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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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INocmynwna: 09 utosia 2024; IIpunama: 09 sauBapsa 2025;
Ony6tukoagana online: 26 deppans 2025

10

(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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Puc.2. /luHaMuka COOTHOLIEHUS MEXAY YUCJIEHHOCTHIO

(N, TeICc.K21./71) (2) u 6uomaccoit (B, mr/i) (6) Bogopociei
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-
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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

Macmra0

10 Kkan-M2T0x

Puc.5. T'ogoBas npoaykuus (Kkaj,mM2ro/1) OCHOBHBIX 3BeHbEB 3KOCHCTEMBI 03epa Bemiozepo.



Cudoposa A.U. u dp. / Limnology and Freshwater Biology 2025 (1): 1-19

BbAaaropapHoOCTH

ABTOpHEI cepieuHO GyrarofapAT 3a paboTy U UHU-
LMaTHUBY HalMCaHWUA PYKOIMCU CTapliero Hay4HOIo
coTpyaHuka saboparopun MBIIC KapHIl PAH k.0.H.
Anppes IlaBnoBuua I'eopruena.

HccrnenoBaHue BBIIOJIHEHO MNpu (UHAHCOBOH
MoAAepXXKe TrocyAapcTBeHHOro 3agaHusa HHctutyTa
BoAHbIX Ipo6sieM CeBepa KapHL] PAH.

KoHpAUKT UHTEpecoB

ABTOpBI 3asABAIOT 00 OTCYTCTBUM KOH(MIUKTA
WHTEpecoB.

CnucokK AuTeparypbl

Abo-Taleb H.A., El-Tabakh M.A., Hendy D.M. 2023.
Chapter 5 - Plankton and fish nutrition in African lakes. In:
El-Sheekh M., Elsaied H.E. (Eds.), Lakes of Africa Microbial
Diversity and Sustainability, pp. 139-172. DOI: 10.1016/
B978-0-323-95527-0.00017-8

Austin J.A., Colman S.M. 2007. Lake Superior summer
water temperatures are increasing more rapidly than regional
air temperatures: A positive ice-albedo feedback. Geophysical
research letters 34(6): 1-5. DOI: 10.1029/2006GL029021

Boulion V.V. 2017. Two versions of a balance model
to predict the bioproductivity of aquatic ecosystems. Water
Resources 44: 820-830. DOI: 10.1134/S0097807817050025

Dobiesz N.E., Lester N.P. 2009. Changes in mid-summer
water temperature and clarity across the Great Lakes between
1968 and 2002. Journal of Great Lakes Research 35(3): 371-
384. DOI: 10.1016/j.jg1r.2009.05.002

Dodds W.K., Bouska W.W., Eitzmann J.L. et al. 2009.
Eutrophication of U.S. Freshwaters: Analysis of Potential
Economic Damages. Environmental Sciences and Technology
43(1): 1-12. DOI: 10.1021/es801217q

Feng K., Deng W., Zhang Y. et al. 2023. Eutrophication
induces functional homogenization and traits filtering in
Chinese lacustrine fish communities. Science of The Total
Environment 857(3). DOI: 10.1016/j.scitotenv.2022.159651

Hampton S.E., Izmest’eva L.R., Moore M.V. et al. 2008.
Sixty years of environmental change in the world’s largest
freshwater lake — Lake Baikal, Siberia. Global Change Biology
14: 1947-1958. DOI: 10.1111/j.1365-2486.2008.01616.x

Héakanson L., Boulion V.V. 2002. The Lake Foodweb —
modelling predation and abiotic/biotic interactions. Leiden:
Backhuys Pablischers.

Izmest’eva L.R., Moore M.V., Hampton S.E. et al. 2016.
Lake-wide physical and biological trends associated with
warming in Lake Baikal. Great Lakes Research 42: 6-17. DOI:
10.1016/j.jglr.2015.11.006

Le C, Zha Y., Li Y. et al. 2010. Eutrophication of Lake
Waters in China: Cost, Causes, and Control. Environmental
Management 45: 662-668. DOI: 10.1007/s00267-010-9440-3

Moss B., Kosten S., Meerhoff M. et al. 2011. Allied attack:
climate change and eutrophication. Inland Waters 1(2): 101-
105. DOI: 10.5268/1TW-1.2.359

Proceedings of a Workshop on monitoring of Large Lakes.
1999. Joensuu.

Qin B., Zhang Y., Zhu G. et al. 2023. Eutrophication
control of large shallow lakes in China. Science of
The Total Environment 881: 163494. DOI: 10.1016/].
scitotenv.2023.163494

Schneider S.C., Cara M., Eriksen T.E. et al. 2014.
Eutrophication impacts littoral biota in Lake Ohrid while
water phosphorus concentrations are low. Limnologica 44:

18

90-97. DOI: 10.1016/j.1imno.2013.09.002

SCOR-UNESCO Working Group Ne 17. 1966.
Determination of photosynthetic pigments in sea water.
Monographs on Oceanographic Methodology, 1. Paris:
UNESCO.

Syarki M., Sidorova A., Georgiev A. et al. 2023.
Biological resources of Lake Kroshnozero (North-West of
Russia). E3S Web of Conferences 420: 09007. DOI: 10.1051/
e3sconf/202342009007

Syarki M.T. 2019. The Invasion of the American
Rotifer Kellicottia bostoniensis (Rousselet, 1908) (Rotifera:
Brachionidae) into Vygozersky Reservoir (Republic of Karelia,
Russia). Russian Journal of Biological Invasions 10: 382-386.
DOI: 10.1134/S207511171904009X

Tsai C.W., Chiang C.-H., Shen S. 2022. Probabilistic
eutrophication risk mapping in response to reservoir
remediation. Journal of Hydrology: Regional Studies 44:
101213. DOI: 10.1016/j.ejrh.2022.101213

XiaR.,ZhangY., Critto A. etal. 2016. The Potential Impacts
of Climate Change Factors on Freshwater Eutrophication:
Implications for Research and Countermeasures of Water
Management in China. Sustainability 8(3): 229. DOI:
10.3390/5u8030229

Zhang C., Mclntosh K.D., Sienkiewicz N. et al. 2023.
Using cyanobacteria and other phytoplankton to assess
trophic conditions: A qPCR-based, ulti-year study in twelve
large rivers across the United States. Water Research 235:
119679. DOI: 10.1016/j.watres.2023.119679

Anexkcaugpos T.H. 1957. VcioBus obutaHus pei6 B
Be/17103epCcKOM BOJOXPaHUJIUINE M MEPONPUATHA IO UX BOC-
npousBoAcTBy. B: Koxun H.U. (pen.). PribHOe x03siicTBO
Kapemuu. Kapesbckuil Hay4HO-HCCIIeJOBATEIbCKUN WHCTU-
TyT. Ilerpo3aBoack: I'oc.u3a. KACCP, C. 135-142.

Terten M.B. 1985. Bomopociu B akocucTeMax KpalHero
Cesepa. Jlenunrpaa: Hayka.

Edbpemosa T.B., MManpmuu H.U., Benames b.3. 2016.
TemMmnepatypa BoAbl pa3HOTUNHBIX 03ep Kapesnu B ycI0BUAX
U3MeHeHUs KiiuMara (110 JaHHBIM MHCTPYMEeHTAJIbHBIX 3Me-
penuti 1953-2011 rr.). BogHele pecypcsl 43(2): 228-238.

Kuraes C.I1. 2007. OCHOBHI JIUMHOJIOTUU IJIA THAPOOUIO-
JioroB u uxrtuoJsioros. IlerposaBojck: Kapesnbckuil Hay4HBIH
ueHTp PAH.

Kimmat Kapesuy: U3MeHYMBOCTD U BJIMSAHUE HA BOIHbIE
o6bexTel U BojocOopel. 2004. B: ®dumaros H.H. (pen.).
ITerpo3asoxack: KapHIL] PAH.

Kynepckuii JI.A., Opsos 10.1., IllumanoBckas JI.H. 1990.
AxxuMaTtu3anusa peld BO BHYTPEeHHUX BojoeMax. PriGHoe
XO03AHCTBO, cepus «AKBaKyJIbTypa»: O630pHas nHpopManus.
Mocksa: BHUOPX.

JlutBuHoB A.C., 3akoHHOBa A.B. 2012. Tepmuueckuii
pexuM PeIOMHCKOrO BOAOXpaHWIMIIA IPU IJ100aJIbHOM IIOTe-
wieHun. MeteopoJiorus u rugposiorus 9: 91-96.

MeTtouka n3ydeHus 6HOreoleHO30B BHYTPEHHUX BOO-
emoB. 1975. B: Mopayxaii-bonrosckuii @./1. (pen.). Mocksa:
Hayxa.

Hazaposa JL.LE. 2014. Knumar Pecny6suku Kapesnus
(Poccus): TemmepaTypa Bo3Ayxa, HW3MeHUYMBOCTh U U3Me-
HeHus. eonmosmTHKa U 3KoreoAuHammka pervuoHos 10(1):
746-749.

Ha3zaposa JL.E. 2014. I3MeHYMBOCTb CpEeIHNX MHOTOJIET-
HUX 3HauYeHUH TeMmnepaTypsl Bozayxa B Kapenuu. M3Bectus
Pycckoro reorpaduueckoro obmectsa 146(4): 27-33.

Oszepa Kapenuu. Crnpasounuk. 2013. B: ®unaros H.H.,
Kyxapesa B.U. (pen.). [lerpo3aBoack: KapHI] PAH.

Ca6rutnHa A.B., Edpemosa T.A. 2022. I3meHeHUe XUMU-
4ecKOro cocTaBa BOJ 03epa Bemsio3epo U OTAENIBHOIO ero
3IMBa B pe3yJibTaTe AHTPONOI'eHHOIO 3BTPOQHPOBAHUA.
Tpyast Kapenbckoro HayuHoro unerntpa PAH 8: 20-30. DOL:
10.17076/eco1718



https://www.doi.org/10.1016/B978-0-323-95527-0.00017-8
https://www.doi.org/10.1016/B978-0-323-95527-0.00017-8
https://www.doi.org/10.1029/2006GL029021
https://www.doi.org/10.1134/S0097807817050025
https://www.doi.org/10.1016/j.jglr.2009.05.002
https://www.doi.org/10.1021/es801217q
https://www.doi.org/10.1016/j.scitotenv.2022.159651
https://www.doi.org/10.1111/j.1365-2486.2008.01616.x
https://www.doi.org/10.1016/j.jglr.2015.11.006
https://www.doi.org/10.1007/s00267-010-9440-3
https://www.doi.org/10.5268/IW-1.2.359
https://www.doi.org/10.1016/j.scitotenv.2023.163494
https://www.doi.org/10.1016/j.scitotenv.2023.163494
https://www.doi.org/10.1016/j.limno.2013.09.002
https://www.doi.org/10.1051/e3sconf/202342009007
https://www.doi.org/10.1051/e3sconf/202342009007
https://www.doi.org/10.1134/S207511171904009X
https://www.doi.org/10.1016/j.ejrh.2022.101213
https://www.doi.org/10.3390/su8030229
https://www.doi.org/10.1016/j.watres.2023.119679
https://www.doi.org/10.17076/eco1718

Cudoposa A.U. u dp. / Limnology and Freshwater Biology 2025 (1): 1-19

Crepsiurosa O.I1., Unbemact H.B., Casocun [.C. 2016.
Kpyriopotsie u ppiGbl npecHbIX BoJ Kapenuu. [leTpo3aBojck:
KapHILI PAH.

Crepsiurosa O.I1., Mnsemact H.B. 2009. Buabl-BcesieHIb B
BOJIHBIX 3KocucTeMax Kapenuu. Borpocs uxtuosioruu 49(3):
372-379.

Crepsiurosa O.I1., Prokmues A.A., Wnsmact H.B. 2012.
PesysibTaThl pHIOOBOAHBIX PaboOT MO paccesieHuio Sander
lucioperca B Bomoemsr Kapenuu. Bonpocs uxtuosioruu 49(4):
558-560.

Csapku M.T., 3gopoBenHoBa I'.5. 2021. BupgoBoii cocTas
300ILIaHKTOHA o3epa Benmiopckoro (Pecny6sika Kapesus).
Tpynast KapHI] PAH 8: 80-89.

Tpudonosa U.C. 1990. SxoJsiorusa u cykleccus 03epHOro
dutonankToHa. Jlennnrpaa: Hayka.

19



	Current state of the ecosystem of Lake Vedlozero and its biological resources (Republic of Karelia, northwestern Russia)
	1. Introduction

	2. Materials and methods of research

	3. Results and Discussion

	4. Conclusions

	Acknowledgements

	Conflict of interest

	References


	Современное состояние экосистемы озера Ведлозеро и его биологических ресурсов (Республика Карелия, северо-запад России)
	1. Введение

	2. Материалы и методы исследования

	3. Результаты и обсуждение

	4. Выводы

	Благодарности

	Конфликт интересов

	Список литературы



