lake Vedlozero, macrozo-
obenthos is represented by only one group of chiron-
omids, Chironomidae (two genera Chironomus sp. and
Procladius sp.). Ceratopogonidae larvae are rarely found

throughout the lake.

The amphipod Pallasiopsis quarispinosa (Sars,
1867) is present in the deep-sea part of the reservoir.
In the area of the confluence of the Vokhtozerka River,

bivalves of the genus Pisidium sp.

The obtained data confirms literary materials.
Thus, according to literary sources (Lakes..., 2013),
the bottom fauna in Lake Vedlozero consists mainly
of insects. The average number is 325 ind./m?, bio-
mass is 1.9 g/m2 Dominant complex: chironomids,

oligochaetes.

Ichthyofauna. The following fish species were
found in the ichthyofauna: vendace, pike, roach, bleak,
bream, bluefish, burbot, perch, ruffe, pike perch, peled.
Pike perch and peled are introduced, pike perch is a
commercial fish, peled is rare. The main commercial fish
are bream and perch (Alexandrov, 1957). The lake also
contains sculpin goby, minnow, presumably whitefish,
released into Vedlozero in 1949-1951, and grayling,
but these are very rare fish. Rare fish include salmon
and trout. Pike perch moved into the Lake Vedlozero in
1959 and 1964 (Sterligova and Ilmast, 2009; Sterligova
et al., 2016; Sterligova et al., 2012). Positive results
of the introduction of pike perch were noted by the

authors in Vedlozero (Kudersky et al., 1990).

Model estimates of fish productivity

To calculate fish productivity, an analysis of the
distribution of organic matter and energy in the food
web of the lake ecosystem was carried out by using the
balance model of V.V. Boulion (Hikanson and Boulion,
2002; Boulion, 2017).

A comparison of model data with empirical data
showed a fairly close agreement in terms of water trans-
parency, primary production, and phyto- and zooplank-
ton biomass. The model-estimated benthic biomass
concentration were slightly higher than the measured
values of these parameters (Table 5). Empirical data on
the content of chlorophyll a are higher than model cal-
culations. The distribution of plankton and benthos bio-
mass in Lake Vedlozero corresponded to the basic ideas
of functioning of the food web, which allows the model
to be used for calculating fish production and assess-
ing possible catches in the lake. Model calculations of
the total fish production amounted to approximately 28
kg/ha for the season. Possible annual catches can be a
third of ichthyoproducts and equal to 9.6 kg/ha.

The ecosystem of Lake Vedlozero provides a
food supply for planktivores, benthivores and predators
(Fig. 5).

For comparison with literary data (Lakes...,
2013), Table 5 shows the converted biomasses of links
using standard coefficients from kcal to grams of wet
weight.

4. Conclusions

As a result of the study and analysis, the current
state of Lake Vedlozero was established based on sam-
pling data in 2021 and 2022 compared to data from
thirty years ago.

It has been shown that at the present stage, the
lake’s ecosystem corresponds to eutrophic state in
terms of hydrochemical and hydrobiological indicators.
The concentration of chlorophyll a has increased by an
order of magnitude (from 3 pg/l in 1992 to 11-90 pg/1
in 2021). In terms of the level of phytoplankton devel-
opment, the littoral zone in the northeastern region of
the lake, which is experiencing significant anthropo-
genic pressure, is characterized as eutrophic with peri-
ods of politrophy during outbreaks of blooms. In the
summer-autumn period there are episodes of intensive
development of algae, including toxic cyanobacteria.

Table 5. Comparison of literature, empirical and model data on Lake Vedlozero.

Parameter (Lakes of Karelia, 2013) Empirical data Model data
Transparency, m 1.7 1.2 1.6
Chlorophyll a, ug/1 3.2 23.2 5.9
Primary production, gC/m? per 50 - 49

year

Phytoplankton biomass, g/m? 1.05-1.12 7.4-20.0* 2.5
Zooplankton biomass, g/m? 1.5 1,0-1,7 1.3
Benthos biomass, g/m? 4.9 4.5 6.1
Possible catches, kg/ha 12 9.6

Note: *- individual maximum phytoplankton indicators (our data 2021).
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Fig.5. Annual production (kkal'm?*year) of the main elements of the Lake Vedlozero ecosystem.

At the present stage, flowering outbreaks are local. A
possible reason for their appearance is the synergis-
tic influence of two factors: constant anthropogenic
load and ongoing climate warming in the region. Also,
the appearance in the lake of an alien species of the
American rotifer Kellicottia bostoniensis, first notice in
the lake in 2021, can be considered a consequence of
the ongoing climate warming in northwestern Russia.

It is shown that aquatic communities have not
undergone noticeable changes since the 90s of the last
century. Planktonic communities are in a stable state
and provide a stable food supply for planktivorous fish.
The composition and structure of benthic communities
has also not changed since the 90s of the last century.
The fish fauna of Lake Vedlozero includes the following
fish species: vendace, pike, roach, bleak, bream, blue-
gill, burbot, perch, ruffe, pike perch, and peled.

Analysis of the distribution of organic matter and
energy in the food web of the lake ecosystem of the
lake. Vedlozero using the balance model of V.V. Boulion
showed that the results of the model calculation are in
good agreement with the empirical data. Evaluations
showed that possible catches (9.6 kg/ha) account for a
third of fishproducts.
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CoBpemeHHoOe COCTOAHUE 3KOCHUCTEMDbI
o3epa Beanosepo u ero 6uonornueckKux
pecypcoB (Pecnybruka Kapenaus, cesepo-
3anap Poccun)

Cunoposa A.N.*, Capku M.T., Cnactuna [0.JI.

Hrcmumym 8o0HbLx npobstem Cegepa Kapestbckoeo HayuHozo yeHmpa Poccutickoti akademuu Hayk, np. Anekcandpa Heackoeo, 50,
Ilempo3asodck, 185030, Poccus

AHHOTAIIAA. IIpuBeeHbl pe3yabTaThl UCCIeJOBAHUA COBPEMEHHOI'0 COCTOSHUA dKOCUCTEMEI 03epa
Benmozepo (Pecnybnuka Kapenus, ceBepo-3amap Poccuu) mo manubeiM 2021 u 2022 rr. U ee usme-
HeHNUd B cpaBHeHUU ¢ gaHHBIMU 30-JIeTHell JaBHOCTU. B mocjefHue rofbl B JieTHE-OCEHHUI NepuoAd
B 03epe MHTeHCU(UIMpyeTcsA LBeTeHHe BOAOpPOCel, B TOM uucJie, TOKCUYHBIX HUaHOOAKTepuili, 4To
cKasblBaeTcs Ha KayecTBe BOABL M COCTOSAHUM PHIOHOIO coobIiecTBa. AKTHBHOE I[BeTeHHe BOAOPOCei
[I0OKA HOCUT JIOKAJIbHBIN XapaKTep U oTMedaeTcs, IJIaBHBIM 00pa3oM, B palioHax o3epa ¢ MHTEHCHUBHBIM
aHTPOIIOTeHHBIM Bo3AelicTBUeM. B IjesioM, skocucTema Beasio3epo Ha coBpeMeHHOM 3Tare 1o TuApo-
XMMUYECKUM U TMAPOOMOJIOTHYECKUM IOKa3aTesiAM COOTBETCTBYeT Me30TpopHOMy cTarycy. BoaHbie
coo0lIlecTBa 03epa He MpeTepliesid 3aMeTHBIX U3MeHeHN ¢ 90-X rogoB Ipouuioro Beka. [1maHKTOHHEIE
cooOImiecTBa HaxoAATCA B CTAOWJIBHOM COCTOSSHUM M 00eCleyrBaloT YCTOMYMBYI0 KOPMOBYIO 06asy
poio-TankTodaros. CocTaB U CTPYKTypa OEHTOCHBIX COOOIECTB TakXe He u3MeHmach 3a 30-JIeTHUI
nepuoa. KoHneHTpalysa xjopoduiuia «a» yBeanuyuyiack Ha nopsamok (ot 3 mkr/a B 1992 r. go 11-90
MKr/na B 2021 r.).J[yis pacueTa prIOONPOAYKTUBHOCTY OBLI MPOBEJEH aHaIM3 paclpe/ieleHUs1 OpraHu-
YecKOro BelllecTBa U SHEpPruu B TPOOUUECKUX CETAX 03epHOM 5KOocHCTeMHl 03. Beasosepo ¢ uCHOJIb-
3oBaHueM OajlaHcoBol Monenu B.B.BysiboHa. Pe3ysibpTaTel MOJ€JIBHOTO pacueTra HEeIJIOXO COOTBET-
CTBYIOT SMIMPUYECKUM AAaHHBIM, YTO [IO3BOJIAET HMCIIOJIb30BaTh MOJEJIb JJI pacieTOB pPhIOONPOAYKIUN
1 OLleHKM BO3MOXHEBIX YJIOBOB B o3epe. CorjlacHO MOJeJsMi, BO3MOJXHBIE YJIOBBI COCTaBJIAIOT TPEThb OT
UXTUONPOAYKIMHU U paBHHI 9.6 kr/ra. Briepsrie B 2021 r. B 03epe Befjio3epo oTMeueH yy>KepOgHbIN BUL
amepukaHckoii kosioBpatku Kellicottia bostoniensis, 4TO MOXET CBHUIETEJIbCTBOBATh O MIPOIBIXEHUH I'pa-
HUIIBI apeajia 3TOT0 BUAa Ha ceBep Ha (oHe IMPpOoA0IKaONIerocs MNoTeljIeHUsA perioHaJbHOro KjiuMarta
ceBepo-3anaga Poccuun.

Kiouegwie ciioga: Bennosepo, GUTONIIAHKTOH, 300IJIAHKTOH, MaKpo3006eHTOC, NXTUOoGayHa, yJIOBHI,
MoAeJIMpOBaHME 3KOCHCTEMBI, ‘IY)KCPOJ:[HHﬁ BUL

Jia mutupoBaHusa: Cugoposa A.M., Capku M.T., Cnactuna 10.JI. CoBpeMeHHOe COCTOsIHME 3KOCHUCTeMBl o3epa Bemsosepo u
ero 6uoJsiornveckux pecypcos (Pecny6inka Kapenus, ceBepo-3anag Poccun) // Limnology and Freshwater Biology. 2025. - No 1.
- C. 1-19. DOI: 10.31951/2658-3518-2025-A-1-1

1. Beepenue U OBICTPOI peakiiveil 03ep Ha MOTEIUIEHWE KiMMaTa

ABJIAETCA IIOBBINIEHME TEMII€EpaTypbl BOAbI BEPXHETrO

B mocnepHue pecATHIETH OTMEYAeTCss pOCT CJ10s1, T/le TIPOMCXOAUT HamboJjiee aKTUBHOE pasBUTHE

AHTPOIIOTeHHON HAarpy3Ky Ha BOLOEMHI U KoJieGaHUs
KJIMMaTU4YecKux (pakTopoB, B pe3yJsbTaTe Yero maMe-
HSAIOTCSA YCJIOBUS CYIIECTBOBAHUS BOAHBIX XUBOTHBIX U
pacTeHui, U noje3Hsle Guopecypcesl o3ep (Dodds et al.,
2009; Le et al., 2010; Moss et al., 2011; Schneider et al.,
2014; Tsai et al., 2022; Xia et al., 2016; Qin et al., 2023;
Zhang et al., 2023). OcobeHHO GBICTPO IKOCHCTEMHEIE
U3MeHeHUsI IIPOUCXOIAT B HEOOJIBIINX O3epax.
W3MeHeHUs KJIUMaTa BJIMAIOT Kak Ha MaJible,
Tak U Ha KpPYIHEeHIINe o3epa BO BceM Mmupe. SIBHOI
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(uTorIaHKTOHA. YBejnuyeHUe TeMIeparyphl MOBepX-
HOCTH BOABI OTMeueHO B Bennkux AMepuKaHCKUX O3e-
pax — Bepxuewm, I'ypon, Outapuo (Austin and Colman,
2007; Dobiesz and Lester, 2009), B o3epax EBpormsr —
Lliopux, Xenesa, ILmocczee (Edppemona u fp., 2016).
[TonoxuTesibHBlE TPEHJbl TeMIepaTypbl MOBEPXHOCT-
HOro cJIo BOJABI BhIsABJIeHB AJiA batikana (Hampton
et al., 2008; Izmest’eva et al., 2016) u PrIOMHCKOro
BojloxpaHwua (JIutBuHOB U 3akoHHOBa, 2012). 3a
nocjielHNe [iBa JeCATUJIETUS B CJIeAYIOMIUX Kapeb-
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Commons Attribution-NonCommercial 4.0.
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ckux o3epax Tomnosepo, Pyrosepo, Beirosepo, Cerosepo,
Boasiozepo, Camo3epo OTMeYeHO NOBBINIEHHE yCpen-
HEHHBIX C HIOHA 10 OKTAOPh 3HAUYeHWI TeMIlepaTyphl
noBepxHocTU BoAsl (Edpemosa u ap., 2016). Xpynkue
SKOCHCTEMBI CeBepHBIX O3ep HaubOoJiee YA3BHMBL B
OTHOLIEHUM KJIMMaTU4YecKUX H3MeHeHHI, 4YTO Tpe-
OyeT yrjyOJIeHHOr0 M3y4YeHUs NPOUCXOMANIMX B HUX
U3MeHeHUH cpefsl 0OUTaHUA U CTPYKTYPBl COOOIIeCTB
TUAPOOHOHTOB.

ITporeccel 3BTpodUpOBaHUA U3-3a OHOreHHOH
Harpysku pas/IM4YHOM IPHPOAbl X WHTEHCHUBHBIN JIOB
I[eHHBIX [OPOJ PpbI0 KM3MEHAIT CTPYKTYypy HXTHOIle-
HO30B, MPUBOJAAT K 3HAUWUTEJIbHBIM CIABUIaM B PHIO-
HBIX 3aracax o3ep U M3MeHEHHI0 YPOBHA OHopecypcoB
(Schneider et al., 2014; Feng et al., 2023; Abo-Taleb et
al., 2023).

CjioXHBIe B3aUMOJENCTBUA 3JIEMEHTOB B TpO-
dudeckoli ceTy BogoeMa, obecreurBaloiie KOpMOBYIO
6a3y peIO, [JesialoT aKTyaJIbHBIM KOMILJIIEKCHOe H3yde-
HUe BOJHBIX 5KOCHCTeM, UX NMPOAYKIMOHHBIX CBOICTB
1 QYHKI[MOHNPOBAaHNA [IJIAHKTOHA U OeHTOoca. YpOBeHb
O10JIOrMYeCKUX pPecypcoB 3aBUCUT OT COCTOSIHUA Bcel
5KOCHCTEMBI BoJloeMa, TI03TOMY OlleHKa PhIOHBIX 3ama-
COB JIOJDKHA YYUTHIBATh COCTOSHUE ee IUIAHKTOHHBIX U
OeHTOCHBIX OpraHu3MoB. Tak, yBeandeHue GpochopHON
Harpysku NpUBOAUT K YCUJIEHUIO IIPOLIeCCOB 3BTPOPU-
poBaHUA B 03epax. B utore n3sMeHAIOTCA NPOAYKIMOH-
Hble CBOMCTBa BOJOEMa, yBeJM4MBaeTcsa NPOAYKINA
duTo-, 300IJIAaHKTOHA U OeHTOca, KaK OCHOBHBIX KOD-
MOBBHIX 00BEKTOB, U B pe3yJibTaTe 3TOr0 pacTeT NHTEH-
CHMBHOCTb PHIOOIPOAYKIUM U 00beM BO3MOXHBIX YJIO-
BoB (Moss et al., 2011).

Osepo Bemsiosepo sABjifgeTcsa cpegHUM IO pas-
Mepy BOAOeMOM I0XHOHM uyactu Kapenuu, mMmernmuMm
pHIOONIpOMBIC/IOBOE 3HaueHue. CyllecTBYIOT oOIpefe-
JIeHHble TPYJHOCTH AJIA NPAMOH OLleHK! PHIOOIPOIYyK-
TUBHOCTH BOJOEMa, IO3TOMY aKTyaJbHBIM ABJIAETCA
MoJIyuyeHWe MOJeJIbHBIX OLIEHOK C MCI0JIb30BaHUEM
BEJIMUMH KOPMOBO# 0a3sbl, HanmpuMmep, Guomacc IJIaH-
KTOHa 1 OeHTOCa, a TaKKe [I0 MHBIM II0Ka3aTeJIAM.

Jna  5¢pdekTuBHOrO yrpasjeHUus PBIOHBIM
X03AMCTBOM U IIPOBeJIeHNs MepOIpUATHH II0 yBesnye-
HUIO PEIOHBIX 3allacoB HEOOXOAMMO AaTh OLIEHKY COBpe-
MEHHOI'0 COCTOsIHMA MXTHUOLIEHO3a 03epa, ero cocrasa,
CTPYKTYPBI 1 KOPMOBOI Oa3bl.

Llespio paboOTHI ABJIAETCA OLIEHKA COBPEMEHHOT0
COCTOSHUA BOIHOI 3KOCHCTeMBI 03. Beniosepo u ero
6uopecypcHOro noTeHIaIa.

2. MaTtepuanbl U MEeTOAbI MCCAEAOBAHUA

O3epo Bepniozepo pacmosaraercs B Pecny6iinike
Kapenusa B  ceBepo-zamafHoii vactu Poccum.
KnuMaTUYecKuil pexuM 3TOH TEpPUTOPUM XapakTe-
pusyercs Kak HEPeXOJHBI OT MOPCKOTO K KOHTHHEH-

TtasibHOMY. [lo kiaccudukanuu b. I1. Anrcosa, kiiumar
Kapenuu oTHOCHTCA K aTIaHTUKO-apKTHYeCKON 30He
yMepeHHoro nosca. IIpeo6iagaHue BO3OYIIHBIX Macc
aTJIaHTUYeCKOr'o U apKTUYeCKOT 0 IPOMCX0XAeHu:A 00y-
CJIOBWJIM TIPOJOJDKUTEJIbHYI0 OTHOCHUTEJIBHO TeIUIyIo
3UMYy, [IO3[JHIOI0 BeCHYy, KOPOTKOe U MpOXJIaJAHOE JIeTO,
BBICOKYIO BJIQKHOCTb BO3[yXa, OOJIbIIOE KOJINYECTBO
0CaJKOB U Pe3Kyl0 U3MeHYMBOCTb METEOPOJIOTHUYeCKUX
IoKasaTeJieli Bo Bce ce3oHHI roaa (Hazaposa, 2014a).

B 2000-x rr. guisa tepputopuu Kapenun oTMe4eHO
MOBHIIIEHNEe CpeJHero0BOM TeMIepaTypsl Bo3oyxa Ha
1-2°C u yBesiueHUe rofoBOro KojgndecTBa aTrMmocdep-
HBIX OocaAkoB Ha 20-70 MM MO CpaBHEHHI0 C KJIHMMa-
TU4eckoil HopMoi (1961-1990 rr.). 3uMoii oTMeueHO
HauboJiee MHTEHCHBHOe MOTeIlJIeHHe. 3a IocjefqHue
JBaauaTh JieT JaTa yCTOMYMBOIO Ilepexoja Temiepa-
Typhl Bo3ayxa 4depe3 0°C B CTOPOHY MOBBIIIEHUS MIPO-
HWCXOAUT paHbllle Ha 5-7 OHelN, YCTONYMBHIN Nepexoj
cpelHeCyTOYHOU TeMmmepaTypsl depe3 10°C (HacTy-
IIJIeHWe JieTHero ce3oHa B Kapesuu) paHbiie Ha 2-5
JHel, nara nepexona 4epe3 0°C B CTOPOHY ITOHMXeHUA
oTMeuaeTcs no3xe Ha 7-10 gHell. B pe3ysbrare aTOro
IIPOJIOJDKUTEJIBHOCTD JIETHErO Ce30Ha U TeIJIOro Iepu-
oda roga BO3pociM AJiA Bcell Teppuropum Kapenuu
(Kmumar Kapenuu, 2004; Hazaposa, 20140).

Bensiozepo pacmnoJiokeHO B IOKHOM 4acTu
Pecniybsinku Kapenusa. KotioBuHa osepa Bensiosepo
JIeAHUKOBOIO IpoucxoxaeHusa. Mopdomerpuyeckue
XapaKTepHCTHKH 0o3epa npusefieHsl B Tabiuie 1.

Oszepo Bepnioszepo — Me30TpOodHBI BOJOEM
(Ozepa..., 2013). Ero BojocOop XOpOIIO OCBOEH B
XO3AVCTBEHHOM OTHOIIEHWHU. 3[ech BhICOKasg IIJIOT-
HOCTb HaceJIeHus, pa3BUTO CeJIbCKOoe X03AHcTBO. O3epo
HCIIOJIb3yeTCsA I BOJAOCHAOXeHNsA, peKpealuy, JIoou-
TeJIbCKOT'0 phIOHOTO IpoMmbiciia. CoBpeMeHHOe COCTOs-
HMe 3KocucTeMHl 03. Benjio3zepo, chopmupoBasiieecs B
pesyJibTaTe B3aUMOJEeVCTBUA IPHUPOJHBIX NPOLECCOB B
BOJHON cpefle U Ha BojocOope 03epa, HAXOOUTCA MOJ
IIOCTOSHHBIM BJIMAHMEM aHTPONOreHHOW HarpysKH.
[ToBhIIEHHOE AHTPOIOTeHHOE BO3JEHCTBHE HCIBITHI-
BaeT CeBepO-BOCTOYHHI palioH o3epa, IAe pacroJia-
raercs ceJjibCKoe IocejieHHe Bepnsosepo u kyna Boa-
naet p. BoxTosepka. B peky U3 OYMCTHBIX COOPYXeHUN
IIOCTYIIAIOT CTOYHBIEe BOABL. B 70-e rofs! MpomuIoro Bexka
B CEBEPO-BOCTOYHOM palioHe 03epa MeXAy OCTPOBOM U
6eperoM o3epa ObljIa coopy’keHa Jamba, HapyIlIMBIIasa
eCcTeCTBeHHBIN BOJJ0OOMEH, 4TO Pe3K0 U3MEeHUJI0 I'UIpo-
JIOTMYeCcKUil pexXuM 3TOro palioHa o3epa. B pesysbrare
3TOM MOCTPOMKHU MOSBUJICS UCKYCCTBEHHO CO3JaHHBIN
3aJIiB, MEJKOBOJHBII U HenmpoTouHh (CabpUinHaA U
Edpemosna, 2022). B netuuii nepuop 2023 r. B 1ambe
OBLIO CAeJIaHO OTBEPCTHE, YTO 3aMEeTHO YCHJIMJIO LUp-
KyJIALIMIO BOABl B 3ajiuBe. Peakiuio IJIAHKTOHHOI'O
coo0llecTBa Ha U3MeHeHHe THAPOJIOTNYeCKUX yCJI0BUN
B 3TOM palioHe O3epa NpPefCTOUT OLeHUTh B OJIMIKali-
mye TOfBL.

Ta6suna 1. MopdomeTpuueckre xapakTepucTuku 03. Bemiozepo (O3epa..., 2013)

Koopaunathl AG6coJioTHasA IInomans IInomans 3ep- | O6BeM o3epa, I'my6una, M
2 2 3
IlenTpa BBICOTa, M BomocOopa, kM? [kajia o3epa, KM MJIH. M cpenmsisi| Maxe.
61°337 c.m1., 32°42” B.11. 77 564 58 407 7 14.8
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[lo xumunueckoMy cocTaBy Bond Bepsosepo,
COTJIaCHO JIUTepaTypHBIM MJaHHBIM, XapaKTepu3y-
eTcsd YJOBJIETBOPUTEJIbHBIM KadecTBoM (CaOblinHa
u Edpemona, 2022). Boga MmasioMuHepasil3oBaHHasd,
BBIpaXX€HHOI'0 T'MAPOKapOOHATHOrO Kjacca, TpYMIIBI
kasnpiua. [To BeJimurHe r'yMyCHOCTH, KOJINYECTBY OHO-
TreHHBIX 3JIeMEeHTOB U BeauunHe pH o3epo oTHOCAT
K Me30ryMyCHOMY, 3BTpPOGHOMYy U HeHTpaJbHOMY.
CeBepo-BOCTOUHBIN palioH 0O3epa WCIBITHIBAET OOJIb-
IIyI0 aHTPOIIOTeHHYI0 Harpy3Ky. Beicokoe cofepxaHue
OuOreHHBIX 3JIeMEHTOB, ocobeHHO (docdopa, B Boaax
p. BoxTozepku cBuAeTeabCTByeT O KpaliHe HeyJOB-
JIETBOPUTEJIBHOM  OUYHUCTKE  XO3AHCTBEHHO-OBITOBBIX
CTOYHBIX BOA. B 3aiuBe, B KOTOPHIN NOCTYNAlOT CTOKHU
ceUTeOHbIX W TOYEeYHBIX MCTOYHWKOB 3arpA3HeHus,
coiepxaHue OHMOTeHHBIX 3JIeMEHTOB HauboJjiee BBICO-
KOe B TeyeHHe BCero rojia, 4To o0ycjaoBIMBaeT KpaliHe
He0JIaronpuATHOE 35KOJIOTUYeCKoe COCTOSHHE 3TOro
paiioHa o3epa, Haubojiee BOCTpeOOBaHHOI'O Haceje-
HUeM C TOYKHU 3peHHusA BOJOIOJIb30BaHUA. B seTHe-o-
CEeHHUI Iepuoj Boja 3ajlMBa IOJiBepXeHa ILBeTeHMI0
BOJIOpPOCJIEl, B TOM YHcJie LIMaHOOAKTepuil, KOTOphIE B
npoliecce XXU3HeAeATeIbHOCTH BbIIEJIAI0T ONlacHble 1A
yeJioBeKa M XKUBOTHBIX TOKCHHBL.

Bricmas BoAgHAas pacTUTEIBHOCTh O4YeHb OefHa
(Ozepa..., 2013). [lna oueHKU COBPEMEHHOTO COCTO-
AHWSA 5KOCHUCTeMBI o3epa ObLI NpoBefleH aHajl3 KOH-
LleHTpanuil xJjiopodujuia «a», MoKasaTesiell JIeTHero
duTomaHKTOHA, 300IUIAaHKTOHA U MaKpo3000eHToca
HEKOTOPHIX MOMYJIAMI PO (110 JUTepaTypHBIM OaH-
HBIM YU JaHHBIM, IOJy4YeHHBIM B II€pUOJA OTKPHITOH
Boanl 2021-2022 rT.).

[Tpo6s1 BoAbl [JiA omlpefdeseHUs xjgopodusia a
1 GUTOIJIAHKTOHA OTOMPAJINCh B IOBEPXHOCTHOM CJIO€
(0.5 m) 3anuBa (ct. 1) u HeHTpaIpHOU YacTu o3epa (CT.
3) B MaprTe, Mae, UIOHe, 1ioJie U ceHTAOpe 2021 r., mpoOkl
300ILTAHKTOHA U Makpo3oobeHToca — B utoJie 2021 r., a
Takxe B HioJie U ceHTAOpe 2022 r. Ha Tex ke CTaHLUAX
U [JOTOJIHUTEJIbHO BOJIM3U BriafgeHus peku (ct. 2) (Puc.
1). OT60p u KaMepasibHyI0 06paboTKy pob GUTOIIIAH-
KTOHa C UCMOJIb30BaHUeM kaMepsl HaxoTTa oO0beMoM
0.02 cm® ocyIIecTBIIAJI B COOTBETCTBUU C OOLIENPUHS-
ThiMU MeTofamu (MeToauka..., 1975). KoHIljeHTpanuio
xjopoduisia a u3MepsAaaIu CIeKTpodOoTOMeTpUYeCKUM
MmerozoM (SCOR-UNESCO, 1966). IlpoGel 300ILIaH-
KTOHaA OBLIM IIOJIy4eHBl HWHTerpajbHBIM OOJIOBOM W3
crosiba BoAbl ceThbio Ixenu ¢ mopamMu pasmepoMm 100
MKM Ha craHuuu 3. IIpoGel GeHTOCa oTOUpaU JHO-
yeprnaTtesjieM DkMaHa-Bepxka (mnomaas 3axsara 0.023
M?), KamepasibHasg o6paboTka Mpo6 MNPOM3BOAMIIACH
ctagaapTHeIMU Metojamu (Proceedings..., 1999).

J714 @Jiopsl U GayHbl IITAHKTOHHBIX 1 6€HTOCHBIX
coob1ecTB ObUI IIPpOBefieH aHa/Ju3 BHJIOBOTO COCTaBa,
6uopa3Ho00pa3ysa U CTPYKTYPHBIX IOoKasaTesel, a Tak
ke 0030p JOMUHMpYIOIIKUX BUAOB. KosnuecTBeHHBIE

L ) - 1 KHNOMETDL!

Puc.1. Crannuu or6opa npo6 B 03. Beanmozepo B 2021
u 2022 rr.: cT. 1 — ceBepo-BOCTOUYHBIN 3aJIUB; CT. 2 — BOJIU3U
BnajieHus p. Boxrosepkuy; cT. 3 — riiy0OKOBOAHASA 4acCTh 03epa
Mexy octpoBaMu. CTpesikoi u nudpou 4 cxeMaTHUIHO MOKa-
3aHO MOJI0XKeHMEe JaMOBI.

OIleHKM YMCJIEHHOCTH UM OHOMacchl 300ILIaHKTOHA
OBLTU MepecYrTaHbl Ha Ky0. M U KB. M. B CTOJI0E BOJBI.

A oLleHKHU PHIOOMPOAYKIUHM ObLIa KCIOJIB30-
BaHa 6ajtaHcoBas mozesis B.B. Byssona (Hiakanson and
Boulion, 2002; Boulion, 2017), koTopas oTpaXxaeT Hau-
GoJiee 0OIIME 3aKOHOMEPHOCTU paclpeesieHUus] opra-
HUYECKOT'0 BENECTBA U SHEPTUM B TPODUUECKUX CETIX
03epHOI 3JKOCHUCTEMBL. 3aKOHOMEPHOCTH TOJIYYEHBI
MIpU aHaJIN3e JaHHBIX MO0 O3epaM CEBEPHOM U BOCTOY-
Hoii EBpomnel, Pecniybiuku Benapych u eBporeiickoil
yacTu Poccuy U BHIpAXXEHBI B PETPECCUOHHBIX 3aBUCH-
moctax (Hiakanson and Boulion, 2002; Boulion, 2017).
HavasnipHble AaHHbBIE AJ1A MOJeJW o3epa Bemiiosepo:
mupora — 61.5 °N, cpeansas riaybuHa — 7 M, MaKCU-
MaJibHas rrybuHa 14.8 M, obmuit pocdop — 24 MKr/ 1,
LBETHOCTb — 76 rpan.

3. Pe3yAabTathbl M 06Ccy)xpeHue

CorsyacHo manHeM 1989 u 1992 rr. pumonsian-
KmMoH o3epa BriIwoyasn 92 TtakcoHa: Cyanophyta — 9,
Chrysophyta — 9, Bacillariophyta — 44, Xanthophyta
— 3, Cryptophyta — 3, Dinophyta — 3, Euglenophyta
— 4, Chlorophyta — 17. MaccoBsie Bumbl: Aulacoseira
granulata (Ehr.) Sim., Tabellaria fenestrata (Lyng.)
Kiitz., Ceratium hirundinella (O.F.Miill) Duj., Microcystis
aeruginosa (Kiitz.) Kiitz., Aphanizomenon flos-aquae (L.)
Ralfs, Aphanothece clathrata W & G.S.West, Gloeotrichia
echinulata P.G.Rich. YucnenHocts u 6uomacca puto-
IJIAHKTOHA XapaKTepH30BaJINCh MUHUMAJIbHBEIMU 3Ha-
YeHUsAMU B IIepUOJ| JIe[oCTaBa U yBeJINYeHWeM Ha
nopsAnok oT Mas K utosio (Tabiuna 2). CpejHeroosas
KOHIIeHTpauusa xjaopoduisa a B o3epe B 1992 r. no
naHHbeM (O3epa..., 2013) cocrassia 3,2 MKT/J; cpefi-
HAA rofoBasd MNPOAYKLMA IO AaHHBIM 1992-1993 rr.
coctasiisia 50 r C m2 (Osepa..., 2013).

Ta6suia 2. KosruecTBeHHbIe TOKa3aTe M GUTOIJIAaHKTOHA 03. Beyiozepo B 1989 u 1992 rr.

Ilokxa3saTeJsb III 1989 IIT 1992 V 1989 V 1992 VII 1989 VII 1992
UnicJIeHHOCTD, THIC.KJI/JI 28 19 252 277 2264 2308
buomacca, mr/m 0.07 0.07 0.52 0.31 7.40 7.93
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@DUTOIJIAHKTOH 00CjIe[JOBAaHHBIX PAaliOHOB 03epa
B Iepuoj OTKphITON BoAbl 2021 r. XapakTepusoBasics
HEBBICOKUM BHIOBHIM GorarcTtBoM. IIo uuciy BUIOB
mpeobiafany OUATOMOBEIE U 3eJIeHBle BOJIOPOCIIH,
Bcero onpefiesieHo 104 Buaa Bogopocieli BOCbMU CUCTe-
MaTtudeckux rpynm: Bacillariophyta — 42; Chlorophyta
— 24; Cyanobacter — 20; Chrysophyta — 6; Dinophyta
— 2; Euglenophyta — 5; Crypthophyta — 3, Xantophyta
— 2. OcHoBy duaopuctuueckoro komisekca (89% ot
obIlero crycka BcexX BHIOB) COCTABJLAJIN Ipe/CTaBU-
TeJI IUATOMOBBIX, 3€JIEHBIX, [[MaHOOAKTEPUI, 30JI0TU-
cThiX. IlolyueHHbIe JaHHBIE COIOCTABUMEI C JAHHBIMU
IpeAbIAyIero Iepuofa MCC/IeJOBaHUE, Korga o
BU/JIOB YeThIpeX OCHOBHBIX OTAEJIOB cocTasJiisyia 88% oT
ob1rero cmnmcka.

Benymiaa mo BUIOBOMY Pa3HOOOpPAsUi0 Ipymnna
JMaTOMOBBIX IIpeficTaBieHa kiaccamu Centrophyceae
u Pennatophyceae, 4to xapakTepHO i1 GOJIBIIMH-
cTBa BojoeMoB ApkTuku u Cybapkruku (I'erjen, 1985).
Bonee pa3HOOOpa3HO IIpefiCTaBJieH poJd LieHTpuye-
ckux Aulacoseira (9) a n3 nenHatHbsix — Nitzschia (6),
Navicula (6), Pinnularia (4). 3 ueHTpUYECKUX Aua-
TOMell B IJIaHKTOHe o3epa HauboJiee OOBIYHBI BUJIbI
Aulacoseira granulata, A. italica (Ehr.) Sim., A. islandica
subsp. helvetica (0.Miil.) Sim., A. distans (Ehr.) Sim., A.
distans var. alpigena (Grun.) Sim., A. ambiqua (Grun.)
Sim., Melosira varians C.Agard., a TakXe HECKOJIbKO
BUAOB U3 ponoB Stephanodiscus, Cyclotella. Hanboee
OOBIYHBIMM U IIMPOKO PACIHPOCTPAHEHHBIMU B aJIbro-
dyiope Bepmyiosepa oxasajiyich NEHHATHbIE AUATOMeU
Takue BUIBI Kak Asterionella formosa Has. u Tabellaria
fenestrata.

BTopoil KpYIIHBEIN OT[eJl — 3eJIeHBle BOJOPOC/IN
(24 takcona). M3 3T0i1 rpynnsl BoAOpPOCJiell TaKCOHO-
MUYeCKHd pa3HOOOPAa3HBIN MOPAAOK 3eJIeHBIX BOJOPOC-
Jiell BOJIbBOKCOBEIE, ITpeICTaBJIEHHbIE BUAAaMU U3 POJOB
Chlamydomonas, Pandorina, Eudorina.

W3 1nuaHobGakTepuil Haubojiee pa3sHOOOpPa3HBI
pOMBl TUMNMYHBIX AJIS JIeTHell ajibrodJiopbl perrvoHa
Aphanizomenon, Dolichospermum (Anabaena — 4 Tak-
coHa), Microcystis (3), Oscillatoria (2), KoTOpbIe B BOIO-
eMax yMepeHHOH 30HBI BBI3BIBAIOT «IIBEeT€HHE BOJbI».
30JI0THCTEIE BOAOPOCJIM IIPeNCTaBJIeHbl BUIAMU U3
ponos Dinobryon, Mallomonas, MeJIKOKJIETOYHBIX W3
pona Kephyrion. PazHooGpa3ue 3BIJIeHOBBIX GOpMU-
pyetcs npefcTaBUTeSIAMU U3 ponoB Trachelomonas (4
TakcoHa) u Euglena. Ilosyig y4yacTus ApPYTHUX OTEJIOB
Xanthophyta, Cryptophyta, Dinophyta B ¢opmuposa-
HUU pa3Ho0o0pasys anbrodiopbl HEBHICOKA.

3wrtue 3a damboi, cm. 1. B mapre 2021 r. B
3TOM palioHe o3epa oTMeuaeTcs NpeobsajaHUe LUaA-
HOoOakTepuil, mpeincTaBjeHHbx Dolichospermum flos-
aquae (Lyngb.) Breb., Microcystis aeruginosa, Microcystis
wesenbergii (Kom.) Starm. KaK MO YHMCJIEHHOCTH, TaK
u no 6uomacce. J[uaToMoBEle, Yeli BKJIA[l B CO3AaHUe
6uomacch coctaBuil 39%, B OCHOBHOM NpUHAAIeXKaJIN
K pony Aulacosreira, IIMPOKO paclpoCTpaHEHHOMY B
CeBEPHBIX BOJOeMax. 3eJieHble BOJOPOCIIN MaJIOYLC-
JIeHHBI, UX BKJIAJ] B CO3/1aHHe OHOMAacchl TakXe HeBe-
Juk. O6mas YMcjIeHHOCTh 3eJieHbIX 10 910 Thic. KJ1/J1,
obmasa 6uomacca go 0.12 mr/J.

B mae 2021 r. koHneHTpauus xjopodpuiia a
cocrapyisiia 35.6 MKr/ja. JJOMUHUDPYIOMIUI KOMILIEKC

(uTorIaHKTOHHOrO coobiiectBa ObUT  chopMUpO-
BaH AMAaTOMOBHIMU Bojopocisamu (Puc. 2). Haubosee
akTUBHO BeretwpoBasna Aulacoseira italica Kutz.Sim.
var. italica, ee mosis B oOmieii 6momacce 53.9%, B
obmieit uyucieHHoctu — 34.5%. Aulacoseira granulata
(Ehr.) Sim., TakXe BbICTyHaBIIasg JOMHUHAHTOM BeCeH-
Hero IUIaHKTOHA BO BCeX M3yYeHHBIX palioHaxX o3epa,
nocrturasa 3Hayenui 0.97 r/m3, Makcumym GHoOMacChl
Asterionella formosa coctaBun 0,25 wmr/i. 3eyieHble
BereTHpOBAJIM HEaKTUBHO, B OCHOBHOM 3a CYeT Iped-
crasutesiell poga Chlamydomonas, no 10% B ob6uiei
4YlCJIEHHOCTU. B Mae 3HayeHus 4MCJIEHHOCTH U OHO-
Macchl BBIPOCJIM B HECKOJIBKO pa3 B CpaBHEHWUM 3TUMU
nokasaresnAmu B mapte 2021 r.

B utone 2021 r. B 3ayiuBe 00HapyXeHO 28 BU/IOB
duTomaHKTOHA, IpPUHAAJIEXAUMX K 5 OTAesaMm,
oTMeuaeTcs IpeobsafaHue AUATOMOBBIX BOAOPOC-
Jiell, B OCHOBHOM IpUHaJIexamux K poay Aulacoseira:
Aulacoseira distans var. alpigena, A. granulata, A islandica
subsp. helvetica A. distans. KaK MO YHUCJIEHHOCTH, TaK
u no Ouomacce. lluaHoGakTepuu, IpeAcTaBJIEHHBIE
poaom Microcystis, BereTUpOBaJI B 3TOU 4acTU BOJO-
eMa MeHee aKTHBHO, 4YeM B BeCHOHN. IloMHMO 3eJieHBIX
BOJIOpOCJIeli, B Macce mpeJicTaByieHHbX Monoraphidium
contortum (Thur. in Breb.) Kom.-Legn., BcTpeuatoTcs
3oJyiotucthie (Dinobryon divergens Imh.) u 3BrjieHOBBIE
(Trachelomonas volvocina Ehr.). O6Gmjas 4rcjieHHOCTb
1018 ThIc. KJ1/71, obmas 6ruomacca 0.73 mr/J.

B wurone 2021 r. koHUeHTpauus xJjopodusuia
a cocrapisia 90,8 Mkr/jia. B I1aHKTOHHOM COOOIIe-
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pasHBIX cucTeMarudeckux otrfneyioB (%) B 3amuBe (cT. 1) B
pasHble Mecansl 2021 r.
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cTBe mo uucjeHHocTu (97.5%) m Guomacce (72.1%)
JomuHupoBanu nuaHobaktepuu (Puc. 2). IIpu oTHO-
CUTeJIbHO HeboJpmon 6uomacce (1.05 mr/i.) dmciieH-
HOCTh I[MaHOOakTepuil nocrurajia 3HauyeHuin 10307
TBIC. KJI/J1 BCJIEJICTBHE MaJIbIX OOBEMOB KJIETOK I[Ma-
HoOakTepuil. B 3TOT mepuoa aKTHMBHO pa3BUBAJIUCh
Dolichospermum flos-aquae u D. spiroides, B COBOKYITHO-
CTU UX [OJIsI COCTaBUJIa B CyMMapHON YKUCJIEHHOCTHU
no 70%, B cymmMmapHoil 6uomMacce a0 58%. Microcystis
aeruginosa Mo YUCJIEHHOCTHU oCcTUras 3HaueHuil 15.6%
oT oO0Ie, Torga Kak mo 6uomacce TOJbKO 10 5,4%.
Iuano6akrepusa Aphanizomenon flos-aquae, Oymayuu
JOMHUHAHTOM B O3epe B IpefblAyIIuil Iepuop uccie-
nosanus (O3epa..., 2013), Obl1a OTMeEYeHa B 3TOM paii-
OHe 03epa JIeTOM, [l0JiA B obuieli 6uomacce 1o 8% ot
o6mieii, kak u Snowella lacustris (Chod.) Kom. et Hind
(mo 9% uuncieHHocTH). JJUaTOMOBHIE TaKXe BXOJAT B
KOMILJIEKC IOMHHAHTOB 110 61oMacce (qo 24%) 3a cuet
BuaoB Aulacoseira distans u A. granulata, o YMCJIEHHO-
cTu auatomoBele — 1,8%.

B cenTabpe 2021 r. koHLeHTpanuA xjopodpusia
a cocraBysa 39.7 MKr/ja. MakcuMaJsibHble 3HaueHMS
YyHCcJIeHHOCTU U 6uoMaccel (puUTOoIIaHKTOHa Haboaa-
JIMCh OCEHbI0 32 CUET MACCOBOT'O Pa3BUTHA 3eJIEHBIX
BoJiopocJieii. JIOMUHHPOBAIU 3ejieHble BOJIbBOKCOBBIE
Bogopociu (o 76% 6uomaccel, 84% 4nicJIeHHOCTH),
Eudorina elegans Ehr. u Pandorina morum (O.F.Mull)
Bory. [uatomoBble cocTaBan 16% 1o Ouomacce,
8,6% 1o yrceHHOCTH, IMaHobakTepuu — MeHee 1% 1o
ouomMacce 1 6.2% 10 YMCJI€HHOCTH, DBIJIEHOBBIE — 6.2%
o 6uomacce, meHee 1% Mo YKMCJIEHHOCTU.

JlutopasibHas 30Ha o3epa Bepnsozepo xapakre-
pusyetrcs Kak 3BTpodHas ¢ nepruojamMu NoJIUTpopuu
BO BpeMsl BCIIBIIIEK [[BETEHNA B JIETHEe-OCEHHUN Mepuoj
corjlacHO IkajaMm Ttunusauuu BogoeMos (TpudoHoBa,
1990; Kutaes, 2007)..

Ileump, cm. 3. B 1neHTpasibHOU TITyOOKOBO-
OHOM yactu o3epa (cT. 3) MakcUMajbHOE pa3BUTUE
(puUTOMIaHKTOHA TMPOUCXOAWJIO B BeCEeHHUIl Iepuof
(Tabnuna 3). JJoMruHaHTaMU BECHOM BBHICTYIAId OqUa-
TOMOBBIE BOJOPOCJIM, a JIETOM U OCEHbIO — IMaHOOaK-
tepuu (Puc. 3).

BecHol1 B 1leHTpe o3epa Ha JI0JII0 JUATOMOBBIX
npuxonuiock 81% obmielt yncyieHHOCTH, 97% ob1eit
6uomaccel. MakcumyM umcjieHHocTd (695 ThICc. KJI/JI,
44% obmel1 uncaeHHOCTH) U 6uomaccsl (5.534 mr/i,
81.6% obmieii 6momaccsl) 3abukcupoBaH ayisi Melosira
varians (695 TteICc. Ki1/7, 5.534 mr/m). B moMmuHupy-
OIMUA KOMILJIEKC TakKXe BXOAWJA IO YHCJIeHHOCTU
Aulacoseira islandica (o 14%), 3aMeTHO BereTupoBasja
Asterionella formosa (no 8% oOT o0IIel YKMCIIEHHOCTH,
1.2% ot obmeni 6romacchl). Ha oo 3ej1eHBIX BOO-
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Puc.3. /luHaMuka COOTHOLIEHUS MeXAy YKUCJIeHHOCTHIO
(N, TeICc.K21./71) (2) u 6Guomaccout (B, mr/i) (6) Bogopocyei
Pa3HBIX cucTeMaTtudeckux oOThesioB (%) B Il€HTpaJbHOM
yactu 03. Beqiiosepo B pasHbie ce30HHI 2021r.

pocJieii puxoauyioch 14.7% oT o611eil 4rcIeHHOCTY,
1,1% ot obmeii 6moMacchl; MaKcUMaJIbHas YHCJIEeH-
HOCTb OTMeveHa JJiA Stichococcus sp. (11.5% ot obueii
yrcJeHHOCTH). YncJIeHHOCTh InaHOOaKTepuil, 30J10THU-
CTHIX M 3BIJIEHOBBIX Bofopocjeil cocrtasisia 1.1, 1.9
u 1.3% ot obeli YrcJaeHHOCTH; OroMacca IMaHo0aK-
Tepull O6bLJ1a KpaliHe Masia, He IIpeBhIliasa JgoJjeil mpo-
IIeHTa OT OOIIell 6oMacchl, JJIs 30JI0TUCTHIX U 3BIJIe-
HOBbBIX focturaa 0.5 u 1.2% cooTBeTCTBEHHO.

B nrome 2021 r. B I{leHTpe 03epa KOHLEHTpaluA
xJiopoduiia a cocTabsiasa 35 MKI/J1. AKTUBHO pa3BU-
BaJiich I[aHobakTepun (89.9% obiiell 4rcIeHHOCTY,
68.2% obment 6romacchel), AuaToMoBhie (4.4% oO1ei
yucjaeHHoCcTH, 28.7% oOmel Ouomacchl), 3ejIeHble
(5.5% ob6meit yncaeHHOCTH, 2.7% o0leli 61oMacchl).
Jlosii 30JIOTUCTHIX, 3BIJIEHOBBIX M KPUIITOPUTOBBIX He
MpeBbIIaNId [0Jiel MpolleHTa, KaK 0 YMCJIEHHOCTU,
Tak U 1o 6uomacce. JJOMUHUPYIOLUI KOMILIEKC BOJO-
pocieli mpeicTaBJieH BuaamMu U3 poja Dolichospermum,

Tabsuna 3. Ce30HHOe pacnpefeyieHre 6roMaccsl (Mr/JI) U YMCJIeHHOCTU (ThIC. KJI/J1) GUTOIJIAaHKTOHA B 03. Beqio3epo B

nepyuoj OTKpeITON BoAsl 2021 r.

CraHuusa Ce3oH
BecHa (Maii) JleTo (¥r10J1B) OceHb (ceHTAOPH)
Yucnennocrs | buomacca YncjieHHOCTh buomacca YncjieHHOCTh buomacca
3amus (cT. 1) 3305 3.703 10569 1.456 45663 24.029
LeHtp (cT. 3) 1560 6.781 21835 4.839 13575 1.890
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BKJIaJ] B (popMupoBaHue o61ieii yncieHHocT 10 70%,
a 6uomaccel 10 47%. Lluanobaxrepus Aphanizomenon
flos-aquae, Takxe BxoAuBIIAsA B YHCJIO AOMHHAHT B
ozepe paHee (Oszepa..., 2013), nerom 2021 r. umena
noio B obOmeit 6uomacce mo 19%. JuaTtomoBble B
JOMMHUpYyIOIIeM JIeTHeM IUJIaHKTOHe IpeJ/iCTaBJIeHb
Aulacoseira granulata (16.5% ot obmeil 6GruomMacchl,
0.4% oT o0111ell YMCJIEHHOCTH).

B cenTabpe 2021 r. koHLeHTpanuA xjopodpusia
a B LeHTpe o3epa cocTtasiaua 11.4 mkr/ia. OcCHOBY
YHCJIEHHOCTU OCeHHero (uTOIleHO3a B LIEHTpe o3epa
cozaaBaiu IuaHoOakTepun (91.4%), Temepp 3a cuer
passutusa Microcystis aeruginosa, ero AoJjsA B ob61igeil
yrcjeHHocTH 86.6%, 6rnoMmacce — 18.5%. UncieHHOCTD
OUAaTOMOBBIX gocTturasna 5.8%, 3eneHsix — 2.5%, 3BrJIe-
HOBBIX — 0.3%. Bruomacca oceHHero GpUTONIAHKTOHA B
3TOM palioHe 03epa HaxoauJIach B Mpejesnax 1.89 mr/m,
ee OCHOBY kpoMme IuaHob6aktepuil (49.7%) dbopmupo-
BaJIu IUaTOMOBBEIe Bojgopociau (37.3%), akTUBHO pas-
BUBAJIMCh TaKue BUBL, Takue kak Aulacoseira granulata,
A. italica, Tabellaria fenestrata. Buomacca 3eJieHBIX
BojopocJieii focturana 10%, sBriaeHoBbX — 3.1%.

B cpaBHeHuu ¢ JOMUHHUPYIOIMMU IO YHCJIEH-
HOCTH U OGuomacce BuaamMu (¢UTOIIAaHKTOHa B 1989
1 1992 rr. B 4nCJI0 JOMUHAHT BEreTaliiOHHOIO Iepu-
oma 2021r. Bomutu muaTtomoBblie Aulacoseira italica,
Asterionella formosa, nnano6aktepuu Dolichospermum
flos-aquae, D. spiroides n Microcystis wesenbergii, 3eJie-
Hele Eudorina elegans v Pandorina morum. PaHee goMu-
HupoBaBmmil Ceratium hirundinella BcTpedaetcs enu-
HUYHO B JieTHUN nepuof. B mapre 2021r. obusue
duTomIaHKTOHA yBeJINYMJIOCh Ha MOPAAOK, OroMacca
BHIPOCJIa HE3HAYMTEeJIbHO B CPaBHEHHUHU C AAHHBIMU 3a
1989 u 1992r. DT10 06BsCHAETCA NOMHHHPOBAaHUEM
MeJIKOKJIETOYHBIX —IMaHobakTepuil  Dolichospermum
flos-aquae w Microcystis wesenberdgii.

[TosiydeHHBIE KOJIMYECTBEHHBIE XapaKTepUCTUKU
IJIAaHKTOHHOIO (UTOLIeHO3a LeHTPaJIbHOM YacTU O3.
Bensoszepa xapakTepu3ylT ero Kak Me30TPOdHBIN,
COrJIacHO IIKajiaM Tunusanuu sogoeMmos (Tpudonosa,
1990; Kuraes, 2007)..

3oomnstaHKkmou

B mnepuopn Hamwmx wucciaemoBaHuii B 2021 .
B Mejlaryaju o3epa oTMeueHO 40 BHUJOB 300ILIAaH-
kroHa (Copepoda — 9, Cladocera — 14, Rotaria — 17).
KonmyecTBo BUAOB B JIETHUII IlepHuof KoJeGasioch OT
24 no 26 u B cpeiHeM paBHAJIOCH 25. BriepBrie B o3epe
OTMeueH Yy>KepOAHBIN BHJl aMepUKaHCKON KOJIOBPaTKHU
Kellicottia bostoniensis. OHa He JOCTUIJIA BHICOKOM YIC-
nenHocty (0.3 THIC.9K3./M®) M OTMeYasnach TOJIBKO
OCEHBIO.

BupoBoe 6oraTrcTBo MM CTPYKTypa 300ILIaH-
KTOHHOro cooOmiecTBa o3epa Beasyozepo ¢ yueToM

ero eCTeCTBEHHON U Ce30HHOV W3MEeHYMBOCTH SBJIA-
I0TCA TUIWYHBIM /1 03ep AaHHOro perrvoHa Kapenuu.
Unpexc IleHHoHa-YuBepa, oOTpaxawomuili 6uopas-
HooOpa3ue coobuiecTBa, ObUI OTHOCUTEJIBHO BHICO-
kuM: 3,4-3,6 1o ymcyieHHocTu u 2,8-3,3 mo 6uomacce,
4TO OTpaxaeT OJjlaromoJjiyuvie B JIETHEH CTPYyKType
300IJIAHKTOHA.

B sleTHuii nepuoAd B 300IJIAHKTOHE JOMHUHMPO-
BaJI BETBUCTOYyChle pauku (Daphnia cristata u Bosmina
coregonii), coctasiisis oT 45 1o 60% o6111eii GrioMacchl.
Mesnkue nuksionsl Thermocyclops oithonoides npecTas-
asmu 10-15% 6uomaccel. CTpyKTypa cooOllecTBa U
COOTHOIIIEHVe OCHOBHBIX I'PYII 300IIJIAHKTOHA B HI0JIe
2021 1 2022 r. 6BIN CXOJHBIMHU.

OO6b1uHO Oostee 70-80% OroMacchl JIeTHero 300-
IIJIAHKTOHA OBLIIO MpefCcTaBjeHOo KiaaolepaMu GUilb-
TpaTopaMH U MHpPHBIMM KollenofaMmu. XUIHble KJIa-
Jlollepsl U IUKJIONBI COCTaBJLUIM OKoJio 15%. B umiose
2022 r. oT™Meuasoch pefikoe B Mpobax siBJeHHEe Mac-
COBOTO pa3BUTHA KPYMHOI'O XUITHOro payka Leptodora
kindtii, xotopsiii coctaBisat go 40% Guomacchl. M3-3a
3TOr0 IIPOM30IILJIO BpeMeHHOe U3MeHeHNe B COOTHOIIe-
HUM MHMPHOI'O M XUIHOro IIaHKkToHa (1:1,5). B ocen-
HeM IJTaHKTOHe II0 YHCJIeHHOCTH U 6romacce JOMUHU-
poBasin BecioHorue pauku Eudiaptomus graciloides u
Thermocyclops crassus.

[Tokasaresn JieTHell OHMOMAacCCH! IeJIarkuecKoro
3o0m1aHkToHa B 0,9-1,6 r/M® XapakTepuU3ylT IJIaH-
KTOHHYI0 CHUCTeMy KakK Me30TpPOoQHYy1, HO OJIU3KYI0 K
rpanulle osurorpodpun (Tabauna 4).

TpaHCKOHTUHEHTaIbHBIN BUA aMepuKaH-
ckoil kosioBpaTku K.bostoniensis B HacTosee BpeMs
aKTHUBHO pacmupseT apeaj 0OUTaHUA U paclpocTpaHs-
eTcs Ha ceBep IO BojoeMaM ceBepo-3anafa Poccun, B
ToM umciie u Kapenuu (Capku u 3qopoBeHHoBa, 2021;
Syarki, 2019; Syarki et al., 2023). ITockoJibKy aGopureH-
Has KosoBpartka K.longispina He sBJisseTCsl KOPMOBBIM
00BeKTOM [J1A PHIO, MOABJIEHNe CXOAHOT0 ¢ HUM 4yXe-
POAHOro BUAa 3HAaUYMMOTO BJIUAHUA Ha 6MopecypchHl He
oKa3blBaeT. FI3MeHeHuUe ero ceBepHOM I'paHuIlbl apeasia
MOXeT CBHJIeTeIbCTBOBaTh 00 M3MeHeHHA KIuMara.

Maxpo3oob6enmoc. IloslyueHHBle HAMU JaHHBIE
O COBpEMEHHOM COCTOSHMH MaKpo3000eHTOoca CBUJe-
TEJIbCTBYIOT O TOM, 4TO B 2021-2022 IT. YUCJIEHHOCTH
JOHHBIX OpraHn3MoB BapbupoBasa oT 87 no 2000 3k3./
M2, ipu 6uomacce — 1.51-6.39 r/m2,

CpaBHeHMe JIUTepaTypHBIX OaHHBIX 1992 ropga
Y MOJIy4YeHHBIX pe3yJibTaToB 2021 1 2022 rr. He MoKa-
3aJI0 CHIDKeHNe KOJIMYeCTBEeHHBIX IloKa3aTesiell Makpo-
3000eHTOCca. Mcnonw3ysa Kputepuili MaHHa-YUTHH, He
0TMeuaJioch JOCTOBEpPHOe M3MeHeHHe o0liell YncJieH-
HOCTU U Ouomaccel 3000€HTOCa IIPU COINOCTaBJIEHUU
JIByX nepruofoB ucciaenosanus (Puc. 4). Tak, ypoBeHb

Ta6smmna 4. YucieHHOCTh 1 6oMacca 300IIaHKTOHA 03. Beqiiozepo

Hara YucJIeHHOCTh, THIC.3K3. Buomacca, r
.M-3 .M-Z M-3 M 2
07.07.2022 46,7 373,7 0,88 7,01
13.07.2021 86,3 431,5 1,57 7,83
29.09.2021 24,1 180,6 0,81 6,04
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CTaTUCTUYECKON 3HAYMMOCTH BBIIIEe KPUTHUYECKOTO
sHavyeHusA 0.05, p=0.86 npu cpaBHEeHUU YMCJIEHHOCTY,
u p=0.86 npu cpaBHeHNU OMOMACCHI.

JIoMUHUpYIOIIME ~ KOMIUIEKC  IIpefcTaBjieH
suyrHkaMu  xupoHomup Chironomidae u masomge-
TUHKOBEIMU 4epBsiMu Oligochaeta. BoraTtasa B Kosnue-
CTBEHHOM OTHoOIIeHuU (dayHa AHA BoJoeMa He OTJIU-
yaeTcs 60JIbIINM pa3HooOpa3ueM BUAOB. B 3006eHTOCE
o3epa Bepniioszepo oTmMedeHo 6 crucTeMaTU4eCcKuX IpyIn
0eclo3BOHOYHBIX, OOBIYHBIX AJiA BoAoeMoB CeBepo-
3anaga Poccuy — JIMYMHKYA XUPOHOMMABI, MaJsiolle-
TUHKOBEIE YepBU, JIMUYMHKU nofeHok Ephemeroptera,
JIByCTBOpYATHle MOJUTIOCKY Bivalvia 1 TMYnHKY MOKpe-
os Ceratopogonidae, a Taxxe OOKOIJIaBHL. Bcero
naeHTUGUUUPOBaHO 13 TakCOHOB. MasoOlleTUHKOBLIE
4yepBU IIpe/ICTaBJIeHBl [BYyMA O3BPUTONHBIMU BHOaMU
Tubifex tubifex (Miiller, 1774) u Limnodrilus hoffmeisteri
Claparede, 1862. B MeJKOBOAHOM palioHe o3epa
Benso3epo Makpo3000eHTOC NpefcTaBjieH JUIUHKaMU
xupoHomugamu Chironomidae (mBa poma Chironomus
sp. u Procladius sp.). Penxo BcTpedaoTcsA JIMYUMHKU
Ceratopogonidae.

B riiy6oxoBOHO 4acTH BojjoeMa IpUCy TCTBYIOT
ambumnoasl Pallasiopsis quarispinosa (Sars, 1867). B
paiioHe BnafeHHUs peKud BoxTo3epku oTMeuarTcsa JBY-
CTBOpYATHIE MOJLTIOCKU poja Pisidium sp.

[NostyueHHBIe AAHHBIE COOTBETCTBYIOT O0Jiee paH-
HUM ucciefoBaHuAM. Tak, MO JMTepaTypHbIM HUCTOY-
HUKaM, IoHHasA ¢ayHa B o3epe Beasosepo cocTout B
OCHOBHOM M3 IpeJCcTaBuTesiell HaceKoMbIX. CpeaHsasa
YyucJaeHHoCcTh — 325 39k3./m?, 6uomacca — 1,9 r/m2.
JIOMUHUPYIOMNI KOMIJIEKC: XMPOHOMU/BI, OJINTOXETHI
u Chaoboridae.

Hxmuogayna. B coctase uxtrodayHsl o0Hapy-
JKeHBI cJIelyIollre BUABL pEIO: pANYyIIKa, I[yKa, [1JIOTBA,
yKJied, Jielll, CUHeLl, HaJIUM, OKyHb, eplll, CyAaK, IeJIA/b.
CyZak U nejsafpb — UHTPOAYLHUPOBAHHI, CyAaK ABJIAETCA
MPOMBICJIOBOM pbIOON, menAnb — peaka. OCHOBHBIMU
MIPOMBICJIOBBIMH pbIOAMHU ABJIAIOTCA JIelll U OKYHb
(AnexcangpoB, 1957). B o3epe BcTpedaroTcs Takxe
OBIYOK-TIOJIKAMEHIIUK, TOJIbAH, IpeAIoJIOXUTEeIbHO
ecTh U CUT, BHIIYI[eHHBIN B Beasozepo B 1949 — 1951
IT., U Xapuyc, HO 3TO O4YeHb pefkue puObl. K penkum
pBIbaM OTHOCATCA Jiococh U ¢opesnb. CyJak BcessascA
B 03. Beniozepo B 1959 u 1964 rr. (Crepsurosa u
Wnemact, 2009; Crepaurosa u ap., 2012; Crepaurosa
u 1p., 2016). [lomoxuTesibHBIe pe3yJIbTaThl BCeJIeHUs
cyaka oTMeueHBl aBTopaMu B Bensosepe (Kynepckuii
u ap., 1990).

Pacyer ppIOONIPOAYKTHUBHOCTH IO HOKa3arTe-
JIAM IUIAHKTOHA.

Jlna pacuera peIOONPOAYKTHUBHOCTH OBLT IIPOBe-
JIeH aHaJIu3 pacipefesieHUs OpraHnuuecKoro BellecTBa
Y 5Hepruu B TpopUUeCKUX CeTSAX 03epHOM dKOCUCTEMBI
03. Beqisiosepo ¢ ncnosb3oBaHreM 0aJaHCOBOKM MOJAEIN
B.B.Bysibona (Héakanson and Boulion, 2002; Boulion,
2017).

CpaBHeHHe MOJEJIbHBIX MJaHHBIX C 3SMIHUpUYe-
CKUMH II0Ka3ajo AOBOJIBHO OJIM3K0Oe COOTBETCTBUE IO
[IPO3pAaYyHOCTH, YPOBHIO NE€PBUYHOM NPOAYKIUU, OHO-
Macce 300IIaHKTOHA. OlleHeHHbIe 10 Mofesiy 6romacca
6eHTOCA OBLIM HECKOJIPKO BHIIIe M3MEPEeHHBIX 3Haue-

16

3000

25001

20004

15004

1000

500 -

L

.
——

2021 = 2022

1992

6.754

6.00

5,254

4,50

L

2021 = 2022

1942

Puc.4. JluHamMuKa u3MeHeHUH YrcaeHHoCTH (A, 5K3./M?)
u 6uomaccel (B, r/m2) makpo3zoo6eHTOCa 03epa Beiosepo B
pasHble TOfpbL.

HUl 3TuxX napamerpoB (Tabmuua 5). DMnupudeckue
JlaHHBIe coAepxaHuA xjlopoduiiia a Belllle MOJIeIbHBIX
pacuetoB. PacnpepeneHue Ouomacchl IJIAaHKTOHA U
6eHTOCa O3epa Benyio3epo COOTBETCTBOBAJIO 3aKOHO-
MepHOCTAM (YHKI[MOHUPOBAaHUA TPOPHUUEeCcKOH ceTu
SKOCHCTEMBI, 4YTO I03BOJIAET MCIOJIb30BaTh MOZEJIb
JUI pacyeToB PHIOOIPOAYKLIMHM K OLIEHKH BO3MOXHBIX
yJIOBOB B O3€epe.

MopesnipHbIe pacueThl OOIIell MXTHONPOAYKIUA
cocTaBWJla 3a Ce30H IpuMepHO 28 Kr/ra. BosamoxHble
ro/I0OBbIE YJIOBBI MOT'YT COCTaBJIATh TPETh OT UXTHOIPO-
AYKLIUU U paBHHL 9.6 Kr/ra.

JxocucTteMa o3epa Bepnioszepo obecnednBaet
KOpMOBYyI0 0a3y [ IUIaHKTOodaros, GeHTO(daroB u
xuiHukoB (Puc.5).

JnA cpaBHeHUA C JIMTepaTypHBIMU JaHHBIMU
(Ozepa..., 2013) B Tabsnure 5 npuBefieHb MoJeJIbHbIE
BeJINYMHH (B KKaJ./M*rof) [y GUTOIJIAHKTOHA, 300-
IIJIAHKTOHA U OeHToca OBUIM IlepecuruTaHbl B CBHIPYIO
6uomaccy.
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Ta6suna 5. CpaBHeHUe JUTepaTyPHBIX, SMIINPUYECKUX U MOJIeJIbHBIX JAaHHBIX 110 03. Befiiozepo

BesmmunHa (O3epa Kapesnuu, 2013) dMnupudeckue faHHele | MopgesbHbIe JaHHbBIE

IIpo3payHOCTb, M 1.7 1.2 1.6

Xnopodui a, MKI/JI 3.2 23.2 5.9

[MepBuuHast mpoaykusi, rC/m? 50 - 49
roj

Buomacca ¢purtoriankToHa, r/ 1.05-1.12 7.4-20.0* 2.5
M3

Buomacca 300IIaHKTOHA, I'/M3 1.5 0,9-1.6 1.3

Buomacca 6enroca, r/m? 4.9 4.5 6.1

Bo3moxHBIE yJIOBHL, KI'/Ta 12 9.6

IIpumeuanue: “*— oT/ieIbHBIE MAaKCHUMAJIbHbIE TOKa3aTes i puTomiankToHa (fanHeie 2021 r.)

4. BoiBOADI

B pesysbTaTe ucciedoBaHHs U aHaIN3a
OBLJIO yCTAHOBJIGHO COBpeMeHHOe COCTOsHMEe o03epa
Bemuiosepo no gaHHeIM ot6opa npob B 2021 u 2022 rrT.
B CpaBHEHUM C JaHHBIMU TpUALATHJIETHEN NaBHOCTH.

[TokazaHO, YTO Ha COBpeMEHHOM 3Tale 3KOCHU-
cTeMa o3epa II0 THApOOMOJIOTMYEecKHUM IOoKa3aTesiaM
COOTBEeTCTBYeT Me30TpodHOMY cTaTtycy. KoHnenTpanusa
xJIopoduiia «a» yBeJIndnuiach Ha MOPAOOK OT 3 MKI/JI
B 1992 r. 1o 11-90 mkr/ia B 2021 r. [To ypoBHIO pas-
BUTHA GUTOILUIAaHKTOHA JIUTOpajlbHas 30Ha B ceBe-
PO-BOCTOYHOM palioHe 03epa, HCIBITHIBaIoIleM 3Hauu-
TeJIbHBIN aHTPOTOTEeHHBIN MPECCUHT, XapaKTepU3yeTcs
Kak 3BTpo(dHasA ¢ mepuogaMu NoauTpoduu BO BpeMA
BCIIBIIIIEK LIBeTeHU:A. B JieTHe-oceHHUII Iepuoj oTMe-
YyaloTCA 3MNM30[bl MaccOBOI'O pa3BUTUA BOAOPOCTEN,
B TOM 4MucJie, TOKCMYHBIX nuaHobakTepuil. Ha cospe-
MEHHOM 3Talle BCIIBIIIKW IIBeTeHUA HOCAT JIOKAJIbHBIN
xapakTep. Bo3MOXHON NPUYMHON WX MOABJIEHUSA SBJIA-
eTcs cuHepruieckoe BJIMAHNE NIBYX (aKTOPOB: IIOCTO-
SIHHOUM aHTPOIIOTreHHOM Harpy3KU U MPOJ0JIKAI0LIErocs

NOTeIJIeHWA KJUMaTa B peruoHe. Takxe cjefCTBUEM
IpojioJpKalonierocs MoTelJIeHUsA KJMMaTa ceBepo-3a-
najga Poccuy MOXHO cUUTaTh IOABJIEHUE B 03epe uyxke-
POOHOTO BHIAa aMepUKAHCKON KosoBpaTku Kellicottia
bostoniensis, BiepBbie 0OHapyXeHHOTO B 03epe B 2021 1.
[TokasaHo, 4TO BoJHBIE coo0IlecTBa He NpeTep-
meyii 3aMeTHBIX u3MeHeHUN ¢ 90-X TOJI0B MHPOILIIOTO
BeKa. [1J1TaHKTOHHBIE coOOIIecTBa HAXOAATCSA B CTaOMJIb-
HOM COCTOSIHUM U 00ecCIleYrBal0T yCTONYMBYI0 KOPMO-
Bylo 6a3y pbiO-miaHkTodaroB. CocTaB U CTPYKTypa
OEHTOCHBIX COOOILECTB TaKXe He M3MeHmjach ¢ 90-x
rofoB npouwioro Beka. xtuodayna Begiosepo BKIIIO-
qaeT cJefyouiye BUAbI phi0: pANyIIKa, IiyKa, IJIOTBa,
yKJIes, Jielll, CUHell, HaJIUM, OKyHb, eplll, CyAaK, NeJiab.
Ananu3 pacnpefesieHUs OpraHUYecKoro Bellle-
CTBa U 3HEPruu B TPOPHUUECKUX CeTSAX 03€PHOI 3KOCU-
crembl 03. Besio3zepo ¢ ucnosib3oBaHreM 6ajiaHCOBOM
mopenu B.B.ByJiboHa rmokasasi, YTO pe3yJibTaThl MOJI€EJIb-
HOI'0 pacyeTa HeIJIOXO COOTBETCTBYIOT SMIUPUYECKUM
JaHHBIM. PacyeTsl mokasayy, 4TO BO3MOXHBIE YJIOBBI
(9/6 kr/ra) cocTaBAIT TPETh OT UXTUONPOAYKIUU.

DHTOILTAHKTOH

. HexHIHEIH

Pr106I 9z

TInanxrodaru 0,9
Xumusie 0,2

Benrodaru 0,8

' 300ILTaHKTOH -

EHI\‘IEPHOI'L‘IHHI\‘IOH

138

XHITHEIH
300IUTAHKTOH

Berrtoc
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10 Kkan-M2T0x

Puc.5. T'ogoBas npoaykuus (Kkaj,mM2ro/1) OCHOBHBIX 3BeHbEB 3KOCHCTEMBI 03epa Bemiozepo.
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ABSTRACT. The work analyzed measurements of the profile of photosynthetically active radiation
(PAR) in Lake Teletskoye, obtained in August 2023. It was found that in the areas where rivers flow into
the lake, the rate of vertical attenuation of photosynthetically active radiation is less than in the rest
lake aquatorium. The maximum values of 0.577 m! were found in the northern part of the lake, the min-
imum - 0.247 m? in the central part of the lake, exposed to the river Chelyush runoff. All this indicates
that the main source of dissolved organic matter is the degradation processes of organic matter in the
lake itself, which are not associated with its supply due to river runoff. An estimate of the average PAR
value attributable to the upper mixed layer was obtained. The range of its variability was from 0.13 to

0.62, which is also associated with river inflow.

Keywords: Lake Teletskoye, photosynthesis layer, in situ measurements, optical properties of inland water
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1. Introduction

The photosynthesis rate and primary production
depend on the light conditions in the environment,
which explains the relevance of studying the distri-
bution of solar radiation in the lake (Sherstyankin,
1975; Sutorikhin et al., 2016; Churilova et al., 2018;
Churilova et al., 2020a;b; Kovaleva and Suslin, 2022).
The photosynthetic layer thickness (Z,) is one of the
important characteristics of the aquatic ecosystem
state, depending on the primary hydrooptical charac-
teristics of the upper layer of water (Churilova, 2009).
As part of the summer expedition of 2023, large-scale
measurements of photosynthetically active radiation
(PAR) profiles were carried out, including the entire
water area of Lake Teletskoye.

Lake Teletskoye is a unique mountain lake with
a special hydrodynamic regime and hydrochemical
composition (Selegey and Selegey, 1978; Zinoviev et
al., 2021) which determines the optical properties of
its water.

The purpose of the work is to obtain an estimate
of the thickness of the photosynthetic layer for vari-
ous geographical areas of Lake Teletskoye, including
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E-mail address: slava.suslin@mbhi-ras.ru (V.V. Suslin)
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areas adjacent to river mouths, using an array of PAR
profile measurements, and to obtain estimates of some
important characteristics of the light field, including
the exponential attenuation of PAR and the proportion
of the average PAR value in the upper mixed layer of
the lake (UML).

The optical properties of the waters of Lake
Teletskoye, in particular, the PAR and its attenuation
coefficient, have been studied previously. However, the
results presented in this paper have a wider spatial cov-
erage of measurements than in (Akulova et al., 2022)
and a more detailed regional analysis within the lake
than in (Churilova et al., 2023; Churilova et al., 2024).
In addition, the novelty lies in obtaining an estimate
of the light in the upper mixed layer UML. Another
important aspect is that all measurements were carried
out using equipment developed and manufactured at
the Marine Hydrophysical Institute of RAS.

2. Materials and methods

To solve the problem, we used measurements
with the “CONDOR” instrument, which performed

© Author(s) 2025. This work is distributed
under the Creative Commons Attribution-
NonCommercial 4.0 International License.
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synchronous measurements of temperature (T), turbid-
ity (Turb) and PAR profiles (Lee, 2012; Latushkin and
Kudinov, 2019). All sensors of the “CONDOR” instru-
ment are calibrated (Hydrobiophysical multiparamet-
ric submersible autonomous complex “CONDOR”: URL:
https://dent-s.narod.ru/kondor.html).

The analysis uses the results of measuring the
PAR profiles at 56 stations obtained during the expedi-
tion to Lake Teletskoye in August 2023. A synchronous
measurement of the temperature profile was also car-
ried out to determine the thickness of the UML (Z,,),
which was defined as a temperature drop of 2°C from
the surface to its lower boundary. The value of 2°C was
chosen as a result of the analysis of temperature profiles
for all stations performed (N = 56) in order to remove
the influence of small rivers flowing into the lake on the
UML. This analysis is not presented in this article. The
criterion we introduced allows us to identify the main
thermocline in the summer season, or more precisely,
to clearly determine the position of the main thermo-
cline, and thereby obtain an estimate of the thickness of
the UML with sufficient accuracy (< 1 m).

A map of regions at which synchronous measure-
ments of PAR and temperature profiles were carried
out is presented in Fig. 1.

An example of temperature and PAR profiles
measured in Kamga Bay is shown in Fig. 2. The figure
shows the position of the lower boundary of the UML
and euphotic zone depth Z , as well as the value of
photosynthetically active radiation immediately below
the water surface PAR(0).

The entire lake was divided into 7 regions, includ-
ing areas adjacent to the river mouths (see Table 1).

The procedure for processing data by the
“CONDOR” instrument measured, including the cal-
culation of the UML and Z  layer, is presented as an
example in Fig. 2.

The value of the photosynthetic layer Z was
determined as the depth at which 1% of the level
of photosynthetically active radiation incident on

Fig.1. Map of the location of Lake Teletskoye and the
regions where the research was conducted. The numbers on
the maps indicate region numbers: 1 — Kamga Bay, 2 — oppo-
site the Yailyu village, 3 — central deep-water part, 4 — mouth
of the Koksha River, 5 — southern deep-water part, 6 — mouth
of the Cholyshman River, 7 — mouth of the Kyga River.

the water surface PAR(0*) was reached, where
PAR(0") = 1.06 * PAR(0") (Mankovsky, 1996), PAR(0")
is photosynthetically active radiation immediately
below the water surface. The PAR(0-) values were
found by interpolating the measured PAR(2) profile at
z—0 for the vertical attenuation coefficient K (PAR),
independent of 2z
PAR(z) = PAR(0") - exp(- K (PAR) - 2) (1).

lat, °N
depth, m

depth, m
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Fig.2. An example of simultaneous measurement of temperature profiles (b) and PAR (c) by the “CONDOR” instrument at
station 169, carried out on August 17 in Kamga Bay (a), and the result of data processing: 1 — behavior of the profile of the
measured parameter; 2 - linear approximation by equation (2); 3 — lower border of Z_; 4 — lower limit of the UML; 5 — PAR(0").
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The solution {K (PAR), PAR(0)} was found by
the least squares method after taking the logarithm of
equation (1) in the form of a linear function (2)
—ag+b, (2)
where y = In(PAR(2)), b = In(PAR(0)), a = K (PAR) is
vertical attenuation coefficient of PAR in m?, z — depth
in m.

Thus, Z, was determined both from direct mea-
surements of the PAR profile and from expression (1)
7 = _; -In(0.01) , with known K (PAR).

“ K,(PAR)

After finding the PAR(0") and the exponent a (or
K (PAR)), it is easy to obtain an estimate of the average
(PAR(0" -Z,,,))

PAR(0")

in relation to the entire incident photosynthetically
active radiation, where

(PAR(0" - Z,,,)) = ZL : joz”“” PAR(2)dz, (3)
UML
where <PAR(O_ _ZUML)> is the average value of PAR
in the UML layer, integrating (3) taking into account
(1), we obtain:
0.943

O=——"—
Kd (PAR) ' ZUML

PAR proportion in the UML (o =

(1-exp(-K,(PAR) - Z,,,)) , (4)

3. Results and discussion

The result of comparison of Z  measured in
situ with its value calculated from equation (1) with
K/(PAR) independent of z is shown in Fig. 3. From
Fig. 3 it can be seen that in situ Z, coincide quite sat-
isfactorily with their calculated value according to for-
mula (1) (R* = 0.95) for depth-independent K (PAR).
Figure 3 shows the results for 53 stations, since at 3 out
of 56 stations the calculated Z, was greater than the
sounding depth for the corresponding station.

Knowing K (PAR) and PAR(0*), itis easy to obtain
an estimate of PAR(2) for any depth from the photosyn-
thesis layer. For example, you can calculate the average
PAR value in the UML layer, which is important for a
number of problems in the functioning of phytoplank-
ton (Churilova et al., 2020a). A summary table of the
average values of the coefficients <Z€u>, <K 4 (PAR)> ,
(®) and (Z,,,) and their standard deviations (RMS),
maximum (max) and minimum (min) values for each of
the seven regions is presented in Table. 2. The results
we obtained - the range of values of the photosynthetic
layer — are in satisfactory agreement with the previ-
ously obtained results of other researchers (Akulova
et al., 2022; Churilova et al., 2023; Churilova et al.,
2024).

Maximum values of 0.577 m! were found in the
northern part of the lake in the Kamga bay (Fig. 1),
minimum - 0.247 m™ in the central part of the lake,
exposed to the Kokshi river flow (Fig. 1). The average
values of < K d(PAR)> for deepwater stations remoted
from river mouths varied from north to south with a
small minimum in the center of the lake — 0.45 m?,
0.34 m?, 0.38 m’, respectively. Figure 4a shows the
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Table 1. Information about the study areas of Lake
Teletskoye in August 2023

Ne [ Number of | Geographical location of the area
measurements
01 11 Northeast (Kamga Bay)
02 3 Northern part (opposite Yailyu
village)
03 Central deepwater part
04 Central part (mouth of the Kokshi
River)
05 2 Southern deepwater part
06 10 Southwestern part (mouth of the
Cholyshman River)
07 15 South-eastern part (mouth of the Kyga
River)
20 T T T : T T
11 — __
18 | [ '
B 16
3
N 14
=]
2
8 12 +
-
ke, A
S 101
N=53
R2=0.95
8 | i
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Fig.3. Comparison of in situ Z, with calculated Z  using
equation (1).

relationship between (K, (PAR)) and (z,,) for seven
regions, demonstrating regional variability. The nature
of the relationship indicates that the optical properties
of water carried out by rivers differ from the optical
properties of the lake. Figure 4b illustrates the relation-

ship between <a)> and <ZUML>, which is also related
to river inflow. The range of variability of » was from
0.13 to 0.62 (Table 2). All of the listed features indi-
cate that the main source of dissolved organic matter is
the degradation processes of organic matter in the lake
itself, which are not associated with its supply through
river runoff.

4. Conclusions

It has been shown that in the areas where riv-
ers flow, the vertical attenuation coefficient of photo-
synthetically active radiation is on average less than in
the remaining lake aquatory. The maximum values of
0.577 m! were found in the northern part of the lake,
the minimum - 0.247 m™! in the central part of the lake,
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Table 2. Statistical characteristics of PAR for seven regions of Lake Teletskoye

Ne | (Z,)* RMS
A ) I (K,(PAR)) * RMS (@) = RMS (Zyp ) + RMS
min/max, m min/max min/max, m
01 13.3+0.5 0.359+0.022 0.44+0.02 5.6+0.4
8.2/14.4 0.315/0.577 0.33/0.56 3.8/8.2
02 10.9+2.0 0.452+0.067 0.31+0.03 6.9+0.6
8.4/14.8 0.322/0.547 0.26/0.36 6.0/8.0
03 13.9+0.8 0.337+0.027 0.51+0.03 4.9+0.5
9.2/16.2 0.247/0.509 0.38/0.62 3.0/7.6
04 13.2+0.2 0.351 +0.006 0.31+0.06 10.8+2.1
12.6/14.4 0.322/0.365 0.13/0.55 4.2/20.6
05 12.6+0.4 0.377+0.013 0.32+0.14 9.5+4.5
12.2/13.0 0.364/0.390 0.18/0.46 5.0/14.0
06 12.9+0.4 0.358+0.010 0.19+0.02 17.0+0.7
11.4/14.6 0.312/0.408 0.13/0.57 3.8/19.6
07 13.6+0.3 0.338 +0.007 0.32+0.02 9.4+0.7
10/14.6 0.309/0.422 0.24/0.61 3.2/12.2
Note: *PAR — uE m? s’
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exposed to the river Kokshi runoff. This indicates that
the main source of dissolved organic matter is the deg-
radation processes of organic matter in the lake itself,
which are not associated with its supply due to river
runoff. In addition, an estimate was obtained for the
proportion of the average PAR value attributable to the
upper mixed layer, with a variability range of 0.13 -

0.62, which is also associated with river inflow.
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Cnou poTocuHTE3a NO AAHHbBIM U3MEPEHUH
npoduna GoTOCUHTETHUECKH aKTUBHOM
paanauuu Teneukoro osepa B aBrycre
2023 ropa: permoHanbHble 0COOEeHHOCTH
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AHHOTAILINSL. B paboTe BBHIIIOJIHEH aHAJIN3 U3MepeHni npoduiisa POTOCUHTETUYECKN aKTUBHOM paju-
anuu (®AP) B TenerikoMm o3epe, mojryueHHbIX B aBrycte 2023 roga. [TosmydeHo, yTo B palioHax Bhafe-
HUA peK MoKasaTeJlb BepTHUKaJIbHOrO ocjiabsieHns (POTOCHMHTETUYECKHW aKTMBHOU pajualuy MeHble,
YeM Ha OCTAJIbHOHM akBaTOpWH o3epa. MakcumasibHble 3HaueHUs 0.577 M oOHapyXeHbl B CEBEPHOM
YacTu 03epa, MUHUMAaJsIbHbe — 0.247 M! B [IEeHTPaJIbHON YacTU 03€pa, MOABEPKEHHON CTOKY p. UesTrol.
Bce 3TO ykasbplBaeT, YTO OCHOBHBIM MCTOYHMKOM PacTBOPEHHOI OpraHMKU ABJIAIOTCA MPOLECCH Aerpa-
Januy OpraHuYyecKoro BellecTBa B CaMOM O3epe, He CBA3aHHBIE C e€ MOCTYyIUIeHHEeM 3a CYET CTOoKa
pek. IlosyueHa onieHka cpefiHero 3HaueHus ®AP, npuxopsmielicss Ha BEPXHUN KBAa3UOAHOPOIHBIN CJIOMH.
Juana3oH e€ naMmeHunBoCTU cocTaBmii oT 0.13 go 0.62, KOTOPBHII TakXe CBsI3aH C IPUTOKOM pekK.

Kitiouegsie citoga: Tesnenkoe 03epo, ¢Jioi pOTOCUHTE3a, U3MEPEHUs in Sitl, ONTUYeCKre CBOMCTBA BHYTPEHHUX
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1. BBeaenue

CkopocTb GOTOCHHTE3a U ITepBUYHAA IPOAYKINA
3aBUCAT OT CBETOBHIX YCJIOBUI B cpefle OOUTaHMsA, UTO U
O0OBACHAET aKTyaJbHOCTb UCCJIEJIOBAHUA PACIPOCTPa-
HEHUsl COJITHeYHOU pajuanuu B o3epe (IllepcTsHkuH,
1975; CytopuxuH u ap., 2016; Churilova et al., 2018;
Churilova et al., 2020a;b; KoaniéBa u CycyuH, 2022).
Tonmmumua cios otocuHTesa (Z,) ofHA M3 BaXXHBIX
XapaKTEePUCTUK COCTOSIHUA BOAHON 3KOCHUCTEMBI, 3aBU-
cAAsi OT TMEePBUYHBIX TUAPOONTUYECKUX XapaKTepu-
CTHK BepxHero cJios Boasl (Uypunosa, 2009). B pamkax
netHen skcnenuiuu 2023 roga mpoBeeHbl MaciiTab-
Hble u3MepeHus npoduiet GOTOCUHTETUYECKU AKTUB-
Hol paguanuy (OAP wnu PAR, photosyntetically active
radiation), BxJIOUalOIIMiEe BCIO aKBaTOPHUIO TeseIKkoro
o3epa.

Teslenikoe 03epo — YHHMKaJIbHOE TOPHOE 03epo
C 0OCOOBIM THJIPOAUHAMUYECKUM PEXUMOM U THIPO-
xumudeckuM coctaBoM (Cestereri u Cenereii, 1978;
3uHOBBEB U [Ip., 2021), UTO U Ompe/iesisieT onTUYecKue
CBOYICTBA €ro BOJBHL.

* ABTOP [JIsl IEPEIUCKHY.
Anpec e-mail: slava.suslin@mbhi-ras.ru (B.B. Cyciun)

INocmynwna: 17 utona 2024; IIpunama: 09 aaBaps 2025;
Ony6tukoagana online: 26 deppans 2025
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Llesp pabOTHI — TOJIYYUTh OLIEHKY TOJIIIUHEL CJI0A
¢oTocuHTe3a AJIA pa3IMYHBIX reorpaduueckux pario-
HoB TeJtelikoro o3epa, BKJIl04as paiioHsl, Ipujeraomme
K YCTbAM peK, C UCII0JIb30BaHNEM MaccuBa U3MepeHul
npoduna GAP, 1 NOJSyUYUTh OLIEHKHM HEKOTOPBHIX BaX-
HBIX XapaKTepHCTUK CBETOBOIO II0JiA, BKJIIOYas IOKa-
3aTeJIb SKCIIOHEHI[UAJIBHOIo ocjabjeHus ®AP u goau
cpegHero 3HaueHus DAP B BepxHeM KBa3sWMOAHOPOJ-
HoM cJioe o3epa (BKC wu UML, upper mixed layer).

OnTuueckue cBolicTBa Boj Tesenkoro osepa, B
yactHocTH, @AP u mnokaszaTeyib e€ ocyiabjieHus U3y-
yajguch U paHee. OHaKO NpejcCTaBjIeHHbE B JaHHOM
paboTe pe3yJibTaThl UMEIOT GoJjiee MIMPOKUI IPOCTPaH-
CTBEHHBIN OXBaT U3MepeHUsIMHU, 4eM B paboTe (AKy10Ba
u ap., 2022), u 6osiee noApOOHLIN peroHaJIbHBIN aHa-
JIN3 BHYTPHU 03epa, yeM B pabore (Churilova et al., 2023;
Churilova et al., 2024). Kpome TOro, HoBU3Ha COCTOUT
B IIOJIy4YeHUHU OLIeHKH CBeTa B BepXHeM IlepeMellaH-
HOM cJioe. JIpyroii HemMaJIOBaXXHbII acleKT COCTOUT B
TOM, YTO BCe KM3MepeHHs ObLIM BBHINOJIHEHB! C IIOMO-
IIbI0 anmapaTypsl pa3paboTaHHOMN 1 U3rOTOBJIEHHOHN B
Mopckom ruapodpusndeckom uHeTutyte PAH.

© Asrop(s1) 2025. DTa pabora pacnpocTpaHs-
eTcs o MexIyHapoJHo! jiutieH3uel Creative
Commons Attribution-NonCommercial 4.0.
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2. MaTepuanbl U MeTOAbI

J7ia pelenus 3ajauy MCIIOIb30BaIN U3MepeHUs
npubopom «KOHJIOP», KOTOpBII BBIMOJIHAJI CUHXPOH-
Hble u3MepeHus npoduseit temmnepatyps (T), MyTHO-
ctu (Turb) u ®AP (JIu, 2012; JlatymkuH u KyquHOB,
2019). Bce mnatuuku npubopa «<KOHIOP» nmpokanubpo-
BaHbl (Komriuiekc runpo6uodusnyeckuii MyJibTUNIapa-
MeTPUYECKUI TMOrpyXHOU aBTOHOMHBIN «KOHJOP»:
URL: https://dent-s.narod.ru/kondor.html).

B ananuse 1cnoJsb30BaHBl pe3yJibTaThl HM3Mepe-
HuA npodusieit ®AP Ha 56 cTaHIUAX, [OJIy4YeHHbIE B
xofe skcneauuu Ha Teserkoe o3epo B aBrycre 2023
roaa. [TpoBoanIoch ¥ CHHXpOHHOE H3MepeHue Npoduis
TeMIlepaTyphl AjiA onpefesaeHns ToamuHsl BKC, koTto-
pas onpefeJisiach, Kak IajieHue TeMiepartypsl Ha 2°C
OT MOBEPXHOCTU [0 ero HiDkHel rpaHulbl. BenmuuHa
2°C Oblya BeIOpaHa B pe3yJibTaTe aHaauza npoduiiei
TeMIlepaTyphl AJIA BCeX, BBIMOJIHEHHBIX cTaHIUU (N =
56), uTo6b! yOpaTh BiauAHue Ha BKC HeGoJbIINX pek,
BIIAAAONUX B 03epo. DTOT aHa/M3 B JaHHOU cTaTbe
He mpuBefléH. BBeJEHHBII HAMU KPUTEPUL NO3BOJISAET
BBIIEJIUTh OCHOBHO! TE€PMOKJIUH B JIETHUI Ce30H, TOY-
Hee, YETKO OIpeJieJINTh [10JI0KeH e OCHOBHOT'O TePMO-
KJIMHA, ¥ TeM CaMbIM IIOJIyYUTh OLleHKY TouHb BKC
C IOCTaTOYHOU TOYHOCThIO (< 1 M).

Kapra palioHOB, Ha KOTOPBIX BBINOJIHEHH! CHH-
XpOHHbIe n3MepeHus npoduieit ®AP u TemiepaTypsl,
npeacrasjeHsl Ha Puc. 1.

[Ipumep npodueii Temneparyps u AP, uszme-
peHHBIX B 3a1. Kamra, nokasan Ha Puc. 2. Ha pucyHke
OTMEYEHO MOJIOXeHne HikHel rpanuipl BKC u Z , a
TakXxe 3HaueHUe GOTOCUHTETUYECKH aKTUBHOM pajua-
UM Ccpa3y MoJ MoBepxXHOCThI0 Boabsl ®AP(0Y).

Bce o3epo 6b110 pa3dbuTo Ha 7 palioHOB, BKJII0Yas
palioHBbI, IpuslerawIye K ycrbam pek (cm. Tabmauiy 1).

[Tponenypa 06paboTKu JaHHBIX U3MEPEHUH TIPU-
6opom «KOHJIOP», Brumtouaromas pacyér ciaosi BKC u
Z,, IpeJiCTaBJieHa B Bu/ie mpuMepa Ha Puc. 2.

Puc.1. Cxema pacmosioxeHus: TeJienikoro o3epa U paro-
HOB, rjle NPOBOAWJINCH HccyiefoBaHusA: 1- 3anusB Kawmra, 2-
HanmpoTuB mnoceyka Amo, 3— neHTpaJibHasA TIyOOKOBOAHAS
4acTh, 4- ycTbe p. Kokmm, 5- 10kHasA riiy0OKOBOAHAsA 4acThb,
6— yctbe p. UysbiumMas, 7 — ycrbe p. Keira.

BennuuHa cosa ¢orocuHTE3a Z  — OmNpenesis-
jach Kak riybuHa, Ha KoTopoyl gocturaica 1 %
ypoBeHb (OTOCUHTETHMYECKU AaKTUBHOW pagualuu,
najamniiell Ha MoBepxHOCTh Boabel ®AP(0*), rnme
®AP(0*) = 1.06 - ®AP(0) (ManbkoBckuii, 1996),
®AP(0) - doTocuHTEeTHMYEeCKH aKTHUBHas paguanus
cpasy IMoJi MOBepXHOCThIO Bonbl. 3HaueHus DAP(0)
HaXOIWJIUCh MyTEM HMHTEPHOJIALUN U3MEPEHHOI'O MPO-
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Puc.2. [IpuMep 0HOBpPEMEHHOTO M3MepeHusa npoduiein TemnepaTtypsl (b) u ®AP (c) npu6opom «KOHIOP» Ha cT. 169
paiioH 1, BeinosiHeHHO! 17 aBrycra B 3aymBe Kamra (a), 1 pe3ysibTaT 06paboTKH JaHHBIX: 1 — oBefieHre Npoduis N3MepsAeMoro
napaMerpa; 2 — JIMHelHas annpoKcuManus ypaBHeHueM (2); 3 — HKHsiA rpaHuna Z, ; 4 — HukHas rpanuna BKC; 5 — ®AP(07).
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una ®AP(z) npu z—0- AJ14 nokasaresis BepTHUKaIb-
Horo ocJiabsienusa K d((DAP), He 3aBHCAIIETrO OT %
®AP(z) = ®AP(0) - exp(- K d((DAP) -2) (1)
[Tpouenypa o6paboTKU JaHHBIX U3MepeHUil pu-
6opom «KOHJIOP», Bruouamotias pacuét cjoss BKC u
Z,, IpeJiCTaBjieHa B BU/le IpuMepa Ha Puc. 2.

Pemenne {K d((DAP), ®AP(07)} HaiineHO MeTO-
JIOM HaMMEHBIINX KBaJpaToB IMocje Jiorapudmuposa-
HUA ypaBHeHUs (1) B Buze auHelHON QyHKUINU (2)

y =-az+b, (2)

rae y = In(®AP(2)), b = In(®AP(0)), a = K,(DAP)
— MoKa3aTeJib BepTUKaJIbHOTO ocyiabyieHusa OAP, B MY,
Z— rJlyOVHa B M.

Takum oGpasom, Z  ONpejesAaoch Kak 1o Mps-
MBIM u3MepeHUsM Tmpoduyiss @AP, Tak U U3 BhIpaxe-

1

Hua (1) Z, =—————-In(0.01), npu uU3BeCTHOM
K (DAP). K, (®AP)
ITociie Haxoxnmenusa @AP(0) u mnokasa-

Tesia oKcmoHeHTHI a (mm K d((DAP)) JIETKO TOJIy-
4YUTh OLleHKy JoJsii cpegHero 3HauyeHuss ®AP B BKC
<CDAP(07 - ZBKC )> o
= - ) II0 OTHOIIEHHI0 KO BCel
DAP(07)
nagawmnieil GOTOCUHTETUYECKU aKTUBHOM paauaruu,
rae

(PAP(0 - Z,)) = % : LZB“ DAP(z)dz , (3)
KC

B,

rme <CDAP (07 _ZBKC)> — cpenHee 3HaueHue ®OAP B
csioe BKC, unrerpupys (3) ¢ yuétom (1), mosyuaem

0.943
o = - -(1- exp(—K (CDAP) -Z ) .4
Kd ((DAP) ZBKC ( ‘ e )

3. Pe3yabTartbl M 06cy)xpeHnue

PesysnpraT cpaBHeHHA Zeu, U3MepeHHOH in situ,
C e€ 3HaUYeHUEeM, BRIYHMCJIEHHBIM 110 ypaBHeHMIo (1) mpu
Kd(®AP), He 3aBHCALUM OT Z, IToKazaH Ha Puc. 3. U3
Puc. 3 BuaHO, 4TO in situ Zeu BHoJiHe yOOBJIETBOPU-
TEJIbHO COBHAJAI0T C WX PACYETHBHIM 3HAYEHUEM IIO
dopmysie (1) (R2=0.95) nya He3zaBUCANIEro OT TJIy-
6unbl KA(®AP). Ha Puc. 3 moka3aHbl pe3yJibTaThl OJ1A
53 craHnuii, T. k. Ha 3 U3 56 cTaHUMil pacuéTHaa Zeu
6nly1a OOJIbllle, YeM TJIyOMHA 30HAUPOBAHUA IJIA COOT-
BETCTBYIOIIEN CTAaHINU.

3Haa K d((DAP) u ®AP(0*), jerko IMOJIYYUTH
orfeHKy ®AP(z) asa o000l riaybuHbBl U3 cjiosi GOTO-
cuHTe3a. Hampumep, MOXHO cAejlaTh PAcu€T CpeIHEro
sHaueHusa OAP B ciioe BKC, 4To BaxXHO [J14 psAAa 3agay
dyuknmonupoBanus ¢utomiankrona (Churilova et al.,
2020a). CBogHas Tabouia cpeJHUX 3HaueHUH Ko du-

uuentos {(Z,, ), (Kd(q)AP», (0) n (ZBKC> U UX cpeji-
HeKBaJIpaTUYHbIX O0TKJIOHeHui (CKO), MakcMMaIbHOTO
(Makc) ¥ MUHMMAajbHOro (MHH) 3HAYeHMH JIS Kax-
JOro U3 ceMM PANOHOB mpejcTaBiieHa B Tabsuie 2.
[TosrydeHHbIE HAMU PE3YJIbTAThl — IUANA30H 3HAYEHUN
cJi0s1 POTOCUHTE3A — YIOBJIETBOPUTEIIBHO COTJIACYIOTCSA
C paHee MOJTyYeHHBIMU pe3yJIbTaTaMU APYTUX UCCIIE0-
BaTeJstel (AkyJsoBa u Jp., 2022; Churilova et al., 2023;
Churilova et al., 2024).
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Ta6auna 1. Uadopmanusa o paiioHax KccjiefOBaHUSA
Tenenkoro o3epa B aBrycre 2023 r.

No | KosimuectBo [Teorpaduueckoe nosioxxeHue paroHa
H3MepeHuU
01 11 CeBepo-BocTOK (3asiuB Kamra)
02 3 CeBepHas 4acTh (HapOTUB NOCEJIKa
Aimo)
03 LenTpanpHas riiy0OKOBOAHAS YaCTh
04 LlenTpanbHas yacTh (ycTbe p. Kokmn)
05 IOxHas riry60KoBOAHASA YACTh
06 10 IOro-3anapgnas yacts (ycThe p.
Yy JIBIIIMaH)
07 15 IOro-Bocrounas yacts (ycrthbe p. Keira)
20 . : . . . .
1] — ”
18 | & ]
< 16 ¢ .
N 14 r 9
)E P
= ‘
£ 12 t gh .
[ 3
é A
a 10+ N=53
R?=0.95
8 -
6 1 1 1 1 1 1
6 8 10 12 14 16 18 20
insituZg,, M

Puc.3. CpaBHenwue in situ Z, ¢ pacyéTHbHIM Z, 1O ypaB-
HeHuio (1).

MakcumMasibHbie 3HaveHus 0.577 m?! ob6Hapy-
XKeHBl B CeBepHOU uyacTu o3epa B 3ay. Kamra (Puc. 1
patioH 1), MuHumasibHeie — 0.247 M B IeHTpaJIbHOM
yacTu o3epa, noABepxxeHHO! cToky p. Kokmm (Puc. 1
pation 4). Cpesrme sHauenus (K, (®AP)) ams rayGo-
KOBOIHBIX CTaHIMH, YOAJIEHHBIX OT YCThEeB peK, MeHs-
JIICh C ceBepa Ha Ior ¢ HeGOIbIIINM MUHIMYMOM B IeH-
Tpe o3epa — 0.45 M1, 0.34 M1, 0.38 M! COOTBETCTBEHHO.

Ha Puic. 4a nmokasaHa cBssb Mexay (K, (PAP)) u (z,)
JUJIA ceMU palioHOB, JeMOHCTpHUpYIOlias PerMOHAJIbHYIO
M3MEHUYMBOCTb. XapaKTep CBA3U yKa3blBaeT, YTO OINTU-
yecKre CBOICTBA BOJI, BBIHOCHMMEBIX peKaMH, OTJIM4Ya-
I0TCSA OT ONTUYECKUX CBOMCTB 03epa. Ha Puc. 4b mpow-

JIIOCTPUPOBAaHA CBA3b MEXAY (60> u (ZBKC>, KOTOpas
TakkXe CBsA3aHa C IPUTOKOM pek. J/[ana3oH U3MeHYMBO-
ctu w coctaBmit oT 0.13 1o 0.62 (Tabsmra 2). Bee nepe-
YyrcJeHHble 0COOEHHOCTU YKa3bIBalOT, YTO OCHOBHBIM
HWCTOYHUKOM PaCTBOPEHHON OPraHUKU ABJIAIOTCA MpPO-
I[ecChl Jjerpajaliiyl OpraHnyeckoro BelecTsa B CaMOM
o3epe, He CBA3aHHBIE C €€ TIOCTYIJIEHUEeM 3a CYET CTOKa
pex.
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Ta6suna 2. Cratuctudeckue xapakTtepuctuku ®AP 11 cemu patioHoB Tesienikoro ozepa

Neo
(Z,,) = CKO (K, (®AP)) * CKO (@) = CKO (Zyre) + CKO
MMH/MaKc, M MMH/MaKc, M’ MHH/MaKc MHH/MAaKc, M
01 13.3+0.5 0.359+0.022 0.44+0.02 5.6+0.4
8.2/14.4 0.315/0.577 0.33/0.56 3.8/8.2
02 10.9+2.0 0.452+0.067 0.31+0.03 6.9+0.6
8.4/14.8 0.322/0.547 0.26/0.36 6.0/8.0
03 13.9+0.8 0.337 +£0.027 0.51+0.03 4.9+0.5
9.2/16.2 0.247/0.509 0.38/0.62 3.0/7.6
04 13.2+0.2 0.351 £0.006 0.31+0.06 10.8+2.1
12.6/14.4 0.322/0.365 0.13/0.55 4.2/20.6
05 12.6+0.4 0.377+£0.013 0.32+0.14 9.5+4.5
12.2/13.0 0.364/0.390 0.18/0.46 5.0/14.0
06 12.9+0.4 0.358+0.010 0.19+0.02 17.0+0.7
11.4/14.6 0.312/0.408 0.13/0.57 3.8/19.6
07 13.6+0.3 0.338 +0.007 0.32+0.02 9.4+0.7
10/14.6 0.309/0.422 0.24/0.61 3.2/12.2

ITIpumeuanue: * ®AP — MkD M2 ¢

4. BoiBOADI

[TokazaHo, yTO B palioHax BHNajeHUs peK IoKa-
3aresib BepTHUKAJIBHOTrO ocjabyeHusa (HOTOCUHTeTHYe-
CKM aKTHMBHOI pagualuy B cpeHeM MeHbllle, yeM Ha
OCTaJIbHOM akBaTopum o3epa. MakcumasibHble 3Hade-
Hus 0.577 m! o6HapyXeHBI B CeBepHOH 4acTH 03epa,
MuHUMaibHble — 0.247 M! B LeHTpayJibHOM YacTu
o3epa, MOABEPXXeHHOU cTOKy p. Kokmm. DTo ykasbl-
BaeT, YTO OCHOBHBIM MCTOYHUKOM pacTBOPEHHOII opra-
HUKU ABJIAIOTCA NPOLECCH AerpaAaliid OpraHnyeckoro
BellleCTBa B caMOM O3epe, KOTOpble He CBA3aHHl C eé
MOCTYIJIEHHEM 3a CYéT CTOKa pek. Kpome Toro, noy-
YyeHa OLleHKa [oJu cpedHero 3HaueHus ®AP, npuxo-
JOsmielics Ha BepXHUM KBa3MOJHOPOIHBIN CJIOH, ¢ Aua-
na3oHoM usaMeH4YuBOCTH 0.13 — 0.62, KOTOpHII Takxke
CBs3aH C IPUTOKOM peK.
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Trophic state of the Kizhi skerries area of
Lake Onego and water quality assessment
based on summer phytoplankton
indicators
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ABSTRACT. The study of summer phytoplankton (July-August 2020 and 2022) in the Kizhi skerries area
of Lake Onego revealed high quantitative indicators of phytoplankton development, which characterises
this area as meso-eutrophic. The phytocenosis was characterised by high species diversity, which is typ-
ical for the summer phytoplankton community of Lake Onego. However, at the time of the study, the
indicator species of B-mesosaprobic pollution zones (water quality class 3, satisfactorily clean) exhibited
the greatest quantitative development. Notable species with the potential to produce cyanotoxins were
observed, although their quantitative development was relatively limited. The analysis of multi-year
changes revealed an increase in the abundance of cyanobacteria, green algae and euglena algae. The
total biomass of phytoplankton increased as a result of the proliferation of numerous, small-celled cya-
nobacteria and a limited number of large-celled, benthic and planktonic-benthic diatom algal species.
The marked proliferation of phytoplankton in the study area is attributable to the prevailing natural
conditions. Further research is required to ascertain the precise reasons for the observed increase in
phytoplankton quantities in recent years.

Keywords: phytoplankton, Kizhi Island, Lake Onego, abundance, biomass

For citation: Smirnova V.S. Trophic state of the Kizhi skerries area of Lake Onego and water quality assessment based on summer
phytoplankton indicators // Limnology and Freshwater Biology. 2025. - Ne 1. - P. 30-51. DOI: 10.31951/2658-3518-2025-A-1-30

1. Introduction tectural monuments on Kizhi Island (Onego Lake, Atlas,

2010). The architectural ensemble of the Kizhi Pogost

The Kizhi archipelago is a system of islands situ- was inscribed on the UNESCO List of World Cultural

ated in the north-western part of Lake Onego, the sec-
ond largest freshwater body of water in Europe. The
Kizhi skerries are distinguished from all other areas of
the lake by exceptional geological structure (Golubev,
1999; Deines, 2013). The landscape features of this ter-
ritory have resulted in the formation of unique condi-
tions for the development of not only terrestrial, but
also aquatic biocenoses (Kapitonova, 2008; Deines,
2013). The development of hydrobiocenoses in this
area is characterised by the presence of well-warmed
shallow water and weak dynamics of water masses.
Consequently, even in the earlier period of research
(60-70s), this area was identified as the most produc-
tive (Vislyanskaya et al., 1999; Chekryzheva, 2008).
One of the islands of the Kizhi archipelago, Kizhi
Island, is the location of the architectural ensemble of the
Kizhi Pogost. The Kizhi State Historical, Architectural
and Ethnographic Museum-Reserve comprises 68 archi-
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Heritage Sites in 1990, becoming one of the inaugural
three Russian sites to be included on the UNESCO list.
From 1989 to 1997, the Reserve received an average of
65,000 to 158,000 visitors annually (Protasov, 1999).
At this juncture, the Kizhi skerries area is subjected to
considerable anthropogenic pressure, largely due to the
impact of water transport and an increase in the volume
of domestic wastewater generated by the museum-re-
serve and private residences. During the summer sea-
son (July-August) between 1992 and 2011, high con-
centrations of oil products in water, ranging from 0.15
to 0.6 mg/1, were observed (Sabylina, 1999; Protasov,
1999; Sabylina and Ryzhakov, 2007; Sabylina et al.,
2012). With regard to the total phosphorus concen-
tration in water during this period, the Kizhi skerries
area was characterised as mesotrophic (up to 25 pg/1)
(Galakhina et al., 2022). It is at this juncture that alter-
ations in the phyto- and bacterioplankton of the study

© Author(s) 2025. This work is distributed
under the Creative Commons Attribution-
NonCommercial 4.0 International License.
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area are discerned. In accordance with the degree of
advancement of these biocenosis representatives, the
Kizhi skerries area was also categorised as a mesotro-
phic region of Lake Onego (Vislyanskaya et al., 1999;
Chekryzheva, 2008).

The number of tourist arrivals has increased to
360,000 per year, as indicated in the Activity Report
for 2023. The highest concentration of microplastics
was identified in the bottom sediments adjacent to the
primary passenger pier of the Museum-Reserve ‘Kizhi’
(Zobkov and Efremova, 2023). However, recent hydro-
chemical studies conducted between 2019 and 2020
indicate a reduction in total phosphorus, nitrates, and
BOD, levels compared to long-term data from the same
region (Galakhina et al., 2022).

Phytoplankton demonstrate a rapid response to
alterations in habitat conditions, thereby enabling the
determination of the trophic status and sanitary con-
dition of water bodies (Abakumov, 1977; Reynolds,
2008; Parmar et al., 2016). The objective of this study
is to evaluate the present condition of the surround-
ing area of the Kizhi Museum-Reserve, with particular
attention to water quality and trophic status, employ-
ing quantitative and structural indicators of summer
phytoplankton.

2. Materials and methods of research

In July and August of 2020 and 2022, four water
samples were collected at two stations in the Kizhi
Skerries region of Lake Onego for the purpose of ana-
lysing the phytoplankton present in the surface layer
(0.5 m). Station Z_2 (5 m depth) is situated in close
proximity to the water transport pier on Kizhi Island,
where the Kizhi Museum-Reserve is located. Station Z_3
(10 m depth) is located on the eastern side of the island
(Figure 1).

Water samples of 500 ml were taken with a
Ruttner bathometer and fixed with 10 ml of 40% for-
malin. They were then concentrated on membrane
filters (pore diameter 0.8 um) to a volume of 5ml, in
accordance with the methodology described by Kuzmin
(1975) and Fedorov (1979). The identification of spe-
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cies was conducted in accordance with the criteria
set forth by Zabelina et al. (1951), Matvienko (1954),
Tikkanen (1986), and the “Freshwater Algae of...” ref-
erence (2015), utilizing a Mikmed-6 microscope at
400x magnification. The species diversity of the phy-
toplankton community was assessed by the Shannon-
Weaver (H) index (Shannon and Weaver, 1949), the
uniformity of species distribution in the community by
the Pieluequalization index (E) (Odum, 1986). Species
with abundance and/or biomass greater than 10%
were categorized as dominant species, and species with
abundance and/or biomass greater than 5% were cat-
egorized as subdominants species. Ecological and geo-
graphical characteristics and indicator significance of
phytoplankton species were determined according to
the methodology (Makrushin, 1974; Vasser et al., 1989;
Barinova et al., 2006). The water saprobic index was
calculated in accordance with the Pantle-Buck method,
modified by Sladecek (Sladecek, 1973). The zone of
water saprobity was determined in accordance with the
established ecological classification of surface waters
(Oksiyuk et al., 1993). To analyse modern phytoplank-
ton data with long-term data, we utilised the registered
database (Syarki et al., 2015) and Spearman’s rank cor-
relation coefficient, performed in Statictica Advanced
10 for Windows Ru package. The water surface tem-
perature during the study period was measured using a
CastAway-CTD device and compared with the recorded
temperature data using a confidence interval (Kalinkina
et al., 2023).

3. Results and discussion

The phytoplankton composition in the Kizhi
skerries area at the time of the survey included 105
taxa, including 97 algal taxa ranked below the genus, 8
taxa ranked up to the genus, belonging to 7 systematic
divisions: Bacillariophyta - 38 (36.2%), Chlorophyta -
29 (27.6%), Cyanobacteria - 16 (15.2%); Chrysophyta
- 15 (14.3%); Euglenophyta - 3 (2.9%); Cryptophyta - 1
(1%), Dinophyta - 3 (2.8%) (Table 1). The species com-
position of phytoplankton is typical for the phytoceno-
sis of Lake Onego (Chekryzheva, 2012).

&Y

W - Kizhi Island

Fig.1. Location map of phytoplankton sampling stations in the area of Kizhi skerries of Lake Onego.
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Table 1. Occurrence of summer phytoplankton species at water sampling stations in the area of Kizhi skerries of Lake Onego

No Species composition Stations
7.2 7.3
Cyanobacteria
1 Synechocystis aquatilis Sauv. + +
2 Merismopedia punctata Meyen. + -
3 Aphanocapsa elachista var. elachista W. et G. S. West + +
4 Aphanothece clathrata W. et G.S. West f. clathrata + +
5 Gloeocapsa limnetica (Lemm.) Hollerb. (= Croococcus limneticus Lemm.) + +
6 Gloeocapsa magma (Bréb.) Kiitz. emend Hollerb. - +
7 Gloeocapsa minima (Keissl.) Hollerb. ampl. f. minima + -
8 Gloeocapsa minor (Kiitz.) Hollerb. (= Croococcus minor (Kiitz.) N&g.) + -
9 Gloeocapsa minor f. dispersa (Keissler) Hollerbach + +
10 Gloeocapsa punctata Nag. emend. Hollerb. + +
11 Gloeocapsa turgida (Kiitz.) Hollerb. (= Chroococcus turgidus (Kiitz.) Nag.) + -
12 Gloeocapsa vacuolata (Skuja) Hollerb. + +
13 Gloeocapsa varia (A. Br.) Hollerb. - +
14 Gomphosphaeria lacustris Chod. (= Snowella lacustris (Chod.) Kom. et Hind.) + +
15 Oscillatoria planctonica Wolosz. (= Limnothrix planctonica (Wolosz.) Meffert + -
16 Gloeocapsa sp. - +
Cryptophyta
17 Cryptomonas erosa Ehr. + -
Dinophyta
18 Glenodinium edax Schilling. + -
19 Peridinium cinctum (Miill.) Ehrb. + -
20 Ceratium hirundinella (O. F. Miill.) Schrank + +
Chrysophyta
21 Chrysococcus cordiformis Naum. + -
22 Chrysococcus rufescens Klebs. var. rufescens + -
23 Kephyrion ovum Pascher + -
24 Dinobryon bavaricum Imhof var. bavaricum + +
25 Dinobryon divergens Imhof. + +
26 Dinobryon sertularia Ehr. + +
27 Dinobryon sociale Ehr. + -
28 Dinobryon sociale var. stipitatum (Stein) Lemm. + +
29 Dinobryon suecicum Lemm. + +
30 Pseudokephyrion entzii Corn. + +
31 Mallomonas caudate Twan. Sensu Krieger I -
32 Mallomonas coronata Boloch. - +
33 Mallomonas fressenii Kent. + -
34 Bitrichia chodatii (Reverdin) Chodat. - +
35 Chrysopyxis urna Korsch. - +
Bacillariophyta
36 Stephanodiscus hantzschii Grun. - +
37 Cyclotella meneghiniana Kiitz. (= C. kuetzingiana) + +
38 Cyclotella schumannii (Grun.) Hakasson (=C. kuetzingiana var. schumannii Grun.) + -
39 Discostella stelligera (Cleve et Grunow) Houk et Klee + +
40 Puncticulata bodanica (Grun.) Hdkansson + +
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No Species composition Stations
Z2 Z3
41 Puncticulata comta (Ehr.) Hadkansson. + +
42 Puncticulata radiosa (Lemm.) Hakansson + +
43 Melosira varians Ag. + -
44 Aulacoseira islandica (0. Miiller) Sim. (=incl. f. curvata f. islandica (O. Miill.) + +
Sim.; Melosira islandica ssp. helvetica O. Miill. (O. Miill.) Sim.; Melosira islandica
ssp. helvetica O. Miill.
45 Aulacoseira granulate (Ehr.) Sim. + +
46 Aulacoseira italica (Ehr.) Kiitz. f. italica +
47 Acanthoceras zachariasii (Brun) Sim. - +
48 Fragilaria constricta Ehr. f. constricta + -
49 Fragilaria crotonensis Kitt. + +
50 Fragilaria pinnata Ehr. + -
51 Synedra acus Kiitz. ssp. acus - +
52 Asterionella formosa Hass. var. formosa + +
53 Diatoma tenuis Ag. (=D. elongatum (Lyngb.) Ag.) + -
54 Tabellaria fenestrate (Lyngb.) Kiitz. + +
55 Tabellaria flocculosa (Roth.) Kiitz. (incl. var. ventricosa Grun.) + -
56 Navicula dicephala (Ehr.) W. Sm. + -
57 Navicula longirostris Hust. + -
58 Navicula rotaeana (Rabench.) Grun. + -
59 Navicula salinarum f. capitata Schulz + +
60 Diploneis smithii (Bréb.) Cl. var. smithii + -
61 Frustulia rhomboides var. saxonica (Rabenh.) D. T. - +
62 Cymbella lanceolata (Ehr.) Kirchn. var. lanceolata (incl. var. notataWisl. et + -
Poretzky)
63 Cymbella ventricosa Kiitz. var. ventricosa + -
64 Amphora coffeaformis (Ag.) Kiitz. var. coffeaformis + -
65 Amphora ovalis (Kiitz.) Kiitz. (incl. var. gracilis (Ehr.) ClL.) + -
66 Amphora pediculus (Kiitz.) Grun. (=A. ovalis var. pediculus (Kiitz.) V.H.) + -
67 Nitzschia acicularis (Kiitz.) W. Sm. + -
68 Nitzschia angustata (W. Sm.) Grun. var. angustata + -
69 Nitzschia dissipata (Kiitz.) Grun. + -
70 Nitzschia hungarica Grun. + -
71 Nitzschia tryblionella var. levidensis (W. Sm.) Grun. + +
72 Campylodiscus noricus Ehr. (incl. var. costatum (W. Sm.) Grun.) - +
73 Cyclotella sp. - +
Euglenophyta
74 Trachelomonas volvocina Ehr. var. volvocina + +
75 Trachelomonas volvocina var. subglobosa Lemm. sens. Swir. + -
76 Trachelomonas sp. -
Chlorophyta

77 Chlamydomonas globosa Snow. + +
78 Chlamydomonas reinhardtii P.A. Dang. + +
79 Lobomonas stellate Chod. + +
80 Eudorina elegans Ehr. + -
81 Pediastrum duplex Meyen. + -
82 Coenococcus planctonicus Korschik. + +
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No Species composition Stations
Z2 Z3

83 Chlorella vulgaris Beyer. var. vulgaris +
84 Oocystis elliptica W. Sm. +
85 Oocystis lacustris Chod. + +
86 Oocystis submarina Lagerh. + -
87 Monoraphidium contortum (Thuret) Komark-Legn. + +
88 Coelastrum cambricum Arch. + -
89 Coelastrum sphaericum Nag. +
90 Crucigenia quadrata Morren. + +
91 Crucigenia tetrapedia (Kirchn.) W. et G. West. + +
92 Scenedesmus quadricauda (Turp.) Bréb. + -
93 Kirchneriella contorta (Shmidle) Bohl. + +
94 Koliella spiculiformis (Vischer) Hind. + +
95 Ulothrix zonata (Web. et. Mohr.) Kiitz. var. zonata + -
96 Gloeotila spiralis Chod. + +
97 Closterium gracile Bréb. var. gracile + -
98 Closterium pusillum Hantzsch. + +
99 Staurastrum paradoxum Meyen. + +
100 Ankyra juday (G. M. Smith.) Fott. +
101 Chlamydomonas sp. - +
102 Coenococcus sp. + -
103 Monodus sp. + +
104 Stigeoclonium sp. - +
105 Ulothrix sp. + -

The phytoplankton of the Kizhi skerries area
were found to be dominated by cosmopolitan (84.5%)
and boreal (8.2%) species, as detailed in Table 2. The
community was found to comprise mainly planktonic
(58.8%), planktonic-benthic (15.6%) and benthic forms
(15.6%) (see Table 2). In terms of salinity, the com-
munity species were represented by indifferent spe-
cies (59.8%), oligohalobes (12.4%), oligohalob-halo-
philes (12.4%) and oligohalob-halophobes (7.2%) (see
Table 2), which is typical for a water body of such low
salinity as Lake Onego (Lakes of Karelia, 2013). With
regard to the acidity of the aquatic environment, the
largest proportion were indifferent species (50.5%),
alkalophilic species that prefer slightly alkaline waters
(28.9%) and the smallest proportion were acidophilic
species that are capable of living in highly acidic condi-
tions (10.3%) (see Table 2).

In the present (2020 and 2022), the dominant
complex in terms of biomass (B) consists of large spe-
cies of Bacillariophyta (V_, <72250 um?®), Dinophyta
(Vs <19000 um?) and Chrysophyta (V_, <1376 um?®)
(Table 3). The subdominant species were represented
by the phyla Chrysophyta and Bacillariophyta (see
Table 3).

The dominant species in terms of abundance (N)
were mainly small celled Cyanobacteria (V_, <9 pm?®)
and larger Chrysophyta (V_, <1376 pum?®) (see

cells
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Table 2). Subdominants specieswere represented by
Cyanobacteria, Chrysophyta and Chlorophyta (see
Table 2).

The phytoplankton community during the study
period exhibited high species diversity, as indicated by
the H index, which ranged from 3.24 to 3.97 in abun-
dance and from 2.63 to 4.03 in biomass. The equal-
ization index E exhibited fluctuations between 1.97
and 2.19 in abundance and between 1.63 and 2.23 in
biomass, indicative of a uniform distribution of species
within the phytocenosis.

One of the key indices employed to evaluate the
extent of organic pollution in aquatic ecosystems is the
saprobic index (Barinova et al., 2006). During the study
period, the algocenosis was predominantly composed
of indicator species of oligosaprobic (31.6%), o-3-me-
sosaprobic (33.7%) and B-mesosaprobic (28.9%) pollu-
tion zones. Indicator species of highly polluted waters
with organic matter — Chlorella vulgaris var. vulgaris at
stations Z_2 and Z_3 and Stephanodiscus hantzschii at
station Z_3 (p-a-saprobionts) were detected (Table 4).
Oligosaprobes, o-b-mesosaprobes and b-mesosaprobes
were the most quantitatively abundant at both study
stations (see Table 4).

As a result of the analysis of saprobic charac-
teristics of phytoplankton species found in the area of
Kizhi skerries of Lake Onego at the time of the study
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Table 2. Ecological and geographical characterization of summer phytoplankton in the Kizhi skerries area of the northwest-

ern part of Lake Onegoin July-August in 2020 and 2022

Indicators Numberof species % of total number of species
Spreading
Cosmopolitans 82 84.5
Boreal 8 8.2
Alpine 1 1.1
Nodata 6 6.2
Habitat
Planktonic 57 58.8
Benthic 15 15.6
Planktonic-benthic 15 15.6
Littoral 1 4
Foulingin habitants 4 1
Epibionts 1 1
Nodata 4 4
Halobicity
Indifferents 58 59.8
Oligohalobes 12 12.4
Oligohalob-halophiles 12 12.4
Oligohalob-halophobes 7 7.2
Mesohalobes 3 31
Nodata 5 5.1
Relation to pH
Indifferents 49 50.5
Alkaliphiles 28 28.9
Acidophiles 10 10.3
Nodata 10 10.3

and calculation of the saprobic index (1.61 =0.09) (see
Table 4), this type of water can be classified as -me-
sosaprobic (water quality class 3, satisfactorily clean).

Among the cyanobacteria in the study area,
species potentially capable of producing cyanotox-
ins dangerous to human and animal health and life
were noted - Oscillatoria planctonica (= Limnothrix
planctonica) (Somdee et al., 2013; Oliveira et al.,
2019), Aphanocapsa elachista var. elachista (Krienitz
et al.,, 2013), Merismopedia punctate (Ribeiro et al.,
2017), Synechocystis aquatilis (Magalhaes et al.,
2003), Gomphosphaeria lacustris (=Snowella lacustris)
(Echenique et al., 2014). The mean number of cells
per millilitre was 990 cells/ml at the studied stations.
At Station Z_2, the mean number of potentially harm-
ful species was 584 cells/ml, with the highest concen-
tration observed on the eastern side of the island at
Station Z_3 (1640 cells/ml) (see Fig. 1). In accordance
with the threshold value for dangerous cyanobacteria
content (20,000 cells/ml), capable of producing cyano-
toxins, established by the World Health Organization
(WHO) (Guidelines for..., 2003), the quantity of poten-
tially hazardous cyanobacteria identified in the exam-
ined water region does not pose a threat to human or
animal health and life.

35

During the summer months of 2020 and 2022, a
notable increase in microalgal biomass was observed in
the study area. The total abundance (N, ) was found to
be 7134.4+1097.14 thousand cells/1, with a total bio-
mass (B, ) of phytoplankton of 3.685+1.25 mg/1. The
trophic status of the summer phytoplankton indices
during the study period was characterised as meso-eu-
trophic (Kitaev, 2007) (Table 5). The highest biomass
and abundance indices were observed at station Z_3
(see Fig. 1), particularly in 2022 (see Table 5).

At the time of the study, Cyanobacteria (43.3-
76.6%) and Chrysophyta (8-40.3%) dominated the
phytocenosis in terms of abundance. Bacillariophyta
(5-12%), Chlorophyta (5.8-14.4%) and Dinophyta,
Cryptophyta, Euglenophyta were present in the least
abundance (no more than 2% in terms of numbers)
(Fig. 2a).

The greatest contribution to biomass was made by
Chrysophyta (37.4-60%), Bacillariophyta (24-43.8%)
and Dinophyta (1.1-16.5%) (Fig. 2b). The remaining
microalgal divisions were represented in the lowest bio-
mass quantities (Chlorophyta 1.4-7.2%; Cryptophyta,
Euglenophyta, Cyanobacteria - not exceeding 5%) (see
Fig. 2b).
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Fig.2. Ratio of different phytoplankton groups in the Kizhi skerries area of Lake Onego in summer (2020 and 2022): (a) - by

abundance, (b) - by biomass.

A comparative analysis of phytoplankton indi-
cators in the Kizhi skerries area, based on earlier
studies conducted between 1996 and 2010 and more
recent studies carried out in 2020 and 2022, revealed
an increase in N and B,_, which was accompanied by
a decline in the abundance of certain phytoplankton
groups (Table 6). Earlier in the summer period, the study
area was characterised by an abundance of small-celled
species of the genus Chlorococcales and Chrysophyta
(Chekryzheva, 2008). Nevertheless, the study revealed
a statistically significant increase in cyanobacteria,
green algae and euglena algae. The Spearman rank
correlation coefficient between the number of cyano-
bacteria (N ..) and the year of study (1996-2022) was
0.65 (p<0. 05) The correlation between the number
of green (N ) and euglena (Neug) algae and the year of

study was 0.82 (p<0.05, n=10) and 0.67 (p<0.05,
n=10), respectively (see Table 6), resulting in an
increase in N micro algae (p=0.71, n=10).

The rise in the number of algae groups observed
above, which are reliable indicators of organic pollution
(Algae causing..., 2006), may be regarded as an indica-
tor of the present anthropogenic load in the water areas
of the Kizhi archipelago. However, the total phospho-
rus content in the study area (7-13 pg/L) is consistent
with the presence of this element in the central lake
shoulder (Zobkov et al., 2022). It is noteworthy that the
area of Kizhi skerries is characterised by a high density
of aquatic vegetation, which has the potential to com-
pete with phytoplankton for nutrients or impede algal
growth through the release of allelopathic substances
(Semenchenko, 2014).

Table 3. Dominantand subdominantspecies of summer phytoplankton in the area of Kizhi skerries of Lake Onego during the

study period

Indicator

Dominantspecies

Subdominants species

N (thousandcells/1)

Aphanocapsa elachista W. et G. S. West®an
Gomposphaeria lacustris Chod.<
Aphanothece clathrata W. et G. S. West®an
Dinobryon sociale Ehr.cy
Dinobryon suecicum Lemm.

Aphanothece clathrata W. et G. S. West®a®
Dinobryon divergens Imhof.
Pediastrum duplex Meyen.!

B (mg/1)

Dinobryon divergens Imhof."
Dinobryon sociale Ehr.
Dinobryon suecicum Lemm.
Tabellaria fenestrata (Lyngb.) Kiitz.Bx
Melosira varians Ag.Bx
Cymbella lanceolata (Ehr.) Kirchn. B
Ceratium hirundinella (O. F. Miill.) Schrank®®

Acanthoceras zachariasii (Brun) Sim.Bac
Fragilaria crotonensis Kitt.5x
Dinobryon sertularia Ehr.®

Dinobryon divergens Imhof.

Note: Superscript designations of departmental affiliation: ¥ — Bacillariophyta; " —

Chrysophyta; P — Dinophyta
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Chlorophyta; %*— Cyanobacteria; -
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Table 4. Number of indicator species (N, ,.) of water saprobity and their share in phytoplankton abundance (%) in the Kizhi

Skerries area in July-August 2020 and 2022

Saprobity StationZ_2 StationZ_3
2020 2022 2020 2022
N % | N_. % | N_. % | N_. %
x-saprobes - - - - - - - -
x-0-saprobes 1 0.2 1 0.1 - - - -
o-saprobes 10 10.1 11 19.8 5 3.0 9 35.7
o-b-mesosaprobes 13 22.1 14 35.8 8 27.8 9 27.8
0-a-mesosaprobes 2 0.5 1 1.1 - - 1 0.4
b-mesosaprobes 17 64.1 18 32.6 12 58.8 11 32.4
B-a-mesosaprobes 1 0.2 1 0.1 - - 1 0.1
a-mesosaprobes 1 0.4 5 0.8 1 0.4 1 0.1
p-a-saprobes 1 0.4 - - 2 0.4 - -
p-saprobes - - - - - - - -
Saprobic index 1.82 1.45 1.72 1.45

Note:”-” the presence of indicator species within the phytocenosis is currently undetected.

Only non-large (V_, <9 um?) but abundant

cya-

nobacteria (chan) (p=0.68, n=10) and large but low
abundance diatoms (B,,) (p=0.76, n=10) affected
the statistically significant increase in phytoplankton
B, (p=0.76, n=10) (see Table 5). The diatom com-

tot

plex included large-celled benthic (Nitzschia hungarica,
Cymbella lanceolata var. lanceolata, Frustulia rhomboids
var. saxonica, Diploneis smithii var. smithii) and plank-
tonic-benthic species (Melosira varians, Acanthoceras
zachariasii) with cell volumes ranging from 4160 to
72250 pum?®. The increase in total biomass was not

affected by the increased abundance of euglena

and

green algae, as smaller species were observed during the
study period. During the study period (2020 and 2022),
the euglena algae were dominated by Trachelomonas

volvocina var.

volvocina and Trachelomonas volvo-

cina var. subglobosa, with cell volumes not exceeding
1609 um®. Among the green algae, various species of

the order Chlorococcales were dominant, with
ranging mainly from 143-496 pm3.
In general, the Lake Onego ecosystem

sizes

has

remained static throughout the period from 1992 to
2022. With regard to chlorophyll a and saprophytic
bacteria, the trophic status of the central deep-water
channel of Lake Onego remains at the level of oligotro-
phy, characterised by excellent water quality (Tekanova
et al., 2023). The trophic level in the littoral zone of
Lake Onego remains oligotrophic in terms of summer

phytoplankton (Chekryzheva, 2008; Chekryzheva and
Kalinkina, 2016). Two areas with a higher trophic level
merit particular mention. The first is Kondopoga Bay,
where the source of pollution is a pulp and paper mill
situated in the upper part of the bay and trout farms in
its central section. The second is the Kizhi skerries area.

Despite the increase in small-cell, more produc-
tive forms of algae (Gutelmacher, 1986), an analysis of
a comparison of chlorophyll a (Chl a) concentrations in
the Kizhi skerries area of Lake Onego of previous studies
(Chl a=3.4+0.3 - 1992-2010) with more recent ones
(Chla=4.6 = 0.7 -2016-2022) demonstrated that there
were no significant differences (Tekanova et al., 2023).
The surface layer temperature in 2020 (17.4-18.0°C)
was within the range of multiyear variability observed
for this parameter in August in the study area (Onego
Lake Atlas, 2010; Kalinkina et al., 2023). However, the
surface temperature in 2022 reached 21-22°C, which
was outside the confidence interval (p<0.05, n=12)
in comparison to earlier observations of this indicator
(1996-2017) (Kalinkina et al., 2023). It is conceivable
that a more pronounced warming of the surface water
layer may have resulted in a more pronounced phyto-
plankton growth in 2022 (Winder and Sommer, 2012).
Further research is required to ascertain the precise
causes of the observed increase in phytoplankton quan-
tities during the study period.

Table 5. A quantitative analysis of phytoplankton development in the Kizhi skerries area during the summer months of 2020

and 2022.
Station Selection time N, , (thousand cells/1) B, . (mg/1) Trophic state
Z2 6900 1.662 a-mesotrophic
Year 2020
Z3 7012.5 2.183 [-mesotrophic
Z2 4637.5 3.684 -mesotrophic
Year 2022
Z3 9987.5 7.210 a-eutrophic
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Table 6. Statistical characteristics of phytoplankton of the Kizhi skerries area in the early (1996-2010*) and modern study

periods (2020 and 2022)

Phytoplanktonindicators Early observations Current observations

M=m Min M*+m Min

max max
N, (thousand cells/1) 1016.1+437.98 5 7134.4+1097.14 4637.5
2930 9987.5
N,,.,(thousand cells/1) 456.4+417.80 2.5 4239.1+752.73 2006.3
2125 5287.5

N, (thousand cells/1) 95.3+25.58 29 617.2+28.11 562.5
167.5 668.8
Neug (thousand cells/1) 8.8+1.25 7.5 51.6+11.52 25

10 81.3

B, (mg/1) 0.729+0.24 0.013 3.685+1.25 1.662
1.618 7.210

chan (mg/1) 0.016+0.01 0.0002 0.033+0.01 0.013

0.03 0.048

B, . (mg/D) 0.512+0.22 0.011 1.157+0.3 0.564
1.548 1.730

Note: M +m — mean value and its error; min/max — minimum and maximum values

*- according to Syarki et al. (2015).

The distinctive natural conditions that prevail
in the vicinity of the Kizhi skerries of Lake Onego, in
comparison to other regions of the lake, foster a more
robust phytoplankton growth during the summer sea-
son. However, with the increase of anthropogenic
impact and climate change, more significant alterations
to the phytocenosis of the study area are likely.

4. Conclusions

The study of summer phytoplankton in the Kizhi
skerries area of Lake Onego in July-August 2020 and
2022 revealed an intensive development of summer
phytoplankton. The species composition was consistent
with that of the Lake Onego phytocenosis, but the great-
est quantitative development was observed in the indi-
cator species of B-mesosaprobic pollution zones (water
quality class 3, satisfactorily clean). Furthermore, the
presence of potentially harmful species with the capac-
ity to produce cyanotoxins was observed. However,
there was only a minimal quantitative development,
from 584 to 1640 kl/1. A comparison with earlier stud-
ies (1996-2010) revealed an increase in the quantita-
tive indicators of phytoplankton development in recent
years (N up to 9987.5 thousand cells/l; B up to
7.210 mg/1). An increase in cyanobacteria, green algae
and euglena algae, which are among the principal indi-
cators of the process of eutrophication of water bod-
ies, was observed. The total biomass increased due to
the proliferation of numerous, small-celled cyanobac-
teria and a significant number of large-celled benthic
and planktonic-benthic diatom species. The study area
was found to exhibit characteristics of meso-eutrophic
conditions.

Despite the observed increase in tourist activity,
as well as the potential rise in domestic wastewater, the
nutrient status of the local section of the Kizhi skerries
of Lake Onego remains at the level of oligotrophy. The
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observed increase in quantitative phytoplankton indi-
cators in 2022 may be attributed to enhanced warm-
ing of the surface water layer. To ascertain the precise
reasons for the increase in microalgae in recent years,
further research is required.
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Tpoduueckoe cocroauue panoHa Kmxckux
wxep OHe)XXCKOro osepa M OUeHKa
KauecTBa BOAbI NO NOKa3aTeAnAM AETHero
duTonNAnaHKTOHA

CmupHosa B.C.

Hrcmumym 8o0HbLx npobstem Cegepa Kapestbckoeo HayuHozo yeHmpa Poccutickoti akademuu Hayk, np. Anekcandpa Heackoeo, 50,
Ilempo3asodck, 185030, Poccus

AHHOTAILIHSL. B pe3ysbTaTe mccjiefoBaHus JieTHero GUTOIJIaHKTOHA (B urose-aBrycre 2020 r. u 2022
r.) B paiioHe Kimxckux mxep OHeXCKOro o3epa, ObLIN BBLABJIEHHB! BEICOKME KOJIMYeCTBeHHbIe II0Ka3aTe I
pa3BuTUA QUTOIJIAHKTOHA, XapaKTepU3yIoIMUN 3TOT palioH KaK Me30-3BTPOdHBIN. DUTOLIEHO3 OTJIU-
yaJjics BBICOKMM BHIOBBIM pasHooOpasueM, YTO XapaKTepHO AJiA cooblecTBa jJeTHero GUTOIIaHKTOHA
Omnexckoro ozepa. OgHako, Ha MOMEHT HCCJIe[JOBaHUsA HauboJiblllee KOJIMYeCTBEHHOe pa3BUTHe IIOJIy-
YMJIM BUAB-WHOUKATOPH 3-Me30canpo6HOH 30H 3arpsi3HeHus (3 Kjiacc KauecTBa BOABI, YIOBJIETBOPU-
TeJIbHO-4KCTasA). Bl OTMeueHbl BUbI TOTEHI[UAIbHO CIIOCOOHBIE K BEIpAOOTKe IAaHOTOKCHUHOB, HO UX
KOJIM4eCTBEHHOE pa3BUTHe ObLJI0 MUHUMAaJIbHBIM. AHA/IM3 MHOTOJIETHUX M3MeHEeHU! [T0Ka3aJl yBenye-
HHe YKCJIEHHOCTY IMaHOOAKTepUi, 3eJIeHbIX U 3BIJIEHOBBIX BoZopocei. Obmiasa 6uomMacca GpUTOILIaH-
KTOHA yBeJMYWJIach 3a CYeT MHOTOYMCJIEHHBIX, MEJIKOKJIEeTOUYHbIX [UaHOOaKTepuil U KPyNHOKJIeTOY-
HBIX, HO He MHOTOYMCJIEHHbIX O€HTOCHBIX 1 IIJTAHKTOHHO-OEHTOCHBIX BUIOB AMATOMOBLIX BOJOPOCJIEH.
HHTeHcrBHOEe pa3BuTHe GUTOIJIAHKTOHA B palioHe UCCJIe[JOBaHUs CBA3AHO C IPUPOAHBIMU YCIIOBAAMU
aTOro patioHa. OnpefesieHre 6oJjiee TOYHBIX IPUYNH yBeJINYeHNs KOJINYeCcTBeHHHIX IloKa3aTresel GuTo-
IIJIAHKTOHA B IOCJIeJHNE rofbl TpeOyeT AONOJIHUTEIIbHBIX UCCIeOBaHU.

Kitiouegsie citoga: utonaaHkToH, o. Kixu, OHexckoe 03epo, 4MCJIeHHOCTh, OrioMacca

Juaa mutupoBanusa: CmupHoBa B.C. Tpoduueckoe cocrosHue paiioHa Krokckux mxep OHEXCKOro o3epa M OLeHKa Kade-
CTBa BOZHBI IO IOKazaresiAM JieTHero ¢uromtankToHa // Limnology and Freshwater Biology. 2025. - Ne 1. - C. 30-51.
DOI: 10.31951/2658-3518-2025-A-1-30

1. Beepenue Kwxkckoro morocra. 'ocyapCTBEHHBIN HCTOPHKO-ap-

XUTEKTYPHBIM U dTHorpaduieckuii Mysel-3aroBeJHUK
«Kmxn» o6bequHUI Ha ocTpoBe Kixu 68 maMATHU-
KOB apxuTekTypol (OnHexckoe o3zepo. Atnaac, 2010).
ApxutekTypHBIl1 aHcaMOJyib Kikckoro morocra ObLI
BKJII0UEH B CIMCOK 00bEKTOB BCEMUPHOTI'O KYJIbTYPHOT'O
nacienusa JOHECKO B 1990 r. u ctas ogHUM M3 TpexX
nepBBIX poccuiickux o6bekToB B crucke KOHECKO. C
1989-1997 rr. 3amoBeJHUK eXerojHo Mocellaan oT 65

Kumxckuil apxumnesar — cucremMa oCTpPOBOB, pac-
IoJIarallliixcsa B ceBepo-3anaaHoil yactu OHEXCKOro
03epa, BTOPOro IO BeJIMYMHe IIPeCHOBOJHOIO BoJgoeMa
B EBporie. OT Bcex napyrux paiioHoB o3epa Kukckue
HIXepel OTJMYAITCHA YHUKAJbHBIM TIe0JIOTMYeCKUM
crpoernieM (T'ony6eB, 1999; [leitnec, 2013). Ha gasn-
HOU Teppuropuu Osarojaps jJa’HAmadTHEIM 0cOoOeH-

HoCTsAM chopMupoBaIch ocobble yCI0BUA AJIs pa3BU-
THS He TOJIBKO Ha3eMHBIX OMOIEHO30B, HO U BOIHBIX
(KanutoHoBa, 2008; [Hetinec, 2013). Pa3Butue ruj-
pOOMOIIeHO30B B JaHHOM pailioHe MPOUCXOJAT B yCJIO-
BUSX XOPOIIO IPOrpeBaeMoOro MeJIKOBOAbs, cJ1aboii
JUHAMUKHU BOOHBIX Macc, IO3TOMY elle B 6ojiee paH-
HUll nepuoj ucciefgoBaHuii (60-70-e rr.) 3TOT palioH
BBIJIeJIsIJICS Kak HauboJiee MPOAyKTUBHBIN (BuciisHckas
u ap., 1999; Yekperxena, 2008).

Ha ogHOoM m3 octpoBoB Kinkckoro apxumnesnara
(0. Kuxu) pacrnosiaraercss ApXUTeKTYPHBIII aHCamMOJIb
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ThIC. 10 158 THIC. YestoBek (IIpotacos, 1999). ImeHHO
B 3TO BpeMs paiioH KixXcKux mxep HauWHaeT MOJBEp-
ratbCsi 3HAYUTEJbHON aHTPONOreHHON Harpysku 3a
CcYeT BO3JelCTBUA BOJHOTO TPAHCIOPTa, a TaKXe yBe-
JIMYEHNS KOJIMUeCTBa X03AHCTBEHHO-OBITOBBIX CTOUYHBIX
BOJl OT My3esi-3alloBeJHUKA U YaCTHBIX JOMOB. B Teue-
HHe JIeTHero ce3oHa (utoJb-aBryct) ¢ 1992 mo 2011 rr.
OTMeYaJIiCh BBICOKHE KOHIeHTpauun HeTenpoayKTOB
BBoge ot 0.15 10 0.6 mr/11 (CabeutniHa, 1999; [IpoTacos,
1999; CabsutnHa u Perkakos, 2007; CabbuinHa U Ap.,
2012). Tlo xoHueHTpauuu obiujero gocdopa B BoJie B

© Asrop(s1) 2025. DTa pabora pacnpocTpaHs-
eTcs o MexIyHapoJHo! jiutieH3uel Creative
Commons Attribution-NonCommercial 4.0.
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3TOT nepuof paiioH Kikckux mxep xapakTepHU30Bascs
kak Me30TpodHbil (mo 25 mkr/ma) (Galakhina et al.,
2022). iMeHHO B 3TO BpeMs OTMevarTcsA U3MeHeHUs B
¢uTo- u GakTepUONIAHKTOHE U3yyaeMoro parioHa. Ilo
YPOBHIO pa3BUTHsA JaHHBIX IIpeJcTaBUTeNeil G1oleHo3a
patioH Kikckux mxep Takxe ObLI OTHECEH K Me30TPO-
¢HbIM yuyacTkaM OHexckoro o3epa (BucasHckas u ap.,
1999; Yekpsrkena, 2008).

B Hacrosljee BpeMs KOJIMYECTBO MpHe3XalomuX
TYpUCTOB yBesquuuiock o 360 Teic. B rog (OTueT o
AeATeNbHOCTU..., 2023). OOHapyXeHO MaKcCHUMaJib-
HOe cojiepXaHue MUKPOIUJIACTHKA B JOHHBIX OcajiKax
PAOOM C TJIaBHBIM MacCaXHpPCKUM IpUYAJIOM My3e-
sA-3anoBegHuKa «Kmwkn» (300koB u Edpemona, 2023).
OpHako, B pe3yjbTaTe MOCJEHUX THAPOXUMHYECKUX
uccienosanuii (2019-2020 rr.) oTMevaroTcs yMeHble-
Hue obmero gocdopa, HuTpaToB, BIIK, 10 cpaBHEHHUIO
C MHOTOJIETHUMU JTaHHBIMH B 3TOM paiioHe (Galakhina
et al., 2022).

OUTOIUIAaHKTOH OBICTPO pearupyeT Ha uH3Me-
HEHUe YCJIOBUI OOUTaHMsA, UYTO IIO3BOJIAET OIpefe-
JIUTh TpodUUECKUI CTaTyC U CAaHUTApPHOE COCTOsIHUe
BOJIHBIX 00beKTOB (AGakymoB, 1977; Reynolds, 2008;
Parmar et al., 2016). Takum 06pa3om, LEJIbI0 JAHHOTO
HccyIe[IoBaHUsA SBJIsIeTCS OlfeHKa COBPeMeHHOro COCTO-
sAHUA (KauyecTBO BOJBI U Tpoduyeckuil craTyc) mpuse-
rampmieii TEpPUTOPUU K My3el-3aloBeJHUKY «Kiku»
C WCIOJIb30BAaHMEM KOJIMYEeCTBEHHBIX U CTPYKTYPHBIX
rnokasareJieil JieTHero GUTONJIAHKTOHA.

2. MaTtepuanbl U MeTOAbI MCCAEAOBaHUA

B nrone-aprycre B 2020 r. 1 2022 r. Ha IByX CTaH-
1uax B palioHe Kikckux mxep OHeXCKOro osepa ObLin
oTOOpaHbl 4yeTblpe IPOOHBl BOABI AJiA aHaiau3a (uro-
IJIAaHKTOHA B IOBepXHOCTHOM cjioe (0.5 m). CrannusA
Z 2 (rmybuHa 5 M), pacloJioXxeHa BO3Jie IpUyasa
BOJHOrO TpaHcnopTa Ha o. Kuxwu, rae pacnosiaraercs
My3eii-3anoBeqHUK «Kuxu», ctaniusa Z_3 (riy6unHa 10
M), HAXOAUTCS C BOCTOYHO cTOpPOHEI ocTpoBa (Puc. 1).

[Tpobsl Boawsl o6bemoM 500 M, oTOOpaHHBIE
6aTtomeTpoM PyTTHepa, pukcuposanu 10 ma 40%-oro
dopmanuHa, 3aTeM KOHLIEHTpHpOBajld Ha MeMOpaH-

\ Onesccroe
he o3zepo ‘
o N

4
Wl
-

HbIX QuibTpax (mquamerp nop 0.8 MxM) o o6beMa 5
M (KyspmuH, 1975; ®enopos, 1979). BugoByio naeH-
TUdUKAIMI0 TPOBOAWIIU IO onpeesinTeisaM (3abenHa
u ap., 1951; MarBuenko, 1954; Tikkanen, 1986;
Freshwater Algae of ..., 2015) ¢ momoIbI0 MUKPOCKOTIa
Mukmen-6 npu yseaudenuu x400. BupoBoe pasHOO-
Opasue cooOmecTBa (UTOIJIAHKTOHA OLEHUBAIU IO
uapaekcy llenHoHna-Yusepa (H) (Shannon and Weaver,
1949), paBHOMEpPHOCTb paclpejesieHrs BUIOB B CO00-
mecTBe 1o uHAekcy BeipaBHeHHOCTH [Tuemny (E) (OaywMm,
1986). K kareropuut NOMHHUDPYIOUIUX BUIOB OTHO-
CHJIA BUABI C YMCJIEHHOCTBIO 1/WIM 6uoMaccoll 6osiee
10%, k BugamM-cy6qoMuHaHTaM — 6osiee 5%. DKoOJIOro-
reorpaguueckylo XapakTepUCTUKy U HHAWKaTOPHYIO
3HAYMMOCTb BUAOB (UTOILUIAHKTOHA OINpelesaind Mo
Mmeroauke (MakpymuH, 1974; Baccep u mp., 1989;
bBapunoBa u f1p., 2006). VHaekc canpoOGHOCTU BOJIbI
paccuuthiBaiu 1o Merony Ilantie-Byka B Moguduka-
quu Crageuveka (Sladecek, 1973), 3oHa canmpoGHOCTH
BOJIbI onpefesisiiu o (Okcuiok u Ap., 1993). [na aHa-
Jin3a COBpeMEeHHBIX AaHHBIX (UTOIJIAHKTOHA C MHOTO-
JIETHUMM HCIIOJIb30BaJIM 3aperucTpUpoOBaHHyl0 0Oasy
naHHbX (Capku u ap., 2015) u koaddunreHT paHro-
BOH koppesAnuyu CnupMeHa, BHIIOJHEHHBIN B IakeTe
Statictica Advanced 10 for Windows Ru. Temnepatypy
[IOBEPXHOCTH BOJBI B [IepHOJ] UCCIIeJOBAaHUA U3MepIn
npubopom CastAway-CTD u cpaBHUBaJU C 3aperu-
CTPHUPOBaHHBIMU JaHHBIMU TeMIlepaTyphl, HCIOJIb3Yy:
JoBepuTenbHbIN nHTepBas (KamunkuHa u fip., 2023).

3. Pe3yAabTathbl M 06Ccy)xpeHue

B cocTtaBe (puTonsaHKTOHA B pairioHe Kukckux
IIXep Ha MOMEHT WCCJIeIOBAaHUA OBLIO BBISABJIEHO
105 TakcoHOB, B TOM uwucie, 97 TakCOHOB BOZOpPO-
cJleil paHTOM HWXe pojJila, 8 TaKCOHOB PAaHTOM [0
poda, MpUHAJJIeXAIUX K 7 CUCTEMATHYECKUM OTe-
jam: Bacillariophyta — 38 (36.2%), Chlorophyta — 29
(27.6%), Cyanobacteria — 16 (15.2%); Chrysophyta —
15 (14.3%); Euglenophyta — 3 (2.9%); Cryptophyta —
1 (1%), Dinophyta — 3 (2.8%) (Ta6smuma 1). BugoBoii
coctaB GUTOIJIAHKTOHA XapaKTepeH IJiA GUTOLleHO3a
Onexckoro o3epa (Yekpsixkesa, 2012).

3 D .

Puc.1. Kapra-cxema pacnoJioxeHus cTaHIUH oT6opa rnpob ¢uToriankToHa B paiioHe Kipkckux mxep OHeXCKOro o3epa.
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Ta6suna 1. BecrpeuaeMocTs BUIOB JieTHero GUTOILUIAHKTOHA Ha CTaHIUAX oTOopa npob BoAwl B parioHe Kinkckux mxep
OHeXCKOro o3epa

No BumoBoi cocTaB CraHuuu
7.2 7.3
Cyanobacteria
1 Synechocystis aquatilis Sauv. + +
2 Merismopedia punctata Meyen. + -
3 Aphanocapsa elachista var. elachista W. et G. S. West + +
4 Aphanothece clathrata W. et G.S. West f. clathrata + +
5 Gloeocapsa limnetica (Lemm.) Hollerb. (= Croococcus limneticus Lemm.) + +
6 Gloeocapsa magma (Bréb.) Kiitz. emend Hollerb. - +
7 Gloeocapsa minima (Keissl.) Hollerb. ampl. f. minima + -
8 Gloeocapsa minor (Kiitz.) Hollerb. (= Croococcus minor (Kiitz.) N&g.) + -
9 Gloeocapsa minor f. dispersa (Keissler) Hollerbach + +
10 Gloeocapsa punctata Nag. emend. Hollerb. + +
11 Gloeocapsa turgida (Kiitz.) Hollerb. (= Chroococcus turgidus (Kiitz.) Nag.) + -
12 Gloeocapsa vacuolata (Skuja) Hollerb. + +
13 Gloeocapsa varia (A. Br.) Hollerb. - F
14 Gomphosphaeria lacustris Chod. (= Snowella lacustris (Chod.) Kom. et Hind.) + +
15 Oscillatoria planctonica Wolosz. (= Limnothrix planctonica (Wolosz.) Meffert + -
16 Gloeocapsa sp. - +
Cryptophyta
17 Cryptomonas erosa Ehr. + -
Dinophyta
18 Glenodinium edax Schilling. + -
19 Peridinium cinctum (Miill.) Ehrb. + -
20 Ceratium hirundinella (O. F. Miill.) Schrank + +
Chrysophyta
21 Chrysococcus cordiformis Naum. + -
22 Chrysococcus rufescens Klebs. var. rufescens + -
23 Kephyrion ovum Pascher + -
24 Dinobryon bavaricum Imhof var. bavaricum + +
25 Dinobryon divergens Imhof. + +
26 Dinobryon sertularia Ehr. + +
27 Dinobryon sociale Ehr. + -
28 Dinobryon sociale var. stipitatum (Stein) Lemm. + +
29 Dinobryon suecicum Lemm. + +
30 Pseudokephyrion entzii Corn. + +
31 Mallomonas caudate Twan. Sensu Krieger et -
32 Mallomonas coronata Boloch. - +
33 Mallomonas fressenii Kent. + -
34 Bitrichia chodatii (Reverdin) Chodat. - +
35 Chrysopyxis urna Korsch. - +
Bacillariophyta
36 Stephanodiscus hantzschii Grun. - +
37 Cyclotella meneghiniana Kiitz. (= C. kuetzingiana) + +
38 Cyclotella schumannii (Grun.) Hikasson (= C. kuetzingiana var. schumannii Grun.) + -
39 Discostella stelligera (Cleve et Grunow) Houk et Klee + +
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No Bu0BOIi cocTaB CraHuuu
Z2 Z3
40 Puncticulata bodanica (Grun.) Hdkansson + +
41 Puncticulata comta (Ehr.) Hadkansson. + +
42 Puncticulata radiosa (Lemm.) Hakansson + +
43 Melosira varians Ag. + -
44 Aulacoseira islandica (0. Miiller) Sim. (=incl. f. curvata f. islandica (O. Miill.) + +
Sim.; Melosira islandica ssp. helvetica O. Miill. (O. Miill.) Sim.; Melosira islandica
ssp. helvetica O. Miill.
45 Aulacoseira granulate (Ehr.) Sim. + +
46 Aulacoseira italica (Ehr.) Kiitz. f. italica + +
47 Acanthoceras zachariasii (Brun) Sim. - +
48 Fragilaria constricta Ehr. f. constricta + -
49 Fragilaria crotonensis Kitt. e I
50 Fragilaria pinnata Ehr. + -
51 Synedra acus Kiitz. ssp. acus - +
52 Asterionella formosa Hass. var. formosa + +
53 Diatoma tenuis Ag. (=D. elongatum (Lyngb.) Ag.) + -
54 Tabellaria fenestrate (Lyngb.) Kiitz. + +
55 Tabellaria flocculosa (Roth.) Kiitz. (incl. var. ventricosa Grun.) + -
56 Navicula dicephala (Ehr.) W. Sm. + -
57 Navicula longirostris Hust. + -
58 Navicula rotaeana (Rabench.) Grun. + -
59 Navicula salinarum f. capitata Schulz + +
60 Diploneis smithii (Bréb.) Cl. var. smithii + -
61 Frustulia rhomboides var. saxonica (Rabenh.) D. T. - +
62 Cymbella lanceolata (Ehr.) Kirchn. var. lanceolata (incl. var. notataWisl. et + -
Poretzky)
63 Cymbella ventricosa Kiitz. var. ventricosa + -
64 Amphora coffeaformis (Ag.) Kiitz. var. coffeaformis + -
65 Amphora ovalis (Kiitz.) Kiitz. (incl. var. gracilis (Ehr.) Cl.) + -
66 Amphora pediculus (Kiitz.) Grun. (=A. ovalis var. pediculus (Kiitz.) V.H.) + -
67 Nitzschia acicularis (Kiitz.) W. Sm. + -
68 Nitzschia angustata (W. Sm.) Grun. var. angustata + -
69 Nitzschia dissipata (Kiitz .) Grun. + -
70 Nitzschia hungarica Grun. + -
71 Nitzschia tryblionella var. levidensis (W. Sm.) Grun. + +
72 Campylodiscus noricus Ehr. (incl. var. costatum (W. Sm.) Grun.) - +
73 Cyclotella sp. - +
Euglenophyta
74 Trachelomonas volvocina Ehr. var. volvocina + +
75 Trachelomonas volvocina var. subglobosa Lemm. sens. Swir. -
76 Trachelomonas sp. + -
Chlorophyta

77 Chlamydomonas globosa Snow. + +
78 Chlamydomonas reinhardtii P.A. Dang. + +
79 Lobomonas stellate Chod. + +
80 Eudorina elegans Ehr. + -
81 Pediastrum duplex Meyen. + -
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No Bu0BOIi cocTaB CraHuuu
Z2 Z3

82 Coenococcus planctonicus Korschik. + +
83 Chlorella vulgaris Beyer. var. vulgaris +
84 Oocystis elliptica W. Sm. - +
85 Oocystis lacustris Chod. + +
86 Oocystis submarina Lagerh. + -
87 Monoraphidium contortum (Thuret) Komark-Legn. + +
88 Coelastrum cambricum Arch. + -
89 Coelastrum sphaericum Nag. - +
90 Crucigenia quadrata Morren. + +
91 Crucigenia tetrapedia (Kirchn.) W. et G. West. 1 I
92 Scenedesmus quadricauda (Turp.) Bréb. + -
93 Kirchneriella contorta (Shmidle) Bohl. + +
94 Koliella spiculiformis (Vischer) Hind. + +
95 Ulothrix zonata (Web. et. Mohr.) Kiitz. var. zonata + -
96 Gloeotila spiralis Chod. + +
97 Closterium gracile Bréb. var. gracile + -
98 Closterium pusillum Hantzsch. + +
99 Staurastrum paradoxum Meyen. I e
100 Ankyra juday (G. M. Smith.) Fott. - +
101 Chlamydomonas sp. - +
102 Coenococcus sp. + -
103 Monodus sp. + +
104 Stigeoclonium sp. - +
105 Ulothrix sp. + -

B dutonmankToHe paiioHa Kmxckux mxep mpe-
obsamamu kocmonosiutHele (84.5%) u OopeasibHBIE
(8.2%) Bunpl (Tabsmma 2). B coobijecTBe B OCHOB-
HOM BCTpeYaJInCch IUTaHKTOHHBIE (58.8%), MJIAHKTOH-
Ho-6eHTOCHHBIE (15.6%) u GeHTOCHBIE (hopMBI (15.6%)
(cm. Tabmuiy 2). Bugpl coobmiecTBa Mo OTHOIIEHUIO K
COJIEHOCTH ObLIN IpefcTaBjieHbl MHANG@EepeHTHHIMNU
ugamu (59.8%), osurorano6amu (12.4%), osmrora-
no6-ramodunamvu (12.4%) u onurorasno6-rasogpodamu
(7.2%) (cm. Tabawuiry 2), 4TO XapaKTepHO AJIA TaKOTO
MaJIOMUHEPAJIM30BaHHOTO BoAoeMa Kak OHeXCKoe
o3epo (Ozepa Kapesu, 2013). 1o OTHOIIEHUIO K KHC-
JIOTHOCTU BOJHOUM Cpejlbl HAauOOJIBIIYI0 I[OJII0 COCTaB-
nsanu uHauddepenTtHele By (50.5%), ankanoduib-
HblE, IpeIoUYnTaIIMe cJrabomiesiouHbie Boabl (28.9%)
U HauWMeHbIIyl0 — anugoduibHbE, CIOCOOHBIE 00U-
TaTh B yCJIOBUSX BhICOKOHM KucjoTHocTu (10.3%) (cm.
Tabmuiy 2).

B Hacrosmee Bpems (2020 r. u 2022 r.) B JoMH-
HaAHTHBIA KOMILJTEKC 1o 6momacce (B) BXxoamiu KpymHbie
Buabl Bacillariophyta (V  <72250 mxm?®), Dinophyta
(V. <19000 mxm®) u Chrysophyta (V_ <1376 Mkm®)
(Tabmmma 3). Bugsl-cyOqOMUHAHTH OBLTA MPECTaB-
sensl Chrysophyta u Bacillariophyta (cm. Ta6auny 3).

JoMmuHaHTamMu 1o uncieHHocTd (N) B OCHOB-
HOM BBICTyNAJIM MEJIKOKJIETOYHBIE BUJBI IMAHO-
Gakrepuii (V_ <9 MKM®) u KpynmHee — 30JIOTUCTHIE
Bogopociu (V<1376 mxm®) (cm. TaGimiy 2). Bugpr-
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cy6moMuHaHTH ObUTM mpencTaBieHsl Cyanobacteria,
Chrysophyta u Chlorophyta (cm. Tabsuiy 2).

CoobmiecTBO (HUTOIIAHKTOHA B MEpPUOJ UCCJie-
JIOBaHUII XapaKTepPH30BaJIOCh BBICOKUM BUIOBHIM pas-
HooOpasueM, nHaekc H BapsupoBan ot 3.24 go 3.97
Mo YMCJIEHHOCTH, o 6uomacce mocturan 2.63-4.03.
Hupexc BelpaBHeHHOCTU E m3mensicsa ot 1.97 go 2.19
0 YMCcJeHHOCTH, oT 1.63 1o 2.23 — mo 6uomacce u
yKasbiBaJl Ha paBHOMEpPHOEe pacipejesieHrie BUIOB B
dutoneHose.

OuH U3 BaXHBIX UHJEKCOB, UCIOJIb3yEMBIX JIJIs
OIIeHKM CTeleHU 3arpsi3HeHUs BOJIOEMOB OpraHuye-
CKMMU BeIlleCTBaMHU, fABJIAETCA WHIEKC CampoOHOCTHU
(bapunoBa u ap., 2006). B mepuon umcciiefoBaHUA B
aJIbrorieHo3e TMPUCYTCTBOBAIM B OCHOBHOM BUJbI-UH-
IuKaTopel osirocanpobHoit (31.6%), o-p-me30ca-
mpo6Hoit (33.7%) u [3-me3ocanpobHoii (28.9%) 30H
3arpsisHeHUs. BLIM OGHApyXeHbl BUIbI-UHIUKATOPHI
CUJIBHO 3arpsi3HEHHBIX OpPraHUYeCKUM BeIeCTBOM
BoA — Chlorella vulgaris var. vulgaris Ha cT. Z2u Z_3 n
Stephanodiscus hantzschii Ha ct. Z_3 (p-a-carmpoOGHUOHTHI)
(Tabsmma 4). HauboJibiliee KOJTMYECTBEHHOE PA3BUTHE
Ha o0erx CTaHIUAX MCCJIeJOBAaHUSA MOJIYYIN OJIUTO-
canpo0bbl, O-f-Me3ocanpobbl U [-Me3ocampoOsl  (cMm.
Tabuiy 4).

B pesysbTaTe aHajiM3a CanpoOUOJIOTMYECKUX
XapaKTEpPUCTUK BUAOB (DUTOIUIAaHKTOHa, OOHapyXeH-
HBIX B parioHe Kmxckux mxep OHEXCKOro o3epa Ha
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Ta6suna 2. JkoJioro-reorpaduueckas xapakTepucTUKa JieTHero GUTOILIAaHKTOHA B paiioHe KikcKux Lixep ceBepo-3amaji-
Holl yacTu OHexXcKoro o3epa B uiojie-aBrycre B 2020 r. u 2022 1.

ITokasaTenu Yucyio BUAOB % OT 00IIero 4yrcjia BUAOB
Pacnpoctpanenue
KocmonomTet 82 84.5
BopeasnbHbIe 8 8.2
Anpnyiickue 1 1.1
Het maHHBIX 6 6.2
MecroobuTaHue
[T1aHKTOHHBIE 57 58.8
benTocHble 15 15.6
[11aHKTOHHO-OEHTOCHBIE 15 15.6
JIuTopasibHbEIe 1 4
OburaTtenu obpacTaHui 4 1
ONMOHUOHTEI 1 1
Het manHBIX 4 4
l'ano6HOCTH
HNunuddepeHTH 58 59.8
Onuroraio6st 12 12.4
Osnuroraio6-ragso@uist 12 12.4
Onurorasno6-raaodo0st 7 7.2
Me3sorano6nt 3 3.1
Het nanHbBIX 5 5.1
OtHomeHnne kK pH
HNunuddepeHTH 49 50.5
Ankanuduis 28 28.9
Anuoduist 10 10.3
Het maHHBIX 10 10.3

MOMEHT WCCJIeJOBaHUsA, M pacueTa HHJeKca campoo-
HoctH (1.61 +0.09) (cM. Tabauiry 4), JaHHBINA TUIT BOA
MOXHO OTHEeCTU K [3-Me3ocampobHOMy (3 Kjacc Kaue-
CTBa BOJIbI, Y/IOBJIETBOPUTEIHHO-UKCTAsA).

Cpenqu nmaHoOakTepuil B palioOHe HCCJIeI0Ba-
HUs OBLJIM OTMEYEHbl BHIbI, MOTEHI[HAJIBHO CII0CO0-
HbIE K BbIJIEJIEHUIO [IMAaHOTOKCHUHOB, OIMACHBIX JJI 3]10-
POBBSI M XU3HU 4ejioBeKa U XUBOTHHIX — Oscillatoria
planctonica (=Limnothrix planctonica) (Somdee et al.,
2013; Oliveira et al., 2019), Aphanocapsa elachista var.
elachista (Krienitz et al., 2013), Merismopedia punctata
(Ribeiro et al., 2017), Synechocystis aquatilis (Magalhaes
et al.,, 2003), Gomphosphaeria lacustris (=Snowella
lacustris) (Echenique et al., 2014). Ha u3y4eHHBIX CTa-
OUAX UX KOJIMYECTBO COCTaBJLAIO B cpegHeM 990 ki./
M. Ha cT. Z_2 cpeAHAA YKUCIEHHOCTh NMOTEHI[UAJIbHO
OIMaCHBIX BMJIOB cocTaBjisia 584 ki./MJ., HaubOJIb-
lee KOJIUYEeCTBO OBLJIO OTMEYeHO C BOCTOYHON CTO-
POHEI ocTpoBa — Ha cT. Z_3 (1640 xu1./mu) (em. Puc. 1).
CorjilacHO MOPOTOBOMY 3HAYeHHI0 OMACHOI'O COJlepXKa-
HuA 1uaHobakTepuni (20000 KJ1./MU1), CIIOCOOHBIX K
BBIZIEJIEHUIO0 [TMaHOTOKCUHOB, BBEJIEHHOTO BceMupHOL
opraHuzarueii sapaBooxpaHenus (BO3) (Guidelines
for..., 2003), ob6HapyxeHHOe Ha H3yYeHHOMN aKBaTO-
pUM KOJIMYECTBO TOTEHI[MAJIBHO OMAaCHBIX I[HaHOOaK-
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Tepull He yrpoXaJio 37[0POBBI0 U KU3HU YeJIOBeKa U
KHBOTHBIX.

B nernmit nepuon B 2020 r. u 2022 r. B pau-
OHe HCCJIeJOBaHUA HaOJI0OaINCh BBICOKHE KOJIHYe-
CTBEHHBIE TIOKA3aTeJM Pa3BUTHUS MUKPOBOIOPOCIIEM.
OOwas uucieHHocTh B cpeaHeMm (N ) cocTaBiisAnia
7134.4+1097.14 ThIC.KJ1./J1, a oOmas 6uomacca (B, )
¢putonyanktona — 3.685+1.25 mr/a. Tpoduueckuii
CcTaTyCc MO MOKa3aTessM JIeTHero (PUTOIUIAaHKTOHA B
Mepuo/ UCCJIeJOBAHUS XapaKTEePHU30BaJICA KaK Me30-3-
BTpodHbi (Kutaes, 2007) (Tabsmra 5). Haubosbime
rokasaTeji OMoMacChl M YHCJIEHHOCTHU OBLJIM OTMe-
yeHHI Ha cT. Z_3 (cm. Puc. 1), ocobenno B 2022 1. (cM.
Tabuiy 5).

Ha MomeHT ucciiejoBaHusA B PUTOLIEHO3E IO YHC-
JIEHHOCTH npeobJiafanu ruanobakrepuu (43.3-76.6%)
U 3oJioTuCThie Bogopocau (8-40.3%). B HanMeHbIIEM
KoJInuecTBe npucyTcTBoBaiu Bacillariophyta (5-12%),
Chlorophyta (5.8-14.4%) u Dinophyta, Cryptophyta,
Euglenophyta (o uyncieHHOCTH 3aHMMad He GoJjiee
2%) (Puc. 2a).

Haubonpmuii BkJIag B OHOMAcCCy COCTaBJIAIU
3oJioTucThie (37.4-60%), nuatomoBbie (24-43.8%)
u auHodurtoBbie Bogopocau (1.1-16.5%) (Puc. 2b).
OcTasibHble OTJeJ bl MHUKPOBOAOPOCJIEN IO Guomacce
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Puc.2. CooTHolIeHNe pa3IMUHbIX rpynn GUTOILUIaHKTOHA B paiioHe Kikckux mxep OHeXCKOro o3epa B JIETHHUN IepHO

(2020 r. u 2022 r.): (a) — mo uucygenHoctH, (b) — mo Gromacce.

ObUIM Ipe/CTaBjieHbl B HauMeHbIIeM KOJIMYecTBe
(Chlorophyta 1.4-7.2%; Cryptophyta, Euglenophyta,
Cyanobacteria — He 6os1iee 5%) (cm. Puc. 2b).

B pesysibpTare aHaniu3a cpaBHeHHA IIOKa3are-
Jlell puTOIIIaHKTOHA B paiioHe Kinpkckux mixep 6oJsiee
paHHuxX ucciaegoBanuii (1996-2010 1T.) ¢ coBpeMeH-
HeiMH (2020 1. u 2022 1.) GBUIO BBIABJIEHO YBEJIMYEHU-
eN . u B_ 3a cyeT HEKOTOPBIX IPYMNN (PUTOIIAHKTOHA
(Tabsmmra 6). Paxee B JieTHUI TEPUOJ IO YUCJIEHHOCTH
B palioHe uccJleJOBaHUA WHTEHCHBHO BereTHpOBaJId
MeJIKOKJIeTouHble Bubl poaa Chlorococcales u 30J10-
TUCTHIX Bojiopociiedt (YekpsrkeBa, 2008). OgHako Ha
MOMEHT HccJIe[JoBaHuA ObUIO OTMeYeHO CTaTHCTHYe-
CKM 3HAYMMOe yBeJIMYeHMHe YKCJIEHHOCTH IaHoOak-
Tepuli, 3eJIeHbIX U 3BIJIEHOBBIX BOJIOpOCJIeli. PaHTOBBIN
ko3 PunmeHT KoppesAnuu CoupMeHa Mexay KoJude-
ctBoM IraHobakTepuii (N ) U TOJIOM HCCJIeJOBaHUN

cyan

(1996 —2022 rr.) cocraBun 0.65 (p<0.05, n=10),
MeXIy KOau4ecTBOM 3ejieHbix (N, ) U 3BIJIEHOBBIX
(Neug) BOJIOpOCJIE U TOoJoM wuccjaefqoBanuii — (.82
(p<0.05, n=10) u 0.67 (p<0.05, n=10), cooTBeT-
ctBeHHO (cM. Tabsuiy 6), YTO MPUBEJIO K YBEJIMTIEHUTO
N, . Mukposogopocieit (p=0.71, n=10).

VYBenmyeHre KOJIMYECTBA OTMEYEHHBIX BHIIIIE
rpynn BOAOPOCJIEN, SBJIAIOIUMUCA XOPOIIMMU WHIU-
KatopaM# OpraHuvyeckoro 3arpsisHeHus (Bomopociu,
BhI3BIBAOIUE ..., 2006), wmoram OB paccMmarpu-
BaThCA KaK IIOKA3aTesb JeUCTBYIOIIEH AaHTPOIOTeH-
HOHM Harpy3kd Ha akBaTopuu Kukckoro apxumerara.
Opnako, comepxaHue obmero docdopa B patioHe
uccaenoBanus (7-13 MKr/j) He OTJIMYAeTCs OT NPU-
CyTCTBUA 3TOTO 3JIEMEHTA B [IEHTPAJIBHOM ILJIece 03epa
(Zobkov et al., 2022). BaxHO 3aMeTHUTh, YTO B paiioHe
Kmxcknx mxep npowuspacrtaer 00JbIIOe KOJINYECTBO

TaGJmua 3. I[OMI/IHaHTHbIe u Cy6£[OMI/IHaHTHbIe BH/BI JIETHETO (I)I/ITOHJ'IaHKTOHa B paﬁOHe Kuxckux mxep OHEeXCKOTo o3epa

B I1€epuoJ nccjeJoBaHuA

IToka3arTeib JloMUHaHTHBIE BUJBI

Bupl-cy0 JOMUHAHTBI

N (TBIC.K1./7T)

Aphanocapsa elachista W. et G. S. West®a
Gomposphaeria lacustris Chod.%"
Aphanothece clathrata W. et G. S. West®an
Dinobryon sociale Ehr.cy
Dinobryon suecicum Lemm.

Aphanothece clathrata W. et G. S. West®a
Dinobryon divergens Imhof.
Pediastrum duplex Meyen.ch!

B (Mmr/m) Dinobryon divergens Imhof." Acanthoceras zachariasii (Brun) Sim.Bac
Dinobryon sociale Ehr. Fragilaria crotonensis Kitt.Ba
Dinobryon suecicum Lemm. Dinobryon sertularia Ehr.c
Tabellaria fenestrata (Lyngb.) Kiitz.Bac Dinobryon divergens Imhof.~
Melosira varians Ag.Bx
Cymbella lanceolata (Ehr.) Kirchn. B
Ceratium hirundinella (O. F. Miill.) Schrank®®
Ipumeuyanue: HajcTpouHble 0003HAYeHWs MPUHAMJIEXHOCTH K OTAedy: B¢ — Bacillariophyta; ! - Chlorophyta;

Gan_ Cyanobacteria; - Chrysophyta; P — Dinophyta.
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Ta6suna 4. KonmuecTBO MHAUKATOPHBIX BUJIOB (Num) canpo6HOCTY BOAHBI U UX [10JIA B YKUCJIeHHOCTH puTonmaHkToHa (%) B

patione Kinkckux mixep B utose-aBrycre 2020 r. u 2022

T.

Cr.Z2 Cr.Z3
CanpoOHOCTh 2020 2022 2020 2022
N % N % N % N %
X-canpoosl - - - - - - - -
X-0-CcanpoOs! 1 0.2 1 0.1 - - - -
0-canpoOHl 10 10.1 11 19.8 5 3.0 9 35.7
0-f3-Me30canpobs 13 22.1 14 35.8 8 27.8 9 27.8
0-a-Me30canpoobl 2 0.5 1 1.1 - - 1 0.4
[3-Me30canpober 17 64.1 18 32.6 12 58.8 11 32.4
B-a-me3ocanpobst 1 0.2 1 0.1 - - 1 0.1
Qa-Me30canpobsl 1 0.4 5 0.8 1 0.4 1 0.1
p-a-canpoGkbl 1 0.4 - - 2 0.4 - -
p-canpoObl - - - - - - - -
Hnpexc canpobHOCTH 1.82 1.45 1.72 1.45
IIpuMeuaHue: «—» BUAB-MHANKATOPEL, OTCYTCTBYIOIYE B GUTOLEHO3€e B JAHHBII MOMEHT.
BBICIIENl BOJHOI pACTUTEJBbHOCTU, KOTOPBIE MOTYT [To mokazaTessAM x0poduiiia a U canpoPUTHEIM Oak-

BBICTYIIATh B KaueCcTBe KOHKypeHTa ¢ GUTOIJIAHKTOHOM
3a OMOreHHbIe 3JIeMeHThl UM WMHTHUOMPOBATh Pa3BU-

THE BOZOPOCJIEN 3a CYET aJIIEIOMAaTUYECKUX Bell]
(Cemenuenko, 2014).

€CTB

Ha crarucTuveckyd 3HaYyuMMoe yBesindyeHuve B
¢urtorutankroHa (p=0.76, n=10) NOBIUAIN TOJBKO

He kpynHble (V<9 MKM®), HO MHOTOYHCJIEHHbIE
HoOaKTepuun (chan) (p=0.68, n=10), a Takxe K

HBIE, HO ¢ HeOOJIBIIION YMCJIEHHOCTRIO — JuaTomen (B

nua-
pyn-
)

bac

(p=0.76, n=10) (cm. Tabnumy 5). B auaromoBom

KOMILJIEKCe GBUIM BCTPEYEHB KPYHMHOKJIETOYHBIE
TocHbie (Nitzschia hungarica, Cymbella lanceolata

OeH-
var.

lanceolata, Frustulia rhomboids var. saxonica, Diploneis
smithii var. smithii) 1 IIaHKTOHHO-O€HTOCHBIE BHIIbI

(Melosira varians, Acanthoceras zachariasii) o6beM

KJie-

TOK KOTOPBIX BapprpoBaJ oT 4160 o 72250 mxm>. Ha
yBesnuyeHue oblel OrioMacchl yBeJIMueHe Y1CJIEHHO-
CTH 3BIJICHOBBIX U 3eJIeHbIX BOJOPOCJIeil He oTpasu-
JI0Ch, TaK Kak B IepUoJl MCCIeJOBaHNA ObLIY OTMeYeHbl
MeHee KpyIHble BUAbl. Cpeiy 9BIJIEHOBLIX BOAOPOCIel
B mepuon ucciefnosanus (2020 r. u 2022 r.) goMmu-

HUpOBaIU —

Trachelomonas volvocina var. volvocina

u Trachelomonas volvocina var. subglobosa, oGBbeMbI
KJIETOK KOTOpBIX He mpeBbimanu 1609 mxm®, cpemu
3eJIeHBIX BOJOPOCJIell — pas3jIM4yHble BUAB HOPsAOKA
x0pokokkoBele (Chlorococcales), pasmepbl KOTOPBIX

BapbUpPOBaJId B OCHOBHOM OT 143-496 MKM®.

B wnesnom, skocucrteMa OHeXCKOro o3epa 3a
nepuop ¢ 1992-2022 rr. He mpeTepriesia U3MeHEeHUM.

TepusM TpoUUECKUl CTaTyC LEeHTPAJBHOIO IJIyOOKO-
BOAHOTO Iieca OHEXCKOro o3epa OCTaeTcs Ha YpOBHe
ourorpoduu ¢ OTINYHBIM KadyecTBOM Bofw! (TekaHoBa
u np., 2023). YpoBeHb Tpoduu B JUTOPAJILHOU 30HE
B pasHbIX paiioHax OHEXCKOro o3epa TakXe OCTaeTcs
OJIUroTpO(PHEIM MO IOKa3aTeaAM JieTHero ¢GpUTOIIaH-
kroHa (YekpbrkeBa, 2008; YexkpeikeBa u KanmuHkuHa,
2016). UckroueHueMm, ABJIAIOTCA IBa palioHa ¢ OoJiee
MOBBHIIIEHHBIM ypoBHeM Tpodunu - KoHOomoxckas
ryba, rge HMCTOYHUKOM 3arpsasHeHusa AejaloTcsa L[BK
B mpubpexbe B BepIIMHHON yacTu 3ajiiBa U ¢dopee-
Bhle (pepMEHI B ee I|eHTPaJIbHOM YacTH, a Takxe palioH
Kmxckux mxep.

HecmoTpas Ha yBeJuueHHe MeJIKOKJIETOY-
HBIX ©OoJiee NPOAYKTUBHBIX (opM  BoJopociei
(T'yrenpmaxep, 1986) aHanu3 cpaBHeHUs KOHIIEHTpa-
nuil xyiopodpuia a (X a) B patioHe Kukckux mixep
OHexcKoro ozepa MNpeAbIAyIIUX wuccienoBaHuil (X
a=3.4+0.3 - 1992-2010 rr.) c 60Jiee cOBpeMeHHbMU
Xn a=4.6 = 0.7 — 2016-2022 rr.) mokasaj OTCyT-
cTBUe 3HauMMBbIX pasziauuuil (TekanoBa u ap., 2023).
Temmneparypa mnoBepxHOocTHOro cjosi B 2020 r. (17.4-
18.0°C) Haxouach B Impejiejiax MHOTOJIETHEH U3MeH-
YMBOCTU 3TOr0 IOKasaTesid AJIA aBrycTa U3yd4aeMoro
patioHa (OHexckoe o3epo. ATJiac, 2010; KasiiuHkiHa u
Ip., 2023). OnHako, TeMIiepaTypa HoBepxHocTU B 2022
r. gocturasna 21-22°C u BhIXO[uJIa 3a INpeesibl JoBe-
putesibHOro uHTepBasa (p <0.05, n=12) B cpaBHeHUU
¢ Oosiee paHHUMU HAOJIOJEHUAMU 3TOTO IOKa3aTeJis

Ta6smna 5. KonmdecTBeHHbIe NIOKa3aTesIM pa3sBUTHA QUTOIUIAHKTOHA B JIETHUH NepuoA B palioHe Kmkckux mxep (2020 r.

n 2022 r.)
CTraHuus Bpems oT6opa N, , (TBIC. KJI./JT) B, . (Mmr/m) Tpodudeckoe cocTosaHNe
Z2 2020 r. 6900 1.662 a-Me30TpodHBIN
Z3 7012.5 2.183 B-me30TpodHbII
Z2 2022 . 4637.5 3.684 B-me30TpodHbII
Z3 9987.5 7.210 0a-eBTPOGHBIH
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Ta6suna 6. CraTucTUyecKye XapakTepucTUKU GUTOILIaHKTOHA patioHa Kinkckux mxep B paHHuH (1996 —2010) u B coBpe-

MeHHBIHN nepuoAnl nccjiegosanus (2020 r. u 2022 1.).

IToka3arenu UTOIIAHKTOHA Pannue HabJII0jeHus CoBpeMeHHbIe HAa0JII0AeHUs
M+m Min M+m Min
max Max
N, (TbiC.K71./0T) 1016.1+437.98 5 7134.4+1097.14 4637.5
2930 9987.5
Ncyan(TbIC.KJ'I./J'I) 456.4+417.80 2.5 4239.1 +£752.73 2006.3
2125 5287.5
N, (TBIC.KJL./JT) 95.3+25.58 29 617.2+28.11 562.5
167.5 668.8
Neug (TBIC.KJI./JT) 8.8+1.25 7.5 51.6+11.52 25
10 81.3
Bmt(MI‘/JI) 0.729+0.24 0.013 3.685*+1.25 1.662
1.618 7.210
chan (mr/m) 0.016 +0.01 0.0002 0.033+0.01 0.013
0.03 0.048
B,.. (mr/m) 0.512+0.22 0.011 1.157+0.3 0.564
1.548 1.730

IIpumeuanue: M +m — cpefjHee 3HaUYeHUe U ee omKOKa; Min/max — MUHUMaJIbHbIE 1 MaKCUMaJIbHble 3HaYeHUs.

(1996-2017 rr.) (KasmmukuHa u Ap., 2023). Bo3MOXHO,
0oJiee 3HAUUTEJIBHBIN MPOTPEB MOBEPXHOCTHOI'O CJIOSA
BOJIBI MOT' TIPWBECTH K 00Jiee MHTEHCUBHOMY POCTY
duTtomnankToHa B 2022 r. (Winder and Sommer, 2012).
BrIsABJIEHVE TOYHBIX IPUYMH YBEJIMYEHUS KOJTUYECTBEH-
HBIX MOKa3aTeJjiell GUTOIIaHKTOHA B MEPUOJ UCCIIe0-
BaHMA TpebyeT JOMOJHUTEIIbHBIX NCCIIEIOBAaHUT.

Takum o6pa3zoMm, cHOPMUPOBABIINECA OCO-
Oble MPUPOAHBIE YCJIOBUA B palioHe KWXCKUX MIXep
OHEeXCKOro 03epa, B OTJIMYME OT APYTrUX Y4YaCTKOB
o3epa, OmpeeJisiioT OoJjiee MPOAYKTUBHOE Pa3BUTHA
(duTorUTaHKTOHA B JIeTHUI nepuof. OQHAaKo, MpU yCH-
JIEHUW aHTPOIIOTeHHOUN HAarpy3Kyd U TOTEIUIeHUs KJIU-
Mara BO3MOXHBI 60Jiee CUJIbHBIE NU3MeHeHUsI B UTOIe-
HO3€ MCCJIeIOBAaHHOTO paloHa.

4. BbiBOADbI

B pesynbTraTte ucciegoBaHus JieTHero Guro-
IJIaHKTOHA B patioHe Kikckux mnrxep OHEXCKOro o3epa
B utosie-aprycre 2020 r. u 2022 r. oTME4€HO WHTEH-
CHUBHOe pa3BUTUE JieTHero puToIIaHKTOHa. BrgoBoit
cocTtas ObLI XapakTepeH 1A ¢utorieHo3a OHEXCKOro
o3epa, OJHaKO HanuboJIblllee KOJINYeCTBeHHOe pa3BUTHE
MOJIYYMJIN BUBI-MHANKATOPH [3-Me30canpoGHOI 30H
3arpssHeHus (3 Kjlacc KayecTBa BOJBI, YIOBJIETBOPU-
TesibHO-uKcTasn). Kpome Toro, 6bUIM OTMEUYEeHBl OTEH-
[[MaJIbHO OIacHBIe BU/BI, CIIOCOOHBIE K BRIpaOOTKe LKa-
HOTOKCUHOB. OJHAKO MX KOJIMYECTBEHHOe pa3BUTHeE
OBLJI0 MUHUMAaJIBHBIM: OT 584 KJ1./71 10 1640 xi1./71. [Ipn
cpaBHeHHUU ¢ 60Jiee paHHMMU HccyeoBaHusAMU (1996-
2010 rr.) oOHapyXeHO yBeJWuYeHHe KOJIUYEeCTBEHHBIX
rnokasaTreJjieil pa3BuUTUA PUTONIIAHKTOHA B MOCJIeqHNE
rogel (N__ 110 9987.5 Thic.ki1./J1; B 10 7.210 mr/i).
O6HapyxeHO yBeJjiMueHHe HaHOOaKTepuil, 3eJIeHbIX U
IBIJIEHOBBIX BOJOPOCJIEN, OJJHUX U3 TJIAaBHBIX MH]IMKA-
TOpPOB Iporiecca 3BTpodupoBaHUA BoAoemMoB. OOmas
fuomacca yBeJIMYWJIach 3a CYET MHOTOYMCJIEHHBIX,
MEJIKOKJIETOYHBIX IHMAHOOAKTEPUII M KPYIMHOKJIETOY-
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HBIX, HO He MHOTOYMCJIEHHBIX OEHTOCHBIX W ILJIaH-
KTOHHO-OEHTOCHBIX BHJOB AUATOMOBBIX BOJOPOCJEN.
CocTossHUe HCCIIeJOBAHHOIO y4yacTKa XapaKTepu3oBa-
JIOCh, KaK Me30-3BTpodHOe.

HecMoTpsas Ha yBesnueHHe IOTOKA TYpUCTOB,
cJIeOBaTeJIbHO, YyBeJIMYEeHHE KOJIMYeCTBa BOJHOIO
TPaHCIOPTa ¥ BO3MOKHOI'O YBEJINYeHNs CTOYHBIX OBITO-
BBIX BOJ, COCTOsIHHE JIOKAJIbHOro yuacTka Krkckux
mxep OHEXCKOro oszepa No OHOTeHHBIM 3JI€MeHTaM
OCTaeTcsA Ha ypOBHe OJIUTOTpoduU. YBeandeHue KOJIu-
YeCTBEHHBIX IOKa3aresiedl (uromyiaHkToHa B 2022 T.
BO3MOXHO, CBfI3aHO C JIYYIIWM IIPOTPEBOM IIOBEPX-
HOCTHOTO CJIOSI BOABL. BhIABIEeHHe 6oJiee TOYHBIX IIPU-
Y1H yBeJIMUeHU MUKPOBOAOPOCJIEH B IIOCJIeHNE TObI
TpeOyeT [NOMOJIHUTEJIbHBIX UCCIeOBaHN.
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ABSTRACT. In summer 2023 the size and morphological structure of bacterioplankton, quantitative
indicators of ecological-trophic groups of bacteria and total coliform bacteria were determined in the
area of Kizhi Island a water body of Lake Onego. The morphological structure of the cells was dominated
by bacilliform bacteria, indicating the presence of easily mineralizable organic matter (OM). The total
bacteria abundance, heterotrophic and saprophytic groups of bacterioplankton confirmed the increased
content of easily mineralizable OM in the area of Kizhi skerries. The development of phenol-oxidizing
and hydrocarbon-oxidizing bacteria revealed water pollution with phenolic compounds and oil products.
High indicators of total coliform bacteria indicated the presence of opportunistic microorganisms, the
number of which almost everywhere exceeded the norms for waterbodies of recreational use. The most
polluted area of Kizhi skerries is the western part, characterized by active shipping and low water

exchange.
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1. Introduction

The Kizhi State Nature Reserve is a specially
protected natural territory of federal significance, with
an area of 50,000 ha (State Report..., 2023). The State
Historical, Architectural and Ethnographic Museum-
Reserve “Kizhi” unites 68 architectural monuments on
Kizhi Island. The pearl of the island is undoubtedly the
ensemble of the Kizhi Pogost. (Lake Onego..., 2010)
(Fig. 1) which became one of the first three Russian
sites on UNESCO World Cultural Heritage List in 1990.

In 2022, more than 360 thousand tourists from
Russia and foreign countries visited the Kizhi Museum-
Reserve. The lake water area in area the Kizhi skerries
experiences a large anthropogenic load due to a water
transportation, and also serves as a receiver of domes-
tic sewage from the territory of the museum-reserve
and runoff from agricultural lands (Protasov, 1999,
Report..., 2023).

The aquatic community of Kizhi skerries are
formed under the influence of ecological conditions,
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which are determined by the landscape features of the
area that distinguish it from other parts of Lake Onego.
Biota development occurs here under conditions of rap-
idly warming shallow water, often with well-developed
macrophytes, weak water exchange with open areas of
the lake and significant influence of terrigenous run-
off. These prerequisites predetermine the formation of
plankton communities with individual characteristics
developed in the process of natural limnogenesis. This
area of the lake is differ by an increased level of tro-
phic state (Tekanova et al., 2023) which is showed in
the imbalance of production and destruction processes
and is accompanied by enrichment of the ecosystem
with organic matter. Therefore structural and quanti-
tative reorganizations of all biota links occure in this
unique area of Lake Onego (Vislyanskaya et al., 1999).
One of the important components of biomonitoring of
aquatic ecosystems is the ecological and sanitary water
quality assessment, where bacteria play an important
role. Quantitative indicators of bacterioplankton and
its size-morphological structure depend both on natu-
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Fig.1. Ensemble of the Kizhi Pogost.

ral water properties of waterbodies and on introduced
pollution from the adjacent territory. Microorganisms
take part in self-purification of waterbodies and serve
as indicators of organic matter (OM) pollution. Bacteria
react faster than other ecosystem components to minor
changes in environmental conditions because of high
metabolic rate.

The aim of the work is to assess the water quality
of the Kizhi skerries of Lake Onego by bacterioplankton
indicators.

2. Materials and methods of research
2.1. Object of the study

The chemical composition of the water of the
Kizhi Skerries is similar to the central deep-water part
of the Lake Onego in most chemical indicators, and is
characterized by a low content of nutrients (Galakhina
et al., 2022) (Table 1). Despite the fact that in recent
decades there have been decreases in total phosphorus,
nitrates and easily mineralized OM, determined by the
BOD, value, there is a tendency towards an increase in
water color and Fe  as a result of the increasing influ-
ence of the catchment area (Galakhina et al., 2022).
Every year, water is polluted with oil products, the con-
tent of which can exceed the MAC for fishery waters by
3-12 once (Protasov, 1999; Sabylina, 1999; Sabylina et
al., 2012).

The impact of cesspools, toilets and baths located
along the shores of the islands within a radius of 10 km
from Kizhi Island on the territory of the protected area
of the Kizhi Museum-Reserve is noted (Protasov, 1999).

2.2. Sampling

Water samples were taken in July 2023 at 5
stations near Kizhi Island (Fig. 2). A total of 12 water
samples were collected. The stations differed on depth
and degree of anthropogenic load. Depth of stations:
st.Z1-5.8m,st. Z2-5.7m, st. Z3-10m, st. Z4 - 7.4 m,
st. Z5 — 8.5 m. The greatest anthropogenic load is
characteristic of stations Z1, Z2 and Z4, with stag-
nant conditions: low water exchange, shallow depths,
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active navigation, more intense heating of water, and
the presence of bed macrophyte. Water samples were
taken from surface and bottom horizons. At deep sta-
tions (stations Z3, Z5) additional samples were taken at
the depth of transparency (3.5 m). Water temperature
during the sampling period at the stations varied from
12° to 18°C (Fig. 3).

2.3. Methods for microbiological analysis

Linear cell size, average cell volumes and bac-
terial biomass were determined only in samples from
surface layers. Total bacterial abundance (TBA), abun-
dance of ecological-trophic groups of bacterioplankton:
heterotrophic (HB) and saprophytic bacteria (SB), phe-
nol-oxidizing (POB) and hydrocarbon-oxidizing (HOB)
bacteria was determined in all samples. Presence of
opportunistic microorganisms were observed by total
coliform bacteria (TCB) and total microbial count
(TMCQ).

Lo

Fig.2. Bacterioplankton sampling scheme in summer

2023.
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Table 1. Water chemical characteristics of the Kizhi skerries of Lake Onego area

Characteristics Values of indicators Reference
Color, mg Pt-Co/L 34 Zobkov et al., 2022
pH 7.3 Galakhina et al., 2022
COD,, , mg O/L 6.3
Zobkov et al., 2022
COD_., mg O/L 17.6
BOD,, mg O,/L 0.7
Galakhina et al., 2022
TN, mg/L 0.25
NO,-N, mg/L <0.001
Zobkov et al., 2022
NO,-N, mg/L 0.05
NH,-N, mg/L 0.014 Galakhina et al., 2022
TP, ug P/L 9
IP, ug P/L <2 Zobkov et al., 2022
Fe , mg/L 0.09
0il products, mg/L 0.5 Sabylina et al., 2012

Note. COD,, - chemical oxygen demand with permanganate as the oxidant; COD_ — chemical oxygen demand with dichro-

mate as the oxidant; BOD, — biological oxygen demand in 5 days; TN - total nitrogen; TP — total phosphorus; IP — inorganic

phosphorus.

Total bacterial abundance was determined by
direct counting on black polycarbonate track mem-
branes (me = 0.2 um) by Whatman on a fluorescent
microscope MIKMED-2 (magnification X 1600) with
preliminary staining of cells with acridine orange
(Handbook..., 1993). Cell sizes were measured using
the computer program MultiMedia Catalog (MMC),
which has the ability to calibrate the scale. The aver-
age cell volume (V_) was calculated as the volume of
stereometric figures matching their shape (Krambeck
et al., 1981; Kuznetsov and Dubinina, 1989). Bacterial
biomass (BB) was calculated as the product of the mean
bacterial cell volume and total bacterial abundance
(Kuznetsov and Dubinina, 1989).

Saprophytic bacteria (SB) were grown on con-
centrated production fish-peptone agar (FPA) at 22°C
during 10 days. Heterotrophic bacteria (HB) were
sown on FPA:10 (FPA diluted 10 times) and cultured
for 10 days at 22°C (Kuznetsov and Dubinina, 1989).
The number of phenol-oxidizing bacteria (POB) was
determined on mineralized medium with phenol addi-
tion (Kuznetsov and Dubinina, 1989). Hydrocarbon-
oxidizing bacteria (HOB) were grown on specialized
Voroshilova-Dianova medium with addition of puri-
fied Difco agar. Before sowing, TVIN-80 and fuel oil
were added to the sterile molten medium as an emul-
sifier of solar oil (Kuznetsov and Dubinina, 1989). The
total microbial count (TMC) or the number of bacteria
capable of multiplying in warm-blooded animals and
humans was incubated on FPA medium for 24 h at 37°C
(Methodological guidelines 4.2.1884-04). Platings was
carried out by the depth method.

Water samples were filtered through membrane
filters (D . = 0.45 um) for the determination of total
coliform EE>acteria (TCB). Colonies were grown on filters
placed on agarized Endo medium at 37°C for 24 hr.
After incubation, the cytochrome oxidase test was per-
formed, TCB was counted based on a negative oxidase
test (Methodological guidelines 4.2.1884-04).
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2.4. Assessment of water quality by
microbiological indicators

For the saprobiological assessment of the water
of the Kizhi skerries, the V.I. Romanenko scale was used
(the ratio of SB/ TBA,%) (Romanenko, 1985; Dzyuban,
2000): < 0.003 - especially clean; 0.003-0.03 - clean;
0.03-0.1 - slightly polluted; 0.1-0.3 — polluted; 0.3-3.0
—dirty; > 3.0 — especially dirty. The water quality class
was assessed according to the complex ecological clas-
sification of terrestrial surface water quality according
to the indicators of TBA, SB and TCB (Table 2) (Oksiyuk
et al., 1993).

For correct assessment of water quality by indi-
cators of total bacterioplankton abundance according
to the scale of V.I. Romanenko (1985) and the classi-
fication proposed by O.P. Oksiyuk et al. (1993) (light
microscopy with cell staining with erythrosine), a coef-
ficient of 2.06 was used to convert to a new method
(epifluorescence microscopy with cell staining with
acridine orange) (Makarova et al., 2022).
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Fig.3. Water temperature at the stations during the sam-
pling period.
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Table 2. Assessment of the ecological state of water based on microbiological indicators (Oksiyuk et al., 1993)

Indicators Water quality classes
1 2 3 4 5
extremely clean clean satisfactory cleanliness polluted dirty
TBA, -10° cells/ml < 0.3 0.3-1,5 1.6-5.0 5.1-10.0 >10.1
SB, -10° CFU/ml < 0.1 0.1-1.0 1.1-5.0 5.1-10.0 >10.1
TCB, -10° CFU/L < 0.003 0.003-2.0 2.1-10.0 11.0-100.0 >101.0

The intensity of self-purification processes was
estimated by the ratio of saprophytic bacteria and total
microbial count (SB/TMC) - self-purification coeffi-
cient (Csp) (Methodological guidelines 4.2.1884-04).
C,, below the critical level of 4 indicates the presence
of opportunistic microorganisms, as well as low rates
of self-purification in various parts of the waterbody
(Methodological guidelines 4.2.1884-04). The degree of
pollution of lake water by oil compounds was assessed
by the number of HOB, which, when exceeding 5%
of the SB, indicates water pollution by oil products
(Razumov and Korsh, 1960). The degree of lake water
pollution by phenolic compounds was assessed accord-
ing to the classification of fresh water quality by phe-
nol-oxidizing bacteria (POB) development (Vinogradov
et al., 2001).

Weighted averages of total bacteria abundance
and abundance of ecological-trophic groups of bacte-
rioplankton in the water column were used to correctly
compare stations with different depths.

2.5. Statistical analysis

Samples were compared using the nonparametric
Mann-Whitney U test. When comparing the obtained
data with the data of previous studies, the confidence
range (tm) and the range of variation (min-max) were
determined. Statistical data processing was performed
in the licensed package Statictica Advanced 10 for
WindowsRu.

3. Results and discussion

The morphological structure of bacterioplankton
is often used in assessing the quality of waterbodies. It
is known that bacterial bacilliforms are an active com-
ponent of the bacterial community (Rumyantseva and
Kosolapov, 2015; Kuznetsova, 2017; Kuznetsova et al.,
2020).

The morphological composition of bacterioplank-
ton of the Kizhi skerries was characterized by the preva-
lence of bacilliform forms, which indicates the presence
of organic matters (OM) of different nature and their
destruction, indicating the intensive of self-purifica-
tion processes at the studied stations (Razumov, 1962;
Shornikova, 2008; Khmelevskaya, 2013; Tokinova et
al., 2014; Bogdanova, 2015).

The size structure of the bacterial community
allows us to assess its functional state. Small cocci
(0.2-0.35 um) and large bacilli (> 2 um) with inten-
sive metabolism (Kuznetsova, 2017; Kuznetsova et al.,
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2020) had a larger share in the bacteriocoenosis at
stations Z2 and Z3 (total 10% and 15%, respectively)
(Fig. 4), which indicates a more active consumption
of organic matter from the surrounding aquatic envi-
ronment by bacterioplankton and self-purification
processes. Medium-sized cocci (0.35-0.45 pm), hav-
ing slower metabolic rates compared to small cocci
(Kuznetsova et al., 2020), had the highest proportion
on st. Z4. The least active components of the bacterial
community, large cocci (0.45-0.8 pm) and small bacilli
(< 2 pm) (Kuznetsova, 2017), were characteristic of st.
Z1 and st. Z5 (total 83% and 81, respectively) (Fig. 4).

In general, the size-morphological structure of
bacterioplankton indicates a faster self-purification
process at st. Z2 and st. Z3 compared to other stations
of the Kizhi skerries.

The average cell volume was comparable at all
studied areas of the Kizhi skerries (Table 3). The TBA in
the water surface varied insignificantly (the difference
between the minimum and maximum values was less
than 1.5 times). The distribution of bacterial biomass
(BB) on the water surface mainly depends on the distri-
bution of TBA, however, at stations Z1 and Z3 — on the
changesinV_.

The mean values of total bacterial abundance
(TBA) in the water column near Kizhi Island varied
within narrow ranges with maximum values at st. Z2.
(Table 4). High numbers of heterotrophic bacteria
(HB), which are the dominant group in microbocenoses
due to their ability to grow at high rates at low concen-
trations of organic matter, were observed at all studied
stations. The greatest HB development is characteristic
of the western coast of Kizhi Island - st. Z1 and st. Z2
(Table 4).

Average numbers of saprophytes bacteria (SB) in
the water column witness about increased concentra-
tions of OM at st. Z1. SB have maximum values about

Table 3. Spatial distribution in the water surface layer of
total bacterial abundance (TBA), bacterial biomass (BB) and
average cell volume (V_) in water of Kizhi skerries of Lake
Onego.

Stations | TBA, min cells/ml V_, pm? BB, mg/L
71 2.75 0.092 0.332
72 3.49 0.068 0.292
Z3 2.62 0.093 0.330
Z4 3.74 0.091 0.474
75 3.33 0.083 0.364
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Fig.4. Share of different size-morphological groups in bacterioplankton of Kizhi skerries of Lake Onego.

here. Self-purification coefficient (CSP) — SB/TMC ratio,
below the limit value of 4, indicates the incomplete-
ness of self-purification processes on the southwestern
coast of Kizhi Island (st. Z2) and the possible presence
of opportunistic microorganisms in this area (Table 4).
An important part of the research was the study
of opportunistic microorganisms by the total coliform
bacteria (TCB). The number of TCB this is evidenced
about fecal contamination of water and its safety for
recreational use. According to SanPiN 1.2.3685-21 the
number of TCB in recreational areas should not exceed
500 CFU/100 cm® The number of TCB exceeded the
critical value at the stations with lentic water and
active navigation: st. Z1, st. Z2, st. Z4 (Table 4).
According to the water quality scale of V.I
Romanenko (1985), the water at st. Z3 was “clean” and
at the rest of the Kizhi Island water area — “slightly
polluted”. In accordance with the complex ecological
classification of surface water quality (Oksiyuk et al.,
1993), on indicators of TBA, SB and TCB, water at st. Z3
corresponded to quality class 2 — “clean waters”, water
at other stations of the Kizhi skerries corresponded to
quality class 3 — waters of “satisfactory cleanliness”.
Indicators of water pollution by phenolic com-
pounds are phenol-oxidizing bacteria (POB), whose
abundance characterized all studied areas of the Kizhi

skerries as “satisfactorily cleanliness” (3-rd quality
class) according to the freshwater quality classification
(Vinogradov et al., 2001).

The presence of petroleum hydrocarbons is char-
acteristic for the entire Kizhi skerries area due to active
shipping, which causes the development of hydrocar-
bon-oxidizing bacteria. It is considered that the abun-
dance of HOB exceeding 5% of the SB is indicative of
water pollution by oil products (Razumov and Korsh,
1960).Thus, on average proportion of HOB from the
abundance of SB was the lowest on stations Z4 and Z5
(6% and 8%, respectively), while on st. Z1 their propor-
tion was 31%, on st. Z2 — 12%, on st. Z3 — 46%, indi-
cating the pollution of the western and eastern coasts
of Kizhi Island by oil hydrocarbons. It is interesting that
st. Z3 was characterized as a clean site on indicators
of TBA, SB, TCB and TMC indicators. However, num-
bers of HOB characterized water quality as opposite.
Perhaps raising the HOB at st. Z3 is important due to
the intensive movement of small vessels operating on
tourist routes around Kizhi Island.

In general, the development of ecological-tro-
phic groups of the bacterioplankton community near
Kizhi Island was uneven. The greatest development of
bacterioplankton was typical of stations with low water
exchange (stations Z1, Z2 and Z4).

Table 4. Microbiological characterization of waters of the Kizhi skerries (weighted average values in the water column), and

water quality according to various indicators

Stations | TBA HB | sB | poB | HOB | T™MC TCB . | SB/TBA,% | Quality class
min cells/ CFU/ml CFU/100 (Otsitls st ell,
o e 1993)
71 2.30 3639 | 1187 | 559 | 326 | 119 860 5 0.11 3
2 3.14 2746 | 699 | 325 | 99 | 208 2580 1 0.05 3
Z3 2.13 1063 | 333 | 286 | 126 | 16 290 126 0.03 2
74 2.62 1411 | o912 | 127 | s0 | 116 804 4 0.07 3
Z5 2.79 1319 | 828 | 371 | 44 99 301 52 0.06 3

Note: TBA - total bacterial abundance; HB — heterotrophic bacteria; SB — saprophytic bacteria; POB — phenol-oxidizing bac-
teria; HOB - hydrocarbon-oxidizingbacteria; TMC - total microbial count; TCB - total coliform bacteria; Csp— self-purification
coefficient; The values of the TCB that exceed the standards of SanPiN 2.1.3685-21 are highlighted in bold.
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Nonparametric analysis of the Mann-Whitney
U-test revealed statistically significant differences in
the abundance of TCB between the skerry areas (st. Z1,
st. Z2, st. Z4) and open areas (st. Z3, st. Z5) of the Kizhi
Island. No statistically significant differences were
found in the abundance of other ecological-trophic
groups of bacterioplankton (Table 5).

The obtained 2023 data on TBA and abundance
of SB, HB, HOB and POB were compared with data
from the summer period (June-August) of previous
studies — 1994-2009 from stations Z1-Z4 from differ-
ent horizons (Syarki et al., 2015) (Table 6). Data anal-
ysis showed that at St. Z2 and St. Z4, TBA for 2023 is
outside the confidence range of previous studies, but
this increase in TBA is small. Changes in the abundance
of ecological-trophic groups of bacterioplankton were
noted to a greater extent. Thus, at st. Z1, the indicators
obtained in 2023 are out of the confidence range of the
values obtained for the period 1994-2009 (Table 6).
There is a slight increase in HB and HOB, and an order
of magnitude excess of SB and POB on st. Z1. Numbers
of SB and HB at st. Z2 and HB and HOB at st. Z3 are
slightly outside the confidence range of data from pre-
vious studies (Table 6). Also at st. Z3, an increase POB
on 2-4 times was observed compared to previous stud-
ies, and at st. Z4 there is an order of magnitude increase
in SB abundance.

The increase in the number of ecological-trophic
groups of bacterioplankton proves that over the last
15 years, the anthropogenic load near Kizhi Island has
increased due to the increase in tourism associated with
increased transport load.

4. Conclusions

In summer 2023 the studied skerry area of Lake
Onego was characterized by the presence of pollutions

Table 5. Significance levels of the Mann-Whitney U-test
between sampling stations in the skerry area (st. Z1, st. Z2,
st. Z4) and stations in the open part (st. Z3, st. Z5) of Kizhi
skerries of Lake Onego.

Indicators p-levels

TBA 0.337

SB 0.109

HB 0.109
TMC 0.055
HOB 0.631
POB 0.749
TCB 0.011

Note: * Shown in bold type are the loads of features with
a significant contribution (p < 0.05); TBA - total bacterial
abundance; SB — saprophytic bacteria; HB — heterotrophic
bacteria; HOB — hydrocarbon-oxidizingbacteria; POB — phe-
nol-oxidizing bacteria; TCB - total coliform bacteria.

with easily mineralizable OM, phenolic compounds and
petroleum products, as evidenced by high indices of the
number of ecological-trophic groups of bacterioplank-
ton.The size and morphological structure of bacteria
also confirms the presence of OM contamination by
water near Kizhi Island and its consumption by bacte-
ria. Sanitary and bacteriological condition of water by
microbiological specify indicate the presence of oppor-
tunistic microorganisms determined by the number of
TCB which almost universally were exceeded the norms
for waterbodies of recreational use.

The most polluted are the stations on the western
shore of Kizhi Island (stations Z1 and Z2), where slower
water exchange and better water heating are noted.
The cleanest part of water masses of Kizhi Island is st.
Z3 - open stretch with more intensive water exchange
with the central part of the lake.

Table 6. Bacterioplankton of the Kizhi skerries of Lake Onego in different periods of research

Indicators Research period St. Z1 St. Z2 St. Z3 St. Z4
TBA, 1994-2009 rr. 0.85-4.89 (H* 0.75-3.39 (9) 0.72-4.78 (11) 0.78-2.88 (4)
mln cells/ml 0-5.52 1.17-2.88 1.35-3.09 0-2.98
2023 . 2.62-3.30 (2) 3.42-3.74 (2) 2.37-2.75 (3) 3.14-3.33 (2)
SB, CFU/ml 1994-2009 rr. 98-644 (2) 114-2316 (8) 8-1576 (11) 190-401 (4)
0-845 0-1186 53-638 145-470
2023 . 1240-1820 (2) 154-1440 (2) 361-426 (3) 710-1540 (2)
HB, CFU/ml 1994-2009 rr. 338-775 (2) 277-3352 (4) 44-2520 (7) 215-1510 (3)
0-3334 0-3689 11-1594 0-2432
2023 . 3770-5610 (2) 980-5280 (2) 960-1640 (3) 1500-1980 (2)
HOB, CFU/ml 1994-2009 rr. 86-133 (2) 0-786 (5) 18-284 (7) 11-216 (4)
0-408 0-786 18-284 0-228
2023 . 221-620 (2) 14-211 (2) 69-371 (3) 52-72 (2)
POB, CFU/ml 1994-2009 rr. 8-12 (2) 70-1140 (4) 8-132 (6) 77-1264 (3)
0-35 0-1232 8-132 0-2158
2023 . 640-800 (2) 81-660 (2) 300-500 (3) 147-166 (2)
Note: * Mzn——Max(n) ; Bold - indicates values of indicators beyond of significant contribution (tm); TBA - total bacterial
tm

abundance; SB - saprophytic bacteria; HB — heterotrophic bacteria; HOB - hydrocarbon-oxidizingbacteria; POB — phenol-oxidiz-

ing bacteria.
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Compared to the previous study period, the sum-
mer 2023 was characterized by higher bacterioplank-
ton abundance due to the increment of tourist load con-
nected in increased shipping traffic.
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OueHkKka KauecTBa BOAbI B paioHe My3ef-
3anoBeAHUKa «Kmxun» (OHeXxxckoe o3epo)
no NnoKa3arenam 6aKrepMonAaHKTOHA 3a
AeTHUM nepuop 2023 roaa

Makaposa E.M.*

Hrcmumym 8o0HbLx npobstem Cegepa Kapestbckoeo HayuHozo yeHmpa Poccutickoti akademuu Hayk, np. Anekcandpa Heackoeo, 50,
Ilempo3asodck, 185030, Poccus

AHHOTAILIUS. IlpeacraBiieHbl pe3yJibTaThl MHUKPOOMOJOTMYECKUX HCCJIEJOBAHUU aKBaTOPUU
OnHexckoro o3epa B paiioHe o. Kwxu 3a nerHuii nepuop 2023 r. OnpefesieHbl pa3MepHO-MopdhoJIo-
ryuyeckas CTpyKTypa 6aKTepUOILIaHKTOHA, KOJIMYeCTBeHHbIe ToKa3aTesIy 3KO0JI0ro-TpOGHUUYECKUX Py
OakTepuil 1 0000IIeHHBIX KOJIMDOPMHBIX OakTepuil. B Mopdosioruueckoli CTpyKType KJIETOK JOMUHU-
pOBaJIM MaJI0YKOBUAHBIE (DOPMBI, CBHAETEIbCTBYIONINE O [IPUCYTCTBUHN JIETKOMUHEpaJInu3yeMoro opra-
Huveckoro Bemniectsa (OB). O01as yrMcaeHHOCTh 0aKTepuil, YMCJIEHHOCTh reTepOTPOMHBIX 1 canpopuT-
HBIX IPyII 0aKTepHOIJIAHKTOHA IIOATBEPKAAJIN IOBBIIIEHHOE coAeprkaHue JIerkoMuHepaausyeMoro OB
B paiioHe Kwxckux mixep. ITo pa3BuTuio (PeHOJIOKHCIIAIMNX U YriIeBOAOPOAOKUCIIAIMNX 6aKTepuil
BBIABJIEHO 3arpsA3HeHue BoJbl GeHOJIbHBIMU COeAUHEHUAMU U HeTellpoAyKTaMuy. Beicokue nokasaTesnu
000011IeHHbIX KOTU(POPMHBIX OaKTepUii, YUCJIEHHOCTh KOTOPBHIX MOYTH MTOBCEMECTHO MpeBhIlIaga HOp-
MaTHBHI AJ11 BOAOEMOB pPeKpealliOHHOI'0 UCIOJIb30BaHUsA, CBUAETEIbCTBOBAINA O MPUCYTCTBUH YCJIOB-
HO-TIaTOTeHHBIX MUKpoopraHu3MoB. HauboJsiee 3arpsA3HeHHBIM y4acTKOM Kipkckux mixep fABJISETCA UX
3anajHas 4acTh, XapaKTepu3yolascs aKTUBHBIM CyOXOACTBOM U 3aMe/JIEeHHBIM BOJOOOMEHHOM.

Kiouegwie citoda: o. Kuxy, 6aKkTepHOIIaHKTOH, pa3MepHO-Mop@doJiornieckas CTpyKTypa, YMCIIEHHOCTh 9KOJIOTO-
TpopuiecKux rpynm, 0000meHHbIe KOJIM(pOPMHEIe DaKTepuH, OlleHKa KauyecTBa BOBI

Jna nurupoBaHusa: Makaposa E.M. OrieHka kauecTBa BOJbl B palioHe My3es-3anoBeAHuKa «Kioku» (OHeXxcKoe 03epo) 1o Mmoka-
3aTesisiM GaKTepHOIUIAaHKTOHA 3a JieTHHE mepuof 2023 roga // Limnology and Freshwater Biology. 2025. - Ne 1. - C. 52-67.
DOI: 10.31951/2658-3518-2025-A-1-52

1. BBeAeH"e My3€Aa-3alioBEAHMKa U CTOKOB C CeJIbCKOXO35ICTBEH-

Heix yroauii (Ilporacos, 1999; OTuer..., 2023).
Bonnbie coobmectBa Kuxckux mxep ¢dopMu-
pyloTcs TOJ BJMAHUEM OKOJIOTMYECKUX YCJIOBUH,
onpefesAIINXCA JIAHAMAQTHBIMUA OCOOEHHOCTAMU
pailioHa, pe3KO OTJIMYAIOUIMMM ero OT APYTMX y4acT-
koB OHexckoro osepa. Pa3Butue OHOTH NPOUCXOOUT
37ecb B YCJIOBHUAX OBICTPO NPOTrpeBaeMOro MeJIKOBO-
[1bsl, 4aCTO C XOPOIIO Pa3BUTOM BhICIIEN BOAHON pac-
TUTEJIbHOCTBIO, 3aMeJIeHHOI'O0 BOJ0OOMeHa C OTKpHI-
TBIMH yYacTKaM{ O3epa M 3HAUWUTEJIbHOI'O BJIMAHUA
TeppPUreHHOTO CTOKa. YKa3aHHBIe MPeAIOCBUIKUA IIpe-
jonpefensaiT (GOpMUPOBaHUE IIJIAHKTOHHEIX COO00-
lecTB ¢ MHAVMBUAYAJIbHBIMU XapaKTepUCTUKAMHU, CJIO-
XUBIIMMHCS B IIpoliecce ecTeCTBEHHOIO JMMHOreHesa.
JlaHHBIN palioH o3epa BbIJieJIs1eTCs OBBIIIEHHBIM YPOB-
HeM Tpoduu (Tekanova et al., 2023), 4TO NPOABIAETCA,
Ipexje Bcero, B AucbasaHce IPOAYKIUMOHHO-AECTPYK-
I[MIOHHBIX IIPOLIECCOB U CONPOBOXKAAeTCs oboramjeHueM

T'ocymapcTBeHHBIN TIPUPOTHBIN 3aKa3HUK
«Kmxkckuit» — 3T0 0c0060 oxpaHsieMas IPUPOLHAA Tep-
putopus (QenepasibHOIO 3HaA4YeHHUs, IUJIOMAAb KOTO-
pori 50 000 ra (I'ocymapcTBeHHBIN AOKJIaf..., 2023).
T'ocymapcTBeHHBIN WCTOPUKO-apXUTEKTYPHBIHN u
sTHOrpaduueckuil My3ei-3anoBeqHUK «Kuxu» 00B-
equHMI Ha o. Kmxu 68 maMATHUKOB apXWUTEKTYPHI.
JKeMuyXMHOII OCTpOBa SIBJIIETCSI ApPXUTEKTYPHBIN
a"ncam6ib Kukckoro mnorocra (OHeXckoe 03epo...,
2010) (Puc. 1), KOTOpPHBII CcTaJl OAHUM U3 TPEX MEePBBIX
pocculickux 060beKToB B CIiicke BCEMUPHOTO KyJIbTYP-
Horo Hacjeaus FOHECKO B 1990 r.

B 2022 r. myseli-3anoBeHUK «Kuxu» noceTusio
6osiee 360 Thic. TypucToB u3 Poccun u 3apybexbs.
AxBaTopusi o3zepa B parioHe KWXCKuxX IIXep WCITbI-
ThiBaeT OOJIBIIYI0 aHTPOIOreHHYI0 Harpy3ky 3a cueT
BOJHOIO TPAaHCIOPTa, a TaKXke CJIYXWUT IPUEeMHUKOM
XO3AHCTBEHHO-OBITOBBIX CTOYHBIX BOJI C TEPPUTOPUU
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Puc.1. ApxuTekTypHbII aHcaMOJib Kixckoro norocra.

9KOCHCTEMBl OpraHWYeCKUM BellecTBOM, BCJIEACTBHE
Yero MpOMCXOMAT CTPYKTYpHble U KOJIMYeCTBEHHBIe
IepecTPOIKY BceX 3BeHbeB OMOTH B 3TOM YHUKAJIBHOM
patioHe OnHexckoro o3epa (BucisHckas u ap., 1999).
OpmHOMl M3 BaXXHBIX COCTABJIAIUIUX OWMOMOHUTOPUHIA
BOJHBIX JKOCHCTEM fABJIAETCSA OLleHKa 3KOJIOTHYeCKOro
Y1 CaHUTApHOIO KayecTBa BOJBI, Ille HeMaJIOBaXHYIO
poJib urpaioT 6akrepuun. KosnuecTBeHHble TOKa3zaTesIn
0aKTepHOIUIaHKTOHA U €ero pasMepHo-Mopdooruye-
CKasA CTPYKTypa 3aBUCAT KaK OT IPUPOJHBIX CBOMICTB
BOJBl BOJIOEMOB, TakK W OT IPUBHOCHMBIX 3arpssHe-
HUI ¢ mpuieramuieil Tepputopur. MUKpoOpraHmu3Mbl
[IPYHUMAIOT ydYacTHe B CaMOOYMIIEHUU BOJOEMOB U
ciy’)kaT WHAUKaTOpaMy 3arpsA3HeHus OpraHUYecKUM
BemecTBoM (OB). Bricokas ckopocTth MeTabosmzma
OakTepuil MO3BOJIAET UM OBICTpee, YeM IPYTUM KOM-
[IOHEHTaM 5KOCHCTeMBIl, pearnpoBaTh Ha He3HAUUTeJIb-
Hble U3MeHeHUs YCJIOBUN CpeJibl.

Ilenp paboTbl — OLIEHUTb KadyecTBO BOJBI
Kmxckux mxep OHeXCKOro o3epa IO MOKasaTessaM
0aKTepUONJIAaHKTOHA.

2. MaTepuanbl M MeTOAbI HCCAEAOBAHMUA
2.1. O6beKT uccnepOBaHUA

XuMnueckuil coctaB BoAbl Kikckux mxep IO
OOJIBIIMHCTBY XMMUYECKUX MOKa3aTesiell CXOX C IieH-
TpaJIbHOH TJIyOOKOBOJHOM 4acThi0 O3epa, U XapakTe-
pu3yeTcs HU3KUM cojiepXaHueM OHOTeHHBIX Bell[eCTB
(Galakhina et al., 2022) (Ta6suna 1). HecmoTps Ha To,
YTO 3a MOCJieHUe eCATUJIeTUs OTMeYaloTCsA CHIKe-
HuA obmero pochopa, HUTPATOB U JIETKOMUHEPAIU3Y-
emoro OB, onpenesnsiemoro mo BenuuuHe BIIK,, oTme-
yaeTcs TeHJEHIUA K YBeJWYeHUI0 IBETHOCTU BOABI U
Fe ., B pe3yJbTaTe yBeJINYEHNs BIIUAHNA BOJOCOOPHON
tepputopuu (Galakhina et al., 2022). ExeromHo mpo-
HWCXOAUT 3arpsA3HeHre BoAbl HeTenpoayKTaMu, CoAep-
’)KaHue KOTOpHIX MoxeT npeBoimath I1IK nmaa perdoxo-
35HCTBEHHbIX BojioeMoB B 3-12 pa3 (IIporacos, 1999;
Ca6putnHa, 1999; CabeutuHa U 1p., 2012).

OTMeuaeTcs BIMsAHNE Ha TEPPUTOPUM OXPAaHHOMN
30HBI My3esi-3aMoBeJHUKA «KXu» BHITPEOHBIX SIM, Tya-
J1eToB U 0aHb, HAXOAAMUXCA MO Oeperam OCTPOBOB B
paauyce 10 kM ot o. Kuxu (IIporacos, 1999).
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2.2. OT60p NPO6

[TpoOGs1 BoAw! ObLIM 0TOOpaHH B ntoJie 2023 r. Ha
5 craniuax Bosje o. Kuxu (Puc. 2). CTaHI[uU OTJIMYa-
JIUCH 110 IJTyOMHe U CTelleHU aHTPOIIOTeHHOM Harpy3Ku.
I'my6una crannuit: cr. Z1 — 5.8 M, c1. Z2 - 5.7 ™M, cT. Z3
- 10 ™M, cT. Z4 — 7.4 ™, cT. Z5 — 8.5 M. HauboJbInas
aHTPOIIOTeHHas Harpyska XapakTepHa JJid CTaHIUHN
Z1, 72 n 74, oTIMYanImnXcs 3aCTOMHBIMU YCJIOBUAMU:
3aMe[JIeHHEIM BOAOOOMEHOM, HeOOJbIIMMU T[JIyOu-
HaMH, aKTUBHBIM CyZI0XOJCTBOM, XOPOIIMM IIPOIPEBOM
BOJBI, @ TaKXe IPUCYTCTBHEM 3apOCjIeBON pacTUTeJlb-
HocTHU. [IpoGBl BOABI OTOMpaJM C MOBEPXHOCTHOIO U
NpUAOHHOTO ropu3oHToB. Ha Gosiee riyOoOKux cTaH-
nusax (ct. Z3 u 7Z5) JonojHUTEeIbHO OBLIM OTOOPAHBI
IpoObl Ha I1yOuHe npo3pauHoctu (3.5 m). Beero 6bu10
oTobpaHo 12 npo6 Boawl. TemmnepaTypa BOAbI B IEpHUO.
oTbopa npob Ha cTaHIUAX U3MeHs1ach oT 12° go 18°C
(Puc. 3).

T
WD
N

Puc.2. Kapra-cxema ctaHuuii or6opa npo6 GakTeprio-
IUTAaHKTOHA B JieTHUH nepuop 2023 roaa.
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Ta6suna 1. Xumuyeckas xapakTepucTHUKa Bobl palioHa Kipkckux mxep OHeXCKOro osepa

IToxasartenu 3HaueHNA MOKa3areJiei CcpLika
IIBeTHOCTB, MT Pt-Co/71 34 Zobkov et al., 2022
pH 7.3 Galakhina et al., 2022
I10, mr O/n 6.3 Zobkov et al., 2022
XTIK, mr O/n 17.6
BIIK,, mr O,/n 0.7 Galakhina et al., 2022
Noﬁm, mr N/ 0.25
NO,-N mrN/n <0.001 Zobkov et al., 2022
NO,-N mr N/ 0.05
NH,-N, mrN/n 0.014 Galakhina et al., 2022
P s MKT P/11 9 Zobkov et al., 2022
P, MKr P/n <2
Fe, mr/n 0.09
HedrenpoaykTsl, Mr/i 0.5 CabpuiniHa U Ap., 2012

2.3. MeTtoabl MMKPOGHOAOrHUECKOTO
aHaAM3a

JIuHeliHBIN pa3Mep KJIETOK, UX cpefHUe 00beMbl
u 6uoMacca 6akTepuil ObLIN ONpefiesieHbl TOJIBKO B 5
nmpo6ax MOBEPXHOCTHOT'O ropu3oHTa. Bo Bcex mpobax
onpefesisiyiv o6IyI0 YncJIeHHOCTh OakTepuit (OUB), a
TaKXe YHCJIEHHOCTh 3KO0JIOro-TpodUyecKux rpymnn 6ak-
TepuomnJlaHkToHa: retreporpodueix (I'B) u campodur-
HbIX 6akTepuii (CB), penonokucasomux (OOB) u yrie-
Bogoponokucisomux (YOB) 6akrepuii. IlpucytcrBue
YCJIOBHO-IATOT€HHBIX MHUKPOOPIaHMU3MOB OLIeHUBAJIU
10 YUCJIEHHOCTU O0OOIIeHHBIX KOJU(MOPMHBIX OakTe-
puii (OKB) u obmeMmy MukpodHomy uuciay (OMY).

O61ry0 4YucJeHHOCTh OaKTepuil omnpeaessiiu
MeTOZOM IPsMOro CYeTa Ha YepHBIX IMOJIMKapOOHAT-
HBIX TPEKOBBIX MeMOpaHax (DHop = 0.2 MKM) Ipou3-
BoxcTBa Whatman Ha JIIOMHHECHIEHTHOM MHKPOCKOIIe
MUKME/[-2 (yBenuuenue X 1600) c mpeaBapuTelib-
HBIM OKpAaIIMBAaHHEM KJIETOK aKPUANHOBHIM OpaHXe-
BbeiM (Handbook..., 1993). Paamepsl KJIETOK U3MEPSIIU
MpY MOMOIIM KOMITbIOTEpHOI mporpammMbel MultiMedia
Catalog (MMC), o6Jagaomieii BO3MOXHOCTBIO KaJiu-
OpoBkM mIKasibl. CpeqHUIl 00beM KJIeTOK (ch) BBIYIIC-
JISIIM KaK 00beM MOAXOMAMIMX UM 10 GOpMe CTepeo-
MeTpudeckux ¢uryp (Krambeck et al., 1981; Ky3Henos
u JlyouHuHa, 1989). buomaccy 6axrtepuit (BB) pac-
CUMTBHIBAJIM KaK IMpon3BeJieHUe cpe/iHero oobeMa Oak-
TepHaJIbHbIX KJIETOK U OOIIel YncJIeHHOCTU GaKTepuil
(KysHuenos u [Jyoununa, 1989).

Canpodurnsie 6aktepun (CB) BhIpammBaiu Ha
KOHI[eHTPHUPOBAHHOM IIPOU3BOACTBEHHOM pPHIOO-IIeN-
ToHHOM arape (PITA) mpu 22°C B TeueHue 10 gHeil.
l'ereporpodubie 6akTepuu (I'B) BriceBasiu Ha PITA:10
(PIIA, pasBeneHHbill B 10 pa3) u KyJIbTUBHUPOBAJIU B
Teuernue 10 pnHeir npu 22°C (KysHenoB u J[ybuHuHa,
1989). YucyieHHOCTh (HEHOJIOKUCIIAIIUX OaKTepuil
(®ODB) ompenensanu Ha MUHepaJU30BaHHOU cpefde C
nobasiienreM ¢enousa (Kysneros u JlybuHunHa, 1989).
Yrnesonoponokucsistone 6aktepuu (YOB) Boipamu-
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Dty Gana,

BaJIM Ha CIelUaJM3uPOBaHHON cpeje BopommioBoii—
JluaHoBoli ¢ fobaByieHMeM ouulleHHoro arapa Judko.
[Tepen moceBoM B CTEpPUJIbHYIO pacIlyIaBJIEHHYIO Cpedy
B Ka4yecTBe 3MyJibraTopa coJisipku gobassisuiiu TBIH-80
n Mmasyt (KysnenoB u JlyomHuHa, 1989). OO6uiee
Mukpo6Hoe yncsio (OMY) niu yrcaeHHOCTh OaKTepu,
CIIOCOOHBIX Pa3MHOXAaThCA B OpraHU3Me TelJIOKPOBHBIX
XKMBOTHBIX U YeJIoBeKa, NHKyOupoBasu Ha cpefe PIIA B
TeueHune 24 unputemneparype 37°C(MYK4.2.1884-04).
[ToceBbl NPOBOAVIIN TJIyOMHHBIM METOZOM.

Jna onpefesieHnsa 000OIIEHHBIX KOJIM(OPMHBIX
6akrepuii (OKB) npoGel BoAbl (GUIBTPOBAIU Uepes
MeMOpaHHble QUIIBTPHI (DHOP = 0.45 mxm). Kononuu
pocau Ha GuIbTpax, NOMeIleHHBIX Ha arapu30BaHHYI0
cpeny JHAo, npu 37°C B TedyeHue 24 4. Ilocse MHKY-
6aiuy BBIIOJIHAJICA IUTOXPOMOKCHUAA3HBIN TeCT, yueT
OKBb ocy1iecTB/IAIN 10 OTPULIATEIBHOMY OKCUIa3HOMY
tecty (MYK 4.2.1884-04).
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Puc.3. Temneparypa BOAB Ha CTaHIUAX B I[EpPUOJ
oTt6opa 1pob.
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Ta6suna 2. OreHKa 3K0JI0rMYecKoro COCTOSHUA BOJBI 10 MUKPOOUOIOrndeckuM mokasatesiaM (Oxcuiok u ap., 1993)

ITokxa3aTenu Kitaccel kauecTBa BOABI
1 2 3 4 5
npefebHO YUCTasA yucTas YZIOBJIETBOPUTEJIBHOM YHCTOTHI | 3arps3HeHHas | rpsa3Has
OYb, MJIH KJI/MJI < 0.3 0.3-1.5 1.6-5.0 5.1-10.0 >10.1
CB, tric. KOE/Mn < 0.1 0.1-1.0 1.1-5.0 5.1-10.0 >10.1
OKB, ThIc. KOE/N < 0.003 0.003-2.0 2.1-10.0 11.0-100.0 >101.0

2.4. OueHka KauecTBa BOAbI NO
MHKPOOHONOrHYUEeCKHM NoOKa3aTenaM

CanpoOrOoJIOrNYeCcKyl0 OIeHKYy BOABl Krkckux
mxep IpoBoAWJIM MO cooTHomeHuw Cb/OYb, %, cre-
IIEHb 3arpsA3HEHHOCTU BOJBI OLleHMBaJIU 110 mkase B.Y.
Pomanenko (1985; [[3r6an, 2000): < 0.003 — ocobo
yuctas; 0.003-0.03 — uyncras; 0.03-0.1 — cabo 3arpsas-
HeHHasd; 0.1-0.3 - 3arpsasHenHas; 0.3-3.0 — rpsasHas;
> 3.0 — ocobo rpsasHas. Kiacc kauyecTBa BOAHI OIleHU-
BaJIU COTJIACHO KOMILJIEKCHOW 3KOJIOTMYECKOU KJIacCH-
¢dukanuy KkauecTBa NOBEPXHOCTHBIX BOJ CyIIH IO [TOKa-
3aressam OUB, CB u OKB (Ta6suna 2) (Okcutok u ap.,
1993).

Jl711 KOppeKTHOM OlleHKH KayecTBa BOAHI I10 [TOKa-
3aTesiAM OOIIeN YHCJIEHHOCTU OaKTePHOIJIAHKTOHA
B COOTBeTCTBMHU co MmKkajionn B.M. Pomanenko (1985)
u kiraccudukanueii, npegoxenHoil O.I1. Okcuiok c
coaBTopaMu (1993) (cBeTOBass MUKPOCKONMA C OKpa-
HIIMBaHNEM KJIETOK 3PUTPO3MHOM), OBbLJI KCIOJIb30BaH
koapdunueHT 2.06 1A mepecueTa Ha HOBBINL MeTO[
(snudJiyopeclieHTHasE MUKPOCKOIIMS C OKpallliBaHNeM
KJIETOK aKpUAMHOBBIM opaHxeBbiM) (Makarova et al.,
2022).

MHTeHCHBHOCTh IPOTEKaHMA IPOLEeCcCOB CaMoo-
YHIlleHNsl OLleHNBAJIM 110 COOTHOIIEHUIO YMCJIEHHOCTU
canpoPUTHBIX OakTepUH U 0OIIEr0O MUKPOOHOTO YKCya
(CB/OMHY) - koaddpunuenty camoouunenus (K) (MYK
4.2.1884-04). K_Huxe KPUTUIECKOTO YPOBHs1, PABHOTO
4, cBUAETEeJIbCTBYeT O INPUCYTCTBUHM IOTEeHIHUAJIbBHO
IaToreHHoNM MUKPOGJIOPH, a TakXe O HU3KUX CKOpO-
CTAX CaMOOYUIIeHNs Ha pa3IMYHBIX yYyacTKax BojgoeMa
(MYK 4.2.1884-04). Crenenp 3arps3HeHHs O03epHOI1
BOJbl HeQTAHBIMU COENVHEHUAMH OLleHMBAJIHU IO YKC-
seHHocTtu YOB, xotopas npu npesbimesnn 5% ot CBb,
CBUJIETEIbCTBYET O 3arpsA3HeHuu BoAbl HedTellpoAyK-
tamu (PasymoB u Kopmi, 1960). CreneHb 3arps3HeHus
03epHOI BoAbl (EHOJIbHBIMU COeJUHEHUAMHU OlleHU-
BajJii COIJIaCHO kjaccuuKanuyu KauyecTBa IIPECHBIX
Boj o passurtuio ®OB (Bunorpagos u ap., 2001).

JIJ1s1 KOPPEKTHOTO CpaBHEHUS CTAHITMU C PA3HOU
IJIyOMHOM HCIIOJIb30BajIl Cpe/iHeB3BellleHHble I1oKa3a-
Teyu OOIIel YMCJIEHHOCTU OaKTepUil M YHCJIEHHOCTU
3KO0JIOTO-TpodUYeCcKUX rpynn OaKTepUONJIaHKTOHA B
cToJjibe BOIbI.

2.5. CtaTUCTHUECKUH aHaAU3

Jis cpaBHeHUs BBHIOOPOK MeXy OO0 mpume-
HAJIM HellapaMeTpu4ecKuil aHanu3 MaHHa — YUTHU.
[Ipu cpaBHEHNM NOJTyYE€HHBIX JAHHBIX C JAHHBIMU IIpe-
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JBIIYIINX UCCIIEJOBAHUIN OTPeesIsaii IOBEPUTETbHBIN
uHTepBas (tm) U pa3Max BapbHUPOBaHUs ITOKa3aTesen
(min — max). Crarucrudeckas o6paboTka JaHHBIX OCY-
IIeCTBJISJIaCh B JIMIIEH3MPOBAHHOM TnakeTe Statictica
Advanced 10 for WindowsRu.

3. Pe3yAabTatbl M 06Ccy)xpeHue

Mopdosoruueckas CTpyKTypa OakTepHuoOILIaH-
KTOHa 4YacTO WUCHOJIb3yeTcs IIpU OlleHKe KayecTBa
BOOHBIX OOBEKTOB. l3BeCTHO, 4YTO MaJIOYKOBUAHBIE
dopmbl GakTepuil ABJIAIOTCA AKTUBHBIM KOMIIOHEH-
ToM OakTepuasibHoro coobmjecta (PymsHneBa u
Kocomamnos, 2015; Ky3HeroBa, 2017; Kuznetsova et al.,
2020).

Mop@dosoruueckuii coctaB 6aKTepPUOIJIAHKTOHA
B Bofe Kikckux mixep xapakTepHU30BaJics IIpeBalipo-
BaHNEM NaJIOYKOBUIHBIX (POpPM, UTO CBUAETEJIbCTBYeT
0 HayJnuuu opraHuyeckux BemecTB (OB) paznnuHoM
IpUPOABl M UX JEeCTPYKLUUM, yKa3blBasgd Ha UHTEHCHB-
HOe IpoTekaHue IpolieccoB camoounenus (Pazymos,
1962; MlopHukosa, 2008; Xmenesckas, 2013; TokuHOBa
u ap., 2014; BorpaHosa, 2015).

PasmepHas cTpykTypa OakTepuaJbHOro cooolie-
CTBa II03BOJIAET OLIEHUTh ero GyHKLIHOHAJIbHOE COCTO-
auHue. OO6Jsagarolmye HWHTEHCHUBHBIM MeTaboJIM3MOM
mesikre KOKku (0.2-0.35 MKM) U KpYIHbIE NaJIOYKU
(> 2 mrMm) (Ky3HernoBa, 2017; Kuznetsova et al., 2020),
uMesd OOJIBIIYI0 OJII0 B GaKTepUOoIleHO3aX Ha CT. Z2
u cr. Z3: cymmapH010% u 15% coorBercTBeHHO (Puc.
4), 4TO CBU/IETEJIbCTBYET O H0Jiee aKTUBHOM noTpebJie-
HHe 3]lech OakTepuorsiankToHoM OB u3 okpyxaroigeit
BOJHOI cpedbl U MpOTeKaHWU IIPOLIECCOB CaMOOYU-
meHus. CpenHepa3mepHble KOKKU (0.35-0.45 MxwMm),
nMewmue 0ojlee MeaJieHHble CKOpOCTHU MeTabosnue-
CKMX IIPOI[eCCOB [0 CPaBHEHHIO C MeJIKUMHU KOKKaMu

Ta6auna 3. I[IpocTpaHCTBeHHOe paclpejiejieHre B
MIOBEPXHOCTHOM CJIOE BOJIbl IOKa3artesell oOIiell 4rcjieHHO-
ctu 6aktepuii (OUB), 6akTepuasnbHoii 6uiomaccs (BB) u cpen-
Hero oobeMa KJIETOK (ch) B Bofe Kinkckux mxep OHeXCKOTo
o3epa

Crannuu | OYb, MJIH KJI. /MJI ch, mxm® | BB, Mr/xa
Z1 2.75 0.092 0.332
Z2 3.49 0.068 0.292
Z3 2.62 0.093 0.330
Z4 3.74 0.091 0.474
75 3.33 0.083 0.364
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) memate koxsat (0.2-0.35 mraa)
] cpeHepasMepHbIe KOKKH H
KokKobamrmE! (0.33-0.43 nma)
[ kpyImele Kossar (0.43-0.8 nmaa)
METEIE TTATOHEH (< 2 MEM)
KpVIIHBIE TIATOUEH (> 2 MEM)

Puc.4. Jlo7s1 pa3anyHbIX pa3MepHO-MOP(OIOrHiIecKuX Irpymn 6akTeproIUTaHKTOHA B Bofle Kinkekux mixep OHEXCKOro o3epa.

(Kuznetsova et al., 2020), uMes1 HauOOJIBLIYIO [TOJTIO
Ha cT. Z4. HauMmeHee aKTHBHBIE KOMIIOHEHTHI OaKTepu-
ajipHOrO coobiecTBa — KpymHble KOKKU (0.45-0.8 mkm)
u menkue nanouku (< 2 mxMm) (Kysnernosa, 2017),
OBLIIN XapaKTepHHI A4 cT. Z1 u cT. Z5 (cymmapHo 83%
u 81, coorBeTrcTBeHHO) (Puc.4).

B 1esnom, pasmepHo-mMopdosioruueckas CTPyK-
Typa OakTepHOIJIaHKTOHA CBHUJETEJIbCTBYeT O OoJiee
OBICTPOM MPOTEKAHUU IPOIeCCOB CaMOOYMIIEHUS Ha
CT. Z2 v c¢T. Z3 B CpaBHEHU!U C APYTUMU CTaHLUAMU
Kumxckux mxep.

CpemHuil o0beM KJIETOK Ha BCeX H3yUYeHHBIX
yuactkax Kuxckux mxep Obu1 comoctaBum (Tabaumia
3). OUD B MOBEpPXHOCTHOM CJI0O€ BOABl H3MeHslach
He3HauuTeJIbHO (pasHuUlla MeXJy MHUHHMAaJIbHBIM U
MaKCHUMaJIbHBIM 3Ha4eHUsAMH — MeHee 4yeM 1.5 pasa).
Pacnipenenenvie Bb B MOBEpXHOCTHOM cCJjioe BOABI B
OCHOBHOM 3aBuceJs1 oT pacupenesenns OUb, omHako,
Ha cT. Z1 u Z3 — oT u3MeHeHUN ch.

CpenHue nokasaresu B cToyibe Bogsl OUB Bo3Jie
o. Kuxu BapprpoBasiy B y3KUX Ipefesiax ¢ MaKCUMaJlb-
HBIMU 3HadYeHUsAMHU Ha cT. Z2 (Tabsuia 4). Beicokue
YylrcJIeHHOCTU reTepoTpodHbix 6aktepuil (I'b), ApmAmo-
mMxcsA OJOMUHUPYIOIIEH TpyImnoll B MHKPOOOIleHO3ax
6yarofgaps CrocoO6HOCTHU K BBICOKOM CKOPOCTH pOCTa
Npyu HU3KKX KOHLeHTpanusx OB, oTMeuasnuch HoBce-

MECTHO Ha BCeX M3Yy4YeHHBIX cTaHnuaAx. Hanbosbiuee
pasButue I'B xapakTepHO AJiA 3alaJHOrO NOOepexbA
o. Kuxu — cr. Z1 u Z2 (Tabauna 4).

CpenHeB3BellIaHHbBIE B CT0JI0e BOABI TOKa3aTesn
yncJieHHOCTU canpoduTHbix Oaktepuit (CB) — uHAOu-
KaTopoB CanpoOHOCTH, CIOCOOHBIX pa3BHUBAThCA IpU
BBICOKMX KOHIeHTpauusax OB, gocturana mMakcuMalib-
HBIX 3HaueHUH Ha cT. Z1. KosdduuueHt camoouuiie-
HUA (Kc) — otHowmeHue Cb/OMUY, HuXe npenesbHOro
3Ha4yeHus, paBHOTO 4, CBHUIeTEJIbCTBYET O He3aBepllleH-
HOCTH IIPOLIECCOB CaMOOYMINEHHsA Ha IOro-3anajHoM
nob6epexse 0. Kixu (cT. Z2) 1 0 BO3MOXHOM HaJIM4uu
B JAaHHOM palOHe YCJIOBHO-NIATOI€HHBIX MHKPOOpTra-
HusMoB (Tabsuia 4).

BaxxHoI1 4acThl0 MccieJOBaHUH ABJIAIIOCH U3yye-
HMe YCJIOBHO-IIATOT€HHBIX MUKPOOPraHU3MOB 110 KOJIH-
4yecTBYy 00001[eHHBIX KondopmHbx baktepuii (OKB).
[To xomnuectBy OKB cyasar o Hanmuumu (ekajbHOro
3arpsa3HeHus BOAHL U 0 ee 6e30I1aCHOCTHU AJIA PeKpeanu-
OHHOroucroJib3oBanus. CorsacHo CanllnH1.2.3685-21
koymmyecTBO OKDB B 30Hax peKpeallMOHHOIO Ha3Ha-
yeHHA He JOJDKHO mpesbimate 500 KOE/100 cm®.
YucnenHocts OKB 1mpeBnilllasia KpUTUYECKOE 3Haue-
HMe Ha CTaHIUAX, Ile OTMeYaeTcsA 3aCTOMHOCTDh Teue-
HUA U aKTHUBHOE CYAOXOJACTBO: CT. Z1, cT. Z2, cT. Z4
(Tabsmuma 4).

Ta6smna 4. Mukpobuosiornyeckas xapakTeprucTyka BoJipl Kinkekux mxep OHeXCKOro o3epa (cpe/iHeB3BellleHHble 3HaUeHU s
B cTosI0€ BOZBI), ¥ KAYECTBO BOZBI IO Pa3/IMYHbIM IT0Ka3aTeJIsAM.

CraHus O4Yb I'b | Chb | (1110) ) | YOB | OMY OKB K, Cb/0YB, % |Kmacc xkauyecTBa
Kr];;llﬂ KOE/min KOE/100 cm® (Pon;ggg;nco, (OKCIilg;S;I AP

Z1 2.30 3639 | 1187 | 559 326 119 860 5 0.11 3

72 3.14 2746 699 325 99 208 2580 1 0.05 3

Z3 2.13 1063 333 286 126 16 290 126 0.03 2

Z4 2.62 1411 912 127 50 116 804 4 0.07 3

75 2.79 1319 828 371 44 99 301 52 0.06 3

IIpumeuanme: OYB — obmasn ynciieHHOCTh 6akTepuil; I'B — rereporpodubie 6akTepun; Cb — canpodutHbie 6akTepun; OB
— peHosokucAomue 6akrepuy; YOB — yriieBogopoaokucisonye 6akrepun; OMY — ob1jee MukpobHoe uricsio; OKB — 06061mien-
Hble KonpopMHble 6akTepun; K — koapduiueHT camoounineHns; KUpHbIM BhifiesieHbl 3HaueHns OKB, mpessimaroiye HOpMbI

CanlluH 2.1.3685-21.
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CorJiacHo 1IKaJjie kauecTBa Boj B.U. PomaHeHKO
(1985), Boja Ha cT. Z3 ABIAJIaCh «YHMCTOM», HA OCTaJIb-
HBIX CTaHIUAX — «cJabo 3arpsi3HeHHOI». B cooTBeT-
CTBUU C KOMILJIEKCHON 35KOJIOTMYecKoil Kiaccuduka-
el KavyecTBa MOBEPXHOCTHBHIX BoA cymu (OKCHUIOK U
ap., 1993), no nmokazartensam OYbB, Cb u OKB (ycpen-
HEHHBIM KJlacC KayecTBa), Boda Ha CT. Z3 COOTBeT-
CTBOBaJIa 2 KJIacCy KauyecTBa — «4MCTble BOABI», BOAA
Ha OCTaJIbHBIX CTaHIMAX KWXCKuX mixep COOTBETCTBO-
BaJia 3 KJIacCy KauecTBa — BOJIbI «yOBJIETBOPUTEJIbHOL
YUCTOTHI».

WngukaTopaMu 3arpsA3HeHUs BOAbl (eHOJIb-
HBIMM COeIMHEeHUAMU ABJIAITCA (HeHOJIOKUCIIAIITE
6akrepun (®OB), ubA YMCJIEHHOCTb XapaKTepHu3oBasa
BOJIy BCeX M3yYeHHBbIX CTaHIMI BOMM3U 0. Kixu kak
«yJIOBJIETBOPUTEJIBHO YHMCThIe» (3 KJlacc KayecTBa) IO
KkJlaccudukanum KavecTBa mpecHbXx Bof (BuHorpamos
u ap., 2001).

Hanuune HepTAHBIX YTJIeBOOOPOAOB XapaKTepHO
A7 Bcero patioHa Kukckux 1ixep B CBA3U C aKTUBHBIM
CyJOXOACTBOM, 4TO OOyCJIaBJIUBAaeT pa3BUTHE YTJIEBO-
nopopokucissomux 6akrepuii (YOB). Cuurtaercs, 4To
yrciaeHHocTh YOB, nmpesbimatomasa 5% ot Cb, cBune-
TEeJIbCTBYeT O 3arpsi3HeHUU BOAB HedTenmpoAyKTaMu
(PaszymoB u Kopmi, 1960). Tak, B cpenHeM noss YOB
oT uncjaeHHocTy CB Obly1a HaMMeHbIlel Ha CT. Z4 u 75,
cocTtaByAsa 6% u 8%, COOTBETCTBEHHO, B TO BpeMs Kak
Ha cT. Z1 ux o coctaisaa 31%, Ha cT. Z2 — 12%, Ha
cT. Z3 — 46%, cBUIeTesIbCTBYA O 3arpsA3HeHuu HedTA-
HBIMM YIJIEBOJIOPOLAMHU 3alaJHOTO U BOCTOYHOI'O
no6epexuit o. Kinku. UHTEepecHo, uTO CT. Z3 MO Noka-
3atenaMm OYB, Cb, OKb, OMY Beifes1ach KaK YMCTHIN
y4acToK, mo umcjieHHoctu YOB curyauus mnpoTuBo-
noJjioxHas. BepoaTHo, BbicOKUe uucjeHHOCTU YObB Ha
CT. Z3 cBsA3aHBI C UHTEHCUBHBIM JIBIKeHHEM MaJioMep-
HBIX CYJIOB, OCYLI[ECTBJIAIUUX TypUCTUYEeCKHe Mapli-
PYTHL BOKpYT 0. Kioku.

Ta6suna 5. YpoBHu 3HauumocTtu U-kputepus MaHHa
— YuTHU Mexy cTaHIUsAMU oT6opa npob IIxepHOro paiioHa
(cT. Z1, cT. Z2, cT. Z4) v cTaHUUAMU OTKPBITOH YacTu (cT. Z3,
cT. Z5) Kmxckux mxep OHeXCKOro o3epa.

IToxa3aTenu YpoBeHb 3HAUMMOCTH

OB 0.337

CB 0.109

I'b 0.109
OMY 0.055
YOBb 0.631
®dOb 0.749
OKb 0.011

IIpumevanue: * XXupHeIM mpr¢TOM yKa3aHbl Harpy3Ku
MIPU3HAKOB € JOCTOBEPHBIM BKi1azoM (p < 0.05)

B 1niesiom, pa3BuTHe 3K0JI0T0-TPOPHUUECKUX I'PYIII
OaKTepUOILIaHKTOHHOTO coobiiecTBa Bo3jie 0. Kuxu
OBUJIO HepaBHOMepHBIM. HaubospIiUM pas3BUTHEM
OaKkTepUOIIaHKTOHA XapaKTepHU30BaJIMCh CTAHI[UM Ha
y4yacTKax C 3aMeJJIeHHbBIM BOJOOOMEHHOM — CTaHIIUU
71,72 n 74.

HemapameTpuueckuil aHaiu3 c MpUMeHEHUEM
U—xpurtepus MaHHa — YUTHU ITOKa3ajl CTaTUCTUYECKU
3HauUMble pazanuus uncieHHoctd OKB Mexy mixep-
HBIMU ydacTkaMu (cT. Z1, cT. Z2, cT. Z4) 1 OTKPBITHIMU
yuactkamu (cT. Z3, cT. Z5) o. Kuxu. Paznuuus no uuc-
JIEHHOCTU OCTaJIbHBIX 3KOJIOTO-TPOPUUECKUX TpymN
OakTepuoILIaHKTOHA oTcyTcTBoBanu (Tabauna 5).

[TonyueHHble faHHBIE 3a JeTHUN nepuopd 2023 r.
co cT. Z1-Z4 no OYB u uucinenHoctu CB, I'b, YOb u
®OB cpaBHWUIM € JaHHBIMU JIeTHero nepuofa (UIOHb—
aBrycT) mpefbaymux uccaegoBanuil (1994-2009 rr.)
(Cspxu u fp., 2015) (Tabnuna 6). AHaIU3 JaHHBIX
nmokasaJsi, 4yTo 3a 2023 r. OUb Ha cT. Z2 U cT. Z4 BRIXOAUT

Ta6smna 6. BakTepuoIylaHKTOH paiioHa Krkckux mxep OHEXCKOro o3epa B pa3Hble Ieprobl UCCIIeI0BaHU.

ITokxasarenu ITepuon crT. Z1 CcT. 72 cT. 23 cT. 74
HCcJIeOBaHHI
OYBb, 1994-2009 rr. 0.85-4.89 (H* 0.75-3.39 (9) 0.72-4.78 (11) 0.78-2.88 (4)
MJTH. KJI./MJT 0-5.52 1.17-2.88 1.35-3.09 0-2.98
2023 r. 2.62-3.30 (2) 3.42-3.74 (2) 2.37-2.75 (3) 3.14-3.33 (2)
CB, KOE/mn 1994-2009 rr. 98-644 (2) 114-2316 (8) 8-1576 (11) 190-401 (4)
0-845 0-1186 53-638 145-470
2023 r. 1240-1820 (2) 154-1440 (2) 361-426 (3) 710-1540 (2)
I'B, KOE/mnt 1994-2009 rr. 338-775 (2) 277-3352 (4) 44-2520 (7) 215-1510 (3)
0-3334 0-3689 11-1594 0-2432
2023 r. 3770-5610 (2) 980-5280 (2) 960-1640 (3) 1500-1980 (2)
YOB, KOE/Mmi 1994-2000 rr. 86-133 (2) 0-786 (5) 18-284 (7) 11-216 (4)
0-408 0-786 18-284 0-228
2023 r. 221-620 (2) 14-211 (2) 69-371 (3) 52-72 (2)
®OB, KOE/mt 1994-20009 rr. 8-12(2) 70-1140 (4) 8-132 (6) 77-1264 (3)
0-35 0-1232 8-132 0-2158
2023 r. 640-800 (2) 81-660 (2) 300-500 (3) 147-166 (2)
. Min— Max(n) .
IIpumeuanue: *————; JKuUpHBIM — yKa3aHbl 3HaueHUs IOKa3aTesel, BBIXOLALME 3a Mpedesibl JOBEpUTEIbHOI0

tm

uHTepBaia tm. OUYB — obmas unciaeHHocTh 6akTepuil; Cb — campodurtHble 6akTepuu; I'B — rereporpodnsie 6aktepun; YOB —
yriaeBofopookucisaiomue 6akrepun; OMY — obiee Mukpo6Hoe urcsio; @OB — dheHonokucssAwOIEe 6aKTEPULL.
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3a paMK{ JOBEpUTEJIbHOTO MHTepBajla JaHHBIX Npeabl-
AyIIUX HUCccaefOBaHUM, 0JHAaKO Takoe yBesandeHre OUb
HeBeJIMKO. B Oosibleli cTeneHN OTMeYeHBbl U3MeHeHUA
YNCJIEHHOCTU 3K0JIOro-TpodrUuecKux Ipynn O0akTepuo-
I1aHKTOHA. Tak, Ha cT. Z1 nosy4yeHHble B 2023 r. noka-
3aTeJId BEIXOAAT U3 JOBEPUTEJIbHOIO MHTepBaJjla 3Have-
HUI, TOJTy4YeHHBIX 3a nepuoq 1994-2009 rr. (Tabauna
6). 3aech oTMevaeTcsa HEKOTOPOe yBelnyeHue YrcJieH-
Hoctu I'b 1 YOB, a Takxe npeBblllleHUe YKUCIEHHOCTU
Ha nnopanok Cb u ®OBb. Ynucnennoctu Cb u I'b Ha cT. Z2
u I'b 1 YOb Ha cT. Z3 HeMHOIrM BBIXOZAT 3a NpeLesibl
JIOBEpUTEJIbHBIX WHTEPBAJIOB JAHHBIX IpeAbIAyIIUX
ucciaenosanuil (Tabauia 6). Takxke Ha cT. Z3 oTMe-
yaeTcs yBeauuyeHue B 2-4 pasa ®Ob, no cpaBHeHUIO €
NpeplAyIIMH HCCJIeJOBAaHUAMY, a Ha CT. Z4 — yBeJu-
yeHHe Ha NopAAoK uyncseHHocTH CB.

VBenuueHWe YKUCJIEHHOCTU 3KOJIOro-Tpoduye-
CKUX Ipynn 0akTepUOIIaHKTOHA [OKa3blBaeT, 4TO 3a
nocjefqHue 15 jet BosJie 0. Kiku yennuiack aHTpoOIIO-
reHHas Harpyska CBs3aHHas C yBeJM4YeHueM TypHu3Ma,
BJeKyllero 3a cob6oil TOBbIIeHNe TPaHCIOPTHOM
HarpysKHu.

4. BoiBOADI

B snernuii nepuop 2023 r. WmIXepHHIN palioH
OHexcKoro osepa xapaKTepu30BaJiCA 3arpsA3HeHHeM
JjerkomuHepanusyeMbiM OB, deHOJBHBIMU CcOeAMHe-
HUAMU U HeTempoayKTaMu, O 4eM CBUJETEIbCTBYIOT
BBICOKME IIOKa3aTejll YKCJIEHHOCTHU 3KOJIOTO-TpO-
¢duveckux rpynn OakTepuoIUlaHKTOHa. Pa3mepHo-
Mop@oJioruyeckas CTpPyKTypa OakTepuil Takxke IOA-
TBep)KAaeT HajMuue 3arpsA3HeHus BoAbI Bo3Jie 0. Kuxu
OpraHn4eckyM BelllecTBOM, a TaKXe O ero nNoTpebJeHun
6axrepusaMy. CaHUTapHO-OaKTepHOJIOrNYecKoe COCTO-
AHAe BOJBI N0 MHKPOOMOJIOTMYECKHM II0Ka3aTessiM
CBUJIETEIbCTBOBAJIO O IIPUCYTCTBUH yCJIOBHO-IIATOT€H-
HBIX MHKPOOPraHH3MOB, OIpefesiAeMBbIX IO YKCJIeH-
Hoctu OKB, noBceMeCcTHO NMpeBHIAIINX HOPMATHBEI
JIJ11 BOOOEMOB PeKpealliOHHOr0 MCII0Ib30BaHNUA.

HaunbGosee 3arpA3HeHHBIMU ABJIAIOTCA CTAHIUU
3anagHoro nobepexsbsa o. Kuwxu (cT. Z1 u cT. Z2), rae
oTMeuaeTcs 3aMeJiJIeHHBIN BOA00OMeH U JIyYIUi Mpo-
rpeB BoAbl. Hanbosiee 4nCTHIN y4acTOK BOJHOIO IpO-
crpaHcTBa 0. Kixu — ¢T. Z3 — OTKpHITHIH IJTec ¢ Gotee
WHTEHCHUBHBIM BOJOOOMEHHOM C LIeHTPAaJIbHOHN 4acThiO
o3epa.

[Io cpaBHeHMI0O C TpedbAYIIUM IepUOIOM
ucceloBaHul, JeTHUi nepuof 2023 r. xapakTepuso-
BajicA Oojiee BBHICOKMMM IIOKa3aTesIAMU 4HMCJIE€HHOCTU
0aKTepuOILIaHKTOHA, YTO CBA3AHO C yBeJIMYMBIIeHcA
TYPUCTHUYECKOI Harpy3KoW, BeIpaxkarwllelics, B IePBYI0
ouepe[ib, B yBeJIMUEHUH CyOXO/ICTBA.

bAaaropapHoCTH

UccienoBaHue BHIIOJIHEHO 3a CYeT TIpaHTa
Poccuiickoro HayuHoro ¢oHma Ne 23-17-20018,
https://rscf.ru/project/23-17-20018/, TPOBOAUMOTO
COBMECTHO C opraHamu BiacTu Pecry6imku Kapenus c
dbunaHcupoBanueM 13 O@oH/1a BEeHUYPHBIX NHBECTULIHHI
Pecny6suku Kapenusa (OBU PK).
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ABSTRACT. Siberian spined loach Cobitis melanoleuca (sensu lato) is distributed in the Northern Eurasia,
and the Baikal region is the center of an areal of this species (or group of species). The present study ana-
lyzed the variability of exterior traits in eight populations of Siberian spined loach in the Baikal region
(original data) and in the whole range (literature data). The results of the study have shown a high
polymorphism of traits traditionally considered species-specific. It was found that populations of spined
loaches inhabiting the Cisbaikalia are a mixture of phenotypes typical of Cobitis melanoleuca (sensu
stricto), Cobitis granoei, and Cobitis olivai. It has been suggested that this may be caused either by the
conspecificity of these taxa or by their hybridization. The refined data on nomenclature and diagnostic
traits of taxa included in the synonymy of Cobitis melanoleuca (sensu lato) are presented in this study. It
is suggested that at the current level of study of Siberian spined loach C. melanoleuca, it is reasonable to
consider it as one polymorphic species, without division into vicariant forms.
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1. Introduction

Siberian spined loach Cobitis melanoleuca
(Nichols, 1925) (sensu lato) is distributed from the
Yellow River and Yana River basins in the east to the
rivers running into the Sea of Azov in the west (Fig.
1). At present, a total of five nominal taxa have been
described in the Siberian spined loach range at differ-
ent periods: Cobitis taenia melanoleuca Nichols, 1925;
Cobitis taenia granoei Rendahl, 1935; Cobitis taenia sibir-
ica Gladkov, 1935; Cobitis granoei olivai Nalbant, Hol¢ik
et Pivnicka, 1970 and Cobitis melanoleuca gladkovi
Vasil’ev et Vasil’eva, 2008.

There are currently five hypotheses regarding
the taxonomy of Siberian spined loach. According to
the first, it is one wide-distributed species (Nalbant,
1993; Reshetnikov, 2003; Kottelat, 2006; Shandikov
and Kryvokhyzha, 2008; Perdices et al., 2012; 2015;
Dyldin et al., 2023). According to another, along with C.
melanoleuca, the valid species or subspecies is C. olivai
from the Orkhon River basin in Mongolia (Vasil’eva,
1998; Prokofiev, 2007) (Fig. 1). The third hypothesis
states that there are three subspecies within one poly-
typic species: C. melanoleuca melanoleuca is found in the

*Corresponding author.
E-mail address: bakhtiar.bogdanov@mail.ru (B.E. Bogdanov)

Received: October 10, 2024; Accepted: February 03, 2025;
Available online: February 26, 2025

68

Pacific basin, C. melanoleuca granoei found in the Arctic
basin, and C. melanoleuca gladkovi in the Ponto-Caspian
basin (Vasil’ev and Vasil’eva, 2008) (Fig. 1). According
to the fourth hypothesis, as a variant of the third one,
these taxa are vicariant species: C. melanoleuca; C. sibir-
ica = C. granoei and C. gladkovi (Kottelat, 2012). The
fifth hypothesis assumes the existence of two species
that are well separated genetically and phenotypically:
C. melanoleuca in the tributaries of the middle reaches
of the Huang He River and the rivers of the Bohai Gulf,
and C. granoei over a wide range from the Amur and
Liao River in the east to the Seversky Donets River
in the west (Chen and Chen, 2005; 2016) (Fig. 1). In
this case, the identification by Chinese authors of the
taxa C. granoei corresponds to C. melanoleuca, which in
turn corresponds to C. olivai in publications of Russian
authors (Vasil’eva, 1998; Prokofiev, 2007).

Siberian spined loach is found almost every-
where in the water bodies of the Baikal region, except
for the upper reaches of mountain rivers. This study
is aimed at examining the variability of taxonomically
significant characters of spined loaches inhabiting the
Baikal region in order to clarify the systematic position
of these fish.

© Author(s) 2025. This work is distributed
under the Creative Commons Attribution-
NonCommercial 4.0 International License.
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Fig.1. Ranges of the Siberian spined loach Cobitis melanoleuca (sensu lato) and its included taxa: C. melanoleuca (sensu
stricto), C. granoei = C. sibirica, C. olivai u C. gladkovi. Symbols: the blue dotted line is the boundary of the range of Cobitis
melanoleuca (sensu lato) according to Dyldin et al., 2023; asterisks mark the type locations of C. melanoleuca (sensu stricto) (1
- Qingshui River), C. granoei (2 - Irtysh River near Omsk), C. sibirica (3a - Lake Turgoyak, according to Berg, 1949 and Kottelat,
2012) (3b - the Chivyrkuy Bay of Lake Baikal, according to Vasil’eva, 1988), C. olivai (4 — Ogii Lake) and C. gladkovi (5 - the
Seversky Donets River); shaded areas indicate the ranges of C. melanoleuca (sensu stricto) (blue), C. granoei / C. sibirica (green),
C. olivai (light orange) and C. gladkovi (pink); the range boundaries are indicated a) by Vasil’eva 1998 and Prokofiev, 2007; b) by
Vasil’ev, Vasil’eva, 2008 and Kottelat, 2012; c¢) by Nalbant et al., 1970 with changes by Chen and Chen, 2016; d) based on the
results of this study and published data (as a hypothesis).

2. Materials and Methods NRM - Naturhistoriska Riksmuseet, Department
of Vertebrate Zoology, Ichthyology Section, Stockholm,
The study was based on the material collected Sweden.
in the period from 2006 to 2023 in the water bodies SNMB - Slovak National Museum, Natural
of the Cisbaikalia. A total of 234 specimens from eight Science Museum, Bratislava, Slovakia.

sites were studied (Fig.4): Lake Nizhnee Gramninskoye
(210 + 3'9); the Lena River (212 + $20); the Kuda River
(926 +3'14); the Goloustnaya River (931+J9); the
Irkut River (216 + 330); the Olkha River (912 + J321);
the Taltsynka River (?8+d6); the Selenga River
(967 +37).

The variability of characters important in the
classification and diagnosis of species of the genus
Cobitis was analyzed: size and shape of spots on the
body and at base of caudal fin, shape of suborbital
spine, lower lip, and Canestrini’s organ (Fig. 2-4).

Data on typical range and diagnostic traits of the
taxa were specified according to literature references.
The abbreviation of collections containing type speci-
mens is given according to the Guide to Fish Collections
in Eschmeyer’s Catalog of Fishes (2024):

AMNH - American Museum of Natural History,
New York, U.S.A.

FMNH - Division of Fishes, Department of
Zoology, Field Museum of Natural History, Chicago,
Illinois, U.S.A.

ISBB & IBTS - Taxonomy Research Group,
Research Centres in Biology Field, University of
Bucharest, Tr. Savulescu, Bucharest, Romania.

LFRH - Lab. Fish. Res. Hydrobiol., Slovak Acad.
Agric. Sci., Bratislava.

Fig.2. Diagnostic traits: a) location of Gambetta's zones,
suborbital spine and Canestrini's organ; b) suborbital spine;
¢) male pectoral fin with Canestrini's organ; d-e) head, view
from below. Symbols indicate: GZ1-4 - Gambetta's zones (from

MZH - Finnish Museum f)f‘ .Natural. His.tory, first to fourth); Sp. s.0. — suborbital spine; CO — Canestrini's
Zoological Museum, Vertebrates Division, University of organ; LC — lamina circularis; LI — lower lip; ML — mental lobes
Helsinki, Helsinki, Finland. of lower lip.
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Fig.3. Coloration patterns of Siberian spined loach in water bodies of the Cisbaikalia (explanation in the text).

ZICUP - Charles University, Faculty of Natural
Sciences, Division of Hydrobiology and Ichthyology,
Prague, Czech Republic.

ZMMU - Zoological Museum, Biological Faculty,
M. V. Lomonosov Moscow State University, Moscow,
Russia.

3. Resulits

Description. Total length (TL) of species is 120-
130 mm, with a mass of up to 8.5 g. Sexual maturity is
attained at a TL of about 80 mm and a mass of 3.5-4
g. Females larger than males. Body is a snake-like, lat-
erally compressed, with equal width at head and cau-
dal part, covered with small scales immersed in skin.
Caudal peduncle is with weakly pronounced keels
above and below, or a single keel below.

Coloration of head and upper part of body is
spotted. Numerous spots of different sizes on dorsal
and lateral sides is forming a special pattern called

Gambetta’s zones (Fig. 2a). The largest blotches form
lines running over ridge and along medial line of body.
Between them, smaller spots or zones of fine speckles
form a marble-like pattern. Spots of the first Gambetta’s
zone are rectangular or rounded in shape. Two spots
are at the base of dorsal fin and 8-11 spots in anterior
and posterior of it. Below a broad stripe of small dots,
or thin horizontally elongated spots arranged in a single
row and forming a wavy line. Small spots in a line are
the second Gambetta’s zone. Its extent varies greatly.
The third Gambetta’s zone is formed by broad stripe or
a wavy line of small spots. The fourth Gambetta’s zone
is characterized 9-22 (often 16) spots of various shapes
and sizes along the medial line of body.

Suborbital spine bifid (Fig. 2b). Main process
of spine slightly curved, mostly reaching the posterior
edge of pupil. Lateral process straight or slightly curved,
reaches the vertical of anterior edge of pupil. A small
denticle or its rudiment in form of tubercle located near
the base of spine.

Fig.4. Diversity of coloration patterns and shape of lamina circularis of Siberian spined loach in water bodies of the Cisbaikalia:
1) Nizhnyaya Gramna Lake; 2) Lena River; 3) Kuda River; 4) Goloustnaya River; 5) Irkut River; 6) Olkha River; 7) Taltsynka
River; 8) Selenga River. Coloration patterns are indicated by letters as in Fig. 3.
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Canestrini’s organ small, 1/5 to 1/4 of length of
pectoral fin; a rounded “lentil-like” or oval shape (Fig.
2c¢). Shape of lamina circularis highly variable prevent-
ing the identification of any archetype that could be

considered a species trait.

The shape of the snout is variable. There are both
short-snouted (Fig. 2d) and long-snouted individuals,
the latter with a rostrum strongly overhanging over the

mouth (Fig. 2e).

Mouth small, inferior, with three pairs of short
barbels. Lower lip divided in two well-developed parts.
Lobes of lower lip broad, with rather developed folds.
Its mental lobes bulb-shaped, with a broad base and
cone-shaped tip (Fig. 2d), or evenly thickened along

their entire length (Fig. 2e).

4. Discussion

The results of the study showed that the popu-
lation at all eight sites within the Baikal region is a
combination of morphotypes differing in coloration

patterns and other diagnostic traits.

Eight patterns (morphotypes) can be identified

in color variability:

* melanoleuca-like — (GZ4) 12-18 blotches in the
fourth Gambetta’s zone, vertical line at the base of

caudal fin or z-shaped dark line (Fig. 3a);

+ granoei-like — in GZ4, 9-18 or more often 12-16
dark
blotches one above the other, either both black, or
upper black and lower brown at the base of caudal

blotches, two vertically-elongated oval

fin (Fig. 3b);

+ taenia-like — in GZ4, 9-16 big blotches, one small
black spot on upper lobe of caudal fin at the base

of caudal fin (Fig. 3c);

+ olivae-like — in GZ4, 9-16 small round or elongated
spots, two small dark spots (or only one upper spot)
above the other at the base of caudal fin (Fig. 3d);

 gracilis-like — in GZ4, 18-22 small spots, two verti-
cal dark oval elongated spots one above the other

at the base of caudal fin (Fig. 3e);

« gladkovi-like - spots on body inconspicuous, in GZ4
form one dense streak, two vertical dark oval elon-
gated spots one above the other at the base of cau-

dal fin (Fig. 3f);

+ with zigzag spots in anterior part of GZ4 (Fig. 3g);

+ without second Gambetta’s zone (Fig. 3h).

The figure (Fig. 4) shows the geographic range
of phenes (patterns) of coloration and shape of lam-
ina circularis. Nevertheless, no correlation between
the diagnostic traits was identified. In this regard, the
question of these fish taxonomic classifications remains

unresolved.

At present, there is no consensus on phenotypic
variability and taxonomy of spined loach C. melano-
leuca (sensu lato) nor on the nomenclatural types and
typical range of many of the nominal taxa included in

this species. In total, five such taxa were described.
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Type localities and type specimens

1. Cobitis taenia melanoleuca Nichols, 1925:3. The
taxon is described on the basis of three specimens:
holotype AMNH 8403 and two paratypes FMNH
14829. Type locality, as it is commonly referred
to as “Chin-ssu, Shansi Province, China”, is not
found on modern maps of China. In the original
publication it is described as follows: “Chin-ssu,
Shansi, in the hills east of the southward-flow-
ing limb of the Yellow River... The locality is not
very distant from Kwei-hwa in a south-southeast-
erly direction...” (Nichols, 1925:3). In accordance
with the established toponymy and administrative
divisions of China, the city of Kwei-Hwa, which
has undergone repeated renaming since 1954, is
currently known as Hohhot and is the capital of
Inner Mongolia. As indicated in the description,
the Qingshui River (Qingshuihe County, Inner
Mongolia) flows through this area; prior to 1929,
this region was part of the Shanxi Province. The
inversion of English names of Qingshui in Chin-ssu
and Shanxi in Shansi can be explained by the prob-
lem of transliteration of Chinese toponyms. Thus,
the Qingshui River should be considered the typ-
ical range of this species in the province of Inner
Mongolia.

2. Cobitis taenia granoei Rendahl, 1935: 332, Figs. 5-6.
The taxon is described on the basis of syntypes:
MZH (6/7), NRM 10654 (2) from the Irtysh River
near Omsk.

3. Cobitis taenia sibirica Gladkov, 1935: 73. Information
on the origin (type locality) of the holotype ZMMU
P-2853 is contradictory. There are two versions of
the origin of the holotype (i.e., the type locality of
the taxon): it is either Lake Baikal if the holotype
is taken from the ZMMU P-2272 collection or Lake
Turgoyak in the Chelyabinsk region if it is taken
from the same collection as the paratypes: ZMMU
P-2253 (Svetovidova, 1978; Vasil’eva, 1988; Types
of vertebrates..., 2001; Kottelat, 2012). Range:
lakes: Turgoyak, Baikal, Kurgaljin; rivers: Khancha,
Borsak, Bulunoi, and Yenisei near Minusinsk.

4. Cobitis granoei olivai Nalbant, Hol¢ik, Pivnicka
1970: 121, Figs. 1-6: holotype: SNMB Ry 2093;
paratypes: IBTS 2290 (9); LFR 96752 (1); SNMB
Ry 2094 (7, 2 c&s), ?4813 (1); ZICU 34985 (10);
Ogii Lake in the Orkhon River basin.

5. Cobitis melanoleuca gladkovi Vasil’iv, Vasili’eva,
2008:9, Fig. 9: holotype: ZMMU P-21654, para-
types: ZMMU P-21655 (6); Seversky Donets River.
Range: the basins of the rivers Volga, Don, Eya,
Kuban, Ural, Bolshoi and Maly Uzen, freshened
bays of the Northern Caspian Sea.

Diagnostic traits

Coloration

The coloration pattern of C. melanoleuca (sensu
stricto) based on the original description (Nichols,
1925) is characterized by 12-16 large blotches in GZ4,
and a vertical dark stripe at the base of caudal fin. A
dark blotch on the upper lobe of caudal fin is slightly
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visible or absent. Holotype of C. melanoleuca is shown
in the figure (Fig. 5). In Russian-language sources, this
pattern is usually considered a variant of C. granoei
coloration (Bacescu and Mayer, 1969; Vasil’eva, 1988;
Shandikov and Kryvokhyzha, 2008). In the Cisbaikalia,
this type of coloration is considered to be codominant
along with granoei-like (Fig. 3b) and taenia-like patterns
(Fig. 3c, Fig. 4). In the latter example, the external sim-
ilarity to the European species, C. taenia, is due to one
small dark blotch at the base of upper lobe of caudal
fin and this pattern can also be considered a variant of
coloration of C. melanoleuca (sensu stricto).

An alternative opinion concerning what col-
oration should be considered “typical” for C. melano-
leuca was shaped under the influence of T. Nalbant’s
works (Nalbant et al., 1970; Nalbant, 1993). Initially,
T. Nalbant with his co-authors (Nalbant et al., 1970)
described a subspecies of Siberian spined loach, C. gra-
noei olivai, from Lake Ogii Lake. One of the distinguish-
ing features of this subspecies is the tiny (compared to
typical Siberian spined loaches) spot in GZ4. Then T.
Nalbant (Nalbant, 1993) redescribed Siberian spined
loach as C. melanoleuca. However, the redescription
was based not on type specimens but on four individ-
uals from a collection also taken near Hohhot in 1920
(probably, the Dahei He River) but these specimens
were identified by J. Nichols (Nichols, 1925) as C. tae-
nia sinensis Sauvage et Dabry de Thiersant (1874) and
on 20 individuals from Ordynskoye Lake in the Kuda
River basin (Ust-Ordynsky District, Irkutsk region). All
of the above fish are also characterized by small spots
in GZ4 (Fig. 6a). Such coloration is usual for spined
loaches from the tributaries of the middle reaches of
the Yellow River, the Hai He and Luan He River basins
flowing into the Bohai Sea and the Orkhon River basin
(Selenga / Baikal basin) (Chen and Chen, 2005; 2016;
Prokofiev, 2007). Individuals with the same coloration
are occasionally found in the Selenga and the Angara
tributaries: the Irkut and Kuda Rivers. In the publica-
tions of Chinese authors, only individuals of this phe-
notype are identified as C. melanoleuca and individuals
with large blotches as C. granoei.

Literature data indicate that C. granoei, C. sibir-
ica, and C. gladkovi are characterized by large blotches
(numbering between 11 and 18) in GZ4, as well as
two large oval blotches located one above the other
at the base of caudal fin (Rendahl, 1935; Gladkov,
1935; Bédcescu and Mayer, 1969; Vasil’eva, 1988;
Chen and Chen, 2016; Prokofiev, 2007; Shandikov and

Kryvokhyzha, 2008) (Fig. 7a). This coloration is prev-
alent inside most of the range of C. melanoleuca (sensu
lato). In the Baikal region, this pattern is one of three
codominant patterns (see above), and the number of
blotches varies from 9 to 18.

In populations of the European part of the range
(i.e., C. gladkovi), a distinctive feature is the contrast
in coloration that occurs throughout the year, accom-
panied by a tendency to merge blotches in GZ4 into a
solid stripe (Bacescu and Mayer,1969; Vasil’eva, 1988;
Shandikov and Kryvokhyzha, 2008) (Fig. 8a). This
study revealed that the observed coloration was lim-
ited to one case: in Lake Nizhnyaya Gramna situated in
the north of the Baikal region in three out of nineteen
individuals.

Morphological features

The original description (Nichols, 1925) states
that lower lip of C. melanoleuca (sensu stricto) is broad
and square. The most recent studies (Nalbant, 1993,;
Prokofiev, 2007; Chen and Chen, 2016) have revealed
that individuals (identified by the authors as C. melano-
leuca, C. granoei and C. olivai) from rivers in China and
Mongolia have a broad, square lip with numerous folds,
a well-developed mental lobe with either a rounded or
pointed tip (Fig. 7b). As in the present study, no clear
correlation between this trait and coloration pattern
was found.

The redescription of C. granoei states that lower
lip in this species (including the holotype of C. sibirica)
is smooth, without folds or fringes (Vasil’eva, 1988).
However, the species specificity of this trait is question-
able. Bacescu and Mayer (1969) provide figures of the
mouth parts of Siberian spined loaches from the Volga
and Don rivers. The same two morphotypes can be seen
on their base, which are established by the present
study in the Baikal region. One of them (Fig. 2d, 8b)
is specific to C. granoei, while the other (Fig. 2e, 8c)
corresponds to C. melanoleuca (sensu stricto).

In the original description of C. melanoleuca, no
data is provided regarding the shape of the Canestrini’s
organ and lamina circularis. In later works, differ-
ent authors have indicated that the lamina is semilu-
nar, knife-shaped, or dolabriform for the same taxa
(Nalbant, 1993; Prokofiev, 2007; Chen et al., 2015;
Chen and Chen, 2016). In the case of C. olivai, lamina
circularis is indicated in the shape of a hatchet, which
is identical to that observed in C. melanoleuca from the
Selenga River (Prokofiev, 2007). Bacescu and Mayer
(1969) introduced the term “bottle-shaped” to describe

Am. Mus. No.8403

Fig.5. Siberian spined loach Cobitis melanoleuca (sensu stricto): holotype AMNH 8403 (from Nichols, 1943).
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Fig.6. Siberian spined loach: “topotype” of Cobitis melanoleuca ISBB [IBTS] 3230 (= Cobitis granoei olivai). General view, lat-
errally (a) and diagnostic traits: head, view from below (variants of morphology of mouth appendages and rostrum) (b), pectoral
fin (c), lamina circularis (d), scales (e), suborbital spine (f) (from Nalbant, 1993).

the shape of the lamina circularis in populations of the
European part of the range, although it does not differ
in shape from the “hatchet” of C. olivai (Fig. 6, 7, 8).

General notes

Taking into account the above-mentioned traits,
Siberian spined loach inhabiting the Cisbaikalia rep-
resents a complex of phenotypes typical for C. melano-
leuca (sensu stricto), C. granoei, and C. olivai. This may
be attributed to either the conspecificity of these taxa
or their hybridization in semisympatric zones (Fig. 1d).
It is not possible to respond to this question without
undertaking molecular studies that are necessarily cor-
related with phenotypic peculiarities. The currently
published molecular data (Perdices et al., 2012; 2015;
Chen and Chen, 2016) do not answer this question.
However, even if the geographical structuring of C.
melanoleuca (sensu lato) is proved, it will be challeng-
ing to draw taxonomic boundaries between vicariant
forms due to the intergradation of their diagnostic
traits (Figs. 2-8).

5. Conclusion

The data on the variability of Siberian spined
loaches in the Cisbaikalia obtained as a result of this
study demonstrated a high degree of polymorphism in
traits that are typically considered to be species-spe-
cific. Any random population sample is a mixture of
phenotypes that are usually assigned to different taxa.
Such variability may have a dual nature. It is either
a manifestation of only intraspecific polymorphism,
or intraspecific polymorphism and hybridization of
vicariant taxa in a zone of partial sympatry. Given the
existing level of variability observed in Siberian spined
loach, C. melanoleuca (sensu lato), it is reasonable to
consider it as a single polymorphic species, without the
need for further division into vicariant forms. However,
in this instance, the diagnosis of the species remains
problematic, given that all the traits that are considered
diagnostic are polymorphic.

Fig.7. Siberian spined loach: holotype of Cobitis sibirica ZMMU P-2853. General view, laterally (a) and diagnostic traits: pig-
mentation at the base of caudal fin (b), shape of lower lip (c), lamina circularis (d), scales (e) (Vasil’eva, 1988).
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Fig.8. Gladkov's Siberian spined loach Cobitis gladkovi. (a) topotype (Seversky Donets River): above, female and male (gen-
eral view, laterally); below left, pectoral fin of male with Canestrinis organ (Shandikov and Kryvokhyzha, 2008); head, view from
below (variants of morphology of mouth appendages and rostrum), lamina circularis and pectoral fin of male with Canestrini's

organ: (b) Volga River, (c) Don River (Bacescu and Mayer, 1969).
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U3MeHUYUBOCTb U CUCTEMAaTHUYEeCKOoe
noAo)XeHue cubupckoun unosku Cobitis
melanoleuca (Cypriniformes; Cobitoidei)
BoaoémoB lNpubankanna

bornmanos b.3.

JlumHostoeuyeckuti uHcmumym, Cubupckozo omdesteHus Poccutickotli akademuu Hayk, yi. YaaH-Bamopckas., 3, Hpkymck, 664033,
Poccua

AHHOTAILUA. Cubupckas mumnoBka, Cobitis melanoleuca (sensu lato), pacnpocTpaHeHa B BOJOEMax
CeBepHoii EBpa3uu u balikayjbCKuil peruoH HaxXOAWTCS B LIEHTpPe apeajia 3TOro Buja (WM TPYIIIbI
BUZIOB). B HacTosIeM Hcciief0BaHUY MPOAaHAIM3UPOBaHA M3MEHYMBOCTH KCTEPhEPHBIX MPU3HAKOB B
BOCBMU MOMYJIALUAX CMOMPCKOM MIUNOBKU B BojloéMax [Ipubatikanpsa (10 OpUrMHAJIbHBIM JaHHBIM) U
Ha apeaJie B 11eJ1oM (110 JIMTepaTypHBIM JaHHBIM). Pe3yJibTaThl MCCJIEAOBAHMUS MOKA3aIH BEICOKUH MOJTU-
MOp(}HM3M NPU3HAKOB, TPAAUIIMOHHO CYUTAIOIIUXCS BUAOCHENU(MUYHBIMU. Y CTAaHOBJIEHO, YTO MOMYJIA-
I[UM IUIOBOK, obuTawomux B [Ipubaiikasbe, MpeacTaBisAl0T coO60il cMech (EHOTHUIIOB, XapaKTEePHBIX
s Cobitis melanoleuca (sensu stricto), Cobitis granoei u Cobitis olivai. BrickazaHO MpeanoIoXKeHUE, YTO
3TO MOXeT ObITh O0YCJIOBJIEHO JIMOO KOHCIEM(MUYHOCTHIO JaHHBIX TAKCOHOB, JIMOO X rubpuan3anmen.
[IpuBejeHbl YTOYHEHHbBIE JaHHBIE O HOMEHKJIATYpe W JUArHOCTUYECKUX MPU3HAKAX TAKCOHOB, BKJIKO-
YEHHBIX B cMHOHUMUIO Cobitis melanoleuca (sensu lato). Caesiad BBIBOJ O TOM, YTO IIPH CYI[ECTBYIOIEM
YPOBHE M3yUeHHOCTH CUOUPCKOU mumnoBku C. melanoleuca e€ 1eecoo6pa3HO CYATATH OJHUM MMOJIUMOP-
¢HBIM BUIOM, Oe3 pa3fiesieHUsA Ha BUKapupyomue GOopMbIL.

Kimoueavie citosa: Cobitidae, Cobitis melanoleuca, quarHoctTuueckyie IpU3HaKU, HOMEHKJIaTypa U TaKCOHOMUS,
Batikanbckuil pernoH

Jluis putupoBaHuA: BorgaHoB B.D. MI3MeHYMBOCTD U CUCTEMATHYeCKOe MOJIOKeHHe cubupckoil mumnoBku Cobitis melanoleuca
(Cypriniformes; Cobitoidei) Bogoémor I[lpubaiikanmes // Limnology and Freshwater Biology. 2025. - Ne 1. - C. 68-83.
DOI: 10.31951/2658-3518-2025-A-1-68

1. Beeaenue (BacubeBa, 1998; Prokofiev, 2007) (Puc. 1a). TpeTbs

YTBEPXKOAET CYLIECTBOBAHME B COCTaBe OJJHOT'O IOJIM-
TUMUYECKOTr0 Buaa Tpéx mnomaumoB: C. melanoleuca
melanoleuca — B Tuxookeanckom, C. melanoleuca granoei
— B ApktuueckoMm u C. melanoleuca gladkovi — B TToHTO-
KacrmiickoM 6acceriHax (BacuibeB u BacuibeBa, 2008)
(Puc. 1b). CorytacHO 4eTBEPTOM, KaK BapHaHTa TPEThEM,
JaHHBIE TAKCOHBI SIBJIAIOTCS BUKAPUPYIOMUMY BUOAMU:
C. melanoleuca; C. sibirica C. granoei u C. gladkovi
(Kottelat, 2012). ITaTas rumnoTe3a npeJmnojaraer cyliie-
CTBOBaHME [BYX BUJIOB, XOPOIIO 000COOJIEHHBIX reHe-
thdecku U GeHorunuuecku: C. melanoleuca — B npu-
TOKax cpefHero TedeHus XyaHxd U pekax boxatickoro
3aiuBa, u C. granoei — Ha MKUPOKOM apeajie 0T AMypa
u JIsg0xs Ha BocToke 10 CeBepckoro J[oHIja Ha 3anaje
(Chen and Chen, 2005; 2016) (Puc. 1c). B aTom ciyyae,
naeHTUUKAIUA KUTAHCKUMHU aBTOpaMu TakcoHOB C.
granoei cootBetcTByeT C. melanoleuca, a C. melanoleuca
cootBeTcTByeT C. olivai B mybJMKANMAX POCCUUCKUX

Cubupckas munoBka, Cobitis melanoleuca
Nichols, 1925 (sensu lato), HaceJisieT BOJgoEMBI OT Gac-
celiHOB XyaHx3 M fIHBI Ha BOCTOKe A0 peK, Blajalo-
mmx B A30BcKoe Mope, Ha 3amajie (Puc. 1). Bcero Ha
apeasie cuOUPCKOI IIWUIIOBKM B pasHOe BpeMs ObLIO
OIIMCAaHO MATh HOMHHAJIbHBIX TaKCOHOB: Cobitis taenia
melanoleuca Nichols, 1925; Cobitis taenia granoei
Rendahl, 1935; Cobitis taenia sibirica Gladkov, 1935;
Cobitis granoei olivai Nalbant, Hol¢ik et Pivnicka, 1970 u
Cobitis melanoleuca gladkovi Vasil’ev et Vasil’eva, 2008.

B OTHOIIIEHUM TaKCOHOMUY CUOUPCKOM IUTIOBKU
B HacTosillee BpeMs CYIIECTBYIOT TATh THIOTES.
CorsjlacHO mepBOil 3TO OJWH HIMPOKOAapeasibHbBIN B
(Nalbant, 1993; PemetHuxos, 2003; Kottelat, 2006;
[MTangukoB u KpuBoxuxka, 2008; Perdices et al., 2012;
2015; Dyldin et al., 2023). CorJyiacHO APyTO¥, HAPAAY C
C. melanoleuca, BaJIMHBIM BUOM JINOO OABUIOM, CUK-

taercs C. olivai u3 6acceiina peku OpxoH B MoHroamu
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aBTopoB (BacuibeBa, 1998; Prokofiev, 2007).
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Puc.1. Apeasnn cubupckoii munoBku Cobitis melanoleuca (sensu lato) u BKIIOUEHHBIX B He€ TakcoHOB: C. melanoleuca (sensu
stricto), C. granoei = C. sibirica, C. olivai u C. gladkovi. YcyioBHble 0003HAUeHUS: CHHAA MyHKTUPHAsA JIMHUA — I'PaHUIA apeasa
Cobitis melanoleuca (sensu lato) no Dyldin et al., 2023; 3Bé3goukamu oTMedeHHl TUIOBEIE Jlokanuu C. melanoleuca (sensu stricto)
(1 - peka Lunumyit X3), C. granoei (2 - pexa Upteim y Omcka), C. sibirica (3a - o3epo Typrosik, no Bepr, 1949 u Kottelat, 2012)
(36 — YuBnipKy¥ickuii 3ayuB Balikania, mo BacuieeBa, 1988), C. olivai (4 — o3epo Yruii-Hyyp) u C. gladkovi (5 — pexa CeBepckuit
JoHerr); 3aTyméBaHHbIMU 06J1acTAME 00603Ha4YeHH apeassl C. melanoleuca (sensu stricto) (rosy6as), C. granoei / C. sibirica (3eé-
Has), C. olivai (cBetso-opamxesas) u C. gladkovi (po3oBas); rpaHuLbl apeajioB yKa3aHH a) no BacuibeBoit 1998 u Prokofiev,
2007; 6) o Bacuibes, BacuibeBa, 2008 u Kottelat, 2012; B) mo Nalbant et al., 1970 ¢ usmenenusimu o Chen and Chen, 2016;
I) O pe3yJbTaTaM HACTOSAIIEr0 MCCJIEJOBAHUSA U JIUTEPATYPHBIM JaHHBIM (KaK TMIIOTE3a).

B Bomoémax bBalikaibckoro pernoHa cubupckas
IIUIIOBKA BCTpevyaeTcs MPaKTUYeCKW MOBCEMECTHO, 3a
HCKJTIOUeHreEM BepXOBHI TOpPHBIX pek. llesb HacTos-
IIero KCCJIE[JOBAaHUA COCTOUT B TOM, YTOOBI HM3yYUTh
W3MEHYUBOCTh TAKCOHOMUYECKH 3HAYMMBIX IIPU3HAKOB
IIUIIOBOK, obuTatomux B [Ipubatikaibe, 11 yTOYHEHUS
CHCTEeMaTHUYECKOT'O MOJIOXKEHUS 3TUX PHIO.

2. MaTepMan M MeTOAbDI.

HccriemoBaHue BHIIOJIHEHO Ha Marepualie,
cobpanHoM B mnepuop c¢ 2006 mo 2023 B BomoéMax
[Ipubaiikanbsa. Bcero usyueHo 234 sk3eMIUisApa U3
BocbMmu Jiokaiuii (Puc.4): o3. HuxHee I'pamHUHCKOe
(R10+ 39); p. Jlena (212 + 320); p. Kyma (926 + 314);
p. TonoyctHas (931+J39); p. Upkyr (216+330);
p. Onxa (212+321); p. Tanmeuuuka (98+J36); p.
Cenenra (267 +J37).

AnanusupoBasiack ~ M3MEHYMBOCTb  IIpH3Ha-
KOB, MMEIOIINX BaXHoe 3HaueHUe B KjaccudHuKaiuu
U Auar"HocTuke BuAoB poja Cobitis: pasmep u dopma
[IATEeH Ha Tejle U B OCHOBAaHMU XBOCTOBOI'O IJIABHHKA,
dopma noArIa3HUYHOTO MINIA, HIXKHEe I'yObl 1 opraHa
Kanectpunu (Puc. 2-4).

JlaHHBIe O TUIIOBBIX MeCTOOOUTAHUAX U AUArHO-
CTUYeCKUX IPU3HAKaX TAaKCOHOB YTOYHEHH II0 JIHUTe-
paTypHBIM HCTOYHUKaM. AGOpeBuaTtypa KOJLIEKIUU,
coJiepXaliix TUIIOBble S5K3eMIUIAPHI NIpHBe/ieHa B COOT-
BercTBUU ¢ Guide to Fish Collections in Eschmeyer’s
Catalog of Fishes (2024):

AMNH - American Museum of Natural History,
New York, U.S.A.
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Puc.2. [luarHocTuueckre NpU3HAKU ILIWUIOBOK: a) pac-
rosioxeHue 30H ['aMGeTThl, NOATIa3HUYHOTO IINIA U OpraHa
KanectpuHy; 6) MOArJIa3HUYHBIN NN, B) TPYJHON IUJIaB-
HUK caMIia ¢ opraHoM KaHecTpuHU; r-7) rojioBa BHUJl CHU3Y
(BapuaHTB MOP(OJIOTUM POTOBBIX MPUAATKOB U POCTPYMA).
CumBoJyiaMu o6o3HaueHbl: GZ1-4 — 30HbI ['ambetTHl (C Iep-
BOI 110 4eTBEPTYI0); S.Sp. — MoArjIasHUYHbIH mul; CO — opraH
Kanectpuny; LC - muactuHka opraHa Kanectpuuu (lamina
circularis); ML — MeHTaJIbHbIE JIOIACTH HUXHEH ry6sI (L).
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Puc.3. ITaTTepHbl OKpacku cubUpPCKOl MMNOBKY 6alikajIbCKOro perroHa (IosICHEHUS B TEKCTe).

FMNH - Division of Fishes, Department of
Zoology, Field Museum of Natural History, Chicago,
Illinois, U.S.A.

ISBB & IBTS - Taxonomy Research Group,
Research Centres in Biology Field, University of
Bucharest, Tr. Savulescu, Bucharest, Romania.

LFRH - Lab. Fish. Res. Hydrobiol., Slovak Acad.
Agric. Sci., Bratislava.

MZH - Finnish Museum of Natural History,
Zoological Museum, Vertebrates Division, University of
Helsinki, Helsinki, Finland.

NRM - Naturhistoriska Riksmuseet, Department
of Vertebrate Zoology, Ichthyology Section, Stockholm,
Sweden.

SNMB - Slovak National Museum, Natural
Science Museum, Bratislava, Slovakia.

ZICUP - Charles University, Faculty of Natural
Sciences, Division of Hydrobiology and Ichthyology,
Prague, Czech Republic.

ZMMU - Zoological Museum, Biological Faculty,
M. V. Lomonosov Moscow State University, Moscow,
Russia.

3. Pe3yAabTarthbl

Onucanwue. [locturaet abcoroTHON JUTiHE (TL)
120-130 MM 1 Maccel fo 8.5 1, mos10Bo3pesiocTs mpu TL
okoJio 80 MM u Macce 3.5-4 r. CaMKu KpyIlHee CaMIIOB.
Teno 3MeeBUAHOE, UyTh CXaTroe ¢ OOKOB, OJUHAKOBOE
[I0 MMpPUHE Y TOJIOBBL U XBOCTOBOM YAaCTH, IOKPHITO
OYeHb MEeJIKUMHU, [OTPY>XEHHBIMU B KOXY YelIylKaMHu.
Ha xBocTtoBOM cTebJie cBepXy U CHHU3Y eCcThb Ccj1abOBHI-
paXeHHbIe XUPOBBIE KUJIM, JIUOO0 TOJIbKO OAWH HIDKHUN
KUJIb.

Oxpacka ToJIOBHI U BepXHeH 4YacTu TYJIOBUILA
nATHHcTasg. MHOrourcJjieHHbIe IATHBIIIKY Pa3HOIo pas-
Mepa Ha crnuHe U 60kax GOpMHUPYIOT OCOOBIN PHUCYHOK,
HasbiBaeMbIli 30HaMu I'am0OeTThI (Puc. 2a). Camble KpyII-

—

Puc.4. PazHooGpa3ue naTTepHOB OKpacku u popmel lamina circularis B Bogoémax [Tpubaiikanbs: 1) ozepo HuxHssa ['pamHa;
2) peka Jlena; 3) peka Kyna; 4) peka I'osioyctHas; 5) peka HpkyT; 6) peka Oixa; 7) peka Tanbiunka; 8) peka Cenenra. ITaTTepHsl

okpacku o603HaueHb! 6ykBaMu, Kak Ha Puc. 3.
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Hble MATHA o0pa3yloT JIMHUM, UAylIMe o XpedTy U 1o
MeAuaJIbHOU JIMHNUY Tejla. MexAy HUMHU pacliosIoKeHbl
6oJiee MeJIKHe IIATHA, JIM00 30HBI MeJIKOro kpamna, obpa-
3ylolllie MpaMOpPHBIII pUCYHOK. [IATHa mepBOil 30HBI
FambeTThl NPAMOYTOJBHOU WJIM OKPYIJIOH (OPMBEI.
JIBa pacrnosioxeHBl B OCHOBAHWM CIIMHHOTO IJIaBHUKA
u no 8-11 cnepeau u noszaau Hero. Hiuxe mpoxoauTt
IKMpoKas [oJjioca MeJIKOro Kparma, 0o MeJIKue ropu-
30HTAJIbHO BHITAHYTHIE [IATHA, PACIOJIOXKEeHHbIe B OAVH
pAn 1 obpasylolliyie BOJIHUCTYIO JIMHUIO. BTopas 30Ha
I'aMOeTThI COCTOUT U3 MeJIKUX MATeH, pacloJIoXKeHHBIX
B OJiHYy JIUHUIO. E€ MpOTAXKEHHOCTh CUJIBHO BapbUpyer.
Tperbs 30Ha UMeeT BUJ JIMOO HMIMPOKOH IIOJIOCH MeJl-
KOro Kpamna, 100 BOJIHUCTOM JINHUY U3 MEJIKUX MATEeH.
YeTBépTyI0 30HY 00pa3yioT oT 9 f1o 22, yaiie 16, nsateH
pa3HooOpa3HbIX (GOpPM U pa3MepoB, PacCIOJIOXKEHHBIX
BJI0JIb MeAUaJIbHON JIMHUM TeJia.

[Moarna3HUYHBI MUN JByxBepHIMHHBIN (Puc.
26). OCHOBHOI1 OTPOCTOK IIWIA CJIeTKa H30THYT, €ro
BepIIMHA JOXOAUT [0 3aHero Kpas 3pauka. boxoBoii
OTPOCTOK TpPsAMOH, JTUOO cjierka U30THYTHIN U TOCTU-
raeT BepTUKa/IM IepefHEro Kpas 3pauka. brmke K
OCHOBAHUIO IIWINA paclojoXeH HeOOJIBIION 3y0uuK
1bo ero pyUMeHT B BuJie Gyropka.

Opran KanecTpuHu He6O0JIBIION, CcOCTaBJAET OT
OAHOU IATOMN A0 YeTBepTU AJIMHEI I'PyAHOrO IJIaBHUKA
U UMeeT OKPYIJIyI0 “deueBHI[eNOJOOHYI0” JIMOO OBaJIb-
Hy10 popmy (Puc. 2B). ®opma ninactuHku KaHectpuHu
oueHb BapualeJsibHa, 4YTO He II03BOJIAET BBbIIEJIUTH
Kakomn-1Mbo apxeTun, KOTOPHI MOXHO OBLIO OBl CUu-
TaTb BUJOBBIM IIPU3HAKOM.

dopMma pruta BapuabenbHa. Berpeuwarorcs kak
KopoTKophuIble (Puc. 2r), Tak U JJIMHHOPBLIBIE 0COOU,
C pPOCTPYMOM CWJIBHO HaBHcaomuM Hajno proM (Puc.
2n).

PoT masneHbKUII, HIXXHUM, ¢ TpeMs [TapaMu yCcu-
koB. HuxH:aA ryba paspesieHa Hagsoe. JlomacTu HUX-
Hell ryObl mupokue c 6oJiee MM MeHee pa3BUTHIMU
cxyagkamu. Mix MeHTasIbHBIE JOJIA MOTYT OBITh B opMe
JIYKOBUIIBI C IIMPOKUM OCHOBaHHEM U KOHYCOBHJHOH
BepmuHoH (Puc. 2r), 1160 paBHOMEPHO yTOJIIIEHHBIMU
no Bceu mamHe (Puc. 21m).

4. 06cyxpeHue

Pe3yJspTaThl HccaeqOBAHNA IIOKA3aIM, YTO IIOIY-
JIINUM BO BCeX BOCBMM Jokanuax B IIpubarikanbe
[IpeICTaBIAIT c060i cMech MOPGOTUIIOB, PA3JINYHBIX
[0 MaTTepHaM OKPAaCKU U APYT'UM AUArHOCTUYEeCKUM
MIPU3HAKAM.

B H3MEHYMBOCTH OKpPacKd MOXHO BBIIAEINTH
BOCEMb NaTTepHOB (MOPQOTUIIOB):

+ melanoleuca-nmofoGHBII — B YETBEPTOH 30HE
FamberThl (GZ4) 12-18 KpymHBIX MATEH, B OCHO-
BaHUM XBOCTOBOTO ILIABHUKA BepTUKAaJIbHAs WJIN
3-o6pa3Has TémHas nosocka (Puc. 3a);

* granoei-nofo0HBIN — B GZ4 9-18, yame 12-16 xpy1-
HBIX NATEH, B OCHOBAHUU XBOCTOBOTO ILIaBHUKA
JBa BEPTUKAJIbHO BHITSHYTHIX OBAJIbHBIX TEMHBIX
[IATHA, PacIoJIO)KeHHBIe OJJHO HaJ APYruM, JIOO
oba uépHble, OO BepxHee UYEpPHOe, a HIKHee
oypoe (Puc. 36);
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* taenia-mofgo6HBIN — B GZ4 9-16 KpYIHBIX IATEH, B
OCHOBAaHMH XBOCTOBOI'O IUIABHUKA OJHO He6OJIb-
moe yépHoe MATHO Ha BepXHeH JIOMAcTU XBOCTO-
Boro raBHuka (Puc. 3B);

+ olivae-nono6ub!l — B GZ4 9-16 MaJIeHBKUX OKpY-
TJIBIX WJIM BBITAHYTBHIX TATHBIIEK, B OCHOBaHUU
XBOCTOBOI'O IIJIABHMKA J[Ba MaJIEHbKMX TEMHBIX
MsATHA, PacloJIoXKeHHBIE OJHO HaJ APYTUM, JIU6O
€CTh TOJIbKO BepxHee (Puc. 3r);

« gracilis-nogobHeIl — B GZ4 18-22 MeJKux IATeH,
B OCHOBAaHMU XBOCTOBOT'O TJIABHUKA [BAa BepTU-
KaJIbHO BBHITSIHYTHIX OBAJIbHBIX TEMHBIX MATHA, pac-
MOJIOXeHHbIe OHO Haj apyruM (Puc. 3m);

+ gladkovi-noioGHBINT — MATHA Ha Tejle OJeqHBIE, B
GZ4 cnuBarwTCA B CIUIOLIHYIO IIOJIOCKY, B OCHO-
BaHHUU XBOCTOBOI'O IUJIABHMKA [ABa BEePTUKAJIBHO
BBITAHYTBIX OBAJIbHBIX TEMHBIX IISITHA, PacIoJio-
’keHHBIe 0J1HO Haj ApyruM (Puc. 3e);

e ¢ 3Ur3aroo0pasHBIMU MATHAMH B MepeHel MoJIo-
BuHe GZ4 (Puc. 3x);

+ ©e3 BTOpOIi 30HH ["'ambetTHl (Puc. 33).

Ha pucynke (Puc. 4) mpefcraBjieHa reorpa-
¢usa pacnpoctpaHeHus $HeHOB (IaTTEPHOB) OKpPacku U
dopmel nmactuaky Kanectpunu. Ilpu 3TOM, HUKaKOHN
KOppeJIANUN MeXIy JUarHOCTUYeCKUMM INpHU3HaKaMu
He HabsfofjaeTcsa. B ¢BA3M ¢ 4eM BO3HUKAaeT BOINPOC O
TaKCOHOMHUYECKO! NPHHA/IJIEXHOCTH 3THX PHIO.

B Hacrosmiee BpeMs HeT eQUHOTO MHEHHA He
TOJIBKO 0 (PeHOTUITNYEeCcKOl N3MEHYNBOCTH U TaKCOHO-
muu munoBok C. melanoleuca (sensu lato), Ho 1 ACHOTO
IpeficTaBjIeHNs 0 HOMEHKJIATyPHBIX TUIMAaX U THUIIOBBIX
MeCTOOOUTAaHUAX MHOTUX M3 BKJIIOUEHHBIX B 3TOT BUJ
HOMHUHAJIBHBIX TaKCOHOB. Bcero 6bUIO OmMCAHO IATh
TaKUX TaKCOHOB.

Tunosslie
3K3eMILIAPBI

1. Cobitis taenia melanoleuca Nichols, 1925:3. TakcoH
onucaH o TPEM dk3eMIuiApaM: rosiotuny AMNH
8403 u asym mnaparunaMm FMNH 14829. Tunosoe
MecToOOMTaHNe, B TOM BHJle KaK €ero IpPHHATO
ykaseiBaTh: «UnH-Cy B KUTalCcKOIl NpPOBUHIMU
IMTaxcu [Chin-ssu, Shansi Province, Chinal», Ha
coBpeMeHHBIX KapTax Kutasa He oOHapyxuBaercs.
B opurnnasibHON NyOJMKald OHO ONMCAHO CJie-
ayiomuM obpasom: “Chin-ssu, Shansi, in the hills
east of the southward-flowing limb of the Yellow
River... The locality is not very distant from
Kwei-hwa in a south-southeasterly direction...”
(Nichols, 1925:3). B cooTBeTCTBHU C COBpeMEH-
HON TOMOHMMMKOHN M aJIMUHUCTPATUBHBIM [eJie-
HueM Kwuras, ropox Kssii-XBa mocjie HeEOOHO-
KpaTHBIX IeperMeHOBaHMN ¢ 1954 roma Hocur
HaszBaHue Xyx-XoTo [Hohhot] u siByisieTcs crosm-
Iell BHyTpeHHell MoHrosmu. B MecTe, ykasaHHOM
B OIMCaHWUY, NpoTekaeT peka LluHmyiix> (ye3n
[unmyiixs, BHyTpeHHAsa Monroausa [Qingshui
river in Qingshuihe County of Inner Mongolia]
Jo 1929 manHasa TeppuUTOpUA OTHOCHJIACH K IIPO-
BuHnuu [laxcu [Shanxi]. MHBepcHI0 aHIJTUICKUX
HazBaHuil Qingshui B Chin-ssu u Shanxi B Shansi

MeCTOOOUTaHU A nu THUIIOBbBIC
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MOXHO OOBACHUTH TOJIBKO IMpO6JIEeMOil TpaHCJIN-
Tepaluy KUTalCKUX TOMOHUMOB. Takum obpasom,
TUNOBBIM MeCTOOOUTaHMEM BHJA cJielyeT CUU-
TaTh peky L{uHIMYyIiX3> B NMPOBUHIUM BHyTpeHHs:A
MoHrous.

2. Cobitis taenia granoei Rendahl, 1935: 332, Figs. 5-6.
TakcoH omucaH no cuHtumnaMm: MZH (6/7), NRM
10654 (2) u3 pexu UpTeim y OMcKa.

3. Cobitis taenia sibirica Tiagkos, 1935: 73.
Hudopmanus o nponcxoxaeHun (TUIIOBOM MeCTO-
HaxoxAeHun) rosiotuna ZMMU P-2853 nportuso-
peunBa. CyllecTBYIOT [Be BepCHUU IPOUCXOX[e-
HUA rojoTuna (To ecTb TUIIOBOTO MeCTOOOUTAHUA
TaKkcoHa): 3TO Jubo o3epo baiikas, eciu rojoTu
BBIOpaH u3 kosuleknuu ZMMU P-2272, mubo 03.
Typrosik B YenssOMHCKON 00JIaCTH, €CJI OH B3AT
13 TOH ’Xe KOJUIeKI[UM 4TO U mnapartunsl: ZMMU
P-2253. (CBetoBumoBa, 1978; BacuibeBa, 1988;
Tumsl MO3BOHOYHEIX..., 2001; Kottelat, 2012).
Pacnpoctpanenue: o3epa Typrosk, batikan,
KypranpmxuH, peku Xanya, Bopcak, BysnyHoi u
Enuceit y MunycuHcka.

4. Cobitis granoei olivai Nalbant, Hol¢ik, Pivnicka
1970: 121, Figs. 1-6: ronotun: SNMB Ry 2093;
napatunsl: IBTS 2290 (9); LFR 96752 (1); SNMB
Ry 2094 (7, 2 c&s), 24813 (1); ZICU 34985 (10);
03. Yruii-Hyyp B 6acceiine OpxoHa.

5. Cobitis melanoleuca gladkovi Bacuibe, Bacuiibesa,
2008:9, Puc. 9: ronotun: ZMMU P-21654, napa-
tunsel: ZMMU P-21655 (6); peka CeBepckuii JloHe.
Pacnipoctpanenue: 6accelitbl pek Bosra, [loH, Es,
KyGansb, Ypan, Bonbmoi n1 Mansiii Y3eHs, onpec-
HEHHEIe 3aauBbl CeBepHoro Kacmnus.

JluarHocTuyecKue Npu3HaKu

Oxpacka

[MaTTepH okpacku C. melanoleuca (sensu stricto),
Ucxos u3 opuruHaibHoro onucanusa (Nichols, 1925),
xapakTepusyetcsa 12-16 kpynHeIMU nAaTHaMu B GZ4, u
BEPTUKAJIBHON TEMHOI IOJIOCKOM B OCHOBAaHUM XBO-
CTOBOrO IUTaBHUKA. TEMHOe MATHO HAa BepxHell Joma-
CTH XBOCTOBOI'0 IJIaBHUKA CJIa60 3aMeTHO, JINOO OTCYT-
ctByeT. l'oyiotun C. melanoleuca n3o6paxeH Ha pUCYHKe
(Puc. 5). B pyccKOA3BIYHBIX MCTOYHUKAX JAHHBIM MaT-
TepH OOBIYHO pacCMaTpUBAIOT KaK BAapHaHT OKPACKU
C. granoei (bauecky u Matiep,1969; BacusbeBa, 1988;
[MTanaukos u Kpusoxuxa, 2008). B IIpubatikaibe Takoi
TUI OKPACKU SBJSAETCS KOJOMUHAHTHBIM, Hapsay C
granoei-nogoousM (Puc. 36) u taenia-nogOOHBIM MAT-

tepHamu (Puc. 3B, 4). B nociegHeM ciyvae, BHellTHee
CXOZICTBO C eBpolelickuM BuaoM C. taenia o0ycjOB-
JIeHO HaJM4ueM OOHOro HeOOJIBIIOro TEMHOIO IISITHA
B OCHOBAaHUM BepXHEH JIOMacTH XBOCTOBOTO IUIaBHUKA
Y TaHHBIN IaTTepH MOXHO TaKXe paccMaTpuBaTh, KaKk
BapuaHT okpacku C. melanoleuca (sensu stricto).

AJibTepHaTHBHOE MHEHHE O TOM, KaKyl OKpa-
CKy CUMTATh «TUMUYHOMN» 1jiA C. melanoleuca, cJioxu-
Jiock nox BausHWeM pabot T. Han6anrta (Nalbant et
al., 1970; Nalbant, 1993). Cuauasia, T. Hanb6auTtom c
coaBropam# (Nalbant et al., 1970) 6bLT OnIFICaH TOABHU/
cubupckoi munoBky, C. granoei olivai u3 o3zepa Yruii-
Hyp B 6acceiine OpxoHa. OJHUM U3 OTJIMYUTEIBHBIX
IIPU3HAKOB 3TOT'0 [TO/ABUAA ABJIAIOTCA OUeHb MeJIKue (110
CpPaBHEHMIO C TUNNYHON CUOMPCKON LUIOBKOM) MATHA
B GZ4. 3arem, T. Han6aaTom (Nalbant, 1993) cubup-
cKkas munoBka ObL1a nepeomnucana kak C. melanoleuca.
OpHako, nepeonycanye ObLIO BBIIOJIHEHO He 10 TUIIO-
BBIM DK3eMIUIApaM, a IO 4eTHIpEM 0co6AM U3 KOJIIEK-
IIUY, TakXe COOPAaHHOI B OKpeCcTHOCTAX XyX-XOTO B
1920 (BeposiTHO, peka Jlax3iix3), HO UAeHTUPULIUPO-
BaHHBIX J[x. Hukosicom (Nichols, 1925) xak C. taenia
sinensis Sauvage et Dabry de Thiersant, 1874 u mo 20
ocobsaM u3 o3epa OpasiHckoro B 6acceliHe peku Kyna
(Yerp-OpasiHekuii okpyr HpkyTtckoil obsacrtu). s
BCEX YKa3aHHBIX PHIO TakXe XapaKTepHBl MeJIKUe IAT-
HemKU B GZ4 (Puc. 6a). Takas okpacka XapaKTepHa
[T IUIIOBOK U3 IPUTOKOB CPeHEro TeueHUs XyaHX?,
bacceiiHoB pek Xaiixa u JlyaHpxd, BHNaJalomuX B
Boxatickuil 3anuB u OacceiiHa peku OpxoH (6acceiiH
Cenenrn) (Chen and Chen, 2005; 2016; Prokofiev,
2007). Ocobu ¢ Takoi ke OKpackol eJMHUYHO BCTpe-
qyaoresa B CesieHre, U nputokax AHrapel: HpkyTe u
Kynme. B my6Gimkanusax KUTANUCKUX aBTOPOB TOJIBKO
ocobu maHHoro deHoTHMna HAEHTUGULIUPYIOTCA Kak
C. melanoleuca, a ocobu ¢ KpynHBIMU NATHAMU Kak C.
granoei.

[To nutepaTtypHbIM gaHHBIM [uiA C. granoei, C.
sibirica n C. gladkovi xapakTepHbl KpynHbIe TisATHA GZ4
B KosimuecTBe oT 11 mo 18 u gBa OOJIBIINX OBAJIBHBIX
IITHA, PACIOJIOXKEeHHBIX OJHO HaJ APYTUM B OCHOBA-
HuM xpocToBoro maaBHuka (Rendahl, 1935; I'stagkos,
1935; bauecky u Maiiep,1969; BacunweBa, 1988;
Chen and Chen, 2016; Prokofiev, 2007; IllaHaguKOB U
Kpuoxuxa, 2008) (Puc. 7a). Takas okpacka npeobJia-
IaeT Ha GoJsbined yactu apeasia C. melanoleuca (sensu
lato). B IlpuGaiikajibe HaHHBIM MATTEPH ABJIAETCA
OTHUM M3 TPEX KOJOMUHAHTHBIX (CM. BHIIIE), a YKCJIO
[ATeH Bapbupyet oT 9 fo 18.

Am. Mus. No.8403

Puc.5. Cubupckas munoBka Cobitis melanoleuca (sensu stricto): rootun AMNH 8403 (u3 Nichols, 1943).
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T.N.del.

Puc.6. Cubupckas mumnoska: Tonotun Cobitis melanoleuca ISBB [IBTS] 3230 (= Cobitis granoei olivai). O6muii Bua, yiate-
paJsibHO (2) M AMarHOCTHYeCKHe NMPU3HAKU: TOJIOBA, BUJ CHU3Y (BapyaHTHl MOP(OJIOTUK POTOBBIX IPUAATKOB U pocTpyMma) (6),
rpyAHOro IUIaBHUKA (B), IacTuHku Kanectpunu (r), vemyu (), noaryiasHuyHoro mmna (e) (u3 Nalbant, 1993).

Jia monmynAnui eBponelickol yacTu apeana (To
ectb C. gladkovi) xapakTepHOI 0COO€HHOCTHIO SABJIAETCSA
MEHAIIAACA B TE€YeHWU roAa KOHTPACTHOCTh OKpa-
CKY U TeHAEHIVA K CJIMAHUIO IATeH GZ4 B CIUIOLIHYIO
nosiocky (bauecky u Matiep,1969; BacusnbeBa, 1988;
Tangukos u Kpusoxwuxa, 2008) (Puc. 8a). B HacTos-
meM HUCCJIeJOBaHUM TaKas OKpacka OTMeYeHa TOJIbKO
B OJHOM cJiydae: B o3epe HukHsaa ['pamMHa, Ha ceBepe
ITpubatikasbs, y Tpex (U3 AeBATHAALATH) OCOOEM.

Mopdonoruyeckue 0co6eHHOCTH

Huxusaa ryba y C. melanoleuca (sensu stricto),
corjlacHO opurrHasbHOMY onucanuio (Nichols, 1925),
mupokass U KkBajpaTHas. W3 Oosiee mo3gHux paboT
(Nalbant, 1993; Prokofiev, 2007; Chen and Chen,
2016), cnenyet, uTo y ocobel (MAeHTUDUIPOBAaHHBIX
aBTopamu kak C. melanoleuca, C. granoei u C. olivai)
u3 pek Kurtas m MoHromuu ryba mupokas, KBaJapat-
Has, C MHOTOYMCJIEHHBIMU CKJIaJIKaMHU, eé MeHTaJIbHasA
JIoNacTh XOpOIIO pa3BUTa U HMMeeT JINOO OKPYIJIBIN
160 3aocTpéHHbIN KoHUYMK (Puc. 70). Tak xe, Kak U B

HaCTOAIIEeM KCCJIeJOBaHUM, YETKON CBA3U 3TOr0 NpU-
3HaKa ¢ MaTTePHOM OKpacKW He BBHISBJIEHO.

B nepeonucanuu C. granoei ykazaHO, YTO HUX-
HsAA ryba y gaHHoro Buja (Bkiiouas rosorut C. sibirica)
riagkas, 6e3 ckyiafok u 6axpomsl (BacuibeBa, 1988).
Opnako BuAocnenupUYHOCTh AAHHOTO MpH3HAaKa
BHI3BIBAeT coMHeHUe. B ctatbe bauecky u Matiep (1969)
MpUBeIeHBl PUCYHKN POTOBBIX NMPUJATKOB CHUOMPCKON
munoBku u3 Bosru u Jlona. Ha HUX MOXHO BUAETHb
Te Xe ABa MopdoTumna, KOTOpbE YCTAaHOBJIEHB HACTO-
AMUM HccyiefoBaHueM B Ilpubatikanbe. OQUH U3 HUX
(Puc. 2r, 86) xapakrepeH nJsa C. granoei, gpyrou (Puc.
21, 88) cootBeTcTBYeT C. melanoleuca (sensu stricto).

B opurnnansHoM onucanuu C. melanoleuca HeT
JaHHBIX 0 (GOopMe opraHa U IIacTuHKA Kanectpunu. B
nocjieAymux paboTax pasHble aBTOPHI JIA OJHUX U
TeX K€ TaKCOHOB YKa3bIBAIOT IJIACTUKY KaK IMOJIYJIyH-
Hyl0, B popMe HOoxa unm Tonopuka (Nalbant, 1993;
Prokofiev, 2007; Chen et al.,, 2015; Chen and Chen,
2016). [nsa C. olivai nnactuka KaHecTpuHU yka3aHa B

Puc.7. Cubupckas munoska: rojotun Cobitis sibirica ZMMU P-2853. O6uuii Buf, jlaTepajibHO (a) U AUAaTHOCTUYECKUE TIPU-
3HAKW: MUTMEeHTalsl OCHOBAHUs XBOCTOBOro IUIaBHUKA (6), dopMma HukHel ry6sl (B), miactuHku Kanectpunu (1), yemyu (1)

(u3 BacusbeBori, 1988).
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1st+2nd Gambetta's zone

¥ 2n

3rd Gambetta's zone

upper black spot

bottle-shaped ]
lamina circularis _ # 3
in males

Puc.8. Cubupckas munoska I'sagkosa, Cobitis gladkovi. (a) Tomotun (peka CeBepckuii J[oHel): 88epxy, caMKa U camell
(o6muit Bu, JIaTepaJibHO); BHU3Y CJIEeBA, IPYIHOM IUIaBHUK camiia ¢ opranoM Kanectpunu (u3 [langukos u Kpusoxmxa, 2008);
roJioBa, BUJ CHU3Y (BapraHTh MOPGOJIOTMH POTOBBIX MPUIATKOB M POCTPyMa), IiacTuHKa opraHa Kanectpunu (lamina circularis)
U IpyJHOU IUIaBHUK camiia ¢ opraHoM Kanectpunu: (6) peka Bosra, (B) peka [lon (13 Bauecky u Maiiep, 1969).

dopme Tomopuka, Takas xe kak y C. melanoleuca n3
Cenenru (Prokofiev, 2007). Jiia o603HaYeHUs1 HOPMBL
iacTUHKU KaHecTpuHU B MOMYyJIALUAX €BPOIENCKON
yacTu apeasia bauecky u Matiep (1969) BBesnu B ymo-
TpebjieHrne TepMUH «OyTBUIKOOOpa3Had», XOTA IO
dopme oHa He oTJHMUaeTcA OT «Tomopuka» C. olivai
(Puc. 6, 7, 8).

OO1ue 3aMeYyaHusA

C yuéTOM BHIICNIEPEUYNCICHHBIX NPU3HAKOB,
cubupckas UIUIIOBKA, oburtatomas B [Ipubaiikaibe,
npejcTaBysieT coboii cmech (GEHOTHUIIOB, XapaKTEPHBIX
s C. melanoleuca (sensu stricto), C. granoei u C. olivai.
OTO MOXeT OBITh 00YyCJIOBJIEHO JIMOO KOHcHenuduu-
HOCTBIO JIAHHBIX TAKCOHOB, JUOO WX TUOpUAU3AIMEN
B 30Hax yactuuHo# cummnarpuu (Puc. 1r). Be3 mpoge-
JEeHUs1 MOJIEKYJIAPHBIX WCCJIEIOBAaHUN € 00A3aTeJIbHON
MPUBA3KON K 0CcOOeHHOCTsM (DeHOTHUIa, OTBETUTHh Ha
3TOT BONPOC HEBO3MOXHO. OnyOsIMKOBaHHBIE HA TEKY-
Ui MOMEHT MOJIeKyJisipHble JaHHble (Perdices et al.,
2012; 2015; Chen and Chen, 2016) He mamT OTBeTa
stoT Bompoc. Ho, gaxe B ToM ciydae, eciiu OyneT
JOoKasaHa reorpaduyeckas CTPYKTypHUpoBaHHOCThL C.
melanoleuca (sensu lato), mpoBecTH TaKCOHOMHYECKHE
rpaHUIpl MeXAy BUKapupywomumu ¢opmamu Oyaer
BpsAA JI BO3MOXHO, BBUAY UHTeprpaganyy ux quarHo-
CcTUYecKuX nmpusHakoB (Puc. 2-8).

5. 3akniouenue

JlarHHbIe 06 M3MEHYMBOCTU CUOUPCKON IUTIOBKU
B [Ipubalikasibe, IOJIyuyeHHble B pe3yJibTaTe IIpOBe-
JEHHOr0 MCCJIe[JOBaHMA, IOoKas3ajyd BBICOKWI I0OJIU-
MOp(}HU3M IPU3HAKOB, CUUTAIOMUXCA BUAocnernupud-
HeIMU. JIo0ass paHOoMHas BBIOOpKA IpeACTaBJIAET
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cob6oi1 cmech (EHOTHUIIOB, KOTOPBIE OOBIYHO OTHOCAT
K pasHbIM TakKcoHaM. Takasd HN3MeHUYHMBOCTb MOXeT
HMMeTh ABOMCTBEeHHYI0 Ipupoay. JIubo 3To nposiBiieHue
TOJIBKO BHYTPUBHUAOBOTO mnojuMopdusma, Jub0 BHY-
TPUBHOBOro nojuMopdusMa U rudpuansanuu BUKa-
PUPYIOLIMX TAaKCOHOB B 30HE YaCTUYHOM CHUMIIaTpHU.
[Tpu cymecTBylomeM ypoBHe U3y4eHHOCTU U3MEeHUYNBO-
ctu cubupckoii munoBku C. melanoleuca (sensu lato)
e€ I[esecoo0pa3HO CUYUTATh OAHUM NOJIUMOPGHBIM
BUJOM, Oe3 pasfeseHUs Ha BUKapupywouye (HpopMEL.
Ho B aToM ciyuyae octaérca mpobjemMa ¢ JUarHO30M
BU/JA, MOCKOJIBKY BCe IIpU3HAKM, cuuTamwliecs Jua-
THOCTUYECKHUMHU, OJIUMOP(]HEL.
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ABSTRACT. This study presents original geobotanical maps that reconstruct natural vegetation on the
shores of Lake Baikal 40-50 years ago. It includes six maps, among which of particular importance are:
a schematic map of the vegetation of the South-West Pribaikalye, a geobotanical map of the Baikal State
Nature Reserve and a map of the cadastral assessment of the vegetation cover of the South Pribaikalye.
These maps can be used for a retrospective assessment of changes in the vegetation cover under the

influence of natural and anthropogenic factors.
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1. Introduction

The maps describe the environments of Lake
Baikal shores 40-50 years ago focusing on biodiversity
of the vegetation cover, its dynamics and resilience.
They provide basic data on ecological monitoring and
are awaiting for new researchers of geobotany, geogra-
phy and limnology of this area. All field and chamber
studies were carried out following routine procedures.

The maps are listed in the order of significance:

The first, a schematic map of the vegetation in
southwestern Pribaikalye (Fig. 1, hereinafter, a sche-
matic map). It is a pioneer work showing dynamics
of the vegetation cover at one of the intact parts of a
light coniferous forest with its interactions with the
dark coniferous forest. (intended for prediction and
validation). The Great Baikal Trail runs through this
area imposing noticeable anthropogenic load. This area
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attracted certain interest of researchers that could be
realized in further studies of the land-water interac-
tions detailed in the Supplement to this map;

The second: a geobotanical map of Baikal State
Reserve (Fig. 2) and a cadastral map of the vegetation
cover of the southern Pribaikalye (neighbouring terri-
tories of Baikalsk mountains) (Fig. 3). These maps are
of great importance for nature conservation;

The third: a map of vegetation on the northwest-
ern slopes of Khamar-Daban Ridge (Fig. 4) and a map
of vegetation in the neighboring areas of Slyudyanka
town (Fig. 5) (mainly intended for ecological education
and tourism).

A final map shows environmental features of
Baikal-Amur Railway Construction zone that was also
subjected to significant anthropogenic load (Fig. 6)

© Author(s) 2025. This work is distributed
under the Creative Commons Attribution- BY NG

NonCommercial 4.0 International License.
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Fig.1. Schematic vegetation map of southwestern Pribaikalye (Listvyanka — Bol. Goloustnoe).

A NEW SCHEMATIC MAP OF VEGETATION IN
SOUTHWESTERN PRIBAIKALYE (Listvyanka —
Bolshoe Goloustnoe),

Scale 1:100000

This map was compiled in 1987, including data
collected during 1961-1980. It describes vegetation
cover of Goloustnoe ecological and geographical region
and maybe be regarded an example of natural location
that experienced little direct human activity. This ter-
ritory adjoins the shoreline of Bolshye Koty Bay, the
place that has been an object of research interests of
Irkutsk State University and Limnological Institute for
years. They contributed much to the knowledge on
biology and ecology of aquatic organisms and their
habitats. Our map and long-term observations of hyd-
robiologists will provide a better understanding of the
land and water-body interactions aimed at long-lasting
conservation of Lake Baikal.

NOVELTY. For the first time, a sketch map of the
vegetation of the most visited part of the Great Baikal
Trail will be available for open access. It is a bench-
marking map intended for prediction and validation
reflecting the dynamics of the vegetation cover over
50- and 100-year intervals starting from 1987 with ref-
erence to economic activity.

MAP AND LEGEND. The map includes 18 names
shown in the legend. Ten of them describe dynamics of
forest complexes with the time intervals of 50 and 100
years, the remaining ones (11 — 18) represent coastal
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areas long time ago explored by people, hence vegeta-
tion cannot be regarded as a reference standard.

Below, we offer a description of the prospected
coastal zone taking into account tentative changes and
predictions for the future (Fig. 1).

1. Pine-larch forests with cedars and firs, and fir-ce-
dar forests with pines and larches on flattened
watersheds: bergenia, bluejoint-bergenia, whortle-
berry-cowberry-green moss;

1.1. USAGE: water protection (moisture reserves
in the snow cover — 180-200 mm), soil protection,
reserve;

1.2. PREDICTIVE ASSESSMENT: In the absence
of fires and tree cutting after 40-60 years, mixed
light-dark coniferous forest with abundant under-
growth of dark coniferous trees, in 100-120 years,
predominantly dark coniferous fir-cedar forests.

1.3. CURRENT STATUS: dynamic trend of forest
communities change to dark coniferous taiga;

2. Larch-pine forests with birch and aspen stands
(burnt area and single cuttings) on steep (20-30°
and more) near-watershed slopes with various
vegetation covers: motley grass-cowberry, blue-
joint-motley grass with tall grasses: bergenia, cow-
berry-green moss, rhododendron-cowberry-motley
grass.

2.1. USAGE: water protection (moisture reserve in



Molozhnikov V.N. / Limnology and Freshwater Biology 2025 (1): 84-106

snow 180-100 mm), anti-erosion, soil protection.

2.2. PREDICTIVE ASSESSMENT: in the absence of
fires and tree cuttings after 40-60 years — light
coniferous forests with abundant cedar under-
growth; in 100 — 120 years — cedar forests with
light coniferous trees.

3. Larch-pine forests with birch and aspen on dif-
ferently exposed steep mountain slopes: cowber-
ry-ledum-green moss, bergenia, alder-rhododen-
dron-green moss type.

3.1. USAGE: water protection,
recreation.

3.2. PREDICTIVE ASSESSMENT: in the absence of
fires and tree cuttings after 40-50 years, onset of
forest cluttering due to birch and aspen fall, the
undergrowth includes adequate amount of cedars.

soil protection,

4. Pine forests with birch and aspen on steep moun-
tain slopes, predominantly of southeast aspect:
rhododendron-cowberry-motley  grass, motley
grass-cowberry.

4.1. USAGE: water protection,
recreation.

4.2. PREDICTIVE ASSESSMENT: in the absence of
fires and tree cuttings after 40-50 years, fallen
birches will clutter pine forest rapidly and aspens,
the tree stand will be dominated by pine, motley
grass meadows emerge after tree logging in high
mountain areas.

4.3. Pine-larch forests with birch and aspen on
steep mountain slopes.

4.4, USAGE: water protection, anti-erosion, soil
protection.

4.5. PREDICTIVE ASSESSMENT: birch and aspen, in
case of massive tree cutting for constructing power
transmission line; large and intense forest fires
increase soil erosion on slopes and cause motion
of stone streams.

soil protection,

5. Larch-pine tree forests with birch and aspen on
steep mountain slopes generally of southwestern
aspect, with rocks and screes: dead cover, rocky,
rhododendron-cowberry-small grass, steppefied.

5.1. USAGE: anti-erosion, soil protection, recreation.

5.2.  PREDICTIVE ASSESSMENT: in the absence of
fires and clearings, forest cluttering by fallen birch
and aspen after 40-50 years, massive tree cuttings
and fires will be responsible for the extent of ero-
sional processes.

5.3. CURRENT STATE: recovery of native pine
forest.

6. Pine forests with birch and aspen on steep, south-
ern exposed mountain slopes facing Lake Baikal in
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a complex of mountain stony steppe areas, rocky
features: steppefied, dead cover-cowberry-rho-

dodendron-rhytidium, cowberry-motley  grass
associations.
6.1. USAGE: water protection, soil protection,

anti-erosion, recreation.

6.2. PREDICTIVE ASSESSMENT: reduction of steppe
areas, expansion of cowberry-rhododendron types
of forests in the absence of fires and tree cuttings.

7. Larch-cedar forests on ancient lake terraces:
ledum-cowberry-green moss, bergenia associations.

7.1. USAGE: soil protection, recreation.

7.2. PREDICTIVE ASSESSMENT: forests will be
strongly impacted by human activities due to
their limited area and intensive exploration: for-
ests will be destroyed by fires and poorly managed
recreation.

7.3. CURRENT STATE: degraded,
recovered.

insufficiently

8. Larch forests on a riverine terrace: ledum-green
moss, motley grass-bluejoint, deschampsia.

8.1. USAGE: environment stabilization, recreation.

8.2. PREDICTIVE ASSESSMENT: sustainable pro-
tection of indigenous phytocenoses.

9. Swampy larch-birch-spruce forests on bottoms
of mountain valleys: motley grass-bluejoint,
ledum-sphagnum, leatherleaf-sphagnum, motley
grass.

9.1. USAGE: recreation, soul protection, hay mead-
ows, pastures.

9.2. PREDICTIVE ASSESSMENT: possible paludi-
fication, extra erosion, thermokarst in case of
destruction of the ground cover.

10.Pine-larch forest steppe on steep south-facing
mountain slopes.

11.Sagebrush-motley grass-grass steppes on south-fac-
ing mountain slopes;

12.Motley grass-grass steppes on alluvial fans of
mountain streams and rivers.

13.Meadow motley grass-grass steppes and steppefied
meadows in association of shrub thickets (wil-
low, bird cherry, hawthorn, dogwood) on valley
bottoms;

14.Brackish and swampy meadows on alluvial fans of
mountain rivers.

15.Swampy meadows and grassy bogs, lagoon lakes in
the Goloustnaya River delta.

16.Post-fire deadwood.

17.Cliffs — rock outliers; sites with rare plant species.
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Worksheet of a geobotanical map of Baikal State
Reserve (Figure 2).
Scale: 1:100000
ALPINE VEGETATION

1. High-mountain wastelands, nival meadows, stone
placers, meadow and moss-lichen tundras with
Siberian dwarf pine, Phyllodoce and other dwarf
shrubs on steep mountain slopes of different
aspects.

2. High-mountain tundras: dryas tundra, rocky tun-
dra, scree-lichen tundra with xerophytes, generally
on flat top and low angle mountain parts.

3. Nival meadows and moor meadows: whortleber-
ry-bergenia-motley grass with maral root on steep,
generally south-facing slopes (30 — 45°).

SUBGOLTSY-SUBALPINE VEGETATION
4. Siberian dwarf pine (Pinus pumila) and Alnus fruti-
cose groups with high-mountain meadows, moors,
stone fields on steep kar and cirque slopes.
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Fig.2. A worksheet of a geobotanical map of Baikal State Reserve.

5. Siberian dwarf pine associations: green moss,
moss-lichen, dead soil ground with stony fields,
high-mountain grass plots and solitary trees of
various types on mountain slopes of different
orientation.

6. High-mountain grass-motley grass meadows, fern
thickets with Siberian dwarf pine, Duschekia, Salix
and yernik associations, sparse fir stands and open
woodlands on steep mountain slopes and valleys.

7. Yerniks: motley grass-sedge-sphagnum and
moss-lichen mainly in the upper reaches of moun-
tain rivers.

FOREST VEGETATION
8. Light and sparse cedar-fir forests of park type with
tall-herb-fern and motley grass soil covers on rocky
mountain sites: whortleberry-rhododendron aure-
um-bergenia with Pinus pumila thickets on moun-
tain slopes of different aspects.

9. Sparse stands and woodlands of Larix sibirica:
moss-lichen with yernik and Siberian dwarf pine
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(Pinus pumila) on gentle mountain slopes.

10.Sparse stands and open woodlands of Siberian
spruce: sedge-sphagnum and moss-lichen with a
yernik layer on bottoms of trough valleys.

11.Fir forests: bluejoint-motley grass-fern, grass-mot-
ley grass, rhododendron aureum-bergenia on
slopes and watersheds.

12.Fir forests: whortleberry-green moss and blue-
joint-motley grass on ancient Baikal terraces and
river valleys.

13.Fir forests on slopes of different aspects.

14.Fir-cedar-spruce forests: fern-motley grass in val-
leys of large rivers.

15.Fir-spruce-cedar forests: motley grass-fern-blue-
joint with soil cover of bergenia and whortleberry,
in some sites whortleberry-bergenia.

16.Fir-spruce-cedar forests: whortleberry-green moss,
in some places (foothills, river and Baikal terraces)
swampy sites with dense layer of dwarf Abies
sibirica.

17.Cedar forests, with local pine and larch stands:
cowberry and bergenia, whortleberry and green
moss, whortleberry-moss-lichen on mountain
slopes and on trough valley bottoms.

18.Pine-cedar forests; whortleberry and bergenia,
cowberry and green moss on steep mountain
slopes, generally of NE aspect.

19.Cedar-pine forests: cowberry-moss-lichen and
whortleberry-bergenia-green moss on steep-moun-
tain slopes mainly of SW aspect.

20.Pine forests: cowberry and rhododendron, cow-
berry and grass-small grass on mountain slopes
and terraces of the Temnik River.

21.Pine forests: small-herb, stony and steppefied on
steep mountain slopes of southern aspect.

22.Larch  forests: cowberry-rhododendron and
grass-motley grass on mountain slopes and river
terraces.

23.Birch and birch-aspen forests with pine and larch:
cowberry-rhododendron, grass-small grass, berge-
nia, stony sites on mountain slopes and river ter-
races (burnt larch stands).

24.Birch forests: cowberry-bergenia, rocky, motley
grass-bluejoint on steep mountain slopes (burnt
pine-cedar forests).
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25.Birch forests: motley grass-bluejoint-fern, whortle-
berry-green moss, whortleberry-long moss-sphag-
num, cowberry-ledum-green moss, partially
marshy sites on Baikal terraces and river fans
(burnt and cut cedar, and fir-spruce-cedar forests).

26.Birch forests: bluejoint-motley grass, berge-
nia-whortleberry, cowberry on mountain slopes
(burnt cedar and spruce-fir-cedar forests);

27 Forest areas affected by fires;

28.Poplar forests: motley grass-bluejoint in river
floodplains with spruce-fir-cedar stands (with mot-
ley grass-whortleberry-moss associations), tall-
herb meadow clearings on river terraces and above
the floodplains;

29.Meadows: grass-motley grass, frequently swamped,
used as hayfields and pastures;

30.High moors: yernik-sphagnum, hummock-ridge
with sparse cedar and birch stands;

31.Steppefied sites on mountain slopes — “Uburs”.
32.Screes;

33.Rocks and dikes;

34.Mudflows and landslides;

35.Avalanches;

36.Post-pyrogenic standing dead trees;

37.Trees shrinking under pollutant and pest effect;
38.Blue spruce;

39.Tertiary relict flora;

40.Habitable winter huts;

41.Winter huts requiring repair and change;
42.Industrial and residential constructions;
43.Cart roads;

44.Bridle paths;

45.Foot trails;

46.Trails requiring clearance;

47 .Watersheds between river basins;

48.Main watershed of Khamar-Daban.
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Fig.3. Cadastral map of vegetation cover of Southern Pribaikalye (key site with drainage basins of the Khara-Murin, Bolshaya
and Malaya Osinovka, Solzan, Babkha, Utulik and Poperechnaya rivers).

LEGEND
Cadastral map of vegetation cover of Southern
Pribaikalye (key site with drainage basins of the
Khara-Murin, Bolshaya and Malaya Osinovka,
Solzan, Babkha, Utulik, Poperechnaya rivers)
(Figure 3).
Scale 1: 100000
GOLTSY-ALPINE VEGETATION
1. High-mountain rubble, rocky and moss-lichen tun-
dras with Pinus pumila, Phyllodoce on the ground
cover and other dwarf shrubs on flat topped moun-
tain watersheds;

2. Barren meadows: whortleberry-bergenia-motley
grass with maral root;

3. High-mountain meadow: small-medium grass with
maral root and Phyllodoce on steep mountain
slopes of different aspects;

SUBGOLTSY-SUBALPINE VEGETATION BELT
4. Pinus pumila and dwarf shrub-moss-lichen with
high-mountain meadows and moorlands on gentle-
and medium sloping mountains (from 5 to 20°);

5. Pinus pumila with sparse cedar and fir stands
(sometimes with sparse cedar, spruce and Siberian
larch stands in the basin of the Utulik River), with
moorland sites, high-mountain meadows on steep
(25-30°) rocky mountain slopes and bottoms of
hanging trough valleys;
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6. Tall-herb grass-motley grass meadows, fern thick-

ets with Pinus pumila associations, sparse fir and
cedar stands on steep mountain slopes (2 — 30°);

VEGETATION OF FOREST BELT
. Sparse fir forests of park type with tall herb-fern

ground cover, on rocky mountain sites, whortle-
berry-rhododendron aureum-bergenia on moun-
tain slopes and sometimes in stream valleys;

. Fir forests: lichen-motley grass-fern on slopes and

watersheds;

. Cedar-spruce-fir forests: fern-motley grass-blue-

joint on mountain slopes of different aspects;

10.Fir-spruce-cedar forests: motley grass-bluejoint

with bergenia, whortleberry (in some sites —
whortleberry-bergenia) and green moss on medium
and steep mountain slopes of different aspects;

11.Cedar forests (sparse in places on mountain tops):

whortleberry-rhododendron aureum-green moss
with bergenia on slopes and watersheds;

12.Cedar forests: small herb-bluejoint-bergenia and

cowberry-whortleberry-green moss on steep moun-
tain slopes;

13.Cedar forests: cowberry-ledum-green moss on peb-

ble-boulder deposits of the coastal zone of Lake
Baikal and on north-facing steep mountain slopes;
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14.Larch-cedar and cedar-larch forests: cowberry-le- bottoms of small steeply inclined pads — pathways
dum-green moss (on carbonate rocks) on steep and of regular mudflows and landslides;

medium mountain slopes; 21.Grass-motley grass meadows (hay meadows)

15.Pine-cedar and cedar-pine forests: cowberry-le- appearing in places of dark coniferous forests;
S]l(l)r;;g-reen moss, mainly on south-facing mountain 22 Taluses;

16.0pen and sparse cedar stands: sphagnum asso- 23.Cliffs and dykes;
ciations of Pinus pumila and ledum-sphagnum 24.Line marking the area of debris cones;

swamps on north-facing mountain slopes; 25.Industrial and residential constructions;

17.Birch forests: motley grass-bluejoint-fern with 26.Mudflows;
whortleberry on whortleberry-green moss cedar
sites destroyed by fires on alluvial fans, terraces, 27.Landslides;
sometimes, on foothills; 28.Avalanches;

18.Birch forests: small herb-bluejoint and cowber-
ry-ledum appearing instead of cowberry-ledum
larch-cedar forests on debris cones and lower foot- 30.Larch (Larix sibirica);
hill terraces;

29.Pine (Pinus silvestris);

31.Aspen (Populus tremula);

19.Poplar forests: motley grass-reed grass in river 32.Birch (Betula);
floodplains with herb-moss spruce-fir-cedar forests ’
on river terraces; 33.Post-fire deadwood stands and trees dying of
pollutants.

20.Thickets of Alnus fruticosa (Duschekia), honey-
suckle, blackberry, rowan, ferns and tall herbs on
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Fig.4. Vegetation map of northwestern slopes of Khamar-Daban (Murino-Vydrinnaya interfluve).
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LEGEND
Vegetation map of the northwestern slopes
of Khamar-Daban Range (interfluve Murino-
Vydrino). (Figure 4).
Scale 1:100000
GOLTSY-ALPINE VEGETATION COMPLEX

1. High-mountain moorlands, meadow and moss-li-
chen tundras with Pinus pumila, Phyllodocia and
other dwarf shrubs in the ground layer of flat-slope
mountain sites;

2. Moor meadows: whortleberry-bergenia-motley
grass with maral root on steep mountain slopes,
mainly of south aspect.

SUBGOLTSY-SUBALPINE VEGETATION COMPLEX
3. Pinus pumila with high-mountain meadows,
moors, taluses on steep-sided cirque walls;

4. Tall-herb grass-motley grass meadows, fern thick-
ets with Pinus pumila, Alnus fruticose, yerniks
with open and sparse fir stands on steep mountain
slopes and valley bottoms;

FOREST VEGETATION
5. Light and sparse forests of park type with tall-herb
fern; whortleberry- rhododendron aureum-berge-
nia on rocky sites of mountain slopes and stream
valleys;

6. Fir forests: bluejoint-motley grass-fern on moun-
tain slopes and cedar-spruce-fir forests: motley
grass-fern-bluejoint on mountain slopes of differ-
ent aspects;

7. Fir-spruce-cedar forests: bluejoint-fern- motley
grass with rhododendron aureum and whortleberry
(in places, whortleberry-bergenia and green moss)

91

on medium mountain slopes of different aspects;

8. Whortleberry-green moss, motley grass-bluejoint,
blueberry-green moss-sphagnum, some marshy
sites with dense dwarf Siberian fir stands in the
foothills and terraces of large local rivers;

9. Birch forests: motley grass-bluejoint-fern, whortle-
berry-green moss, polytrichum-sphagnum, cow-
berry-blueberry-ledum appeared instead of cedar
stands destroyed by fires, on ancient terraces and
debris cones with marshy light pine forests;

10.Birch forests: fern-motley grass-bluejoint, in places
whortleberry, growing instead of cedar stands
burnt in fires on lower mountain slopes;

11.Poplar forests: motley grass-bluejoint in river
floodplains with spruce-fir-cedar (herb-whortle-
berry-green moss) stands on river terraces;

12.Bluejoint-motley grass marshy meadows appearing
instead of dark coniferous forests and used as hay-
fields and pastures;

13.High moors and yernik-sphagnum, hummock-ridge
with light cedar and birch stands;

14.Taluses;
15.Rocks and dykes;
16.Mudflows and landslides;

17.Post-fire stands and trees dried out after gas
emissions;

18.Blue spruce;

19.Industrial and residential constructions.
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LEGEND FOREST VEGETATION

Vegetation map of the surroundings of Slyudyanka
town. (Figure 5).
Scale 1:100000
GOLTSY VEGETATION BELT
1. High-mountain tundras: scree, rocky and moss-li-
chen with Pinus pumila, Phyllodocia and other
dwarf shrubs in the ground layer of flat top moun-
tain slopes;

SUB-GOLTSY VEGETATION BELT
2. Association of Pinus pumila and dwarf shrub-moss-
lichen cover with single cedar trees on gentle and
steep mountain slopes;

3. Fir-cedar sparse stands (in some open woodlands):
whortleberry-rhododendron  aureum-lichen on
mountain slopes;
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4. Light fir-cedar forests (whortleberry-rhododendron
aureum-moss-lichen, in places with motley grass
and bergenia thickets) mainly on gentle mountain
slopes;

5. Cedar forests: whortleberry-rhododendron aure-
um-green moss with bergenia in the upper part of
mountain slopes and in watershed areas;

6. Cedar forests: rhododendron aureum-ledum-sphag-
num, in places, green mosses on steep mountain
slopes, mainly of northeastern aspect;

7. Cedar forests: rhododendron aureum, ledum, cow-
berry-green moss, bergenia and fern-serge-sphag-
num-green moss on steep mountain slopes of
northwestern aspect;
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8. Larch-cedar and cedar-larch forests: cowberry-le-
dum-green moss (on carbonated rocks) on steep
and medium mountain slopes;

9. Larch-cedar forests: cowberry-green moss on flat
and medium mountain slopes;

10.Larch-cedar and cedar-larch forests: cowberry-le-
dum-sphagnum on steep mountain slopes of north-
western aspect;

11.Light larch forests with Siberian spruce:
ledum-sphagnum with Rhododendron parvifolium
on swamped bottom of a stream valley;

12.Larch forests with birch and aspen: cowberry-le-
dum-green moss in watershed areas and mountain
slopes of different aspects;

13.Larch forests with birch and aspen: small grass-cow-
berry-rhododendron on mountain slopes;

14.Pine-larch and larch-pine forests: cowberry-ledum
and small grass-cowberry-alder-rhododendron on
mountain slopes;

15.Birch-aspen and aspen-birch forests with pine and
larch destroyed by cuttings and fires (in places of

cedar-larch and pine-larch cowberry-ledum and
cowberry-alder-rhododendron forests) on steep
mountain slopes, in places with steppefied sites
- “maryanas”;

16.Birch forests: small herb-bluejoint and cowber-
ry-ledum appearing instead of larch-cedar cowber-
ry-ledum-green moss forests on debris cones, ter-
races and lower parts of mountain slopes;

17.Sedge-grass-motley grass meadows, grass bogs,
swampy larch and birch woodlands with wil-
low and bird cherry thickets on debris cones and
ancient Baikal terraces;

18.Steppefied meadows instead of old fallows;
19.Taluses;

20.Rocks and dykes;

21.Direction of mudflows;

22.Poplar groves;

23.Siberian spruce;

24.Industrial and residential constructions.
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Fig.6. Schematic map of vegetation in the basin of the Kichera River.
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LEGEND
Schematic map of vegetation in the basin of the
Kichera river (Figure 6).
Scale 1: 100000
GOLTSY VEGETATION BELT

1. Alpine meadows and heathlands on steep cirque
slopes, nival and barren meadows, fragments of
moss-lichen tundras with sparse vegetation on
rocks;

2. High-mountain tundras on adjacent slopes and
watersheds: rocky, scree, lichen and moss-lichen
with healthlands, nival meadows, fragments of
yerniks and Pinus pumila;

3. High-mountain tundras mainly on flat top and gen-
tly sloping mountains; scree, moss-lichen, mountain
avens, rocky, moss with fragments of yernik and
Pinus pumila;

SUB-GOLTSY VEGETATION BELT
4. Pinus pumila with yerniks and sparse larch stands
on bottoms of pads and mountain slopes;

5. Associations of Pinus pumila on mountain slopes
of different aspects: lichen and moss-lichen, green
mosses, with Duschekia, tundra parts and taluses;

6. Associations of Pinus pumila on steep mountain
slopes of different aspects: rhododendron aure-
um-lichen, ledum-lichen-green moss with taluses
and rocks;

7. Motley grass subalpine grass plots, willow stands,
Duschekia and yernik in mountain stream valleys;

8. Associations of Pinus pumila and other subalpine
shrubs on cirque walls;

9. Sparse stands of larch and stone birch with a dense
storey of Pinus pumila (rhododendron aureum-moss
ground cover);

10.Larch-cedar forests
dum-green moss;

with birch: cowberry-le-

11.Pine-larch forests: cowberry-ledum-green moss on
mountain slopes and foothills;

12.Poplar-chosenia forests: bluejoint-motley grass in
river floodplains;

13.Pine and larch-cedar-pine forests on moraine and
fluvial deposits in river valleys and foothills: cow-
berry-small grass, cowberry-ledum-moss, cowber-
ry-yernik-green moss;

14.Pine forests on steep
tain slopes: steppefied,
duschekia-rhododendron;

southeastern
rocky, dead

moun-
cover,

15.Pine and larch-pine forests with birch on terraces
and debris cones of mountain rivers: cowberry-rho-
dodendron and cowberry-duschekia-rhododendron;

16.Larch-pine forests with cedar and larch on
flat mountain slopes: cowberry-motley grass,
cowberry-duschekia;

17.Pine and larch-cedar-pine forests on valley bottoms
and foothills: duschekia-motley grass, cowberry-le-
dum, blueberry-ledum-green moss;

18.Larch-cedar and cedar-larch forests on north-facing
mountain slopes: ledum-green moss, bergenia, cow-
berry-whortleberry-green moss;

19.Pine-larch and larch-cedar forests on mountain
slopes: cowberry-ledum-green moss, lichen-green
moss;

20.Cedar-pine-larch forests on steep mountain slopes:
bergenia, cowberry-moss-lichen, ledum-green moss;

21.Larch-cedar-spruce forests along river beds: green
moss-sphagnum;

22.Swampy sites with sparse tree stands;
23.Swampy sites with shrubs;

24.Swampy yernik thickets;

25.Sphagnum mounds with yerniks and single trees;

26.Floodplain grass-motley grass meadows, grass bogs,
yernik and willow thickets;

27.1solated swampy area;
28.Shrubby area;
29.Forests lost in wildfires;

30.Associations of Pinus pumila and sparse stands of
Larix czekanowskii and Larix gmelinii on sandy
coastal banks separating Lake Baikal from a lagoon
formation — Verkhne-Angarsky Sor;

2. Conclusions

The geobotanical maps presented are unique sci-
entific landscape-guided contribution to our knowledge
on the environmental state of Lake Baikal shores 40-50
years ago. Taking into account their high accuracy, the
maps provide reliable grounds for environmental moni-
toring and comparative studies of the vegetation dynam-
ics. For example, light coniferous forests are observed
to gradually transfer into dark coniferous stands in the
absence of fires and logging, as well as forest littering
caused by the disappearance of some tree species (birch
and aspen, for instance).

These maps can be also used in preserving bio-
logical diversity, creating new protected areas and find-
ing optimal nature-friendly economic activities in Baikal
region, not to mention environmental education, tour-
ism and recreation. Thus, this work not only retains rel-
evance but opens up new opportunities for comprehen-
sive studies on the interactions of Lake Baikal and its
environments.
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1. BBeapenue

[Ty6nukyeMble KapThl COXPaHAT MIepBOHAYAJIb-
HOe Ha3BaHMe U MOsACHUTEJIbHBIN TEKCT HCIOJIb30BaH-
HBII NIPU UX COCTaBJIeHUU. KapTel oTpaxaioT npupoj-
HyI0 CUTyalMi0 Ha nobepexbsax osepa batikan 40-50
JIeT Ha3aJl OT COBPEMEHHOCTH U XIOyT CBOEro MpoAoJI-
’KaTesisi U3 HOBBIX ITOKOJIEHWM reoOOTaHUKOB, reorpa-
$oB u auMHOIIOroB. OHM NOKa3bIBAlOT OMOJIOTUYECKOe
pasHooOpa3sne pacTUTEJIbHOr0. IOKPOBa, €ro AauHa-
MUKY Y YCTOMYMBOCTh MMEIOT BBICOKYI0 NMHIWKAINOH-
HYI0 JOCTOBEPHOCTb, MOTYT CJYXUTb (GyHAAMEHTOM
SKOJIOTUYECKOTro MoHUTOpuHra IlosieBrle U Kamepasib-
Hble paboThl IPOBOAWJIMCH IO CYIIECTBYIOIIMM TOTAa
METOAUKAM.

Huxe nmprBoAuTCsa nepeyeHb MIECTH KapT.

Ha nmepBoMm MecTe CTOMT cxeMaTHuyeckas KapTa
pacTUTEJIBHOCTU IOro-3ananHoro [Ipubaiikanbsa
(PucyHok 1 3mech u fjajiee CM. PUCYHOK - kKapTa). OHa
ABJIAETCA IPOTHO3HO-OIIEHOYHON. BrepBhle MOKa3aHa
AVHaMMUKa PpacTUTEJIbHOTO IOKpOBA Ha OAHOM U3
COXpAHUBIIMMCS Y4YaCcTKe CBETJIOXBOMHOIrO Jieca IIpu
€ro B3aMMOOTHOIIEHUAX C TeMHOXBOMHON Taurou. Ilo
3TOMY y4YacTKy IpoxoAaut balikaibckasa TypucTuieckas
TpOIa, KOTOopasA yXe BHOCUT 3aMeTHOe aHTPOIIOIeHHOe

*ABTOp [JIsA IEPENICKH.
Anpec e-mail: yelena@lin.irk.ru, yelka75@yandex.ru

INocmynwa: 02 asrycra 2024; IIpunama: 14 despana 2025;
Ony6tukoagana online: 26 deppans 2025

BO3JelicTBUe. 37ech HaKOIUJIeH OIpelieJIeHHBII Hayd-
HBII OIBIT, KOTOPHI cjleflyeT peajv30BaTh NIpU Aajlb-
Helmux paboTax MO B3aMMOBJIMAHUIO CYIIU U BOJO-
eMa. bosiee noapo6HO 0 pelieHNH TaKWX 3a/jayd cKa3aHo
B [IOACHUTEJIBHOM TeKCTe K 3TOi KaprTe.

Bropoe u TpeTbe MecTa [0 3HAYMMOCTH MOXHO
OTHecTH K reoboTaHudeckoii kapre baiikaibckoro
rocyapcTBeHHOro 3amoBefuuka (PucyHok 2) wu
KapTy KaJacTpPOBOH OIleHKU pacTUTEJIbHOTO IIOKPOBa
IOxHoro IIpubatikanbs (Ha OKpeCTHBIX TePPUTOPUIX
rop Barikanbcka). (PucyHok 3). DT KapThl WUMEOT
BBICOKOE [IPHPOAOOXPaHHOE 3HaUeHue.

Tperbe MecTO cjedyeT OTHaThb KapTam
PactutenbHOCTh CeBepo-3anagHbix CKIIOHOB Xamap-
Hab6aHna (PucyHok 4) u PacTuteslbHOCTh OKpecTHOCTe!N
rop. Cmoasaka (PucyHok 5). OHu no 6oJibIei 9yacTu
HMeIOT 3KOJIOrO-IIPOCBETUTEJIbCKOE U TYyPHCTHUYEcKoe
HanpasJieHue.

N B KkavecTBe 3aKJIIOUMTEJIbHON IPUBOAUTCA
KapTa, MOoKasblBamwllasg 0COOeHHOCTU IIPUPOJbI 30HEI
ocBoeHMsA Tpaccel BAM, KoTopas He MaJio ocTpajasa
B Mepuoj] HOBOro ocBoenus (PucyHok 6).

© Asrop(s1) 2025. DTa pabora pacnpocTpaHs-
eTcs o MexIyHapoJHo! jiutieH3uel Creative BY NG
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Puc.1. CxemaTudeckas kapta pacturesabHocTy HOro-zanaanoro Ipubatikasss. (JIucrtBsaaka — Bos. T'onoycTtHoe)

HoBas cxemaTudecKkas KapTa pacTUTeJIbHOCTU
wro-3amagHoro I[Ipubaiikaibs
(JIucrBsanka — Bosibiioe I'ojioycTHOE)
Macmra6 1:100000

[Tpenmaraemas kapra cocrtasjeHa B 1987 ronay,
XOTsl Marepuasl JJjid Hee cobupasics MHOTHe TOJbl,
[IOIyTHO C pelleHHeM Jpyrux 3agau (1961 - 1980
roasl). OHa oTpaxaeT OCOGEHHOCTHU PaCTUTEJIBHOIO
oKpoBa ['0JIOyCTEHCKOTO 3KO0JIOro-reorpadpuyeckoro
palioHa U ABJIAETCA IMOKa3aTejieM MaJji0 HapyIIEHHOU
4yeJIOBEKOM IIPUPOJHON cpefdbl. DTOT YYacCTOK IPHUMBI-
kaeTr K OeperoBoy JimHUM KOTWMHCKOU ryObI, Tlle TPY-
OATCA MHOTMe TOoAbl COTPYAHUKU [ABYX W3BECTHBIX
HayuHbIX yupexnenus (UI'Y u JIMH). MMu HakoiseH
00JIBIION HAy4YHBI MaTepuas o OHOJIOTMU U 3KOJIO-
MU BOJHBIX OPTaHM3MOB U cpefbl Ux obuTanusd. Hama
KapTa U HakoIJIEHHble MHOTOJIeTHUE [aHHble BOJHBIX
6110J10T0B MOT'YT JaTh BO3MOXHOCTb I10-HOBOMY PEIINTh
MHOTHe BOIPOCH B3aHMOOTHOIIEHUN CYLINM U BOJHOM
cpennl, TeM caMbIM BBIITHU Ha CTpPaTern4ecKyio ajbTep-
HaTHBY COXpaHeHNA Ha MHOI'He rojbl o3epa batikai.

HOBM3HA PENIEHWSA. BnepBrie B OTKPHITON
revyaTy nyGJIMKyeTcs cxeMaTuyeckas KapTa pacTUTeJIb-
HocTu HauboJlee mocemniaeMoro y4yactka balikasbckoi
TypucTHYecKol Tpombl. Kapra sABjfeTcs penepoM u
nMeeT IIPOrHO3HO-OLIEHOYHOE HamlpaBijieHue. B Hel
oTpakeHa AVWHAMUKa pacTUTEJIBHOTO IIOKPOBAa, HA4U-
Hasg C MOMEHTa CO3/]aHUs KapThl cxemsbl (1987 r.) Ha
npomMexyTok BpemeHH B 50 u 100 sieT. C yueToM X0351-
CTBEHHOU JeATeJIbHOCTU YeJIOBEKA.

AHAJI3 KAPTbBI W JIETEH/[DBI. Kapta cogmep-
*uT 18 HauMeHOBaHUM, OTpaXkeHHBIX B jererze. 10 u3
KOTOPBIX HECYT AUHAMHUYECKYI0 Harpy3Ky JIECHBIX KOM-
IIJIEKCOB ¢ BpeMeHHbIM jaroM B 50 u 100 jet. [ipyrue
Bhiesibl (11 — 18) Takoi olleHKH He UMEIT TOCKOJIbKY
3Ta yacThb nobepexbsa JaBHO OCBOeHa 4YeJIOBEKOM U pac-
TUTEJIbHBIN IOKPOB He ABJIAETCA 34eCh 3TAJIOHOM.

Huxe mnpuBoauTca omnucaHue o0cjieqoBaH-
HOI'O ydYacTKa obepexbs C y4eTOM IpeJrojiaraeMbixX
U3MEHEHUH W JaJIbHENIINX IPOTHO30B Ha Oymyliee
(Pucynok 1)

1. CocHOBO-JIMCTBEHHHUYHBIE JIeca ¢ y9acTheM Keapa
U OUXTHl U [HUXTOBO-KEJIPOBBEIE Jjleca C ydacTheM
COCHBI, U JINCTBEHHUIIBI Ha BBIIOJIOXKEHHBIX BOJIO-
pasnmenax: OagaHOBBIE, BENHUKOBO-0aJaHOBBIE,
4YepHUYHOOPYCHUYHO-3€JIeHOMOIITHEIE;

1.1. HCIIOJIb3BOBAHHME: BomooxpaHHOe (3amachl
BJIaTM B CHEXHOM NOKpoBe cocTabiranT 200-180
MM) IIOYBO3AIIUTHOE, pPe3epBaTHOE;

1.2. TIPOTHO3HAA OILEHKA: Ilpu oTcyTcTBUU
MoXapoB U BeIpyOOK nociie 40-60 JjieT cMeniaHHbBIE
CBETJIOXBOIHO- TEMHOXBOWHBIE Jieca C OOMJIBHBIM
MOAPOCTOM TEMHOXBOMHBIX MIOPOJ A€PEBBLEB; Uepe3
100-120 seT mpeuMyllleCTBEHHO TeMHOXBOIIHEIE
MUXTOBO-KeqPOBHIE Jieca.

1.3. COBPEMEHHOE COCTOAHME: auHaMuuHOe
Pa3BUTHUE JIECHBIX COOOIIECTB B CTOPOHY TEMHO-
XBOMHOM TalTy;
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2. JIUCTBEHHUYHO-COCHOBBIE Jieca C  ydYacTUeM
0epe3HAKOB U OCUHHUKOB (rapu u eauHUY-
Hble BBIpyOKM) Ha KpyThiX (20-30 u BeINIE O)
IPUBOJIOPA3JieJIbHBIX  CKJIOHAaX  pasHBIX  JKC-
MO3UIUM:  pa3HOTPaBHO-OpyCHUYHBIE,  BeHHU-
KOBO-pa3HOTpaBHble € y4YaCTHEM BBICOKOTpa-
Bbs: 0OamaHoOBBle, OGpYCHUYHO-3€JIEHOMOITHEIE,
POJIOAeHAPOHOBO-0PYCHUYHO-PAa3HOTPABHbIE

2.1. HCIIOJIb3OBAHHUE: BogooxpaHHOe (3amac
Bjaru B cHere 180 -100 MM), IPOTHBO3PO3UOHHOE,
MOYBO3aIIUTHOE.

2.2. TIporHo3Has Ol|eHKa: IPU OTCYTCTBUU IT0XKapOB
1 BEIpyOoK dyepe3 40-60 JieT — CBeTJI0XBOIHEIE Jleca
1 OOWJIBHBIM MOAPOCTOM Kenpa; yepe3 100 — 120
JIeT — KeJpOBhIe Jieca C y4acTHeM CBeTJIOXBOMHBIX
IIOPO/JI JIepeBbeB.

3. JIuCTBEHHUYHO-COCHOBBHIE Jleca ¢ yyacTreM 6epe3sl
HMOCHHBIHAKPYTHIX CKJIOHAXT'OP Pa3HBIX 9KCIIO3UIIMIL:
OpyCHUYHO-0aryJIbHUKOBO-3eJIeHOMOIIIHEIE, Oaja-
HOBBIE, OJIbXOBO- POJI0JIEHPOBO-3€JIEHOMOIITHEIE.

3.1. HUCIIOJIb3OBAHMUE: BOgooxpaHHOe, MOYBO3a-
IMTHOE, PEKPEAIIOHHOE.

3.2. TIPOTHO3HAA OLEHKA: mnpu OTCyTCTBUU
[IoXapoB U BeIpyOok depe3 40-50 jieT HauHeTcA
3axJlaMJIeHHe Jieca 13-3a Bblnaga 6epesbl U OCHHEI,
B IIOZPOCTE CTaHeT JOCTATOYHO KeJpa.

4. CocHOBBHIE Jleca C ydyacTueM Oepe3bl M OCUHBI Ha
KPYTHIX CKJIOHAX rop, IpeuMyIlecTBEHHO 0ro-Boc-
TOYHOHN 3KCNO3ULUHN: POJOAEHAPOHOBO-OPYyCHNY-
HO-pa3HOTpaBHbBIE, Pa3HOTPaBHO-OPYCHUYHEIE,

4.1. HCIIOJIbBOBAHME: BOomooxpaHHOe, MOYBO3a-
IIMTHOE, PEKPeaIiOHHOE.

4.2. TIPOTHO3HAA OIIEHKA: npu oTCyTCTBUU
1oxapoB U BeIPyOOK uepe3 40-50 ser. COCHOBBIN
Jiec OyzeT OBICTPO 3aXJIaMJIATHCA BEIBAJIOM Oepesbl
M OCHUHB, B [IpEBOCTOAX CTaHeT IpeobIajaTh
COCHa, B CJIyyae BEIPYOOK Ha BHICOKOPACJIOXKEHHBIX
yd4acTKax rop IOSBATCS pasHOTPaBHbIE JIeCHBIE
Jyra.

5. COCHOBO-/IMCTBEHHUYHBIE Jieca C ydyactTruem 6epe3m
¥ OCHHBI Ha KPYThHIX CKJIOHAaX rop; JIOHax

5.1. HCIIOJIbSOBAHUE: BogooxpaHHOe, POTUBO-
5PO3HOHHOE, [I0YBO3alIUTHOE.

5.2. TIPOTHO3HASA OLIEHKA Gepe3sl 1 OCUHBI, IpU
MacCoBbIX BEIpyOKkax nof JjuHuio JISII, 6ospaux u
CIJIBHBIX NOXapaxX aKTUBU3UPYETCS 3PO3UA CKJIO-
HOB, MOXeT HayaTcs MOJBUXXKA KyPyMOB.

6. JIucTBEeHHNYHO-COCHOBBIE Jieca C y4yacTruem 6613631)1
WU OCHMHBI Ha KpPYThIX CKJIOHax rop, npeunmyiie-
CTBEHHO IOFO-SaHa}lHOfI SKCIIO3MI1H1,B KOMIIJIEKCE
CO CKaJlaMHn ©W OCBHIIAMHA: MEPTBOIIOKPOBHEIE,

KaMeHUCThle, POAOAEHIPOHOBO-OpYCHUYHO-MeJI-
KOTpaBHBIE, OCTETHeHHBIE.
6.1. MHCIIOJIbBOBAHHME: npoTUBO3PO3MOHHOE U

MMOYBO3allIMTHOE, pEKpEeallMOHHOE.

6.2. TIPOTHO3HAA OLEHKA: mnpu OTCyTCTBUU
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M0XapoB 1 BHIPyOOK uepe3 40-50 jieT MoxeT OyneT
Ha0JII01aThCA 3aXJIaMJIEHHE Jieca BEIBAJIoM Oepe3sl
U OCHUHBHI, NpX BBIpYOKax Ha 3HAYUTEJIBHBIX ILJIO-
MAAsaX U MOXapax aKTUBU3UPYIOTCS 3PO3UMOHHBIE
IIPOLECCHI

6.3. COBPEMEHHOE COCTOAHHME: mper BoccTa-
HOBJIEHIE€ KOPEHHOr'0 COCHOBOIO Jieca.

7. CoCHOBBIE Jjieca C ydJacThueM Oepe3bl M OCHHBI Ha
KPYTHIX CKJIOHAX I'Op IOXHBIX 3KCIO3WULUE, obOpa-
mIeHHBIX K 03. Baiikaj) B KOMILJIEKCE C y4acT-
KaMM TOpHBIX KaMeHMCTBIX CTelell CKaJIbHBIMU
o6pa3oBaHUAMU: OCTelleHeHHble, MepTBOIIOKPOB-
Hble-6pyCHUYHO-POAOAeHJPOHOBO-pPETHUANBEIE,
OpyCHUYHO-pa3HOTpaBHEIE.

7.1. HCIIOJIbBOBAHMUE; BogooxpaHHOe, IIOYBO3a-
HIMTHOE, TPOTHBO3PO3MOHHOE, PEKPealiOHHOeE.

7.2. TIPOTHO3HAA OLIEHKA: npu OTCyTCTBUU
M0XapoB U BHIPYOOK OyJeT IPOUCXOXAUTh COKpa-
IeHye IIonael CTeNHbIX YYaCTKOB, YBeJIN4aTCA
mwiomanayu OpyCHUYHO-POJOAEHAPOHOBBIX THIIOB
Jeca.

8. JIncTBEHHUYHO-KEPOBhIE Jieca Ha JIPEBHUX 0O3€p-
HBIX Teppacax: 0aryJibHUKOBO-OpYCHHUYHO-3€JIeHO-
MOIIIHbIe, Oa/TaHOBEIE.

8.1. HCIIOJIb3OBAHHE: MOYBO3aIIUTHOE,
peKkpeanroHHoe.
8.2. TIPOTHO3HAA OLIEHKA: BBuJy HE3HAUNTEJIb-

HOMU IJTOIau ¥ GOJIBIIION OCBOEHHOCTH Jieca Oy Ay T
CHJIBHO 3aBHCETh OT XO3fMCTBEHHON JeSTeJIbHO-
CTU YeJIOBEKA.: JIeca CUJIBHO HAPYIIEHH MTOXKapaMu
U TIJTOX0 KOHTPOJIUPYEMOU peKpearnyer.

8.3. COBPEMEHHOE COCTOAHHUE yruetreHHEIE,
IJIOXO BO30OHOBJIAEMBIE.

9. JIucTBEHHMYHBIE Jileca Ha PEYHOI Teppace: 6aryJib-
HUKOBO-3€JIEHOMOIIIHbIE, Pa3HOTPaBHO-BEHUKO-
BhI€, IIYYKOBBIE.

9.1. MHCIIOJIb3OBAHHUE: npuponoctabuinsnupylo-
mee, peKpeanroHHoOe.

9.2. [IPOTHO3HAA OLIEHKA: TpebyeTcs
HWCKyCCTBEHHOe  MoAAepxaHue  abOpUIeHHBIX
GUTOI[EHO30B.

10.3abo10ueHHbBIE  JINCTBEHHUYHO-Oepe30BO-eJIOBhIE
Jjeca N0 [AHUINAM TOPHBIX JOJIMH: Pa3HOTpaB-
HO-BEHNKOBHIe, 0aryJIbHUKOBO-C(arHoBele, Kac-
caHJIpoBO-c(arHoBele, pa3HOTPaBHEIE.

10.1. HCIIOJIb3OBAHME: pekpealinOHHOE, IOYBO3a-
HIUTHOE, CEHOKOCHI, BBINTAChl JOMAaIIHUX KHUBOTHBIX.

10.2. TIPOTHO3HAA OLEHKA: npu HapyleHUuu
HAalo4YBEHHOI'0 IIOKPOBa BO3MOXHO 3a0oJiaunBa-
HYe, JONOJIHATEJIbHASA 3p03HUsl, TEpPMOKApCT

11.CoCcHOBO-JIUCTBEHHWYHAsA JIECOCTENb Ha KPYTHIX
CKJIOHAX I0KHBIX DKCITe JUITNI

12.T105IBIHHO-pa3HOTPABHO-3JIaKOBEIE CTENN Ha Kpy-
THIX CKJIOHAX IOp I0XKHBIX 3KCIO3ULINL;
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13.Pa3HOTpaBHO-3JIaKOBHIE CTEMM Ha KOHyCaX BHIHOCA
TOPHBIX PYYbeB U PeK.

14.JIyroBele pa3HOTPaBHO-3JIAKOBhEIe CTEIM U OCTelle-
HeHHbIe JIyra B KOMILJIEKCe C 3apOC/IAMU KyCTapHHU-
KOB (UBBI, UepeMyxa, OOSPBIIIHUK, lepeH U JIp.) 110
JHUINAM JOJIVH;

15.ConoHueBatble U 3a00JI0YeHHBIE JIyra Ha KOHycax
BBIHOCA TOPHBIX PeK.

" _DABOYHA MAKeT reoEOTaHHYECKOA KaPTbl

baWkAAbBCKOrO roc.
3ANOBEAHHKA

Mecwmas 1100000 . JC a &t
o
) o

T

16.3aboy10ueHHbIe JIyra U TpaBsHble 00JIOTA, JIar'yH-
HbIe 03epKHU B JieJibTe peku ['ooycTHON

17.I1ocye noxapHBI CyXOCTOM;

18.Cxasipl —0CTaHIBI TOPHBIX TOPOA; YYACTKU C IIPOU3-
pacTaHueM peAKHUX BHUJIOB pacTeHUH.

(LS & Fwers
T my@a Ao R (A

s s a2

P S— .

Jlerenga x paboueMy MakeTy reoboranmuyde-
cKko# kapThl BaiikajibCcKOro rocyjapcTBEHHOTO
3aloBeJHMKA
(PucyHok 2)

Macmra6: 1:100000

PACTUTEJIBHOCTD AJIBITMCKOI'O KOMITJIEKCA
1. BBICOKOTOpHBIE IyCTOIIM, HUBAJIbHBIE JIyTOBUHHI,
POCCHINN KaMHeW, JIyroBble 1 MOXOBO-JINIIANHUAKO-
Bble TYHJPBI C KEAPOBHIM CTJIAHUKOM, C y4acTHEM
B HAlOYBEHHOM IIOKpOBe GUJUIONOLMU U APYIUX
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Puc.2. Pabounit MakeT re060TaHUYECKOI KapThl BalikaIbcKOro rocyJapcTBEHHOTO 3all0BEAHUKA.

KYCTapHUYKOB Ha KPYTBHIX CKJIOHaX TOp pa3HBIX
9KCIO3UINH;

2. BBICOKOTOpHBIe TYHJPH: ApUaJOBble, KaMeHUCTHIE,
mebeHYaTo-JIMIIANHUKOBEIE C yyacTHeM Kcepodu-
TOB, IPEMMYIIeCTBEHHO Ha IJIOCKOBEPIIMHHBIX U
II0JIOTO-HAKJIOHHBIX yYacTKax rop;

3. HuBasibHBIE JIYTOBUHKU W IyCTOILIHBIE JIyra uep-
HUYHO-0alaHOBO-Pa3HOTpaBHble C  ydacTueM
Mapajibero KopHs Ha KpyThix (30 — 45) ckiyioHax
rop, NpenMyIecTBEHHO I0KHbIX 3KCIIO3ULINL;
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PACTUTEJIBHOCTbD IIOATOJIbLIOBO-
CYBAJIBIIMMCKOT'O KOMILJIEKCA
4. T'pynnupoBKU KeOpOBOro CTJIAHUKA OJIbXU KyCTap-
HHKOBOM B COYETAHUAX C BBICOKOT'OpPHBIMHU JIyraMu,
nmycromamMy, KaME€HHUCTBIMU POCCHIIIAMU Ha KPYTHIX
CKJIOHaxX KapoB U [IMPKOB;

5. Accoipanuy KeJpoOBOTO CTJIAHMKA: 3eJIeHOMOII-
Hble, MOXOBO-JIMIIIATHUKOBBIE, MEPTBOIIOKPOB-
HblE B KOMILJIEKCE C POCCHIIIAMU, BRICOKOTOPHBIMU
JIy)avkaMy U eQUHUYHBIMUA [EBEBbAMU Pa3HBIX
MIOPOJ] 10 CKJIOHAM I'Op Pa3HbIX 3KCIO3ULIN;

6. BBICOKOTOpHBIE  3JIAKOBO-PAa3HOTpPABHEIE  JIYTa,
3apocJIy NANOPOTHUKOB B COYETAHUAX C accolua-
[UAMY KeIPOBOI'O CTJIAHMKA, OJIbXOBHUKOB, UBHS-
KOB M €pHUKOB, PeINHAMU U PEOKOJIECHSIMU ITUXTH
Ha KPYTHIX CKJIOHAX Irop U B JOJIMHAX;

7. EpHUKHU
MOXOBO-JIMILIAIHUKOBHIE,
BEPXOBbSX F'OPHEIX pekK;

PACTUTEJIBHOCTD JIECHOI'O KOMIIJIEKCA

8. PenxocTroliHble U pa3pexeHHble KeIpOBO-IIXTO-
Bble Jleca IapKOBOI'O THIIA C BHICOKOTPABHO-Ia-
[IOPOTHUKOBBIM U1 PAHOTPAaBHBIM HaNOYBEHHBIM
[IOKpOBaMHM Ha KaMEHHCTBHIX y4YacTKax Iop: uep-
HUYHO-KalIKapoBO-0ajlaHOBEle B COYETAHUAX C
3apoc/IAIMU KeJJPOBOr'0 CTJIaHUKA IO CKJIOHAM rop
Pa3HBIX 3KCIO3ULIN;

paSHOTpaBHO-OCOKOBO-C(I)aFHOBbIe n
MMpenMyI1ieCTBEHHO B

9. PenuHbl U peqKoJsiechs JINCTBEHHULBI CUOUPCKOT:
MOXOBO-JIMIIIAHHUKOBBIE C €PHUKOM U KeJIPOBBIM
CTJIAHUKOM Ha IMOJIOTUX CKJIOHAX TOp;

10.PequHBl M peAkoJiechbsl €l CHUOHUPCKOM OCOKO-
BO-cparHOBBIE U MOXOBO-JIMIIAHUKOBHIE C SPY-
COM epHUKOB 10 JHUIIIAM TPOTOBHIX JOJIVH;

11.TluxTOBBIE Jieca: BEHMHUKOBO-Pa3HOTPABHO-IMAMO-
POTHHUKOBBIE, 3JIaKOBO-PAa3HOTpPaBHBIE, KaIIKapo-
Bo-0ajaHOBBIE Ha CKJIOHAX U BoAopa3fesax;

12.TluxToBBIE JIEeca: YEPHUYHO-3€JICHOMOIIHBIE U Bel-
HHUKOBO-pa3HOTpaBHbI€ Ha APEBHUX GaliKaJIbCKUX
Teéppacax U B JOJIMHAX PEK;

13.[TuxTOBHBIE Jleca Ha CKJIOHAX Pa3HbIX SKCIIO3UIIUI;

14.IInXxTOBO-KEAPOBO-EJIOBBIE  Jjleca IMAaNOpPOTHUKO-
BO-pa3HOTpaBHHBIE B JIOJINHAX KPYIIHBIX PEK;

15.[InXTOBO-€J10BO-KEAPOBLIE Jleca pa3HOTpPaBHO-Na-
[IOPOTHUKOBO-BEHHUKOBBIE C ydacTHMeM B Halod-
BEHHOM IIOKpOoBe 0ajjaHa W YepHUKHU, MecTamu
YyepHUYHO-O0aJaHOBEIE;

16.HI/IXTOBO-CHOBO-KCHPOBHC Jieca: 4YEpHUYHO-3€Jie-
HOMOIIIHbI€, Ha OTAEJIbHBIX y4YaCTKax 3a60J10ueH-
Hble ¢ 0OMJIBHBIM APYyCOM IINXTOBOI'O CTJIAaHUWKA — B
NpeAropbAax, Ha p€YHbIX U OaliKkaJIbCKUX Teppacax;

17.Kengposeble jieca, MeCTaMM CO 3HAUYUTEJIbHBIM yua-
CTUEeM COCHBI 1 JINCTBEHHULIBL: OpYCHUYHO-0a/1aHO-
Bble UYepHHUYHO-3eJIEHOMOIIHbIE, YepHUYHO-MOXO-
BO-JIMILIAIHUKOBBIE HA CKJIOHAX I'Op, U 10 AHUIIAM
TPOTOBBIX JOJIVH;

18.CocHOBO-KeIpoBEIe Jleca YepHUYHO-OaaHOBHIE
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1 OpyCHUYHO-3eJIeHOMOIIIHbIe Ha KPYTHIX CKJIO-
Hax rop, HPeuMYyLIeCTBEHHO CEeBepPO-BOCTOYHON
9KCHO3UINY;

19.KeapoBo-cocHOBEIE Jieca OpPYCHUYHO-MOXOBO-JIU-
MIAaHWUKOBEIE 1 YepHUYHO-0aJaHOBO-3eJIeHOMOIII-
HBle Ha KPYTHIX CKJIOHAX TOp IpenuMYyIlleCTBEHHO
[0T0-3anagHON dKCIIO3UIUH;

20.CocHoBBIE Jieca: OpPYyCHUYHO-POAOAEHAPOHOBLIE,
OpyCHUYHbBle M 3J1aKOBO-MeJIKOTpaBHble Ha CKJIO-
Hax rop U Teppacax peku TeMHUK;

21.CocHOBBIE Jieca: MeJIKOTpaBHBIE, KaMEHUCThlE U
OCTEITHEHHBIE HA KPYTHIX CKJIOHAX TrOp IOKHBIX
DKCIO3ULNH;

22 JIucTBeHHUYHBIE Jieca: OpPYCHUYHO-POOOAEHIPO-
HOBBIE U 3JIaKOBO-Pa3HOTPaBHBIE HA CKJIOHAX I'Op
U PEYHBIX Teppacax;

23.Bepe3oBble 1 6epe30BO-OCHHOBLIE Jieca C COCHOM
U JIMCTBEeHHUIeN: OpPYyCHUYHO-POAOJAEHAPOHOBEIE,
3JIaKOBO-MeJIKOTpaBHble, 0alaHOBBIE, KAMEHHCThIe
Ha CKJIOHax rop M Teppacax pek (rapu JUCTBeH-
HUYHBIX JIECOB),

24.Bepe3oBbhle jeca: 6pyCHUYHO-0a/laHOBbIe, KAMEHU-
CTBIe, Pa3HOTPABHO-BEHHUKOBBIE HA KPYTHIX CKJIO-
Hax rop (rapu cCoCHOBO-KeJIPOBHIX JIECOB);

25.Bepe3oBrie  Jieca: pPa3HOTPABHO-BEMTHUKOBO-IIA-
TIOPOTHUKOBEIE, YepHUYHO-3eJIEHOMOIIIHEIE,
rosyOMKOBO-A0JITOMOIIHO-ChAarHoBele, OpyCHUY-
HO-0aryJIbHUKOBO-3€JI€HOMOIITHEIE YaCTUYHO 3a00-
JIOUeHHble Ha OalKaJbCKUX Teppacax M KOHycax
BBIHOCA peK (rapu U BHIPYOKU KEJPOBBIX U MMUXTO-
BO-€JIOBO-K€/IPOBBIX JIECOB);

26.bepe3oBhie  jeca:  -BeIHHMKOBO-pa3HOTpPaBHbIE,
0ajaHOBO-UYepHHUYHbBIe, OpPyCHHYHBlE Ha CKJIOHAX
rop (rapu KeApOBHIX U €JIOBO-IIMXTOBO-KEIPOBBIX
JIeCOB);

27.Jleca, Hapyl1eHHbIE IIOXapaMU;

28.TonoJieBrle Jjieca: pa3HOTPABHO-BEHIHUKOBBHIE B
noliMax peK B KOMILJIEKCe C eJI0OBO-IIMXTOBO-Keqpo-
BBEIMU Pa3HOTPaBHO-Y€PHUYHO-MOXOBBIMHU JIecaMy,
BBICOKOTPAaBHBIMM JIYTOBBIMU IIOJIIHAMM Ha ped-
HBIX Teppacax U B HaJIoiMax;

29.JIyra: 3J1aKOBO-pa3HOTpaBHbIE, He peaKo 3a6o0-
JIOYEHHBIE, WCIOJb3yeEMblE IO CEHOKOCH H
nacTouia;

30.bosiota BepxoBBle E€pPHUKOBO-C(parHoBee, IPALO-
BO-MOYaXWHHBIE B KOMILJIEKCE C PeOKOCTOMHBIMU
KeJjpayamMu 1 Oepe3HAKaMy;

31.Y4acTKku OCTENHEHHBIX CKJIOHOB I'op. — «YOyphl».
32.KameHnCTBIE POCCHINY;

33.CkaJsl U JaviKu;

34.Cenu 1 OIOJI3HHI;

35.CHeXxHble JIaBUHBI;

36.IlocsenoxxapHblil CyXOCTOH;
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37.JlepeBbs yCBBIXaIOI[ME IOJ BO3AEHCTBUEM IIOJIIO-

TQHTOB U BpeauTeJell jeca;
38.l'ony6as enp;
39.PacTeHuA-pesIuKTH TPETUYHBIX JIECOB;
40.3UMOBBA KUJIBIE;

41.3uMOBbs, Tpebymlre peMOHTa U 3aMeHBHI;

42.TIpoMbIIIIEHHbIE U JKUJIBIE TIOCTPOMKHY;

43.loporu NnpoceyouHbIE;

44.Tponbl BbIOYHEIE;

45.Tponsl neniexogHeIe;

46.Tporbl, Tpebyrolie pacutCTKY;
47.Bosiopasiessl Mexay 6acceiiHaMU pek;

48.I'maBHBIN Bogopa3zaes Xamap-/labana.

KAPTA

Kauacrponoﬁ OIEHKH
PACTHTEIBHOI0 NOKPOBA

IOsknoro Mpubaiikanba
(KmoueRoii yIacTok ¢ BogochopHbIMU
Daccelinamu pex Xapa-Mypnu,
boa. u Man. Ocurosku, Conzan, Badxa,
Vryauk, [Touepeynasn)

ooz

Kapra cocrannena n opepriena
31 ufan BH. Mo nmiiessi,
K, AL st
| 1978-2000) rr.

Puc.3. Kapra Ka/lacTpoBOI1 OIleHKU pacTUTeJIbHOro rokposa FOxHoro IIpubaiikaibsa. (KIH0YeBOH y4acTOK C BOJJOCOOPHBIMU
bacceiiHamu pek Xapa-MypuH, Bos. 1 Masn. OcunoBky, Coszan, ba6xa, Ytyiuk, [TonepeuHas).

JlereHzja K KapTe KaacTPOBOM OIleHKE PACTUTEJIb-
Horo nokposa I0xxHoro ITpubatikaybsa (KJI04eBOH
y4acTok ¢ BomocOopHBIMHU GacceiiHaMu pek Xapa-
MypuH, Bos. u Man. OcunoBku, CoszaH, ba6xa,
YTynuk, Ilonepeynasn).
(Pucynok 3)

Macmra6 1: 100000
PACTUTEJIBHOCTD I'OJIBLIOBO-AJIBITMUCKOI'O
ITOACA

1. BeicokoropHbele 1iebeHYaThle, KaMeHHCTble WU
MOXOBO-JIMIIIAMHUKOBBIE TYHAPHL C KeIPOBHIM
CTJIAaHUKOM, C yYyacTHeM B HallOUBEHHOM IOKpOBe
punnogounu U APYrux KyCTapHUYKOB Ha IJIOCKO-
BEPILUHHBIX BOJIOpas/iesiax rop;

2. IlycromHble Jiyra YepHUYHO-0aJaHOBO-Pa3HOTPaB-
HBIE C YYaCTHEM Mapajbero KOpHs;
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3. BBICOKOTOpHBIE JIyra MEJIKOTPaBHO-CPeIHETPaB-

HbI€ C yYaCTUEM MapaJjibero KOpHA " (I)I/IJ'IJ'IO,E[OLII/II/I
Ha KPYTbIX CKJIOHaxX rop pa3HbIX SKCHOBMHHﬁ;

PACTUTEJIbHOCTD IIOAT'OJIBLIOBO-
CYBAJIBITMHMCKOT'O ITOACA
4. Acconpanuy KeJpOBOTO CTJIaHMKA € KyCTapHUY-

KOBO-MOXOBO-JIMIIAHUKOBEIM TTOKPOBOM B COYe-
TaHUAX C BHICOKOTOPHBIMU JIyTAMH U MyCTOIIAMU
Ha TIOJIOTHX U CpeJHEHAKJIOHHBIX CKJIOHAX rop (oT
5 o 20);

. Accoruarnuy KepoBOro CTJIaHWKa B KOMILIEKCE C

peauHaMu KeApa U NUXTH (B 6acceiiHe p. YTyJuK
MOI'yT BCTpeuaTbCi C peAuHaMH Kelipa, el U
JIMCTBEHHUITBI cUOUPCKOIT) B cOYeTaHUAX C ydyacT-
KaMH ITycTolleli, BHICOKOTOPHBIX JIyTOB Ha KPYTBIX
(25~ 30) xaMeHHUCTHIX CKJIOHAX TOP U M0 AHUIAM
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BUCAYUX TPOI'OBBIX OOJINH,

6. BBICOKOTpaBHBIE 3JIAKOBO-pa3HOTpaBHbIe JIyTa,
3apoc/Iv TAlOPOTHUKOB B COYETAaHMAX C acCoI[U-
anusaAMM KeIPOBOTO CTJIAaHWKA, PeIKOCTOMHBIMU
JepeBbsIMHU MTHUXTH U Ke[pa Ha KPYThIX CKJIOHAX rOp
92 - 300);

PACTUTEJIbDHOCTD JIECHOI'O ITOACA
7. PenxocToliHble MUXTOBBIE Jieca IApKOBOIO TUIA C
BBICOKOTPABHO-MIAIIOPOTHUKOBBIM ~ HAallOYBEHHBIM
IIOKPOBOM, Ha KaMEHHCTHIX y4acCTKax rop, - 4ep-
HUYHO-KalIKapoBO-0alaHOBhIE 10 CKJIOHaM rop U
WHOT1a, B IOJIMHAX PY4beB;

8. IluxToBBIE Jieca J'II/II.HaﬁHHKOBO-paSHOTpaBHO-Ha-
IIOPOTHUKOBBIE HAa CKJIOHAaX W BOAOpa3esiax;

9. KenpoBo-e/0BO-IMXTOBLIE Jieca MamoOpPOTHUKO-
BO-Pa3HOTPABHO-BETHMKOBBIE HA CKJIOHAX r'Op pas-
HBIX DKCIIO3UITUIL;

10.IIuxTOBO-€JI0BO-KEeAPOBHIE Jleca pa3HOTPABHO-Bel-
HUKOBBIE C ydyacTheM 0ajilaHa, YepHUKU (MecTamu
Ha OTHAeJIbHBIX y4YacTKaX YepHUYHO-0aJ[aHOBBIE)
U 3eJIeHBIX MXOB Ha CpeJHEeHAaKJIOHHBIX U KPYTBIX
CKJIOHAX IOp pa3HbIX SKCIO3ULIUI;

11.KenpoBele jleca (MecTaMy Ha BepUINHAX - PefKo-
CTOIHbIE) YepHUYHO-KaIIKapOBO-3€JI€HOMOIIHEIE C
0aJaHOM — Ha CKJIOHaxX U BoAopasjiesiax;

12.KefpoBrle jieca MeJIKOTpaBHO-BEHHIUKOBO-0ajaHo-
Bble 1 OpyCHHYHO-YEpPHUYHO-3€JICHOMOIIHEIE Ha
KPYTBIX CKJIOHaX rop;

13.KenpoBeie Jieca OpyCHHUYHO-0AryJibHUKOBO-3eJie-
HOMOIIIHBIE Ha rajIeyHO-BaJIyHHBIX OTJIOXKEHUAX B
npubpexHo! moJsioce Baiikasa 1 Ha KPYTBIX CKJIO-
HaX rop ceBepHBIX JKCIIO3ULINII;

14.JIvicTBeHHUYHO-KeJPOBble U KeAPOBO-JIMCTBEHHNY-
Hble Jjieca OpyCHHYHO-6AryJIbHHKOBO-3€JI€HOMOII-
Hble (Ha rOpHBIX MopoAax KapOoOHAaTHOI'O COCTaBa)
10 KPyTHIM U CpeJHEHAKJIOHHBIM CKJIOHAM I'op;

15.CocHOBO-KeApOBBIE U KEAPOBO-COCHOBHIE Jieca
OpyCHUYHO-0aryJIbHUKOBO-3€JIECHOMOIIIHBIE  ITpeu-
MyllleCTBEHHO Ha CKJIOHAX rop I0KHOM 9KCIIO3UIUY;

16.KenpoBele peauHbB U penkosiechs, cdarHoBble
acconuanyy KegpoBOoro CTJaHMKa U OaryJsbHHUKO-
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Bo-carHoBbele 00JI0TA Ha CKJIOHaX rop CceBepHOU
9KCIO3UINY;

17.Bepe3oBbie Jieca pa3HOTPaBHO-BEITHUKOBO-MAIIO-
POTHUKOBBIE C YEPHUKOI Ha MecTe KeJpauel uep-
HUYHO-3eJIEHOMOIIIHBIX YHUUYTOXEHHBIX JIECHBIMU
rnoxapaMu Ha KOHycax BBIHOCA, I TeppacaM, UHO-
rfa - o IpeAropbaM,

18.bepe3oBbie Jleca MeJIKOTPaBHO-BEHHUKOBBHIE U
OpyCHUYHO-6aryJIbHMKOBEIE, BOSHUKINIME HA MeCTe
JIMCTBEHHUYHO-KEJPOBBIX OpyCHUYHO-OaryJsjbHU-
KOBBIX JIECOB Ha KOHycaxX BBIHOCOB U Teppacax B
HIXHUX 4acTAX Npeiroput;

19.TomosieBble  Jieca pa3HOTPABHO-BEITHUKOBHIE B
MOMMax peK B COYETAHUAX C €JIOBO-IHXTOBO-Ke-
JIPOBBIMU TPaBSIHO-MOXOBBIMH JIeCAMU Ha PEYHBIX
Teppacax;

20.3apocsii  OJIBXU KyCTapHUKOBOW  (OyLIEeKun),
’)KMMOJIOCTH, CMOPOJWH, PAOWHEBI, NMalOpOTHUKOB
U BBICOKOTPAaBbsA MO JHUIAM HeOOJIbIINX KPYyTOHA-
KJIOHHBIX Nafileil — MyTHU NepeoguiyecKu CXOAAMINX
ceJied U OIIOJI3HEMH;

21.371aK0BO-pa3HOTpaBHbIe Jyra (CeHOKOChI) BO3HUK-
mIvie Ha MecTe TEMHOXBOIHEBIX JIECOB;

22.KameHNCTBIE POCCHINY;
23.CKaJisl U JaviKu;

24.JIuHus,
BBIHOCA;

MOKa3bIBAIOIIAsl TEPPUTOPUI0 KOHYCOB

25.ITpoMmbllLsIeHHbIEe U XUJIbIe TOCTPOMKY;
26.Cenu;

27.01n0/13Hu;

28.CHexHble JIaBUHHI;

29.CocHa 0OBIKHOBEHHAS;
30.JIucTBeHHUIIA cCUOMpPCKas;

31.0cuHa;

32.bepesa;

33.ITocenoxapHbIil CyXOCTOU U Ioruodalomue aepe-
BbS OT MOJTIOTAHTOB.
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Puc.4. Kapra pacturesnsHocTy CeBepo-3anafHBIX CKJIOHOB Xamap-JlabaHa (Mexaypeubs MypuHo-BeiapuHas).

Jlerenna k kapTte pacturejbHocTH CeBepo-
3amafHbIX CKJIOHOB Xamap-/labaHa
(Mexaypeubss MypuHo-BeiagpuHasn)

(PucyHok 4)
Macmra6 1:100000

PACTUTEJIbHOCTb I'OJIbL[OBO-AJIBITUACKOTO
KOMIIJIEKCA
1. BBICOKOrOpHBIE IYCTOIIM, JIyTOBblE U MOXOBO-JIU-

MATHUKOBbIE TYHAPBI C KEAPOBBIM CTJIAHUKOM, C
yuyacTrue€M B HAIIOYBEHHBIM IIOKPOBE (I)I/IJ'IJ'IO,Z[OLII/II/I
U APYyIMX KyCTapHUYKOB Ha IJIOKOBEPIIMHHBIX
y4acTKax rop;

. IlycrouHsle gyra YepHUYHO-0aJaHOBO-PA3HOTPAB-

HBle C y4YacTHeM Mapajibero KOpHA Ha KpPYTBIX
CKJIOHaX TIoOp, MpeuMYyIIecTBEHHO Ha CKJIOHaxX
FO’KHBIX DKCIIO3UITUI;

PACTUTEJIBHOCTD ITOJI'OJIbLIOBO-
CYBAJIBITMMCKOI'O KOMITJIEKCA
3. Acconuanum KegpOBOTO CTJIaHMKA B COYETAHUAX

C BBICOKOTOPHBIMU JIyTaMH, MyCTOIIaMH, Kame-
HUCTBIMU POCCHITIAMM HA KPYThIX CKJIOHAX CTEH
I[IDKOB;

BI)ICOKOTpaBHI)Ie 3JIaAKOBO-pa3HOTpaBHbBIE  JIyra,
3apoCjii MAaropoOTHUKOB B COYETAHUAX C accolHra-
OUAMU KeJPOBOT'O CTJIAaHWKA, OJIbXU KyCTapHUKO-
BOﬁ, €PHUKOB C peaArHaMHU U peAKOJIEChbAMM ITNXThI
Ha KPYTBIX CKJIOHaX rop v AHUIax OJOJINH,
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PACTUTEJIbHOCTD JIECHOI'O KOMITJIEKCA
5.

Pe}:[KOCTOﬁHbIe N pa3pexeHHbI€ Jieca IMapKOBOI'O
THUIIa C BBICOKOTPABHO MallOPpOTHUKOBBIE; HA KaMe-
HHUCTBIX yYaCTKaxX Y€pHUYHO- KalllIKapOBO- GaﬂaHO-
BbI€ 110 CKJIOHAM I'op 1 B AOJIMHAaX PYy4YbeEB;

[MuxTOBHIE Jleca BEHHUKOBO-Pa3HOTPABHO MAaro-
POTHHKOBEIE Ha CKJIOHaX rop M Bojopasfesax o
Pa3HBIM 3KCIO3UIUAM;

KenipoBo-eJ10BO-NUXTOBBIE Jieca Pa3HOTPABHO-TIA-
MOPOTHUKOBO-BETHUKOBbIE HA CKJIOHaX rop pas-
HBIX KCIIO3ULINI;

HI/IXTOBO-eJ'IOBO-Ke,E[pOBI)Ie Jieca BEHHMKOBO-IIAIIO-
POTHHKOBO-pAa3HOTpPpAaBHbIE C Yy4YaCTHEM 6a;[aHa n
YEPHUKU (MmecTtamu IIepHI/I‘IHO-6a}:[21HOBI;\Ie n 3eJie-
HOMOIITHBIE) Ha CPE€OHEHAKJIOHHBbIX CKJIOHax rop
Ppa3HbIX BKCHOSHHHﬁ;

YepHUYHO-3€JICHOMOIIHBIE, Pa3HOTPaBHO-BeIHU-
KOBBHIe, TOJIyOMKOBO-3€JIeHOMOIIIHbIe-c(harHoBhle,
Ha OTAeJIbHBIX yYacTKax 3ab0oji0ueHHBble ¢ OOWJIb-
HBIM APYCOM NHUXTOBOI'O CTJIaHWKA B IIPEATOPbAX U
Ha peyYHBIX Teppacax MEeCTHBIX KPYIHBIX PeK;

10.Bepe3oBbie Jieca pa3HOTPaBHO-BEMHUKOBO-TIAIO-

POTHHKOBBIE, YEePHUYHO-3€JIEHOMOIIIHBIE, OJIrO-
MOIITHO-c(arHoBele, GPYCHUYHO-TOJTyOUKOBO-6a-
TYJIbHUKOBbIE BO3HUKIIME Ha MECTE€ KeIPOBBIX
JIeCOB, YHUUTOXEHHBIX IMOXapaMH, Ha JPEeBHUX
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Teéppacax U KOHyCaX BbIHOCA B KOMIIJIEKCE C 3a60-
JIOYEHHBIMU pe;[KOCTOﬁIHbIMH COCHOBBIMU JI€CaMM;

11.Bepe3oBele  Jieca  IanOpPOTHUKOBO-PAa3HOTPAB-
HO-BEeIHUKOBBIE MeCTaMU 4YepHUYHble Ha MecCTe
KeIPOBBIX JIECOB, YHUUTOXEHHBIX IOXapaMu Ha
CKJIOHAaX B HIDKHEN 4acTu rop;

12.TonosieBbie Jieca pa3HOTPABHO-BEMHUKOBBIE B MOM-
MaxX peK B KOMIUJIEKCE C €eJIOBO-IUXTOBO-KeIpo-
BBHIMHM TPABSIHO-Y€PHUYHO-3€JIEHOMOIIHBIMH Jpe-
BOCTOsIMH Ha PEYHBIX Teppacax;

13.BeliHUKOBO-pa3HOTpaBHble 3a00JI0YEHHBIE JIyTa,
BO3HUKILIHME Ha MecTe TeMHOXBOMHBIX JIeCOB U
HCIIOJIb3yeMble IO/ CEHOKOCH! U NTacTOuIIa;

(e} -

0

[eoBoTaHHYECKas

cxema
OKPECTHOCTEW r. Bnmn.smxa

Macuwimas 1:100000

14.BosioTa BepxOBble U €pHUKOBO-C(arHoBblie, rpAaao-
BO-MOYaXVHHble B KOMILJIEKCE C PeIKOCTOMHBIMU
KegpaMu u 6epesamu;

15.KamMeHuCTEIE pOCCHIIN;
16.CkaJibl 1 JaliKy;
17.Cenu U OIOJI3HY;

18.IlocenoxapHblil APEBOCTON U YCOXIINE AepeBbs
OT I'a30BbIX YMUCCHII;

19.T'ony6as eJb;

20.ITpoMBbllI€HHBIE U XKWJIBIEe TOCTPOMKH.

<74 udp»«y;—'o
ADOHOADUL 0/7%/% G0 A GEOP
ﬁéﬂ% B4 Moroecimas

sewzspy 179 ¢

Puc.5. T'eob6oTannyeckas cxema okpecTHOcTel ropofa CIllofsHKa.
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JlereHz1a K KapTe pacTUTEJbHOCTH OKPECTHOCTEH
ropona CioasaHkKa
(PucyHok 5)
MacmTa6 1:100000
PACTUTEJIBHOCTD I'OJIBLIOBOT'O TTOSCA
1. BbicOKOTrOpHBIE TYHIpPH: IebeHYaThle, Kame-
HUCTBIE Y MOXOBO-JINIIAHHUKOBEIE C KePOBBIM
CTJIAHUKOM, C yYaCTHEM B HAallOYBEHHOM TOKPOBE
duutogonMM U PYrUX KyCTapHUYKOB HA IJIOCKO-
BEPUIMHHBIX CKJIOHAX TOp;

PACTUTEJIBHOCTD ITOATrOJIBIIOBOT'O ITOACA
2. Acconpanmy KeApoOBOro CTJIaHWKa C KyCTapHUY-
KOBO-MOXOBO-JIUIIAaNHUKOBBIM TMOKPOBOM, C €[u-
HUYHBIMU JIepeBbAMU Kepa Ha MOJIOTUX U KPYTHIX
CKJIOHaXxX rop;

3. IluxToBO-KepOBble peIUHHI (Ha OTeJIbHBIX y4YacT-
Kax peJIKoJIeChs) YepHUYHO-KaITKapOBO-JIUIIANHN-
KOBBIE Ha CKJIOHAX I'Op;

PACTUTEJIBHOCTD JIECHOI'O ITOSAACA

4. PenKOCTOHMHBIE MHXTOBO-KEJPOBblE Jieca 4ep-
HUYHO-KalIKapOBO-MOXOBO-INIIAHUKOBbIE Ha
OTZeJIbHBIX y4YacTKaxX € pasHOTpaBbeM U 3apoc-
Javu OajaHa MpPeMMyILIECTBEHHO Ha MOJIOTUX
CKJIOHAX Irop;

5. KenpoBele Jieca uYepHUYHO-KaIIKapOBO-3eJIeHO-
MoIIHbIe ¢ 6aJjaHOM B BepxHell YacTH CKJIOHOB I'op
U Ha BoJjopaszjesiax;

6. Kemgposnie Jeca KallKapoBO-0aryJIbHUKO-
BO-carHoBble, MecTaMy 3eJIeHOMOIIIHbIe Ha KpY-
THIX CKJIOHAax rop, NpeuMylecTBeHHO CceBepo-BOC-
TOYHOM DKCIO3UIINH;

7. KenpoBble Jjieca: KalIKapoBble, OaryJIbHUKOBEIE,
OpyCHUYHO-3eJIeHOMOIITHBle, 6afaHOBBlE U MAallo-
POTHHUKOBO-0COKOBO-C(HarHoBo-3eJeHOMOII-
Hble Ha KPYTBHIX CKJIOHaX Top CeBepo-3amagHoNn
9KCIO3UINY;

8. JIucTBEHHUYHO-KeJPOBHIE U KeJIJPOBO-JINCTBEHHNY-
HBle Jieca OpyCHUYHO-0aryJbHUKOBO-3€J1€HOMOIII-
Hble (Ha rOpHBIX IOpoAax KapOOHATHOI'O COCTaBa)
10 KPYTHIM U CpeHeHaKJIOHHBIM CKJIOHAM Iop;

9. JIUCTBEHHUYHO-KEJPOBBIE Jieca OpyCHHYHO-3e-
JIEHOMOIIIHBIE HAa TOJIOTUX UM CpeJHEHAKJIOHHBIX
CKJIOHAX rop;

10.JIuCcTBEHHUYHO-KeAPOBEIE U  KeOAPOBO-JIMCTBEH-
HUYHBIe Jleca OpyCHHUYHO-OAryJbHUKOBO-charHo-
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Bble Ha KPYTHIX CKJIOHAX TOp CeBepo-3amafHoM
9KCIO3ULUY;

11.JIucTBeHHUYHBIE PEOKOCTOMHBIE Jieca C eJIbIo
cUOUpCKON OaryJpHUKOBO-CarHoBble C PpOJO-
JEHAPOHOM MEJIKOJIUCTHBIM IO 3a00JI0YEHHOMY
JHUIY JOJVHEBI Py4bs;

12.JIucTBUHNYHBIE Jleca ¢ Oepe3oil U OCHHOI: Opyc-
HUYHO-0aryJIbHIKOBO-3€JIEHOMOIIIHEIE Ha BOZO-
paszesiax U CKJIOHAX rop pasHoOM SKCIIO3ULUL;

13.JIucTBeHHUYHBIE Jieca ¢ Gepe30il U OCHMHOI MeJl-
KOTPaBHO-OPYCHUYHO-POJIOIEHIPOHOBbIE Ha ToOp-
HBIX CKJIOHAX;

14.COCHOBO-JIMCTBEHHUYHbIE U  JINCTBEHHUYHO-CO-
CHOBHIE Jieca OpPyCHUYHO-OAryJIbHUKOBBIE W MeJI-
KOTPaBHO-6pPYCHUYHO-0JIbXOBO-POI0J€HPOHOBEIE
Ha FOPHBIX CKJIOHAX;

15.bepe30B0-0CHHOBBIE I OCMHOBO-0epe30Bhie Jjieca C
y4JacTUEM COCHBl U JIMCTBEHHUIBI PacCTPOEHHBIE
BRIpyOKaMmu U moxkapaMu (Ha MecTe KeIpOBO-JIU-
CTBEHHUYHBIX U COCHOBO-JINCTBEHHUYHBIX Opyc-
HUYHO-0aryJjbHUKOBBIX U OPYCHUYHO-0JIbXOBO-PO-
JOJIeHIPOHOBEIX JIeCOB) Ha KPYTHIX CKJIOHax rop,
MeCTaM{ B COYETAHWU C OCTENHEHHBIMU Yy4acT-
KaMU — «MapAHaMW»;

16.bepe3oBrie Jleca MeJIKOTPAaBHO-BEHTHUKOBBIE U
OpyCHUYHO-0aryJIbHUKOBble BO3HUKIINE Ha MecTe
JIMCTBEHHUYHO-KeJIPOBBIX  OpyCHUYHO-0aryJbHU-
KOBO 3eJIEHOMOIIHBIX JIECOB Ha KOHYCaX BBIHOCOB,
Teppacax U B HWXKHUX 4acCTAX CKJIOHOB Iop;

17.0COKOBO-371aKOBO-Pa3HOTPABHbIE JIyra, TpaBsHBIE
0oJioTa, 3a00104eHHbIE PeJKOJIeChs JIUCTBEHHUIIBI
u Gepe3bl B KOMILUJIEKCE C 3apOCJIAMU UBHI U Yepe-
MyXU Ha KOHycaXx BbIHOCA U APeBHUX 0aliKaIbCKUX
Teppacax

18.0cTeneHéHHEIE JIyra HA MeCTe CTaphix 3aJiexers;
19.KameHUCTEIE pOCCHIIIN;

20.CkaJisl ¥ JavKu;

21.HampasJiieHue ceJeij;

22.Pomu Tomnosis;

23.Enb cubupckas;

24.TIpoMBblIlIEHHBIE U XKWJIblEe TOCTPOMKHU.
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C xemamuueckas kapma
racmumensiocmu

Saccedna pexu Kuvepst
Aaciumas 100000
1975 rea

Yornobuwe sbmmavenus

|
S5}

IEECRETT

Puc.6. CxemaTtnieckas KapTa pacTUTEJIbHOCTU OacceiiHa peku Kuueps! (CeBepHsiil Baiikair).

JlereHfja K cXeMaTH4eCKOM KapTe PacTUTEJIbHOCTU
6acceiiHa pexu Kudepst
(PucyHok 6).
MacmTab 1: 100000
PACTUTEJIBHOCTD I'OJIBIIOBOI'O TTOACA
1. Anprnuiickue Jiyra U IyCTOIIM Ha KPYTHIX CKJIO-
Hax LMPKOB:,HUBaJIbHbIE U MyCTOIIHEIE JIyTOBUHEL,
¢parMeHTH MOXOBO-JIUMIAWHUKOBBIX TYHJIP B KOM-
IJIeKce C pa3pexXeHHOI pacTUTEJIbHOCTBIO CKAJT;

2. BBICOKOTOHbIE TYHAPH Ha MPUJIETAIOMINX CKJIO-
HaX W BOJIOPa3/esiOB: KaMEHUCTHIe, IieOeHYaThie,
JINIIAMHHUKOBBIE I MOXOBO-JIMIIAMHUKOBBIE B KOM-
TJIEKCE C MyCTOIIAMM, HUBAJIbHBIMU JIyTOBUHAMU,
(pparmeHTaMU epPHUKOB U KEIPOCTIAHUKOB,;

3. BroicokoropHele TYHJIpPH IIpeuMYyIIecTBeHHO Ha
IJIOCKOBEPIIMHHBIX U I0JIOTOHAKJIOHHBIX ydYacT-
Kax rop: mebeHuaTble, MOXOBO-JIMIIAIHUKOBEIE,
JIpraJioBBle, KaMeHUCThle, MOXOBble B KOMILJIEKce
¢ dparMeHTaMM epHUKOB U KeJJPOBOCTJIAHHUKOB;

PACTUTEJIBHOCTD ITOATOJIBLIOBOTI'O ITOACA
4. CooOmiecTBa KeOpOBOTO CTJIaHHWKA C epHUKaAMU
U pequHaMU JIMCTBEHHUIBI Ha JTHUINAX Mmajied u
CKJIOHAX T'Op;

5. CoobmiecTBa KeApOBOro CTJAHMKA HAa CKJIOHAX
rop pa3HbIX 3KCIO3UIMI: JINIAHHUKOBBIE U MOXO-
BO-JINIIANHUKOBEIE, 3€JIeHOMOIIHEIE, MepPTBOIO-
KPOBHBIE B COYETAHUAX C AyIIeKHeH, ydacTKaMu
TYHAP U KAMEHUCTHIMU POCCHIITSIMUY;

6. CoofOmecTBa KeApPOBOrO CTJaHMKA Ha KPYTHIX
CKJIOHAaX rop pasHbIX JKCIO3UIUN: KalIKapOBO-JIH-
MaiHUKOBLIe, 0aryJIbHUKOBO-JINIIANHUKOBO-3€eJ1e-
HOMOIIIHBIE B KOMILJIEKCE C POCCHIIIAMU U CKaJlaMu;

7. PasHoTpaBHble cybasibnuiickue JIyXXaiKy, 3apocyn
WBHSIKOB, JYIIEKNU Y €PHUKOB B JTOJIMHAX TOPHBIX
PYYbeB;

8. CooOmiecTBa KeOpPOBOTO CTJIaHWKA U APYIUX
Cy0aJbIUICKUX KyCTaApHUKOB Ha CTEHAaX LIVPKOB;

9. PenuHbl MUXTH Y KaMEeHHOH Oepe3kl ¢ T'yCTHIM ApY-
COM KeJpPOBOr0 CTJIaHMKa KallKapOBO-MOXOBBIM
HAYINOYBEHHBIHBIM IOKPOBOM

10.JIncTBEHHMYHO-KeqPOBLIE Jieca ¢ yyacTueM Oepessl
OpyCHUYHO-0AryJIbHUKOBO-3€JIEHOMOIIIHbIE;

11.CocHOBO-JIUCTBEHHUYHEIE Jieca OpyCHHUYHO-Oa-
T'yJIBHUKOBO-3€JIEeHOMOIIHBIE Ha CKJIOHAX I'op U B
Mperopbsx;

12.TomojieBo-u03eHUEBLIE  Jieca
HOTpaBHbIE B IIOMIMax pek;

BEMHUKOBO-pa3-

13.CocHOBble U JINCTBEHHUYHO-KEOPO-COCHOBHIE
Jeca Ha MOPEHHBIX U peyHbIX OTJIOXKEHUSX B
JOJIMHAaX peK U B MpeAropbsx; OPYyCHUYHO-MeJI-
KOTpaBHble, OpyCHUYHO-OAryJIbHUKOBO-MOXOBBEIE,
OpYCHHUYHO-epHUKOBO-3€JIEHOMOIITHEIE;

14.CocHoBBIE Jleca Ha KPYTBIX IOTO-BOCTOYHBIX CKJIO-
HaxX rop: OCTeNHEeHHble, KaMeHUCTHe, MePTBOIIO-
KPOBHEIE, NYIIIEKNEBO-POIOAEeHIPOHOBEIE;
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15.CcCcHOBBIE U JTMCTBEHHUYHO-COCHOBBIE Jieca C y4a-
ctueM Oepe3sl Ha TeppacaXx U KOHycaX BBIHOCA
TOPDHBIX peK: OpyCHUYHO-POJOAEHPOHOBbIE U
OpYyCHUYHO-AyIIEKNEBO-POAOAEHIPOHOBEIE;

16.JICTBEHHUYHO-COCHOBBIE Jleca € y4yacTueM Kejpa
U JINCTBEHHUIIBI Ha IOJIOTUX CKJIOHax rop: Opyc-
HUYHO-pPa3HOTpaBHbBIE, OPYCHUYHO-AyIIeKIEeBLIE;

17.CocHOBBIE U JIMCTBEHHUYHO-KEAPOBO-COCHOBEIE
Jleca Ha JHUIAX JOJIMH U B IIPeAropbax: AylleKu-
€eBO-pa3sHOTpaBHble, OpPYyCHUUYHO-0aryJibHUKOBBIE,
roJiyOUKOBO-0aryJjIbHUKOBO-3€JIEHOMOIIIHEIE;

18.JIncTBEHHNYHO-KePOBEIe U KepO-JINCTBEHHUY-
Hble Jleca Ha CKJIOHaX IOp CeBepHBIX 3KCIO3U-
Ui: 6aryJpHUKOBO-3eJIeHOMOIIIHbIe, 6aJaHOoBEIe,
OpYCHUYHO-YepHUYHO-3eJIeHOMOIIHbIE;

19.CoCHOBO-/TMCTBEHHUYHBIE U JIUCTBEHHUYHO-KeqPO-
BBIE JIeca Ha CKJIOHAX rop: 6pyCHUYHO-0aryJIbHUKO-
BO-3€JIEHOMOHBIE, JINIIAMHNKOBO-3€JIEHOMOIIIHEIE;

20.KegpoBO-COCHOBO-JIMCTBEHHUYHEIE Jeca
Ha  KpyTBIX TOpHBIX CKJIOHax: 0OajaHo-
BhI€, OPYyCHUYHO-MOXOBO-JINIIAIHUKOBHIE,

6al"y.J'IbHI/IKOBO-SCHGHOMOLHHbIe;

21.JIncTBEHHUYHO-KEPOBO-€JIOBblE  Jjleca  BZOJIb
pycJia pek 3eJIeHOMOIIHO- c(arHoBhIE;

22.3a00s10ueHHBIE  Y4YaCTKM C  PeOKOCTONHBIMU
JlepeBbsAMU;

23.3abo010ueHHble  y4aCcTKM B  KOMILIEKCE C
KyCTapHUKaMU;

24.3ab605109eHHbIEe €pHUKOBEBIE 3apOCI;

25.CdarsoBeie Oyrpel ¢ €pHUMKaMM U €QUHUYHBIMU
JlepeBbsAMUY;

26.I1otiMeHHbIe 3JIaKOBO-pPa3HOTpaBHbIe JIyTa, TPBA-
Hble 060JI0Ta, 3apOCJI €pHUKOB U UBHAKOB;

27.3HaK U30JIMPOBAHHON 3a00JI04eHHOCTY;
28.3Hak 3aKyCcTapeHHOU MeCTHOCTHU
29.3Hak NorubIMX JIecoB OT JIECHBIX [T0XKapOB;

30.CoobmmecTBa KeOpOBOTO CTJIaHWKA C peguUHaAMU
JrcTBeHHUI] YekaHOBCKOro u I'MesirHa Ha mecya-
HBIX 6ePeroBhIX Bajiax, OT/IEJIAIINX 03epo Batikait
OT JIaryHHOro o0pa3oBaHus BepxHe-AHrapckuit
Cop;
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2. BoiBOADI

F'eoboTaHUYeCcKUe KApPTHI, IPECTABJIIOT COOOM
VHUKAJIbHBI MCTOPUYECKUII U HAy4YHBIH MaTepuall,
OTPaXaIIUil MPUPOJHYI0 CUTyaLUI0 Ha MOOepexbsix
osepa batikan 40-50 sner Haszaf. DTU KapThl UMeEIOT
BBICOKYI0 WHJIUKALMOHHYI0 JOCTOBEPHOCTb U MOTYT
CJIy>)KUTb OCHOBOH [J1f1 9KOJIOTMYeCKOr0 MOHUTOPUHIA,
a TakKe JIJI CpaBHUTEJIbHBIX HCCJIeJOBaHNI AUHAMUKHI
pactutenbHocTU. Habogaerca TeHaeHnNA K mpeoOpa-
30BaHUIO CBETJIOXBOVHBIX JIECOB B TEMHOXBOMHBIE IIpU
OTCYTCTBUM II0XapOB U BBIPYOOK, a TakXe IIPOLeCcCHl
3axJlaMJIEHHsA JIeCOB IOCJIe MCYe3HOBEeHUA HeKOTOPBIX
JipeBecHbIX nopoy (HanpuMmep, 6epe3sl U OCHHBI).

OmnucaHHbIe KapTbl MOTYT OBITh KCIIOJIb30BAHBI
JUIA pelleHus 3ajad COXpaHeHHs OHOJIOTHYeCKOro
pasHooOpasys, COo3aHus HOBBIX 3allOBeHBIX TeppH-
TOPUH U OIpeJieJIeHUs ONTUMAJIbHBIX PEXUMOB X035IH-
CTBEHHOU JeATesibHOCTU B IIpubaiikanbe. OHU Takxe
HMMeI0T NpaKTUYecKoe 3HaueHue [AJiA pasBUTUA 3KOJIO-
TU4ecKoro obpasoBaHUA U MPOCBELIeHNs, OCOOEHHO B
TyPUCTHUYECKHX U peKpeallOHHbIX 30HaX. TakuM obpa-
30M, Npe/icTaBJIeHHBIe B paboTe MaTepHuasibl He TOJIbKO
COXPaHAIT HAay4YHYI0 aKTyaJIbHOCTb, HO M OTKPHIBAIOT
HOBble BO3MOXHOCTH [JiA KOMILJIEKCHOTO W3y4eHusd
B3aMMO/JIeNCcTBUA o3epa bBaiikajl v OKpyXxarmleil ero
CyIIN.

BbaaropapHocTH

ABTOp BBIpQXaeT MCKPEHHIOI [IPU3HATEJIbHOCTD
E. M. TUMOIIKMHOM 3a nepeBoJi CTaTbU M BHUMAaTeJIb-
HOe OTHOIlleHUe K AeTayaM. Takke aBTop OJjiarogapur
O. A. TumouiknHa u agmuHuctpanuio JIMH CO PAH 3a
OKa3aHHYI0 NMOAAEPXKY U cofelicTBHe Ha BceX dTamnax
OATOTOBKU M IyOJIMKalnuy MaTepuasa.

KoHpAUKT UHTEpecoB

ABTOp 3adBifAeT OTCYTCTBHE  KOH(QIIUKTa
HMHTEPEeCcoB
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ABSTRACT. In this study, the effects of varying concentrations of 17a-methyl testosterone (17a-MT) in
the diet on the growth performance, survival rate, and histopathology of Nile tilapia - Oreochromis niloticus
(Linnaeus, 1758) were investigated. Four different hormone doses, 0 mg/g (control), 0.5 mg/g, 0.7
mg/g, and 0.9 mg/g were administered with the diet of O. niloticus for 120 days. Growth performance,
as measured by the increase in total length (12.98 = 1.26 cm) and total weight (18.99 + 2.36 g), was
highest in O. niloticus receiving 0.9 mg/g 17a-MT diet. The total weight (TW) increase was significantly
more pronounced than that observed in total length (TL). In the average growth of length (31.13%)
and weight (43.16%), the 0.7 mg/g 17a-MT diet had the highest percentage. However, the hormone
treatments had no serious effect on the survival rates of the fish in the study. The histopathological
changes in the liver showed sinusoid dilation, vacuolization of hepatocytes, enlargement of central
veins, and hemorrhages with increased hormone doses. In the kidney, treatment of 0.7 mg/g and 0.9
mg/g of the 17a-MT diet resulted in changes in the renal tubules, necrosis, degenerated kidney tubules,
and dilation of the glomerulus. The present findings show that 17a-MT treatments notably enhance the
overall length, weight, and general growth performance of O. niloticus. Therefore, carefully structured
experiments employing suitable hormone doses in fish feed may prove advantageous for the commercial
cultivation and conservation of this popular fish species in the country.

Keywords: 17a-methyl testosterone, growth performances, survival rate, histopathology, Oreochromis niloticus
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1. Introduction an increase in muscle mass (Robles Basto et al., 2011).

According to multiple studies, different supple-
ments can be added to fish feed to improve growth
metrics (Ajiboye, 2015; Kumar et al., 2016). Numerous
anabolic steroids, which include both androgenic and
estrogenic types, have demonstrated efficacy in improv-
ing growth and feed conversion when included in the
diet (Jensi et al., 2016). Testosterone is a well-stud-
ied natural androgen that promotes fish development.
17a-methyl testosterone (17a-MT) is a synthetic com-
pound that acts as both an anabolic and androgenic ste-
roid hormone that promotes muscle growth and man-
ifests male sexual characteristics (Nagaraju and Devi,
2019). 17a-MT is used in fish fingerlings to induce sex
. ) reversal and/or produce mono-sex populations of Nile
tive for growth performance, reproduction, and mono- tilapia (Oreochromis spp.) and climbing perch (Anabas

sex male production. The administration of androgenic spp.) in commercial fish farms, both domestically
hormones during sex reversal has an anabolic effect (Rima et al., 2017; Hossain et al., 2018; Hasan et al.

that increases growth and protein synthesis, leading to

Fishery resources are one of the most important
sources of animal protein. Compared to other animal
protein sources, fish is considered a highly nutritious
food source that provides high-quality animal protein
at a comparatively low cost and is often more readily
available and inexpensive (Khan et al., 2024). A typ-
ical person in Bangladesh consumes about 63 grams
of fish per day as part of their diet due to the coun-
try’s high population density (DoF, 2020). Therefore,
much attention has been paid to the growth and pro-
duction of freshwater fish in aquaculture (Juin et al.,
2017). Hence, various growth promoters are used in
fish farms. The use of hormones in aquaculture is effec-

*Corresponding author.
E-mail address: sabinasultana019@gmail.com (S. Sultana)

© Author(s) 2025. This work is distributed
Received: December 05, 2024; Accepted: February 14, 2025; under the Creative Commons Attribution- BY NG
Available online: February 26, 2025 NonCommercial 4.0 International License.

107


https://www.doi.org/10.31951/2658-3518-2025-A-1-107
mailto:sabinasultana019@gmail.com

Rahman H.B. et al. / Limnology and Freshwater Biology 2025 (1): 107-112

2022) and internationally (Jensi et al., 2016; Singh et
al., 2018; Rivero-Wendt et al., 2020). Fish farmers are
interested in it as it has become increasingly popular
in recent years due to its ability to accelerate growth
parameters and reduce feed costs in aquaculture.

Commercial production of Nile tilapia (O. niloti-
cus) (Linnaeus, 1758) is expected to increase because
of its widespread cultivation. Bangladesh ranks third in
Asia and fourth in the world in Nile tilapia production
(FAO, 2022). According to Rahman et al. (2012), Nile
tilapia is considered the most significant aquaculture
species of the twenty-first century. It is a popular fish
farmed in Bangladesh to meet the growing demand for
protein. This species tolerates low-protein food, shows
physiological and immunological tolerance to a wide
range of climatic conditions, and has a high degree of
resistance to stress and infection (El-Sayed, 2006; Ng
and Hanim, 2007). These characteristics make Nile
tilapia a perfect species for laboratory research, espe-
cially for studies on growth and reproductive biology
(Stickney, 2000; Lacerda et al., 2018). These studies
can provide valuable information that can be used to
improve the growth rates of other aquacultured fish
species.

Although the use of 17a-MT for growth enhance-
ment and sex reversal is well-documented worldwide,
region-specific research on the effects of 17a-MT, par-
ticularly through infused diets, is limited in Bangladesh.
Existing studies focus primarily on growth performance
or sex reversal and neglect critical aspects such as tis-
sue health and food safety. Additionally, with increas-
ing concerns about sustainable aquaculture practices,
understanding the physiological effects of 17a-MT is
crucial to ensure consumer safety and minimize envi-
ronmental risks. Therefore, the current study aims to
evaluate the effects of 17a-MT on growth performance,
survival rates, and histopathological changes in the
liver and kidney of O. niloticus in a controlled labora-
tory environment. The present study has the potential
to help in the development of O. niloticus monoculture
technology that could pave the way for the widespread
cultivation, conservation, and economic benefits of this
fish species in the country.

2. Materials and Methods
2.1. Collection of the Experimental Fish

A total of 28 O. niloticus fish (7 fish for each
treatment) were collected from local fishermen for the
experiment. The average length of the fingerlings was
10.82+0.22 cm, and the weight was 12.77 = 0.28 g,
respectively. The investigation included four treatment
groups: C (control), T1 (Treatment 1), T2 (Treatment
2), and T3 (Treatment 3). The juveniles were reared on
hormone-enriched fish feed for 120 days.

2.2. Experimental Design

For the experiment, four semi-circulatory aquar-
iums (45 cm X 30 em X 30 cm) were used in the
laboratory for 120 days (March to June) with four
treatments and three replicates. The air pump of the

108

aquarium allowed a daily water exchange (25%) for
aeration, while a water heater kept the water tempera-
ture stable (between 25-30°C). Four treatment groups
were formed to evaluate growth performance and con-
duct histopathological examinations: 0.5 mg/g (T1),
0.7 mg/g (T2), 0.9 mg/g (T3), and 0.00 mg/g (C) of
the hormone per gram of fish diet. Due to the limited
size of the aquarium and the relatively small number of
fish, we used this specific concentration of testosterone.
The hormone was administered orally by mixing it with
the diet. To mix 17-aMT with fish food, the required
doses were first dissolved in 5 ml of pure alcohol, as it
is insoluble in water. All treatments were allowed to air
dry for 12-16 hours before being added to the aquari-
ums. The experimental fish were fed twice a day, with
the treated food (~2g pellets) given once daily.

2.3. Growth Studies and Survival Rate

The study involved assessing the growth rate and
mortality of O. niloticus when 17a-MT hormones were
administered or not. As described by Roy et al. (2019)
and Nushy et al. (2020), the evaluation of fish growth
performance, measured in length (cm) and weight (g)
every month, along with their survival rate, was con-
ducted as follows:

Final data - Initial data

Initial data

Growth percentage = x100

Number of alive fish "
Number of fish utilized

Survival rate =

2.4. Histopathological Studies

For histopathological examination, the transverse
sections of the kidney and liver tissues were obtained
from both untreated and 17a-MT-treated fish. Two
individuals were taken from each treatment. According
to the methods described by Islam et al. (2008),
Nasiruddin et al. (2012) and Uddin et al. (2019), these
tissues were processed using standard microtome tech-
niques. The selected organ tissues were meticulously
cut into tiny fragments and subsequently preserved in
alcoholic Bouin’s solution. They were then dehydrated
through a series of alcohol concentrations ranging from
70% to 100%, with the alcohol removed by xylene. The
tissues were then immersed in liquefied paraffin wax. A
rotary microtome was used to cut the wood blocks at a
thickness of 6 um after they were attached to the micro-
tome chuck, allowing for the paraffin block to be sliced
and expose the embedded tissues within. The sections
of tissues were subsequently stained with hematoxylin
and eosin. A compound microscope was used to closely
examine the sections.

2.5. Statistical Analysis

The data were analyzed using ANOVA followed
by Tukey’s HDS post hoc analysis for multiple compar-
isons. The data were expressed as mean * SD and ana-
lyzed using IBM SPSS Statistics version 20.0 statistical
software, with a significance threshold of 5% (p <0.05).
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3. Results
3.1. Growth performance

The growth performance of O. niloticus was evalu-
ated by applying varying concentrations of 17 a-methyl
testosterone. The effects of 17-aMT on the total length
(TL) and total weight (TW) of O. niloticus in the control
(C), T1, T2, and T3 groups in a controlled laboratory
environment are shown in Table 1. Despite a significant
difference (p<0.05) in TL between the control and T1
groups as well as between the T2 and T3 groups, the
overall effect of the hormone on TL was not statistically
significant (p = 0.520) based on the results. The same
pattern was found for TW; however, the overall effect
of 17-aMT on TW was highly significant (p<0.015),
indicating that hormone therapy of the experimental
fish resulted in a much greater increase in TW than TL.
The fish fed with a 0.9 mg/g 17-aMT dosage showed
the best results in terms of total length (12.98 = 1.26)
cm and total weight gain (18.99 = 2.36) g. As the dos-
age of 17-aMT was increased, the length and weight of
the experimental fish also progressively increased.

The monthly gain in average length and weight
was found to increase gradually from the start of the
study period to the end. During the study, Nile tilapia
were found to gain the highest average percentage of
31.13% in length and 43.16% in weight when treated
with 0.7 mg/g of 17-aMT (Table 1). As predicted, all
three treatment groups showed an increase in both
morphometric parameters in O. niloticus compared to
the control group (Fig. 1). Compared to the increase in
total length (TL), the increase in total weight (TW) was
more noticeable.

3.2. Survival rate

Table 2 shows the survival rate of the experi-
mental fish after 17a-MT therapy. In the control group,
100% of the fish were alive. Two of the fish from the
T3 group and one from the T1 and T2 groups had died
during the entire observation period. As a result, the
hormone treatments had no discernible effect on the
survival of the fish in this investigation.

3.3. Histopathology
3.3.1. Potential Effects of 17a-MT on the
Liver

The transverse sections of the liver of the
untreated control fish (C) showed a normal, regular
structure (Fig. 2a). Similarly, the T1 group of treated
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Fig.1. Changes in average growth performance (%) of
O. niloticus induced 17a-MT under laboratory conditions.

fish showed no conspicuous changes. The hepatocytes
and other liver cells were systematically arranged
(Fig. 2b). In contrast, the histopathological alterations
in the T2 group were characterized by the presence of
more epithelial cells scattered among the hepatocytes,
sinusoid dilation, vacuolization of hepatocytes, enlarge-
ment of central veins (Fig. 2c). The T3 group showed
more severe alterations, including hemorrhage, vacu-
olization of hepatocytes, and severe necrosis (Fig. 2d)
in O. niloticus examined.

3.3.2. Potential Effects of 17a-MT on the
Kidney

The current investigation revealed that the con-
trol group of fish had an abundance of renal corpuscles
and a network of renal tubules (Fig. 3a). Mild necrosis
was observed in the T1 group (Fig. 3b). Visible changes
occurred in the T2 treatment that included changes
in the epithelial cells of the renal tubule, necrosis and
degenerated kidney tubules (Fig. 3c). More conspicuous
changes were found in the T3-treated kidney, which
included necrosis and hemorrhage with degeneration
of the kidney tubules on microscopic study (Fig. 3d).

4. Discussion

The current investigation was conducted to
determine the performance of 17a-methyl testosterone
hormone concentrations in fish feed required to pro-
mote better growth. The findings of the present exper-
iment indicate that dietary supplementation with 17a-
MT at a concentration of 0.9 mg/g in the artificial diet
was a more effective anabolic steroid for the growth of
O. niloticus than the doses of 0.0, 0.5, and 0.7 mg/g.
Sultana and Farha (2022) reported that 0.7 mg/g 17a-

Table 1. Changes in total length and total weight of O. niloticus induced by 17-aMT under laboratory conditions.

Doses of 17- aMT Total length (TL) cm

(mean * SD)

Total weight (TW) g
(mean * SD)

Average growth in
length (%)

Average growth in
weight (%)

0.0 mg/g (Control) 11.82 + 0.94 14.18
0.5 mg/g (T1) 11.91 + 1.13 14.29
0.7 mg/g (T2) 12.05 = 1.40 15.67
0.9 mg/g (T3) 12.98 + 1.26 18.99

+ 1.36 21.81 26.15
+ 1.48 28.19 30.54
+ 2.35 31.13 43.16
+ 2.36 29.07 39.25

Note: N =7 for each treatment, *data are presented as mean +
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standard deviation (SD) at significant level p<0.05.
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Table 2. The survival rate of O. niloticus after 17-aMT therapy in laboratory settings during the study period.

Doses of March April May June
pasdnr No. alive | Survival | No. alive | Survival | No. alive | Survival | No. alive | Survival
fishes | rate (%) | fishes | rate (%) | fishes | rate (%) | fishes | rate (%)
0.0 mg/g (Control) 7 100 7 100 7 100 7 100
0.5 mg/g (T1) 7 100 7 100 6 85.71 6 85.71
0.7 mg/g (T2) 7 100 7 100 6 85.71 6 85.71
0.9 mg/g (T3) 7 100 6 85.71 5 71.43 5 71.43

MT was more effective for the growth of H. fossilis. Jensi
et al. (2016) provided evidence of the most significant
increases in weight and length in the same species at a
dose of 60 mg 17a-MT. The maximum weight (14.62 =+
0.59 g) and length (92.18 = 3.01 mm) were observed
at a dosage of 60 mg/kg in O. niloticus by Sarker et
al. (2022). Singh et al. (2018) provided five variety
dosages of the hormone to O. niloticus for 30 days in
Rajasthan, India, and found that the highest rate of sex
alteration rate occurred at 50 mg/kg of feed, and the
fish in the treated groups grew faster than the control
group. Rima et al. (2017) indicated that a dosage of
50 mg/kg of feed was best for both growth and male
enhancement in Nile tilapia. Muniasamy et al. (2018)
found in India that dosages of 60 mg/kg achieved opti-
mal results in C. mrigala and 100 mg/kg in C. punctatus.

The experimental O. niloticus showed a markedly
superior growth performance in the treated groups
compared to the control group. At a dosage of 0.7 mg/g,
the percentage increases in length and weight were
31.13% and 43.16%, respectively, whereas the control
group had only 21.81% and 26.15% increases, which is
almost consistent with the result of Sultana and Farha
(2022). Nushy et al. (2020) conducted a comparative
analysis of the effects of prepared feed versus commer-
cial feed on the growth performance of this fish over 5
months in a farmer’s pond located in Gazipur.

The survival rate of the control group was supe-
rior to that of the treatment group. The survival rate
in the control group was unequivocally 100%, 85.71%
in the 0.5 mg/g and 0.7 mg/g treatment group, and
71.43% in the 0.9 mg/g 17a-MT treatment group,

respectively. Celik et al. (2011) reported a survival
rate of 80% for O. niloticus, whereas Jensi et al. (2016)
reported 81.6% and 82%, respectively. Sultana and
Farha (2022) reported that the survival rate of H. fos-
silis treated with 0.5 mg/g and 0.9 mg/g 17a-MT was
85.71%, whereas, at 0.7 mg/g, 100% survived.

While hormone therapy promotes growth met-
rics in experimental fish, it also influences the inter-
nal organs by causing alterations and deterioration in
the liver and kidney function and structure. With the
increase of 17a-MT doses, several changes, including
sinusoid dilation, hemorrhage, vacuolization of hepato-
cytes, and severe necrosis, were observed in the liver.
These changes are similar to those induced by heavy
metals and pesticides, as described by Mohamed (2009)
and Mekkawy et al. (2013). GayZo et al. (2013) discov-
ered higher protein levels in fish treated with steroid
hormones, followed by considerable hepatic changes.
Sayed et al. (2018) found hydropic degeneration in liver
cells and blood congestion in the central veins of tila-
pia treated with 17a-MT. Khater (1998) documented
that the hepatic parenchyma showed diffuse vacuolar
degeneration accompanied by congestion in the central
veins and hepatic sinusoids of Tilapia nilotica.

As an osmoregulatory organ, the kidney plays an
important role in excretion in all vertebrates, includ-
ing fish. Among the changes in the kidney tubules,
necrosis, degenerated kidney tubules, and hemorrhages
were found with increasing doses of 17a-MT, which is
consistent with the findings in H. fossilis (Sultana and
Farha, 2022). Nurmalita et al. (2020) documented the
presence of hemorrhage, lymphocyte, and neutrophil

Control

Fig.2. Transverse sections of the liver at 10 X magnifications (a-d) taken from the control (C, 0.0 mg/g), T1 (0.5 mg/g), T2
(0.7 mg/g), and T3 (0.9 mg/g) groups of 17 a-MT-treated fish. (CV = central vein, ECV= Enlarged Central Vein, DS = Dilation
of sinusoid, VH = Vacuolization of Hepatocyte, N - Necrosis and hemorrhage area).
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Fig.3. Transverse sections of the kidney at 10 X magnifications (a-d) taken from the control (C, 0.0 mg/g), T1 (0.5 mg/g),
T2 (0.7 mg/g), and T3 (0.9 mg/g) groups of 17 a-MT-treated fish. (RC= Renal corpuscle, N - Necrosis and hemorrhage area).

infiltration, inflammation, and necrosis in the renal
tissue of O. niloticus. Sayed et al. (2018) detected glo-
merular enlargement, renal corpuscle rupture with
disruption of the glomerular tuft, unclear lumen, iso-
lated epithelial cells of renal tubule degradation, and
tubular necrosis in O. niloticus. Katsiadaki et al. (2006)
reported kidney hypertrophy in the three-spined stick-
leback (Gasterosteus aculeatus) due to the administra-
tion of 17a-MT.

5. Conclusion

The study demonstrated that the inclusion of
17a-MT in the diet of O. niloticus significantly improved
growth performance under laboratory conditions. The
treated fish showed a significant increase in both total
length and total weight compared to the control group,
with the optimal dose being 0.9 mg/g feed. Although
the hormone treatment effectively promoted growth, it
also had negative effects on the internal organs, par-
ticularly the kidneys and the liver, indicating poten-
tial health risks associated with prolonged use. These
findings suggest that while 17a-MT can be an effective
tool for enhancing growth in aquaculture, it should be
used with caution to avoid unfavorable health effects.
Uncontrolled or excessive use of 17a-MT could have
unintended consequences, not only affecting the phys-
iology and health of the target species but also poten-
tially introducing residual hormones into the aquatic
environment. This could disrupt local ecosystems,
harm non-target organisms, and pose risks to human
health through the food chain. Although this study pro-
vides important insights, further research is essential to
explore the long-term effects of 17a-MT on the envi-
ronment and to establish safe, sustainable practices for
its use in aquaculture.
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1. Introduction

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

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

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

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

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

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

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

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

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

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

Table 1. Stations of sampling

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

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

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

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

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

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

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

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

3. Result and Discussion
3.1. Spring phytoplankton assemblage

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

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

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

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

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

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

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

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

It was tested relationship between the duration
of the ice-free period at the time of sampling and phyto-
plankton biomass (Fig. 4). In all cases, at the beginning
of the expedition, the Southern Basin was without ice
cover for about a month and the low biomass values
at the southern stations could be explained by the fact
that phytoplankton development was in its final stage.
However, this was not always the case in the interan-
nual aspect. For example, in 2021, increased biomasses
were recorded at the stations of B. Koty, B. Goloustnoye,
Peschanka, and Buguldeyka. At the time of sampling,
the stations of Northern Baikal were most often without
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ice cover for 12-15 days, with a minimum duration of
8 days in 2019 and a maximum duration of 30 days in
2020. However, even with such time variations, there
is no unambiguous linear relationship between the val-
ues of phytoplankton biomass and from the moment
of clearing from ice to sampling. The station of B.
Ushkany Island was ice-free for about 8 days in 2019,
however, phytoplankton biomass was 3430 mg/m?. For
instance, the most frequently recorded values of phyto-
plankton biomass for this station were in the range of
360-550 mg/m?.

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

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

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

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

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

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

Distribution of phytoplankton by cell volume. Abbreviations in

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

Synedra acus subsp. radians
2017 2018 2019 2020 2021 2022

Nizhnengarsk
Severobaikalsk
Tiya

Zarechnaya
Senogda

Ludar
Kotelnikovskiy
Muzhinay
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Khakusy
Elokhin-pel

NB Elokhin
Tompuda
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Irinda
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B.Ushkaniy
Chiverkuy
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Khuzhir
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Mukhor
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Babushkin
Tankhoy
Baikalsk
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Kultuk

933

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

B.Koty
B.Goloustnoye

Aulacoseira baicalensis
2017 2018 2019 2020 2021 2022

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

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

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

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

3.2. Autumn phytoplankton

Species composition, diversity and biomass

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

Glenodinium sp. 1 was found at almost all sta-
tions (Fig. 19). The maximum abundance of 102 thou-
sand cells/L was recorded at st. Nizhneangarsk in 2021.
If we compare the autumn and spring distribution of
Glenodinium sp. 1, we can see that the average values of
its abundance are similar (2.5 - 3.8 thousand cells/L) in
both seasons, and the values of standard deviations and
maximum abundance values are higher in the spring
generation (Fig. 20).
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Fig.18. Distribution of autumn small-cell phytoplankton based on the group affiliation of stations (nMDS method). 1, 2,3

and 4 - group of stations.

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

of 2021, green circles are stations of 2022.

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

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

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

3.5. Comparison of the obtained data with
previous studies

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

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

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

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

4. Conclusions

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

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

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

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

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

Kioueawie ciioea: o3epo baiikas, ce30HHBIN (GUTOILIAHKTOH, aHTPONIOTeHHAsA HarpyskKa
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1. Beeaenue

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

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

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

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

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

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

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

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

2. MeTtopab!

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

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

Ta6suna 1. Crannuu npo6ootdopa

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

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

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

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

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

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

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

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

3. Pe3ynbTathl U AUCKYCCHA
3.1. BeceHHUN QUTONNAHKTOH

Budosolti cocmas, pazHoobpasue u buomacca

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

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

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

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

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

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

beulo mpousBefeHO cpaBHeHHe MHTEHCHBHOCTU
pa3BuTuA OnoMacchl (UTOIJIAHKTOHA OT IMPOAOJIKH-
TeJIbHOCTU Oe3jieqHOro nepuoja Ha MOMEHT oTOopa
npo6sl (Puc. 4). Bo Bcex ciiyvasx Ha Havajio SKCIeau-
1y IOxHasA KOTJIOBHMHA OKOJIO MecsAlla HaXOAWsach
6e3 JjieqoBOrO MOKPOBA M HU3KHe 3HaueHUs OGuomacc
Ha I0’KHBIX CTaHI[UAX MOIJIM OBITh OOBACHEHHI, 4TO pas-
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T T T T
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BbIA€JIEHHBbIE KpaCHbIM

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

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

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

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

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

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

Masioe Mope (MM).

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

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

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

B TaKCOHe).

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

(metox nMDS). Lludppamu 0603HaUEHBI TPYIIIBI CTAHINN.

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

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

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

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

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

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

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

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

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

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

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

3.2. OceHHuH QUTONNAHKTOH

Budosolti cocmas, pazHoobpasue u buomacca

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

3.3. Canpob6HocTb

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

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

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

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

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

I0Bb -

HOxwuwii1 Batikan, 1B — LlentpasneHbiil Batikan, CB — Cesepuriit batikan, MM — Manoe Mope.
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sp. 1 B BeceHHeM (3eJIeHHBIE CTOJIOMKM) U OCEHHEM (OpaHXeBbIe

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

UMAP (cocenett 8, nuctanius 0,2).

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

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

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

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

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

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

3.4. BAvAaHMe BOAHOCTH NPUTOKOB HA
PHUTONNAAHKTOH AMTOPaAH 03epa

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

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

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

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

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

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

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

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

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

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

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

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

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

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

3.5. ConocraBAneHHEe NOAYUEHHbIX AAHHBIX
C NpPeAbIAYLUHMH UCCACAOBAHUAMM

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

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

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

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

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

4. BoiBOADI

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

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

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

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

Ha ocHOBe BHIOBOTrO COCTaBa, YHCJIEHHOCTU
KJIETOK U GroMacchl BeCEHHero 1 oceHHero (puToIUIaH-
KTOHAa HaM He yJaJjioch JJOCTOBEPHO pa3fiesIAThb 4acTU
akBaTOpuu NpuOpexHOU 30HB balikana 1o cremneHu
AHTPONOTEHHOT'0 BO3JENCTBUSA Ha NMPUOPEXHYI 30HY
Barikaia.
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ABSTRACT. Overcoming antibiotic resistance in pathogenic microorganisms is important due to the
proliferation of initially resistant species whose resistance has increased over decades of antibiotic
use. A significant danger is caused by Pseudomonas aeruginosa (Schroeter, 1872) Migula, 1900 (blue
bacillus), which possesses a strong cell membrane and is capable of forming biofilms around colonies.
We found that hydrophilic polyvinylamine, which does not contain any specific functional groups and
binding centers, is able to significantly enhance the sensitivity of Ps. aeruginosa to tetracycline. The min-
imum inhibitory concentration was 0.26-1.16 pg/mL depending on the density of the initial culture of
Ps. aeruginosa, which corresponds to the values for sensitive microorganisms.
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1. Introduction

The progress in the fight against bacterial infec-
tions, primarily due to the use of antibiotics, has as a
side effect not only the emergence of antibiotic-resistant
strains, but also a greater spread of bacteria that orig-
inally had defense mechanisms against external influ-
ences. A significant danger is caused by Pseudomonas
aeruginosa (Schroeter, 1872) Migula, 1900 (blue bacil-
lus), which is responsible for infectious diseases of
respiratory organs, gastrointestinal tract, urinary tract,
circulatory system, etc. (Osmon et al., 2004). (Osmon
et al., 2004; Wood et al., 2023). This bacterium actively
infects organisms weakened by other diseases, which
makes it playing an increasing role in hospital-acquired
infections. Antibiotic resistance of Ps. aeruginosa is asso-
ciated with both acquired genetically anchored mech-
anisms of resistance to certain classes of substances, as
well as with the existing efflux system (active excretion
of antibiotics from the cell) and poor permeability of
the cell membrane, which is characteristic of Gram-
negative bacteria (Jin, 2024). In addition, these bacte-
ria can form biofilms that also prevent drug penetration
(Thi et al., 2020).

The use of adjuvants, chemical compounds that
weaken bacterial defenses, such as those that disrupt
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biofilms and increase cell membrane permeability, is
one strategy to overcome antibiotic resistance (Douafer
et al., 2019). A number of adjuvants have been tested
to enhance the activity of tetracycline and its deriva-
tives against Ps. aeruginosa (Borselli et al., 2017; Troudi
et al.,, 2020; 2021; Wang et al., 2021; Troia et al.,
2022). Polyaminofarnesyl and polyaminogeranyl deriv-
atives containing 3-4 amino groups and a hydrophobic
fragment showed sufficiently high activity (Troudi et
al., 2020; 2021). The use of these substances made it
possible to reduce the effective concentrations of tet-
racyclines to 2 pg/mL and below, which is within the
range of values for tetracycline-sensitive Gram-positive
bacteria Bacillus subtilis (Ehrenberg 1835) Cohn 1872
(Minzdrav RF, 2018).

While tetracycline was synthesized about 70
years ago (Stephens et al., 1952), it is still actively
used in the control of anthrax (Bacillus anthracis Cohn
1872), rickettsioses (Rickettsia species), respiratory dis-
eases (Mycoplasma pneumoniae Somerson et al. 1963),
pneumonia (Chlamydophila pneumoniae (Grayston et al.
1989) Everett et al. 1999), periodontitis, acne, rosacea
(Roberts, 2003).

Tetracycline (Scheme 1) is an amphoteric com-
pound with several ionizable functional groups respon-
sible for their corresponding pKa values: a tricarbonyl-

Annenkov)

© Author(s) 2025. This work is distributed
under the Creative Commons Attribution-
NonCommercial 4.0 International License.
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amide (C-1:C-2:C-3, pKa = 3.3), a phenolic diketone
(C-10:C-11:C-12, pKa 7.7) and a dimethyl amino
group (C-4, pK,,, = 9.7). Therefore, under acidic,
slightly acidic, neutral and alkaline conditions, tetracy-
cline exists in cationic, zwitterionic and anionic forms,
respectively (Gu and Karthikeyan, 2005). Problems in
its use are related to the existing or developed resis-
tance of several pathogens (Opal and Pop-Vicas, 2015;
Grossman, 2016; Unemo et al., 2024). In addition,
some difficulties are caused by the reduced solubility
of tetracycline in the physiological pH range: about
22-27 ng/mL in acetate/phosphate buffer solutions in
the pH range of 5-7 (Ahmed and Jee, 1985; Meretoudi
et al., 2020). In this regard, the common dosage form
of tetracycline is its hydrochloride, and the efficacy
of amine-containing adjuvants may be related to both
their ability to disrupt bacterial membranes and bio-
films and their interaction with the tetracycline mol-
ecule, increasing its solubility and bioavailability. In
the study of low molecular weight compounds as adju-
vants (Troudi et al., 2021), the need for a combination
of hydrophobic and basic hydrophilic fragments in the
molecules was noted. At the same time, the ability of
polyamines to penetrate living cells is known, which
makes them promising as nucleic acid delivery agents
in gene therapy and genetic engineering (Boussif et al.,
1995; Tian et al., 2022; 2024). Polyvinylamine (PVA)
is one of the simplest in structure polymeric amines
(Scheme 2), available in the form of fractions with a
narrow molecular weight distribution when obtained
by hydrolysis of fractionated polyvinylformamide
(Annenkov et al., 2011).

This work is aimed at studying the adjuvant
activity of PVA in relation to tetracycline when acting
on Ps. aeruginosa bacteria. We also evaluated the adju-
vant activity of oligopropylamine (Scheme 2), which
is similar to compounds found in the valves of diatom
algae (Sumper and Kroger, 2004).

2. Materials and methods

PVA fraction of molecular mass 4.7 kDa obtained
according to (Annenkov et al., 2011) was used in this
work. Oligomeric polyamine PV18-2a, fraction 1.0.
kDa, was synthesized according to the method of
(Annenkov et al., 2018). Tetracycline was prepared
from its hydrochloride (Sisco Research Laboratories
Pvt. Ltd., lot 38614) according to the method (Kardys
and Conn, 1961)). Solutions for testing antimicrobial
activity were prepared by dissolving the components
in physiological solution (150 mM NaCl), the pH value
was adjusted to 7.4 by adding 0.1 M HCI or NaOH. The
prepared solutions were sterilized by filtration through
syringe filters (0.22 pum, Sartorius AG, Germany).

Antimicrobial activity was evaluated by the
method of diffusion in agar on dense nutrient medium
by comparing the size of the zones of growth suppres-
sion of the microorganism (Minzdrav RF, 2018). Sterile
nutrient medium GMF-agar (LLC “NICF” series 1151221,
valid till 12.2024), pre-seeded with test microorgan-
ism - Pseudomonas aeruginosa 27853, was poured into
plastic disposable Petri dishes with diameter 90 mm
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Scheme 1. Structure of tetracycline and ionization con-
stants of its functional groups.

CH,4
PVA PV18-2a
n=109 m=14

Scheme 2. Structures of PVA and oligopropylamine
PV18-2a.

(JSC “Firma Medpolymer”, Saint-Petersburg, series
011032024, valid till 03.2027). Culture suspension was
prepared using turbidity standard SOP No1-98-15 BAK-
10 (from 19.04.2024, valid until 19.04.2025) in ster-
ile physiological solution, after which it was added to
nutrient medium (49 =1°C) at the rate of 1 mL per 100
mL. To determine the number of bacterial cells in 1 mL
of suspension, a series of dilutions were made followed
by sowing on GMF-agar. Thus, the number of Ps. aeru-
ginosa introduced into a Petri dish was 4.5-10° cl/mL.

After solidification of the nutrient medium in a
Petri dish, 6 wells with a diameter of 8.1 mm and a
height of 6.5 mm were made using a hollow tube. 150
ul of test solutions were added into the wells. Working
solutions of the tested substances were prepared in dif-
ferent concentrations. Each experiment was carried out
in three replicates. After the solutions were added, the
dishes were left at room temperature for an hour, then
incubated at (36 £1)°C for 16-18 hours.

A typical view of a Petri dish after cultivation is
shown in Fig. 1. The diameter and width of the zones
of growth suppression of the test microorganism were
measured using a digital caliper, with an accuracy of
0.1 mm. The values of minimum inhibitory concentra-
tion (MIC) were found similarly (Bonev et al., 2008)
from the dependence In(C) vs 12, where C is the con-
centration of the active substance, 1 is the width of the
inhibition zone. The dependence was approximated by
a linear equation with a free term equal to In(MIC).

3. Results and discussion

Tetracycline suppresses the growth of Ps. aeru-
ginosa at rather high concentrations (Fig. 1), its MIC is
46.8 pg/mL, which is consistent with the data obtained
using the dilution method of microbial suspension in a
96-well plate (Troudi et al., 2021). Experiments in the
presence of 100 pg/mL PVA showed (Fig. 2) a signifi-
cant increase in tetracycline activity, its MIC decreased
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Fig.1. Photograph of a Petri dish after the action of tet-
racycline in different concentrations (ug/mL, indicated near
the wells). At the bottom is the dependence of the logarithm
of tetracycline concentration (ug/mL) on the square of the
radius of the inhibition zone (mm). The MIC was 46.8 ng/mL.

to 1.16 and 0.26 pg/mL depending on the density of the
initial culture of Ps. aeruginosa. These values exceeded
the best values of = 2 pg/mL for polyaminofarnesyl
and polyaminogeranyl derivatives (Troudi et al., 2020;
2021). PVA in the absence of tetracycline begins to
inhibit the growth of Ps. aeruginosa only at a concen-
tration of 200 pg/mL. When PVA and 12 ug/mL tetra-
cycline were co-administered (Fig. 3), the MIC of PVA
was 57 pug/mL.

Polyamine PV18-2a (Scheme 2), which is an
analog of biogenic polyamines from valves of diatom
algae (Sumper and Kroger, 2004), was also tested as
an adjuvant for tetracycline. PV18-2a is an oligomeric
compound with an average molecular mass of 1.0 kDa.
The elemental unit of PV18-2a contains a higher num-
ber of hydrocarbon groups compared to PVA and pos-
sesses certain hydrophobic properties, in particular the
ability to associate in aqueous medium (Annenkov et
al., 2024). It also enhances the antibacterial activity of

6.0 + e
_50 1
(@]
40 4~ y =0.359x + 4.037
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30 'ﬁﬁ"ﬂﬂ‘!"ﬂ#“f‘r‘r"ﬁ'ﬂﬂ‘r"ﬂﬂ‘r

0 1 2 3 4 5 6
L2, mm?

Fig.3. Dependence of the logarithm of the concentration
of PVA (4.7 kDa) on the square of the radius of the inhibition
zone (mm) in the presence of tetracycline (12 pg/mL). The
MIC was 57 pg/mlL.
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Fig.2. Dependence of the logarithm of tetracycline con-
centration (ug/mL) on the square of the radius of the inhibi-
tion zone (mm) in the presence of 100 pug/mL PVA. (1) - cul-
ture density of 4.5:10° cl/mL, (2) - 10° cI/mL. MIC: 1.16 (1)
and 0.26 (2) pg/mL.

tetracycline up to MIC 6.3 pg/mL (Fig. 4), which is sig-
nificantly lower than the MIC of free tetracycline.

4. Conclusions

Thus, we found that hydrophilic polyvinylamine,
which does not contain any specific functional groups
and binding centers, is able to significantly enhance
the sensitivity of Ps. aeruginosa to tetracycline, reduc-
ing its active concentrations to the values characteristic
of sensitive microorganisms. Taking into account the
ability of polyamine PV18-2a to also act as an adjuvant
to the Ps. aeruginosa - tetracycline system, the activity
of polyvinylamine can be attributed to the presence of
multiple amino groups capable of association with cell
membranes and biofilms. It can be assumed that vary-
ing the structure and molecular weight of polymeric
amines will yield more effective adjuvants capable of
inhibiting antibiotic resistance of microorganisms.

4 -+
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b R2 = 0957 ——
€37
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Fig.4. Dependence of the logarithm of tetracycline con-
centration (ug/mL) on the square of the radius of the inhibi-
tion zone (mm) in the presence of 100 ug/mL PV18-2a. The
MIC was 6.25 pg/mlL.
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NpumeHeHHe NOAMMEpPHbIX aMMHOB B
KauecTBe aAblOBAHTOB AAAl MPEOAONECHUA
ycTonunBoctu Pseudomonas aeruginosa K

TETPALUUKAUHY

KpaTtkoe coobuienune
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AnnenkoB B.B.*", I[Tagpmmun B.A.", 3enqunckun C.H.", Cyciosa M.IO.",

Jlunko U.A.", lanunosuesa E.H.

JlumHostozudeckuti uHcmumym Cubupckoeo omoesieHus Poccutickoii akademuu Hayxk, 3 yi. Yan-Bamopckas, Hpkymck, 664033, Poccus

AHHOTAIIUA. [IpeonosieHre yCTOMYMBOCTU 00JIE3HETBOPHBIX OPraHU3MOB K IeMICTBUI0 aHTUOUMOTHUKOB
AKTyaJIbHO B CBS3U C PacCpOCTPAaHEHWEM BUIOB, N3HAYAJIBHO 00J1a/JAI0NUX YCTOMYUBOCTHIO K BHEITHUM
BO3IEUCTBUSAM, W KOTOpasi YCUIWJIAcCh 3a AECATUJIETUS NMPUMEHEHHs aHTUOWMOTHUKOB. CyIecTBEeHHYIO
OMACHOCTh TpeAcTaBisieT Pseudomonas aeruginosa (Schroeter, 1872) Migula, 1900 (cuHerHoriHas
majiouka), oOjafaiomas MPOYHON KJIETOYHOW MeMOpaHOW M CcriocoOHass oOpa30BHIBATH OMOILIEHKU
BOKDPYT KOJIOHUM. Hamu ycTaHOBJIEHO, YTO TMAPOMUIIPHBIN MOJUBUHUIAMUH, HE COAEPKAIIUN HUKa-
KUX crienuduiyecknux GyHKIMOHAJIBHBIX TPYIII U [IEHTPOB CBA3BIBAHUSA, CIIOCOOEH CYI[eCTBEHHO YCHJIIU-
BaTh YyBCTBUTEJIBHOCTD Ps. aeruginosa K TeTpanukInHy. MUHUMaJIbHasA NHrMOMpyonias KOHIeHTpaluA
coctasmaa 0.26-1.16 MKr/MJI B 3aBUCMMOCTH OT ILJIOTHOCTY HayaJIbHOM KyJIbTYpHI Ps. aeruginosa, 94To
COOTBETCTBYET MMOKA3aTEJIAM JIJISI YyBCTBUTEJIBHBIX MUKPOOPTaHU3MOB.

Kiioueagwie citoda: Pseudomonas aeruginosa, CUHErHonHas ImajyioukKka, TeTpaluyKJINH, IOJIMBUHUJIAMWH, aIbIOBAHT
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1. BBeapenue

Ycnexu B 60pb0e ¢ 6aKTepruaIbHBIMU UHQEeKI-
AMU, TpeXxe Bcero 3a cYéT NpruMeHeHUsA aHTHOMOTHU-
KOB, B KauecTBe M060YHOro 3¢ PeKxTa MMelT He TOJIBKO
[osIBJIeHNe AaHTUOMOTHUKOYCTOMYMBEIX IITAMMOB, HO
u GoJiplllee pacrpocTpaHeHHe OaKTepuil, M3HAYaJIbHO
UMeBIINX MeXaHW3Mbl 3allUTH OT BHEIIHEro BO3-
JetictBus. CylllecTBEHHYH0 OIACHOCTh IpeJcTaBJiAeT
Pseudomonas aeruginosa (Schroeter, 1872) Migula, 1900
(cuHerHoHas ajovKa), BEI3bIBAOIIAA NHDEKI[MOHHbIE
3aboJieBaHUA OPraHOB [bIXaHUA, XeJIyAOYHO-KUIIeY-
HOTO TpakKTa, MOYEBBIBOIALIMX IIyTel, KPOBEHOCHOM
cucremsl 1 mip. (Osmon et al., 2004; Wood et al., 2023).
Jannas GakTepus akTUBHO IopakaeT OpraHM3M, OcJja-
OJieHHBIN JApyrumu 3aboJjieBaHUAMM, YTO OO0YCJIOBJIU-
BaeT eé BO3paCTalIlyl0 POJib BO BHYTPUOOJBHUYHBIX
nH@eKuAX. AHTUOMOTHUKOYCTOMYNBOCTD Ps. aeruginosa
CBsA3aHa KaK ¢ IPUOOPETEHHBIMU I'eHeTHYecKU 3aKpe-
IJIEHHBIMU MeXaHN3MaMU YCTOMYMBOCTH K ONpeiesIeH-
HBIM KJIaccaM BelllecTB, TaK U C UMeIoIelcs CUCTeMOM
abdokca (aKTMBHOe BBIBeJleHHEe aHTUOMOTHUKOB U3
KJIETKM) U IJIOXOU NMPOHUI[AeMOCThI0 KJIETOUHON MeM-
OpaHbl, XapaKTepHOH [Jid TrpaMoTpUIlaTeJIbHBIX Oak-

*ABTOp AJIs IEPENNCKU.

Tepuil (Jin, 2024). Kpome Toro, 3Tu 6akTepuu MOIyT
0o0pa30BBIBaTh OMOIJIEHKH, TaKXke MpenATCTBYIOIe
IIPOHUKHOBEHNUIO K HUM JIeKapCTBEHHBIX IIpernapaToB
(Thi et al., 2020).

OpHOI U3 cTpareruil npeofojeHns aHTUONOTHU-
KOYCTONYMBOCTH SABJIAETCA MCIOJIb30BaHUE aJblOBaH-
TOB — XUMHUYECKUX COeJUHEHNN, 0CcIabIAINNX 3alIUTY
OakTepull, Halnpumep, pa3pylalNuX OHOIUIEHKU U
MOBBIMIAIOIMX TPOHUIIAEMOCTh KJIETOYHBIX MeMOpaH
(Douafer et al., 2019). [[Jia HOBBIIIEHUS AKTUBHOCTH
TeTpalUKJIMHA U ero NPOM3BOAHBIX II0 OTHOLIEHUIO K
Ps. aeruginosa ucnwTaH psn ambioBaHTOB (Borselli et
al., 2017; Troudi et al., 2020; 2021; Wang et al., 2021,
Troia et al., 2022). JToCTaTOYHO BHICOKYI0 aKTUBHOCTb
[IOKa3aJil MpOM3BOAHBIE INoJMaMuHobapHe3wna U
oJINaMMHOIre€paHuniIa, cofepxaiye 3-4 aMUHOTPYIIIIHI
u ruapodobHeii pparment (Troudi et al., 2020; 2021).
Hcnosp3oBaHue [JaHHBIX BelleCTB IO3BOJIMJIO IIOHU-
3UTh JlelICTBYIOIINE KOHIIEHTPaluy TeTPaUKINHOB 10
2 MKT/MJI ¥ HUXe, YTO HaXOqUuTCA B 06J1acTH IoKa3aTe-
Jiell Il YyBCTBUTEJIBHOM K TeTPaIMKJIMHY 'PaMIIOJIio-
xutenpHOU 6akTepun Bacillus subtilis (Ehrenberg 1835)
Cohn 1872 (Muuzapas P®, 2018).
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TeTpalUKJIMH CHHTE3UPOBaH oKojo 70 Jjer
Hazaz (Stephens et al., 1952), HO OH THO-TIpeXHEMY
aKTUBHO UCNOJIb3yeTcsA B 60pbbe, B YaCTHOCTH, C CUOUP-
ckoii s3Boi (Bacillus anthracis Cohn 1872), pukkeTcuo-
3amu (Rickettsia species), 3a60JIeBaHUAMM JIbIXaTEJIbHBIX
nyTeit (Mycoplasma pneumoniae Somerson et al. 1963),
nHeBMoHuel (Chlamydophila pneumoniae (Grayston et
al. 1989) Everett et al. 1999), napoAOHTUTOM, aKHEe,
posariea (Roberts, 2003).

TerpauuknuH (Cxema 1) mpencraBiisieT coOOM
amdoTepHOe coeUHEHNE C HEeCKOJIBKUMH NOHU3UPY-
eMBIMU (PYHKINOHAJIBHBIMU I'PYNIIaMU, OTBEYAOIIMU
3a COOTBETCTBYIOLIME BeJuuMHbl DK : TpukapGoHuWia-
mugHasa (C-1:C-2:C-3, pK, 3.3), peHoNBHAA [UKe-
toHHas (C-10:C-11:C-12, pKa 7.7) 1 quMeTUJIbHAaA
amunorpynmna (C-4, pK,,. = 9.7). B cBsA3u ¢ 2TUM B
KHCJIBIX, YMEepPeHHO KHCJIBIX, HEHTpaJIbHBIX U ILIe0Y-
HBIX YCJIOBUAX TETPAIVKJIVH CYIIeCTBYeT B KATOHHO],
[[BUTTEPHOHHON U aHUOHHOH (opMe, COOTBETCTBEHHO
(Gu and Karthikeyan, 2005). ITpo6JyiemMsl Tipu ero npu-
MeHeHUH CBSI3aHHBl C KMeIolelicss WM pa3BUBLIElcA
yCTOMYMBOCTBIO psija Bo3Oyautesieii (Opal and Pop-
Vicas, 2015; Grossman, 2016; Unemo et al., 2024).
Kpome Toro, ompefiesiéHHble 3aTPyOHEHUsA BBHI3BIBAET
MIOHVXEHHAs pacTBOPUMOCTD TETPAUUKIIMHA B GU3MO-
jorudeckoi obsactu pH: okoso 22-27 MKIr/MiI B alle-
TaTHBIX/dochaTHBIX OydepHBIX pacTBOopax B Auana-
3oHe pH 5-7 (Ahmed and Jee, 1985; Meretoudi et al.,
2020). B 3TOl CcBA3U paclpOCTPaHEHHOU JieKapCTBeH-
HOI GOpMOIT TeTpanUKJINHA SBJIAETCA €ro TUIPOX-
Jgopup, a 3¢bGdeKTUBHOCTh aMHHOCOAepXalluX agbio-
BAHTOB MOXeT OBITh CBsI3aHA KAaK C UX CHOCOGHOCTHIO
HapymaTh MeMOpaHbl U OMONIEHKU OaKTepuil, Tak U
CO B3aHMMOJENCTBHEM C MOJIEKYJION TeTpaluKINHA,
MOBBIIIAIOIIVM €r0 pacTBOPUMOCTb U GMOOCTYITHOCTb.
IMTpu nccsteqoBaHNY HU3KOMOJIEKYJIIPHBIX COeIMHEeHNH
B KauectBe ambioBaHToB (Troudi et al.,, 2021) otme-
yajach HeoOXOOUMOCTh COuYeTaHUs TUAPOGOOHBIX U
OCHOBHBIX THJIPOPUIIBHEIX GparMeHTOB B MOJIEKYJIaX.
B TO xe BpeMms, HM3BECTHA CIOCOGHOCTh MOJIMAMKHOB
[IPOHUKATh B JKUBble KJIETKY, OOYyCJIOBJIMBAOIIASA X
[ePCIeKTUBHOCTD B KaueCTBe areHTOB [JOCTaBKU HyKJle-
WHOBBIX KHUCJIOT B TeHHOM Tepamuy U TeHHOU WHXe-
Hepum (Boussif et al., 1995; Tian et al., 2022; 2024).
MonmusununamuH (I1BA) mpencraBjiser coboil oguH
U3 MPOCTENMNX MO CTPYKType IMOJIMMEpHBIX aMKHOB
(Cxema 2), mocTynHbIi B Bue Gpakuuil ¢ y3KUM MoJie-
KYJIApHO-MAacCCOBBIM paclpefeseHneM Ipy MoJIy4YeHun
rUAPOJIM30M (PPaKIMOHNPOBAHHOIO NOJUBUHUIIDOD-
mamuzga (Annenkov et al., 2011).

JlanHasa paboTa MOCBsAIIeHA WU3yYeHUI0 anbio-
BAaHTHOU akTUBHOCTU [IBA 1O OTHOIIEHUI0 K TeTpa-
MUKJIMHY IpU AeHcTBUM Ha Gakrepuu Ps. aeruginosa.
Taxke orjeHeHa agbIOBAHTHAS aKTHUBHOCTH OJIUTOIPO-
muiaMuHa (Cxema 2), aHAJOIMYHOTO COeJUHEHUSM,
0oOHapyXeHHBIM B CTBOPKax JMAaTOMOBBIX BOJOPOCJIEH
(Sumper and Kroger, 2004).

2. MaTepuanbl U MeTOADI

B pa6ore ncnosnb3oBanu ¢paxiuio [I1BA Moseky-
JIsIpHOM Macchl 4.7 k/la, OJyuYeHHYI0 B COOTBETCTBUU
¢ (Annenkov et al., 2011). OJuroMepHsIfi TOJMAMUH
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pKa=7.7

Cxema 1. CTpyKTypa TeTpalyKJINHA U KOHCTAHTHI HOHU-
3a1uu ero GyHKINOHAJIBHBIX TPYIII.

HaCw H
N N N
H L,'m

NH, CH,
MBA PV18-2a
n =109 m=14

Cxema 2. CtpykTrypHble (popmyJisl IIBA u osmuronponu-
namuHa PV18-2a.

PV18-2a, ppaknusa 1.0. k/]a, cuHTe3upoBaIu 10 MeToAy
(Annenkov et al., 2018). TeTpauuKJUH MOJIyYaaHd U3
ero ruapoxJiopuga (Sisco Research Laboratories Pvt.
Ltd., toT 38614) no meToay (Kardys and Conn, 1961)).
PacTBoOphI A1 TeCcTUPOBaHUA aHTUMUKPOOHO! aKTUB-
HOCTH FOTOBWJIM PacTBOpPeHHEM KOMIIOHEHTOB B pu3u-
osornyeckoM pactBope (150 MM NaCl), Beinununy pH
nosoauian 1o 7.4 nobasmenvem 0.1 M HCl min NaOH.
l'oToBBIE pacTBOpHl CTEPUIN30BaJIN (PUIBTPOBAHHEM
yepe3 mmpuiieBble GuibTpsl (0.22 MM, Sartorius AG,
Fepmanus).

OmnpepeneHre aHTUMUKPOOHOM  aKTHUBHOCTU
IIPOBOAWJIN MeTojoM aud@ys3uu B arap Ha IJIOTHOH
MTaTesJIbHON cpefle IIyTeM CpaBHEHUs pa3MepoB 30H
yrHeTeHus pocra Mukpoopranusma (Munzapas PO,
2018). B mtactmaccoBble oqHOpa30Bble yamku Iletpu
nuamerpoM 90 MM (AO «dupma Meanoanmep», CaHKT-
[TetepOypr, cepusa 011032024 roaex o 03.2027), pas-
JIMBAJIN CTEPUJIBHYIO IUTaTeJIbHYI0 cpeny I'Md-arap
(OO0 «HUILlD» cepunall51221, romen mo 12.2024),
IIpeJBApUTEJIbHO 3aCesHHYI0 TeCT-MUKPOOPraHHu3MOM
— Pseudomonas aeruginosa 27853. CycneH3UI0 KyJIbTYPhI
TOTOBWJIN, UCIIOJIb3yA cTaHAapT MyTHOCTU COIT No1-98-
15 BAK-10 (ot 19.04.2024 romen mo 19.04.2025), B
CTepUJIBHOM (M3MOJIOTHYECKOM pacTBope, II0CJe Yero
JobaBysM B NuTaTesbHYI0 cpeny (49 +1°C) us pac-
yeta 1 mu1 Ha 100 M. A onpefnesieHUs YUCIIEHHO-
cTH OaKTepHasIbHBIX KJIETOK B 1 MJI cycreH3uu JeJiaan
cepuio pa3BefleHHl ¢ IocjieAyomuM nocesom Ha I'M®-
arap. TakuM oOpa3om, YMCJIEHHOCTh Ps. aeruginosa BHO-
cuMoi B vamky [etpu coctaBuia 4.5-10° kji/miL.

I[Nocie 3acThIBaHUA NUTATEJIBHOM Cpefbl B YalllKe
[TeTpu c noMoMIbI0 NOJIOH TPYOKU Aesiaiu 6 JyHOK Jua-
MeTpoM 8.1 MM U BbICOTOH 6.5 MM. B JiyHKH BHOCHJIU
mo 150 MKJI MCHOBITyeMBIX pacTBOpoB. PabGouue pac-
TBOPHI HCCJIeJyeMBIX BellleCTB FOTOBUJIM B Pa3HBIX KOH-
HeHTpauuax. Kaxapili skcriepuMeHT IIPOBOJUIIN B TPEX
oBTOpHOCTAX. Ilocsie BHeCeHUs pacTBOPOB YallK{ Ha
yac OCTaBJ/LUIM IIPU KOMHATHOM TemmepaTrype, 3aTeM
WHKyOHpoBasu npu temmepatype (36 +=1)°C B TeueHue
16-18 u.
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Puc.1. ®otorpadpusa uamku I[leTpu nocie npericTBus
TeTpalMKJIMHA B Pa3jIMYHbIX KOHLIEHTpauuax (MKr/MJ, yka-
3aHBI OKOJIO JIYHOK). BHU3Y - 3aBUCHUMOCTD Jiorapudma KoH-
LleHTpaluu TeTpanukinHa (MKr/MJI) OT KBaJpara paauyca
30HBI nHrubupoBanusa (MM). MUK cocraBuia 46.8 MKr/miL.

Tunuunaeiii Bua vamku [leTpu mocsie KyJibTu-
BUpPOBaHUA IpefcTaBjieH Ha Pucynke 1. luameTrp u
MIMPUHY 30H yIHETEeHUs POCTa TeCT-MHKPOOpraHu3Ma
U3MepsUIU MPU NMOMOIY U(PPOBOTo MITAHTEHIUPKYJIA,
¢ ToyHOCThIO 70 0,1 MM. 3HaueHUS MUHMMAaJIbHOM
UHrubupyiomeii konnenrpanuu (MUK) naxoauiu ana-
noruyHo (Bonev et al., 2008) us 3aBucumoctu In(C) vs
12, rme C — KOHIIeHTpaIMA JeUCTBYIOIIEro BellecTBa, 1 —
MIMpPUHA 30HBl UHTUOMPOBaHUsA. 3aBUCUMOCTh alIIPOK-
CHUMHUPOBAJIN JIMHEWHBIM ypaBHEHUEM, CBOOOHBIN
YJieH KoToporo paBHsIcsA In(MUK).

3. Pe3ynabTaTtbl M 06Ccy)xpeHue

TeTpauukiavH nomasJisieT pocT Ps. aeruginosa
Mpu JOBOJIBHO BBICOKMX KOHLeHTpanusax (Puc. 1), ero
MUK cocraBisger 46.8 MKIr/MJI, YTO COOTBETCTBYET
JaHHBIM, IOJIyYeHHBIM C HCIIOJIb30BAaHUEM MeToAa
pa3baBjieHuss MUKPOOHON cycIleH3uu B 96-JIYHOUYHOM
wiaHmete (Troudi et al., 2021). OKciepuUMEHTHI B IIPU-
cyrctBun 100 mxr/mi [IBA mokazanu (Puc. 2) cymie-
CTBEHHOE yBeJIMYeHNre aKTUBHOCTU TeTPaLUKJIHA, ero
MUK nonususachk 10 1.16 1 0.26 MKr/mJI B 3aBUCHMO-
CTU OT IJIOTHOCTHU HavaJIbHOU KyJIbTYPHL Ps. aeruginosa.
JlaHHble BeJIUYMHBI MPEBBIMIAIOT JIyYIlle MoKa3aTesun
A7 TPOM3BOJHBIX MMoJIMaMUHO(apHe3usa U MoJua-
MHWHOTepaHWIa, cocTapysomuye = 2 Mkr/mia (Troudi
et al., 2020; 2021). [IBA B OTCyTCTBHE TeTpPaLUKINHA
HauyMHaeT MOJABJIATh POCT Ps. aeruginosa nullib NpU
koHueHTpanuu 200 Mkr/mi. Ilpyu coBMecTHOM BBefe-
Huu [1BA u 12 mxr/mn tetpauukiausa (Puc. 3) MUK no
TIBA coctaBuia 57 MKr/MijI.
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Puc.2. 3aBucumocTs Jyiorapudma KOHI[EHTpaluu TeTpa-
UMKJIMHA (MKr/MJI) OT KBaJpaTa paguyca 30HB MHTHOUpOBa-
HuA (MM) B npucytersun 100 mxr/mit IIBA. (1) - miioTHOCTH
KyJibTyphl 4.5-10° xyi/mi, (2) — 10° kii/mi. MUK: 1.16 (1) u
0.26 (2) MKr/MII.

B kauecTBe agbioBaHTaA AJIA TeTpPAaLUKINHA OBLI
Takxe HcnbITaH nomuamMuH PV18-2a (Cxema 2), npen-
CTaBJIAIOIINI cOOOH aHaJior OMOTreHHBIX IOJIMaMHHOB
U3 CTBOPOK JUATOMOBBIX Bozopocieir (Sumper and
Kroger, 2004). PV18-2a npepcrasiseT cob6oil oJuro-
MEpHYI0O CMeCh CO cpeHell MOJIeKyJIApHOI Mmaccoii 1.0
k/la. dieMmeHTapHOe 3BeHO PV18-2a comepxut 60Jib-
Ilee KOJIMYECTBO YIJIEBOJAOPOJHBIX TPYNN IO CpaBHe-
Huto ¢ [IBA u obGiagaer omnpeaeséHHBIMU TUAPodoO-
HBIMH CBOMICTBAMH, B YaCTHOCTH, CIIOCOOHOCTBIO K
acconuanuy B BogHoOU cpenie (Annenkov et al., 2024).
OH TaKXe yCUJIMBaeT aHTUOaKTepUaJIbHYI0 aKTUBHOCTD
TeTpanukyHa 10 MUK 6.3 mkr/mi (Puc. 4), uto cyte-
ctBeHHO Hke MUK cBo60IHOTO TeTpaLUKJIMHA.

6.0 + e
50
(@]
40 4~ y =0.359x + 4.037
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30 'ﬁﬁ"ﬂﬂ‘!"ﬂ#“f‘r‘r"ﬁ'ﬂﬂ‘r—'ﬁ
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5 6

Puc.3. 3aBucumocts Jorapudma KoHieHTpauuu IIBA
(4.7 x1a) oT xBagpara paguyca 30Hb MHTMOUpOBaHUA (MM)
B npucyTcTBum TeTpauukyinHa (12 mkr/mi). MUK cocraBuia
57 MKr/MJL
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4. BoiBOADI

Takum o6pa3omM, HaMU yCTaHOBJIEHO, YTO TUAPO-
(pUIIBHBIN MOJIMBUHWJIAMUH, He COAepXallnii HUKaKuX
cnenuduieckrux (PyHKIMOHAIBHBIX TPyNI U IIeHTPOB
CBA3BIBaHUS, CIIOCOOEH CyIeCTBEHHO YCHUJIMBATh 4YyB-
CTBUTEJIbHOCTD Ps. aeruginosa k TeTpalUKJINHY, CHIXAasA
ero JIeHCTBYyIOIIME KOHILEHTpaluu OO0 I[OKa3aTesel,
XapaKTepHBIX AJ1 YyBCTBUTEJIbHBIX K HEMYy MUKpOOpra-
HU3MOB. YUMTHIBasA CIOCOOHOCTh noianamuHa PV18-2a
TakXe BBICTynaTh B KayecTBe aAblOBaHTA IIO OTHOIIe-
HUIO K cucTeMe Ps. aeruginosa — TeTpalnukivH, aKTUB-
HOCTb NOJIMBUHWJIAMUHA MOXHO CBA3aTh C HaJIM4YueM
MHOXeCTBEHHBIX aMHHOTPYMI, CIOCOOHBIX K acCOIu-
anuy ¢ KJIeTOYHBIMU MeMOpaHaMu U OHOILIEHKaMMU.
MoXHO NpeanosIoKUTh, YTO BapbUpOBaHKe CTPYKTYPHI
1 MOJIEKYJIAPHON MaccChl MOJIMMEPHBIX aMHHOB IIpH-
BeJET K co3faHuio 6osiee 3(PhEKTUBHBIX a/[bIOBAHTOB,
CIIOCOOHBIX MOMABJIATh YCTOMYUBOCTH MHUKPOOPraHU3-
MOB K aHTUOMOTHUKAM.
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