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ABSTRACT. For the first time during theice-covered period, comprehensive hydrochemical and hyd-
robiological studies were conducted in the area of Kizhi Island on Lake Onego. During winter, average
concentration of total phosphorus was 7 pg/l, which corresponds to oligotrophic water types. The con-
centrations of iron, manganese and pollutants (including petroleum products and synthetic surfactants)
did not exceed the maximum permitted levels for fishery water bodies. The results of hydrochemical
analysis suggest that the water quality in the Kizhi skerries is satisfactory. The study area is character-
ized as oligotrophic with elements of 3-mesotrophy determined by hydrobiological indicators (bacteria,
phytoplankton, zooplankton and macrozoobenthos).
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1. Introduction

In the recent decades lakes in the Northern Lake Onego is located in the European North of
Hemisphere have experienced later freeze-up (by 1.6 Russia and it is the second largest freshwater lake in
days per decade) and earlier ice break-up (1.9 days per Europe. In its natural state, the lake covers an area of
decade), as well as a reduction in the ice cover duration 9,720 km? 250 km? of which are occupied by 1,500
by 4.3 days per decade (Benson et al., 2012). For exam- islands. Lake Onego is one of the largest, temperate,
ple, in Lake Ladoga ice cover is formed 1-6 days later cold-water basins covered with ice from December

and is broken 14 days earlier. In Lake Onego, the ice (sometimes January) to mid-May for 120-164 days
cover period decreased by 50 days over 60-year obser- (Lake Onego..., 2010).

vations (1955-2015). Trends towards shorter ice-cov- Hydrochemical and hydrobiological indicators
ered period were also observed in the water bodies of (bacterioplankton, phytoplankton, zooplankton, mac-
the Republic of Karelia: Segozero, Topozero, Vygozero, rozoobenthos) in the Kizhi skerries area of Lake Onego
Syamozero, Vodlozero, Rugozero, Tulmozero (Filatov during the growing season have been studied in suffi-
et al., 2014; Efremova and Palshin, 2017; Filatov et al., cient detail (Vislyanskaya et al., 1999; Galakhina et al.,
2019). Such changes in the thermal regime of the lake 2022; Fomina and Sidorova, 2024; Makarova, 2025;
can cause shifts in such principal phenological processes Smirnova, 2025, etc.), but not during the winter. In
as spring plankton succession, and also lead to changes addition, the subglacial period of aquatic communities
in the trophic network and carbon flows in the eco- is an integral part of the annual cycle. Winter is partic-
system (Hampton et al., 2015; Kalinkina et al., 2021). ularly important for the species that reproduce under
Tracking environmental changes in large lakes requires ice, such as glacialrelicts Limnocalanus macrurus Sars,
interdisciplinary studies of the winter ecosystem. 1863 and Monoporea affinis (Lindstrom, 1855).
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The aim of the study is to examine the state of
the ecosystem in the Kizhi skerries area of Lake Onego
during the winter.

2. Materials and methods of research
2.1. Sampling

The Kizhi Archipelago is located in the northern
part of Lake Onego and consists of many islands, the
most famous of which is Kizhi Island. This area of the
lake is characterised by shallow depths (up to 10 m),
well-warmed water, relatively slow water exchange and
increased shipping traffic as a result of tourist activity.

Water samples were collected in February 2025
at 10 stations near Kizhi Island (Fig. 1). It is likely that
pollutants accumulate in winter under slow water-ex-
change conditions in the bottom layer of water,. Water
samples were taken from both surface and bottom
horizons at stations Z1, Z2, Z3, Z4, Z5 and ZOT at the
depths of 5.0-9.8 m, while sampling at shallow stations
ZW1, ZW3, ZW4 and ZW5, where the depths did not
exceed 2.5 m, was carried out only from the surface.
Sampling points were selected close to potential sources
of anthropogenic load. Thus, stations ZW1, ZW3, ZW4
and ZW5 were located near the sewage effluents from
local wastewater treatment facilities, stations Z2, Z4
and ZOT - in the area of intense shipping traffic. The
monitoring stations are represented by gray silt in the
skerries area of the reservoir.

Bacteria and phytoplankton were sampled using
a Rutner bathometer, zooplankton by a Juday plankton
net (diameter 18.5 cm; mesh size 100 um). Quantitative
benthos samples were collected using an Automatic box
bottom grab (area 0.025 m?) at each station, two sam-
ples were washed with a No. 23 sieve and fixed with
4% formalin. At each station, a CastAway-CTD sensor
was used to measure the water temperature, which
ranged from 0 to 2.5 °C (Fig. 2).

2.2. Hydrochemical indicators

Ionic composition (Na*, K*, Ca%*, Mg2*, CI,
SO,>, HCO,), organic matter content (total organic
carbon (TOC), chemical oxygen demand (COD, and
COD,, ), color, biochemical oxygen demand during 5
days (BOD,)), nutrients (total phosphorus (TP), inor-
ganic phosphorus (P-PO,), total nitrogen (TN), total
organic nitrogen (TON), total inorganic nitrogen:
N-NH,, N-NO,, N-NO,), Fe, Mn, Si, gas composition
(CO,, 0,), pollutants - oils, synthetic surface-active sub-
stance, total suspended solids (TSS), conductivity (a)
and pH were analyzed in the water samples. The chem-
ical composition of the water was determined using
standard methods (Lozovik and Efremenko, 2017).

2.3. Microbiological analysis

The total bacterial abundance, their biomass and
average cell volumes were determined in five samples
taken under the ice from the surface water.

The total bacterial abundance was assessed by
direct calculation on black Whatman polycarbonate
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track membranes (Dpore 0.2 um) using a lumines-
cent microscope MIKMED-2 (magnification X 1600)
with preliminary acridine orange staining (Handbook
of Methods..., 1993). Cell sizes were measured with a
computer program MultiMedia Catalog (MMC) offer-
ring an obtion of scale calibration. The average cell
volume was calculated as the volume of stereometric
figures matching their shape (Krambeck et al., 1981,
Kuznetsov and Dubinina, 1989). Bacterial biomass was
calculated from the product of the mean bacterial cell
volume and total bacterial abundance (Kuznetsov and
Dubinina, 1989).

Water quality was assessed according to ecologi-
cal status classification of land surface waters, applying
total bacterial abundance values (Oksiyuk et al., 1993).
Was used the classification (Kopylov and Kosolapov,
2007) to determine the trophic status of the Kizhi sker-
ries based on the total bacterial abundance, their aver-
age volume and biomass.

2.4. Determination of chlorophyll a and
phytoplankton

Pigments were determined by the standard spec-
trophotometric method (Determination..., 1966; GOST,
2001) using a mixed 90% acetone extract. A 1-liter
sample was concentrated on Vladipor MFAS-OS-3 mem-
brane filters (Dpore = 0.8 pum) using direct filtration.
Optical density of the extracts was measured on a Super
Aquarius Cecil CE 9500 series 9000 spectrophotometer.
The concentration of chlorophyll a (Chl a) was calcu-
lated using the equations given in the UNESCO manual
(Determination..., 1966) and modified by Jeffrey and
Humphrey (Jeffrey and Humphrey, 1975).

The 500 ml water samples were fixed with 10
ml of 40% formalin and concentrated on membrane fil-
ters (Dpore = 0.8 um) to 5 ml (Kuzmin, 1975; Fedorov,
1979; Methods..., 2024). Laboratory processing of phy-
toplankton samples was carried out using a Nageotte
chamber (0.01 ml) and a Mikmed-6 microscope with

Fig.1. Schematic map of sampling stations during the ice
cover period of 2025.
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an oil objective (magnification X 400-1000), the num-
ber and individual volumes of algal cells were counted.
Biomass was calculated by the volumetric counting
method using volume formulas for similar stereometric
figures (Kuzmin, 1984; Tikkanen, 1986). Taxonomic
identification of phytoplankton was carried out using
Identification Guide to Freshwater..., 1951-1986;
Krammer and Lange-Bertalot, 1986; 1988; 1991a; b;
Matvienko, 1954; Tikkanen, 1986). Species with abun-
dance and/or biomass of more than 10% were consid-
ered dominant. Specific richness (n) was calculated
(the number of taxa of a rank lower than genus in a
unit volume of water (in a sample)).

Based on the Chl a content and the level of phy-
toplankton biomass, an assessment of the trophic sta-
tus of the studied area of Lake Onego was carried out
according to the classification by S.P. Kitaev (2007),
the saprobic water zone was determined according to
Oksiyuk et al.(1993).

2.5. Ildentification of zooplankton

Copepoda species were categorized by size and
age (younger copepodites (stages 1-3), older copepo-
dites (stages 4-5)), and sex ratio (males, females,
females with eggs). Calanoida and Cyclopoida nauplii,
except for L. macrurus, were not identified to the species
level; they were combined into two groups and distin-
guished by size (small, medium, and large). A standard
technique was used for network sampling and in-house
sample processing (Methods..., 2024). Zooplankton
identification was carried out according to Alekseev
and Tsalolikhin (2010).

2.6. Identification of macrozoobenthos
Laboratory processing included sample analysis
in accordance with standard methods for collection
and primary processing of material (Methods..., 2024).
Organisms were selected from the ground using an
MSP-2 variant 2 stereoscopic microscope in a modified
Bogorov chamber, specially designed for dissecting ben-
thic samples under a microscope. The organisms were
weighed in their raw state with an accuracy of 0.0001
g. The dissected and weighed material was fixed with
70% ethanol. Taxonomic identification was carried out
using a guide of Alekseev and Tsalolikhin (2016).

2.7. Statistical analysis

Differences in chemical indicators observed on
the stations in the Kizhi skerries were determined using
an independent ANOVA test with a statistical signifi-
cance threshold (p) of 0.01. Free Sofa Statistics (1.4.6)
software (http://www.sofastatistics.com) was used for
statistical data processing. A nonparametric Mann-
Whitney U Test was used to compare hydrobiologi-
cal indicators of the samples. Statistical processing of
hydrobiological data was performed using the licensed
package Statictica Advanced 10 for Windows Ru.
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Fig.2. Water temperature at the stations (Z1-Z5, ZOT,
ZW1, ZW3-ZW5) in the Kizhi skerries area of Lake Onego
during the ice cover period of 2025.

3. Results and discussion
3.1. Hydrochemical indicators

There were no statistically significant differences
in all hydrochemical parameters monitored at the Kizhi
skerries stations (ANOVA test, p > 0.01). Moreover, no
divergency in the concentration values of the hydro-
chemical constituents was observed in the surface and
bottom water layers. It is suggested that pollutants were
not accumulated in the bottom layer implying probable
absence of anthropogenic pressures in this lake area
during winter. Since the parameters were similar at all
of the stations and depths, their average values with
standard deviation were provided.

Generally, the water in Lake Onego is weakly
mineralised. In the Kizhi skerries, the total dissolved
solids averaged 39.5 += 0.7 mg/1, and the ionic compo-
sition, expressed as %-eq., was as follows:

Ca’ (50)Mg** (31)Na* (16)K* (2.8)
HCO; (62)4,,,(14.0)SO; (14)CI™ (7.4)NO; (1.9)

org

According to the classification of Alekin (Alekin
et al., 1973), the lake waters belong to the hydrocar-
bonate class, group Ca, Lozovik (Lozovik, 2013) classi-
fied them as medium-alkaline, circumneutral. Oxygen
concentrations varied between 10.4 and 13.5 mg/1, and
carbon dioxide concentrations — between 2.4 and 7.5
mg/l. Dissolved oxygen saturation was quite high and
ranged from 71 to 92%.

The concentrations of total and mineral phos-
phorus were low (on average 7 = 1 and 1 = 1 ug/l,
respectively). Therefore, according to the classification
of Lozovik (Lozovik, 2013), water of the Kizhi skerries
is of oligotrophic type. However, it should be noted that
during the open water period, the concentrations of TP
were higher (Bulletin..., 2005; 2013; Galakhina et al.,
2022), which were apparently caused by an increase
in suspended form of phosphorus due to constant tur-
bidity of bottom sediments owing to intense shipping
activity. This is confirmed by the higher concentration
of total suspended solids during the open water period,
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which was on average 2.1 + 1.0 mg/1 (Galakhina et al.,
2022). In winter, according to the results of this study,
TSS concentration averaged 0.3 += 0.4 mg/1.

During the ice cover period, average concen-
tration of total nitrogen was 0.37 *= 0.02 mg/l and
nitrates — 0.16 = 0.02 mg/1l, which was significantly
higher than in other seasons (Fig. 3). This was the
result of active consumption of N-NO, by phytoplank-
ton and bacteria during the open water period, their
concentration in Lake Onego gradually decreased from
spring to autumn (Sabyulina and Ryzhakov, 2018). The
organic form of nitrogen prevails in the total nitrogen
composition (Fig. 3), which is generally typical for the
water bodies of Karelia. The silicon content in water
averaged 0.67 *= 0.13 mg/I1.

The organic matter concentration in the water
of the Kizhi skerries was low and slightly varied on the
stations. This is confirmed by direct determination of
TOC (average 6.5 = 0.2 mg/1) and indirect parame-
ters (color — 33 + 3 mg Pt-Co/L, COD_ - 18.4 * 0.9
mgO/1, COD,, - 6.7 + 0.6 mgO/1). Thus, the water
of the studied area, according to the classification of
Lozovik (Lozovik, 2013) is of oligohumic type. BOD,
values ranged from 0.10 to 0.61 mg O./1, typical for
the winter with an almost complete absence of easily
oxidizable organic matter production. This is also indic-
ative of the absence of anthropogenic load in this area
in winter.

The concentrations of iron and manganese in
the water of the Kizhi skerries in winter averaged 0.07
+ 0.02 and 0.01 = 0.005 mg/l, respectively; there-
fore, exeedances of maximum permissible concentra-
tions (MPC) of the Russian Federation (Water Quality
Standards, 2016) were not registered. Higher concen-
trations of Fe and Mn were found during the open
water period and, as in the case of phosphorus, this was
probably caused by intensive navigation in this area of
the lake. The concentrations of oils and synthetic sur-
face-active substances were 0.04 = 0.03 and 0.01 =+
0.01 mg/1, respectively, and did not exceed MPC. In the
case of oils, it is associated with the absence of trans-
port load during the ice cover period.

3.2. Bacterioplankton

Bacterioplankton is evenly distributed in the sub-
glacial water layer of the Kizhi skerries. The total bac-
terial abundance, biomass and average cell volumes are
characterized by small values (Table 1).

During the ice cover period, average cell vol-
ume and total bacterial abundance were half as much
and the bacterial biomass was four times less than in
summer (Makarova, 2025). The Mann-Whitney U-
Test showed statistically significant (p < 0.05) differ-
ences between summer and winter indicators of total
bacterial abundance, bacterial biomass and average
cell volume. This is mainly due to a limited supply of
organic matter from the coastal areas. It is known that
cell volume, and, therefore, biomass, depend on the
availability of organic matter and biogenic elements
(Potayenko, 1979), which decrease in concentration
during the winter. In addition, a number of factors,
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Fig.3. Distribution of nitrogen forms in the water of the
Kizhi skerries of Lake Onego during the open water period
of 2019-2020 (Galakhina et al., 2022) and in the winter of
2025.

Table 1. Spatial distribution of total bacterial abundance
(TBA), bacterial biomass (BB) and average cell volume (V)
in the subglacial water layer of the Kizhi skerries, Lake Onego.

Stations |TBC, mln cells/ml V.o pm? BB, mg/L
71 1.59 0.05 0.061
72 1.4 0.046 0.09
Z3 1.21 0.054 0.088
Z4 1.3 0.044 0.103
Z5 1.49 0.044 0.071

such as low water temperatures, weak mixing of water
masses and absence of direct anthropogenic influence,
limit the development of bacteria in winter.

The water quality in the subglacial layer of the
Kizhi skerries is assessed as clean. The water area near
Kizhi Island is characterized as oligotrophic based on
the average values of bacterial cell volume, their bio-
mass, and bacterial abundance.

3.3. Chlorophyll a and phytoplankton

In February 2025, the content of Chl a in the sub-
glacial water of the Kizhi skerries area of Lake Onego
varied from 0.85 to 0.33 ug/l in the surface layer and
from 0.42 to 0.19 pg/1 at the bottom. The highest value
was registered at station Z1 and the lowest at station
ZW1. At all observation stations where samples were
taken from several layers, a decline in the pigment con-
centration was observed from the surface to the bot-
tom. Non-parametric analysis using the Mann—-Whitney
U-Test revealed statistically significant (p < 0.05) dif-
ferences between the indicators of the subglacial (sur-
face) and bottom water layers. Comparison of data on
Chl a and phytoplankton showed that this difference
between water layers may be due to the onset of phyto-
plankton vegetation. The average value of Chl a during
the ice-covered period was 0.49 + 0.21 pg/L, which is
significantly lower during active phytoplankton vegeta-
tion — an average of 2.7 ug/L from 1965 to 2008 (Lakes
of Karelia, 2013).
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In winter 2025, 36 species and intraspecific
taxa of algae from six systematic groups were found
in the water under the ice. In terms of abundance and
biomass, diatoms predominated, mainly Aulacoseira
islandica (O. Miill.) Sim., but at some observation points,
we noted growth of cyanobacteria and dinoflagellates
(Dinophyceae). At station Z2, near the water trans-
port pier, the cyanobacteria Aphanocapsa elachista var.
Elachista W. Et G. S. West. was higher in abundance.
At station Z4, the cyanobacterium Microcystis aerugi-
nosa (Kiitz.) Kiitz. made up 90% of the biomass, but
the dinoflagellate Parvodinium inconspicuum (Lemm.)
Carty. and Ceratium hirundinella (Miill.) Duj. were the
main contributors to the biomass (83%). At all observa-
tion stations, despite intensive vegetation of Aulacoseira
islandica dominanting in the oligotrophic period, the
development of cyanobacteria (Anathece minutissima
Kom., Kast. & Jezber. (2011), Oscillatoria planctonica
Wolosz., Aphanizomenon flos-aquae (Linne) Ralfs), as
well as chlorococcal algae was noted. The abundance
and biomass of subglacial phytoplankton ranged from
172 to 1.272 thousand cells/liter and from 0.12 to 0.54
mg/liter, respectively. Despite structural changes in
the phytocenosis (Vislyanskaya et al., 1999; Lakes of
Karelia, 2013; Smirnova, 2025), data on phytoplank-
ton growth and Chl a concentration in winter testified
that the water in the studied area of Lake Onego had
an oligotrophic status (Kitaev, 2007) and its quality
corresponded to clean water standards (Oksiyuk et al.,
1993).

3.4. Zooplankton

In winter, zooplankton consisted mainly of
Eudiaptomus gracilis (Sars, 1863), Kellicottia longispina
(Kellicott, 1879), Asplanchna priodonta Gosse, 1850,
and species of the genera Conochilus and Synchaeta.
Cladocera Daphnia (D.) cristata (Sars, 1862) and
Bosmina longispina Leydig, 1860 were noted singly.
Thermocyclops oithonoides (Sars 1863) copepodites at
the older stages were also encountered in diapause in
the bottom layers. Adult glacial relict specimens were
not found, only L. macrurus nauplii at the abundance
of nearly 150 ind./m?®. As previously shown,L. macru-
rus is found year-round in Lake Onego, reproducing
in winter and being one of the main plankton species.
Under the ice, nauplii are concentrated in the 0-10 m
layer, while adults are mostly distributed below 15 m
(Fomina and Syarki, 2022). It is likely that clustering of
adult L. macrurus are located in the deeper parts of the
Kizhi skerries.

Rotifera dominated the under-ice zooplankton of
the Kizhi skerries area, which is not typical for the winter
community of Lake Onego; Calanoida and Cyclopoida
are usually dominatant in zooplankton (Kulikova et al.,
1997; Syrki and Fomina, 2017). Abundance growth of
Rotifera is associated with shallow depths in this area.
At shallow-water sites, copepods accounted for 13%
of the total abundance and 21% of the total biomass
on average, while in deeper parts (depth 9 m) they
accounted for 21% and 44%, respectively. For instance,
in Petrozavodsk Bay (depth 30 m), copepods accounted
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for 91% of the total abundance and 98% of the total
biomass (Syrki and Fomina, 2017).

Due to unfavourable conditions in winter (low
temperature (Fig. 2), lack of light and food), zooplank-
ton is extremely scarce, its abundance ranged from
0.16 to 1.62 thousand ind./m?® and the biomass — from
0.001 to 0.012 g/m?®. According to S.P. Kitaev’s (2007)
classification based on zooplankton biomass indicators,
the trophic level of the study area corresponds to the
ultra-oligotrophic type.

3.5. Macrozoobenthos

Our study showed that macrozoobenthos was
quite diverse, represented by main benthic invertebrate
groups. Five groups of different taxonomic ranks were
identified, basically comprised of the forms that are
widely distributed in the coastal shallow waters of the
lake and in most water bodies of the North-West.The
most common and numerous groups registered were
Chironomidae larvae (100% occurrence), Oligochaeta
(80% occurrence), larvae of amphibious insects —
Ephemeroptera (100% occurrence) and Hydracarina,
also known as water mites, (50% occurrence). Bivalve
molluscs were found in less than half of the samples
(30% occurrence).The abundance of macrozoobenthos
ranged from 0.04 to 3.62 thousand specimens/m? and
biomass varied from 0.2 to 6.1 g/m?2 The maximum bio-
mass was recorded at stations Z5 and Z3, mainly due to
presence of large eurybiontic specimens of Chironomus
plumosus larvae. According to S.P. Kitaev’s classification
(2007) based on benthic biomass, the state of the study
area varies from a-oligotrophic to (-mesotrophic. It is
important to note that amphipod crustaceans were not
found. Benthic crustaceans are known to migrate, and
the glacial relict M. affinis (Lindstrom 1855) belongs
to cold-tolerant oxyphilic species, preferring a tempera-
ture range of 6-12 °C and a high oxygen content in the
water (80-100 %) (The largest reservoir..., 2015). It
is possible that during these studies, the crustacean M.
affinis migrated to find more favourable environmental
conditions.

4. Conclusions

For the first time, a study on the state of the
aquatic ecosystem of the Kizhi skerries area of Lake
Onego, based on hydrochemical and hydrobiologi-
cal observations during the ice cover period was con-
ducted. It was found that the water in the Kizhi skerries
is characterized by low mineralization and low organic
matter concentration. In winter, the average concen-
tration of total phosphorus in water was 7 pg/1, which
corresponds to an oligotrophic type. The concentration
of iron, manganese and pollutants (oils and synthetic
surface-active substances) did not exceed MPC. Thus,
water in this part of the Onego Lake is of good quality.

Based on bacterioplankton, phytoplankton, and
chlorophyll concentrations, the water quality of the
Kizhi skerries in winter corresponds to clean waters. In
general, unfavourable conditions in winter (low tem-
perature, lack of light, nutrients and food) form a small
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plankton community (bacteria, phytoplankton, zoo-
plankton), which characterises the studied areas of the
Kizhi skerries as oligotrophic. However, analysis of the
macrozoobenthos communities at deeper stations (Z3
and Z5) allowed us to attribute this basin to (3-mesotro-
phic. The glacial relict M. affinis was not found in the
macrozoobenthos community.
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1. BBeapenue

Oszepa B CeBepHOM MOJIylIapUU B IOCJIEJHHE
JeCATUJIETUs UMEIOT o0IIue TeHAeHI[MY K 0oJiee mo3/-
HeMmy 3amMmep3aHuio (Ha 1.6 gua 3a 10 jeT) u paHHeMy
paspyieHuro JjesHoro mokposa (1.9 masa 3a 10 jer),
a TaKxe COKpAIeHHI0 MPOJOIKUTEIBHOCTHU JIEOCTABA
Ha 4.3 aus 3a gecaruiierre (Benson et al., 2012). Taxk,
B JlafjoxckoMm o3epe HaAOJIIOIaeTCs TEHJEHIUs yCTa-
HOBJIEHHs JIEJTHOTO IMOKPOBa IMo3xe Ha 1-6 1HeH, a
BCKpHITHA — Ha 14 gHell paHbuie. B OHexckoM o3epe
MPOJIOJIKUTEIFHOCTD JIeJIOBOT'O IMOKPOBa 3a 60-JIeTHUI
nepuop HaOmogeHusa (1955-2015 rr.) ymMeHBIINIIACH
Ha 50 gueii. TakXke OTMEYEHHl TPEH/IB HA COKpAIleHUe
JIEJTOCTABHOTO TEepUOojia AJiA BOJOEMOB pecrmyOJImKu
Kapenusa: Cerosepo, Tonosepo, Beirozepo, Camo3sepo,
Boasnozepo, Pyrozepo, Tysimoszepo (DumatoB u Ap.,
2014; EdpemoBa u IlamsmuH, 2017; Filatov et al.,
2019). Takre n3MeHEeHN TEPMUYECKOTO PEXUMA 03epa
MOTYT BbI3BaTh CIABUTY BaXHBIX (PEHOJIOTUYECKUX IPO-

* ABTOP [JIsl IEPEIUCKHY.
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I[eCCOB, TaKUX KaK BeCeHH:AA CyKIllecCus ILIaHKTOHA, a
TakXe NPUBECTU K U3MeHEHUAM B TPohHUUeCKOH CeTu
U NOTOKax yrjepoja B akocucTteMe (KajuHkuHa U 1p.,
2021; Hampton et al., 2015). J[Jig OTCJEXUBaHUS U3Me-
HEHUM OOJIBIINX 03ep BaXXHOU 3aJavyell ABJIAETCA MPO-
BeJleHNe MEXIUCIUIUIMHAPHBIX HCCIIeJOBAaHUN 3UM-
Hero COCTOSHMA dKOCHCTEMEL.

OHexcKoe 03epo  paclojIoXeHO B  30He
EBpormetickoro cepepa Poccuu u sIBJisieTCsl BTOPHIM TIO
BEeJIMUMHE IPeCcHOBOAHBIM o3epoM EBponnl. B ecrte-
CTBEHHOM COCTOSIHMU IUIOHIa[b 3epKajla COCTaBJIAeT
9720 xm?, u3 kotopeix 250 km? mpuxoautcs Ha 1500
ocTpoBOB. OHEXCKOe 03ep0 OTHOCUTCA K KPYIHBIM
XOJIOAHOBOAHBIM BoJioeMaM yMepeHHOH 30HBL. O3epo
MOKPHITO JIBJIOM C Jekabps (uHorga c siHBaps) MO
cepenuHbl Mas — B TeueHue 120-164 nueti (OHexcKkoe
o3epo..., 2010).

K HacrosmeMy BpemeHH T'UAPOXUMHYECKUE U
ruapobuosiornyeckrue Mokaszarean (6akTepHOILIaH-
KTOH, (PUTOIIAHKTOH, 300ILJIAHKTOH, MaKp0O3000eHTOC)

© Asrop(s1) 2025. DTa pabora pacnpocTpaHs-
eTcs o MexIyHapoJHo! jiutieH3uel Creative
Commons Attribution-NonCommercial 4.0.
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B patioHe Kimxckux mxep OHeXCKOro o3epa B Bere-
TAI[MOHHBI NEepHoJ OOCTATOYHO MOAPOOHO M3y4YeHbI
(Bucnsanckas u fip., 1999; ®omuHa u Cugoposa, 2024;
Galakhina et al., 2022; Makarova, 2025; Smirnova,
2025 u Ap.), ogHAKO B 3UMHUI Iepuoj UccjeoBa-
HUII paHee He mpoBoAuJyiock. Kpome Toro, mopasenHoe
COCTOsIHME BOJIHBIX COOOIIECTB fABJIAETCSA HeOTheMJIe-
MOI YacThI0 TOAOBOIO LMKJIA, 0COOEHHO BaXXHOEe 3Ha-
yeHHe 3UMHUI Nepuoj HMeeT AJiA BUJOB, KOTOphIe
Pa3MHOXAaIoTCs MOAO JIbAOM, 1A TAKUX, KaK TJIAHAab-
HO-MOpPCKOH pesiukT Limnocalanu smacrurus Sars, 1863
U TJIANUAJIbHBIE peukT Monoporea affinis (Lindstrom,
1855).

Llesib paGOTHI — U3YUUTh COCTOSTHUE 3KOCHCTEMBI
B patioHe Krokckux mrxep OHeXCKOro o3epa B 3UMHUI
nepuop.

2. MaTepuanbl U MeTOAbI MCCAEAOBaAHUA
2.1. OT60p Npob6

Kmxckuil apxunesar pacnoJjioXeH B CeBepHOH
yacTh OHEXCKOro o3epa M COCTOUT M3 MHOXeCTBa
OCTPOBOB, HauboJjiee HM3BECTHBIM M3 KOTOPBIX SABJIA-
erca octpoB Kuxu. JlJaHHBIN palioH o3epa OTJIMYAeTCsA
HebosbIIMU riryorHamMu (4o 10 M), XopoimM nporpe-
BOM BOABI, CPaBHUTEJIbHO 3aMeJJIeHHBIM BOAO0OOMe-
HOM, a Takxe MHTEHCHUBHBIM CyAOXOJICTBOM B pe3yJib-
TaTe TypUCTUYECKON eATeJIbHOCTH.

[TpoGwl Boab! ObLIM OTOOpaHHl B ¢eppasie 2025
r. Ha 10 crannusax B patioHe o. Kuxu (Puc. 1). B 3um-
HUI Nepuof, B yCJIOBUAX 3aMeJIeHHOr0 BOJ0OOMeHa,
B IPUAOHHOM CJIO€ BOJBI, MOXET IIPOUCXOJUTh HaKO-
IIJIEHWe 3arpA3HAININX BellecTB. Micxona u3 aToro, Ha
craHuuax Z1,72,73,74,725u Z0T c rinybnHamu 5.0-9.8
M 0T60p Ipo0 BOABI OCYIIECTBJIAJIN KaK C IOBEPXHOCT-
HOro, TaK U ¢ IPUAOHHOIO TOPU30HTOB, & HA MEJIKOBO-
AHBIX craHiusax ZW1, ZW3, ZW4, ZW5, rae riiyOuHbI
He IpeBbIagy 2.5 M, — TOJIbKO C IOBEPXHOCTHOro. PAn
Touek OoTOOpa ObUI BBIOpaH M3 pacueTa uxX OGJIM3KOrO
PacIoJIOKeHUA K MOTeHIaJIbHbIM NCTOYHUKAM aHTPO-
noreHHo# Harpysku. Tak, craHuuu ZW1, ZW3, ZW4,
ZW5 HaxoAsATcs HenmoAaJieKy OT MecT cOpoca OvUIlleH-
HBIX CTOYHBIX BOJl M3 JIOKAJIbHBIX OYHCTHBIX COOpY’XKe-
HUH, a ctannuu Z2, Z4 u ZOT — B 30He MHTEHCHUBHOT'O
cynoxonctBa. MOHUTOPUHIOBblE CTAHIMU IIpeACTaB-
JIEHBI CephIM WJIOM B IIXepHOM paiioHe Bofgoema. OT6op
1po6 6akTepro- ¥ GUTOILIAHKTOHA OCYIIECTBJIJINCH C
noMoliplo 6aToMerpa PyTHepa, oTOOp 300IJIaHKTOHA
MIPOM3BOANIN C NIoMolIplo ceTty [xeau (auamerp 18.5
cM; aquametp mop 100 mkwm). KosnuecTBeHHBIE POOHI
6eHTOCa OTOMpasM OHOYeprHaTesieM aBTOMaTHYeCKUM
kKopoGuaThiM (wromazpio 0.025 M%) Ha Kaxmou cTaH-
LUM MO ABe MpoObl, MpOMBIBAIM depe3 cUTO No23 u
¢ukcupoBanu 4% dopmanuHoMm. Ha kaxmoil ctaHIuU
¢ nomouplo aatuuka CastAway-CTD Besock u3Mepe-
HUe TeMIepaTyphl BOABL, KOTopas u3MeHsaAnach ot 0 Ao
2.5 °C (Puc. 2).

2.2. M'MApOXMMHUYECKHME NoKa3aTenm

B mpoGax BOAbI BEJIOCH ONpeeseHne KOMIOHEeH-
TOB MOHHOrO coctasa (Na*, K*, Ca**, Mg+, CI, SO 2,

HCO,), comepxaHus opraHM4eckoro BemecTtsa (opra-
HUYECKOTr0 yrjepoja (Copr)’ XUMUYecKoe oTpebiieHue
kuciopoga (XIIK), mepmMaHraHaTHasg OKHCJIAEMOCTb
(T1O), uBeTHOCTH, HHOXUMUYECKOE MOTpebJieHHe KUC-
Jopoza 3a 5 cytok (BIIK,), Guorennsix (obmero ¢oc-
dopa (P, ), munepamsHoro gocdopa (P ), asora
oO1ero (Noﬁm), OpraHUYeCcKOro (NOPF) U ero MuHe-
pasbhbix Gopm (NH,*, NO,, NO,)) u nuTodpuabHbX
(Feoﬁm, Mn, Si) asilemeHTOB, razoBoro cocrasa (CO,, O,),
3arpA3HAIIIMX BeleCTB — HePTEmpoAyKTOB, CHUHTE-
TUYECKUX MMOBEPXHOCTHO-aKTUBHBIX BemlecTB (CITAB),
a TakXe B3BEIIEHHOTO BENIECTBA, BEJIMYUH 3JIEKTPO-
npoBogHocTU (&) u pH BoABl. AHAIN3 XUMHUYECKOTO
cocTaBa BOABI OCYLIECTBJIAIN MO CTAHAAPTHBIM METO-
nukaMm (JIozoBuk u Edppemenko, 2017).

2.3. MeTtoabl MMKPOGHMOAOrHUECKOTO
aHanu3a

O611y10 uncJieHHOCTh OakTepuii, ux 6uomMaccy u
cpefqHue 00beMbl KJIETOK ONpefeisAiu B 5 MOoJIeAHBIX
po0ax MOBepXHOCTHOI'O TOPU30HTA.

O6mryio 4uciIeHHOCTh OakTepuil omnpeaessaau
MeTOJOM IIPSAMOTIO cueTa Ha YepHBIX 0JIMKapOOHAaTHBIX
TpeKkoBbIXx MeMOpaHax Whatman (Dnop = 0.2 MKM) Ha
JoMuHecIeHTHOM Mukpockone MUKME/-2 (yBenuue-
Hue X 1600) c nmpeaBapuTesIbHBIM OKpallMBaHUEM KJle-
TOK aKpuAWHOBHIM oparxeBbiM (Handbook..., 1993).
Pasmeps! KJIeTOK U3MepAIY IPU IOMOIIM KOMIIbIOTEep-
Hoii nmporpamMbl MultiMedia Catalog (MMC), o6Jiaga-
olell BO3MOXHOCTBIO KaJuOpoBKU MiKasbl. CpemaHUil
00beM KJIETOK BBIYMCIIAJIM KaKk 00beM NOAXOAAMIMX
nM no ¢opme crepeomerpuueckux éuryp (Krambeck
et al., 1981; Ky3snenoB u Jlybununa, 1989). Buomaccy
O6akTepull pacCUUTHIBAJIN KaK IIPOU3Be/ieHNe CpeJHero
o6beMa OaKTepHaIbHBIX KJIETOK U 001ell YiCIeHHOCTH
6akrepuii (Kysnenos u JlybuHuHa, 1989).
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Puc.1. Kapra-cxema craHuuii or6opa npo6 B IofJjie{HbII
nepuop 2025 ropa.
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Kitacc xauecTBa BObI OLIEHUBAJIK COTJIACHO KOM-
IJIEKCHOM DKOJIOTMYECKOHN KjIaccuUKauy KadyecTBa
MOBEPXHOCTHHIX BOJ CYIIM IO TIOKAa3aTessaM oOuleit
yrcaeHHocTu Oaktepuit (Oxcutok u Ap., 1993). [na
omnpeneneHuss TPOGUUECKOro cTaryca BoJbl KikcKux
1Ixep mo oOIiel YUCJIeHHOCTU OaKTepuil, UX cpeqHeMy
o6beMy M OGrOMacce WCIOJIb30BAJIM KiaccUpUKAIHIO
(KomswmoB u Kocosamnos, 2007).

2.4. Onpepenenue xnopobuanna am
duTONAaHKTOHA

OmnpepesieHre NUIMEHTOB IIPOBOJWJIN B CMe-
maHHOM 90% areToOHOBOM 3KCTpaKTe CTaHAapTHBIM
CneKTpoOoTOMeTpUYeCKUM MeTOAOM, W3JI0KEeHHBIM
B pykoBojacTtBax IOHECKO (Determination..., 1966) u
npuHATHEIM B Poccuu B kauectBe 'occranmapra (I'OCT,
2001). IIpegBapuTenpbHO ObLIa IMpOM3BelleHA KOHILIEH-
Tpauus npo6 BoAsl, 00beMoM A0 1 UTpa, BaKyyMHBIM
HacocoM MeTOJ0M NpAMON GuiIbTpaluyd Ha MeMOpaH-
Hele GunbTpel Biagunop M®AC-OC-3 ¢ guamerpom
nop 0.8 Mmxm. Onrtuueckas IUIOTHOCTb 3KCTPAaKTOB
u3Mepsagach Ha crnekTpodoromerpe «Super Aquarius
Cecil CE 9500 series 9000». KoHIIEHTpaLUIO XJIOPO-
dunna a (X1 a) paccuuThiBaid N0 ypaBHEHUAM, NpU-
BefleHHBIM B pykoBojicTBe IOHECKO (Determination...,
1966) u MmomuduiuposaHHeMu xedpu u Xamobpu
(Jeffrey and Humphrey, 1975).

[Tpo6s1 Bogsl 06beMoM 500 M1 dukcrpoBamu 10
M 40%-oro popMasiviHa, 3aTeM KOHI[eHTpUPOBaJId Ha
MeMOpaHHbIX GuibTpax (auametp mop 0.8 Mkm) 10 00B-
ema 5 mi (Kyssmus, 1975; denopos, 1979; MeTtofpl...,
2024). KamepasnpHas o6paboTka GUTONIAaHKTOHA, MPO-
BoauBIIasca B kamepe Haxorra o6vemom 0.01 mi c
[IOMOIIbI0 MHKpockona Mukmen-6 ¢ MMMePCHOHHBIM
o6bekTHBOM npu yBeauueHusx ot 400 go 1000 pas,
BKJIIOYaja MOACYeT YKCJIEHHOCTH WU HHAWBHUAYaJlb-
HBIX 00BbeMOB KJIETOK Bojopocieil. bruomacca BbIumcC-
JiAslach CYETHO-OOBbEMHBIM METOAOM K3 pacueToB IIO
dopmysiam oObeMa CXOAHBIX reoMeTpUYecKux Quryp
(Ky3pmuH, 1984; Tikkanen, 1986). TakcOHOMUYECKYIO
naeHTHUKAIMI0 (QUTOIIAHKTOHA MPOBOAWIINA IIO
onpenenuresnaM (OmpenenuTenb NPeCHOBOOHBIX...,
1951-1986; Krammer and Lange-Bertalot, 1986; 1988;
1991a; b; MaTBuenko, 1954; Tikkanen, 1986). K kare-
ropuyl JOMUHMPYIOIIKUX BUJOB OTHOCUJIU BUJBI C YHC-
JIEHHOCTBI0 1/uu 6uomaccoii 6osiee 10%. Beisio pac-
CUUTaHO yAesibHOe OorarcTBo (n) — 4YMCJIO TaKCOHOB
paHroM HiXe pojia B eAuHMIe o6beMa BOAHI (B Mpobe).

OuneHka Tpoduyeckoro craryca HccjaeqoBaH-
Horo parioHa OHeXCKOro o3epa II0 cojepxaHuio X a
Y yPOBHIO 61oMacchl pUTONIaHKTOHA ObLIa IpoBeAeHa
no kigaccudukanuu, npemyioxeHHoil C.II. KurtaeBsim
(2007), 30HY campoOGHOCTA BOABI ONpeAesiAand 0
(Oxcurok u ap., 1993).

2.5. OnpepeneHye 300NAAHKTOHA

Yuer Copepoda mnpou3BOOWJICA IO Ppas3Mep-
HO-BO3paCTHHIM TpyIaM: Mjajume konenoauts! (1-3
cTaaguu), crapiue KomenoAuThl (4-5 craaguu), U 1O
COOTHOIIIEHHUIO TI0JIOB: CaMIbl, CAMKHU, CAMKH C ANI[aMMU.

[myfuga, M
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Puc.2. TemnepaTypa BoABl Ha KCCJIeAyeMBIX CTAHI[HAX
(Z1-7Z5, ZOT, ZW1, ZW3-ZW5) B patioHe Krxckux mxep
Onexckoro osepa B noajeqHsli nepuop 2025 roaa.

Haymnuycsl KajisHouJ U IUKJIonouz, kpome L.
macrurus, He UIeHTUGUIMPOBaHHBIE IO BUAA, 00Bbeau-
HSUINCH B [IBe TPYIIIBI U JeJIMUINCH II0 pasMepaM (Mer-
KHe, cpefHNe U KpymHble). IIpuMeHsutach cTaHOapT-
Hasg MeTOOuKa IJiA CeTHOro oTbopa M KaMepasbHOM
obpabotku npob (Merofsl..., 2024). UnenTuduxanus
300IUTAHKTOHA OCyllecTB/Iach Mo (AnekceeB U
Hamonmuxun, 2010).

2.6. OnpeaeneHue Mmakpo3oobenroca

KamepanpHasa o6paboTka BkJIOYasa pasbop
Ipo0, COIJIaCHO CTaHAapTHHIM MeToAukaM cbopa u
nepBUYHON oOpaboTku MaTepuana (MeTozsl..., 2024).
BeiOop opraHu3MoOB U3 IPyHTa IPOBOJWJICA C MCIOJIb-
30BaHHeM MUHKpockona cTepeockonuyeckoro MCII-2
BapuaHT 2 B MoauGHUINPOBaHHON kamepe Boroposa,
CrelnuaJbHO H3TOTOBJIEHHON MAjiA pa300pKU OeHTOocC-
HBIX IIpo0 ITOA MHUKPOCKOIIOM. B3BellnBaHue OpraHus-
MOB IOBOAWJIM B CBHIpOM Bue ¢ ToyHOcThio 0.0001 r.
PazobpanHblii U B3BelleHHBII MaTepuasl (UKCHUPO-
Bajsica 70% otaHOosIOM. TakcoHOMMYecKasa UAeHTU(DU-
Kalys NpoBOAMJIACH C UCIIOJIb30BaHUEM OllpeJie/IuTeJA
(AnekceeB u LlanonuxuH, 2016).

2.7. CtaTUCTHYECKMHN aHaAU3

BrisiBsieHne pasinuuii B coAepXaHUM XHUMUYe-
CKUX IIOKasarejeli MeXAy OTAeJIbHBIMU CTaHIUAMU
Kmxckux mxep OCyIIEeCTBJIAJIM C IOMOIIbI0 He3aBHUCU-
moro Ttecta ANOVA ¢ noporoBblM KpuUTepueMm CTaTu-
ctudeckor 3HauumocTtu (p), paBHeiM 0.01. IIpu 3TOM
JUIA CTaTUCTUYeCKOl o0paboTKy JAaHHBIX KCIIOJIb30Ba-
Jiock cBOGomHO pacmpoctpanseMoe ITO Sofastatistics
1.4.6 (http://www.sofastatistics.com). J[s1a cpaBHeHUA
BBIOOPOK TMAPOOMOJIOTMYeCKUX IoKasaTesell IpuMe-
HANMY HellapaMeTpuU4yecKW# aHaiu3 MaHHa — YUTHU.
Cratucrtudeckass o0paboTka TruUApOOHOJIOTNYECKUX
JIaHHBIX OCYIIEeCTBJIsUIach B JIMI[EH3MPOBAaHHOM IaKeTe
Statictica Advanced 10 for Windows Ru.
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3. Pe3yAabTaTtbl M 06Ccy)xpeHue
3.1. MNapoxumuueckue nokKasarenm

[Io BceM pacCMOTPeHHBIM TI'MAPOXMMUYECKUM
[oKa3aTeJiAM He ObLJIO BBIABJIEHO CTaTUCTHUYeCKU 3HaUYK-
MO pasHHUIIbI MEeXAY HcclefyeMbIMU CTaHIUAMU (TecT
ANOVA, p > 0.01). Kpome Toro, pasHulipl B cogepxa-
HUM THUJPOXMMHYECKHUX IoKasarTejeli B IOBEPXHOCT-
HOM U IIPHUJIOHHOM CJIOAX BOZBI TakXe 3aUKCHPOBAHO
He OBLJIO, YTO yKasblBaeT Ha OTCYTCTBHE HaKOILJIeHUA
3arpA3HAIONMX BellecTB B IPUAOHHOM TOPU30HTE W,
KakK cJIe[IcCTBHe, MOXeT CBUAETeJIbCTBOBaTb 00 OTCYyT-
CTBUU AHTPONOTeHHON HArpy3Ku B JJAaHHOM paiioHe
o3epa B 3UMHUM nepuofd. TakuM o6pa3oM, IIOCKOJIBKY
3HaueHus BceX IoKasaTesiell ObuIM OJM3KU Ha BceX
CTaHIMAX U IJIyOMHAaX, TO IpU JaJIbHelIeM ONNuCaHun
[IOJIyYeHHBIX pe3yJIbTaTOB IMPUBOAATCA HUX CpeAHue
3Ha4yeHus C yKa3aHHeM CTaHJapTHOI'O OTKJIOHEHUS.

B nesom Boma B OHEXCKOM o3epe ABJIAeTCA
ciabo MuHepaym3oBaHHOU. B Kinkckux nixepax cymma
HWOHOB cocTaBJs1a B cpeaHeM 39.5 = 0.7 mr/J, a UOH-
HBII COCTaB, BEIpaKeHHBIH B %-9KB., ObLI CJIeqyIOMNM:

Ca’* (50)Mg™* (31)Na" (16)K*(2.8)
HCO; (62)4,,, (14.0)SO; (14)CI (7.4)NO; (1.9)

org

CoryacHo kiaccudukanuu O.A. Anexknna (1973)
BOJIBI OTHOCWJINCh K THIAPOKAapOOHATHOMY KJIaccy,
rpynne Ca, no mesouyHoctTu u pH (JlozoBuk, 2013)
OHU XapaKTEePU30BAJINCh KAK CpEJHEeIeJI0YHOCTHBIE
HelTpaJibHble ciabomenounsle. CojiepXxaHue KHCJIo-
poxa BapbupoBasio B npepesnax 10.4-13.5 mr/a, yrie-
Kucyoro rasza — 2.4-7.5 mr/n. HacelliifeHre BOABI KHC-
JIOpPOJIOM OBLJIO AOCTATOYHO BHICOKUM U COCTaBJISIIO
71-92%.

ComepxaHue oOmero M MuHepaabHOro @oc-
dopa 610 HU3KUM (B cpejHeM 7 = 1 w1 + 1 MKr/n
COOTBETCTBEHHO), YTO COTJIACHO T'€OXUMUYECKON
kimaccupukanuu (JlozoBuk, 2013) COOTBETCTBOBAIO
omurotpopHoMy THNy BoA. OAHAKO CTOUT OTMETUTH,
YTO B BereTalUOHHHBIN Nepuos B Kimkckux mxepax
copepxanue P . Bbime (brosinerens..., 2005; 2013;
Galakhina et al., 2022), 4TO, MO-BUAUMOMY, CBS3aHO
C pocToM BKJIaJja B3BeleHHON (popMsl docdopa B ero
obiee coAepkaHUe 3a CYET MOCTOSHHOTO B3MYYHBa-
HUA JTOHHBIX OCAJKOB OT MHTEHCUBHON TPAHCIIOPTHOU
Harpy3ku. JTO MOJTBEPXKIAETCS MOBHIIIEHHBIM COlep-
’)KaHMEeM B3BEIIEHHBIX BEIeCTB B IEPUOJ] OTKPHITOU
Boanl 2.1 * 1.0 mr/x (Galakhina et al., 2022). 3umoii,
10 pe3yJibTaTaM TeKYI[ero WCCJIe/I0BaHuUs, UX KOHIIEeH-
Tpanusa cocrasisaaa B cpegHem 0.3 + 0.4 mr/i.

B mepuop JiemoctaBa KOHIIEHTpAIMA OOIIETO
azora cocrasyana B cpeagdem 0.37 = 0.02 mr/m, a
HutpatoB — 0.16 = 0.02 Mr/ma, 4To 3HAQYUTEJIBHO
BBIlle, YeM B pApyrue ce3oHsl (Puc. 3). OTo sBjsA-
eTcsi 3aKOHOMEDHBIM, IIOCKOJIBKY B BereTal[MOHHBIN
Nepuoj| B pe3ysibTaTe aKTUBHOro mnotpebienus NO,
(PUTOIJIAHKTOHOM U OAaKTEPUAMHU MX KOHIIEHTpaIys B
OHEeXCKOM O3epe MOCTENEeHHO CHUXAeTCs OT BECHBI K
ocenu (CabpuiuHa 1 PeikakoB, 2018). CTOUT OTMETHUTb,
YTO B COCTaBe OOIIETO a30Ta MpeBaJINPyeT ero OpraHu-
yeckas ¢opma (Puc. 3), 4TO B I[eJIOM XapaKTEPHO IJIs
BoAgHbIX 00BekTOB Kapemuu. CofepxaHue KpeMHUA
B BoJle cocTasjsio B cpegHeM 0.67 + 0.13 mr/ia. B
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Puc.3. Pacnpenenenue ¢opm asora B Boje Kimokckux
mxep OHEXCKOro osepa.

nepuo]] OTKpeITod Bomabl 2019-2020 rr. (Galakhina et
al., 2022) u sumoii 2025 r.

CopepxaHrue OpPraHUYEeCKOro BelecTBa B BOJIE
Kmxcknx mxep ObUIO HM3KUM M €J1ab0O OTJIMYAIOCh
Ha pPa3JINYHBIX CTAHIMAX, YTO MOATBEPXIAETCA KakK
npAMBIM  onpefeniennem C, (B cpennem 6.5 = 0.2
MTI/JI), TaK U ITI0 KOCBEHHBIM ITOKa3aTeJIsAM (I[BETHOCTb —
33 = 3rpaxa., XIIK-18.4 = 0.9 mrO/n, I[10-6.7 = 0.6
mrO/mn). Ucxoas u3 3TOro, BOJBI MCCJIEAYEMOIO pau-
OHAa oO3epa COIJIACHO TeOXMMHYECKOH Kjaccuduka-
uu (JIo30BuK, 2013) OTHOCUJTUCH K OJIUTOTYMYCHBIM.
3unavenus BIIK, Bapbuposanu B npefesnax 0.10-0.61 mr
0,/7, 4TO XapakTepHO [JIA 3UMHErO Neproja B yCJIo-
BUSAX MPAKTUUYECKU MOJTHOTO OTCYTCTBUSA MPOIYI[UPOBA-
HUA JIETKOOKUCJIIEMOI'0 OPraHNYEeCKOro BellecTBa. JTO
TaKXe CBUJIETEJIbCTBYET 00 OTCYTCTBUU AHTPOIOTEH-
HOI Harpy3KU B JaHHOM palioHe o3epa.

KoHreHTpanum >ejie3a W MapraHiia B BOJIE
Kmxcknx 1mxep 3UMON COCTaBJSJIM B CpPeJIHEM
0.07 = 0.02u 0.01 = 0.005 Mr/J1 COOTBETCTBEHHO, YTO
He npesbimaso IIJIK asa pblO0X03AHCTBEHHBIX BOJIO-
emoB (HopmatuBel KavecTBa..., 2016). [ToBbIIIeHHBIE
KOHI[eHTPAaLUH 3TUX METAJIJIOB BCTPEUYAIOTCS B MEPUOJ
OTKPBITON BOJIBI U, Kak W B cjyuyae ¢ docdopom, 310
MoOXeT ObITh O0YCJIOBJIEHO B3BEIIEHHOW uX (HOpPMOM
3a cueT B3MYYMBAHUSA JIOHHBIX OCAKOB, BBI3BAaHHBIX
WHTEHCUBHBIM CYJIOXOJICTBOM B 3TOM paliOHe o3epa.
Copepxanue HedtenpoayktoB u CIIAB Takxe He
npeseimasio ITJIK, B cpeiHeM Ha HUX NPUXOAWJIOCH
0.04 = 0.03 u 0.01 = 0.01 Mr/n cooTBeTCTBEHHO. B
ciiydyae HedTeNpOAYKTOB 3TO CBS3aHO C OTCYTCTBUEM
TPAHCIIOPTHOU HAarpy3Ku B MEPUO[T JIeJJOCTABA.

3.2. baKTepHONAAHKTOH

bakTepHOIlIaHKTOH pacnpefesieH PaBHOMEPHO
B moAjieJHOM cJioe BOAbl Kixckux mixep. OOmjas uuc-
JIeHHOCTh OakTepuii, ux 6romMacca u cpeiHre 00beMBI
KJIETOK XapaKTepU3ylTCA HeOOJbIIMMHN BeJMYMHAMU
(Tabsuma 1).

OTMeueHO, YTO B MOAJIEOHBINI Iepuof Ccpen-
HUe 00beMbl KJIETOK U o0Iias YncjIeHHOCTh GakTepuit
ObUTH BABOE MeHbllle, a broMacca 6akTepuii — B 4 pasa
MeHbIlle, YeM B JjieTHuil nepuop (Makarova, 2025).
Henapamerpuueckuil aHaiu3 ¢ npumeHeHreM U-Kpu-
Tepusa MaHHa — YUTHU IIOKasajl CTaTUCTUYECKU 3Ha-
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yumMmble (p < 0.05) pa3nuuus Mexny JIETHUMHU U 3UM-
HUMM TIOKa3aTesisIMU oOIIel 4ncJIeHHOCTU OaKTepui,
O6axTepuasibHOM OHoOMacchl U cpefgHero obobema Kjie-
TOK. DTO CBA3aHO, IJIaBHBIM 00pa3oM, ¢ orpaHn4YeHreM
MIOCTYIJIEHUA OpraHWYeCKUX Bel[eCTB C MpUOpeXHBIX
Teppuropuil. U3BecTHO, 4TO 06beM KJIETOK, a CJIe[lo-
BaTeJIbHO, U 0uomacca, 3aBUCAT OT HaJIWuus OpraHu-
YeCcKUX BellecTB U 0MOreHHBIX ayieMeHTOB ([ToTtaeHko,
1979), KoTOpBIEe B 3UMHUI MepUOJ CHUXAIT CBOI0 KOH-
HeHTpanuio. Tawke pAn GakToOpoB, TaKUX KaK HU3KHe
TeMmnepaTyphl BOJHI, cjaboe nepeMenyBaHue BOJHBIX
Macc 4 OTCyTCTBHE IIPAMOIO BJIUAHUA aHTPOIIOr€HHOI0
dakropa, orpaHHuYMBAIOT pa3BUTHe OaKTepHil B 3UM-
HUI IepUoS.

Knacc xadectBa Boabl Kuxckux Imixep B HOJ-
JIleJHOM TOpH30HTE COOTBETCTBYEeT YHCTHIM BOAAM.
CornacHo (KombutoB u Kocosanos, 2007) ydacTok
akBaropuu Bo3Jsie 0. Kuxu mo cpegHUM 3HaYeHUAM
o0BbeMa KJIeTOK, ux 6romacce 1 4MCIeHHOCTH XapaKTe-
pHU3yeTcs Kak OJIMTOTPOQHBII.

3.3. Xnopoduan a U GUTONNAHKTOH

PesynbTaThl HcciieqoBaHUA IOKa3zajd, 4YTO B
deBpase 2025 r. cogepxaHue XJI @ B IOJIJIeJHOI BoJe
patioHa Kmxckux mxep OHeXCKOro o3epa M3MeHsJ10Ch
oT 0.85 go 0.33 MKr/a B MOBEpXHOCTHOM T'OPHU3OHTE
u ot 0.42 mo 0.19 Mxr/n B npugoHHOM. HauboJibiiee
3HaueHHe OOHapyXeHO Ha cTaHIUU Z1, a HauMeHblllee
Ha ctraHiuu ZW1. Ha Bcex cTaHIIUAX HaOII00eHUs, TAe
oTOOp NpoO NMPOU3BOAUJICS Ha HECKOJIbKUX TOPU30H-
TaxX, HabJIOAasIoch yMeHbllleHre KOHIEHTpaluy Iur-
MeHTa OT MOBEePXHOCTU KO AHY. Hemapamerpuueckuii
aHanu3 ¢ npumeHeHueM U-xpurtepus MaHHa — YUTHU
rnokasaj craTtuctuyecku 3Hauumele (p < 0.05) pas-
JIUYUA MeXxIy I[oKaszaTe/sIMU MOoJJeqHOro (moBepx-
HOCTHOTO) U NMPUAOHHOI'0 rOpru30HTOB. Ha ocHOoBaHUU
comocTaBjieHUsA JaHHbIX N0 XJI a U QUTONJIAHKTOHY
Takasg pasHULla MeXJy TOpPHU30HTaMU MOXET OBITh
obycJioBjeHa HayajJoM Bereranuul (GUTOIJIAHKTOHA.
CpenHee 3HaueHMe XJI a B MOJJIeqHBII IepHUO]] COCTa-
Buio 0.49 = 0.21 MKr/j, 4TO 3HAUUTEJIbHO HUXE YeM
MoJIy4eHHble 3HAaueHMs B NepUOJibl aKTHMBHOI Bererta-
uuy GUTOIUIAaHKTOHA — B cpefHeM 2.7 MKr/J1 ¢ 1965 no
2008 rr. (O3epa Kapenuu, 2013).

B 3umnuii nepuopg 2025 r. B BoAe MOJO JIbAOM
ObJI0 OOHapyXeHOo 36 BUIOB U BHYTPUBUOBBIX TaKCO-
HOB BoJIopocJiell u3 6 cucrteMaTuieckux rpynmn. [1o umc-
JIEHHOCTHU U Oromacce B OCHOBHOM IpeoOJiafjaiu Aua-
TOMOBHIe, TTpeuMyIecTBeHHO Aulacoseira islandica (O.
Miill.) Sim., HO Ha HEKOTOPHIX MyHKTax HaOJIOJeHUA
OTMeYeHO pa3BUTHe ITMaHOOaKTepUil U AUHOPUTOBBIX.
Ha cranuuu Z2 Bo3je mpuyaja BOJHOIO TPaHCIOPTa
10 YHCJIEHHOCTH [JOMHUHHPOBAaIM IHMaHOOAKTEpUU
Aphanocapsa elachista var. Elachista W. Et G. S. West.
Ha cranuuu Z4 pona 1uaHoGakrepuii Microcystis
aeruginosa (Kiitz.) Kiitz. cocrtaBuna 90% uncJieHHO-
CTU, HO OCHOBHOI BKJIaJ B (popMupoBaHUe GHOMacChl
(83%) mnpuHagexuT AuHOGUTOBBIM Parvodinium
inconspicuum (Lemm.) Carty. u Ceratium hirundinella
(Miill.) Duj. Ha Bcex cTraHumAax HabJ0IeHUsA, HECMO-
TpsA Ha WHTEHCHUBHYI0O Bereranui AOMUHAHTa OJIU-
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Ta6suna 1. [IpocTpaHcTBeHHOe pacupefesieHUe IOKa-
3aTeJsiell obuielt yrcaeHHocTH 6akTepuii (OUB), 6akTepuasib-
Hoil 6uomacce! (BB) u cpeagnero o6sema kitetok (Vep) B moa-
JenHoM ciioe Boasl Kmxcekux nmixep OHEXCKOro osepa

Crannuu | OYB, MJIH KJI. /MJ Vm, mkm® | BB, Mr/a
Z1 1.59 0.05 0.061
Z2 1.4 0.046 0.09
Z3 1.21 0.054 0.088
Z4 1.3 0.044 0.103
75 1.49 0.044 0.071

rorpodHoro nepuoma Aulacoseira islandica, oTmeueHO
pasBuTue nuaHobaktepuii (Anathece minutissima Kom.,
Kast. & Jezber. (2011), Oscillatoria planctonica Wolosz.,
Aphanizomenon flos-aquae (Linne) Ralfs), a Takxe xJj10-
POKOKKOBBEIX BOJOpOCJIell. 3HaueHUsA 4MCJIeHHOCTU U
6uomacchl NoAJIeAHOro (GUTONJIAHKTOHA HAaXOAWJINChH
B npepesax ot 172 po 1272 teic. ki/n1 u ot 0.12 go
0.54 mr/n coorBeTcTBeHHO. HecMoTpA Ha wu3aMeHe-
HHe CTPYKTYpH (UTOlLleHO3a B cpaBHeHHU c OoJiee
paHHUMM HabmogeHusaMu (BucnsHckas u ap., 1999;
Ozepa Kapenuwu, 2013; Smirnova, 2025), no ypoBHIO
pa3BUTHA (PUTOIIAHKTOHA M KOHIEeHTpanuu XJ a B
3MMHUH [Tepuo/ uccjieJoBaHUN BoJa U3y4aeMoro paii-
oHa OHEXCKOro o3epa MMeeT OJIMIoTpOdHEBIN cTaTyc
(Kuraes, 2007), xauecTBO BOJIbI COOTBETCTBYET YMCTHIM
BojiaM (Okcurok u Ap., 1993).

3.4. 300NNAaHKTOH

3uMOIi OCHOBY 300ILUIAaHKTOHA COCTaBJIANU
Eudiaptomus gracilis (Sars, 1863), Kellicottia longispina
(Kellicott, 1879), Asplanchn apriodonta Gosse, 1850,
BuAbl pomoB Conochilus, Synchaeta. BeTBUCTOyCHIE
pauky BCTpeyanuch equHUYHO — Daphnia (D.) cristata
(Sars, 1862) u Bosmina longispina Leydig, 1860. Takxe
ObUIM OTMedYeHHl crapiive Konenoguthl Thermocyclops
oithonoides (Sars 1863) B fuamnay3se B IPUIOHHBIX CJIOSX.
B3pocsible o0cobu  rIANUAasbHO-MOPCKOTO  pejHKTa
Limnocalanus macrurus Sars, 1863 He oOGHapyXeHHI,
OTMeueHbl TOJIbKO HAyIJINyChl pauyka, YMCJIEHHOCThb
KoTophix mocturasia 150 sk3./m3. PaHee ObUIO MOKa-
3aHO, uyTo B OHeXCKOM o3epe L. macrurus BCTpedaeTcs
KpyIJIOTOAWYHO, 3UMOI pa3MHOXaeTcsi W ABJIAeTCA
OAHVM K3 OCHOBHBIX BHJOB IUIaHKTOHA. [loAo Jibaom
HayIJINyChl cOCpeloToYeHH! B cjoe 0-10 M, B3pocible
PpauKy KOHLIEHTPUPYIOTcA B cJjioe Hike 15 M (DomuHa 1
Cspku, 2022). BepoAaTHO, CKOILIEHUS B3POCJIBIX 0co0el
L. macrurus pacnojyaraioTcs B 60Jiee IrTyOOKMX 4acTAX
pationa Kmxckue Hixepsl.

B nmopjienHoOM 300ILTaHKTOHe paiioHa Kibkckux
mxep npeobsagaayu KOJOBPATKH, YTO He XapaKTepHO
JUIA 3UMHero coobmectBa OHEXCKOro o3epa, OOBIYHO
cocTosAlero M3 KajaHoug u -nukionoun (Kysankosa
u ap., 1997; Capku u ®omuna, 2017). YpenuueHue
KOJINYeCTBa KOJIOBPAaTOK CBA3aHO C HeOOJIBIIMMU TJTy-
O6uHaMu B palioHe ucciefoBaHuA. Tak, Ha MeJIKOBO-
JHBIX CTAHLUAX JOJIA BECJOHOIMX PayKoB COCTaBJIsAIa
B cpefHeM 13% mo uuciaeHHocTU U 21% mo 6uomacce,
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Ha OoJstee riybokoii craHnuu (riaybuHa 9 m) — 21% u
44% cooTtBeTcTBeHHO. Hanpumep, Ha [leTpo3aBoackoit
ry6e (ryiyouna 30 M) YUCJIEHHOCTh BECJIOHOTHUX PAayKOB
cocrasJisna 91%, 6uomacca — 98% (Csapku u domMuHa,
2017).

B cBA3u ¢ HeOJIAronpuATHBIMU YCJIOBUAMU AJIA
’KU3HU IUIaHKTOHA B 3UMHUI epuoj (HuU3Kas TeMIiepa-
typa (Puc. 2), oTcyTCcTBHE CBeTa U KOpMa) KOJIMUYeCTBO
300IJIaHKTOHA KpaiiHe MaJIOYMCJIeHHO. YMCJIeHHOCThb
BapbupoBasa ot 0.16 o 1.62 Thic. 3k3./M3, a Gruomacca
— ot 0.001 mo 0.012 r/m3. CorsyacHo kjaccudukanuu
C.I1. Kuraesa (2007) no mokasaTejigsM OMOMAacchl 300-
IJIAaHKTOHA, ypoBeHb Tpoduu palioHa HcciieJoBaHUA
COOTBETCTBYET YJIbTPAOJIUIOTPOPHOMY.

3.5. Makpo3006enHTOC

PesysibpTaThl HcCClIeIOBaHUA I[OKa3aM, YTO
MakKpo3000eHTOC JOCTAaTOYHO pa3HooOpaszeH U Ipef-
CTaBjieH OCHOBHBIMM TIpynmnaM{ [JOHHBIX Oecro3Bo-
HOYHBIX. B cocTaBe naeHTH(UIMPOBAHO 5 IPyII pas-
JIMYHOrO0 TaKCOHOMMYECKOr0 paHra, OCHOBY KOTOPBIX
COCTaBJIAIOT (HOPMBI, IKUPOKO paclpocTpaHeHHble KaK
B IIpUOPEXHOM MeJKOBOAbe O3epa B I[eJIOM, TaK U B
6oabmnHcTBe BojioeMoB CeBepo-3amaga. HaubGosee
pacrnpocTpaHeHHBIMHA ¥ MHOT'OYKCJIEHHBIMU Tpynnamu
B Te4yeHNe [epyrojia UCCIeJOBaHUA ABJIUINCH JINUUHKA
xupoHomuy Chironomidae (100% BcTpeyaeMOCTH),
MaJtomeTuHKoBbie yepBu Oligochaeta (80% BcTpeua-
€MOCTH) Y JIMYMHKU aM(pUOMOTUYECKUX HaCeKOMBIX
— nonenku Ephemeroptera (100% BcTpedaemMocTu) u
BoJisAHBIEe Kiemu Hydracarina (50% BcTpedaemocTu). B
MeHee 4YeM B MOJIOBMHE IIpoO ObLIM 0O6HapyXeHBI [BY-
cTBOpYaThe MoJUTIOCKH Bivalvia (30% BcTpeuaeMocTH).
YucieHHOCTh Makpo3oobeHToca Bapbuposasa ot 0.04
o 3.62 Thic. 3Kk3./M? u 6uomacca ot 0.2 go 6.1 r/m>2
MakcumanbHaa Ouomacca OTMedYeHa Ha CTaHIUU
Z5 u 73, B OCHOBHOM 3a CYeT KDPYIHBIX 3BPHUOHUOHT-
HBIX 3K3eMIUIIPOB JINYMHOK xXxupoHomup Chironomus
plumosus. Tlo knaccudukaruu C.I1. Kutaesa (2007) Ha
OCcHOBe OroMacchl OeHTOca, COCTOsHNe palioHa ucciie-
JI0BaHusA XapakTepusyeTcsd OT Q-OJIUTOTPOGHOro A0
-me3oTpodHOrO. BaxkHO OTMETHUTH, YTO paKOOOpa3HbIe
Amphipoda He 6pUTH OOHapyXeHBL. BOKOILJIaBH CIIO-
COOHBI K MUTpalyaM, TJIANUAIbHBIN pesukT Monoporea
affinis (Lindstrom 1855) oTHocHTCA K XOJIOAOJIIOOU-
BBIM OKCH(UJIBHBIM BHJAM, ONTUMYMOM [AJiA KOTOPBIX
AIBJIAIOTCA TeMmepaTypa 6-12 °C u BBICOKOe cojiepxa-
HUe kucjopofa B Boje (80-100 %) (Kpynnetimue...,
2015). BeposiTHO, BO BpeMs [aHHBIX MCCJIeJOBaHUN
padok M. affinis MUTrpUpPOBaJI B ONTHMAaJIbHEIE YCIIOBUA
CyIlleCTBOBaHUA.

4. BoiBOADI

Bl'[epBbIe IMpOBEAEHO HCcCIeAoOBaHHE COCTO-
AHUA BO,I[HOﬁ DKOCHUCTEMBI paﬁOHa Knxckux mrxep
OHeXCKoro o3epa 1o rutApoXuMHUYECKUM U1 FI/I,I[pOGI/IO-
JIOTMYECKM IIoOKa3aTeJIAM B HO,Z[J'IeI[HbIﬁ nepuo. B
pe3yJjibTaTe YyCTaHOBJIEHO, YTO BOJla B HIXEpax Xapak-
TEpU3YyETCA HU3KOH MHHepaﬂI/ISaI_[Heﬁ N HEBBICOKHMM
CoAEepXXaHMEM OpraHUYECKHNX BeEIIECTB. B 3umHuMi
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nepuoj KoHLeHTpauusa ¢ocdopa oOIIero cocrassiaia
B cpefHeM 7 MKT/J, YTO COOTBETCTBYET OJIMTOTPO(-
HeIM Tunam Boj. CofepXaHue Xeje3a, MapraHia u
sarpsasHsAmux BemlecTB (HedTenmpoayktel u CIIAB)
He mpessimasio [IJIK s peib0X03sCTBEHHBIX BOJj0e-
MoB. TakuM o6pa3oM, oJTyueHHbIe JaHHbIE CBU/IeTETb-
CTBYIOT O XOpOIlleM KauecTBe BOJBI B HCCJIEJOBAHHOM
patioHe OHeXCKOTo o3epa.

[To nokazaresiam 6akTepro- U GUTONJIAHKTOHA U
coflepXaHUI0 xJiopoduslia a KauecTBO BOAbl KikcKux
mxep B 3UMHUN @EpUOJl COOTBETCTBYeT UHCTHIM
BoJlaM. B 1fesioMm, HeGJiaronpuATHBIE YCJIOBUS B 3UM-
HUl nepuo (HU3Kas TeMIiepaTypa, OTCYTCTBUE CBETa,
MUTaTeJbHbIX BellecTB U Kopma) (popMUPYIOT Majio-
YylcJIeHHOe I[UIQaHKTOHHOe coobulecTBo (6akTepuo-,
$uTo-, 300IJIAHKTOHA), YTO XapaKTepu3yeT Hccjeqye-
MBII yyacTKax parioHa Kixckux mxep Kak oJIMroTpod-
HbIll. OgHAKo cooblijecTBa MakKpo3oobeHToca Ha OoJiee
rJIyOOKUX CTAaHOUAX Z3 U Z5 CBUIETEIBCTBYIOT O [3-Me-
3oTpodun. B coobiiecTBe Makpo3006eHTOCa IJIANMATb-
HBIN pesukT Monoporea affinis oGHapyxeH He ObLI.
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