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ABSTRACT. The Curonian Lagoon is a waterbody with intensive development of freshwater phytoplank-
ton and zooplankton species. The article considers the features of long-term dynamics of chlorophyll,
phytoplankton production, structure, abundance, biomass, and ration of zooplankton. Cyanobacteria
and diatoms dominate in phytoplankton, while crustaceans (Cladocera by biomass) predominate in
zooplankton, among which filter feeders predominate (80-90%). Since 2019, there has been no “hyper-
blooming” of water, the abundance (chlorophyll) and primary production of phytoplankton have sig-
nificantly decreased, as a result of which the trophic status of the lagoon has lessen to the eutrophic
level. The amount of organic matter formed by phytoplankton was ~1000 kcal/(m?*year). The cessation
of water “hyperbloom” and a sharp decrease in phytoplankton abundance led to a comparable decrease
in the biomass and ration of zooplankton in 2019. In subsequent years (2020-2022), an increase in
the biomass and ration of zooplankton was observed, which may have been the result of adaptation to
changes in the structure and productivity of phytoplankton and zooplankton. A significant increase in
ration, along with the intensive development of large-sized cladocerans, characterizes the effective use
of phytoplankton production (up to 60-90%) after cessation of water “hyperblooms”.
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1. Introduction The Curonian Lagoon is a large, shallow lagoon

(area 1584 km?, volume 6.2 km3, depth 3.8 m), which

Primary production is the basis for subsequent is separated from the sea by a narrow sandy spit

stages of bioproductivity, and phytoplankton makes the
greatest contribution to it, especially in highly eutro-
phic water bodies. Quantitative studies of the intensity
of production processes, primarily the primary pro-
duction of plankton, served as the “main axis” around
which the modern system of the trophic typology of
the water bodies began to be built. Zooplankton is the
most important consumer of organic matter produced
by phytoplankton, the role of which can vary depend-
ing on the trophic level of the water body and the com-
position of the plankton. A decrease in the external
and internal nutrient load can determine the level of
primary production of phytoplankton and subsequent
changes in the food web, which makes it relevant to
study the functioning of zooplankton during the period
of deeutrophication of waters.
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(Curonian Spit). Due to the significant runoff of the
Neman River and a small influx of brackish waters
from the Baltic Sea, the water in most of the water area
is fresh (~0.2%o), and only at the sea strait does the
salinity reach 2-3%o, so the lagoon can be classified as
a freshwater body. The catchment area is located in
densely populated areas, mainly Belarus and Lithuania,
and for a long period, large volumes of nutrients
entered the lagoon annually (Vybernaite-Lubiene et al.,
2018), which led to significant eutrophication of the
waters. As a result, highly productive freshwater com-
munities of planktonic and benthic organisms, charac-
teristic of eutrophic waters, were formed in the lagoon
ecosystem (Olenina, 1998; Naumenko, 2009; Dmitrieva
and Semenova, 2011). The consequence of water eutro-
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phication over the past decades was the summer-au-
tumn (from June-July to September-October) intensive
development of Cyanobacteria, reaching the level of
“hyperblooming” of water (Aleksandrov and Smirnova,
2023; Dmitrieva et al., 2024; Vaiciite et al., 2021). The
abundance (biomass and chlorophyll a) and primary
production of phytoplankton in the Curonian Lagoon
corresponded to the hypertrophic status (Aleksandrov
and Gorbunova, 2012; Aleksandrov and Kudryavtseva,
2023). A decrease in external nutrient load occurred
in the 1990s-2010s, primarily for phosphorus
(Vybernaite-Lubiene et al., 2018). Assessments of the
productivity and trophic status of the Curonian Lagoon
cover the period up to 2015, but studies in recent years
have shown that after 2018 there was a sharp decrease
in the abundance of phytoplankton and water blooms
as a result of changes in hydrochemical conditions in
the Curonian Lagoon (Aleksandrov, 2025; Dmitrieva et
al., 2024). This may result in a decrease in the biolog-
ical productivity of waters and changes in the trophic
web of the lagoon ecosystem.

The aim of the work was to obtain modern
characteristics of the abundance (chlorophyll) and
production of phytoplankton simultaneously with the
structure, abundance and ration of zooplankton for
comprehensive assessment of the production of organic
matter and the efficiency of its use in the plankton of
the Curonian Lagoon.

2. Materials and methods

The studies were carried out in open area at 6-10
standard stations located in the southern and on the
border with the northern part of the Curonian Lagoon
within the Russian waters (Fig. 1). Samples were col-
lected from March/April to October/November. During
the period 2020-2022, 5-9 surveys were carried out
annually, covering all seasons. In 2019, only 2 full
surveys were carried out (July, August), therefore, for
other seasons (March-November), data from 7 observa-
tions at 1 station near the Curonian Spit were addition-
ally used.

Primary production of phytoplankton were mea-
sured using the oxygen modification of the light-and-
dark bottle technique at 4 horizons of the photic zone,
according to (Aleksandrov, 2010; Methods..., 2024).
The data obtained by the oxygen method were con-
verted to carbon units using the coefficient 3.15 mg
0,/mg C (Methodological..., 1981). For conversion to
energy units, 1g of phytoplankton carbon was accepted
equal to 10.7 kcal (Boulion, 1994).

Water samples for chlorophyll a were collected
at 3 horizons (surface, boundary of the photic zone,
bottom (~3.5-4.5 m) and determined by the extraction
spectrophotometric method based on the standard tech-
nique and equations (Jeffrey and Humphrey, 1975).

Zooplankton samples were collected with Niskin
bathometer (volume 5 1) at 3 horizons (surface, middle,
bottom) and washed onto a sieve gas no. 70 (68 um) to
obtain an integral sample for each station. Zooplankton
biomass was calculated based on the size structure
and abundance, the ration - as the sum of produc-
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Fig.1. Map of sampling stations in the Curonian Lagoon.

tion, expenditure on metabolism and undigested food
for each size group (Monakov, 1998; Semenova and
Aleksandrov, 2009). According to the type of feeding,
zooplankton was divided into filter feeders, predators
and species with mixed nutrition. The feeding of spe-
cies with mixed type of feeding was distributed equally
between filter feeders and predators. It was assumed
that assimilation efficiency for herbivorous zooplank-
ton was 60%, for predatory zooplankton - 80%, half
of the ration of omnivorous copepod species at stages
IV-VI was supplied by plant food, and the other half by
animal food, the ration of nauplius and I-III copepodite
stages consisted only of plant food. When calculating
the production for Cladocera K,=0.68, for Copepoda
K,=0.25, Rotifera K,=0.45. When calculating the
metabolic rate, an oxycaloric coefficient of 4.86 cal/
mlO was used (Methodological..., 1984; Methods...,
2024; Ivanova, 1985; Monakov, 1998; Semenova and
Aleksandrov, 2009).

Taking into account the shallow depth of the
Curonian Lagoon (average 3.8 m) and the mixing of
water with plankton to the bottom, the averaged data
for the water column (in m?®) on chlorophyll a and zoo-
plankton were used. The averaged values for each sur-
vey of the studied indicators were applied for the anal-
ysis, taking into account the location of the stations in
the southern part of the Curonian Lagoon, with weakly
spatial differences in environmental conditions.

Primary production during the ice-free period
was estimated by the numerical integration method
and taken as annual, since under-ice photosynthesis
is almost absent. The average annual values of chlo-
rophyll and primary production, abundance, biomass
and ration of zooplankton were calculated taking
into account the duration of the ice-free period in the
Curonian Lagoon (250-365 days in different years).
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3. Results and discussion

3.1. Abundance (chlorophyll) and
production of phytoplankton and trophic
state of waters

The Curonian Lagoon is a closed-type lagoon
and is one of the most highly eutrophic water bodies
in temperate latitudes, where intensive water blooms
were observed over a long period of research (from the
1980s to the 2010s). The maximum development of
phytoplankton, corresponding to the highest concentra-
tions of chlorophyll a, occurs in the summer and autumn
(July-October), when freshwater species of cyanobacte-
ria dominate (Aphanizomenon flos-aquae Ralfs ex Bornet
& Flahault, Planktothrix agardhii (Gomont) Anagnostidis
& Komarek, Microcystis aeruginosa (Kutzing) Kutzing,
Limnothrix redekei (Goor) Meffert and other species),
as well as diatoms (Olenina, 1998; Pilkaityté and
Razinkovas, 2006; Aleksandrov and Dmitrieva, 2006;
Dmitrieva and Semenova, 2011; Dmitrieva et al., 2024).

“Hyperbloom” of waters (chlorophyll a >
100 mg/m?®) was observed during the summer (July-
September) almost every year in the 1990s - 2010s
(Aleksandrovetal., 2018; Aleksandrov and Kudryavtseva,
2023;). The last “hyperbloom” of water was observed
in 2018 (Vaicitté et al., 2021). A consequence of such
intensive development of phytoplankton was very high
primary production, which varied from 373 to 668 g
C/(m*year) according to published data for the period
2001-2015. There was a trend towards an increase in
primary production from 487 to 555 gC/(m?*year) on
average for 2001-2005 and 2011-2015 (Aleksandrov
and Kudryavtseva, 2023). Primary production, as well
as the abundance of phytoplankton (chlorophyll a) cor-
responded to the maximum values in aquatic ecosystems
and characterized the Curonian Lagoon as hypertrophic
water body.

Significant changes in phytoplankton abundance
and algae bloom intensity occurred in 2019-2022,
when hyperblooms ceased to be observed in summer
and autumn (chlorophyll a < 50-70 mg/m?). The aver-
age chlorophyll a values for the ice-free period sharply
decreased to 25-37 mg/m? (Table 1; Fig. 2). There are
no published data on phytoplankton in the open waters
of the lagoon for this period, although observations in
the coastal zone show that the intensity of cyanobac-
teria development decreased significantly in 2019-2021
(Dmitrieva et al., 2024). The decrease in phytoplankton
abundance was due to a significant change in hydro-
chemical conditions in summer (decrease in phosphorus
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Fig.2. Primary production (1) and chlorophyll a (2)
(average for the ice-free period and the range of variability
for individual months of observations).

concentrations by 2-3 times, N:P from <16 to ~30-50),
which were no optimal for cyanobacteria (Aleksandrov,
2025). Such changes were probably the result of a multi-
ple decrease in the external nutrient load of phosphorus
in the 1990s-2010s (Vybernaite-Lubiene et al., 2018).
As a result, the concentration of chlorophyll a during
the ice-free period in 2019-2022 (34 mg/m?®) decreased
almost twice compared to the previous period (59 mg/m?
in 2015-2018). The observed values were borderline
between the eutrophic and hypertrophic states (condi-
tional boundary of 25-35 mg/m? on average during the
ice-free period, 75-100 mg/m® maximum) (Hakanson
and Boulion, 2001; OECD, 1982).

After the cessation of the “hyperbloom” of waters,
the primary production of phytoplankton in 2019-2020
was initially quite high (~400 gC/(m%*year)), which
corresponded to the minimum level observed previ-
ously (2000-2015) (Aleksandrov and Gorbunova, 2012;
Aleksandrov and Kudryavtseva, 2023). It significantly
decreased by 20-30% (to ~300 gC/(m?year)) in the fol-
lowing years (2021-2022) (Table 1; Fig. 2). According
to the classifications of lakes, lagoons and estuaries
(Hakanson and Boulion, 2001; Wasmund et al., 2001),
the primary production of phytoplankton in 2019-2020
decreased to the borderline level between the eutrophic
and hypertrophic state (conditional boundary ~400-
450 gC/(m*year)), and in recent years (2021-2022)
corresponded to the eutrophic state. Such a signifi-
cant decrease in primary production and phytoplank-
ton abundance (chlorophyll a) can be characterized as
de-eutrophication of the waters of the Curonian Lagoon
ecosystem.

Table 1. Indicators of phytoplankton and zooplankton development in the Curonian Lagoon during the ice-free period

SI: “The VIII-th Vereshchagin Baikal Conference”

Indicator Year of research

2019 2020 2021 2022

Primary production, gC/(m?*year) 420 410 329 280

Primary production, kcal/( m*year) 1183 1154 926 788

Chlorophyll a, mg/m? 41 30 26 37

Abundance of zooplankton, thousand ind./m? 375 314 189 356
Biomass of zooplankton, g/m? 1,14 2,31 5,10 5,87

Ration of zooplankton filter feeders, kcal/(m*year) 132 311 588 732
Ration of zooplankton filter feeders, kcal/(m?*day) 0,43 0,85 2,15 2,13
Primary production / ration of zooplankton filter feeders, % 11,2 26,9 63,5 92,9
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The consequence of such changes was a signifi-
cant decrease in the amount of organic matter produced
by phytoplankton that could enter the food web of the
lagoon ecosystem. An average of ~1200 kcal/(m*year)
was produced per unit volume (m?®) of the Curonian
Lagoon (taking into account the average depth of 3.8
m) in 2019-2020 and it significantly decreased to ~800-
900 kcal/(m3year) in 2021-2022 (Table 1; Fig. 2).

3.2. Abundance and biomass of
zooplankton

Hydrological conditions and the high bioproduc-
tivity of the lagoon ecosystem determine the species
composition and the main structural and functional char-
acteristics of the zooplankton in the Curonian Lagoon,
which are typical for freshwater eutrophic water bod-
ies (Naumenko, 2009; Dmitrieva and Semenova, 2011;
Dmitrieva et al., 2024). Freshwater species dominate
in the Curonian Lagoon. Zooplankton consisted of 58
species, half of which were Rotifera, and Cladocera and
Copepoda were approximately in equal proportions (15
and 17 species) in the period 2019-2022. Twelve spe-
cies dominated by biomass in different months, includ-
ing 5 species of Cladocera and 4 species of Copepoda
(Table 2). Among them, Daphnia galeata, Eudiaptomus
graciloides and Mesocyclops leuckarti could be present
in the complex of dominant species in all months from
April to October. Other species of Cladocera (Bosmina
coregoni thersites, Chydorus sphaericus, Diaphanosoma
mongolianum, Leptodora kindtii) developed intensively
in the warm period (July-September), while rotifers
and the copepod Cyclops kolensis could form a large
share of the biomass in spring and autumn. In the sea-
sonal dynamics of zooplankton development, Rotifera
formed the basis of the abundance in spring and
autumn, while Cladocera and Copepoda dominated in
summer. The biomass was mainly formed by Cladocera

(Daphnia galeata, Chydorus sphaericus, Diaphanosoma
mongolianum and others) typical of eutrophic water
bodies, which make up 70-90% of the zooplankton bio-
mass in summer and autumn, and Copepoda (Cyclops
kolensis, Mesocyclops leuckarti) dominated only at the
beginning of spring (March-April).

There is interannual variability in the complex
of dominant species in terms of abundance and bio-
mass. In 2019, the largest proportion of the abundance
(33%) was made up of rotifers Keratella cochlearis, the
proportion of which decreased in subsequent years, to
minimum in 2022 (8%). The dominant rotifer species
accounted for ~60% of the average annual abundance
of zooplankton in 2019-2020, while in 2021-2022 this
value decreased to ~30%. On the contrary, the propor-
tion of copepods Mesocyclops leuckarti increased signifi-
cantly (from 8-10 to 17%) in 2021 and Cyclops kolensis
(from 1-4 to 13%) in 2022 (Fig. 3a).

The most significant change in the zooplank-
ton community structure was a sharp decrease in the
abundance of the cladocera Daphnia galeata in 2019,
which usually dominates the Curonian Lagoon. Daphnia
was abundant only in May 2019, and was practically
absent from June to October 2019 (0-4% of biomass),
whereas in 2020-2022 it could form up to 70-90% of
the zooplankton biomass during these months. Its bio-
mass on average for 2019 amounted to only 0.13 g/m?
or 8% of the zooplankton biomass, in 2020 it increased
by an order of magnitude (1.62 g/m? and 49%), reach-
ing maximum in 2022 (4.76 g/m® or 44%). With low
biomass of Daphnia galeata and Cladocera in general in
2019, a significant share of the zooplankton biomass
in 2019 was formed by copepods Eudiaptomus gracil-
oides (25%) and Mesocyclops leuckarti (18%), the pro-
portion of which decreased by 2-3 times in subsequent
years (Fig. 3b). In 2022, along with Daphnia galeata,
the abundance of other cladocerans increased signifi-
cantly - Bosmina coregoni thersites (from 0.01-0.18 g/m3,

Table 2. The dominant zooplankton species (by biomass) in the Curonian Lagoon in 2019-2022.

Taxonomic group / species

Month

1A%

VI VII VIII IX

Cladocera
Bosmina coregoni thersites Baird, 1857
Chydorus sphaericus O.F. Miiller, 1776
Daphnia galeata Sars, 1863
Diaphanosoma mongolianum Ueno, 1938
Leptodora kindtii Focke, 1844
Copepoda
Acanthocyclops sp. Kiefer, 1927
Cyclops kolensis Lilljeborg, 1901
Eudiaptomus graciloides Lilljeborg, 1888
Mesocyclops leuckarti Claus, 1857
Rotifera
Asplanchna herricki de Guerne, 1888
Keratella quadrata Miiller, 1786
Polyarthra vulgaris Carlin, 1943

+ + + + o+
+ + + + o+
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development of zooplankton reached maximum (356
thousand ind./m?® and 5.87 g/m3), which was observed
during the previous period of water “hyperblooming”
(Fig. 2, 5). Such high values abundance and biomass
of the zooplankton were determined by the intensive
development Cladocera (large-sized Daphnia galeata
and others species), the biomass and abundance of
which reached a maximum.

The inverse relationship was observed between
the annual primary production and the average zoo-
plankton biomass (correlation coefficient r - 0.98),
while there was no such relationship with the zoo-
plankton abundance (r = 0.24) in 2019-2022. On the
contrary, direct relationship was observed between the
average for year values of the chlorophyll a and zoo-
plankton abundance (r = 0.92) and was absent for the
biomass (r = - 0.30). Such dependencies were obtained
for a short period (4 years), but reflect the close rela-
tionship between phytoplankton and zooplankton in
the Curonian Lagoon during this period.

Such abrupt changes in the structure, abundance
and biomass of zooplankton in recent years may have
been the result of its adaptation to changes in the abun-
dance and productivity of phytoplankton, including
changes in the composition and abundance of algae
species available to filter-feeding species.

3.3. Consumption of primary production
by zooplankton

According to the available data for the period
of “hyperbloom” of waters (2001-2002), the average
values of zooplankton ration and its consumption of
primary production during the ice-free period were
(1.1-1.3 kcal/(m*day) and 17-21%) (Semenova and
Aleksandrov, 2009). During the period of «<hyperblooms
of water in the Curonian Lagoon and other hypertro-
phic water bodies, zooplankton may not consume a sig-
nificant part of the phytoplankton due to the predom-
inance of large filamentous cyanobacteria inaccessible
to filtering (in particular Aphanizomenon flos-aquae),
which could make up to 40-90% of the phytoplankton
biomass (Bernardi and Giussani, 1990; Semenova and
Aleksandrov, 2009).

There was no “hyperbloom” of waters in 2019 and
the abundance of phytoplankton significantly decreased,
but large filamentous cyanobacteria Aphanizomenon
flos-aquae, Planktothrix agardhii, Limnothrix redekei con-
tinued to be dominant in phytoplankton (Aleksandrov,
2025; Dmitrieva et al., 2024). At the same time, there
was a multiple decrease in zooplankton biomass (by
3 times) and comparable decrease in the ration of fil-
ter-feeding species compared to that observed in previ-
ous years of the “hyperbloom” (on average 420 kcal/
(m3year) or 1.5 kcal/(m*day) in 2015-2018) (Table 1,
Fig. 6). The decrease in the biomass and ration of zoo-
plankton was due to the extremely weak development
of the main dominant filter-feeding species, the cladoc-
era Daphnia galeata. No direct influence of factors asso-
ciated with water eutrophication or other environmen-
tal conditions on such sharp decrease in the abundance
of this species in 2019 was established and interannual
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Lagoon.

dynamics may be taking place. However, the predomi-
nance of smaller organisms in zooplankton (rotifers of
the genus Keratella, cladoceran Diaphanosoma mongo-
lianum, copepods Eudiaptomus graciloides, etc.) instead
of Daphnia galeata led to the fact that the part of con-
sumed primary production was also minimal (11%).
Communities with a predominance of large cladocer-
ans Daphnia galeata are characterized by a significantly
wider size range of feeding algae and the rate of their
consumption (Cyr and Curtis, 1999). Significant part
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of phytoplankton organisms (primarily cyanobacteria),
which form the bulk of the primary production, was
not used in 2019, so the ratio of ration to primary pro-
duction was even lower than the average in the years
“hyperblooming” of the Curonian Lagoon.

In subsequent years (2020-2022), the biomass of
zooplankton increased significantly, including Daphnia,
and the ration of filter-feeding zooplankton species
increased sharply, as a result of change in the structure
of dominant species in phytoplankton and zooplank-
ton. According to published data on phytoplankton
(Dmitrieva et al., 2024), along with a decrease in the
abundance of cyanobacteria in 2020, there was change
in the dominant species, in particular, the largest colo-
nial organisms of cyanobacteria Aphanizomenon flos-
aquae were practically absent, which previously formed
extensive “blooming spots”. At the same time, large cla-
docerans Daphnia galeata dominated (~40-50% of bio-
mass) in zooplankton in 2020-2022, having the ability
to filter wider range of phytoplankton.

As a result, in 2020, primary production
remained the same as in 2019 (~400 gC/(m*year),
but the zooplankton ration more than doubled (311
kcal/(m*year), 0.85 kcal/(m>day). The proportion of
consumed primary production also increased to 27%,
although it remained at the level observed in hypertro-
phic water bodies (Table 1; Fig. 6).

In 2021-2022, with a significant decrease in pri-
mary production (20% and 33%), zooplankton biomass
doubled. It is possible that a decrease in water “hyper-
blooming”, including potentially toxic cyanobacteria,
created favorable conditions for the development of
zooplankton, as evidenced by its maximum biomass in
2021-2022 (>5 g/m?® on average during the ice-free
period). The average ration of filter-feeders during the
ice-free period in 2021 and 2022 doubled to 2.1 kcal/
(m*day). The annual ration increased to 588 kcal/
(m3*year) in 2021, accounting for 64% of phytoplank-
ton production. In 2022, the ice-free period was sig-
nificantly longer (ice only in December), which created
conditions for long-term active development of zoo-
plankton, and the annual ration of filter-feeding spe-
cies in 2022 reached its maximum value (> 700 kcal/
(m3year). This value was almost twice the average level
of zooplankton ration, which was observed in the previ-
ous period of maximum primary production during the
years of “hyperblooming”. Due to a significant decrease
in phytoplankton productivity in 2022, zooplankton
used more than 90% of the primary production, which
may indicate the possible emergence of intense com-
petitive relations in zooplankton, as well as with other
groups (benthos, juvenile fish) in the Curonian Lagoon.

The decrease in the abundance (chlorophyll) and
production of phytoplankton in the Curonian Lagoon,
along with the intensive development of Cladocera,
led to very effective use of primary production by
zooplankton. Zooplankton can consume =10-20% of
phytoplankton production in hypertrophic water bod-
ies, while in water bodies not subject to eutrophication
40-90% (Gutelmakher, 1986). In the Curonian Lagoon
in 2019-2020, primary production remained at high
level between the hypertrophic and eutrophic states of

1146

the water bodies, and zooplankton consumed ~20% of
the primary production, with a minimum during the
period of low abundance of large cladocerans. This led
to the utilization of most of the phytoplankton produc-
tion through the microbial trophic web (or microbial
loop) and also the accumulation of portion of the phy-
toplankton organic matter in bottom sediments. The
role of the microbial loop increases with an increase in
the trophic status of the water bodies and is inversely
related to the biomass of cladocerans (Kopylov et al.,
2007). The cessation of water “hyperbloom” and the
decrease in primary production in 2021-2022 to the
eutrophic level, along with the intensive development
of cladocerans and increase ration of zooplankton, led
to very efficient use phytoplankton production (60-
90%). Perhaps this indicates the formation of new
structural and functional characteristics in the plankton
of the Curonian Lagoon in the conditions of the begin-
ning of de-eutrophication of the waters of the lagoon
ecosystem.

4. Conclusions

The Curonian Lagoon is a closed-type lagoon
in which the hydrological conditions and the level of
water eutrophication have created conditions for the
intensive development of freshwater species of phyto-
plankton and zooplankton. Cyanobacteria and diatoms
dominate in phytoplankton, while zooplankton is dom-
inated by cladocerans and copepods, typical of eutro-
phic water bodies (Daphnia galeata and others), among
which filter feeders predominate (80-90%). Long
period of research (since the 1980s), frequent “hyper-
blooming” of water was noted in the Curonian Lagoon,
which has not been observed since 2019. There was
a significant decrease in the abundance (chlorophyll)
and primary production of phytoplankton in the period
2019-2022, as a result of which the trophic status of the
lagoon decreased from hypertrophic to eutrophic level.
The amount of organic matter formed by phytoplank-
ton that can enter the food web decreased to 800-1200
kcal/(m®*year).

The cessation of water “hyperblooms” and a
sharp decrease in phytoplankton abundance led to a
comparable decrease (by 3 times) biomass and ration
of zooplankton in 2019. The decrease in the biomass
and ration of zooplankton was due to the weak devel-
opment of the main dominant species - the filter-feeder
cladoceran Daphnia galeata. In subsequent years
(2020-2022), an increase in zooplankton biomass was
observed, simultaneously with an increase in the ration
of filter-feeding zooplankton species and the proportion
of used primary production. Such changes were prob-
ably the result of zooplankton adaptation to changes
in the structure, abundance and productivity of phy-
toplankton. Large cladocerans Daphnia galeata dom-
inated (—~40-50% of biomass) in zooplankton, having
the ability to filter wider range of phytoplankton. In
2022, despite the minimum level of primary production
corresponding to eutrophic waters, the quantitative
development of zooplankton and its ration reached a
maximum. Significant increase in ration, along with the
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intensive development of cladocerans, characterizes
the effective use of the phytoplankton production (up
to 60-90%) after the cessation of water “hyperbloom”.
The changes that have occurred may possibly indicate
the formation of new structural and functional charac-
teristics in the plankton of the Curonian Lagoon in the
conditions of the beginning of de-eutrophication of the
waters.
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NepBHuHaA NPOAYKUMA U NOoTPpebAeHune [ IMNOLOGY
OpPraHUYecKoro BewecTBa 300NAAHKTOHOM  p oL TWATER
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AHHOTAILIHW . Kypuickuii 3a1B — JlaryHa, B KOTOPOM MHTEHCUBHO Pa3BUBAIOTCA MPECHOBOAHBIE BUBI
(duTomIaHKTOHA U 300IUIaHKTOHA. PaccMOTpeHB! 0COOEHHOCTH MHOTOJIeTHEH AUHAMUKU XJI0poduiLia,
IpOAYyKIUM GUTOIIAHKTOHA, CTPYKTYPHI, YMCJIEHHOCTH, 0OMAacchl, palllioHa 300ILIaHKTOHA. B duTo-
IIJIAHKTOHE JOMMHUPYIOT [IMaHOOAKTepuu U AUaTOMOBBIE BOAOPOC/IH, B 300ILJIAHKTOHE — pakoobpas-
Hble (1o Oromacce KJIafOIepHl), Cpefii KOTOPHIX npeobiafanT uibTpaTtopsl (80-90%). C 2019 r. He
HabJII0JaeTcA «rurneplBeTeHre» BO/Ibl, IPOU30IILIO 3HAUYUTEJIbHOE YMeHbllleHre o0uins (xyiopodusuia)
1 IpoAyKIUM (UTOIIAHKTOHA, B pe3yJibTaTe TPO(PUUECKUil cTaTyC JaryHbl CHU3WJICA A0 3BTPOGHOIO
ypoBHs. KoJIMuecTBO OpraHUYecKoro BellecTBa oOpa3yeMoro (pUTOIIAHKTOHOM, cocTaBjsio ~1000
kkas/(m>ron). [IpekpalieHue «runepIBeTeHNA» BOJ U Pe3KOe CHIDKEHHE 00MTHsA GUTOIIAHKTOHA MPU-
BeJIO K COIIOCTaBMMOMY yYMeHbIIIeHNI0 OMOMAacChl U paluoHa 300I1aHKToHa B 2019 r. B nmociexnyromniye
roasl (2020-2022 rr.) HaOJIOAIOCh YBeJIMYeHre O1oMacChl U palroHa 300IJIaHKTOHA, KOTOPhIE BO3-
MOXHO OBLIIM pe3y/IbTaTOM aJaNnTaluy K NU3MeHEeHUAM B CTPYKType U IPOAyKTUBHOCTH (GUTOIIAHKTOHA
1 300IUIaHKTOHA. 3HAUMWTeJbHOe yBeJIMYeHUe pallOoHAa, HapsAy C MAacCOBHIM pa3BUTHEM KpyIHOpas-
MEpPHBIX BETBUCTOYCHIX PaKOOOpa3HbIX, CBUAETEIbCTBYEeT O 60siee 3 GEeKTUBHOM HCII0Ib30BAHUU IIPO-
aykiuu puroriaHkToHa (go 60-90%) mociie npekpalleHus «runepiBeTeHnA» BOIbIL.

Kitiouegsie ctoga: nepBrUYHasA MPOAYKIUA, XJIOPOPUILI, «IIBeTe€HNe» BOAbI, 300ILJIaHKTOH, PallioH, TpopruuecKuit
crartyc

Jia mutupoBanusa: AsnekcaHapoB C.B., CemenoBa A.C. [lepBuuyHas NpoAyKIus U NOTpeOJieHHE OPraHMYecKoro BellecTBa
300IJTAHKTOHOM B Kyprickom 3anvBe B nepuo fe3BTpodupoBanusa Bof // Limnology and Freshwater Biology. 2025. - Ne 5.
- C. 1140-1157. DOI: 10.31951/2658-3518-2025-A-5-1140

1. Beepenue BUYHOH NMPOAYKIMU (UTOIIAHKTOHA U NOCJIeyole

HU3MeHeHUs B TpopUUeCKO ceTH, YTO JeslaeT aKTyaslb-
HBIM U3ydeHHe (PYHKIMOHHPOBAaHHUA 300ILIAaHKTOHA B
nepuop Ae3BTPoGHUPOBAaHNA BOJ.

Kypuickuii 3ajuB mpejcraBjser coboil KpyI-
HYI0, MEJIKOBOAHYIO JIaryHy (rutomaab 1584 km?, o6beM
6,2 xm3, rioybuHa 3,8 M), KOTOpas OTAeJIeHa OT MOps
y3Koll TmecuyaHoil mnepechinbio (Kypiickoit Kocori).
W3-3a 3HauMTEJIBHOTO CcTOKa p. HemaHn u HebOJbIIOTO
IIOCTYILJIGHUA COJIOHOBATOBOJHBIX BOJ basrtuiickoro
Mopsa Ha OoJipllell 4acTHM akKBaTOPUM BoJa IIpecHas
(~0,2%0) 1 TOJIBKO y MOPCKOI'O IPOJIMBAa COJIEHOCTH
pocturaetr 2-3%o, MO3TOMY JIaryHy MOXHO OTHECTHU
K IIpecHOBOAHBIM BojoeMaM. BogocGopHas Teppu-
TOpPUA paclojioXeHa B TIyCTOHAceJIeHHBIX palioHax,
npenMmylinecTBeHHoO besapycu u JIMTBB, U JJIATEJIb-

[lepBuynas HmpoAyKuuA, HauOOJBIINMI BKJIaA B
KOTOpPYI0 BHOCUT (UTOILIAHKTOH, COCTaBJIsIET OCHOBY
MOCJIeAYIOUIMX 3TAnoB OMOMPOAYKTUBHOCTU, OCOOEHHO
B BBICOKO3BTPOHBIX BogoeMax. KosnuecTBeHHEbIE
HccjieJoBaHNs MHTEHCUBHOCTH NMPOAYKIMOHHBIX IIPO-
1[ecCOB, B IepBYI0 oOuYepellb, IEPBUYHOI NPOAYKIUU
[JIAHKTOHA, [TOCJIYXWUJIU «IJIAaBHOM OChI0», BOKPYT KOTO-
POl cTajia CTPOUTHCA COBpPeMeHHas CHcTeMa TUIIOJIO-
MU BOAOEMOB. 30O0IUJIAHKTOH BaXXHeHMUI NnoTpedu-
TeJlb co3faBaeMoro (pUTOIJIAHKTOHOM OpraHWYecKOro
Bell[eCTBa, POJIb KOTOPOI'0 MOXeT BapbUpOBaTh B 3aBU-
CHUMOCTU OT YpPOBHA TPOGHOCTH BOJOEMa M CcOcCTaBa
ITaHKTOHa. CHIDXeHUe BHeIIHell M BHyTpeHHell Guo-
reHHOM Harpy3kKd MOXeT OIpeJiesiATh ypOBeHb Iep-
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HBIM IepuoJ B JIaryHy eXerofJHO MocTynaau GoJibline
o6beMbl OHOTeHHBIX 3JieMeHTOB (Vybernaite-Lubiene
et al.,, 2018), yTo MpUBEO K 3HAYMTEJILBHOMY 3BTPO-
dupoBaHuio BoA. B pesysbraTe 3TOro B JIAaryHHOH
sKocucTteMe cGOPMUPOBAINCH BBHICOKONPOAYKTHBHBIE
[IPeCHOBOAHBIE COOOILIecTBa IIJIAHKTOHHBIX U OeH-
TOCHBIX OpraHM3MOB, XapaKTepHble AJiA 3BTPO(MHBIX
Bop (Olenina, 1998; Naumenko, 2009; Dmitrieva and
Semenova, 2011). CineacrBueM 3BTpodUPOBaHUA BOJ
Ha IPOTSXEHUHU IMOCJeqHUX HeCATUIeTHUil ObUIo JieT-
He-oceHHee (C UIOHA-UIOJIA M0 CEHTAOPb-OKTAOPH) Mac-
COBO€ pa3BUTHE IIMaHOOAKTepuii, JOCTUTaBIllee yPOBHA
«rumnepuBeteHus» Bomsl (Aleksandrov and Smirnova,
2023; Dmitrieva et al., 2024; Vaiciaté et al., 2021).
BenuuuHel o6mnua (6roMacca U XJIOpOQUILT «a») U
IIepBUYHOM NPOAYKINUK (PuTOIIaHKTOHA B KypuickoM
3ajiiBe COOTBETCTBOBAJIM TUIEPTPOPHOMY CTaTycCy
(Anexcangpos u T'op6yHoBa, 2012; Aleksandrov and
Kudryavtseva, 2023). B 1990-2010-x IT. IPOUCXOIUIO
CHIXeHUe BHeIlIHell OHOreHHOI Harpysku, Ipexiae
Bcero mo ¢ocdopy (Vybernaite-Lubiene et al., 2018).
OueHkM NPOAYKTUBHOCTHM U Tpoduueckoro craryca
Kypuickoro 3anuBa oxBaThiBalOT nepuop go 2015 r.,
O[HAKO KakK IoKasajiyd HCCJIe[oBaHUA B IIOCJIeHHe
rofpl, nmocsie 2018 r. mpou3oUIO pe3Koe CHUXEHUe
06mns (PUTOIUIAHKTOHA M «I[BETEHUs» BOJBI, Kak
pe3yJibTaT M3MeHeHUA TMAPOXUMUYECKUX YCJIOBUII B
Kypmickom 3amuBe (Aleksandrov, 2025; Dmitrieva et
al., 2024). CiencTBUeM 3TOTO MOXET OBITh YMEHbIIe-
HUe OMOJIOTUYecKOy MPOAYKTHUBHOCTU BOA U HU3MeHe-
HUA B TpPOPUUECKOH CeTH JIaryHHO! 3KOCHCTEMHEL.

Llenplo paboTHl OBUIO IOJIydyeHHE COBpeMeH-
HBIX XapaKTepUCTUK obuaud (xJIopoduyuI) U NPOAYK-
Uy GUTOIIAHKTOHA OAHOBPEMEHHO CO CTPYKTYpOH,
o0wreM M palMoOHOM 300IIaHKTOHA [AJIA KOMILJIeKC-
HOM OLIeHKHU MPOAYKIMHU OpraHN4ecKoro BellecTBa
1 3)GeKTUBHOCTU €ro HCIOJIb30BaHUSA B IJIAHKTOHE
Kypuickoro 3anuBa.

2. MaTepuanbl U MeTOADI

HccrienoBaHusa  BBHINOJIHSJIMCD B OTKPBHITOH
akBatopuu Ha 6-10 cTaHmapTHBIX CTaHLUUAX, pac-
MIOJIOKEHHBIX B IOXXKHONM M Ha TIpaHulle C CeBepHOH
yacTeio Kypuickoro 3anuBa B mpefejaX POCCUHCKOMN
30HHI (Puc. 1). [Ipo6s1 oTOupanu ¢ MapTa/amnpesis 1o
OKTAOpPb/HOAOPE. B oThenbHBble roAnl B nepuon 2020-
2022 rr. BHIIOJHAJIOCH 5-7 CHhEeMOK, OXBaThIBAIOIIMX
Bce ce30HBl, B 2019 r. npoBegeHO TOJIBKO 2 MOJIHBIE
CcbeMKH (M10J1b, aBryCT), IO3TOMY AJIA APYTUX CE30HOB
(MapT-HOAOpPH) [ONOJIHUTEJBHO MCIOJIb30BaHbl AaH-
Hble 7 HaOsogeHuit Ha 1 ctadnuu y Kypnickoi KOcCHI.

[lepBuYHYI0 NPOAYKLWI0O M AeCTPYKIUI0 (GUTO-
IUIAaHKTOHA M3MepsId KUCJIOPOAHOH MoAudukaruei
CKJITHOYHOI'O MeToja Ha 4 ropu3oHTax (OTUYECKOH
30HBI, corjlacHo (AnekcaHzpos, 2010; Meropasl...,
2024). [aHHBlE KUCJIOPOJHOTO MeTOJia NepeBOoANIIU B
yrjepoj C Hcnojb3oBaHueM KosdduiueHra 3,15 mr
O,/mr C (Metonuueckue..., 1981). Ilpu mnepecuete
B DHepreThyeckue eJUHUIIBI IPUHHAMAJIOCh, 4To 1 T
yrinepona duronyankToHa paeeH 10,7 kkan (BysiboH,
1994).
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Puc.1. Kapra-cxema craniuii ot6opa npob B Kypmickom
3ajuBe.

[TpoGbI BoAel Ha XJIOPOGUILT «a» OTOHUpAd Ha
3 ropusoHTax (IIOBEpXHOCTh, TpaHUNA (OTUYECKON
30HBI, AHO (~3,5-4,5 M) U onpeessAIN 3KCTPAKINOH-
HBIM CIEeKTpPOo(OTOMeTpHUYecKM MeTOOM Ha OCHOBe
CTAaHJApTHOM MeToguku u ypasHeHuil (Jeffrey and
Humphrey, 1975).

[TpoObI 300IJIAaHKTOHA OTOUpaii GaTOMETPOM
Huckuna (o6bvem 5 j1) Ha 3 ropu3oHTax (MIOBEPXHOCTb,
CpeJHU, THO) U MPOIeXUBAIN Yepe3 cayok u3 rasa No
70 (pa3mep Auen 68 MKM) C IOJyuyeHHeM HHTerpaib-
HOU MpoO6HI A1 KaXI0u cTaHuu. bromMaccy 300ILU1aH-
KTOHa pacCYMThIBAJIN 110 pa3MepHOU CTPYKType U 4uC-
JICHHOCTH, PallOH - KaK CyMMY IPOAYKIMY, TpaT Ha
0oOMeH M HeyCBOEHHOU MUINU AJIA KaXJOH pa3MepHOn
rpymnmnel. K JOMUHUPYIOIIUMM OTHOCHJIN BUABL, GopMu-
pywomue >5% Ouomaccsl. [1o Tuny nuTaHusA 300ILIaH-
KTOH pasjesiaiyu Ha GuiIbTpaTopoB, XUITHUKOB U BUJIbI
€O CMelIaHHBIM NMHUTaHHeM. PallioH BHUJIOB CO CMelllaH-
HBIM IIMTaHNEM B paBHOM COOTHOIIIEHUH Pa3HOCUJIU IO
rpynmnaM GuiabTpaTopoB U XWIIHUKOB. IIprHMMAanocs,
YTO yCBOSEMOCTD IHUINYU JJI PacTUTEJIbHOSAAHOTO 300-
IUIAaHKTOHA cocTaBjisieT 60%, giisa xumHoro — 80%,
[IOJIOBMHA pallOHA BCeAAHBIX BHJOB KOIemnoj Ha
craauax IV-VI yposiieTBopsieTcsa 3a CUeT pacTUTEIb-
HOU THIM, a Apyras — 3a CYeT XWBOTHOM, pallioH
HaymiuasibHbX U [-I11 KomenoguTHBIX CTaAui COCTOUT
TOJIBKO U3 pacTuTesibHON numy. [Ipu pacueTte npoAyk-
nuu aa Cladocera K, = 0,68, nia Copepoda K,=0,25,
Rotifera K, =0,45. [Ipy BblYMCJIEHMH TpaT Ha OOMeH
WCIIOJIb30BAJIN  OKCUKAJIOPDUUHBIE  KO3pPUILUEHT
4,86 kxan/min0O (Meroguueckue..., 1984; MeTosl...,
2024; WBanoBa, 1985; MonakoB, 1998; Semenova and
Aleksandrov, 2009).

YuureiBasg HeOoJsbiiylo riIyouny Kypiickoro
3aymBa (B cpeaHeM 3,8 M) U IepeMelIMBaHUeE BOJ C
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IJIAHKTOHOM [10 AHA, OBUIM MCIOJIB30BAaHBI OCpeqHeH-
Hble 171 cToJI6a BoAH (B M®) JaHHBIE O XJIOPODUILLY
«a» 1 300IUIaHKTOHY. JIJIs aHayin3a ObUIM NpUMeHeHB
oCpeJHEeHHBIe [ KaX 101 ChbeMKU BeJINYMHEL hCCIIey-
eMBIX [ToKa3aTesiell ¢ YYeTOM pacHoJIOKeHUs CTAHIMHI
B I0XHOH yactu Kypuickoro 3anuBa, co cjabo BBIpa-
KEHHBIMU IPOCTPAHCTBEHHBIMU PA3JINYUAMU yCJIOBU
cpesblL.

[TepBUYHYI0 MPOOYKIHIO 32 Oe3JieHBIN Iepruon
OlLleHUBAJI METOJIOM YMCJIEHHOT'O UHTErpHUpOBAHUA U
MIPUHYMAJIM 3a TOAOBYIO, IIOCKOJIBKY MTO/JIeTHBIN POoTO-
CUHTe3 IOYTU OTCYTCTBYeT. CpeJiHUE 32 I'0f] BEJINYUHBI
xyjopodusia U MEPBUYHON MNPOAYKIMH, YHCIIEHHO-
cTH, 6roMaccH M palyioHa 300IJIAHKTOHA PacCYUTHI-
BaJIM C yYETOM JJINTEJIbHOCTU 6e3jieqHOro mepuoj B
Kypuickom 3anuse (250-365 nHell B pa3Hble ToOfbl).

3. Pe3ynabTaTtbl M 06Ccy)xpeHue

3.1. 06uamne (XAOpOPHUAA) U NPOAYKUUA
duTonnankToHa U TpoPuuecKoe COCToOAHUEe
BOA

Kypuickuii 3ayuB npefcTaBiisieT coboll JiaryHy
3aKpPHITOrO THUIA U OTHOCUTCA K CaMbIM BBICOKO-
3BTPOdHBIM BOJ0EMaM YMepeHHBIX LIMPOT, IJe [JIu-
TeJIbHBIN nepuof ucciaenosaHuil (¢ 1980-x o 2010-x
IT.) HabIOOAIoch WHTEHCHUBHOE «I[BeTeHLe» BOJIBL
MakcumasibHOe pas3BUTHE (DUTOIIAHKTOHA, COOT-
BeTCTBYyIOIllee HaAMOOJIBIIMM KOHIIEHTpAIUsAM XJIOPO-
duia «a», IPOUCXOOUT B JIETHUH U OCEHHUH ITepHoIbI
(u10J1b-OKTAOPH), KOrjja JOMMHUPYIOT IPEeCHOBOJIHBIE
BUAB naHoGakTepuil (Aphanizomenon flos-aquae Ralfs
ex Bornet & Flahault, Planktothrix agardhii (Gomont)
Anagnostidis & Komarek, Microcystis aeruginosa
(Kutzing) Kutzing, Limnothrix redekei (Goor) Meffert
U Apyryhe BUIB), a TaKXe AUATOMOBHIE BOJIOPOCIIU
(Olenina, 1998; Pilkaityté and Razinkovas, 2006;
Aleksandrov and Dmitrieva, 2006; Dmitrieva and
Semenova, 2011; Dmitrieva et al., 2024).

B 1990-e — 2010-e rr. mpakTHhYecKue exXerogHo
B JIETHUH T'UpOJIorndeckuil nepuoy (MioJb-CEHTAOPD)
HaObJII01aJI0Ch «TUIepl[BeTeHNe» BOJ (XJI0pOodUILI «a»
> 100 mr/m®) (Aleksandrov et al., 2018; Aleksandrov
and Kudryavtseva, 2023). IlocjienHee «TUIepLBe-

eve—

CJjieicTBMEM TakKOro HWHTEHCHUBHOI'O pa3BUTHA (I)I/ITO-

IIJIAHKTOHA OBLJIa OYeHb BHICOKAsA IepBHYHas MPOAYK-
111, KOTOpasi COrJIaCHO ONyOJIMKOBAaHHBIM JaHHBIM 3a
nepuon 2001-2015 rr. nsmensanacs ot 373 go 668 rC/
(m%*rox). Haburofjasicss TpeH] Ha yBeJIUYEHUE TTEPBUY-
Hou mpoaykiuu ot 487 po 555 rC/(m*roxm) B cpen-
HeM 3a 2001-2005 u 2011-2015 rr. (Aleksandrov and
Kudryavtseva, 2023). IlepBuuHasA NpOAYKIHA U OOUIIHE
duTtonnaHkTOHa (XJIOPOQUILI «a») COOTBETCTBOBAIU
MaKCUMaJIbHBIM B BOJHBIX 5KOCHCTeMax BeJIMYMHAM U
xapakTepusoBaiu Kypuickuil 3ajvB Kak runeprpod-
HBIA BOJIOEM.

3HauuTeJbHBIE U3MEeHeHUA B 00uInu PpuToniaH-
KTOHa Y UHTEHCUBHOCTH «IIBETE€HU» BOJ IIPOU30IILIN B
2019-2022 rr., xorga B KypiickoMm 3ajuBe mepecTtasio
OTMeuaThCAd «TUIEepIBETEHNE» BOJ JIETOM U OCEHbBI0
(x;mopodmiut «a» < 50-70 mr/m®). CpeqHue 3a 6e3sef-
HBII NIepuoj BeJINYMHBI XJIOpoPuiLIa «a» pe3Ko yMeHb-
mch go 26-37 mr/m® (Tabauia 1; Puc. 2). s
3TOro0 Nepuojia OTCYTCTBYIOT OIyOJIMKOBaHHbIE JaHHBIE
110 GUTOIIAHKTOHY B OTKPBHITON akBaTOPUM JIaryHH,
X0TA HaOJIoAeH!s B IPUOPEXHOI 30He IOKa3bBaIOT,
yTo B 2019-2021 rr. MHTEHCUBHOCTb Pa3BUTHUA L[AHO-
OakTepuil 3HAUUTEJIbHO yMeHbInuiIach (Dmitrieva et
al., 2024). CHwxeHue oOMIMA GQUTOIJIAHKTOHA OBLIO
00yCJIOBJIEHO 3HAuyuTeJIbHBIM K3MeHeHWeM THJpo-
XUMUYECKUX YCJIOBUH JieToM (yMeHblIeHue KOHIIeH-
Tpauuii ¢pocdopa B 2-3 pasa, N:P ¢ <16 go ~30-50),
KOTOpBIe NlepecTayii ObITh ONTUMAJIBHBI AJIA [HaHOOaK-
tepuii (Aleksandrov, 2025). Takue U3MeHeHUs, BEpPO-
ATHO, CTaJId CJIe[ICTBEM MHOTOKPAaTHOTO CHMXeHUA
BHelllHell OvoreHHON Harpy3ku mo ¢ocdopy B 1990-
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Puc.2. INepBuuHas nponyknusa (1) u BeIUYMHBL XJIOPO-
dusta «a» (2) (cpennue 3a 6e3yieHBIN MTepHUO] U JUaNa30H
M3MEHYMBOCTHU JJIS1 OTAEJIbHBIX MeCsAIeB HaOJII0qeHNI).

Ta6suna 1. KosuecTBeHHBIe NToKa3zaTesiv GUTOILIAaHKTOHA U 300IUIaHKTOHa KypiickoM 3aiuBe 3a 6e3eqHbIN nepuos

ITokxasaTesnnb T'ox HaGJurioqeHuit

2019 2020 2021 2022

[MepBuuHas npoaykuus, r C/(M>Tomn) 420 410 329 280

[epBuuHas IpoAyKuus, Kkaa/(m>rom) 1183 1154 926 788

Xsopoduiut «a», Mr/m? 41 30 26 37

YucIeHHOCTh 300IIJIAHKTOHA, ThIC.9K3./M> 375 314 189 356
BuomMacca 300IJIaHKTOHA, I'/M3 1,14 2,31 5,10 5,87

PanyoH 300IUIAaHKTOHHBIX PUIBTPATOPOB, KKa1/(M>T0x) 132 311 588 732
PanyoH 300IIaHKTOHHBIX (PUIIBTPATOPOB, KKajl/(M3cyT) 0,43 0,85 2,15 2,13
IlepBuuHas npoaykuus / panyoH GUIbTPaTOPOB B 300ILIaHKTOHE, % 11,2 26,9 63,5 92,9




AnekcaHdpos C.B., CemeHosa A.C. / Limnology and Freshwater Biology 2025 (5): 1140-1157

Cneu. sbinyck: «VIII-s5 MexdyHapooHasi
BepewazuHckas balikanbckasi KoHgbepeHyusi»

2010-x rr. (Vybernaite-Lubiene et al., 2018). B pe3yJib-
TaTe cpedHsAs KOHLEHTpalusa xjopodusia «a» 3a 6es-
nenusiii mepuon B 2019-2022 r. (34 Mr/m®) cHA3WIIACh
MOYTHU BABOE 10 CPABHEHMIO C MpebIAYIIMM IepHoIoM
(59 mr/m® B 2015-2018 rr.). Ha6sroqaeMble BeJTMYMHbI
OBLJIM MOTPAHUYHBIMU MeXy 3BTPOMHBIM U TMIEPTPO-
duaBIM cocTossHUEM (yCJIOBHAsA rpaHuna 25-35 mr/m® B
cpemgHeM, 75-100 mr/m® makcumassHo) (Hakanson and
Boulion, 2001; OECD, 1982).

[Tocne mpekpaleHus «TUNeplBeTeHUs» BOJ,
nepBUYHasA Npoaykiua ¢uroriaHkToHa B 2019 u 2020
IT. BHayajie ObLjla JOCTATOYHO BBICOKOHN (~400 rC/
(M?T01), UTO COOTBETCTBOBAJIO HAMMEHBIINM BEJINYU-
HaM Jinarna3oHa, HabsoaeMoro paHee (2000-2015 rr.)
(Anexcangpos u T'op6yHoBa, 2012; Aleksandrov and
Kudryavtseva, 2023). B mociepytomue romsr (2021-
2022 rr.), OHa cyulecTBeHHO cHu3mjach Ha 20-30%
(mo ~300 rC/(m?*ron)) (Tabauna 1; Puc. 2). CorjiacHo
kJiaccudukayaM o3ep, JiaryH u acryapues (Hakanson
and Boulion, 2001; Wasmund et al., 2001) nepBuyHas
npoaykuusa ¢uroriaHkToHa B 2019-2020 rr. cooTBeT-
CTBOBaJIa MOTrPAaHNYHOMY YPOBHIO MeXAy 3BTPOQHBIM
U runepTpodHBIM cocTtosHUeM (yCJIOBHas TrpaHuLa
~400-450 rC/(m?*rom)), a B mociequue roasl (2021-
2022 r.) cHu3uiIack Ao 3BTpodHOMY cocTossHuIo. Takoe
3HAYUTeJIbHOe YMeHbIleHe MEPBUYHON NPOAYyKIUU
U obunua GUTONJIAHKTOHA (XJiopoduiia «a») MOXHO
XapaKTepu3oBaTh Kak [1e3BTpodrpoBaHue BOJ JIaryH-
HOI 3KocucTteMsl Kypiiickoro 3aiuBa.

CiieicTBEM TaKUX H3MEHEHMH CTajo 3Hauu-
TeJIbHOEe YMeHbllleHre KOJMYecTBa OpraHu4ecKoro
BelllecTBa, oOpa3yeMoro (UTOIJIAHKTOHOM, KOTOpOe
MOXeT TMOCTYNUTh B TPOPUYECKYI0 CeTh JIaryHHOM
sxocucteMbl. B 2019-2020 rr. B equHuile oobema (M%)
Kypuickoro 3anuBa (¢ yueToM cpefHeii riryouHsl 3,8 M)
o6pa3oBsIBajIoCh B cpeaHeM ~1200 kkasn/(m*>ron), a B
2021-2022 rr. aTa BeJMYMHA 3HAYMTEJbHO CHU3WUJIACh
1o ~800-900 kkan/(m3>ron) (Tabauna 1; Puc. 2).

3.2. YucnenHoctb u 6Momacca
300MNNAaHKTOHA

T'uaposnoruveckuie yCJIOBUsS U BBICOKUI YPOBEHB
IPOAYKTUBHOCTH JIATYHHOIN 3KOCHCTEMBI OIpelesieT
BUJIOBOM COCTaB M OCHOBHBIE CTPYKTYPHO-GYHKIIHO-
HaJIbHBIE XapaKTepUCTUKU 300IUIaHKTOHA KypIickoro
3aJIMBa, KOTOPBIE TUITNYHEI 1151 IPECHOBOIHBIX 3BTPO®-
Heix BomoemoB (Naumenko, 2009; Dmitrieva and
Semenova, 2011; Dmitrieva et al., 2024). B Hem goMu-
HUPYIOT IPECHOBOHBIE BUbL. 3a nepuoA 2019-2022 rr.
B 300IJIAHKTOHE OBLJIIO BCTpEeUYeHO 58 BHUOB, NOJIOBUHY
13 KOTOPHIX COCTABJLLIN KOJIOBPATKY, a KJIAAOLEPH U
KOIleno/ibl OBLIM NMPHMEPHO B PABHOM COOTHOLIEHUU
(15 u 17 BupoB). B otaesibHBIE MeCAILbl JOMUHUPOBAIN
rmo 6uomacce 12 BHUIOB, B TOM uKcJie 5 BHUIOB KJaJlo-
1ep u 4 Buga xorenof (Tabnura 2). Cpeay HUX BO Bce
MeCsIIEBI C arpeJis IO OKTAOPh B KOMILIEKCe JOMUHUPY-
IOIIUX BUIOB MOTJIM MPUCYTCTBOBAaTh Daphnia galeata,
Eudiaptomus graciloides i Mesocyclops leuckarti. Jipyrue
BUAB kjagorep (Bosmina coregoni thersites, Chydorus
sphaericus, Diaphanosoma mongolianum, Leptodora
kindtii) YHTEHCUBHO pa3BUBAJIMCh B TEILUIBIH TEPUO.
(uroJib-ceHTAOPH), TOTAA KaK KOJIOBPATKH U Kolernoja
Cyclops kolensis moriu ¢opMupoBaTh GOJIBIIYIO AOJIIO
ouomacchl BECHOM M OCEHBbIO. B IeJIoM B CE30HHOU
JIUHAMUKe Pa3BUTHA 300IUIAHKTOHA OCHOBY YHCJIEHHO-
CTU BECHOH U OCEHBIO COCTABJISUIN KOJIOBPATKH, JIETOM
JOMUHHPOBAJI BETBUCTOYChle U BECJIOHOTHE paKo-
obpasnele. Bruomaccy mpeumymiecTBeHHO (opmupo-
Basn kiagouepsl (Daphnia galeata, Chydorus sphaericus,
Diaphanosoma mongolianum wu [pyrue) XapaKTepHbIE
UL 3BTPOGMHBIX BOLOEMOB, KOTOPHE JIETOM-OCe-
HbI0 cocTaByAu 70-90% Ouomacchl 300IJIAHKTOHA U
TOJIBKO B HavyaJie BeCHbI (MapT-arnpeJib) JOMUHUPOBAIIU
korenofiel (Cyclops kolensis, Mesocyclops leuckarti).

Hab6urogaeTcss MeXrogoBasi U3MEeHYNMBOCTb KOM-
IJIeKca JOMUHUPYIOIIUX BHUAOB IO YUCJIEHHOCTH U

Ta6suna 2. JJoMuHUpYOIKe BUAB 300IUIaHKTOHA (110 6momacce) B Kypmickowm 3asuse B 2019-2022 rr.

TakcoHOMHYEecKas rpynna / BUI

Mecsig

IV

VI VII VIII IX

Cladocera
Bosmina coregoni thersites Baird, 1857
Chydorus sphaericus O.F. Miiller, 1776
Daphnia galeata Sars, 1863
Diaphanosoma mongolianum Ueno, 1938
Leptodora kindtii Focke, 1844
Copepoda
Acanthocyclops sp. Kiefer, 1927
Cyclops kolensis Lilljeborg, 1901
Eudiaptomus graciloides Lilljeborg, 1888
Mesocyclops leuckarti Claus, 1857
Rotifera
Asplanchna herricki de Guerne, 1888
Keratella quadrata Miiller, 1786
Polyarthra vulgaris Carlin, 1943

+ + + 4+ o+
+ + + + o+
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6uomacce. B 2019 r. mo yncjeHHOCTH GOJIBIIYIO TOJII0
(33%) cocraBmsyin KosoBpatku Keratella cochlearis,
JI0JI KOTOPBIX CHHXajach B IOCJeAyloliye TOAbl, A0
MmuHUMyMa B 2022 r. (8%). MaccoBsle BUIBI KOJIOBpa-
TOK cocTaBasyin ~60% cpegHeroqoBON YHMCJIEHHOCTU
3oormtaHkToHa B 2019-2020 rr., Toraa kak B 2021-2022
r. 3TOT MoOKasaTresab cHuswica Ao ~30%. Hamportus,
3HAUMTEJIBHO yBeJIM4Yuiach oy komenon Mesocyclops
leuckarti (c 8-10 mo 17%), B 2021 r. u Cyclops kolensis (¢
1-4 no 13%) B 2022 1. (Puc. 3a).

HawnbGosee 3HaUMMBIM HM3MEHEHHEM B CTPYKType
coofIecTBa 300ILIAHKTOHA OBIJIO pe3Koe YMeHbIlIeHNe
B 2019 r. o6wtuA kiagouepsl Daphnia galeata, kotopas
o6eriHO JoMuHUpYyeT B Kypiickom 3amuse. B 2019 1.
AadHUA 06UIBHO BCTpeyasiach TOJIBKO B Mae, a C UIOHA
10 OKTAOpH IMpakTuiecku oTcyTcTBoBaja (0-4% 6uo-
Macchl), Torga kak B 2020-2022 rr. B 3TH MecCAIbl OHa
MorJyia ¢dopmupoBath A0 70-90% 6Guomacchl 300ILJIaH-
kroHa. Ee 6uomacca B cpegHem 3a 2019 r. coctaBuiia
Bcero 0,13 r/m® uiu 8% GuomMacchl 300IJIaHKTOHA, B
2020r. oHa yBeTMuYmMJIach Ha mopsAok (1,62 r/m3 u 49%),
JOCTUTHYB MakcuMmyMa B 2022 1. (4,76 r/m° nu 44%).
[Ipu Hu3KOI Ouomacce madHUI U B I[eJIOM KJajolep
B 2019 r., 3HAYUTEJIbHYIO [I0JII0 OMOMAaccChl 300ILJIaH-
kToHa B 2019 r. dopmupoBam konenonsl Eudiaptomus
graciloides (25%) u Mesocyclops leuckarti (18%), moJis
KOTOpPHIX B MOCJIeyIolie roabl CHU3WIach B 2-3 pasa
(Puc. 36). B 2022 r. Hapsaay ¢ nadbHUAMU 3HaYUTEIBHO
BO3pOCJia YHCJIEHHOCTh APYyrux kjagonep - Bosmina
coregoni thersites (c 0,01-0,18 r/m3, 1-5% B 2019-2021
r mo 0,96 r/m® u 10%) u Diaphanosoma mongolianum
(c 0,09-0,22 r/m*u 3-8% B 2019-2021 r 0 0,99 r/Mm®
u 10%). Kpome TOro, oTMe4eHO MaccoBOe pa3BUTHE
KpymHOH KoJtoBpatku Asplanchna herricki (1,07 r/m® u
unu 11%), koTopas B mpeAblAyliNe roAsl MPaKTUYecKU
oTcyTcTBoBajsla. Takum obpas3oM, B HCCIefOBaHHBIN
nepyoj HaOJIIoAaINCh 3HAYMTe/IbHBIe OTJIMYUA MeXAy
2019 r., xorga B 300IJIAaHKTOHE II0 YMCJIEHHOCTU IIpe-
obJyiagany KOJIOBpPATKM, a Mo OuoMacce — KOIENOMH,
n 2022 r. XapakTepusyoIlUMCs YMeHbIIeHUueM [0JIU
KOJIOBPATOK I10 YMCJIEHHOCTH M 3HAYMTEJIbHBIM YBeJIU-
yeHHeM OoOMJINA KJIajolep.

Bups! ¢ GuibTpaniOHHEIM THUIIOM NUTAaHUA Ipe-
obJiagany 1o YKMCJIEHHOCTH U 6uomacce, COCTaBjAd B
cpenHeM 3a 2019-2022 rr. (90% uncyiieHHocTu U 78%
6uomaccel 300ILUIaHKTOHA). K OCHOBHBIM MacCOBHIM
BUAaM C¢ QUJIbTPALMOHHBIM TUIIOM NUTAaHUA OTHOCH-
auchk kiamouepsl Daphnia galeata, a takxe Chydorus
shaericus, Diaphanosoma mongolianum ¥ KOTENOIbI
Eudiaptomus graciloides. BTopoii 0 3HAYUMOCTHU TPYTI-
noy ObLIM BUOBL CO cMeIlaHHBIM nutaHueM (9 u 19%
B cpeaHeM 3a 2019-2022 rr.), a XUIHUKU COCTABJIAIIN
< 1% o uncsieHHOCTU U 3% 110 61oMacce. CpeZiv BU0B
CO CMelIaHHBIM NUTaHWeM npeobsiamanu Mesocyclops
leuckarti. CamMBIM MacCOBBIM XUIHBIM BHJIOM ObLIa
Leptodora kindtii. B 2019 r. xorga obuine HOMHWHU-
pylomero Buma-guiasTpaTopa Daphnia galeata pesko
CHU3UJIOCH, B 300IJITAaHKTOHE BO3pOcCja J0JiA BUAOB CO
cMelIlaHHBIM mUTaHueM (Ao 36% mo 6uomacce), mpe-
JK7e BCero 3a cueT KpymHoro Buga Mesocyclops leuckarti,
KoTopeIfl Torga dopmupoBan 18% 6Guomacch. Taxxke
ObL7Ia BBIIE AOJISA XUIMHUKOB Leptodora kindtii (4% mo
6uomacce). B mocienyromue roas (2020-2022 r.) gonu
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Puc.3. CocTaB JOMUHUPYIOUIMX BUIOB 300IJIAHKTOHA 110
yucJsieHHocTH (a) u 6uomacce (6) B 2019-2022 rr.

6romacchl BUJOB CO CMelIaHHBIM MUTaHUEM U XUIHU-
KOB CHU3MJIUCH B 2-3 pa3a (Puc. 4)

[Tpu pe3koM CHIXKeHUM 00MInsA GUTOIJIAHKTOHA
(xopopuin «a» B 2 pasa) B 2019 r. B Kypuickom
3ayBe HaOJII0JaJIoCh CONOCTaBUMOE CHIDKeHHe OHO-
Macchl 300IUIaHKTOHA (g0 3 pa3), Mo CpaBHEHUIO C
HabyoaeMbIM B IpeAblAylIyie ToAbl «IBeTeHuA» (B
cpequeM 270 Thic.9k3./M° u 3,1 r/m° B 2015-2018 1T.).
CToJIb 3HauWTeJIbHOE yMeHbllleHre OHoMacchl ObLIO
00yCJI0BJIeHO OYeHb cJIabblM pa3BUTHEM B 3TOM TOAY
OCHOBHOIO JOMUHMPYIOIIEro BHJA 300IUIaHKTOHA
Daphnia galeata (B cpeiHeM 3a anpeJib-okTa6ps 2019 1.
0,13 r/m®), 6uomacca koroporo B 2015-2018 rr. 6pu1a
2,2 r/m® (Puc. 3, 5). B mocienyomue rogst (2020-2022
rr.) 6uomacca 300IUIaHKTOHA YBeJIMYMBaIach, IIpe-
XJe BCero, 3a cyeT MHTEHCUBHOI'O pa3BuUTHsA AadHUI,
a Takxe Jpyrux kiagornep (Bosmina coregoni thersites,
Diaphanosoma mongolianum) u KpyIHOH KOJIOBPaTKU
Asplanchna herricki.

YuicsieHHOCTh 300IJIAaHKTOHA, HeCMOTpPA Ha CHU-
xeHue 6uomMaccel B 2019 r., HanpoTus, B 2019, 2020,
2022 rr. ocTajach Ha BEICOKOM ypoBHe (314-375 ThIC.
9K3./M3) CONOCTAaBUMOM C THPeNbIyLIIMMU TOJaMHU.
Takas BbICOKasA YMCJIEHHOCTh 00ycCJIaBIMBaiach OOUJIb-
HBIM pa3BUTHEM MeJIKUX KoJioBpaTok (p. Keratella B
2019-2020 rr., Polyarthra vulgaris 8 2020, 2022 rT.),
kiagonep Chydorus sphaericus B 2022 r. BoJiee Hus-
KasA uncjieHHocTh Obia B 2021 r. xorga 3THU BHBI
cyabo pa3BUBaIMCh, IpU OOJIBIIOM 00MINHK HadHUN
(Puc. 3, 5).
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B 2022 r. HecMOTpsi HA MMHUMAJIbHBIN YPOBEHD
nepBuyHON mpoaykuuu (280 rC/(m*rom) wim 788
kKkasn/(M>ron)), COOTBETCTBYIOIIUE 3BTPOGHBIM BOAAM,
KOJIMYeCTBEHHOe pa3BUTHE 300ILIaHKTOHA, HaobopoT,
JocTurjio Makcumyma (356 Teic.ok3./M° u 5,87 r/m°),
KOTOPBIA OTMeuasici B MpeNbAYLIUI Tepuop «IiBe-
TeHUus1» Boja (Puc. 2, 5). CToJb BBICOKHE IOKa3aTeJn
obuJIisA 300IJIaHKTOHA ONpefesisijiiCh MHTEHCUBHBIM
pasBUTHEM KpYMHOpa3MepHbIX Kjamouep Daphnia
galeata n npyrux, 6uomMacca U YMCJIEHHOCTh KOTOPHIX
JOCTUTJIA MaKCUMyMa.

B 2019-2022 rr. ormeueHa obpaTHas 3aBUCU-
MOCTb MeX[y NepBUYHOM NpOAYKIMel 3a rod U cpef-
Hel 3a roa 6uomaccoii 30o0m1aHKkToHa (k03dduureHT
koppessinuu r = - 0,98), Torga Kak ¢ YKWCJIEHHOCTHIO
300ILTAHKTOHA Takas 3aBHCUMOCTb OTCyTcTBOBaja (r
= 0,24). [Ina cpeqHUX 3a rof BeJIMUUH XJIOpodUsIIa
«a», HalmpoTuB, HabyroAasach mpsAMas 3aBUCUMOCThb C
YHCJIEHHOCTBIO 300IJIaHKTOHA (r = 0,92) u oTcyTCTBUE
¢ 6uomaccoii (r = - 0,30). Takue 3aBUCMMOCTH TOJIY-
yeHbl AJ1A HeboJsiplioro nepuoja (4 ropa), HO oTpa-
’KalT TECHYIO CBsA3b (PUTOIIAHKTOHA M 300IJIAaHKTOHA
B KypiickoMm 3ajvBe B 3TOT epUO/I.

Takue pe3kue M3MeHeHUs CTPYKTYpDBI, YHCJIEH-
HOCTH ¥ OGMoMacchl 300IJIAHKTOHA B MOCJIeHUE T'OJIbI,
BO3MOXHO, OBLJIM pe3yJIbTaTOM ero ajfjainTalnuu K u3me-
HEHUSAM B OOUJIMU U TPOAYKTUBHOCTU PUTOIJIAaHKTOHA,
B TOM 4HCJIe U3MEHEHHI0 CcOCTaBa M OOWJIMA BHIOB
BOJIOpPOCJIeH, OCTYIHBIX [JIs BUAOB-(PUIBTPATOPOB.

3.3. NMoTpebreHne nepBHYHON NPOAYKUUH
300NAAHKTOHOM

CorsiacHO oIy0JINKOBaHHBIM AAHHBIM 1A [Iepu-
ofa «rumnepupeTeHus» oA (2001-2002 r.) cpegHue 3a
6e3JieAHBIN IepHOA BeJIMYMHBI palllioHa 300IJIJaHKTOHA
U noTrpebJyieHHsA MM NEepBUYHOM NPOAYKIMU COCTaB-
asma (1,1-1,3 kkan/(m*cyT) i 17-21%) (Semenova
and Aleksandrov, 2009). B mepuoj «rureprBeTeHMsI»
BoAbl B KypmickoMm 3anuBe W APYIHMX TUNepTpodHBIX
BOJi0eMax 300IUIAHKTOH MOXeT He NMOTpeOsIATh 3Ha4u-
TeJIbHYIO0 YacTh (PUTOIIAHKTOHA M3-3a NpeobiajaHuA
KPYIIHBIX HeAOCTYNHBIX AJA (UiIbTpald HUTYATHIX
nuaHobakrepuil (B wactHoctu Aphanizomenon flos-
aquae), KOTOpble MorJjiu cocTabiATh A0 40-90% 6uo-
Macchl putomtankToHa (Bernardi and Giussani, 1990;
Semenova and Aleksandrov, 2009).

B 2019 r. oTcyTcTBOBaJIO «TUIepLBETEHME»
BOJ U obunne (QUTOIIAHKTOHA 3HAYMTEJIbHO CHU3M-
JIoCch, HO B (PUTOIIAHKTOHE B COCTaBe JOMHMHAHTOB
npoAoJKaayd OBITh KpyNHBIE HUTYaThe IMaHoOaKTe-
pun Aphanizomenon flos-aquae, Planktothrix agardhii,
Limnothrix redekei (Aleksandrov, 2025; Dmitrieva et al.,
2024). OgHOBpeMeHHO C 3TUM MIPOU30IILII0 MHOT'OKpAT-
HOe yMeHbllleHne 61omacchl 300IJIaHKTOHa (B 3 pasa)
Y COIIOCTaBUMOe CHIDKeHHe pallioHa BUAOB-QUIIbTPa-
TOPOB II0 CpaBHEHHIO ¢ HabJyoJaeMbIM B Ipelblay-
e ToAbl «IBeTeHUs» (B cpeqHeM 420 kkai/(M>Tom)
wm 1,5 kkasn/(m>cyt) B 2015-2018 rr.) (Tabsuma 1;
Puc. 6). CHuxeHne OvoOMacchl M palfOHa 300ILIaH-
KTOHa ObLJIN 00y CJIOBJIEHH KpaliHe cJIabbIM pa3BUTHEM
OCHOBHOI'0 JOMMHUpYyOIIero Buja-guiabTpaTopa Kia-
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30H U3MEHYHBOCTH JIJIs OT/IEJIbHBIX MecCALleB HaOJII0IeHM ).
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nonepsl Daphnia galeata. TlpssMoro BiusiHUA GaKkTOpOB,
CBA3AHHBIX € 3BTPOo¢HpOBaHNEM BOJ WJIN JPYTUX YCIIO-
BUII cpefibl, Ha CTOJIb pe3Koe CHIXXeHNe OOMJINA 3TOro
Byuaa B 2019 r. He yCTaHOBJIEHO U BO3MOXHO HMeeT
MecTO MexXrojosas AuHamuka. OpHako, IpeoObJada-
Hue BMecto Daphnia galeata Gojiee MeJIKMX OpraHu3-
MOB B 300ILUIaHKTOHE (KoJIoBpaToK p. Keratella, xiamo-
uep Diaphanosoma mongolianum, konenon Eudiaptomus
graciloides v ip.) MpUBEJIO K TOMY, UTO JI0JIA HOTpebieH-
HOU NepBUYHOM MPOAYKLINU TakXe ObljIa MUHUMAaJIbHOM
(11%). CoobuectBa ¢ npeobiiafjlaHNeM KPYIHBIX KJia-
nonep Daphnia galeata xapakTepU3yoOTCA 3HAYUTETIBHO
6oJiee MMPOKKUM pa3MepHBIM AUANa3oHOM IoefqaeMbIX
BOJIOPOCJIEH M CKOpOCThIO mx moTpebisieHusa (Cyr and
Curtis, 1999). B 2019 r. 3HauuTesibHas 4acTb OpraHu3-
MOB QUTOIIAHKTOHA (TIpeXx/ie Bcero NuaHobaKTepuii),
dopMupyromux OObIIYI0 YacThb MEepBUYHON IMPOAYK-
11y, He Oblsla noTpebJieHa 300IJIAHKTOHOM, [TO3TOMY
OTHOIIIEHNUe pallioHa K MEepBUYHON MPOAYKIUHU ObLIN
Jaxe HUXe, yeM B Cpe[JHEM B IOJbl «TUIepIBeTeHU»
Kypuickoro 3anusa.

B mocrnenyromue roxaet (2020-2022 rr.) 6m0-
Macca 300IIJIaHKTOHA 3HAYWTEJIbHO YBeJIM4YWsIach, B
TOM uucijie AadHUl, U palyoH BUO0B-GUIBTPATOPOB
300IJTAaHKTOHA Pe3KO BO3POC, KakK CjaefCTBHe HM3MeHe-
HUA CTPYKTYpPhl JOMUHMPYIOIIUX BUJOB B (UTOILIAH-
KTOHe U 300IIJIaHKTOHe. [To ony6IMKoBaHHEIM JaHHBIM
mo ¢uronnanktoHy (Dmitrieva et al., 2024) B 2020
r. HapAAy C yMeHblleHrueM o6uinus HuaHoOaKTepui,
Ipou3olula CMeHa JOMUHUPYIOIUX Cpeay HUX BUJIOB,
B YaCTHOCTU IIPaKTUYeCKH OTCYyTCTBOBAJIM caMble
KpYyIIHble KOJIOHHaJIbHble OpraHu3MBbl IIMaHoOaKTepuil
Aphanizomenon flos-aquae, xoTopble paHee 06pa30BHI-
BaJId OOLIVMpHBIE «IIATHA I[BeTeHUdA». OOHOBpPEMEHHO
C 3TUM B 300ILIaHKTOHe B 2020-2022 rT. BHOBH JOMU-
HUPOBAJIM KpymHbIe Kaaouepsl Daphnia galeata (~40-
50% 6uomaccsl), MMelolIre BO3MOXHOCTh GUIbTpalU
6oJiblero cruekTpa GUTOIIaHKTOHA.

B pesynbprate B 2020 r. pu COXpaHEHUU TOTO
ke YpOBHS MepBUYHON mpoAykiuu kak B 2019 r.
(~400 rC/(m?rom), palMoOH 300IUIAHKTOHA YBEJIU-
ypsca 6osiee, uem Basoe (311 kkan/(m3ronm), 0,85
kkan/(m*cyT). HoJis moTpebJIeHHOM MEePBUYHON IPO-
AYKIUHU Takxe Bo3pocisa J0 27%, XOTA U ocTaBaJach
Ha ypoBHe, Ha0J10jJaeMOM B runepTpo¢HHIX BoJgoeMaM
(Tabauna 1; Puc. 6).

B 2021-2022 rr. npy 3HAYUTEJIBHOM CHUXEHUU
nepBuyHON npoaykiuu (20% u 33%), 6uomacca 300-
IJIAaHKTOHA yBeJINYMBajlach BBOe. BO3MOXHO CHIKe-
HUe «IBeTeHWUA» BOJ, B TOM 4HcCJIe IIOTeHIMaJIbHO-TOK-
CHUYHBIX LMaHOOaKTepul, co3faBajio OJaronpuATHBIE
yCJI0OBUA JJIA Pa3BUTHA 300IJIAHKTOHA, O YeM CBHe-
TEeJIbCTBYIOT €ro MakcuMaJibHble Ouomaccel B 2021-
2022 r. (>5 r/m® B cpeiHeM 3a Ge3JIeHBIN TEPUO/T).
CpenHulil 3a Ge3sleHBIN Nepuol paluoH GUIbTPaTo-
poB B 2021 u 2022 rr. pe3ko yBeJn4uicsa BAsoe 10 2,1
kkan/(m*cyT). B 2021 r. rogoBo# panyoH BO3pOC A0
588 kkai/(Mm*TOf), coctaBuB 64% mpoaykKuuu GuTo-
1aHkToHa. B 2022 r. 6e3yieqHbIi nepuof ObLIT 3HAYN-
TeJIbHO JJIMHHee (Jie[] TOJIbKO B Jekabpe), 4yTo co3ja-
BaJIO YCJIOBUSA AJIA AJIATEJIbHOTO aKTUBHOI'O Pa3BUTHUA
300IJIaHKTOHA U TOJIOBOM paliOH BHUOB-QUIbTPATO-
poB B 2022 r. jocTUr MakCUMaJibHOU BesinuuHH (> 700
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Puc.6. Ileppuunas npoayknus (1), pauroH BUAOB-OUIb-
TpaTOpOB 300IJIaHKTOHA (2) 1 X oTHouleHue (3) B Kypmickom
3aJiMBe.

kkas/(M3>rom). OTa BeJIMUMHA MOYTH BJIBOE MPEBHICHIIA
cpelHUIl YpOBeHb pallMOHa 300IJIAHKTOHA, KOTOPHIN
HabJTofjaicsa B NpeAbAyIIUN Nepruo]] MaKCUMaJIbHOMN
[IepBUYHON NPOAYKIWU B Mepuoj «lBeTeHW:d». M3-3a
3HAUMTEJIbHOI'O CHIXKEeHHA MNPOAYKTUBHOCTH (UTO-
IUIaHKTOHa B 2022 T., 300IUIAaHKTOH HCIIOJIb30BaJI
6os1ee 90% mnepBUYHON NMPOAYKLUMHU, YTO MOXET IMOKa-
3BIBaTh O BO3MOXXHOM BO3HUKHOBEHUHU HaNpPSKeHHBIX
KOHKYPEHTHBIX OTHOILIEHHH B 300IJIAHKTOHE, a TaKxe
¢ apyrumu rpynnamu (6eHTOCOM, MOJIOAbI0 PBHIO) B
Kypuickom 3anuBe.

CHuxeHre obunusa (xyopoduiiia) u NpoayKuuu
¢utonnankToHa B Kypiickom 3aimBe, HapsAAy C Mac-
COBBIM pa3BUTHEM BeTBUCTOYCHIX PaKoOOpa3HBIX, IpU-
BeJIO K 04eHb 3(PHEeKTUBHOMY HCIOJIb30BAHUIO [TIEPBUY-
HOM IPOJAYKLHM 300ILJIAHKTOHOM. B BBICOKOTPOGdHBIX
BOJ0OEMAxX 300IUIAHKTOH MOXeT MOTpebJIATh JIeTOM
<10-20% npoaykuuu (GUTOIIAHKTOHA, B TO BpeMA
Kak B BoJioeMax He NOABEPXKEHHBIX 3BTPO(GHPOBaHUIO
40-90% (I'yrenpmaxep, 1986). B KypiickoMm 3asuBe
B 2019-2020 rr. mpu CcOXpaHEHUU BBICOKOI IepBUY-
HOM IPOAYKLIMHM Ha YPOBHE MeXAYy I'MIepTpO(HBIM U
3BTPOGHBIM COCTOSSHMEM BOJ 300IUIAaHKTOH IOTpe-
65111 ~20% nepBUYHOM MPOAYKLUM, C MUHUMYMOM B
neproj HU3KOro o0MINA KPYIHBIX Kjafouep. OTO BeJlo
K yTuauzanuu 6oJibliieil ee 4acTU yepe3 MHUKpoOOHaJib-
HYI0 Tpopurueckyio ceTh (M1 MUKPOOUAJIbHYIO MIETJII0)
1 Takxe HaKOIUJIEHUIO YacTU OpraHWYecKoro BellecTBa
duTonsIaHKTOHA B AOHHBIX oOcajkax. Poib MuUKpPOOG-
HOM MeTJIM BO3pacTaeT C MOBHIIeHHeM TPpohHUUecKoro
craryca BojoeMa U CBf3aHA OOpaTHON 3aBHUCUMO-
cThio ¢ 6uomaccoi knanorep (Komeuio u ap., 2007).
[Ipekparmienus «rumeplBeTeHusA» BOABl U CHUXeHHe
nepBuYHON mnpoayknuu B 2021-2022 rr. Ao 3BTpod-
HOI'O YPOBHsA, HapsAAy C MacCOBBIM pa3BUTHEM KJIaJo-
1[ep 1 yBeJIM4eHHeM pallioHa 300ILIaHKTOHA, IIPUBEJIO
K o4eHb 3(PHEeKTUBHOMY HCIIOJIb30BAHUIO MPOAYKLIUU
¢urortankroHa (60-90%). Bo3aMoXHO, 3TO CBUETEb-
cTByeT 0 ¢GOpMHUPOBAHNUU HOBBIX CTPYKTYPHO-(PYHKIU-
OHAJIbHBIX XapaKTepUCTUK B IUIaHKTOHe Kypiickoro
3aJiBa B YCJIOBUAX HayaBlIerocs Ae3BTpopUpoBaHUA
BOJI JIaTYHOM 3KOCHCTEMBL.
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4. 3aknioueHue

Kypiuickuii 3amuB — JjiaryHa, B KOTOPOM THIPO-
Jloru4ecKre ycJIOBUA U YPOBeHb 3BTPO(PUPOBaHUSA BOJ
CO3JjaJIN yCJIOBUA AJIA MHTEHCUBHOI'O pa3BUTHA IIpec-
HOBOJHBIX BUJOB (UTOILUIAHKTOHA K 300ILJIaHKTOHA.
B ¢duromnnaHKTOHe OOMUHUDPYHOT LHUAHOOAKTEpUH U
JuaToOMOBbIe BOAOPOCJIY, B 300ILJIAHKTOHE — BETBUCTO-
yChle 1 BecJIOHOrMe pakooOpasHble, XapaKTepHble OJif
3BTpOGHBIX BoJ0eMOB (Daphnia galeata u papyrue),
cpeou KOTOphIX MpeobsiagaioT ¢uibTpaTopbl (80-
90%). JnuTenpHBIN Nepuon uccaenoBanuil (¢ 1980-x
IT.) B BOJOeMe OTMeuaJioch 4acToe «TUIleplBeTeHe»
BOABI, KOTOpoe He HabOmopaerca ¢ 2019 r. B nepuop
2019-2022 rr. NpOU301LJIO 3HAUUTEJIbHOE YMEHbIIIeHNe
obuinus (xJiopoduIuT) U NPOAyKUUU (DUTOIIAHKTOHA,
B pe3yJjbTaTe yero Tpoduueckuii craTyc JiaryHbl CHU-
3WiIcA € runeprpo@HoOro A0 3BTPOYHOrO YPOBHA.
KonruecTBO OpraHM4eckoro BellecTBa, oO0pa3yeMoro
duTONIIAHKTOHOM, KOTOpOE MOXeT IOCTYIUTb B TPO-
(¢uueckyro cetb, yMeHbmmiock no 800-1200 kkain/
(m3rom).

[Ipekpalmienue «IBeTeHUA» BOJ U pe3Koe CHU-
KeHre o0uansA (QUTOIIAHKTOHA NMPHUBEJIO K COIMOCTa-
BUMOMY yMeHbIlleHUI0 (B 3 pa3a) OuoMaccel U paru-
OHa 300IUIaHKTOHA B 2019 r. CHmXeHne 6MoMacch U
paroHa 300ILUIaHKTOHA OBLIM OOYCJIOBJIEHBI CJIaOBIM
pa3BUTHEM OCHOBHOI'O JOMUHUpYIOIIEro Buja - Gub-
TpaTtopa kJagouepsl Daphnia galeata. B mocyenyio-
e rofel (2020-2022 rr.) HabJI0JAI0Ch YBEJIMUeHHe
6uomacchl 300IJIaHKTOHA, OJHOBPEMEHHO C pPOCTOM
BEeJIMYMHBl palioHa BUAOB-GUIBTPATOPOB U [J0JIU
KCIOJIb30BaHHON MMM MEPBUYHOM IpoAyKiuu. Takue
W3MeHeHUs, BepOoATHO, ObUIN pe3yJIbTaTOM aJjanTalun
300IJIAaHKTOHA K U3MEHEeHUAM B CTPYKType, OOMJINU U
MIPOAYKTUBHOCTH (GUTOIUIAaHKTOHA. B 300IJIaHKTOHE
BHOBb JOMHHHPOBIN KpYIHBIE KJamonepsl Daphnia
galeata (~40-50% Gromaccsl), UMeIIIe BO3MOXHOCTb
¢unpTpanuu GoJibiero crnekrpa (UTONJIAHKTOHA. B
2022 r. HecMOTps Ha MMHUMAJIBHBII ypOBeHb IIep-
BUYHON NPOAYKIMY, COOTBETCTBYIOIIUN 3BTPOMHBIM
BOJIaM, KOJINUYeCTBeHHOe pa3BUTHE 300IJIaHKTOHA U ero
palMoH, JOCTUIJIM MaKcuMyMa. 3HauuTesIbHOe YBeJIu-
yeHUe palyoHa, HapsAy ¢ MacCOBHIM pa3BUTHEM KJla-
gonep xapaktepusyeT 3G(GeKTHBHOE HCIOJIb30BaHNeE
nponykuuu durtonnaHkToHa (o 60-90%) mocre mpe-
KpallleHus1 «TUIMepIBEeTeHNs» BOABL. [Ipousorienmive
W3MeHeHHs, BO3MOXHO, MOI'YT CBUAETeJIbCTBOBATh O
dbopMUpOBaHNUU HOBBIX CTPYKTYPHO-(QYHKIIMOHAJIBHBIX
XapaKTepuCTHMK B IJIaHKTOHe Kypiickoro 3anuBa B
yCJIOBUAX HavaBllerocsa Ae3BTpodHUpoBaHusA BOJ Jary-
HOI 9KOCHUCTEMBIL.
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BUTHA IUJIAaHKTOHA IIOJIyYeHO B paMKax rocynap-
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25-00). ®@uHaHcupoBaHHe pPaboOT, BBIIOJHEHHBIX
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