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ABSTRACT. This study presents a list of mesohalobic diatom species found in the freshwater Lake Itkul
between 2006 and 2025. The lake is located in the steppe zone of the Republic of Khakassia, within the
Bele-Shirinsky endorheic region. We identified 28 species and intraspecific taxa of mesohalobic diatoms
belonging to 17 genera. Mesohalobes are typically scarce and play no significant role in the algoceno-
sis; however, their diversity and development intensity in the periphyton are slightly greater than in
other communities. The occurrence frequency is provided for each taxon. The most active species in the
periphyton in terms of relative occurrence frequency are: Navicula capitatoradiata H. Germain ex Gasse
(up to 90%), Mastogloia danseyi (Thwaites) Thwaites ex W. Smith (up to 53.3%), M. elliptica (C. Agardh)
Cleve (up to 44.2%), and Nitzschia denticula Grunow (up to 69.8%). In 2024-2025, there was a signifi-
cant increase in the local populations of Navicula capitatoradiata and Mastogloia elliptica in the epilithon
and epiphyton communities. A decrease in lake water levels, caused by the annual rise in air and water
temperatures alongside localized salinization of the littoral zones, likely impacts the percentage ratio of
salinity indicator groups and the proliferation of mesohalobic species.
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1. Introduction have been observed in epilithic and epiphytic commu-

nities of Lake Itkul, one of the large freshwater lakes in
Khakassia.
Diatoms have a high potential as indicators of

Mesohalobes inhabit the brackish coastal waters
of seas and estuaries, as well as continental waters

with salinity ranging from 5%o to 20%o (Barinova et
al., 2006). Members of this group rarely predominate
in typical freshwater lakes but are identified there as
indicators of localized increases in mineralization.
Numerous researchers reported on the presence of
mesohalobes in diatom assemblages of freshwater eco-
systems in Siberia (Popova, 1946; Mitrofanova et al.,
2007; Pestryakova and Sleptsova, 2007; Genkal et al.,
2011; etc.). Such species are scarce and do not play a
significant role in algal communities.

Some freshwater lakes in Khakassia (Southern
Siberia), the steppe arid zone, are also characterized
by mesohalobic representatives of diatoms in the algal
population. Largely, these species are sporadically
encountered and have low abundance. However, in
recent years, isolated cases of their mass development

changes in most habitats, given the known regional
relationships between them and the environment
(Pestryakova et al., 2018). The bedrock type in a catch-
ment, among other natural influences, determines the
water’s total mineralization and ionic composition,
which are crucial for diatom communities (Ziemann,
1997).

Lake Itkul has low mineralization compared
to other lakes in the Shirinsky District of Khakassia
because its basin is located mainly in the carbonate
deposits of the Beyskaya suite of the Middle Devonian,
while mineralized reservoirs, are normally located in
the red-colored deposits of the Upper Devonian and
Lower Carboniferous (Arkhipova et al., 2014). At the
same time, in the soil cover of the lake basin, repre-
sented mainly by various ordinary and southern cher-
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nozems and meadow soils, there are also solonetzic and
solonchak soils (Tanzybaev, 1993).

Climate change significantly impacts salinity lev-
els. This has led to faster salinization, which is apparent
in both regional and global trends. However, individual
lakes may show high variability in their response to
climate change (Stenger-Kovdacs et al., 2023).

Average annual temperatures (Pozdnyakov,
2025) and precipitation (Nikolayeva and Nikolayev,
2014) have increased in Khakassia, which may lead
to changes in the mineralization of water bodies.
Researchers indicated a decrease in salinity and a rise
in water levels in some lakes of the Shirinsky District
of the Republic of Khakassia (Zadereev et al., 2021).
However, there is no information on an increase or
decrease in the mineralization of Lake Itkul. Without
annual data on the lake’s mineralization, it is difficult
to assess its impact on the algal population. However,
we can monitor changes in the lake water level, as
a hydrographic post was installed on the reservoir
in 2019 at the initiative of the reserve management.
Fluctuations in this level affect the composition of algal
communities and the balance of ecological groups in
relation to various environmental factors, including the
level of total mineralization.

On the one hand, mesohalobic algae are reliable
indicators of increasing salinity, and their large devel-
opment signals a rearrangement of the lake ecosystem.
Salinization can have a significant impact on the func-
tions and services of ecosystems through biodiversity
loss and changes in the composition of aquatic commu-

nities, involving the dominance of salt-tolerant species
and the spread of invasive species (Stenger-Kovéacs et
al., 2023). In the meantime, mesohalobic species rep-
resent only a small part of the diverse algal community
in Lake Itkul, which includes 431 species (466 specific
and intraspecific taxa). To confirm the impact of cli-
mate change, it is important to analyze the seasonal and
interannual dynamics of the structural and functional
parameters of the lake’s entire algal flora and identify
the factors that determine their variation within the
water body. Investigating the relationships between
biocenosis elements and water level conditions enables
assessment of likely future trends in ecosystem alter-
ation under given climate changes, involving the lake
filling regime (Doganovsky, 2007).

The aim of this study is to identify the species
composition of mesohalobic diatoms in the freshwater
lake Itkul, the characteristics of their distribution, and
occurrence frequency in different biotopes of the lake.

2. Materials and methods
2.1. Study area

Lake Itkul is situated in the Chebakovo-
Balakhtinskaya depression area, which is part of the
Nazarovo-Minusinsk intermountain valley. It lies
within the Bele-Shirinskaya endorheic area, a region of
the Iyuso-Shirinskaya Steppe. It is administratively part
of the Shirinsky District of the Republic of Khakassia.
The waters of Lake Itkul are protected, being included
in the Khakassky State Nature Reserve (Fig. 1).
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Mineralized lakes are abundant in the Chebakovo-
Balakhtinskaya depression region because its cli-
mate is strongly continental and dry (Parnachev and
Degermendzhy, 2002). Lake Itkul has a surface area of
23.25 km?, a maximum depth of 17 m, and an abso-
lute waterline of 456.2 m. Geologically, the lake basin
is confined to a large synclinal structure of the same
name. Dominant sedimentary formations include gray
limestones and marls, along with lesser amounts of cal-
careous siltstones and sandstones. Swampy conditions
prevail on the western and southwestern lake shores,
characterized by soddy-sedge and reed marshes in the
lowlands. The Karysh River, Kharasuk and Shelsug
streams, as well as the small Tushininsky Stream, flow
into the lake there (Natural Waters..., 2003). The bot-
tom sediments of Lake Itkul in the lakeside zone are
composed of crushed rock, coarse sand, and pebbles. At
greater depths, namely over 3 m, fine silts predominate.

The hydrological regime of the lake is subject
to periodic fluctuations and depends on the runoff of
inflowing rivers and streams, the amount of precipita-
tion, and the influx of underground and groundwater
into the basin (Arkhipova et al., 2014). The lake shares
a hydrochemical system with the saline Lake Shira,
where it serves as a flow-through reservoir for water
and dissolved salts. Evaporation has a significantly
lesser effect on the hydrochemical balance of Lake Itkul
than Lake Shira; there is a higher intensity of water
exchange in Lake Itkul (Guseva and Savichev, 2016).

The lake waters are classified as sodium-mag-
nesium hydrocarbonate water (Guseva and Savichev,
2016), with a pH of 8.6-9.0. Water mineralization was
0.68 g/L in 1904, 0.69 g/L in 1989 and 1995 (Natural
waters..., 2003), and 0.55 g/L in 2015. The lake waters
contain 293 mg/L of hydrocarbonates, 12.2 mg/L of
carbonates, 76.0 mg/L of sulfates, and 32.0 mg/L of
chlorides (Guseva and Savichev, 2016). In 2019, dry
residue amounted to 0.4 g/L, including 231.8 mg/L of
hydrocarbonates, 67.2 mg/L of sulfates, 35.0 mg/L of
chlorides, and 36.0 mg/L of carbonates (Zadereev et
al., 2021).

2.2. Sample collection and analysis

The species composition of planktonic, benthic,
and periphytic algae in Lake Itkul was investigated
from 2006 to 2009. Thereinafter, phytoplankton was
studied annually. Epilithic diatom communities were
analyzed from 2023 to 2025, and reed diatom epiphy-
ton was analyzed in 2024-2025.

From 2006 to 2009, samples were collected at
nine stations in the central and littoral zones of the
lake (Fig. 1). Phytoplankton samples were taken from
the pelagic part of the lake, 0.5 to 0.1 m from the sur-
face, using a Ruttner bathometer and an Apstein’s net
(mesh size 64 um). Benthic samples were collected by
lot or by scooping into a bottle from different depths.
Phytoepiphyton samples with Phragmites australis
(Cav.) Trin ex Steud were collected from 2003 to 2025
at five stations along the northern, southern, and west-
ern shores of Lake Itkul. Submerged reed stems (3-5
stems) were cut, and the fouling was scraped off using
a scalpel into a container. Phytoepilithon samples were
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collected from 2022 to 2025 at seven stations along the
northern, eastern, and southern shores of the lake at
depths of 0-1 m. All biological material was rinsed and
scraped from the rocks using distilled water, a scalpel,
and a toothbrush. At each station, composite samples
were obtained from ten rocks. Samples were preserved
with 40% formaldehyde.

To prepare permanent specimens, we used a
method of burning samples with a mixture of con-
centrated sulfuric acid and potassium dichromate; in
recent years (2024-2025), we used hydrogen peroxide,
and specimens were prepared using Elyashev medium.
Determination was carried out using an Olympus CX41
light microscope, taking into account the relative abun-
dance according to the Starmach scale (Algae..., 1989);
dominant and co-dominant species were identified, cor-
responding to 5 and 4 points on the scale, respectively.
The relative taxon occurrence (activity) frequency was
calculated as a percentage of the total number of sam-
ples (Devyatkin and Mitropolskaya, 2002) for all iden-
tified species of various algal divisions and all commu-
nities in 2006-2009, and only for diatoms, separately
in epilithon and epiphyton-in subsequent periods
(2023-2025). The dominance frequency was calculated
as the percentage of samples in which the species abun-
dance was 4 or 5 points relative to the total number of
epilithon or epiphyton samples.

The names and systematic affiliation of taxa were
given according to AlgaeBase (Guiry and Guiry, 2026);
the ecological characteristics of diatoms were assessed
according to the database of ecological indicators of
freshwater algae and cyanobacteria (Barinova, 2025).

The graphs of the interannual distribution of
precipitation and average air temperature were con-
structed using data from the Khakassia Center for
Hydrometeorology and Environmental Monitoring, a
branch of the Central Siberian Hydrometeorological
Center (Shira weather station). The diagrams of the
water level and temperature of Lake Itkul were based
on data from the hydrographic station on Lake Itkul
during the open-water period.

3. Resulits

The lake diatoms are characterized by high spe-
cies richness and include 301 species (324 specific and
infraspecific taxa) belonging to 3 classes, 14 orders, 30
families, and 71 genera. The diatom community of Lake
Itkul is predominantly freshwater, with a large contri-
bution of brackish-water species; mesohalobes and
euryhaline species are less common (Fig. 2).

In terms of water salinity, the lake is dominated
by indifferent species, which amount to 62.3% of the
total number of species, and intraspecific taxa, as well
as by halophiles (12.3%). Halophobes account for
8.95% of the taxonomic diversity of diatoms; euryha-
line diatoms amount to 0.3% (Opephora mutabilis Sabbe
& Wyverman). Twenty-seven species (28 specific and
infraspecific taxa) were identified in the lake as meso-
halobes (8.6%), including the following species:

Ctenophora pulchella (Kiitzing) D.M. Williams
& Round, found in the fouling of reeds and stones in
2006-2009 (occurrence 0.9%);
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Tabularia tabulata (C. Agardh) Snoeijs, found in
coastal plankton in 2006-2009 (occurrence 0.9%);

Anomoeoneis costata (Kiitzing) Hustedt, found
in reed foliage in September 2025 (0.9% occurrence).
The species may have been introduced by birds during
autumn migration from the nearby Lake Shira;

Anomoeoneis sphaerophora Pfitzer, found in lake-
side plankton and in the silt in the middle of the lake
in 2006-2009 (occurrence 1.8%). In August 2025,
the species was found on reeds near the mouth of the
Karysh River on the western shore (occurrence 2.3%
from June to September);

Gomphonema salinarum (Pantosek) Cleve, found
in stone fouling in 2006-2009 (occurrence 0.9%) in the
southwestern part of the lake;

Navicymbula pusilla (Grunow) Krammer, found in
lakeside plankton and silt (west coast) in 2006-2009
(occurrence 2.8%);

Navicula capitatoradiata H. Germain ex Gasse is
the most widespread species, found in all communities
except for soils with an admixture of clay and the Chara
tomentosa fouling. Between 2006 and 2009, its occur-
rence across all communities was 16.5%, and 49% in
periphyton. In 2024-2025, its occurrence in epilithon
was 47.5-86.6%; in epiphyton, it was 50-62.8%; data
were obtained from June to September. In August
2025, its occurrence was 90.0%. In 2024, it occurred as
a codominant in the epilithon on the eastern shore of
the lake in September; while in July, it predominated in
the reed epiphyton on the western shore. From May to
September, the species was found throughout the entire
water area;

Navicula kefvingensis (Ehrenberg) Kiitzing, found
in the silt of the western shore in the fouling of Crested
pondweed in 2006-2009 (occurrence 1.8%);

Prestauroneis crucicula (W. Smith) Genkal &
Yarushina, found in silt, in the middle of the lake, on
sandy ground, and in lakeside plankton in 2006-2009
(occurrence 1.8%); in July 2025, it was found in reed
periphyton (occurrence from June to September was
2.3%);

Prestauroneis protracta (Grunow) Kulikovskiy &
Glushchenko, found on sandy-silty soil in 2006 (0.9%
occurrence). In 2025, it was found in the stone fouling
in July (2.5% occurrence) on the eastern shore of the
lake;

Craticula halophila (Grunow) D.G. Mann, found
in lakeside plankton, on rocks, in the fouling of Crested
pondweed, Shining pondweed, and Chara tomentosa in
2006-2009 (occurrence 1.8%); in 2025, it was found
in epilithon in August (occurrence 2.5%) and in reed
periphyton (occurrence 9.3%) from June to September,
most active in August (20%);

Craticula halophila var. subcapitata (@Dstrup)
Czarnecki, found in the fouling of reed and Chara
tomentosa in 2006-2009 (occurrence 1.8%);

Mastogloia braunii Grunow, found in lakeside
plankton, in the fouling of reed and Amphibian knot-
weed, and on rocks in 2006-2009 (occurrence rate
5.5% for all communities). In 2023-2025, it was found
in the epilithon of the southern shore (occurrence rate
over the entire study period from May to September
was 7.7%; in August, it was 14.3-28.6%);
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Fig.2. Distribution of diatoms—indicators of water salin-
ity in Lake Itkul, % (i-indifferent species; hl-halophiles, hb-
halophobes, mh-mesohalobes, and euhl-euryhaline).

Mastogloia danseyi (Thwaites) Thwaites ex W.
Smith, found in 2006-2009 in lakeside plankton, west-
ern shore silt, sandy-silty soil, reeds, Shining pond-
weed, Chara, and stones (occurrence 16.5% for all
communities). Its rates in epilithon were 7.7% in 2023,
53.3% in 2024, and 30% in 2025. The species was most
active in August near the southern shore of the lake.
Occurrence in reed epiphyton was 34.9%, also more
active in August;

Mastogloia elliptica (C. Agardh) Cleve, found in
lakeside plankton, silt from the middle of the lake, on
sandy, sandy-pebbly bottom, reeds, stones in 2006-
2009 (occurrence of 0.9% for all communities). In the
epiphyton, the occurrence of the species was 23.1% in
2023, 26.6% in 2024, and 25.0% in 2025. During each
of the recent years, high activity of the species has been
recorded in August; particularly in August 2025, the
species dominated near the southern shore. In 2024-
2025, the species was found in 41.7-44.2% of samples
in the reed epiphyton. High activity of the species is
characteristic of August;

Mastogloia smithii Thwaites ex W. Smith, found
in all communities except for the silt from the middle
of the lake, soils mixed with clay, and sand. Previously,
in 2006-2009, its occurrence in all communities was
31.2%; notably, in plankton it was 18.0-28.0%. In
2023-2025, the species was found in 7.7-22.5% of
epilithon samples with peak activity in August;

Achnanthidium biasolettianum (Grunow) Lange-
Bertalot, found in epilithon between 2006 and 2009
(occurrence 0.9%);

Crenotia gibberula (Grunow) Wojtal, found previ-
ously in lakeside plankton, silt of the western shore,
in the fouling of stones and macrophytes (occurrence
1.9%) in 2006-2009;

Crenotia thermalis (Rabenhorst) Wojtal, found
only in lakeside plankton in 2006-2009 (0.9%
occurrence);

Halamphora coffeiformis (C. Agardh)
Mereschkowsky, found in lakeside plankton, silt from
the middle of the lake, and on Crested pondweed in
the western part of the lake between 2006 and 2009
(24.6% occurrence). In recent years, the species has not
been detected in plankton or in the fouling of rocks and
reeds;
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Halamphora perpusilla (Grunow) Q.-M. You &
Kociolek, found only in sediments in 2006-2009,
namely, in silt from the middle of the lake, sandy-silty,
and sandy-pebbly sediments (7.3% occurrence). Benthic
composition was not studied between 2010 and 2025;

Amphora affinis Kiitzing, found on reeds in July
2024 on the western shore (8.33% occurrence);

Rhopalodia gibberula (Ehrenberg) O. Miiller,
found in 2006-2009 in lakeside plankton and silt, and
in fouling (18.3% occurrence). In recent years, Spo-
radic occurrences have been recorded from May to
September in epilithon. Occurrence was 7.7% in 2023,
26.6% in 2024, and 2.5% in 2025;

Nitzschia commutata Grunow, found only on
sandy bottoms with sporadic occurrences in 2006-2009
(0.9% occurrence);

Nitzschia denticula Grunow, found in 2006-2009
in lakeside plankton, on sand, rocks, sandy-silty soil,
reeds, pondweed, and chare (occurrence rate 11.9%).
Occurrence in epiphyton was 7.7% in 2023, 13.3% in
2024, and 25.0% in 2025. Occurrence in reed epiphy-
ton in 2024-2025 ranged from 50.0 to 69.8%, with the
species being more active in August;

Tryblionella apiculata W. Gregory, found on
reeds in August-September 2025, occurrence rate of
10.0-11.1%;

Tryblionella hungarica (Grunow) Frenguelli,
found from 2006 to 2009 on sandy-pebble soil (0.9%
occurrence);
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Surirella ovalis Brébisson, found from 2006 to
2009 on reeds in the western part of the lake (0.9%
occurrence); in recent years, it has also been found on
reeds (2.3% occurrence).

Species recorded in the plankton were charac-
teristic mainly of samples collected with Apstein’s net.
Quantitative samples contained only Navicula capitato-
radiata (0.5-1.63 x 103 cells/L) and Crenotia gibberula
(0.2-0.5x 102 cells/L). Most mesohalobic species were
found in the benthos and periphyton.

The most important natural feature of the lakes
in the steppe zone of Khakassia is the cyclical fluctu-
ation in water levels caused by variability in overall
moisture content. Precipitation has a direct and signif-
icant impact on the dynamics of lake mineralization.
Increased precipitation typically leads to a decrease in
mineralization due to water dilution, while a reduc-
tion in precipitation enhances salt concentrations,
especially in endorheic reservoirs. The distribution of
annual precipitation totals, according to data from the
Shira meteorological station, is shown in Fig. 3A. Over
the past decade (2016-2025), annual precipitation has
increased by 44.9 mm compared to the 2006-2015
period.

A potential reason for the development of meso-
halobic algae is a gradual increase in annual atmospheric
air temperature. This factor affects the course of phys-
icochemical processes and is typically reflected in the
chemical composition of natural waters (Drovovozova

B
4
3.5 A
R2=10.2059
TN /A\ /\ /
A A=
2
LS.H—W
) / \
" \/A\I
° \VAR'
-0.5
G S DX S N A M TS XS =AMt
=S — T — T — T B T e R e B TR o B B B B BT o Y o Y o O o B o B o |
S S S S S oo oS 9
A A A AN AAAAAAAAAAAAaAA
D
30
R2=0.076
w25
o
& T
520 T
£ —H
3
215
g
2
=10
@
=
Z s
0
Q@ e B ow O R = 2 O R 9E B
s = B = 8
52 583 B 653 B8 32 & 38 &
< < < < <

2021 2022 2023 2024 2025
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and Kirilenko, 2021). Analysis of long-term observation
data at the Shira meteorological station demonstrates
an increase in average annual air temperature over the
past 20 years (Fig. 3B). Moreover, from 2022 to 2025,
the lake water level decreased, and the temperature
increased (Fig. 3C, D).

Rising air temperatures can lead to higher evapo-
ration rates, especially in shallow water. This can cause
localized salinization, which affects the composition
of epilithic and epiphytic communities. Additionally,
increased precipitation can cause salts to leach from
saline soils in the lakeside zone, potentially increasing
the influx of salts into the lake through surface runoff.

4. Discussion

During the observation period from 1934 to
2025, the species composition and the development
degree of mesohalobic species in the lake underwent
certain changes. All species discovered by T.G. Popova
(1946) in 1934 during the investigation of Lake Itkul
were found in our samples taken during the 2006-2009
period: Ctenophora pulchella, Achnanthidium biasolettia-
num, Anomoeoneis sphaerophora, Prestauroneis crucic-
ula, P. protracta, Craticula halophila, C. halophila var.
subcapitata, Navicymbula pusilla, Nitzschia denticula,
and Tryblionella hungarica. However, from the genus
Mastogloia, only M. lacustris (Grunow) Grunow halo-
phile was included in the species list, which currently
dominates the periphyton and occurs with high fre-
quency. By 2025, six species of the genus Mastogloia
have been identified in the lake, including typical rep-
resentatives of the lake mesohalobe complex: M. brau-
nii, M. danseyi, M. elliptica, and M. smithii. In addition to
the abovementioned species, the following ones were
also present in samples throughout the study period
since 2006: Navicula capitatoradiata, Nitzschia dentic-
ula, Rhopalodia gibberula, Anomoeoneis sphaerophora,
Craticula halophila, Prestauroneis crucicula, P. protracta,
and Surirella ovalis.

Some species identified in the 2006-2009
period have not been found in recent years, possibly
due to the absence of benthic samples. These include
Halamphora perpusilla, H. coffeiformis, Tabularia tabu-
lata, Gomphonema salinarum, and others.

In 2024-2025, new and inactive species appeared
in the reed epiphyton of the lake, namely Anomoeoneis
costata, Amphora affinis, and Tryblionella apiculata.

Our study involved assessing the distribution
of mesohalobic diatoms in algal communities. Fifteen
species and intraspecific taxa of mesohalobic dia-
toms belonging to the genera Tabularia, Mastogloia,
Navicymbula, Crenotia, Craticula, Halamphora, and
Rhopalodia were identified in the lake plankton. They
were encountered sporadically, not every year, and in
isolated numbers.

Overall, 18 mesohalobic species were present
in the bottom sediments. Most of them were found in
the silt along the western shore: Navicymbula pusilla,
Navicula kefvingensis, Mastogloia danseyi, M. smithii, etc.
In the silt of the central part of the lake, the follow-
ing species were identified: Anomoeoneis sphaerophora,
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Prestauroneis crucicula, Halamphora coffeiformis, etc. As
a rule, they showed a low occurrence frequency (up to
2.7%) in the structure of benthic cenoses, except for
several species, which were found rather frequently:
Mastogloia danseyi (27.7%), M. smithii (25.0%), Navicula
capitatoradiata, and Halamphora perpusilla (22.0%).

The diversity and intensity of development of
mesohalobic diatoms in the periphyton were slightly
greater than in other communities. In particular, 23 spe-
cies and intraspecific taxa were found here. Recently, a
large development has been recorded for the species
Mastogloia, which predominated in the stone fouling in
2025 (station 7), and Navicula capitatoradiata, which
codominated in the epilithon in September (station 3)
and prevailed in the epiphyton at one of the stations
in July 2024 (station 3). The dominance of these spe-
cies was localized in certain areas of the water body.
The dominance frequency of Navicula capitatoradi-
ata amounted to 7.7% in the epiphyton and 6.7% in
the epilithon; for Mastogloia elliptica, it was 2.5% in
the epiphyton. In August 2025, there was a relatively
high occurrence of the species Navicula capitatoradiata
(90.0%, epiphyton), Nitzschia denticula (80.0%, epiphy-
ton), Mastogloia danseyi (55.6%, epiphyton), M. smithii
(71.4%, epilithon), and M. elliptica (70.0%, epiphy-
ton and 57.1%, epilithon) in epilithic and epiphytic
communities.

The investigation of the spatial distribution
revealed a higher diversity of mesohalobic forms in the
reed periphyton from the middle part of the western
shore of the lake (stations 3, 4). Seven species were
found at each of these stations: Mastogloia danseyi, M.
elliptica, Anomoeoneis sphaerophora, Prestauroneis cru-
cicula, Navicula capitatoradiata, Nitzschia denticula, and
Tryblionella apiculata. In the epilithon, it was associated
with the southern and southwestern shores (stations 6,
7) and also included seven species: Navicula capitato-
radiata, Mastogloia braunii, M. danseyi, M. elliptica, M.
smithii, Rhopalodia gibberula, and Nitzschia denticula. In
temporal dynamics, the peak of species diversity and
quantitative development occurred in August 2025.

According to the characterization by Popova
(1946), the flora of Lake Itkul is a freshwater-saltwater
one, dominated by indifferent and euryhaline species in
the plankton and benthos, with a sporadic appearance
of halophiles or mesohalobes. The author observed the
abundance of halophiles on the western shore, where
they thrived at the mouths of some streams. Our find-
ings confirm these observations. In addition to the
development of halophilic and mesohalobic forms of
diatoms along the marshy western shore, this section
of the water body was characterized by a low abun-
dance of desmids, most of which prefer waters with low
salt concentrations. The presence of halophilic macro-
phytes may also indicate high water mineralization in
some lakeside areas. For example, Volobaev (1992)
reported on the rather unusual occurrence of Ruppia
maritima L. in Lake Itkul because the species is an obli-
gate halophyte.

The occurrence of mesohalobes in the reed foul-
ing at the confluence of the Karysh River is noteworthy,
since there is no data on the high salinity of the river
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itself, and the mineralization of the waters is 357-446
mg/L (Kopylova et al., 2005). However, Popova (1946)
observed halophiles and mesohalobes, along with
purely freshwater forms, in the benthos of the water-
course associated with Lake Itkul, indicating significant
salinization of the silt.

Members of the genus Mastogloia are among the
most common diatoms in Lake Itkul. Most taxa of this
genus inhabit marine environments, with only a small
number inhabiting freshwater ecosystems. They prefer
submerged plants, rocks, and bottom sediments as sub-
strates; they thrive in a wide variety of freshwater hab-
itats, including streams, rivers, lakes, ponds, sphagnum
bogs, and others. The species Mastogloia dansei and M.
elliptica, inherent in Lake Itkul, were found in signif-
icant quantities in swamps, small rivers, and mineral
springs of Macedonia among the inhabitants of epiphy-
ton and epilithon (Pavlov et al., 2016). Mastogloia brau-
nii, M. elliptica, and M. smithii were detected in fresh-
water lakes of the Chelyabinsk Oblast (Yarushina et al.,
2004).

Many researchers indicated mesohalobic diatoms
in freshwater bodies and streams. These species typically
comprise <3% of the total number of identified halo-
bic indicators. In lakes of the eastern Bolshezemelskaya
Tundra, as well as in the Ural water bodies, mesoha-
lobes are rare, mostly with low abundance rates and a
different composition. Species similar to those found
in Lake Itkul include Navicula kefvingensis, Navicymbula
pusilla, and Halamphora perpusilla (Stenina, 2009), as
well as Ctenophora pulchella, and Anomoeoneis sphaero-
phora (Genkal and Eremkina, 2023). The phytoplank-
ton of Lake Onega, similar to that of Lake Itkul, con-
tains Achnanthidium biasolettianum, Navicymbula pusilla,
Craticula halophila var. subcapitata, Rhopalodia gibbe-
rula, and others (Chekryzheva, 2012).

For plankton communities of lakes and rivers
associated with the Irtysh River in the Omsk Oblast,
the following species are typical: Tabularia tabulata,
Ctenophora pulchella, Navicula kefvingensis, Nitzschia
denticula, Surirella ovalis, Tryblionella apiculata, and
Halamphora coffeiformis (Phytoplankton..., 2019).

Navicula capitatoradiata, Tryblionella hungarica,
etc., were observed among the indicators of high water
mineralization in the benthic algal communities of the
Oka River estuary (Khedairia et al., 2022). Single speci-
mens of mesohalobic diatom species, including Navicula
capitatoradiata and Tabularia tabulata, were found
in the rivers of the Amur region (Medvedeva, 2023).
Mesohalobic species Ctenophora pulchella, Tabularia
tabulata, Navicula capitatoradiata, Tryblionella hungar-
ica, Nitzschia denticula, etc., were recorded in lakes and
rivers of the Kerzhensky Nature Reserve (Volga River
basin) (Vodeneeva et al., 2022).

In lakes of nearby regions, the species compo-
sition of mesohalobes shows greater similarity with
Lake Itkul. For instance, Navicula capitatoradiata, N.
kefvingensis, Tabularia tabulata, Ctenophora pulchella,
Prestauroneis protracta, Crenotia thermalis, Navicymbula
pusilla, Halamphora coffeiformis, H. perpusilla, Nitzschia
commutata, N. denticula, and Surirella ovalis were
detected in the plankton and bottom sediments of Lake
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Teletskoye (Altai Republic) (Mitrofanova et al., 2007).
Most mesohalobe species in Lake Itkul (85.7%) are com-
mon to freshwater lake ecosystems of Mongolia, espe-
cially to the bottom sediments of Lakes Buir and Achit
(Dorofeyuk and Tsetsegmaa, 2002). In Lake Achit, a
flowing body freshwater, the number of halophilic dia-
tom species is 11%, and mesohalophilic ones are 4%,
including Mastogloia braunii, M. danseyi, M. smithii, and
Anomoeoneis costata, etc., which is not accidental, since
the lake is located in an area of low-mountain desert
steppes, and saline soils are located along the shores
(Dorofeyuk, 1985). Meanwhile, in the freshwater lake
Nogaan-Khol (Tuva Republic), only one species was
found, namely Ctenophora pulchella (Naumenko and
Nazyn, 2023), and in the large freshwater lake Azas in
Tuva, mesohalobes were not found at all (Naumenko
and Nazyn, 2024).

Mesohalobic diatoms were also identified in other
freshwater lakes in the Shirinsky District of Khakassia.
In particular, Mastogloia danseyi, Anomoeoneis costata,
and Nitzschia denticula were detected in Lakes Chernoe
and Fyrkal, Anomoeoneis sphaerophora, Craticula halo-
phila, C. halophila var. subcapitata, and Navicymbula
pusilla-in Lake Chernoe; and Navicula capitatoradi-
ata-in Lake Fyrkal (Popova, 1946). In Lake Tushinino
(Tukhloe), situated near Lake Itkul, Nitzschia dentic-
ula was reported among the common species, while
Anomoeoneis sphaerophora and Craticula halophila var.
subcapitata were rarely and singly identified; Navicula
capitatoraradiata, Mastogloia smithii, and Nitzschia den-
ticula were detected in Lake Orlovo (Popova, 1946).

Data on the ecology of some mesohalobic species
are contradictory. Some algologists classify species such
as Navicymbula pusilla, Crenotia gibberula, Anomoeoneis
sphaerophora, Navicula capitatoradiata, Halamphora
perpusilla, etc., as halophilic or indifferent to salinity
(Stenina, 2009; Gorbulin, 2016; etc.).

The development of mesohalobic algae in Lake
Itkul is most likely driven by a localized increase in
water mineralization in the coastal region, which does
not extend to the entire lake ecosystem. According to
Savichev et al. (2015), Lake Itkul is characterized by
intensive water exchange, which mitigates the effect of
salt concentration in the lake waters during evapora-
tion from the water body in June and July. Compared
to Lake Shira, it experiences a shorter period of interac-
tion between lake water and bottom sediments. Hence,
the intensity of the water balance determines the dif-
ferences in mineralization and chemical composition of
the lake waters (Guseva and Savichev, 2016).

The influence of more mineralized groundwater
is also possible, since in the steppe part of the Shirinsky
District, it is characterized by increased mineralization
(Pokrovskiy et al., 2001).

Natural causes of water salinization may include
climate change combined with increased evaporation
and low precipitation, as well as the lack or limitation
of inflow or runoff (Zimmermann-Timm, 2007). In the
studied case, we observe not only an increase in the
annual temperatures of air and surface water of the
lake but also a slight increase in annual precipitation.
Any change in annual temperature fluctuations has a
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significant impact on the thawing and freezing regimes
of soils and rocks, thereby affecting the recharge con-
ditions of surface and groundwater. With increasing
temperature, the salt dissolution rate in natural solu-
tions increases (Drovovozova and Kirilenko, 2021).
Diatoms, in turn, respond to changes in salt concentra-
tion, even at chloride concentrations of only 100 mg
per L (Zimmermann-Timm, 2007).

Long-term fluctuations in water levels cause
changes in the habitats of biocenoses that vary in dura-
tion, since they are accompanied by alterations in the
size of shallow waters, depth, mineralization, the num-
ber of phosphates from the catchment area, water heat-
ing conditions, and the duration of the growing season
(Doganovsky, 2007). Perhaps this factor influences the
changes in the composition of diatom groups associ-
ated with the water salinity of Lake Itkul. Following
the period of maximum water level in 2021, according
to the 2019-2025 hydrographic post data, in 2023, the
number of halophobes increased by 8.9% in the lake
epilithon, and the number of halophiles and mesoha-
lobes decreased by 5.4 and 2.8%, respectively, when
compared with the ecological spectra of this commu-
nity between 2006 and 2009 (Makeeva and Mikhajlina,
2024). On the contrary, in 2024-2025, the number of
halophilic organisms increased by 9.5-12.1%, and that
of mesohalobes-by 1.1%, while the number of halopho-
bic species decreased by 7.1-7.9%. Similar dynamics
were observed in reed fouling in 2025. A significant
number of halophilic and mesohalobic species in the
composition of salinity indicators may also be stipu-
lated by the fact that the shore-forming soils are saline,
which provides an increase in water mineralization
upon the decrease in the water level.

5. Conclusion

Mesohalobic diatom species were detected in
phytoplankton, phytobenthos, and phytoperiphyton
throughout Lake Itkul, but were typically concentrated
along the western and southwestern shores of the lake
where the number of abundant or frequently occur-
ring species was small. Periphyton communities were
the richest in mesohalobes. In some areas of the litto-
ral zone, there were outbreaks of mesohalobic growth
in the epilithon and epiphyton, but these species had
a low dominance frequency. The development of
most salt-loving species was confined to late summer
(August).

In the littoral zone of Lake Itkul, the algal com-
munity is more ecologically diverse, with greater num-
bers of mesohalobes, suggesting localized salinization
of these areas. Discrepancies in diatom species com-
position in different habitats and seasonal changes in
diatom assemblages indirectly indicate spatiotemporal
diversity in diatom habitats in Lake Itkul.

The results of this study, aimed at identifying
the habitats and occurrence of mesohalobic species,
can complement and expand our understanding of the
floristic distribution patterns of these organisms and
their halotolerance. Further detailed study of diatom
development, including an analysis of their ecological
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spectra depending on water level regimes and climate
dynamics, will facilitate their successful use as accurate
indicators of environmental change.
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AHHOTAILIHSL. TIpuBeieH CIMCOK BUIOB Me30TaJI0O0HBIX JUaTOMel, 0OHapyXXeHHBIX B MPECHOM O3€epe
Utkyns 3a nepuoxa 2006-2025 rr. O3epo pacmnoJiokeHo B cTenHoil 30He Pecnybsuku Xakacus, bere-
MMupunckoli 6eccTouHoi obsactu. OnpefesieHo 28 BUAOBBIX U BHYTPUBUJOBBEIX TAKCOHOB Me30rajoo-
HBIX IUaToMel, mpuHaAjexamux K 17 pogam. Kak npaBusio, Me30rajioosl B 03epe MaJIOUYMCJIEHHHBI U He
WIrpaloT CyIeCTBEHHOU POJIM B ajIbrolleH03aX, OJHAKO X pa3HooOpasue 1 MHTeHCUBHOCTh Pa3BUTUA B
nepuUTOHE HECKOJIBKO OOJIBIIIe, UeM B APYTUX COOOIIecTBax. YKa3aHbl CBeIeHUA O 4aCTOTe BCTpeya-
€MOCTH KaXxJoro u3 TakcoHoB. HauboJsiee akTHBHBIE BU/bl B Iepu(UTOHE 110 OTHOCUTEIBHON YacToTe
BcTpeuaeMmocTu: Navicula capitatoradiata H. Germain ex Gasse (mo 90%), Mastogloia danseyi (Thwaites)
Thwaites ex W. Smith (o 53,3%), M. elliptica (C. Agardh) Cleve (mo 44,2%), Nitzschia denticula Grunow
(mo 69,8%). B 2024-2025 rr. HaGJOgav JIOKaJIbHOE MaccoBoe pasButme Navicula capitatoradiata,
Mastogloia elliptica B coob1iecTBax 3MIINTOHA U anuduroHa. [Ipeamnoaraercs, 4To IPOLEHTHOE COOT-
HOIlleHNe I'PyIN TajJo0HOCTY U pa3BUTHE Me30TajI00HbIX BUOB B 03epe 3aBUCAT OT IIOHMXEHU YPOBHA
BOZBI B OTBET Ha IIOCTENEeHHBIN POCT F0I0BOM TeMIlepaTyphl aTMocGepHOro Bo3jyXa 1 IOBHIIeHNE TeM-
nepaTypsl BOABL, a TakXe OT JIOKAJIbHOT'O 3aCOJIEHU IPUOPEXHBIX YIaCTKOB.
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1. Beepenue HaceysieHus. Kak mpaBwiio, 3TO CHOpaguvecKyl BCTpe-

yaeMble BHIB C HU3KONU YMCJIEHHOCThbI0. OOHAKO B
nocJjefHue rofbl HaOMIOAAITCA OTHAeJIbHBIE CJIydau KX
MAacCCOBOI'0 Pa3BUTHA B SIMWJINTHHIX U SNINU(PUTHEIX CO00-
ImecTBax OQHOrO M3 KPYMHBIX NPEeCHBIX 03ep Xakacuu
— 03. UTKyJIB.

JluatomMoBele BOAOPOCIM O0JIafal0T BBICOKUM
ITOTEHINAJIOM JIJIA UHAUKAIMY U3MEeHEeHUH B OOJIBIIIH-
CTBe cpef] 00MTaHNsA, yIUTHIBAasA U3BECTHBIE perOHAaIb-
HBle B3aMMOCBA3U MEXJy HUMH U OKpPYXalollen cpe-
nort (Pestryakova et al., 2018). Ogaumu u3 HauboJsee
BaXXHBIX IIepeMeHHBIX, BJIUAIUX HA COCTaB AUATOMO-
BBIX COOOILleCTB, ABJIAIOTCA 00Ias MHHepaau3anua U
VIOHHBIU COCTaB BOBI, KOTOPHIE OINPEIeIAI0TCS Pa3Ind-

Mesoraso0bl — oOuTaTeNn COJIOHOBATHIX IIPU-
OpeXHBIX BOJ MOpPEH U 3CTyapreB, KOHTUHEHTAJIbHBIX
BOJI C COJIEHOCTBIO OT 5%o0 1m0 20%o0 (BapuHOBa u Ap.,
2006). IlpeacraBuTe N 3TOU IPYIIB PEOKO AOMUHU-
PYIOT B THIIUYHBIX MPECHBIX 03epaX, HO BCTPEYAIOTCS
TaM B Ka4eCTBe MHINKATOPOB JIOKAJIBHOTO TTOBHIIIEHNS
MUHepaym3aiuu. [IpucyTcTBre Me30rajoO0HBIX BUJIOB
B IMaTOMOBBIX KOMILJIEKCAX ITPECHOBO/IHBIX YKOCUCTEM
Cubupu otrmevasin MHorue wucciemoBatenu (Ilomosa,
1946; MutpodanoBa u ap., 2007; IlectpskoBa u
CnemoBa, 2007; T'enkan u ap., 2011 u gp.). Takue
BU/IBI SIBJISIOTCS MAJIOYMCJIEHHBIMU U HE UTPAIOT CyIIe-

CTBEHHOU POJIM B aJIBIOLEHO3AX. HBIMU TPUPOJHBIMU (HAKTOPaMH, B TOM YHCJIE TUIIOM

A1 HEKOTOPBIX IIPECHBIX 03€P XaKacu (IOXHa'? KOPEHHBIX MOPOJ| BOJOCOOpHOro GacceiiHa (Ziemann,
Cubupb), PacHOJIOKEHHBIX B CTEMHOH, 3acyILTMBOI 1997).

30HE, TaKXe€ XapaKT€pHO HaJInune Me30TaJI00HbBIX

i g O3. UTkysb nMeeT HU3KYI0 MUHepaiu3anuio (1o
IpeJicTaBUTeJIell AUaToMell B cocTaBe BOLOPOCIIEBOTO

CpaBHEHUIO ¢ ApyruMu o3epamu [llupuHCKoro paiioHa
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Xakacuu), 4TO OOBACHAETCA PpaClOJIOKeHHEeM KOTJIO-
BUHEBI O3epa IIperMyIleCTBeHHO B KapOOHATHBIX OTJIO-
keHUAX OeliCKOo¥l CBUTHI CpeJHero AeBOHa, B TO BpeMs
KaK MMHepaJI30BaHHbIe BOAOEMEI, Kak IpaBUJIo, HaXo-
JATCA B KPAaCHOLIBETHBIX OTJIOXKEHUAX BepXHero JeBOHa
U HIXHero kapboHa (Apxumnosa u Ap., 2014). B to xe
BpeMsA B IMOYBEHHOM IIOKPOBE O03€PHOI KOTJIOBHHHL,
MIpeJCTaBJleHHOM B OCHOBHOM pa3HOBHUAHOCTAMU
OOBIKHOBEHHBIX U I0)KHBIX YepHO3eMOB U JIyT'OBBIX II0YB,
BCTpEYalTCA COJIOHIeBaTble X COJIOHYAKOBBIE IIOYBHI
(Tanseibaes, 1993).

HM3BecTHO, 4TO M3MeHeHHe KJIMMaTa OKa3blBaeT
3HauYMTeJIbHOE BJIMAHNE Ha YPOBEHb COJIEHOCTHU U IIPO-
I[ecChl 3aCoJIeHHs YCKOPWJINCh, YTO MOATBepXAaeTcs
ABHBIMHU PErvOHaJIbHBIMU U TIJI006aJIbHBIMU TpeHAaMu,
O[HAaKO OTHeJIbHBIE O3epa MOIYT [eMOHCTPUPOBaTh
BBICOKYIO0 M3MEHUYMBOCTDb B CBOEl peaknuu Ha U3MeHe-
Hue kmMarta (Stenger-Kovacs et al., 2023).

Jlna Tepputopun Xakacuu yCTaHOBJIEHO IIOBBHI-
meHue cpefgHerofoBbix Temmepatyp (IIo3aHAKOB,
2025) u konuyecTtBa ocaakoB (HukosiaeBa n Hukosaes,
2014), yTo MOXeT NPUBOAUTH K N3MEHEHHI0 MUHEPaJIU-
3a1uy BoJoeMoB. McciemoBarean oTMevaloT IaJieHue
COJIEHOCTH U POCT YPOBHA BOABI B HEKOTOPHIX O3epax
MIupunckoro patioHa Pecny6iuku Xakacus (3agepees
u ap., 2021). CeegeHus 06 yBeJIMueHUU WU YMeHble-
HUHM MUHepaiu3anuyu BoAbl 03. UTKyJb OTCYTCTBYIOT.
He pacnosiaras exeroqHeIMU JaHHBIMU O MUHepaJIn3a-
LMY o3epa TPYJHO OLleHMBaTh BJIMSHNE JAHHOro (ak-
TOpa Ha BoAopocjieBoe HacesleHre. OJHAKO MBI UMeeM
BO3MOXXHOCTb HabJ1I01aTh 3a U3MeHeHNeM yPOBH:A BOJIb
o3epa (B 2019 r. no UHUIMATUBE PYKOBOACTBA 3aMOBEN-
HUKa Ha BoJioeMe YCTaHOBJIEH r'MIpoIocT), KojiebaHue
KOTOpOTO OKa3blBaeT BO3JEHCTBHE Ha COCTaB aJIbIroJIo-
TMYeCKUX COOOIeCTB, COOTHOLIEHHE 3KOJIOTHMYeCKUX
TPYII 110 OTHOUIEHHUIO K pa3HbIM (aKkTopaM cpefbl, B
TOM 4HcCJIe K BeJIMuuHe o0Iiell MuHepaJIu3anuu.

C oJHOU CTOpPOHB, Me3orajiobHble BOOOPOCIIU
HaJleXXHble HWHJWKATOphl IOBBIIIEHHUS COJIEHOCTH,
U KX MaccoBoe pas3BUTHe CUTHaJIM3UpyeT O Iepe-
CTPOMiKe 3KOCHUCTEMBI O3epa. 3acoJjieHue MOXeT OKa-
3aTh CylleCTBEHHOe BJMAHNE Ha QYHKIUU U yCJIyI'U
SKOCHCTEMEHI B pe3yJibTaTe IoTepu OHopa3HooOpasus,
M3MEHEHUH B COCTaBe BOJHBIX cooOIecTB (JOMUHU-
poBaHMe COJIEyCTOMYMBBIX BHOB, pacIpocTpaHeHue
VHBa3uBHBIX BHUAOB) (Stenger-Kovacs et al., 2023).
BmecTte ¢ TeM, Me3orajo0Hble BUABI — JIMIIb HeOOJIb-
mas 4acTh pasHOOOpasHOro coobIiecTBa BOAOPOCTEH
03. UTkymp, koTopoe BkIouaeT 431 Bua (466 BUAOBBIX
1 BHYTPUBUJOBBIX TaKCOHOB). [7iA NOATBepXaeHUA
BJMAHUA KJIMMaTUYeCKUX M3MEeHEeHUH BaXXHO IIpoa-
HaJIM3UpOBaTh CE30HHYI W MEXIOJOBYI0 ANHAMUKY
CTPYKTYPHBIX U (QYHKI[MOHAJIBHBIX I[IOKa3aTesiell Bcel
anbprodJiopsl 03epa U BBIABUTH (PaKTOPEHI, ONpeesIAlo-
mye cTeleHb UX BapbHPOBaHUA B BojoeMe. A OlLieHKa
CBA3el 3JIeMeHTOB OHOI[eHO3a C YPOBHEBBIM PeXUMOM
[I03BOJIUT OLIEHWTh BO3MOJXHBIe TeHJEHLUMN H3MeHe-
HUA 3KOCUCTeMHl B OyaylleM NpU 3aJaHHBIX H3MeHe-
HUAX KJIMMaTa ¥ COOTBETCTBEHHO peXrMa HaloJIHeHUA
o3epa ([oranosckutii, 2007).

Llenp maHHOM pabOTHL 3aKJI0YaeTcs B BhIABJIIE-
HUHM BHJOBOTO COCTaBa Me30TaJIOOHBIX OUAaTOMOBBIX
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BOJIOpOCJIell B INPecHOM BoJoeMe, OCOOEHHOCTeNH WX
pacrnpocTpaHeHUs U YaCTOTHl BCTPEYAEMOCTH B pas-
JIMYHBIX OMOTOMAX 03epa.

2. MaTtepuanbl U MEeTOADI
2.1. PaloH uccAepOBaHUM

Oszepo HUtkysp pacnosioxkeHo B YebGakoBo-
BanmaxtuHckoil KoTJioBuHe HazapoBcko-MUHYCHHCKOM
MEXIOpHOM BINAaAWHBL, HAXOAWTCA B Ipefesax beie-
MIupuHckoit G6ecctouHol obsactu Hioco-llupuHcKon
CTelld; B aJMHHHUCTPATUBHOM OTHOIIEHUU B
[IupuHckoM patioHe Pecriy6uku Xakacusa. AKBaToOpus
03. Hrkynp 3anoBefgHas (rocyJapCTBEHHBIN 3allo-
BeqHUK «Xakacckuii») (Puc. 1). Kimumar Yebaxoso-
BanaxTuHCKOH KOTJIOBHMHEI OTJIMYaeTCA pe3KO BhIpa-
XKEHHON KOHTUHEHTAJIbHOCTBI0 U apUAHOCTBIO, YTO
croco6cTByeT (POpPMHPOBAHUI0O Ha AAHHON TEepPpUTO-
pyun GOJIBIIOTO KOJIMYeCTBA MMHepaJIN30BaHHBIX 03ep
(Parnachev and Degermendzhy, 2002).

[Inomanas BOAHOIM moBepxHOCTH 03. WUTKysb —
23,25 kM2, MakcuMaJsbHas riiyouHa — 17 M, abcoJTioT-
Hasg OTMeTKa ype3a BoAnl — 456,2 M. B reosiornueckom
OTHOILIEHUM KOTJIOBMHA O3epa NpUypouYeHa K KpPyIHOH
OQHOMMEHHOH CHHKJIMHAJIBHON CTPyKType. B cocrase
0CcaZOuYHBIX 00pa3oBaHUM Ipeo0JIafaloT CepolBeTHBIE
M3BECTHAKYU U Mepreju Npu NOAYMHEHHOM pasBUTUU
M3BECTKOBBIX aJIEBPOJINTOB U NTeCYaHUKOB. 3anajHbll U
I0ro-3anafHelil 6epera o3epa 3a00JI04eHbl (HU3WHHBIE
JIepHUCTO-OCOYKOBBIe M TPOCTHHUKOBBEIe 0ojioTa). Tam
B Hero Bnagaer p. Kapwim, pyubu Xapacyr (Kapacyk)
u [lexcyr (Illencyr), BbITekaeT HeOOJBIION pPyU.
Tymmmnaunckuii (IIpupognsie BoAbl..., 2003). JoHHbIE
OTJIOKEHHUA 03. YTKyJIb B IPUOPEXHON 30HE MpeJCTaB-
JieHHl Ime6HeM, rpy003epHUCTEIM IIeCKOM ¢ rajibkoii. Ha
6osbpmnx ryouHax (6osee 3 M) npeoOsaaloT TOHKNE
WJTBL.

T'upaposiornyeckuili pexXxuM o3epa IOABepxKeH
MepuoANYecKUM KoJiebaHUAM U 3aBUCUT OT BeJIMYUHBI
CTOKa BIMAJaloNINMX peK U pyuybeB, KOJHWYecTBa aTMOC-
(epHBIX 0CaZKOB U MPUTOKA MOJA3EMHBIX U I'PYHTOBBIX
BOJl B KOTJIOBUHY (ApxumoBa u fp., 2014). Bogoem
mpefcraBjaser coboli eQUHYI T'UAPOXUMUYECKYIO
cucteMy ¢ cojieHbIM 03. Illupa, rhe BBIIOJIHSET POJIb
MPOTOYHOr0 pe3epByapa BOAbl U PaCTBOPEHHHIX B Hel
cosyeii. VcnapeHue oka3blBaeT 3HAYMTEbHO MeHb-
Ilee BIMAHUE Ha (GOpMHUpOBaAHUE THIPOXUMUYECKOTO
6asiaHca 03. TkyJsb 1o cpaBHeHUIo ¢ 03. [lupa, HabGJtio-
naetca OoJiblllad UHTEHCHMBHOCTH BOAOOOMEHA B 03.
Utkyns (I'yceBa u CaBuues, 2016).

Bopnpl o3epa ruagpokapOoHaTHbIE HaTpHUEBO-Mar-
HueBble (I'yceBa u CaBuueB, 2016). AKTUBHasA peak-
nua cpegsl 8,6-9,0. Munepanuszauua Bogsl B 1904
r. cocrasyisia 0,68 r/m; B 1989, 1995 rr. — 0,69 r/n
(ITlpupopgusie BoAHL..., 2003); B 2015 r. — 0,55 r/m,
cofepxaHue rufpokapboHatoB — 293 mr/m, kapOboHa-
TOB — 12,2 mr/n, cyapdartoB — 76,0 Mr/mi, XJI0puaoB
— 32,0 mr/n (I'yceBa u CaBuues, 2016); B 2019 r. cyxoit
ocratok — 0,4 r/mn, rugpokapboHarsl — 231,8 mr/m,
cyasdats — 67,2 mr/i, xaopugsl — 35,0 Mr/j, kapoo-
HaThl — 36,0 mr/n (3azmepeeB u 1p., 2021).
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®eneparuu u Pecrrybinku Xakacus; b — Crannuu or6opa npo0.

2.2. OT60p M aHanu3 npob

BupoBoii cocTaB IJIAaHKTOHHBIX, OEHTOCHBIX U
nepudUTOHHBIX Bojopocyell 03. UTKyab usydaiu c
2006 no 2009 rr. lanee — GUTOIJIAHKTOH €XEroHo,
¢ 2023 r. mo 2025 r. — anMJIUTHRIE cooOlllecTBa gua-
ToMeli, B 2024-2025 rr. — OUaTOMOBHIN 3NUGUTOH
TPOCTHHUKA.

B 2006-2009 rr. npo6s1 cobupaau Ha 9 cTaHIUAX
(Puc. 1), pacmojio)keHHBIX B IIEHTPAJIbHOM 9acTU 03epa
u npubpexbe. [I1aHKTOHHBIE BOAOPOCTU CcOOUpaIU
ceTpi0 AnmTeliHa (MeJTbBHUYHOE CUTO C Pa3MepoM sTYer
64 MkM) u 6aTomMeTpoM PyTTHepa ¢ IOBEpPXHOCTHOTO
ropusoHTa (0,5-1 m). OT60p GeHTOCHBIX BOAOPOCEN
OCYIIeCTBJIAJICA € [IOMOIIBIO JIOTA WJIM 3adyeplbIBaHUA
B CKJIAHKY C pa3HBIX IJ1yOuH. ITpo6sl puTosnudputoHa
¢ Phragmites australis (Cav.) Trin ex Steud B 2003-2025
IT. OBUIM B3ATHl Ha IATH CTAHIMAX, PAaCIOJIOXKEHHBIX
BJIOJIb CEBEPHOr0, I0XKHOTO U 3amaJHoOro Oeperos 03.
Utkyns. [ogBomgHble yacTu TpocTHUKA (3-5 cTebiern)
cpe3ajiy, 3aTeM CyMIaIM oOpacTaHUsA C IIOMOIIbBIO
cKaJibnessA B eMKOCTU. ITpoOsl purosnuanroHa B 2022—
2025 rr. 66U1M cOOpaHsl ¢ 7 CTaHIMHI, PaClOJIOXeHHBIX
BJIOJIb CEBEPHOT'0, BOCTOYHOI'0, I0)KHOTO Geperos o3epa
Ha riaybounax 0-1 m. C6op ob6pacTaHull OCyIeCTBJIAIN
myTeM cockoba HajleTa ¢ IOBEPXHOCTH KaMHel ¢ IoMO-
IIbI0 CKaJIblesisd Wi 3yOHOI HMIeTKU U CMBIBA JUCTUJI-
JMpoBaHHOU Bofon. Ha xaxao# craniuu 6pasm mo 10
KaMHeH, noJiyyas cMemaHHyo mpoly. [Ipobsr pukcu-
poBanu 40% dopmanbaernioM.
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JnA H3roToBJIeHHA IIOCTOSHHBIX IIpernapaToB
HCII0JIb30BaJIM METO/ CKUT'aHUA IPO0 CMechio KOHIIeH-
TPUPOBAHHON CEPHOM KUCJIOTHI M OMxXpomara Kausd,
B mocjienHue roAsl (2024-2025 1T.) — mNEepeKuchio
BOZIOPOJia, NpenapaTsl FOTOBWIN Ha cpefe DJIbsAIIeBa.
OmnpepesieHre NPOBOAWIN MpPU IOMOIIM CBETOBOTO
Mukpockormna «Olympus CX41», yYuThIBass OTHOCUTETh-
Hoe obuJiue 1o mkajie Crapmaxa (Bogopocsu..., 1989),
BbIJIeJIATIN JOMUHAHTHEIE ¥ COOOMUHAHTHBIe BUAHI (5 U
4 6aJu1 MO IIKaJie COOTBETCTBEHHO). OTHOCUTEJIBHYIO
4acToTy BcTpedaeMocTH (aKTHMBHOCTH) TaKCOHOB
paccuuThiBai B MPOLIEHTAaX OT OOIIero 4ucja npoo
(deBarkuH u MurpomnoJibckas, 2002), 1y BceX BBIAB-
JIGHHBIX BHUJIOB Pa3/IM4YHBIX OTJIeJI0B BOAOPOCJIel 1 BcexX
coobiiects B 2006-2009 rT., B Iocjaeqy0l1e EPUObI
(2023-2025 rr.) TOJIBKO JJIA AHATOMeEH, OTAEJbHO JJIs
ANUINTOHA U 3nubuToHa. YacToTa NOMUHHMPOBAHUA
paccuuTheiBajiach KakK IMPOLEHT Npod, B KOTOPHIX 0OU-
Jivie BUJla COCTaBWJIO 4 1y 5 6assioB K 00IeMy YUCITy
Ipo0 3NUJINTOHA MU SNUGUTOHA.

HasBaHus u cucremMaruieckas NpuHaJIeXHOCTb
TaKCOHOB TpHBeeHbI corjiacHo AlgaeBase (Guiry and
Guiry, 2026); skojioruyeckas XapakKTepucTUuka JuaTo-
Meli — 6a3e JaHHBIX SKOJIOTUYECKUX ITOKa3aTeJiel mpec-
HOBOJHBIX BOJiopocjieil u IuaHobakTepuii (Barinova,
2025).

I'paduky MeXromoBoro pacrnpefiesieHus CyMMBI
0CaJKOB U cpeJHel TeMIlepaTyphl Bo3yXa OCTPOEHHI
[I0 JaHHBIM XaKacCKOro IleHTpa II0 THIpOMeTeopo-
JIOTMM ¥ MOHUTOPUHIY OKpy’Kalolleil cpefbl — GUIn-
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ana ®I'BY «CpemgHecubupckoe YI'MC» (MeTeocTaHINA
[Iupa), AuarpaMMsl YpOBHA U TeMIlepaTyphl BOOBL 03.
HUTKysnp — corjlacHO cBefeHUsAM TMAPOIOCTa Ha 03.
Utkyns (mepuoi OTKPHITOM BOJIBL).

3. Pe3ynbTarthbl

JluaToMoOBEIE BOJOPOC/IM O3epa XapaKTepusy-
I0TCSA BBICOKMM BHOBBIM OoratctBoM — 301 Bupg (324
BUOBBIX U BHYTPHUBHJOBBIX TAaKCOHA), OTHOCAIMIMXCA
k 3 kiaccaMm, 14 nopsakam, 30 cemelictBaMm, 71 pony.
CoobmecTBo auaTtoMeil 03. WHTKyap — IpeuMylie-
CTBEHHO IIPECHOBOJIHOE, C OOJIBIIMM BKJIAOM COJIOHO-
BaTOBOJHBIX BHUJIOB, peXe BCTpevalTcsA Me30rajao0sl U
aBpurajguHHbsle BuAsl (Puc. 2).

I[To oTHOIIEHNUIO K COJIEHOCTH BOABI B 03epe Ipe-
obnanmator unguddepents (62,3% ot obmiero uucia
BUOBBIX Y BHYTPHUBUAOBBIX TaKCOHOB) U Tajo(puIIbI
— 12,3%. l'anodo6sl cocrtapssT 8,95% OT TaKCOHO-
MHYecKOro pasHooOpasusa AuaToMell; S5BpUrajanuHHbIe —
0,3% (Opephora mutabilis Sabbe & Wyverman). B o3epe
obHapyxeHO 27 BUOB (28 BUIOBBIX U BHYTPUBHUIOBBIX
TaKCOHOB), OTHOCAIMXCA K Me3orajiobam (8,6%):

Ctenophora pulchella (Kiitzing) D.M. Williams &
Round - B o6pacTaHusX TPOCTHUKA, KamMHeld, B 2006~
2009 rr. (BcTpeuaemocTsb 0,9%).

Tabularia tabulata (C. Agardh) Snoeijs — B miaH-
KTOHe mpudbpexnbsa, B 2006-2009 rr. (BcTpeyaeMoOCTb
0,9%).

Anomoeoneis costata (Kiitzing) Hustedt - B
obpacTaHuAX TPOCTHMKA, ceHTAOPh 2025 r., (BcTpeua-
eMmocThb 0,9%). Bo3aMoXxHO, BUJ] IpUHECEH NMTUI[AMU BO
BpeMsA OCeHHell MUIpaluy, ¢ pAJOM paclosIoKeHHOIo
03. [upa.

Anomoeoneis sphaerophora Pfitzer — B IJIaHKTOHE
npubpexsbs, B 1Jie Ha cepequHe o3epa, B 2006-2009 rr.
(BcTpeuaemocts 1,8%). B 2025 r. BcTpeTuiics B paiioHe
BrnageHus p. Kapeim, 3anagHelil 6eper Ha TPOCTHUKE,
aBryct (BcTpeuaemMocTs 2,3% C UIOHA 10 CEHTAOPD).

Gomphonema salinarum (Pantosek) Cleve - B
obpacranusax kamHed, B 2006-2009 rr. (BcTpeuae-
MocTh 0,9%), roro-3amnajHas 4acTb o3epa.

Navicymbula pusilla (Grunow) Krammer - B
IUTAaHKTOHe TpuOpexbs U wuie (3amaaHblil Geper), B
2006-2009 rr. (BcTpeuaeMocTs 2,8%).

Navicula capitatoradiata H. Germain ex Gasse —
HauboJiee paclpoCcTpaHeHHBI BUJ, BCTpeYeH BO BCeX
coobIiecTBax, KpomMe TPYHTOB C IPHUMEChIO IJIMHBl U
obpacTtaHuil xapsl BoisiouHoi. B 2006-2009 rr. BCTpe-
yaeMocTb 16,5% i1 Bcex cooOliecTB, B nepuduroHe
- 49,0%. B 2024-2025 rr. BCcTpe4aeMOCTb B SNUJIU-
ToHe — 47,5-86,6%; B 3n1(UTOHE C UIOHA IO CEHTAOPH
- 50-62,8%, B aBrycte 2025 r. — 90,0%. B 2024 r.
COIOMMHHUPOBAJI B palioHe BOCTOYHOro 6epera o3epa B
ceHTs0pe B SIIMJINTOHE, B HI0JIe — JOMUHHPOBAJI B 31IU-
duToHe TpOCTHUKA, 3anajHbIN Oeper. B mepuon ¢ mas
10 CeHTAOPh BCcTpeyasicA [0 Bcell akBaTOPUM.

Navicula kefvingensis (Ehrenberg) Kiitzing — B nie
3anajgHoro Oepera, B obpacraHuaX pAecTa rpebeHdya-
toro, B 2006-2009 rr. (BcTpeuaemocTs 1,8%).

Prestauroneis crucicula (W. Smith) Genkal &
Yarushina — w1, cepenuna o3epa, Ha meCYaHOM I'PYHTE,
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B ILUIaHKTOHe npubpexbs, B 2006-2009 rr. (BcTpeua-
emocTthb 1,8%); B 2025 r. B nepuduTOHEe TPOCTHUKA B
uioJie (BCTpeyaeMoCTh C HIOHSA M0 CeHTAOPh 2,3%).

Prestauroneis protracta (Grunow) Kulikovskiy &
Glushchenko - Ha mecyaHo-mmmucrom rpyHte B 2006
r. (Bctpeuaemocts 0,9%). B 2025 r. B obpacraHusax
KaMHell B uioJie (BcTpeuaeMocTs 2,5%), Ha BOCTOYHOM
Gepery o3epa.

Craticula halophila (Grunow) D.G. Mann - B I1aH-
KTOHe Mpubpexbsl, Ha KaMHAX, B 00pacTaHUAX pAecTa
rpebGeHuaToro, paecra 6JecTsIero, Xxapsl BOMJIOYHO! B
2006-2009 rr. (BcTpeuaemocTh 1,8%), B 2025 r. B sn1u-
JIUTOHe, aBrycT (BcTpedyaeMocTsh 2,5%), B nepuduToHe
TpocTHUKaA (BcTpedaeMocTs 9,3% c UIOHA MO CEHTAOPS,
HauboJiee akTHBeH B aBrycre — 20%).

Craticula halophila var. subcapitata (@strup)
Czarnecki — B o6pacTaHUAX TPOCTHUKA M Xaphl BOMJIOY-
Hoil B 2006-2009 rr. (BcTpeuaeMocTs 1,8%).

Mastogloia braunii Grunow — B IJIAHKTOHE TPU-
Opexbs, B oOpacTaHUAX TPOCTHMKA U Troplja 3eMHO-
BoJiHOrO, KaMmHeli, B 2006-2009 rr. (BCcTpeuaeMoOCTb
5,5% 11 Bcex coobmects). B 2023-2025 rr. B snmIn-
TOHe 10XHOTro Gepera (BCTpeuaeMOCTh 3a BeChb IepUo[l
HccjeoBaHUI ¢ MasA No ceHTAOPs — 7,7%, B aBrycre
14,3-28,6%).

Mastogloia danseyi (Thwaites) Thwaites ex W.
Smith — B 2006-2009 rT. B IJIAaHKTOHE MPUOPEXbS,
uje 3anajgHoro Oepera, Ha MeCYaHO-UJIMUCTOM TPYHTe,
TPOCTHUKe, pfiecTe GiecTsAieM, xape, kaMHAX (BCTpe-
yaeMocTh 16,5% na51a Bcex cooOiecTB). B snuanToHe
2023 r. - 7,7%; 2024 r. — 53,3%; B 2025 r. — 30%.
Bupg HauboJiee aKTHBeH B aBI'yCTe, B paiioHe H0XKHOTO
Gepera o3epa. BcrpeuaeMocTs B an1(PUTOHE TPOCTHUKA
— 34,9%, Taxxe OoJiee aKTHUBEH B aBTyCTe.

Mastogloia elliptica (C. Agardh) Cleve — B man-
KTOHe Npubpexbs, WJie C cepelUHbl O3epa, Ha Iec-
YaHOM, IIeCYaHO-TaJIeYHUKOBOM TI'DYHTE, TPOCTHUKE,
kaMHsAX, B 2006-2009 rr. (BcTpeuaemocts 0,9% nAA
Bcex cooOiecTB). B anunuToHe 2023 r. BCTpeuaeMoCThb
Buma — 23,1%, 2024 r. — 26,6%, 2025 r. — 25,0%, BO
BCe IocJieqHME TObl, 00JIbllIasA aKTUBHOCThH BUIA OTMe-
yeHa B aBrycre, B 2025 r. BUJ JOMUHNUPOBAJ B aBrycre
B palioHe 10xHoro 6epera. B snudutoHe TpocTHUKA B
2024-2025 rr. Bua BcTpeueH B 41,7-44,2% npo6, 601b-
mas akTUBHOCTD BHJ]a XapaKTepHa JJIs aBrycra.
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Mastogloia smithii Thwaites ex W. Smith — BcTpe-
YyeH BO BceX coo0IlecTBaxX, KpoOMe WHJa C CepeAuHBI
o3epa, TPYHTOB € NPHMeChI0 IJIMHBL U Iecka. PaHee B
2006-2009 1T. BCTpeuaeMOCTb BO BCeX COOOIIecTBaX
cocraBisana 31,2%, B miaHkToHe — 18,0-28,0%. B
2023-2025 rr. B 3NWIUTOHE BUJ BCTpeuascs B 7,7-
22,5% npo6, 6osbiasg aKTUBHOCTD BU/la OTMeYasiach B
aBrycre.

Achnanthidium biasolettianum (Grunow) Lange-
Bertalot — B 2006-2009 rr. B 3nWJIUTOHE (BCTpevae-
mocTthb 0,9%).

Crenotia gibberula (Grunow) Wojtal — panee, B
2006-2009 rr. — WJIaHKTOH NPUOPeXbs, WUJI 3aMaJHOTO
Oepera, B o0pacTaHUsAX KaMHel, MakpopuUToB (BCTpe-
yaemocTh 1,9%).

Crenotia thermalis (Rabenhorst) Wojtal — Tosbko
B IUIaHKTOHe mpubpexssa B 2006-2009 rr. (BcTpeuae-
mocTthb 0,9%).

Halamphora coffeiformis (C. Agardh)
Mereschkowsky - B miaHkTOHe TpUOpPEXbs, WJIE C
cepeqVHbI 03epa, Ha pAecTe rpebeHYaTOM B 3amagHON
yactu o3epa B 2006-2009 rr. (BcTpeuaemocTsb 24,6%).
B mocsyenHue rofpl B IUIAaHKTOHE W O0OpacTaHUAX KaM-
Hel ¥ TPOCTHHKA BUJ He 0OHapyXeH.

Halamphora perpusilla (Grunow) Q.-M. You &
Kociolek BcTpeuena Tospko B rpyHtrax B 2006-2009
IT.: B 1Jle C cepeAuHHl 03epa, [lecyaHO-UIMCTOM, Iec-
YaHO-raJIeYHHKOBOM IpyHTax (BcTpeyaeMocTs 7,3%). B
nepuof ¢ 2010 no 2025 rr. He U3y4asu cocTaB OeHToca.

Amphora affinis Kiitzing — Ha TPOCTHUKE B UI0JIE
2024 r., 3anagHbii 6eper (BcTpeuaemocTs 8,33%).

Rhopalodia gibberula (Ehrenberg) O. Miiller -
B 2006-2009 rr. B IUIaHKTOHE U WJie NPUOpPexbs, B
obpacranusax (BcrpeuaemocTb 18,3%). B mocnenHue
ro/ibl — IEpUOANYECKH C Mas 110 CeHTAOPb B ANINJIUTOHE,
eauHNYHO. Berpeuaemocts B 2023 1. — 7,7%, B 2024 T.
- 26,6%, B 2025 — 2,5%.

Nitzschia commutata Grunow — TOJIBKO Ha Tec-
YyaHOM TpyHTe, eAuHUYHO B 2006-2009 rr. (BCTpeua-
emocTthb 0,9%).

Nitzschia denticula Grunow — B 2006-2009 rT. B
IJIAaHKTOHe Ipubpexbs, Ha Necke, KaMH:AX, IlecYaHo-u-
JIMCTOM TpyHTe, TPOCTHHKe, pjecTax, xape (BcTpeua-
emocTh 11,9%). BcTpeuaemocTs B snuanToHe 2023
r. - 7,7%, B 2024 r. — 13,3%, B 2025 r. — 25,0%. B
snuduToHe TpocTHUKA 2024-2025 IT. BCTpEYaeMOCThb
50,0-69,8%, By OoJiee akTHUBEH B aBryCTe.

Tryblionella apiculata W. Gregory — Ha TpOCT-
HuKe, B 2025 r. B aBrycre-ceHTsA0pe, BCTpe4aeMOCTh
10,0-11,1%.

Tryblionella hungarica (Grunow) Frenguelli — B
2006-2009 rr. Ha mNecYaHO-TaJIeYHUKOBOM TIpyHTe
(BcTpeuaemocts 0,9%).

Surirella ovalis Brébisson — B 2006-2009 rr. Ha
TPOCTHHKe B 3amafgHOMN 4acTd o3epa (BCTpeyaeMoCTb
0,9%), B ocjieqHUE TOMIBI TaKXKe HAa TPOCTHUKe (BCTpe-
yaemocTsh 2,3%).

Buppl, 3apeructpupoBaHHBE B ILIAaHKTOHE, B
OCHOBHOM XapaKTepHBl i NMpo0, COOpPaHHBIX CeTbHI0
Anmitefina. B kosmdecTBeHHbIX npobax OOHapy>XeHBI
qumb Navicula capitatoradiata ¢ unciaeHHOCTBIO 0,5—
1,63 TeICc. KI1./1 U Crenotia gibberula (0,2-0,5 THIC.
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KJ1./J1). Bosbiias yacTh Me30rajo0HBIX BUIOB OOHapy-
XkeHa B OeHTOce U nepuduToHe.

Baxueiimas npupogHas o0coO0eHHOCTb —03ep
CTeMHOM 30HBl XaKacuy — 3TO IUKJIMYHOCTh KoJeba-
HUI ypOBHeHN BOABI, 0OycJIOBJIeHHas M3MeHUYMBOCTHIO
obmiell yBjaxHeHHOCTH. KosnuecTtBo aTMocdepHBIX
OCaJKOB OKa3blBaeT IpsAMOe U CYIeCTBeHHOe BJIWSA-
HUe Ha JUHaMUKy MUHepaJi3alluu o3ep. YBeJndeHue
0CaJKOB OOBIYHO MPUBOAUT K CHIXKEHHUI0 MUHepaIn3a-
I[MY 3a cueT pa30aBjieHUs BOABL, TOTAa KaK UX AedUuIuT
[IOBBIIIAET KOHI[EeHTpanuio cojieil, 0coOeHHO B 6eccTou-
HBIX BofjoeMax. PacnipejesieHrie roqoBBIX CYMM OCaAKOB
(no manneIM MeTeocTannuu Illupa) nokasaHo Ha Puc. 3
A. 3a nocnegHuii gecAtuyieTHuil nepuoyf (2016-2025
IT.) XapakTepeH pOCT I'OJI0BOTO KOJIMYeCTBA OCAIKOB,
KOTOpHIN cocTaBul 44,9 MM 1O CpaBHEHUIO C TEPHUO-
gom 2006-2015 rr.

Bo3MmoxxHasa npuuvMHa pasBUTHA Me30raJlo0HBIX
BUJIOB BOJIOPOCJIEl — MOCTENEHHBIN POCT T'OJI0BOI TeM-
nepatypsl aTMocdepHoro Bo3Ayxa. YKa3zaHHBINM (ak-
TOP BJIMsAeT Ha NpoTekaHHWe (U3UKO-XUMHYECKUX IMPO-
I[eCCOB U B I[eJIOM OTpakaeTcs Ha XUMUYeCKOM cocTaBe
npupoHeix BoA ([poBoBo3oBa u Kupuienko, 2021).
AHanu3 AaHHBIX MHOT'OJIETHUX HaOJII0ieHui Ha MeTeo-
crannuu [llupa nokassiBaeT poCT CpeJHErog0BOM TeM-
mepaTypsl Bo3ayxa 3a nocyieguue 20 jetr (Puc. 3 B). C
2022 o 2025 rT. 0TMevaeTcs CHUXEeHUe YPOBHSA U POCT
TeMmIepaTypsl BoAnl 03. Utkyss (Puc. 3. B, IN.

[ToTennuanbHO, NOBHIIIEHNE TeMIlepaTyphl BO3-
JlyXa IpUBOAUT K yCUJIEHUIO ucnapeHus (0coOeHHO Ha
MEeJIKOBOAbSAX), B pe3yjabTaTe BO3MOXHO JIOKaJIbHOe
3acojieHHe, OTpaxkailleecsi Ha COCTaBe SIHJIUTHBIX
1 3nudUTHBIX coobujecTB. Kpome Toro, npu nosblmie-
HUM KOJIMYecTBa OCAJKOB, BEpPOATHO BEHIIeJayrBaHue
coJieli U3 3aCOJICHHBIX [TI0YB GeperoBoii 30Hb], B pe3yJib-
TaTe Yyero MoxeT yBeJIMUYMBATbCA MOCTYyIJIeHHe cojlell B
03epo ¢ IOBEPXHOCTHBIM CTOKOM.

4. 06cyxpenue

B nepuopn nHabmogeHus c 1934 r. mo 2025 r.
BUJIOBOM COCTaB U CTeleHb Pa3BUTHsA Me30TaIo0HBIX
BUJIOB B 03epe IIpeTepIliesii HeKOTOpEle n3MeHeHUs. Bee
BUBI, 0OHapyxeHHbIe B 1934 r. ipu 06cjieJoBaHUN 03.
Utkyns T.I. [TonoBoii (1946), BcTpeueHbl HAaMU B IPO-
6ax 2006-2009 rr.: Ctenophora pulchella, Achnanthidium
biasolettianum, Anomoeoneis sphaerophora, Prestauroneis
crucicula, P. protracta, Craticula halophila, C. halophila
var. subcapitata, Navicymbula pusilla, Nitzschia denticula,
Tryblionella hungarica, omHako u3 poja Mastogloia B
CIIVICKe BUJIOB IPUBOIMIICA TOJIBKO ranodui M. lacustris
(Grunow) Grunow (B HacTosilllee BpeMsi JOMHUHaHT B
nepuduUTOHe, ¢ BBICOKOHN 4acTOTON BcTpedaeMocTu). K
2025 r. B o3epe BBIABJIEHO 6 BUIOB poaa Mastogloia,
cpenyu KOTOPHIX XapaKTepHBE IpelCTaBUTENN Me30-
raJjoGHOro KoMmiuiekca osepa: M. braunii, M. danseyi,
M. elliptica, M. smithii. KpoMme BbIlIeNepevnCIEHHBIX
BU/IOB, Ha NIPOTsKEHUU Ilepuofa uccaegosanus ¢ 2006
r. B mpobax mpucyTcTBoBasin: Navicula capitatoradiata,
Nitzschia denticula, Rhopalodia gibberula, Anomoeoneis
sphaerophora, Craticula halophila, Prestauroneis crucicula,
P. protracta, Surirella ovalis.
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Puc.3. IlorogHele ycjIoBUA palioHa UCcIeOBaHUA U THAPOJIOrHYecKre XapaKTePUCTUKU 03. ITKyJib. A — NU3MeHeHUe Iofo-
BBIX CyMM OCaAKOB (o AaHHBIM MeTeoctaHuuu ITupa); B — n3MeHeHue cpeHEroJlOBOM TeMIlepaTyphl Bo3Ayxa (M0 JaHHBIM
MeteocraHiuu [Iupa); B — ypoBeHb Bosl 03. UTKyJib; I' — Temnepatypa BoAbl 03. UTKYJIb.

YacTe BUIOB, BbisiBJIeHHBIX B 2006-2009 rT., B
MmocJiefHUe TOABl He OOHapyXeHa, BO3MOXHO, K3-3a
orcyTcTBUA GeHTOCHBIX TTpo6. Cpenu HUx Halamphora
perpusilla, H. coffeiformis, Tabularia tabulata,
Gomphonema salinarum v nip.

B 2024-2025 rT. B 3n1(UTOHE TPOCTHUKA I0-
BIJINCh HOBBle [JIA O3epa BUJbl, MaJOAaKTHUBHBIE:
Anomoeoneis costata, Amphora affinis, Tryblionella
apiculata.

PaccmoTpuMm  pacnpefesieHHe Me30TaJIOGHBIX
JuaToMell B BOAOPOCJIEBHIX cooOIiecTBax. B maH-
KTOHE O3epa BBIABJIEHO 15 BUOBBIX M BHYTPUBUIO-
BHIX TaKCOHOB Me30rajiob0B, OTHOCAIIUXCA K poAam
Tabularia, Mastogloia, Navicymbula, Crenotia, Craticula,
Halamphora, Rhopalodia, oHV BCTpeYaJMCh CIIOpaauye-
CKU, He KaXIBIH roJ], B eUHUYHOM KOJIMYECTBE.

B NOHHBIX TPyHTax NpUCYTCTBOBaJIO 18 Me3ora-
JIOGHBIX BUAOB. BOJIBIIMHCTBO 13 HUX 0OHAPYXEHO B MJIe
BJOJIb 3anaaHoro 6epera: Navicymbula pusilla, Navicula
kefvingensis, Mastogloia danseyi, M. smithii u ap., B uje
L[eHTPaJIbHOM YacTu o3epa: Anomoeoneis sphaerophora,
Prestauroneis crucicula, Halamphora coffeiformis u np.
Kak mpaBujio, OHU MMeEJIM HU3KYI0 YacTOTy BCTpedva-
€MOCTH B CTPYKType OeHTOCHBIX IIeHO030B — A0 2,7%,
kpoMme Mastogloia danseyi — 27,7%, M. smithii — 25,0%,
Navicula capitatoradiata, Halamphora perpusilla — 22,0%.

PasHooOpasue ¥ WHTEHCUBHOCTb DPa3BUTHA
Me30TaJIOOHBIX JUaTOMell B NepudUTOHE HECKOJIbKO
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OoJibllle, 4YeM B JpPyruX cooOIlecTBax: 37ech OOHa-
pyXeHo 23 BHUIOBBIX M BHYTPUBHOBBIX TaKCOHa, B
mocJiefHee BpeMs HaOJII0Ia/I0Ch MAacCOBOE pa3BUTHE
BuoB Mastogloia elliptica (B8 2025 r. Bua HOMUHUPO-
BaJl B oOpacTaHuAX KamMHeH, ctaHiusa 7) u Navicula
capitatoradiata (B 2024 r. BU COOOMUHUPOBAJI B JIH-
JIMTOHE Ha CTaHNUU 3 B CEHTAOpe W JOMHHHPOBAJ B
snuUTOHE HA CTaHUUU 3 B wioje). JJOMUHHpPOBaHUE
JTAHHBIX BUOB JIOKAJIM30BAHO B ONpeeIeHHbIX yJ4acT-
Kax BojioeMa. YacToTa JOMUHHPOBAHUS B dMHUMPUTOHE
Navicula capitatoradiata — 7,7%; B snuauToHe — 6,7%;
Mastogloia elliptica B snudutone — 2,5%. B asrycre
2025 rr. Haboganack JOCTaTOYHO BBICOKAsA BCTpevae-
MOCTb B DITMJIMTHBIX U 3MTMGUTHBIX COOOIIeCTBaX BUIOB
Navicula capitatoradiata (90,0% snuduron), Nitzschia
denticula (80,0% snuduron), Mastogloia danseyi (55,6%
snuduToH), M. smithii (71,4% smunutoH), M. elliptica
(70,0% snudutoH, 57,1% >MUIUTOH).

Yro Kacaercs MPOCTPAHCTBEHHOI'O paclpeje-
JieHusi, To 6ojiee BBICOKOE pa3HOOOpasme Me3oraaod-
HBIX GopM B mepudUTOHE TPOCTHUKA XapaKTEPHO
Ul cpeHel 4YacTu 3amagHoro Oepera o3epa (cTaH-
nmuu 3, 4), 7 BUAOB 3aperucTPUPOBAHO Ha KaXOU
n3 stux craHuuii (Mastogloia danseyi, M. elliptica,
Anomoeoneis sphaerophora, Prestauroneis crucicula,
Navicula capitatoradiata, Nitzschia denticula, Tryblionella
apiculata); B 3TWJINTOHE — I IOXHOTO M IOT0-3a-
nagHoro OeperoB (ctaHiuu 6 m 7), Takxke 7 BHU/IOB
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(Navicula capitatoradiata, Mastogloia braunii, M. danseyi,
M. elliptica, M. smithii, Rhopalodia gibberula, Nitzschia
denticula). Bo BpeMeHHO! NUHAMUKe UK UX BUIOBOTO
pasHooOpas3ys U KOJINYeCTBEHHOIO pa3BUTUA IPHUXO-
awiicA Ha aBrycT 2025 1.

T.T. [Tonosa (1946) xapakTepusoaJsa (hJopy 03.
WTKyb KaK IIPpeCHOBOAHO-COJIOHOBOAHYIO, C IIpeolJia-
JaHueM B IUIaHKTOHe U OeHToce WHAU(G epeHTHBIX
1 3BPUTaJIMHHBIX BUJIOB, C €JUHUYHBEIM BHeJpeHHeM
rajo®usioB UM Me3orajoboB, oTMeuasia GorarcTBo
rasodpusaMm 3amnagHoro 6epera, rae B yCTbe HEKOTO-
PBIX BOAOTOKOB, OHU Haxoquau cebe oOUIbHOe pas-
BuTHe. Hamu ucciiefoBaHusA MOATBEPXKAAIOT NaHHBIE
3aMeuaHusa. Kpome pasButus BAOJIb 3a00JI0YEHHOTO
3anagHoro Oepera rajo®uIbHBIX U Me30rajloOHBIX
dopM OMaTOMOBBEIX BOAOPOCJIE, HA JaHHOM ydacTke
BojoeMa oOpamjaer BHHMaHHE Majioe KOJIM4eCTBO
JeCMUJMEeBBIX BOAOPOCIIeH, OCHOBHAA 4acTb KOTOPBIX
IpeAnoYnTaeT BOABI C HU3KUM cofepkaHueM coJieid. O
MIOBBINIIEHHON MUHepasn3aliy BOJbl B HEKOTOPBIX IIPU-
Ope’XHBIX yyacTKax 03epa TakXe MOI'YT CBUIeTeJIbCTBO-
BaThb HaxoAxu rajoduibHBIX MakpoduToB, Tak, IL.A.
BosiobGaer (1992) ykasbiBajl Ha JOBOJIBHO CTPaHHBIN
daxt HaxoxnaeHusa Ruppia maritima L. B 03. UTKyJb,
IIOCKOJIBKY BUJ AIBJIAETCA OOJIMIaTHBIM rajiopuTOM.

HuaTepecHo oOHapyxeHHe Me30rajao00B B
oOpacTaHuy TPOCTHHKA B palioHe BnajeHus p. Kapsi,
JaHHBIX O BBICOKOH 3acOJIEHHOCTH CaMOI PeKU HeT,
MuHepaymzaius Bog 357-446 mr/n (KonsuioBa u ap.,
2005). OgHako B 6eHTOCEe OJIHOrO M3 BOJIOTOKOB, CBSI-
3aHHBIX ¢ 03. Utkysb, T.I'. IlonoBa (1946) oTMeuasna
HapsAAy € YMCTO NPeCHOBOAHBIMH (opMaMH, rajodu-
JIOB U Me30rajio00B, CBUAETEJIbCTBYIOI[UX O 3HAuU-
TeJIbHOM 3acoJIeHUH UJa.

IpencraBurenu pona Mastogloia — oqHY 13 4acTo
BCTpevYaeMbIX JUATOMOBBEIX BOJOpOCJel B 03. YTKyJib.
BosIbBIMHCTBO TaKCOHOB 3TOr0 poja OOHTalT B MOp-
CKOH cpefie, U JINIIb HeOOJIbIIOEe UX KOJIMYECTBO BCTpPe-
yaeTcs B IPEeCHOBOJHBIX dKocHcTeMax. B OCHOBHOM B
KayecTBe CyOCTpaTOB OHH IIPeAIOYMTAIOT IOrpyXKeH-
Hble pacTeHUs, KaMHU, a TakXe JIOHHbIe OTJIOXKEHWS;
pa3BUBAalOTCA B CaMbIX pa3sHOOOpPa3HBIX IPEeCHOBO-
JHBIX MeCTOOOUTaHUAX: PyUbsAX U peKax, o3epax, Ipy-
JAax, carsoBeix 6osioTax U Ap. XapakTepHble AJA 03.
Utkyns Buasl Mastogloia dansei, M. elliptica oGHapy-
JKEeHBI B 3HAUUTeJIbHOM KOJINYecTBe B 60JI0Tax, HeOO0JIb-
IMX peKaX, MUHepaJbHBIX HCTOYHUKaX MakeqoHUU
cpenu oburtaTesiedl anuduTOHA U dmIMTOHA (Pavlov
et al., 2016). B npecHbIx o3epax Yesa6MHCKON 06J1acTH
pasBuBasiuch Mastogloia braunii, M. elliptica, M. smithii
(Apymumna u ap., 2004).

Hanuune wme3orayjoOHBIX AuatoMeidl Bo (Jio-
pax NpecHOBOJAHBIX BOAOEMOB U BOAOTOKOB OTMeEYaioT
MHoOrHe uccienosarenu. Kak npasuso, faHHble BUJBI
cocTaByiAlOT He Oosiee 3% oT oOmero 4mcjaa BBIAB-
JIEHHBIX MHJIUKaTOpOB rajobHocTH. B o3epax BocToOKa
BosnbiesemesnbCckoil TYHAPHL, a Takke B YpPaJbCKUX
BOJOXpaHWIMIIAX, Me30rajo0b BCTpeYalTCs penKo,
B OOJIBIIMHCTBE C HU3KKMMMU OlleHKaMM OOWInA, UMelT
VHOH COCTaB, U3 CXOXUX ¢ 03. UTKyJb BunoB — Navicula
kefvingensis, Navicymbula pusilla, Halamphora perpusilla
(Crenuna, 2009); Ctenophora pulchella, Anomoeoneis
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sphaerophora (Tenkan u Epemkuna, 2023). B dwuTo-
1aHKToHe OHEeXCKOoro o3epa, Kak u B 03. UTKyJib, pas-
BuBatoTcsa Achnanthidium biasolettianum, Navicymbula
pusilla, Craticula halophila var. subcapitata, Rhopalodia
gibberula n op. (UekprikeBa, 2012).

[ TIJIAaHKTOHHBIX COOOIIECTB 03ep U peK
Owmckoro [puupteimbsa u3BectHol Tabularia tabulata,
Ctenophora pulchella, Navicula kefvingensis, Nitzschia
denticula, Surirella ovalis, Tryblionella apiculata,
Halamphora coffeiformis (OuTOMIaHKTOH..., 2019).

B anprouenosax 6eHtranu ycrbsa p. Oku cpedu
nokasaTeJiell IOBHIIIeHHBIX 3HAYeHNIT MUHEPaIU3aluu
BoZ otMmevanu Navicula capitatoradiata, Tryblionella
hungaricaw np. (Xemaupua u 1p., 2022). Me3orajao0Hbie
BUIbl OOHApyXeHBl eQUHUYHBIMU SK3eMIUIIpaMU
B pekax AMypckoil ob6iacty, cpemu Hux Navicula
capitatoradiata, Tabularia tabulata (MenBeneBa, 2023).

B o3epax u pekax KepxeHCKOro 3amoBeJHHKA
(6accetin p. Bosra) 3aperucTpupoBaHbl Me30raja00HbIe
Bubl: Ctenophora pulchella, Tabularia tabulata, Navicula
capitatoradiata,  Tryblionella  hungarica,  Nitzschia
denticula u fip. (BoaeHeesa u 1p., 2022).

B o3epax Osu3nexampx pervuoHOB BUIOBOM
COCTaB Me30rajiob0B IMposBAET OoJiblliee CXOJCTBO
¢ 03. Utkymnb. Tak, B IJIAHKTOHE U JIOHHBIX OTJIOXe-
HuAx 03. Tenerkoe (Pecnybsnika Asitail) oGHapyXeHbI
Navicula capitatoradiata, N. kefvingensis, Tabularia
tabulata, Ctenophora pulchella, Prestauroneis protracta,
Crenotia thermalis, Navicymbula pusilla, Halamphora
coffeiformis, H. perpusilla, Nitzschia commutata, N.
denticula, Surirella ovalis (MuTpodanosa u ap., 2007).
BospminHCTBO Me30rajiobHbeIx BUAOB 03. UTKyss (85,7
%) XapakTepHO MJs IPecHHBX O3epHBIX SKOCUCTEM
Mouronuy, 0cobGeHHO i IOHHBIX OCAAKOB 03ep
Byiip u Auut (Jopoderok u Llanarmaa, 2002). B mpec-
HOBOJIHOM IIPOTOYHOM BOJloeMe — 03. AYHUT, KoJInude-
CTBO rajo®uIbHBIX BUJIOB AUAaTOMOBLIX paBHO 11%, a
Me30rasioOHbIX — 4%, cpeau HUX Mastogloia braunii, M.
danseyi, M. smithii, Anomoeoneis costata 1 Ap., HECJTy-
YaiHoO, T.K. 03€pO HAXOJUTCsS B palioHe HU3KOTOPHBIX
IYCTBIHHBIX CTeIel U 1o GeperaM pacrojIoXeHHBl 3aco-
neHHble nouBsl (opoderok, 1985). B mpecHom o03.
Horaan-Xonp (Pecrybnuka TviBa) OTMeueH TOJIBKO
oauH Bup — Ctenophora pulchella (Haymenko 1 Ha3sbiH,
2023). B 1O BpeMs Kak B KPYIIHOM IIPeCHOM oO3epe
TriBBI A3ac, Me3oranobsl He oOHapyxeHbl (HaymeHko
u Haszwia, 2024).

Me3orano6Hble AUATOMOBEIE BOJOPOC/IM HaXo-
[N TakXe U B IPYT'UX MpecHbIX o3epax [IInpruHCKoro
padiona Xakacuu: Mastogloia danseyi, Anomoeoneis
costata, Nitzschia denticula — B o3epax YepHoe u
®Oripkat; Anomoeoneis sphaerophora, Craticula halophila,
C. halophila var. subcapitata, Navicymbula pusilla -
03. UepHoe; Navicula capitatoradiata — 03. ®sipKa,
(TTomoBa, 1946). B pacnoJioxeHHBIX psAaoM ¢ UTkyem
03. TymuuuHo (Tyxioe) — Nitzschia denticula yka3eiBa-
Jiach cpeiv OOBIYHBIX BHIOB, PEAKO U eJUHUYHO BCTpe-
yasiuch Anomoeoneis sphaerophora, Craticula halophila
var. subcapitata; B 03. OpjioBo — Navicula capitatoradiata,
Mastogloia smithii, Nitzschia denticula (TTonioBa, 1946).

JlaHHBIE OTHOCUTEJIBHO 3KOJIOTMU HEKOTOPHIX
Me30raJIoOOHBIX BUJIOB IPOTUBOPEUYMBH. YacTh U3 HUX
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(Navicymbula pusilla, Crenotia gibberula, Anomoeoneis
sphaerophora, Navicula capitatoradiata, Halamphora
perpusilla u op.) HEKOTOPHIMU AJIBI'OJIOTAMU pacCMaTpH-
BaeTcA Kak rajgoduibHele Win uHAanug@epeHTHbIe 10
oTHoIIeHUI0 k coneHoctu (CreHuHa, 2009; I'opOynuH,
2016 u ap.).

[lpyunHO pas3sBUTUA Me30rajloOHBIX BHUAOB
Bojopocyiell B 03. HTKysb ckopee Bcero ABJAETCA
JIOKaJIbHOe IOBHIIIeHre MUHepaau3alyiy BOABl B MIpU-
Opexbe, KOTOpoe He paclpocTpaHsAeTcsa Ha BCIO 03ep-
Hylo skocucteMy. [lo manneiMm O.I'. CaBuueBa u [p.
(2015) o03. Utkynp xapakTepusyeTcAi WHTEHCHUBHBIM
BOJOOOMEHOM, CriIaXXuBaMUM 3)¢eKT KOHI[eHTpHUPO-
BaHUA coJiell B 03epHBIX BOJax B IIpollecce HClapeHus
BOJIBl C aKBaTOpWM B HIoHe-Hiose. [Io cpaBHeHUIO C 03.
lupa, 3aech HaOsoAaeTcs MeHbllee BpeMsA B3auMO-
JeCTBUA O3€pHBIX BOJ C JAOHHBIMU OTJIOXXKEHUAMU, B
HUTOre MHTEHCUBHOCTb BOJHOro OajiaHca ompejessaeT
pas3inuys 03epHBIX BOJ [0 MUHepalIn3aluy U XuMuye-
ckomy coctaBy (I'yceBa u CaBuues, 2016).

Bo3morxHO BmsAHUE (oJiee MUHepaJM30BaHHBIX
MIOA3eMHBIX BOA, T.K. B cTenHoi yactu IIupunHckoro
pailioHa OHU XapaKTepH3YIOTCsA IOBHIIIEHHONH MHUHepa-
nuzanueit (TTokposckuii u ap., 2001).

[TpupoaHbIMY IPUYMHAMMU 3aCOJIEHUA BOA MOTYT
OBITh N3MeHeHHe KJIMaTa B COYeTaHHUHU C IOBBIIIEHHBIM
HcrnapeHrueM U HU3KUM YPOBHEM OCaJIKOB; OTCYyTCTBHE
WIN orpaHUyYeHMe NPUTOKa WM cToka (Zimmermann-
Timm, 2007). B Hamem ciiyuae Mbl HabJTI0jaeM yBeIu-
yeHHe Tof0BOM TeMIlepaTyphl BO3[JyXa U IOBEPXHOCT-
HBIX BOJl 03epa, HO IIpH 3TOM HEKOTOpOe yBeJudeHue
roIOBOr0 KoJIMYecTBa ocaakoB. Jloboe u3MeHeHUe
roIOBBIX KoJjiebaHWiI TeMmIepaTypbl OKasblBaeT 3Ha-
ynTeJIbHOE BJIMSAHNE Ha OTTauBaHHe U IIpoMep3aHue
[I0YB U MOpOA, TEM CaMBIM CKa3blBasCh Ha YCJIOBHAX
MUTAHWUA NOBEPXHOCTHBIX M I'PYHTOBBIX BOZ; C IOBBHI-
IieHrueM TeMIlepaTyphsl BO3pacTaeT CKOPOCTh pacTBope-
HUA coJiell, IPUCYTCTBYIOMNX B IPUPOAHEIX pacTBOpax
(ApoBoBo3oBa u Kupusnenko, 2021). B cBoio ouepefp,
JAUaTOMOBBIEe pearupyioT Ha M3MeHeHNUs KOHLIeHTpalun
coJy, Jaxe MPU KOHLeHTpauuu xjgopuaoB Bcero 100
Mr Ha auTp (Zimmermann-Timm, 2007).

MHoroJieTHHe KoJyieOaHNA ypOoBHelN GOpPMUPYIOT
pasHonepuoAHbBle U3MeHeHUs cpefpl oOuTaHuA Ouo-
1[eHO30B, MEHSAIOTCA pa3Mephl MeJIKOBOAWM, IJIyOWHEL,
MUHepanusauus, koandectso pocdatos ¢ Bogocbopa,
yCJIOBHS TPOTrpeBaHUA BOABI, NPOJOJDKUATEIBHOCTD
BereraunoHHoro nepuoda (oranoeckuii, 2007).
Bo3MoOXHO, AaHHBII (akTop BIKWAeT Ha H3MeHeHHe
cocTaBa Ipyln AMAaTOMOBBIX BOJOPOCJIEN IO OTHOIIe-
HUIO K COJIEHOCTHU BoAw!l B 03. UTKyb. [Tocsie nepruona
MaKCHUMaJIbHOTO YpoBHA BoAel B 2021 r. (o AaHHBIM
ruapornocta 2019-2025 rr.), B SMUJIMTOHE O3epa B
2023 r. MbI HabJIIOjaIM yBeInYeHue 4nciia rajiodooos
Ha 8,9%, yMeHbllleHUe YKciia rajJoduiioB U Me30rao-
60B Ha 5,4 u 2,8% (COOTBETCTBEHHO) MPU CpaBHEHUU
C 9KOJIOTMYEeCKHMH CIIeKTpaMu OaHHOIo cooOllecTBa
B 2006-2009 rr. (MakeeBa u MuxainmHa, 2024). B
2024-2025 rr., HAaOpOTUB, YBEJIWYUIIOCH YWCJIO Tajio-
¢unpHBIX opraHuamoB (Ha 9,5-12,1%) u Me30raa000B
(1a 1,1%); cokpaTuiock yncyao rajgodpoOHbIX BUI0B (Ha
7,1-7,9%). B obpacraHusax TpocTHuka B 2025 r. mpo-
cJIexyBaiach CXoAHasA AUHAMUKA.
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[IpucyTcTBHE B COCTaBe MHIUKATOPOB COJIEHO-
CTY 3HAYUTEJIBHOTO YKcJia raiohUIbHBIX U Me30rajot-
HBIX BHUJIOB, BO3MOXHO, TaKXe OOGYCJIOBJIEHO TeM, YTO
Ho4BHI, hopMupyonye Gepera, 3aCoJIEHBI, YTO CIOCO0-
CTBOBAJIO MOBHIILIEHUI0 MUHEPAJIN3alUK BOBI BO BpEMS
CHIXEHUS YPOBHA BOJIBL

5. 3akniouenue

Me3sorasio0Hble BHUBI JUATOMOBBEIX BOAOPOCIIEN
BCTpeyvasiich B GUTOIJIAaHKTOHE, puTobeHToce u GuTo-
nepuduToHe, N0 Bcell akBaTopuu 03. MTKyJb, HO, KaK
[IpaBUJIO, COCPeAOTOYEHEl BJIOJIb 3anaJJHOTO U I0ro-3a-
najHoro OeperoB o3epa, OTMe4eHO HeOOoJIbIIoe YHCJIO
MacCOBBIX WJIM 4aCTO BCTPeYaroLIUXCs BUOB.

Haubosiee GoraTel Me3oramobamMu nepudpUTOH-
Hble cooOmiecTBa. Ha OTheJsIbHBIX y4acTKax JIMTOpasid
B DIWJINTOHE U 3NU(UTOHe HaOJII0JaJNCh BCIBIKU
pa3BUTHA Me30rajsob0B, OOHAKO AaHHbIe BUBI UMeJn
HM3KYI0 4aCcTOTy JOMUHMpOBaHU:A. Pa3puTre 60JIbIINH-
CTBa COJIeII0OMBBIX BHJOB NIPUYyPOUYEHO K KOHIy JieTa
(aBrycr).

B npubpexHoill 30He 03. UTKysb BOJOpOCJIeBOe
HacesjleHWe OoJlee IeCTpoe B 3KOJOTMYeCKOM OTHO-
[IeHNH, Me30rajo0bl BCTpedalTcs 34ech B 00JiblieM
KOJIM4ecTBe, YTO TOBOPUT O JIOKAJIBHOM 3acoJIeHUU
IPUOPEXHBIX YYaCTKOB.

Pasnnuua B BUAOBOM COCTaBe [uaToMell B
Pa3HBIX MeCTOOOUTaHUAX U Ce30HHBle N3MEHEeHUS B
rPYyNIIMPOBKaX JUATOMOBBIX BOJOPOCJEH KOCBEHHO
CBUJIETEJIbCTBYIOT O IPOCTPaHCTBEHHO-BpEMEHHOM
pa3Hoo0Opa3uy yCcJIoBU OOMTaHUA AUATOMOBBIX BOJIO-
pocrieii B 03. UTKyJIb.

PesynbTaThl HaCTOAILEero HccjieJoBaHus,
HaIpaBJICHHOIO Ha BBIABJIEHHME MeCcT OOUTaHus U
BCTpeYaeMOCTH Me30TrajloOHBIX BHUJOB, MOTYT [OIOJI-
HATDb Y paclIMpATh CBeJIeHUA 0 3aKOHOMEpHOCTAX (JIo-
PHUCTUYECKOro paclipefesieHHsA JaHHBIX OPraHu3MOB U
HX rajoTOoJIepaHTOCTH.

JanbHelllllee JeTajbHOE W3y4YeHHE Ppa3BUTHA
JMaTOMOBBEIX BOJOPOCJIEH C y4eTOM aHaJu3a UX KO-
JIOTUYECKUX CIIEKTPOB BO B3aWMOCBA3U C YPOBHEBBIM
peXuMoOM U OWHAMUKON KJIMMAaTH4ecKUX (aKTOpOB
OyZeT crlocoOCTBOBATh UX YCIEIMIHOMY HCIIOJIb30BaHUIO
B KauecTBe TOYHBIX MHUKATOPOB U3MEHEHU COCTOs-
HUA OKpYXalollel cpefsl.

KoH)AUKT UHTEpecoB

ABTOpHBI 3aABJIAIOT 06 OTCYTCTBUM KOH(IIMKTa
VHTEPECOB.
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