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ABSTRACT. The Curonian Lagoon is the largest lagoon in Europe with freshwater conditions. For a long
period, a large amount of nutrients was supplied with the flow of the Neman River, which led to signif-
icant eutrophication of the lagoon. The consequence of this was a summer peak increase in phosphorus
phosphates, associated with the intensive development of cyanobacteria and water “hyperblooming”.
Comparison of data obtained in the southern part of the lagoon in 2019-2024 with an earlier period
of water “blooming” (2007-2016) showed a 2-3-fold decrease in summer concentrations of phosphate
phosphorus and a change in the N:P ratio (from <16 to ~30-50). As a result, the intensive development
of cyanobacteria (water “hyperblooming”) ceased. During the period of water “hyperblooming” (2007-
2016), chlorophyll a concentrations during the growing season and in summer exceeded 100 pg/1 and
characterized the Curonian Lagoon as a hypertrophic water body. In the modern period (2019-2024),
chlorophyll a concentrations have decreased by 3-4 times (~40 pg/1). The decrease in chlorophyll and
phosphorus concentrations in recent years can be characterized as significant de-eutrophication of the
Curonian Lagoon.
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1. Introduction large amount of nutrients have been entering the

) ) lagoon annually (Cetkauskaite et al., 2000; Vybernaite-
The Curonian Lagoon is a shallow water body Lubiene et al., 2018; 2022). Significant part of which
separated from the Baltic Sea by a sand bar (Curonian is retained in lagoon due to geomorphological condi-
Spit), which', _according to geomorphological features, tions, which has led to strong eutrophication of waters.
can be classified as a “closed” type lagoon. The water This lagoon ecosystem is characterized by the forma-
body is connected to the sea by a narrow strait in tion of highly productive freshwater communities of
the northern part, and in the eastern part the Neman planktonic and benthic organisms, typical of eutrophic
River, one of the largest in the Baltic Sea basin, flows waters (Dmitrieva and Semenova, 2011). The Curonian
into it. The river runoff is 3.5 times greater than the Lagoon is one of the most important fishery water
volume of incoming seawater and the volume of the bodies in the Baltic States and has of recreational sig-
entire lagoon, therefore freshwater conditions unique nificance (Curonian Spit National Park). At the same
for coastal water bodies are formed almost throughout time, as a consequence of water eutrophication, over
the entire water area (Ferrarin et al., 2008). In terms the past decades, a intensive development of cyanobac-
of area and water volume, the Curonian Lagoon is the teria (water “hyperblooming”) has been observed in
largest lagoon in Europe, which is classified as a trans- summer (July-September) (Olenina, 1998; Dmitrieva
boundary water body (75% of the water area belongs et al., 2024; Vaiciiité et al., 2021). The most adverse
to the Russian Federation and the northern part to effects of this phenomenon are observed in the coastal
Lithuania). The catchment area is located in densely zone, where chemical conditions may exceed the MPC
populated regions, mainly Belarus and Lithuania, with and fish mortality may occur (Aleksandrov et al., 2018;
developed agriculture and industry. For a long period, Aleksandrov and Smirnova, 2023).
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Intensive development of diatoms in spring and
cyanobacteria in summer result in very high abundance
(chlorophyll a) and primary production phytoplank-
ton for aquatic ecosystems, according to which the
Curonian Lagoon corresponded to the hypertrophic sta-
tus (Aleksandrov, 2010; Aleksandrov and Kudryavtseva,
2023). Hydrochemical conditions underlie the forma-
tion of high bioproductivity of the lagoon. Nitrogen and
phosphorus concentrations have been regularly studied
in the Russian part of the lagoon since the 1990s as
part of monitoring observations of the fish habitat,
but published works on the hydrochemical parame-
ters of the Curonian Lagoon are few. In most studies,
the nutrients in water is given as background char-
acteristics when describing primary production and
algal blooms (Aleksandrov, 2010; Aleksandrov et al.,
2018; Bartoli et al., 2018; Pilkaityte and Razinkovas,
2006; Vybernaite-Lubiene et al., 2017). Published data
on hydrochemical conditions in recent years (2018-
2022) are presented without relation to phytoplankton
(Stashko and Aleksandrov, 2023). Assessments of the
trophic status of the Curonian Lagoon cover the period
up to 2015 (Aleksandrov, 2010; Aleksandrov and
Kudryavtseva, 2023). Taking into account the dynamic
changes in the nutrient load and hydrochemical con-
ditions (Vybernaite-Lubiene et al., 2018), they do not
reflect the current ecological situation.

The high level of water eutrophication and
plankton productivity significantly affects the intensity
of energy flows and the carbon cycle in the Curonian
Lagoon. As a result, this lagoon was selected as one of
the objects for the development of a regional module
for climate and environmental monitoring of the Baltic
Sea within the framework of the consortium “OCEAN:
MONITORING AND ADAPTATION”. Concentrations
of chlorophyll and nutrients in water are the most
important parameters for assessing the eutrophication
of aquatic ecosystems and are used as key monitor-
ing indicators in the comprehensive assessment of the
Baltic Sea (Bashirova et al., 2023; HELCOM, 2013).

The aim of the work was to analyze the current
state and long-term changes in hydrochemical condi-
tions (nitrogen and phosphorus concentrations) affect-
ing phytoplankton, and chlorophyll a as an indicator of
algae abundance and water “blooming”.

2. Materials and Methods
2.1. Description of the study area

The Curonian Lagoon is a large (water area
1,584 km?, water volume 6.2 km?®) and shallow lagoon
(maximum depth 5.8 m, average ~3.8 m) in the south-
eastern part of the Baltic Sea. The lagoon is separated
from the sea by a narrow sand bar (Curonian Spit)
97 km long, a narrow strait is located in the north-
ern part. The drainage area (100,485 km?) is formed
mainly by the Neman River basin (98% of the area),
the runoff (19.7 km?®) of which enters the northern
part of the lagoon. The southern part receives the
runoff of the Deima River (1.1 km?). The continental
runoff (21.8 km3/year) is many times greater than the
inflow from the sea (6.1 km®/year) (Jakimavic¢ius and
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Kovalenkoviené, 2010). In most of the water area the
water is fresh (~0.2%o0) and only at the sea strait the
salinity is 2-3%o, therefore the lagoon can be classified
as a freshwater water body. The Curonian Lagoon can
be formally divided into 2 parts. The northern smaller
part is under the influence of the Neman River runoff
and seawater inflow, the water exchange is ~70 days.
In the southern, larger part of the lagoon (~75%) the
river influence is weak, wind currents prevail, the water
exchange exceeds 120 days and limnic conditions are
observed (Ferrarin et al., 2008).

2.2. Sampling and analyses

The studies were carried out in 2024 in the open
waters of the Curonian Lagoon at 7 stations located in
the southern part and on the border with the northern
part (Fig. 1, Table 1). A number of stations (V_1k, V_2k,
V_3k) are key for the development of a regional mod-
ule for climate and environmental monitoring of the
Baltic Sea (Bashirova et al., 2023). The samples cov-
ered the transitional winter-spring (March 20), spring
(April 8, May 5), summer (June 6, July 17, August 21)
and autumn (October 2, November 8) hydrological
periods. At each station, the temperature and salinity
of the water were determined with a Sontek CastAway-
CTD hydrophysical probe, samples for hydrochemi-
cal parameters and chlorophyll were collected with a
Niskin bathometer (5 1 volume) in the surface and bot-
tom horizons.

Water samples for nutrients were pre-filtered
through filters with a pore diameter of 2-3 um to obtain
forms of nitrogen and phosphorus dissolved in water. The
concentrations of ammonium nitrogen (N-NH 4), nitrite
nitrogen (N-NO,), nitrate nitrogen (N-NO,), total dis-
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Fig.1. Map of sampling stations in the Curonian Lagoon.



Aleksandrov S.V. / Limnology and Freshwater Biology 2025 (4): 391-408

SI: “The VIII-th Vereshchagin Baikal Conference”

Table 1. Sampling stations in the Curonian Lagoon in 2024.

Station Latitude Longitude Station Latitude Longitude

1 (V_1k) 54°57.73’ 20°33.33 7 (V_3Kk) 55°04.20’ 21°03.00"

3 (V_2Kk) 54°57.64’ 20°59.60’ 8 55°04.20’ 21°08.70"
5 55°04.20’ 20°48.00/ 11 55°10.20/ 21°08.707
6 55°04.20’ 20°55.20/

solved nitrogen (TDN), phosphate phosphorus (P-PO,)
and total dissolved phosphorus (TDP) were determined
using standard methods using a KFK-3 spectrophotom-
eter (ICES, 2004; Guidelines, 2003). Inorganic nitrogen
(DIN) was obtained as the sum of ammonium, nitrite
and nitrate nitrogen. Dissolved organic nitrogen (DON)
and phosphorus (DOP) were calculated as the differ-
ence between total nitrogen and phosphorus and their
mineral forms. Water samples for chlorophyll were fil-
tered through MFAS-MA-6 filters (pore diameter 0.3
um) and optical densities were determined on an SF-56
spectrophotometer based on the methodology (SCOR-
UNESCO, 1966) and equations (Jeffrey and Humphrey,
1975). The level of water eutrophication was assessed
according to trophic classifications, which distinguish
4 trophic states based on the concentration of chloro-
phyll, nitrogen and phosphorus: from oligotrophic to
hypertrophic (Hakanson and Boulion, 2001; Nurnberg,
1996; OECD, 1982).

3. Results
3.1. Hydrological conditions

The climate in the Curonian Lagoon area is tran-
sitional from marine to temperate continental. The tem-
perature regime of the lagoon mainly depends on the
air temperature due to its shallow depths. According
to the Kaliningrad Center for Hydrometeorology and
Environmental Monitoring (KCHM) in the Curonian
Lagoon ice conditions were observed only in January
2024. Flood was observed from February to the end of
March - April, low-water flow was from May. The air
temperature in some months was higher than the aver-
age long-term level by 1-4 °C throughout the year until
December (Hydrometeorological situation..., 2024).
The water temperature in the lagoon was characterized
by warming up of water from 4.1 °C in March to a max-
imum of 23.3 °C in July and autumn cooling to 8 °C in
November in 2024 (Table 2). In the summer, there was
an intensive warming of the lagoon waters (21.6 °C on
June 6 - 22.3 °C on August 21), simultaneously with an
excess of the average long-term level air warming by
1.0-2.0 °C in this period.

The studied lagoon area had freshwater con-
ditions (~0.2 psu). A slight increase (by 0.1-0.2
psu) was noted only to the north (station No. 11) in
October and November, when the low-water flow
in the rivers remained below the annual average
(Hydrometeorological situation..., 2024), and small
inflows of sea water into the lagoon could be observed
with westerly winds (Table 2).
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3.2. Nutrient concentrations in water

The seasonal dynamics of nitrate nitrogen in 2024
was characterized by a maximum in March (840 pg N/1)
in the open waters of the lagoon due to winter accumu-
lation and influx during the flood period mainly with
the runoff of the Neman River (Vybernaite-Lubiene et
al., 2018). In the spring, there was a gradual decrease,
caused by the intensive growth of phytoplankton, to
minimum concentrations (4-13 pg N/1), which were
observed throughout the summer period (Table 2).
Such dynamics reflected the long-term trends for the
Curonian Lagoon (Aleksandrov, 2010; Aleksandrov et
al., 2018; Pilkaityte and Razinkovas, 2006; Vybernaite-
Lubiene et al., 2017). The difference was the preserva-
tion of low concentrations in October-November, when
previously they increased by 1-2 orders of magnitude.

Nitrite nitrogen concentrations in the open water
area were low. Higher values were in spring (6-8 ug
N/1), and the lowest (< 1 ugN/l) were noted in October
with a minimum concentration of ammonium nitrogen
(Table 2).

The values of ammonium nitrogen are subject to
significant seasonal changes and are associated with the
intensity of biochemical decomposition of organic mat-
ter in the lagoon. Three peaks were observed in 2024:
in March-April, August and November (Table 2). The
spring peak is associated with the influx of dissolved
organic matter during the flood period (Vybernaite-
Lubiene et al., 2022) and their subsequent decomposi-
tion in the lagoon. In summer, algal bloom is observed,
during which the decomposition of cyanobacteria can
lead to a multiple increase in ammonium nitrogen over
several days (Peng et al., 2017). In November, the end
of phytoplankton growth and its subsequent decompo-
sition occurs. Such dynamics reflected the long-term
trends for the Curonian Lagoon (Aleksandrov et al.,
2018; Stashko and Aleksandrov, 2023).

For total dissolved nitrogen (TDN), including min-
eral and organic forms dissolved in water, the maxi-
mum was in March-April (2300-4500 pg N/1), when a
large amount of mineral and organic substances enters
the lagoon with river runoff during the flood period
(Vybernaite-Lubiene et al., 2018; 2022). In addition,
the spring peak of phytoplankton growth was observed
in April and the concentration of dissolved organic nitro-
gen (DON) in water was maximum during this period
(3719 pgN/l). In May, TDN and DON decreased and
remained at a close level of 900-1400 ug N/1 until the
end of autumn. An increased of TDN and DON were
in August, as a result of the accumulation of organic
substances during the summer algal bloom. The pro-
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Table 2. Hydrological and hydrochemical indicators and chlorophyll in the Curonian Lagoon in 2024.

Parameter Month
11T v v VI Vil VIII X XI
Tempe- 4.1 8.7 14.7 21.6 23.3 22.2 13.9 8.4
rature,’C 4.0-4.2 8.2-9.5 12.8-17.1 21.1-22.5 22.7-23.9 21.9-22.7 13.0-14.3 8.1-8.7
Salinity, 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2
psu 0.2-0.2 0.2-0.2 0.2-0.2 0.2-0.2 0.2-0.2 0.2-0.2 0.2-0.4 0.2-0.3
Transpa-rency, 0.7 0.5 0.65 0.7 0.55 0.65 0.5 0.85
m 0.6-0.8 0.3-0.75 0.5-0.7 0.6-0.75 0.5-0.7 0.45-0.7 0.4-0.6 0.7-1.1
N-NO,, 840 758 412 4 13 4 2 15
ug N/1 572-1196 583-1117 270-590 1-8 1-29 3-7 1-5 8-35
N-NO,, 8 6 7 2 5 2 0.3 6
ug N/1 5-15 5-7 5-9 1-3 1-13 1-3 0.2-0.6 2-8
N-NH,, 18 55 20 13 16 46 2 37
ug N/1 10-41 47-63 14-27 7-31 5-30 39-64 1-5 21-68
TDN, 2380 4538 1424 1136 1404 2085 870 946
ug N/1 1876-2781 | 2606-5829 | 959-1771 971-1359 762-2197 1571-2676 738-1097 | 829-1088
DON, 1513 3719 985 1118 1366 2034 866 889
ug N/1 1245-1612 | 1794-4982 639-1311 959-1341 710-2151 1521-2624 735-1091 763-1042
P-PO,, 5 10 3 3 2 3 4 4
ug b/1 3-7 8-13 1-4 2-3 1-4 3-7 2-7 3-5
TDP, 20 20 15 18 19 11 15 15
ug b/1 17-22 18-23 14-17 15-23 15-24 9-15 13-22 13-19
DOP, 10 13 15 17 7 11 12
ug P/1 12-17 7-13 12-15 13-20 13-21 6-9 9-19 10-15
Chlorophyll a, 28 38 29 19 55 41 39 27
ug/1 24-38 26-58 17-44 10-29 29-83 24-55 25-59 18-46

Note. Above the line are average values, below is the range of variability

portion of mineral nitrogen used by phytoplankton
decreased from 31% in March to minimum values (<
2%) in July-October, reflecting the seasonal dynamics
of phytoplankton growth.

Seasonal dynamics of phosphate phosphorus in
2024 had increased values in March-April (5-10 pg
P/1) due to winter accumulation and influx with flood
waters. Concentrations decreased to minimum values
(2-3 pgP /1) in May due to use by phytoplankton, which
remained until the end of the vegetation period (until
November) (Table 2). The content of total phospho-
rus, including mineral and organic forms dissolved in
water, was at a similar level (mainly 15-20 pug P/1) with
higher values in spring and summer. The proportion
of mineral phosphorus decreased from 50% in April
to 10% in July, when the maximum concentration of
chlorophyll a (55 pg/1) was observed. Concentrations
of dissolved organic phosphorus in water in 2024 in
the open water area of the lagoon were quite low (7-17
ug P/1) with a slight increase during the flood period
(March) and summer phytoplankton growth (July). In
comparison with previous research periods in the 1990-
2010s (Aleksandrov, 2010; Aleksandrov et al., 2018;
Vybernaite-Lubiene et al., 2017), there was no sharp
summer increase in phosphorus, and the values them-
selves were many times lower.
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3.3. Phytoplankton abundance by
chlorophyll a concentration

The beginning of active phytoplankton in the
Curonian Lagoon is observed after the ice melts and
the clears of the water area, which usually occurs
in February-March. The clears of the water area
occurred in February 2024 and the water warmed
up above the average long-term value in this month
(Hydrometeorological situation..., 2024). The transi-
tion to the spring hydrological state of waters (~4 °C)
was observed in March and phytoplankton was actively
growing (chlorophyll a 28 ng/1) (Table 2). Seasonal
dynamics of chlorophyll a as an indicator of phyto-
plankton abundance was characterized by 2 peaks in
the lagoon in 2024: in spring in April (on average 38
pg/1) and in summer in July and August (41-55 pg/1)
(Table 2). The spring peak is associated with the mass
vegetation of diatoms, which actively grow with suf-
ficient amounts of The spring peak is associated with
the spring mass vegetation of diatoms, which actively
grow with sufficient concentrations of nitrate nitrogen
and phosphate phosphorus due to their winter accu-
mulation and supply during the flood period. In June,
the concentrations of these substances decreased to an
annual minimum and the lowest values of chlorophyll
a were observed. The summer peak of chlorophyll is
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associated with the mass vegetation of cyanobacteria
(water bloom) at the highest warming (> 20 °C) and
is usually observed in July-September (Aleksandrov et
al., 2018; Dmitrieva et al., 2024; Vaicitité et al., 2021).
Water temperature has a significant impact on the sea-
sonal dynamics of phytoplankton and chlorophyll as an
indicator of its abundance. In particular, phytoplankton
continued to actively vegetate (chlorophyll a 39 pg/1)
in October due to increased warming of the waters.

The abundance of phytoplankton affected the
transparency of water. It decreased on average to 0.50-
0.55 m in spring and summer, when the concentration
of chlorophyll a was the highest, while at minimum
chlorophyll values (June, November) the transparency
increased (up to 0.70-0.85 m) (Table 1).

According to long-term data, the Curonian
Lagoon was characterized by very high values of chlo-
rophyll a (> 100 pg / 1), especially during the sum-
mer intensive growth of phytoplankton and water
”blooming” (Aleksandrov et al., 2018; Aleksandrov and
Smirnova, 2023; Vaicitité et al., 2021). The seasonal
dynamics of phytoplankton in 2024 corresponded to
the established patterns. In contrast to long-term data,
the summer peak of chlorophyll a slightly exceeded the
spring peak in 2024 and summer values were many
times lower than previously observed during periods of
water “hyperblooming”.

3.4. Trophic state of the water body

The concentration of chlorophyll a is widely
used as a fundamental criterion for the trophic state of
water bodies, since it is associated with phytoplankton
biomass and the primary production. Additionally, the
concentrations of nitrogen and phosphorus in water are
assessed as a potential level of biological productivity,
and also water transparency. The most developed clas-
sifications are for lakes (Hakanson and Boulion, 2001;
Nurnberg, 1996; OECD, 1982), which can be applied to
the Curonian Lagoon, taking into account its geomor-
phological, hydrological and biological characteristics.

The concentration of chlorophyll a from March
to November 2024 varied in the range of 19-55 ug/I1,
averaging 35 pg/l. This corresponds to a borderline
state between the eutrophic and hypertrophic levels
(25-35 pg/D). In summer (July-August) chlorophyll
a was 41-55 pg/l, which can be characterized as the
absence of hyperblooming (>75-100 pg/1) observed in
the water bodies of the hypertrophic state (Hakanson
and Boulion, 2001; Nurnberg, 1996; OECD, 1982).

High concentrations of total dissolved nitrogen
(3460 pg N/1 in spring and 1750 pg N/1 in summer)
were observed in the Curonian Lagoon in 2024, which
corresponds to a potential hypertrophic state (> 600 ug
N/1 and >1200 pg N/I). However, the concentrations
of total dissolved phosphorus were low (at the lower
limit of eutrophic waters ~20-35 pg P/1) (Hakanson
and Boulion, 2001; Nurnberg, 1996). This determined
a relatively low level of water productivity (based on
chlorophyll a).

Water transparency is also a widely used indica-
tor, but its application may be inaccurate due the large
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influx of suspended inorganic matter. In the Curonian
Lagoon, water transparency was 0.50-0.85 m from
March to April, which corresponds to a hypertrophic
level (<1 m). However, such values were determined
not only by the phytoplankton abundance, but also by
the high content of suspended matter entering from the
bottom during wind mixing of a shallow lagoon (aver-
age depth 3.8 m).

4. Discussion

According to long-term studies, the Curonian
Lagoon is characterized as a highly productive water
body, in which since the mid-1980s the abundance of
cyanobacteria has almost annually reached the level of
“hyperblooming” of water. Concentrations of chloro-
phyll a according to in situ and satellite observations
exceeded 100 pg/l and scums (cyanobacteria surface
accumulations) were formed (Aleksandrov, 2010;
Aleksandrov et al., 2018; Olenina, 1998; Vaiciiité et
al., 2021). The last hyperlooming was described in
2018. There are no published data on the open water
area of the Curonian Lagoon for the period after 2018,
although observations, including 2024, as well as a
study of the coastal zone in 2017-2021 (Dmitrieva et
al., 2024) show that the cyanobacteria abundance and
water blooms has significantly decreased.

Seasonal dynamics of nutrients in the Curonian
Lagoon directly depends on phytoplankton productiv-
ity, mineralization of organic matter in water and bot-
tom sediments and influx with river runoff. The data
obtained in the southern limnic part (Russian waters) in
2023-2024 and 2019-2022 were averaged (Stashko and
Aleksandrov, 2023) to characterize the current state,
which were compared with the early period of intense
algal blooms (2007-2016) (Aleksandrov et al., 2018).

The intraannual change in the concentration of
nitrate nitrogen in both periods (2007-2016 and 2019-
2024) reflected long-term trends for the Curonian
Lagoon and, in general, for water bodies with a strong
river influence located in the temperate zone. The high-
est values were in March-April due to winter accumula-
tion and influx during the flood with the Neman River
runoff (Vybernaite-Lubiene et al., 2018). The nitrate
nitrogen concentrations decreased to minimum in sum-
mer due to intensive consumption by phytoplankton
and denitrification. According to long-term data during
this period (June-September) algal bloom is observed in
the lagoon (Aleksandrov, 2010; Vaicitité et al., 2021).
A significant difference in the modern period (2019-
2024) was the conservation of low concentrations of
nitrate nitrogen in the late autumn period (October-
November). Previously, they increased by 1-2 orders of
magnitude during the period of autumn water cooling
and the decrease of phytoplankton growth (Fig. 2a).
This is due to the continuation of active phytoplank-
ton vegetation in October-November 2019-2024,
which is facilitated by a long-term increase in water
warming in autumn (Jakimavicius et al., 2023). In
particular, in these months of 2024, the air tempera-
ture was 1-1.5 °C higher than the long-term average
(Hydrometeorological situation..., 2024). A shift in the
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Fig.2. Concentrations of nitrate (a) and ammonium (b) nitrogen in the Curonian Lagoon in 2007-2016 (1) and 2019-2024 (2).

maximum concentration of nitrate nitrogen from April
to March was also noted, as a result of the early onset of
flooding and the removal of nitrogen with river runoff.
As an example, in February-March 2024, the water tem-
perature was 2-4 °C higher than the long-term average
and intense flood was observed. Despite these changes
in seasonal dynamics, nitrate nitrogen concentrations
in 2007-2013 and 2019-2024 were similar, amounting
to 120-140 ug N/1 on average for April-October and 25
pg N/1in summer (July-September).

The seasonal dynamics of ammonium nitrogen
is quite stable, with 3 peaks (early spring, summer
and late autumn) associated with the mineralization
of organic matter, mainly formed by phytoplankton
(Fig. 2b). These peaks decreased in 2019-2024, which
is associated with the early start and late end of the
growing season, as well as reduce algal bloom in sum-
mer. As a result, the concentration of ammonium nitro-
gen decreased, especially in summer (July-September)
~ 20%.

Seasonal dynamics of phosphate phosphorus
have changed fundamentally in recent years, unlike
mineral nitrogen. According to published long-term
data (since the 1990s), the concentration of phos-
phate phosphorus in the water of the Curonian Lagoon
increased many times to a maximum in summer (July-
August) after decreasing to minimum values in spring.
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In particular, this was observed in 2007-2016 (Fig. 3a).
The observed phenomenon occurred despite the most
intensive consumption of phosphates in summer due to
algal bloom and a reduction in their inflow with river
runoff (Vybernaite-Lubiene et al., 2022). An important
condition for this phenomenon was a significant influx
of phosphorus from bottom sediments, which in the
southern part are represented mainly by silts, where
phosphorus accumulated during a long-term period of
eutrophication of the lagoon (Emelyanov et al., 2015;
Petkuviene et al., 2016; Bartoli et al., 2018). Due to
the increase in phosphate phosphorus in the water
while maintaining minimal concentrations of mineral
nitrogen, the molar ratio of their mineral forms was
lower than the Redfield stoichiometric ratio for phy-
toplankton (N:P<16) in June-August (Fig. 3a). When
algae are limited by nitrogen, cyanobacteria gain an
advantage, being able to intensive growth due to nitro-
gen fixation in conditions of phosphorus supply. The
water temperature reaches 20-22°C in June-August,
which is optimal for the growth and nitrogen fixation of
cyanobacteria (Aphanizomenon flos-aquae and others),
which form “water blooming” in the Curonian Lagoon
(Waughman, 1977; Whitton, 1973; Aleksandrov et
al., 2018). Under these conditions, the maximum
abundance of cyanobacteria (water hyperbloom) was
observed from June-July almost every year until 2018
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Fig.3. Phosphate phosphorus concentrations (columns) and stoichiometric ratio (curves) (a) and chlorophyll a (b) in the

Curonian Lagoon in 2007-2016 (1, 3) and 2019-2024 (2, 4).

396



Aleksandrov S.V. / Limnology and Freshwater Biology 2025 (4): 391-408

SI: “The VIII-th Vereshchagin Baikal Conference”

eve—

part of the lagoon, these processes were observed in
2007-2016, when in some years the concentration of
phosphate phosphorus in July increased many times
(up to 143 pg P/1in 2015, an average of 25 ug P/1) and
hyperblooming was formed with a multiple increase of
chlorophyll a (up to 336 ug/l in 2012, an average of
115 pg/D) (Fig. 3). In the following months, even with a
decrease in the concentration of phosphorus, the inten-
sity of the water blooming was maintained due to its
regeneration in the plankton community. The average
chlorophyll a concentration for the entire southern part
of the lagoon reached 476 ug/l in August 2011 and 526
ug/1 in September 2016 (average 171 and 164 pg/1 in
August and September for he period 2007-2016). This
could lead to the accumulation of cyanobacteria in the
coastal zone and a sharp deterioration in environmen-
tal conditions (exceeding the MPC for ammonia, anaer-
obic conditions, fish kill) (Aleksandrov and Smirnova,
2023).

In the modern period (2019-2024), summer con-
centrations of phosphate phosphorus have decreased
significantly. In particular, they had minimum values
(2-3 ugP/D) in 2024. Average concentrations in July
and August were 3 and 2 times lower than previously
observed. While maintaining mineral nitrogen concen-
trations, this led to an increase in the stoichiometric
N:P ratio to 30-50 (in moles) (Fig. 3a). As a result, nitro-
gen-fixing cyanobacteria lost their competitive advan-
tage over other phytoplankton groups and the basis
(phosphorus) for mass growth. This resulted in a sharp
decrease in chlorophyll in summer. Concentrations
of chlorophyll a did not exceed 50-70 pg/l in July-
September on average for the southern part of the
lagoon, which can be characterized as the cessation of
cyanobacteria hyperbloom.

In September-October the phosphorus concentra-
tion increased and the stoichiometric ratio decreased
to the nitrogen limitation (N:P = 9-10), which distin-
guishes the seasonal dynamics of nutrients from the
early period (2007-2016) (Fig. 3a). However, this did
not lead to the formation of hyperbloom, since the
water temperature (<18 °C) was below the optimum
for mass growth and nitrogen fixation of cyanobacte-
ria (Aphanizomenon flos-aquae and others). In addition,
phosphorus concentrations were 2 times lower than
those observed in the summer of 2007-2016.

During the period of intense water blooming,
the concentration of chlorophyll a during the vegeta-
tion period (April-October) and in the summer (July-
September) were 102 and 150 pg/l on average for
2007-2016, which characterized the Curonian Lagoon
as a hypertrophic water body. The primary produc-
tion of phytoplankton (415-668 g C m? year!) was
also characterized by the maximum hypertrophic level
during this period (Aleksandrov and Kudryavtseva,
2023). Phytoplankton abundance and productivity
corresponded to the maximum values for aquatic eco-
systems, classifying the Curonian Lagoon as one of the
most highly eutrophic water bodies in Europe. In the
modern period (2019-2024), chlorophyll a concentra-
tions have sharply decreased (39 and 44 ng/1 averaged
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for April-October and July-September) to the border-
line state between the eutrophic and hypertrophic lev-
els. An important fact is the fairly stable low summer
level of phytoplankton (chlorophyll) abundance in
2019-2024. Previously, in individual summer months
and on average over the summer, chlorophyll concen-
tration could change by 5-10 times in different years
(Aleksandrov, 2010; Aleksandrov et al., 2018; Vaicdiiité
et al., 2021).

The reason for such significant differences in
phosphorus concentration and stoichiometric N:P ratio,
leading to the cessation of hyperbloom in the Curonian
Lagoon, may be a decrease in external nutrient load.
The Neman River (95% of the runoff and 98% of the
catchment area) supplied 58.3 thousand t N/year
(including N-NO, 31.7 thousand t N/year) and 5.4
thousand t P/year (including P-PO, 4.1 thousand t P/
year) in 1980-1993 (Vybernaite-Lubiene et al., 2018).
The high external nutrient load and accumulation of
nutrients in the lagoon led to strong eutrophication,
which resulted in water hyperbloom (Olenina, 1998).
In the subsequent period due to a sharp decrease in eco-
nomic activity in the catchment area in the 1990s, and
later to improved treatment systems, the phosphorus
input decreased many times to 2.6 and 1.5 thousand t
P/year in 1997-2008 and 2012-2016. At the same time,
the nitrogen input decreased by only 25% to 44.2 thou-
sand t N/year (Cetkauskaite et al., 2000; Vybernaite-
Lubiene et al., 2018). A decrease in the external nutri-
ent load for phosphorus led to a long-term decrease in
its accumulation in silts and, as a consequence, to a
decrease in its input into water in summer. This pro-
cess requires further research. Multiple decrease in the
external nutrient load is not capable of having a rapid
impact on the level of water eutrophication (Voss et al.,
2011). Probably, this process in the Curonian Lagoon
has reached a turning point in recent years, which has
led to a significant change in hydrochemical conditions
in the summer (2-3-fold decrease in phosphorus con-
centration, N:P>16). As a result, the mass growth of
cyanobacteria (water hyperbloom) has ceased, which
reflects a decrease in average values of chlorophyll a
by 3 times, and maximum values by an order of mag-
nitude. The changes observed in recent years can be
characterized as significant de-eutrophication of the
Curonian Lagoon.

5. Conclusions

The Curonian Lagoon of the Baltic Sea is the
largest lagoon in Europe, where unique freshwater
conditions for coastal water bodies are formed. Large
volumes of nutrients supplied to the lagoon for a long
period, primarily with the runoff of the Neman River,
which led to strong eutrophication of the waters. One of
the consequences of the accumulation of nutrients was
the summer peak increase in phosphate phosphorus. As
a result, the nitrogen and phosphorus ratio was below
the stoichiometric ratio for phytoplankton (N:P<16),
which, along with significant warming of the waters
(up to 20-22°C), contributed to the mass growth of
nitrogen-fixing cyanobacteria (Aphanizomenon flos-
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aquae and others). Since the mid-1980s, phytoplank-
ton abundance has almost annually reached the level
of “hyperblooming” of water (chlorophyll a > 100
ug / 1), the last of which was noted in 2018. In the
modern period, the intensity of cyanobacteria growth
and water “blooming” have significantly decreased.
Comparison of data obtained in the southern limnic
part of the lagoon (Russian waters) in 2019-2024 with
an earlier period of “hyperblooming” of waters (2007-
2016) showed a decrease in summer concentrations of
phosphate phosphorus by 2-3 times, while the values of
mineral nitrogen remained at the same level (N:P ratio
~ 30-50). As a result, nitrogen-fixing cyanobacteria
have lost their competitive advantage over other phy-
toplankton groups, and the basis (phosphorus) for mass
growth. A sharp decrease in chlorophyll a in summer
(<50-70 pg/1) is a consequence of this change, which
characterizes the cessation of water blooming.

During the period of water hyperblooming in
2007-2016, the average concentrations of chlorophyll
a for the growing season (April-October) and in sum-
mer (July-September) were 100 and 150 pg/1, which
corresponded to the maximum values in aquatic eco-
systems and characterized the Curonian Lagoon as a
hypertrophic water body. In the modern period (2019-
2024), they have decreased by 3-4 times (~40 pg/1) to
the borderline between the eutrophic and hypertrophic
state. An important fact is the fairly stable low sum-
mer level of phytoplankton abundance, whereas earlier
in individual summer months and on average over the
summer in different years, the concentrations of chloro-
phyll could change by an order of magnitude, reaching
a maximum during hyperblooming of cyanobacteria.

The basis of such significant changes is a multi-
ple decrease in the external nutrient load of phosphorus
in the 1990-2010s and the subsequent decrease in the
internal nutrient load, which led to a significant change
in hydrochemical conditions in summer (2-3-fold
decrease in phosphorus concentration, N:P>16). As a
result, the mass growth of cyanobacteria (water hyper-
bloom) ceased. The sharp decrease in phosphorus and
chlorophyll concentrations, which largely determine
the biological productivity of waters, can be character-
ized as significant de-eutrophication of the Curonian
Lagoon in recent years. Such changes can have a sig-
nificant environmental effect (decrease harmful algae
blooms) and affect the transformation of carbon and
energy flows in the ecosystem, which requires contin-
ued research within the framework of climate and envi-
ronmental monitoring.
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AHHOTALIUA. Kypuickuii 3ajuB — KpynHeimas JiaryHa EBpOIBI ¢ NPeCHOBOOHBIMH YCJIOBUAMHU.
JiiTenpHBIN Mepruof co cTokoM p. HemaH noctynanu 0osibiiyie 00beMbl OMOT€HHBIX 3JIEMEHTOB, YTO
IIPHBEJIO K 3HAUUTEIbHOMY 3BTpO(PHpOBaHUIO BogoeMa. CieICTBHEM 3TOr0O CTAJIO JeTHee IMKOBOe yBe-
auyeHue docdopa pocdaToB, conpsiKeHHOE C MACCOBBIM Pa3BUTHEM I[MAHOOAKTEPUM U «I[BETEHUEM»
BoAbl. CpaBHeHUe AaHHBIX, [IOJIyYeHHBIX B I0XKHOM YacTu JiaryHel B 2019-2024 rr., ¢ 6oJjiee paHHUM
epuooM «IBeTeHus» Bog (2007-2016 rr.) mokasajio CHuKeHHe B 2-3 pas3a JIETHUX KOHIIEHTPAIUi
docdopa pochaToB u namenenue coorHomenusa N:P (¢ <16 go ~ 30-50). B pe3yJibTaTe mpouU30ILIO
IIpeKpalieHlie MacCOBOrO pa3BUTHA aHOOakTepull («runepuBeTeHNs» Boa). B nepuoa MHTEHCHUBHOIO
«BeTeHUs» (2007-2016 IT.) KOHI[eHTpaluu XJIopoduiLia «a» 3a BereTaliOHHbIIN epuo 1 JIETOM Iipe-
Boimany 100 MKr/j U xapakTepusoBayin Kypiickuil 3ajuB Kak runepTpodHbi BogoeM. B coBpemeH-
HbII nepuofn (2019-2024 rr.) KoHIEHTpanuu xjopoduia «a» CHU3WINCh B 3-4 pa3a (~40 MKr/i).
CHIXeHMe KOHILeHTpanui xjopoduia u ¢ocdopa B nocjieqHNE FOAbl MOXHO XapaKTepu30BaTh Kak
3HauuTeJIbHOE [1e3BTpo(drpoBaHKe BOJ JIaryHHOH sKocucTeMbl Kypiickoro 3aiusa.

Kitiouegewie ciroga: xiopoduiui, 61oreHHbIe 3JIEMEHTH], JIaryHa, «liBeTeHne» BOJbl, TpoOuIecKuil cTaTyc,
Je3BTpodUpOBaHE
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1. BBeAeH"e .HI/ITBIJI, C pa3BUTBIMHU CEJIbCKNM XO3SMCTBOM U ITPOMBIIII-

3 } ) JIEHHOCTBIO. J[JIUTEsIbHBII TIePUOJ| B JIATYHY €XKerofHo

Kypruckuii 3a/1B - OTJ€JIEHHbIH OT BanThiickoro NOCTYNanT GOoJIbIIe 00BbEMbI GUOTEHHBIX 3JIEMEHTOB

MOpsl [eCHaHbM 6apbepoiv1 (Kypmicko#i kocoft) Herity- (Cetkauskaite et al., 2000; Vybernaite-Lubiene et al.,
OOKUI1 BOZOEM, KOTODPBIF 10 TeoMOpP(OJIOrHYeCKUM 2018; 2022), 3HAYMTENBHAA YACTH KOTOPHIX YIEPKU-
[pU3HAKAM MOXHO OTHECTH K JIaTyHaM «3aKphITOT0» BAeTCA B HEl BCJIEJCTBUE reOMOP(OIOTMYECKUX YCIIO-
Tara. Bo;[(zeM COEMHAETCS C MOPEM Y3KHM IpOJINBOM BUI1, 4TO IPUBEJIO K 3HAYNUTEIBHOMY SBTPO(PUPOBAHUIO
B CEBEPHOM 4aCTH, a B BOCTOYHOM paiiOHe B HETO BIIa- BOA. JIA STOH JIATYHHOH 3KOCHCTEMEI XapAKTEPHO
Aaer peka HemaH, ofHa n3 KpymnHe{mmx B Gaccefine (bOpMUPOBaHUE BBHICOKOIIPOYKTUBHBIX IIPECHOBOIHBIX
Banruiickoro mops. MaTepuKOBhH CTOK B 3,5 pasa COOOIECTB MJIAHKTOHHBIX U GEHTOCHBIX OPraHM3MOB,
6oJibIIE Uo6LeMa NOCTynamwImieil MOPCKOM1 BOZIBL 1 00B- XapaKTepHBIX i1 9BTpodHBIX Bog (Dmitrieva and
eMa Bceil JIaryHbl, TI03TOMY MOYTH Ha BCel aKBaTOPUU Semenova, 2011). KypIICKHil 3a/IHB OTHOCHTCS K BAX-

$OpMUPYIOTCA yHUKAJIbHBIE I MPUMOPCKUX BOAO- HeHIVM PIGOXO03ACTBEHHBIM BofoeMam IIpubantiku
eMoB npecHoBopHbIe ycioBuA (Ferrarin et al., 2008). M MMeeT peKpeanyoHHOe 3HaueHne (HALMOHAIBHBL

ITo mnomaau u o6veMy Box Kypiickuil 3aiuB — camas napk «Kypuickas koca»). Hapsiy ¢ 9TUM, KaKk cJief-
KpyIHasd JaryHa EBponsl, KoTopas OTHOCUTCS K TPaHC- CTBUe 3BTPOGUPOBAHUA BOJ, HA TPOTAKEHUH TTOCITEN-
rpaHUYHBIM BogoeMaM (75% akBaTOpUM IPUHAJIEXUT HUX JIECATHJIETHH JIeToM (HMI0Mb-CeHTAOPD) HabJIofa-
Poccntickofi desepanyy, a cepepHas Hacth Jlutse). JIOCh MaCCOBOE Pa3BUTHE [UAaHOGAKTEPUIl («[IBETEHHE»

Bomoc6opHas uTeppI/ITOpI/IH pacrojioxeHa B TyCTOHa- Bojibl) (Olenina, 1998; Dmitrieva et al., 2024; Vaiciité
CeJIeHHBIX paloHax, NpenMyliecTBeHHo Benapycu u et al., 2021). HauGonee HeGIaronpUATHBIE MOCJIE-
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CTBUA 3TOrO fIBJIEHUA ObUIM B IPUOpPEXHON 30He, rae
rUApoXyMMMYecKyre apamMeTpsl MoryT npesbimarth [I1IK
u Bo3Hukaer 3amop poib (Aleksandrov et al.,, 2018;
Aleksandrov and Smirnova, 2023).

MHTeHcHUBHOE pa3BUTHeE AUATOMOBBIX BOJOPOC-
Jell BeCHOM U aHOOAKTePHil JIeTOM 00yCJ1aBJIMBAIOT
OYeHb BBICOKME MJIA BOJHBIX 3KOCHUCTEM BeJMYUHBI
obunusa (xmopoduisia «a») M MEePBUYHOU NPOAYK-
U1 (PUTOIIAHKTOHA, COIJIaCHO KOTOpeIM Kypmickuii
3aJIUB COOTBETCTBOBAJl TMIEPTPOPHOMY CTaTycy
(Aleksandrov, 2010; Aleksandrov and Kudryavtseva,
2023). I'mppoxuMuueckue ycCJIOBUA JieXXaT B OCHOBe
dopMupoBanus BBICOKOU OMONPOAYKTUBHOCTH
naryHel. KoHnieHTpanuu azorta u ¢ocdopa perysspHO
HUCCIeIYIOTCA B POCCUMCKOM yYacTu JjaryHel ¢ 1990-x
IT. B paMKaX MOHUTOPHUHIOBBIX HaO/I0AeHUI cpejbl
obuTaHusa PO, OAHAKO OMyOJIMKOBaHHBIE PAOOTHI 1O
TUpOXMMMYEeCKMM IIokasaTesiM Kyplickoro saausa
HeMHOro4ucjeHHb. B GosbmmHCTBe paboT comepxa-
HUe OMOTeHHBIX 3JIEMEHTOB B BOJle IIPHMBEIEHO Kak
(doHOBBIE XapaKTEpUCTHK{ I[P ONMCAaHUM IIepBUY-
HOU MpOAYKIMU U «I[BeTeHUs» Boxsl (Aleksandrov,
2010; Aleksandrov et al., 2018; Bartoli et al., 2018;
Pilkaityte and Razinkovas, 2006; Vybernaite-Lubiene
et al., 2017). OnyGsMkoBaHHe AAaHHBIE O THAPOXUMU-
YyecKUX yCJIOBUSX B mocjiefHue roasl (2018-2022 rr.)
IpecTaBjeHbl 6e3 cBA3M ¢ puTomiaHkToHOM (Cramko
u AmnekcanapoB, 2023). Ouenku Tpoduieckoro cra-
Tyca Kypickoro 3anyBa oxBaTeIBaloT nepuon ao 2015
r. (Aleksandrov, 2010; Aleksandrov and Kudryavtseva,
2023). C yueToM AMHAMUYHBIX M3MeHEeHUN OLOreHHON
Harpy3Ku U TUOPOXUMHYECKUX yciioBui (Vybernaite-
Lubiene et al., 2018), oHI He OTPaAXawT COBPEMEHHYIO
5KOJIOTMYECKYI0 CUTYalHIo.

Beicokuli ypoBeHb 3BTPOQUpOBaHUA BOA U
MPOAYKTUBHOCTH IIJIAHKTOHA 3HAUYUTEJbHO BJIMAET
Ha WHTEHCHBHOCTh IIOTOKOB JHEPruyd U YTJIepOAHBIN
nuki B KypmickoMm 3anuBe. Kak ciieficTBue aTa JjiaryHa
ObUsIa BhIOpaHa OJHMM U3 O0BEKTOB Ui pa3paboTKu
peruoHaJbHOIO MOAYJIA KJIMMAaTH4YecKOro M 3KOJIO-
rM4YecKoro MOHUTOpHHra banTuiickoro mMops B pam-
kax pabotel koHcopiuyma «OKEAH: MOHUTOPHHI
N AJAIITALIMA». KonuenTpanuu xjgopopuiia u
OMOreHHBIX BellleCTB B BOJie ABJIAIOTCA BaXHEHIINMU
nnapamMeTpaMu I OLEHKU 3BTPOGUPOBAHMNA BOJHBIX
SKOCHCTEM U HCIIOJIb3YIOTCA B KayecTBe OCHOBHBIX
MOHMTOPUHIOBBIX HHJWKAaTOPOB B KOMILJIEKCHOH
onenke Banruiickoro mopsa (Bashirova et al., 2023;
HELCOM, 2013).

Llenplo paboTHl OBLT aHaJIM3 COBPEMEHHOIO
COCTOSHMA U MHOTOJIETHUX WM3MeHEeHUH TI'MAPOXUMU-
yecKux ycJoBUM (KoHIleHTpaluu aszotra u ¢ocdopa),
BJIMAIIINX Ha QUTOIJIAHKTOH, U XJIopoduiia «a» Kak
nokasaTeJiA 00ujIvs BOAOPOCJel 1 «I[BeTeHHA» BOIHL.

2. MaTepuanbl U MeTOADI
2.1. OnucanMe obnacTu MCcCAEAOBaAHUA

Kypuickuii 3amuB — KpynHas (IJIomaab akBaTo-
pun 1584 kM2, 06beM BOJbI 6,2 KM®) U MEJIKOBOAHAA
naryHa (riybuHa MakcuMmaibHas 5,8 M, cpennsas ~3,8
M) B I0Oro-BOCTOYHOM uactu basnruiickoro mopsa. Ot
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MoOps JlaryHa OT[JeJjieHa Y3KOH IecyaHOl IIepecHIIIbIO
(Kyprickoii kocoit) qiuHON 97 KM, Y3KUHM NPOJIUB pac-
[I0JIOXKEH B CeBepHOU yacTU. BomgocOopHasa miomanb
(100485 km?) oOpa3oBaHa, B OCHOBHOM, 0acceiiHOM
p. Heman (98% miomanu), ctok (19,7 km3) KOTOpOI
IIOCTYIIaeT B CEBEPHYIO 4acTh JIaryHBl. B 10XkHYyI0 4acThb
moctymaer crok p. Hetima (1,1 km®). MaTepuKOBBII
cTok (21,8 kM3/T0J1) MHOTOKpPaTHO OOJIbIIE MPUTOKA C
Mops (6,1 km3/ron) (Jakimavicius and Kovalenkoviené,
2010). Ha OGospiieli yacTh akBaTOpUM BojJia IpecHas
(~0,2%0) 1 TOJIBKO y MOPCKOI'O IPOJIMBAa COJIEHOCTH
coctaByseT 2-3%o, IO3TOMY JIaryHy MOXHO OTHECTHU K
IIpeCHOBOAHBIM BojoemMaM. KypIICKWH 3aJMB MOXHO
dopmanbHO pasfgenuTh Ha 2 yactyu. CeBepHasA MeHb-
mas 4acTb, HaXOAWUTCA IMOJ BJUAHKHEM CTOKa peKu
Hemasn u 3aToka MOPCKHX BOA, BOAOOOMEH COCTaBJIAeT
~70 mgHeil. B 10xHOM, OoJiblel yacTu JlaryHsl (~75%)
peuHoe BJMAHHe cJabo ckasblBaeTcs, IpeobsanaiT
BETPOBBIE TeueHUsA, BOAOOOMeEH mpeBeimaer 120 nHei
1 HaOmofaoTca JuMHHU4Yeckue ycsoBus (Ferrarin et
al., 2008).

2.2. 0OT60p NPo6 M MeToAbI aHaAM3a

HccneqoBanuis BEINOJIHAINCE B 2024 1. B OTKPHI-
Toll akBatopuu Kypuickoro 3anuBa Ha 7 CTaHLUAX,
pacnoyIo)KeHHBIX B I0KHOM U Ha T'paHUIlE C CeBepHOI
yactbio (Puc. 1, Tabaumna 1). Psag cranmuii (BUIT_I'3_1K,
BUIT_I'3_2K, BUIII'3_3K) sABIAOTCA KJIIOYEBBIMU OJIS
pa3paboTKu peruoHajibHOro MOJYJiA —KJIMMaThuye-
CKOTO U 3KOJIOTMYECKOT'0 MOHUTOPHHra Bantuiickoro
Mop# (Bashirova et al., 2023) OT6GopbI OXBaTUJIH TIEpe-
XOOHBIM 3UMHe-BeceHHUHN (20 maprta), BeceHHui (8
amnpess, 5 Mas), JietHuii (6 utoHs, 17 utosis, 21 aBrycra)
U oceHHUH (2 okTaAbps, 8 HOAOPA) ruapoJiornyeckre
nepuoabl. Ha kax ol cTaHIuu TeMmIlepaTypy U coJie-

T, Koafinena /
h
% 4
|
3 \
r:.‘a _r ™
Py k|
&
¥ .
Q\.Q S TH o F o
- [ = il
o =y :
\:. - g % y*
,':'3--';-:' 4T i—f
e Lo iy j
= A B P B,
= : : £/ Ty g '
banmucroe <y I e
¢ al
Mope
o ) ER
; L L3 & & |
=
2 '3 £ ¥
= K VERC R J ;
= L= e | AW
] Lol I 3 ' 3

T T
2RO mah, 21

Puc.1. Kapra-cxema craniuii or6opa npo6 B Kypiickom
3asMBe.
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Ta6suna 1. Crannuu or6opa npob B KypuickoMm 3anuse B 2024 r.
No craHmu IInpora Jlosrora No craHmu IIMupota Joirora
1 (BUIIT3_1K) 54°57.73' 20°33.33" 7 (BHIII'3_3K) 55°04.20” 21°03.00”
3 (BUIII'3_2K) 54°57.64’ 20°59.60” 8 55°04.20” 21°08.70"
55°04.20" 20°48.00” 11 55°10.20" 21°08.70"
55°04.20’ 20°55.20"

HOCTb BOABI OMpedesiain TuAPoPU3NYEeCKUM 30HAOM
Sontek CastAway-CTD, mpo0bl Ha THOPOXHUMUYEcKHe
nokasarejad M xJjopoduian orbupanu OGaToMeTpoM
Huckuna (0o6beM 5 J1) B TOBEpXHOCTHOM U MPUAOHHOM
TOpPU30HTAX.

[Ipo6sl BOOBI Ha OUWOreHHBIE B3JIEMEHTHI Ipen-
BapuTeJbHO OQWJIbTpOBAI Yepe3 (QUIIBTPH AuaMe-
TpoM mop 2-3 MKM [JiA TOJy4eHUs PacTBOPEHHBIX B
Bofe ¢opM asora U ¢ocdopa. CraHAapTHEIMUA METO-
JaMy C MCIoJib30BaHWeM crnekrpogoromerpa KOK-3
(ICES, 2004; PyxoBozctBo, 2003) ompenessaiu KOH-
LeHTpaluilo a3oTa aMMOHUNWHOTO (N-NH4), asora
uutputHoro (N-NO,), asora nurparHoro (N-NO,),
aszora obmiero pactBopenHoro (TDN), dochopa doc-
datoB (P-PO,) u ¢ocdopa obmero pacTBOPeHHOro
(TDP). Heopraumueckuii azoT (DIN) mojaydaau Kak
CyMMY aMMOHMHUHOIO, HUTPUTHOTO U HUTPATHOIO
aszora. PacTBopeHHBIIT opraHuuveckuil azotr (DON) u
docdhop (DOP) paccuuThBaJIM KaK PA3HUIy MEXOY
obuM azotoM u ¢GochopoM U HNX MHUHEpaJIbHBIMU
dopmamu. [Ipo6s1 BoAwl Ha XJI0poduLT GUILTPOBATIU
yepe3 GuibTpel MOAC-MA-6 (muametp mop 0,3 MKM)
U ompeJiesisId ONTHYecKye MJIOTHOCTU Ha creKTpodo-
toMmeTpe CD-56 Ha ocHoBe MeToauku (SCOR-UNESCO,
1966) u ypaBHeHuii (Jeffrey and Humphrey, 1975).
OueHka ypoBHA 3BTPOMUPOBAHUA BOJ BHIIOJIHAIACH
CcorJlacHO TpodUUecKUM KjaccudukaiusaM, B KOTO-
PBIX IO KOHI[eHTpalnuu xJjiopopusia, azora u pocdopa
BBIZEJIAIOT 4 TPOOUUECKOI'0 COCTOSHUA: OT OJIMTOTPOd-
Horo jo runeprpoduoro (Hakanson and Boulion, 2001;
Nurnberg, 1996; OECD, 1982).

3. Pe3yAbTarthbl
3.1. N'uaponornyeckKue yCAOBUA

Kmumar B patioHe Kypiickoro 3ajiuBa HOCHUT
YepThl IEPEeXOJHOT0 OT MOPCKOTO K YMepeHHO-KOHTH-
HeHTaJIbHOMY. TeMmepaTypHbIN peXuM JaryHbl H3-3a
HebOoJIBIINX TJIyOMH B OCHOBHOM 3aBHCUT OT TeMIlepa-
TypH! Bo3ayxa. CorsiacHO JaHHBIM KaJMHUHIPaACKOro
LleHTpa 00 THUJAPOMETEeOpPOJIOTUM W MOHUTOPUHTY
okpyxatomeri cpenbl (KII'MC) JieqoBele yCJIOBUA
B Kypuickom 3anuBe B 2024 r. OTMEYEHHI TOJIBKO B
sauBape. C ¢eBpajia no KOHeI[ MapTa — arpeJjb OTMe-
YeHO I0JIOBOJIbe, MeXeHb Oblia ¢ Mas. TeMmmeparypa
BO3Ayxa BBIIIE MHOTrOJIeTHero ypoBHA Ha 1-4 °C B
OTJieJIbHble MecAIpl Oblla Ha MPOTSHKEHUU BCEro ropa
o nekabpsa (F'mgpomereoposiorndyeckas o0CTaHOBKA. . .,
2024). TemnepaTypa BoAbl B jiaryHe B 2024 r. Xapak-
Tepu3oBajiach mporpeBoM Bofbl oT 4,1 °C B MapTe A0
Makcumyma 23,3 °C B uiojie 1 OCEHHUM OXJIaXJIeHrueM
no 8 °C B HosOpe (Tabiuma 2). Jletom HabGogasics
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JUINTEIbHBIN MHTEHCUBHBIN MPOrpeB BOJ JiaryHsI (21,6
°C 6 utoHsa — 22,3 °C 21 aBrycra), OqHOBPEMEHHO C IIpe-
BHIIIEHEM CpeJHEMHOT0JIETHETO IIPOrpeBa BO3Ayxa Ha
1,0-2,0 °C B aTOM TIEpUOSE.

Ha wuccienoBaHHO! akBaTOpuU JIaryHBI OBLIA
npecHoBoAHble yciaoBuA (~0,2 nec). HeGosbiioe yBe-
audyenue (Ha 0,1-0,2 mec) oTMeUYeHO TOJIBKO Ha CaMoO
ceBepHO! cTaHuM (Nell) B okTabpe u HOAOpPe, Korga
COXpaHsIach MeXeHb C YPOBHEM BOJIbI B pPeKax HIKE
CpeTHEMHOTOJIETHETO (TmopomeTeoposioruyecKas
o6cTaHoBKaA..., 2024), 1 HeOOJIbIINE 3aTOKU MOPCKUX
BOJI B JIaryHy MOTYT HaOJI0OJaThCA TPU 3amlaHBIX
BeTpax (Tabsmra 2).

3.2. KoHueHTpauuu 6MOreHHbIX 3NeMEeHTOB
B BOAe

Ce30HHasA AUHaAMMKa cofepXaHUs a3oTa HUTpa-
TOB B 2024 T. B OTKPBITOM aKBaTOPUU JIaryHbI Xapak-
TepusoBajlacb MakcuMyMoMm B MapTe (840 mkrN/n),
6yaromaps 3UMHeN aKKyMyJIALUM U MNOCTYILUIEHUIO B
Mepuo/ MOoJIOBObs, NMPENMYIIeCTBEHHO CO CTOKOM P.
Heman (Vybernaite-Lubiene et al., 2018). BecHoii mpo-
HMICXOIMJIO TIOCTENEHHOE CHMXXEHMeE, BEI3BAHHOE MHTEH-
CUBHBIM pa3BUTHEM (UTOIUIAHKTOHA, OO MHWHUMAJIh-
HBIX CpeaHUX KoHIleHTpanui (4-13 MKrN/j1), KoTopbie
HabJTI01aIMCch Bech JleTHUM nepuos (Tabsuia 2). Takas
JAUHaMUKa oTpaxkasa CJI0XUBIINeCsS MHOTOJIeTHHE TeH-
nenum 1jia Kypmickoro 3anmuBa (Aleksandrov, 2010;
Aleksandrov et al., 2018; Pilkaityte and Razinkovas,
2006; Vybernaite-Lubiene et al., 2017). Otymuuem
OBLJIO COXpaHeHHe HU3KUX KOHIIEHTpaluid B OKTS-
Ope-HOAOpe, KOra paHee OHM YBeJIMYMBAJIMCh Ha 1-2
opsAaKa.

CopepxaHue a30Ta HUTPUTOB B OTKPBITON aKBa-
TOopuxd OBUIO He3HAuuTeJIbHO. DBojiee BBICOKHE KOH-
IleHTpaluu ObLI BecHOU (6-8 MKrN/J1), a MUHUMYM
(< 1 mxrN/j1) oTMedeH B OKTAOpPe MIpU MUHUMAJIBHOM
KOHIIeHTpaluu aMMOHUMHOro a3ora (Tabsuia 2).

ComepxaHue a3oTa aMMOHMITHOTO IMOJBEPXEeHO
3HAYNTEJIbHBIM CEe30HHBIM M3MEHEHUSM U CBA3aHO C
WHTEHCUBHOCTHI0O OMOXMMHYECKOIr'0 Pa3JjiokeHUs opra-
HHUYECKOro BelllecTBa B JiaryHe. B 2024 r. Habsona-
Juch 3 MakCMMyMa: B MapTe-anpeJie, aBrycTe U Hosiope
(Tabsmia 2). BeceHHUI MUK CBS3aH C MOCTYIJIEHUEM
B TIE€PUO]T TIOJOBOAbA PACTBOPEHHBIX OPraHUYECKUX
BemecTB (Vybernaite-Lubiene et al., 2022) u ux nocie-
OYIOLUM pa3jiokeHureM B JiaryHe. JleTom HabJitojaeTcA
«I[BETeHNe» BOMBI, IIPU KOTOPOM PA3JIOXKEHUE I[HAHO-
OakTepuil MOXET BECTH K MHOTOKPAaTHOMY POCTY KOH-
L[eHTpaluii aMMOHMITHOTO a30Ta B TeueHMe HeCKOJIb-
kux gHeil (Peng et al., 2017). B HoAGpe mpoucxogut
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Ta6suna 2. T'naposioruyeckre U TUAPOXUMUYEcKHe IToKa3aTesu U XJ1opodut «a» B Kypiickom 3asnuse B 2024 1.

ITokasa- Mecsrg
Testb I v \% VI VII VIII X XI
Temmnepa- 4,1 8.7 14,7 21,6 23,3 22,2 13,9 8.4
Typa, °C 4,0-4,2 8,2-9,5 12,8-17,1 21,1-22,5 22,7-23,9 21,9-22,7 13,0-14,3 8,1-8,7
COJIEHOCTD, 0,2 0,2 0,2 0,2 0,2 0,2 0,2 0,2
mec 0,2-0,2 0,2-0,2 0,2-0,2 0,2-0,2 0,2-0,2 0.2-0,2 0,2-0,4 0,2-0,3
[Ipo3pau- 0.7 0,5 0,65 0.7 0,55 0.65 0.5 0.85
HOCTb, M 0,6-0,8 0,3-0,75 0,5-0,7 0,6-0,75 0,5-0,7 0,45-0,7 0,4-0,6 0,7-1,1
N-NO,, 840 758 412 4 13 4 2 15
MKT N/ 572-1196 583-1117 270-590 1-8 1-29 3-7 1-5 8-35
N-NO,, 8 6 7 2 5 2 0.3 6
MKT N/Jj1 5-15 5-7 5-9 1-3 1-13 1-3 0.2-0.6 2-8
N-NH,, 18 55 20 13 16 46 2 37
MKT N/Jj1 10-41 47-63 14-27 7-31 5-30 39-64 1-5 21-68
TDN, 2380 4538 1424 1136 1404 2085 870 946
MKT N/Jj1 1876-2781 | 2606-5829 | 959-1771 971-1359 762-2197 | 1571-2676 | 738-1097 | 829-1088
DON, 1513 3719 985 1118 1366 2034 866 889
MKT N/Jj1 1245-1612 | 1794-4982 | 639-1311 959-1341 710-2151 1521-2624 | 735-1091 | 763-1042
P-PO,, 5 10 3 3 2 3 4 4
MKT P/ 3-7 8-13 1-4 2-3 - 3-7 2-7 3-5
TDP, 20 20 15 18 19 11 15 15
MKT P/ 17-22 18-23 14-17 15-23 15-24 9-15 13-22 13-19
DOP, 15 10 13 15 7 11 12
MKT P/71 12-17 7-13 12-15 13-20 13-21 6-9 9-19 10-15
XJT «a», 28 38 29 19 55 41 39 27
MKT/JI 24-38 26-58 17-44 10-29 29-83 24-55 25-59 18-46

Hpnmeqa}me: B YMCJIUTEJIE — CpPEOAHNE 3HAY€HNsA, B 3HaAMEHaTeJIe — Aualla30H U3MEHYUBOCTHU

OKOHYaHHe aKTHBHOM Bereranuu (QUTOIIAHKTOHA
U ero mnocjefymooliue pasjoxkeHue. Takada AuUHaMKKa
oTpaxasia CJIOXKUBIIKeCs MHOrOJIeTHYe TeHAeHINY AJ1A
Kypuickoro 3aimBa (Aleksandrov et al., 2018; Cramiko
u Astekcanapos, 2023).

Jna oOmiero asoTa, BKJIIOYAIOIIEro pacTBOpPeH-
Hble B BOJle MUHepaJibHble 1 opraHudeckue (GOpMEL,
MakcuMmyMm ObL1 B Mapre-anpesie (2300-4500 MkrN/in),
KOrjla B JIaryHy B IIepuoO[i II0JIOBOJbsA C PEYHBIM CTO-
KOM InocTynaer OoJibllioe KOJIM4eCTBO MHHepasIbHBIX
u opraHuyeckux BemectB (Vybernaite-Lubiene et al.,
2018; 2022), xpoMe TOTO B anpese HabI0AaICS BeCeH-
HUHI MUK pa3BUTHA (QUTOIUIAHKTOHA. B aToT mepuon
(ampenp) KOHIEHTpaUUsA pacTBOPEHHOrO B BoAe
OpraHuvYeckoro asora Oputa MakcumasbHoOU (3719
MKrN/J1). B Mae OHM CHUXaJIUCh U COXPAHAINCH Ha
6u3koMm ypoBHe 900-1400 MkrN/ja 10 KOHIIA OCEHU.
[loBrilIeHHOE cofepXaHUe pacTBOPEHHOr0 OpraHu-
Yeckoro asora ObLIO B aBI'yCTe, KaKk pe3yJbTaT HaKo-
IJIEHUA OpraHWYecKUX BeIllecTB B Iepuojl JIeTHEero
«[IBeTeHUs» (GUTOIUIaHKTOHA. /JloJid MHHepaIbHOTo
asoTa, MCHO0JIb3yeMOoro (pUTOIIAHKTOHOM, CHIXajlach
¢ 31% B MapTe A0 MUHUMAJIbHBIX BeJMUUH (<2%) B
HI0JIe-OKTAOpe, oTpaXkas Ce30HHyI0 NUHaMUKy pa3BH-
TUA PUTOIIIAHKTOHA.

CesoHHasa pAuHamuka ¢ocdopa ¢ocdatoB B
2024 r. nMesia MOBBHILIEHHBIE BeJIMYMHBL B MapTe-
anpesne (5-10 mkxrP/m), 6yarofapsa 3UMHeH aKKyMyJis-
U1 U HNOCTYIJIGHUIO C NMaBOAKOBBIMM BoJamu. B mae
KOHIIeHTpal[ui CHWXaJINWCh 3a CYeT MCIO0JIb30BaHUA
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(PUTOIIAHKTOHOM [10 MUHUMAJbHBIX BeJU4YuH (2-3
MKrP/1), KOTOpBIE COXpaHUJIUCH 10 KOHIIa BereTarioH-
Horo nepuoja (1o HosA6ps) (Tabnuna 2). CogepxaHue
obiero ¢gocdopa, BKIIOUaIlee pacTBOPEHHbIE B BOJIE
MUHEpaJIbHYyI0 U OpraHudeckyr (opMsbl, OBLIO Ha
6113k0oM ypoBHe (B ocHOBHOM 15-20 mkrP/m) c 6osee
BBICOKMMU BeJIMYMHAMU BECHOU U JieToM. J[0Jis MuHe-
painbHOro ¢ocdopa ymensmasnack ¢ 50% B ampese [0
10% wurosie, korga Habsogaiach MakKCMMaJbHas KOH-
LeHTpanusa xjopodusia «a» 55 MKr/J1. Konnentpanuu
pacTBOPEHHOr0 B BoJie opranudeckoro ¢ocdopa B 2024
r. B OTKPBITOU aKBaTOPUM JIaTyHBI OBLIIA JOCTAaTOYHO
Hu3kuMU (7-17 MkxrP/i) ¢ HeOOJIBIINM IMOBBIIIEHIEM
B Iepuo/1 MoJI0OBOAbs (MapT) U «lBETeHUs» QUTOIJIaH-
KTOH (uioJib). B cpaBHeHue c MpenbAyL[UMU TepUo-
naMmu uccyaenosannii B 1990-2010-x rr. (Aleksandrov,
2010; Aleksandrov et al., 2018; Vybernaite-Lubiene et
al., 2017) oTcyTCTBOBAJIO JIETHEE PE3KOE YBeJHYEeHHE
docdopa, a camu BesTMIUHEI OBLIT MHOTOKPATHO HUXE.

3.3. 06unne pUTONNAHKTOHA NO
KOHLUEeHTpauum xaopodpuana «a»

Hauanmo axktuBHOro pasBuUTUA (UTOIJIAHKTOHA
B Kypmickom 3anuBe HaOioofaerca IMOcjae TaAHUA
Jbla U OuulleHus BOAOeMa, KOTOpoe OOBIYHO Ipo-
ucxoaut B (eBpane-maprte. B 2024 r. ouumeHue OT
Jibla TIPOM30LLJI0 K ¢eBpaiio0 U B 3TOM Mecslle Npo-
rpeB Boj ObUI BhIlle CPeJHEMHOIOJIETHEIO YPOBHA
(T'ugpomerteoposioruyeckass obcTaHoOBKa..., 2024). B
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pe3yJjibTaTe B MapTe HabJofasics mepexoJ K BeceH-
HEMy TuUApoJioruueckoMy coctosHuio Bof (~4 °C) u
($uTONIIAHKTOH aKTUBHO pa3BUBaJICA (XJIOPOPUILI «a»
28 mkr/n) (Tabnuna 2). Ce30HHasA AUHAMMKa XJIOPO-
duinna «a» Kak nokasartesis 00uINA PUTONIAHKTOHA B
2024 r. B OTKPHITON YaCTHU 3aJIMBa XapaKTepH30Bajach
2 mukamu: BecHOM B ampeJie (B cpefjHeM 38 MKr/mn) u
JeTroM B uiojie u aBrycre (41-55 mkr/mn) (Tabauna 2).
BeceHHUi1 MUK CBA3aH C BeCEHHUMM MAacCOBHIM pa3BH-
THeM AUAaTOMOBEIX BOAOPOCJIel, KOTOphle pa3BUBAaOTCA
IIpY AOCTAaTOYHOM KOJIMYecTBe a30Ta HUTPAToB U ¢oc-
dopa pocdaToB BeileACTBUE UX 3UMHEH aKKyMyJIAIUN
Y MOCTYIJIEHUIO B IepHO/ NOJIOBOAbA. B MIoHe KOHIIeH-
TpalUM 3TUX BellleCTB CHU3WJIMCh O TOJOBOr0 MUHHU-
MyMa U HaOJIroAasiich HalMeHbIIe BeJIMYUHBL XJI0pO-
dunna «a». JleTHUI MUK KOHIIEHTpalUy XJIopodpuuia
«a» CBf3aH C MAacCOBBIM pa3BUTHEM LHMaHOOaKTepui
(«uBeTeHUeM» BOABI) IMpU HauboJIbIIEM IpOrpeBe
(> 20 °C) u oOplYHO HaOJIIOJAeTCa B HIOJIEe-CEHTS-
ope (Aleksandrov et al., 2018; Dmitrieva et al., 2024;
Vaiciaté et al., 2021). Temmneparypa BOAB OKa3bIBaeT
CyLlleCTBEHHOe BJIMAHHE Ha CEe30HHYI0 AUHAMUKY
duTtomnaHkTOHa U xJopoduiIa «a» Kak NoKaszaTeslb
ero obunud. B vactHocTH, G6arofaps MOBHILIEHHOMY
IIporpeBy BOJ B OKTAOpe (GUTOIJIAHKTOH NPOAOJIKAJI
aKTUBHO BEreTUpPOBaTh (XJIOPOOUILI «a» 39 MKT/J).

PasBuTtre GUTOIJIAHKTOHA OKa3blBaJI0 BJIMAHUE
Ha [IpOo3payvyHOCTh BoAbL. BecHoil 1 jieToM IIpu HaubOJIb-
el KOHIleHTpaluuy xJiopoduiia «a» OHa CHUXaslach
B cpenHeM mo 0,50-0,55 M, npyu MUHUMAaJIBHOHN (MIOHB,
HOsAOPB) - Mpo3pavHOCTh yBeauuusaack (o 0,70-0,85
M) (Tabnuma 1).

CorsiacHO MHOT'0JIETHUM HccjieJoOBaHuAM
Kypuickuil 3anmB xapakTepus3oBajicd OYeHb BBHICO-
KUMM BeJMYMHaMM xjiopoduiia «a» (>100 MKr/i),
0cO0eHHO B IepHOJ] JIETHEro pasBUTUA HHMaHOoOaKTe-
puil u «uBeTeHUs» BoAbl (Aleksandrov et al.,, 2018;
Aleksandrov and Smirnova, 2023; Vaidiité et al.,
2021). B 2024 r. ce3oHHas AUHAMUKa GUTOMJIAHKTOHA
COOTBETCTBOBAJIa CJIOXKUBIINMCA 3aKOHOMEpPHOCTAM. B
OTJIMYKe OT MHOIOJIETHUX JaHHBIX, JIETHUM MUK XJIO-
podbunna «a» cyjabo IpeBHIIajl BECEHHUI, U JIeTHHE
BeJIMYMHBl OBLIM MHOTIOKpPaTHO HMXe, yeM HalJrofda-
JIOCh paHee B TIEPUOLBI «UIEPIBETEHS» BOIBI.

3.4. Tpodpuueckoe COCTOAHUE BOA

B kauecTBe OCHOBONOJIAramwIlero KpUTepus
TpodUYeCcKoro coCTOAHUA BOJOEMOB IIMPOKO HCIIOJIb-
3yeTcs cojiepXaHue XJI0opoduiiia «a», CBA3AHHOE C
6romMaccoil GUTOIIAaHKTOHA U BeJIMUMHON NepBUYHON
NpoAyKIMHU. JIOMOJHUTEJIBHO OLeHUBAIOTCA KOHIIeH-
Tpauuu B BojJie a3oTa u pocdopa, Kak NOTeHI[MAIbHBIN
yPOBeHb OMONPOAYKTUBHOCTY, Y NMPO3PAYHOCTH BOJBL
Haunbonee paspaboraHbl kjaccupukanuu jd 03ep
(Hakanson and Boulion, 2001; Nurnberg, 1996; OECD,
1982), KoTOpble MOTYT OBITh NMPUMEHEeHHB! AJIf JiaryH-
HOH sKocucTeMbl KypIickoro 3ajmBa ¢ yueToM ero reo-
MOp(dOJIOrNYecKUX, IMAPOJIOTUYecCKUX U Ouosoruye-
CKUX XapaKTepUCTUK.

KoHuenTpanusa xiaopodusia «a» B OTAEJIbHBEIE
MecAILb ¢ MapTa 1o HoA0ps 2024 r. u3aMeHsAIach B Aua-
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nasoHe 19-55 MKrI/J1, COCTaBJiAA B cpeHeM 35 MKT/JL.
DTO COOTBETCTBYeT IMOrPAaHUYHOMY COCTOSHHUIO MEXAY
3BTPOQHBIM U TUINIepTPOPHBIM YpoBHEM (25-35 MKr/J).
Jletom (uroyb-aBrycr) xjopodusia «a» Obi0 41-55
MKT/JI, YTO MOXHO XapaKTepHu30BaTh KaK OTCyTCTBHE
MHTEHCHUBHOI'O «IIBeTeHHA» BOJA, HaOJ0gaeMoro B
runepTpodHOM COCTOAHUM Bogoema (>75-100 MKr/J1)
(Hakanson and Boulion, 2001; Nurnberg, 1996; OECD,
1982).

B naryne B 2024 r. Habsoganuch O4eHb BBICO-
KHe KOHIIeHTpalud pacTBOPEHHOro B Boje o00Iero
azota (3460 MkrN/j BecHonn u 1750 MKrN/ja j1eTom),
COOTBETCTBYIOIMe MOTEHINAJIbHOMY TUnepTpodHOMY
coctoAumo (> 600 MxkrN/i1u > 1200 mxrN/i1). OqHako
cojlepXxaHue pacTBOpeHHoOro obmero ¢ocdopa ObLIO
HU3KUM (Ha HUXHeN rpaHulle 3BTPodHBIX Bof ~20-
35 mkrP/mn) (Hakanson and Boulion, 2001; Nurnberg,
1996). OTo ompefesAsio OTHOCUTETBHO HU3KUIl ypo-
BeHb NPOAYKTUBHOCTU BOA (110 XJIOPODUILITY «a»).

[Ipo3payHOCTh BOABI TakXe IIMPOKO UCHOJIb3Y-
eMBbIll [oKa3aTeslb, OJHAKO ero IpUMeHeHHe MOXeT
OBITh OrpaHUYEHO IIpU OOJIBIIOM IIOCTYILJIEHHMH Heopra-
HHUYeckol B3Becu. B KypickoMm 3annBe Ipo3payHOCTb
BOJIBI ¢ MapTa mo anpesib cocrasiisia (0,50-0,85 m),
YTO COOTBETCTBYeT runepTpodHOMY ypoBHIO (<1 M).
OaHako Takue BeJMYMHBI ONpeAesAiCh He TOJIbKO
obuireM QUTONJIAHKTOHA, HO U NOBBIIIEHHBIM COAEp-
XKaHHeM B3BellIeHHOr'o BelllecTBa, IOCTyHaloIlero Nnpu
BEeTPOBOM IlepeMelllMBaHUM Herjyookoro (cpeaHsas
ryybuHa 3,8 M) BogoeMa.

4. 06cyxpenue

CorJiacHO MHOT'OJIETHUM MCCJIe[JOBaHUAM JIaryH-
Has sKocucteMa Kypiickoro 3aiuBa xapaKTepHu3yeTrcs
KaK BBICOKOMPOAYKTUBHBIN BOZ0EM, B KOTOPOM C cepe-
auHbl 1980-x pa3BuTHe IIMaHOOAKTEpPUIl MPAKTUUYECKU
eXeroJJHO JOCTUTaJI0 YPOBHsA «TUMEPIBETEHUs» BOJIbL.
KoHueHTpanuu xJiopoduiia «a» Mo JaHHBIM HaTyPHBIX
U CITyTHUKOBBIX HabsoaeHui npesbimanu 100 MKr/i
Y Ha NOBEPXHOCTU (POPMUPOBATIUCH «IIAATHA [[BETEHUA»
(Aleksandrov, 2010; Aleksandrov et al., 2018; Olenina,
1998; Vaicitité et al., 2021). ITocjenHee «I[BeTEeHIE»
BOJABl TaKOM MHTEHCHUBHOCTH omucaHo B 2018 r. s
nepuoaa mnocjie 2018 r. onyGJIuKOBaHHBIE AaHHBIE
M0 OTKPBITOM aKBAaTOPUU JIaTyHbI OTCYTCTBYIOT, XOTA
HabmogeHus, B ToMm uuciie 2024 r., a Takxe usyde-
Hue npubpexHoii 30HH B 2017-2021 rr. (Dmitrieva
et al., 2024) moka3pIBalOT, YTO UHTEHCUBHOCTb Pa3BU-
TUA IIMaHOOAKTePUl U «I[BETEHUs» BOABl 3HAUUTEJIBHO
CHU3UJIACh.

Ce3oHHasA OuUHaMUKa OHUOTeHHBIX 3JIEMEHTOB B
KypiiickoMm 3asuBe HampsAMYH 3aBUCUT OT IPOAYKTUB-
HOCTH (PUTOIUIAHKTOHA, MUHepaJu3aliu OpPraHUKU B
BOJIe U 0CaiKaX U MOCTYIJIEHUs C PEYHBIM CTOKOM. J171A
XapaKTEepPUCTUKU COBPEMEHHOI'0 COCTOSTHUSA IPOBEJIEHO
ocpeJlHeHUe JaHHBIX, IOJIYUYeHHBIX B I0)KHOU JINMHIYe-
CKOU yacTu 3ayuBa (poccuiickas akBaTopus) B 2023-
2024 r. u 2019-2022 rr. (Cramko u AjeKkcaHJpOB,
2023), KoTopble ObLIM CONOCTAaBJIEHB C PAaHHUM Iepu-
OJIOM HMHTEHCHBHOIO «IIBeTeHHs» Box (2007-2016 rr.)
(Aleksandrov et al., 2018).
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BryTpuroaosoe n3MeHeHle KOHIIEHTpAIMK a30Ta
HUTpaTOB B 06a nepuopa (2007-2016 u 2019-2024 rr.)
OTpaxkajlo MHOTOJIETHHe TeHIeHIUU s Kypmickoro
3aJIBa U B 1IeJIOM [JJis BOJI0EMOB YMePEHHOr0 Iosica ¢
CHJIBHBIM peyYHBIM ByMsAHMeM. HauboJsblive BeJIMYiHBL
ObUIU B MapTe-anpeJsie 6jarogaps 3UMHeN aKKyMYyJis-
LM U TIOCTYIJIEHUIO B IIOJIOBOABE CO cTOKOM p. Heman
(Vybernaite-Lubiene et al., 2018). JleToM coaepxaHue
as3oTa CHMXAJIoCh [0 MUHUMAJIbHBIX KOHILIEHTpauui
U3-32 UHTEHCHUBHOI'O MOTpebJieHus (PUTOIIaHKTOHOM
u AeHuTpuduxkanuu. B 3ToT nepuon (UIOHB-CEHTAOPD)
B JIaryHe IO MHOTOJIETHUM MJaHHBIM HaOJo1aeTcs
«1BeTeHne Boabl» (Aleksandrov, 2010; Vaicitité et al.,
2021). 3HaYUMBIM OTJIMYMEM B COBPEMEHHBII Iepuof
(2019-2024 rr.) 6BUIO cOXpaHeHHE HM3KUX KOHILIeH-
Tpaluii HUTPATHOr'O a30Ta B MO3[JHEOCEHHUI IMepuoj
(oxTA6pb-HOAOPDL). PaHee oHU yBennumBasuch Ha 1-2
nopsiiKa B MepHoJ, OCeHHero oxJiaxJeHus BOJ U Ipe-
KpaieHus pa3Butusa ¢utomnaHkroHa (Puc. 2a).

Hab6miomaemoe B okTAGpe-HosiOpe 2019-2024
IT. CBfI3aHO C MPOJOJDKEHMEeM AaKTHMBHOM Bereraruu
(puTOIIaHKTOHA, YeMy CIIOCOOCTBYEeT MHOroOJIeTHee
yBeJInuyeHre TporpeBa BoJ oceHblo (Jakimavidius et
al., 2023). B wacTtHOCTH, B 3TU MecAnbl 2024 r. TeM-
nepatypa Bo3Ayxa OblLja BhIlle CpeJHEMHOTOJIETHell
Ha 1-1,5 °C (I'mgpomeTteopoJiornyeckast 06CTaHOBKA. ..,
2024). Takxe OTMeYeHO cMellleHHe MaKcuMyMa KOH-
LIeHTpallli HUTPATHOI'O a30Ta C ampeysA Ha MapT, Kak
cJie[ICTBUE paHHero Havasia IoJI0BOAbs U BEIHOCA a30Ta
¢ peunslM cTokoM. Kak mpumep, B 2024 r. B deBpa-
Jle-MapTe TeMIeparypa BOAbl ObljIa BBIIIE CpeJHEMHO-
rojieTHeln Ha 2-4 °C u HaOJI0OgaJIoCh MHTEHCHUBHOE
noJsioBosibe. HecMoTps Ha 3TU M3MeHeHUs B Ce30HHOI
AVHaMUKe, KOHI[eHTpaluu a3oTa HUTpaTtHoro B 2007-
2013 1 2019-2024 rr. 6b17IM 6J113KH, cocTaBuB 120-140
MKIrN/JI B cpefHEM 3a amnpesib-oKTAOpb U 25 MKIN/J
JeToM (MI0JIb-CEHTSAOPD).

Ce3oHHass OuWHaAMHUKa a30Ta aMMOHUNHOTO
JOCTATOYHO cTabuibHa, MMes 3 nuKa (B HavaJie BECHHI,
JIeTOM U B KOHI[e OCEeHH), CBA3aHHBIX C pa3jiokeHleM
OpraHUYecKOro BelllecTBa, IpeuMyleCTBEHHO 00pasy-
eMmoro ¢urominanktoHoM (Puc. 26). B 2019-2024 rr.
MPOU30ILJI0 YMeHbllIeHHe 3TUX NUKOB, YTO CBSI3aHHO
C paHHUM HayvaJIoM U NO3[HMM OKOHYaHHEM BereTa-
LIMOHHOTO TMepuoja, a TakXe CHUXEHUEM «IIBeTeHUs»
BoAbl JleToM. Kak ciefcrBue, KOHI[eHTpaLUs a30Ta
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aMMOHUIHOTO CHU3MJIach, 0COOEHHO JieTOM (UI0JIb-CeH-
TA6pb) ~20%.

CesoHHasa quHamuka pocdopa pochatos npuH-
[[UIIMAaJIbHO M3MeEeHWIach B IOCJIe[HUE TOJbl, B OTJIU-
yye OT a30Ta MHHepasbHOro. Ilo onmyGJIMKOBaHHBEIM
MHoOroJjieTHUM AaHHbM (¢ 1990-x) B KypiickoMm 3aimiBe
KoHIIeHTpauusa B Boge docdopa dpocdaTos nocjie cHU-
XKeHHs BeCHOH A0 MUHHMAJIbHBIX 3Ha4yeHUil, JIeTOM
(uro1p-aBryCcT) MHOTOKpaTHO BoO3pacraja A0 MakcH-
Mmyma. B wactHOcTH, 3TO Habmoganock B 2007-2016
rr. (Puc. 3a). HaGmiomaemoe sBjieHHe IIPOHCXOUJIO
HecMOTpsA Ha HauboJjiee MHTEHCHBHOe MNoTpebeHue
docdaTtoB seToM u3-3a «lBeT€HUs» (PUTOMIAHKTOHA
1 COKpalleHue HX IOCTYIUJIEHUA C PeYHBIM CTOKOM
(Vybernaite-Lubiene et al., 2022). BaXXHBIM yCJIOBHEM
TAKOro sABJIeHWA OBbUIO 3HAUYWUTEJbHOE IOCTYILIeHHe
docdopa 13 JOHHBIX 0CAAKOB, KOTOPHIE B I0XKHOH 9acTU
IIpeIcTaBJIeHbl IIpeuMyIlleCTBeHHO uiaaMu, rae docdop
aKKyMyJIMpOBAJICSI MHOTOJIETHUM Nepuoj 3BTPopupo-
BaHuA JaryHel (Emelyanov et al.,, 2015; Petkuviene
et al., 2016; Bartoli et al., 2018). W3-3a yBeyinueHUs
dochopa dochaTtoB B BoAe Npu COXpaHEHUN MUHU-
MaJIbHBIX KOHIIeHTpaluil MUHepaJbHOI0 a30Ta MOJIAp-
HOe COOTHOIlIeHNe UX MUHepaJbHbIX (popM ObLIO HIXeE
CTEeXMOMeTPHUYEeCKOro COOTHolleHusA Penbunpaa aia
¢urortankroHa (N:P <16) B utoHe-aBrycre (Puc. 3a).
[Tpu a30THOI JMMHUTAMKA BOAOPOCEN MpenuMyIeCcTBO
[OJIy4aloT IjMaHobaKkTepuy, KOTopele Gjarogaps asoT-
¢ukcauuu B ycJoBusAx obecrnedeHHOCTU (ochopom
CIIOCOOHBI MaccoBO pa3BUBAaThCA. B nioHe-aBrycTe TeM-
nepaTtypa BoAanl mocturaetr 20-22 °C, KoTtopas ONTU-
MaJjibHa AJ1A pocTa U a3oTdUuKcaluu IruaHoO0aKTepuil
(Aphanizomenon flos-aquae u apyrue), GopMUPYIOIINX
B Kypmickom 3anuBe «iBeteHue» BoAnl (Waughman,
1977; Whitton, 1973; Aleksandrov et al., 2018). B sTux
yCJIOBUAX MaKcUMaJibHOe ofuiave IMaHobaKTepuil
(«runepiBeTeHue» BOJbI) HAOIIOAAIOCH C WIOHA-UIOJIA
mpakTu4yecku exerogHo no 2018 r. (Vaiciiité et al.,
2021). B yacTHOCTY, B 10)KHOM YaCTH JIaryHbl 3TU MpPO-
neccol Habmogaauck B 2007-2016 rr., KOrmga B OTHesIb-
Hble ToAbl KoHLeHTpauusa ¢ocdhopa ¢ocdaTos B Hiose
MHOT'OKpaTHO yBesjuuuBaachk (mo 143 mkrP/n B 2015
r., B cpegqHeM 25 MkrP/j1) u HauMHAJIOCh «TUIepIiBe-
TeHHe» BOABl C MHOTOKPAaTHBIM POCTOM COAepKaHU:A
xJjopoduiia «a» (mo 336 mkr/na B 2012 r., B cpegHeM
115 mkr/n) (Puc. 3). B mocienyiomue Mecslbl gaxe
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Puc.2. KoHijeHTpanuu azora HUTpaTHoro (a) u ammonutiHoro (6) B Kypuickom 3anuse B 2007-2016 rr. (1) u 2019-2024 rr. (2).
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Puc.3. KonnenTtpauuu docdopa pocdaTtoB (cToyOIB) U CTEXHOMETpUYECKOE COOTHOIIeHUe (KpuBble) (a) U colepkaHHe
xjopoduiuia «a» (6) B Kypuckom 3anuse B 2007-2016 rr. (1, 3) 1 2019-2024 rT. (2, 4).

MpU yMEHbIIeHNH KOHLleHTpanuu ¢ocdopa, UHTEHCUB-
HOCTH «IIBETE€HMs» BOJIbI COXPaHJIACh 32 CUET ero pere-
Hepauu B IJIAHKTOHHOM coobmecTBe. KoHIleHTpanuu
XJI0podUIIIA «a» B CPEJIHEM /1A F0XKHOM YaCTU JIaTyHbI
pocturanu 476 mkr/na B asrycre 2011 r. u 526 Mkr/xa
B ceHTsA0pe 2016 r. (B cpeanem 171 u 164 MKr/i B
asrycte u certsa6pe 2007-2016 rr.). 9TO MOIJIO BECTH
K CKOIUIEHUIO ITMaHOOaKTepuil B MPUOPEXHOU 30HE U
pe3KoMy YXyOIIEeHUI0 YCJIOBUI cpenbl (MIpeBbIlIeHNe
[TIK o aMmMuaKky, OTCyTCTBHE KHCJIOPOJa, 3aMOP PbIO)
(Aleksandrov and Smirnova, 2023).

B coBpemennsiii nepuoz (2019-2024 rr.) Jet-
HUe KoHIeHTpanuu ¢ocdopa docdaToB 3HaAUUTEILHO
yMeHbIINIIKCh. B yacTHOCTYU, OHU ObUIM MUHHMAaJIbHBI
B 2024 r. (2-3 wmkrP/m). CpemgHue KOHIIEHTpaIuu
docdopa dochaTos B Utosie U aBrycre craju B 3 u 2
pasa Huxe, Habyogaemoro pasee. IIpu coxpaHeHuuU
BeJIMYMH a30Ta MUHepPabHOro, 3TO IPHUBEJIO K yBe-
JIMYEHUI0 CTEXMOMETPUYECKOro cooTHoueHusa N:P go
30-50 (B mouisix) (Puc. 3a). B pesysbraTe azothukcu-
pywoie LnuaHOOaKTepUu MOTepAad KOHKYpeHTHOe
[IpEeUMYIIecTBO II0 CpPaBHEHUIO C APYTMMHU Tpynnamu
¢uTorutankToHa, U ocHOBY (docdop) A MaccoBOro
pocta 1 obpa3oBaHusA «I[BeTeHUsA» BOAbl. ClieqCcTBHEM
3TOT0 CTaJI0 pe3Koe CHIDKeHUe XJI0poduLia «a» JIETOM.
KoHnenTpauuu xjgopodpusia «a» He npesbimanu 50-70
MKT/J1 B Ui0Jie-CeHTsA0pe B cpelHEM JJIs F0XKHON 4acTUu
JIaryHbl, YTO MOXHO XapaKTepu30BaTh Kak IpeKpaile-
HUe «IIBeTeHUs» InaHoOaKTepuil.

B mnocnenyroue wmecAnsl (ceHTAOPH-OKTAODH)
KoHLeHTpanusa ¢ocdopa yBeanunBaiach, 1 CTeXruoMe-
TpUYeCcKoe COOTHOIIeHNe CHMXaJIoCh [0 JIMMUTHPOBA-
HuA 1o azoty (N:P = 9-10), uTo oT/iM4aeT Ce30HHYIO
JAVUHaMUKy OMOT€HHBIX 3JIeMEHTOB OT PaHHero reproja
(2007-2016 1T.) (Puc. 3a). OgHako 3TO He MPUBOAUIIO
K GOpPMHUPOBaHUIO «I[BeTeHHA» BOABL, TaK KakK TeMIle-
patypa Bofsl (<18 °C) 6bUIa HUXE ONTHUMAJIBHOM IJif
MaccoBOro pocTa M a30TPUKcANNU ITHAHOOAKTEPUI
(Aphanizomenon flos-aquae n fnpyrue). Kpome Toro KoH-
nenTpauuu pocdopa 6pUIN BABOE HUXe, YeM HabI0a-
Jocb jetoMm 2007-2016 rr.

B mepuoJi MHTEHCUBHOTO «IIBETEHUS» KOHI[EH-
Tpanyu XJOpodUsia «a» 3a BEreTallMOHHBIA TEPHUOT
(anpenb-okTsAGPE) U JeToM (ur0Jb-ceHTAOpPh) 2007-
2016 rr. B cpegHeM 6b1r 102 1 150 MKr/J1, 4TO Xapak-
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TepuzoBayio Kypuickuii 3aiuB Kak TrunepTpodHBIN
BoJioeM. MaKCHUMAaJIbHBIU TUNepTPOGHBI yPOBEHb B
3TOT Nepuoj ObLI XapaKTepeH Takxe JJis NepBUYHON
mpoaykuuu ¢utomtankrona (415-668 rC-mZrog?!)
(Aleksandrov and Kudryavtseva, 2023). O6wine u
IIPOAYKTUBHOCTh (UTOIJIAHKTOHA COOTBETCTBOBAIU
MaKCUMaJIbHBIM BeJIMYMHAM [JI BOOHBIX 3KOCHCTEM,
oTHOocs Kypickuii 3ajiMB K OAHUM 13 CaMBIX BBICOKO3-
BTpodHHIX BojjoeMoB EBporbl. B coBpeMeHHBIN nepros
(2019-2024 rr.) KOHI[EHTpaLUU XJIOPOPUILIA «a» OCPeL-
HEeHHBbIe JIA alpessa-OKTAOPA U HUI0JIA-CeHTAOPA pe3Ko
cHu3wIuch (39 u 44 MKr/j) 0 MOrPaHUYHOTO COCTO-
AHUA MeXAy 5BTPOGHBIM U rUNepTpoOHBIM yYPOBHEM.
BaxHbpIM (pakTOM ABJIAETCA OCTAaTOYHO CTAOWJIBHBIN
HEBBICOKHUI JIETHUI ypOBeHb OOWIHSA (PUTOIIAHKTOHA
(xsopopuiia) B 2019-2024 rr. PaHee B othesibHBIE
JIeTHHe MecsAIbl U B CpelHEM 3a JIeTO BeJIMYMHBI XJIO-
poduiia B pa3Hble rofbl MOTJIM U3MeHAThCA B 5-10 pa3
(Aleksandrov, 2010; Aleksandrov et al., 2018; Vaiciiité
et al., 2021).

[IpruMHON TaKWUX CYHIECTBEHHBIX pa3JIMuUi B
KoHIeHTpanuu pochopa 1 CTEXUOMETPUIECKOTO COOT-
HomeHua N:P, Beayiero K npekpamieHuio «BeTeHNA»
BoAnl B KypuickoMm 3anuBe, MOXeT OBITb CHUXEHUE
BHelllHell 6uoreHHo Harpysku. B 1980-1993 rr. ¢ p.
Heman (95% croka u 98% BoA0COOpPHOI TEPPUTOPUN)
nocrynaso 58,3 teic. T N/rof (B Tom uncie N-NO, 31,7
Thic. T N/Tog) u 5,4 Thic. T P/roa (B Tom uuciie P-PO,
4,1 teic. T P/rox) (Vybernaite-Lubiene et al., 2018).
Bosnpmias BHemHAA OuoreHHas Harpyska U HakoILle-
HUe OMOreHHBIX 3J1eMEHTOB B JIar'yHe BeJIU K CUJIbBHOMY
3BTpOOUPOBAHNIO, KOTOPOE IIPOSBJIAJIOCh B «I[BeTe-
Hun» BoApl (Olenina, 1998). B mocyieayomuii nepuos
MU3-32 Pe3KOro CHIDKEHHs XO3SUCTBEHHOMN [esiTelb-
HOCTU Ha BojocOope B 1990-x rr., a mo3aHee 3a cYeT
yJIyullleHus CHCTeM OYHCTKH, NMOoCTymeHue ¢ocdopa
MHOT'OKPaTHO yMEHbBIINJIOCHh 0 2,6 u 1,5 ToIC. T P/TOA
B 1997-2008 1 2012-2016 rr. [Ipy 3TOM NOCTyIJIEHNE
a30Ta CHU3WJIOCh TOJIBKO Ha 25% 1o 44,2 Tteic. T N/
rox (Cetkauskaite et al., 2000; Vybernaite-Lubiene et
al., 2018). CHmxeHue BHeIIHell OMOTeHHOU Harpy3Ku
no ¢ocdopy BeJ0 K MHOI'OJIETHEMY YMEHBIIEHUIO €ro
aKKyMyJIALMM B WJIaX U, Kak CJIefCTBHe, K CHIXEHUIO
ero IOCTYIUJIEHHUA JIeTOM B BOJy, 4TO TpeOyeT Hajib-
HeWIMxX uccjiefoBaHuil. Jlaxke MHOTOKpaTHOE YMeHb-
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meHUe BHelIHell OHWOreHHOI Harpy3ku He CIIOCOOHO
oKazaTh OBICTPOTO BO3[ENCTBUS Ha YpPOBEHb 3BTPO-
dupoBanus Box (Voss et al.,, 2011). BeposiTHO, JaH-
HBII npoliecc B Kypiickom 3ayiBe B IOCJIeHUE T'OJBI
JIOCTUT TIepeJIOMHOr0 MOMEHTa, 4TO IpPUBEJIO K 3Ha-
YUTEJIPHOMY WU3MEHEHUI0 TMIPOXUMUYECKUX YCJIOBUHI
(ymensbienue gocdopa B 2-3 pasa, N:P>16) B sieTHUi1
nepuoji. B pesyipTaTe Mpou30ULIO NpeKpalieHne Mac-
COBOr'0 pasBUTUA IHaHOOAKTepUil («rureplBeTeHuA»
BOZ), UTO OTPaXaeT CHIDKEHHE CPeqHUX BEJHMYUH XJIO-
poduiia «a» B 3 paza, a MaKCUMaJIbHBIX — Ha [TOPSJIOK.
HabmomaeMoe B mocjaefqHue rogbl MOXHO XapaKTepu-
30BaTh Kak 3HAUUTeJIbHOe /1e3BTpodHpoBaHUE JIaryH-
HOH cucteMsl Kypuickoro 3aiusa.

5. 3akniouenue

Kypuckuii 3an1uB BaaTuiickoro Mopsi — KpynHei-
mas JiaryHa EBpormbl, B KOTOpoll GOpMUPYIOTCA YHHU-
KaJIbHble I MPHUMOPCKUX BOAOEMOB IPeCHOBOAHEBIE
ycaoBuA. JJIUTesIbHBI Nepuoi B JIaryHy NOCTymHasu
Oosbimivie 0ObeMBbl OHOTeHHBIX 3JIEMEHTOB, Ipexe
BCero co cTokoM p. HemaHn, uTo npusesio K CUJIBHOMY
3BTpodHpOBaHNI0 Bod. OOHUM U3 CJIeCTBUI HaKoOILIe-
HUA OMOTeHHBIX 3JIEMEeHTOB ABJIAJIOCH JIeTHee IIMKOBOe
yBesmueHue ¢dpocdopa ¢ocdartos. B pesynbrate CoOT-
HomleHue asora U pocdopa ObIJIO HUXE CTeXHUOMETPH-
YecKoro cooTHollleHusA i puroriaHkToHa (N:P < 16),
YTO HapAAy CO 3HA4YMTeJIbHBEIM INporpeBoM Boa (A0
20-22°C) cnocoOCcTBOBaJI0O MAaCCOBOMY Pa3BUTHUIO a30T-
duxcupyromux nuaHobaktepuil (Aphanizomenon flos-
aquae u apyrue). C cepenunsl 1980-x pasButue puro-
IJIAHKTOHA IPaKTUYeCKU eXeroqHo JOCTUTao YPOBHA
«TUneplBeTeHuss» BOAB (xyiopodpuyr «a» > 100
MKT/JI), TIocJieJHee U3 KOTOpPhIX oTMeueHO B 2018 1. B
COBpPeMeHHBII [eproJ] UHTEHCHBHOCTh Pa3BUTHA I[Ha-
HOOaKTepuil U «llBeTeHUs» BOJAbl 3HAUNUTEJIbHO CHU3U-
Jauch. CpaBHeHNe JaHHBIX, T0JIyYeHHBIX B I0XKHOW JIMM-
HUYeCKOU dYacTu 3ajuBa (poccuiickas akBaTOpUs) B
2019-2024 rr. c 6os1€€ PaHHUM NEPUOAOM «IIBETEHUsI»
Boa (2007-2016 rr.) mokasaJjio CHUXeHHe B 2-3 pasa
JeTHUX KoHIleHTpauuii pochopa dbocdaros, Toraa kak
BeJINYMHBI MUHEPaJIbHOIO a30Ta OCTAJIMCh Ha IpexXHeM
ypoBHe (cooTHomeHne N:P ~ 30-50). B pesynbrare
asoThUKCUpyoIe IHUaHo0aKTepuyu MOTepAaId KOH-
KypeHTHOe IIPeMMYyIeCcTBO II0 CPaBHEHHIO C APYyTUMU
rpynnaMu pUTOIIIAHKTOHA, U OCHOBY (docdop) mjisa
MaccoBoro pa3utus. CiieIcTBHEM 3TOr0 CTajlo0 pe3Koe
CHIXXeHHUe xJjiopoduiia «a» jeroM (<50-70 Mkr/in),
YTO MOJXKHO XapaKTepH30BaTh KakK NpeKpalleHue «IiBe-
TEeHUs» BOLBL

B nepuog MHTEHCUBHOTO «IBeTeHUs» 2007-2016
IT. KOHI[eHTpaluu XJI0poduLia «a» 3a BereTal[OHHBIN
nepuop (anpesb-oKTAOpPb) U JieToM (MI0JIb-CEHTAOPD)
coctaByiamu 100 u 150 MKr/ji, 4To cOOTBETCTBOBAJIO
MaKCUMaJIbHBIM BeJIMYMHAM B BOJHBIX 3KOCHCTEeMax U
xapakTepusoBaso Kypiickuil 3ajuB Kak IunepTpod-
HBIN BofoeM. B coBpeMmeHHnIl1 nepuof (2019-2024 rr.)
OHU CHU3WJIUCH B 3-4 paza (~40 MKr/j) 1o norpaHuy-
HOT'0 MeX[y 3BTPOdHBIM 1 runepTpodHBIM COCTOAHUA.
BaxHbIM (akTOM fABJISETCA AOCTATOYHO CTaOWJIbHBIN
HEBBICOKUI1 JIETHUHN YpOBeHb 00MIMsA QUTOIIAaHKTOHA,
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TOrJa Kak paHee B OTJeJIbHBIEe JIeTHHE MecAlbl U B
cpeqHeM 3a JIETO B pa3Hble rofbl KOHIIeHTpaI[iU XJI0pO-
dusnna «a» MOIJIM U3MEHATbCA Ha NOPAAOK, JOCTUras
MakcuMyMa IIpY pasBUTUM IIMaHOOaKTepuil 10 «rumep-
[[BETEHUsI» BOJBL

B ocHOBe Takux CyILIeCTBEHHBIX H3MeHeHU!
HaXOAUTCA MHOTOKpaTHOe CHIDKeHNe BHellIHell O1oreH-
HoU Harpysku 1o docdopy B 1990-2010-x rr. u moce-
Jylolllee 3a 3TUM yMeHbllleHre BHYTpeHHelN O1MOreHHOM
Harpysky, 4TO NpUBEJIO K 3HAUYUTEeJIbHOMY H3MeHe-
HUI0O THAPOXMMHYECKUX YCJIOBUM JieToM (yMeHblile-
HHe KoHIeHTpanuii gpocdopa B 2-3 paza, N:P > 16).
B pesysbTaTe npou3oLLTIO INpeKpalleHre MacCOBOTO
pa3BuTuA LUaHoOakTepuil («rurepuBeTeHUs» BOM).
CHmxeHre KoOHIleHTpauuil ¢ocdopa u xmopoduia,
BO MHOTOM, OIpeJeAIUX OHONPOAYKTUBHOCTh BOJ
MOXHO XapaKTepHU30BaTh KaK 3HAUUTEJIbHOE [Ie3BTPO-
(dupoBaHue BoA JaryHHOH skocucTeMbl Kypiickoro
3ajyBa B nocjefHue rofpl. Takue n3MeHeHUsA MOTYT
MMeTbh 3HaUUTeJIbHBIH 3KoJIornyeckuil apdekTt (cHMXKe-
HUe ONaCHBIX «I[BeTeHUI» BOABI) U OKa3bIBaTh BIINAHUE
Ha TpaHcopMal[io IIOTOKOB yrjepoJa U SHepruu B
JKocucTeMe, 4TO TpebyeT NPOJOJDKEHUA HCCJIeoBa-
HUI B paMKax KJIMMaTU4ecKoro M 3KOJIOTHYeCKOro
MOHUTOPUHTA.
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