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ABSTRACT. In summer 2023 the size and morphological structure of bacterioplankton, quantitative
indicators of ecological-trophic groups of bacteria and total coliform bacteria were determined in the
area of Kizhi Island a water body of Lake Onego. The morphological structure of the cells was dominated
by bacilliform bacteria, indicating the presence of easily mineralizable organic matter (OM). The total
bacteria abundance, heterotrophic and saprophytic groups of bacterioplankton confirmed the increased
content of easily mineralizable OM in the area of Kizhi skerries. The development of phenol-oxidizing
and hydrocarbon-oxidizing bacteria revealed water pollution with phenolic compounds and oil products.
High indicators of total coliform bacteria indicated the presence of opportunistic microorganisms, the
number of which almost everywhere exceeded the norms for waterbodies of recreational use. The most
polluted area of Kizhi skerries is the western part, characterized by active shipping and low water

exchange.
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1. Introduction

The Kizhi State Nature Reserve is a specially
protected natural territory of federal significance, with
an area of 50,000 ha (State Report..., 2023). The State
Historical, Architectural and Ethnographic Museum-
Reserve “Kizhi” unites 68 architectural monuments on
Kizhi Island. The pearl of the island is undoubtedly the
ensemble of the Kizhi Pogost. (Lake Onego..., 2010)
(Fig. 1) which became one of the first three Russian
sites on UNESCO World Cultural Heritage List in 1990.

In 2022, more than 360 thousand tourists from
Russia and foreign countries visited the Kizhi Museum-
Reserve. The lake water area in area the Kizhi skerries
experiences a large anthropogenic load due to a water
transportation, and also serves as a receiver of domes-
tic sewage from the territory of the museum-reserve
and runoff from agricultural lands (Protasov, 1999,
Report..., 2023).

The aquatic community of Kizhi skerries are
formed under the influence of ecological conditions,
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which are determined by the landscape features of the
area that distinguish it from other parts of Lake Onego.
Biota development occurs here under conditions of rap-
idly warming shallow water, often with well-developed
macrophytes, weak water exchange with open areas of
the lake and significant influence of terrigenous run-
off. These prerequisites predetermine the formation of
plankton communities with individual characteristics
developed in the process of natural limnogenesis. This
area of the lake is differ by an increased level of tro-
phic state (Tekanova et al., 2023) which is showed in
the imbalance of production and destruction processes
and is accompanied by enrichment of the ecosystem
with organic matter. Therefore structural and quanti-
tative reorganizations of all biota links occure in this
unique area of Lake Onego (Vislyanskaya et al., 1999).
One of the important components of biomonitoring of
aquatic ecosystems is the ecological and sanitary water
quality assessment, where bacteria play an important
role. Quantitative indicators of bacterioplankton and
its size-morphological structure depend both on natu-

© Author(s) 2025. This work is distributed
under the Creative Commons Attribution-
NonCommercial 4.0 International License.


https://www.doi.org/10.31951/2658-3518-2025-A-1-52
mailto:emm777@bk.ru

Makarova E.M. / Limnology and Freshwater Biology 2025 (1): 52-67

Fig.1. Ensemble of the Kizhi Pogost.

ral water properties of waterbodies and on introduced
pollution from the adjacent territory. Microorganisms
take part in self-purification of waterbodies and serve
as indicators of organic matter (OM) pollution. Bacteria
react faster than other ecosystem components to minor
changes in environmental conditions because of high
metabolic rate.

The aim of the work is to assess the water quality
of the Kizhi skerries of Lake Onego by bacterioplankton
indicators.

2. Materials and methods of research
2.1. Object of the study

The chemical composition of the water of the
Kizhi Skerries is similar to the central deep-water part
of the Lake Onego in most chemical indicators, and is
characterized by a low content of nutrients (Galakhina
et al., 2022) (Table 1). Despite the fact that in recent
decades there have been decreases in total phosphorus,
nitrates and easily mineralized OM, determined by the
BOD, value, there is a tendency towards an increase in
water color and Fe  as a result of the increasing influ-
ence of the catchment area (Galakhina et al., 2022).
Every year, water is polluted with oil products, the con-
tent of which can exceed the MAC for fishery waters by
3-12 once (Protasov, 1999; Sabylina, 1999; Sabylina et
al., 2012).

The impact of cesspools, toilets and baths located
along the shores of the islands within a radius of 10 km
from Kizhi Island on the territory of the protected area
of the Kizhi Museum-Reserve is noted (Protasov, 1999).

2.2. Sampling

Water samples were taken in July 2023 at 5
stations near Kizhi Island (Fig. 2). A total of 12 water
samples were collected. The stations differed on depth
and degree of anthropogenic load. Depth of stations:
st.Z1-5.8m,st. Z2-5.7m, st. Z3-10m, st. Z4 - 7.4 m,
st. Z5 — 8.5 m. The greatest anthropogenic load is
characteristic of stations Z1, Z2 and Z4, with stag-
nant conditions: low water exchange, shallow depths,
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active navigation, more intense heating of water, and
the presence of bed macrophyte. Water samples were
taken from surface and bottom horizons. At deep sta-
tions (stations Z3, Z5) additional samples were taken at
the depth of transparency (3.5 m). Water temperature
during the sampling period at the stations varied from
12° to 18°C (Fig. 3).

2.3. Methods for microbiological analysis

Linear cell size, average cell volumes and bac-
terial biomass were determined only in samples from
surface layers. Total bacterial abundance (TBA), abun-
dance of ecological-trophic groups of bacterioplankton:
heterotrophic (HB) and saprophytic bacteria (SB), phe-
nol-oxidizing (POB) and hydrocarbon-oxidizing (HOB)
bacteria was determined in all samples. Presence of
opportunistic microorganisms were observed by total
coliform bacteria (TCB) and total microbial count
(TMCQ).

Lo

Fig.2. Bacterioplankton sampling scheme in summer

2023.
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Table 1. Water chemical characteristics of the Kizhi skerries of Lake Onego area

Characteristics Values of indicators Reference
Color, mg Pt-Co/L 34 Zobkov et al., 2022
pH 7.3 Galakhina et al., 2022
COD,, , mg O/L 6.3
Zobkov et al., 2022
COD_., mg O/L 17.6
BOD,, mg O,/L 0.7
Galakhina et al., 2022
TN, mg/L 0.25
NO,-N, mg/L <0.001
Zobkov et al., 2022
NO,-N, mg/L 0.05
NH,-N, mg/L 0.014 Galakhina et al., 2022
TP, ug P/L 9
IP, ug P/L <2 Zobkov et al., 2022
Fe , mg/L 0.09
0il products, mg/L 0.5 Sabylina et al., 2012

Note. COD,, - chemical oxygen demand with permanganate as the oxidant; COD_ — chemical oxygen demand with dichro-

mate as the oxidant; BOD, — biological oxygen demand in 5 days; TN - total nitrogen; TP — total phosphorus; IP — inorganic

phosphorus.

Total bacterial abundance was determined by
direct counting on black polycarbonate track mem-
branes (me = 0.2 um) by Whatman on a fluorescent
microscope MIKMED-2 (magnification X 1600) with
preliminary staining of cells with acridine orange
(Handbook..., 1993). Cell sizes were measured using
the computer program MultiMedia Catalog (MMC),
which has the ability to calibrate the scale. The aver-
age cell volume (V_) was calculated as the volume of
stereometric figures matching their shape (Krambeck
et al., 1981; Kuznetsov and Dubinina, 1989). Bacterial
biomass (BB) was calculated as the product of the mean
bacterial cell volume and total bacterial abundance
(Kuznetsov and Dubinina, 1989).

Saprophytic bacteria (SB) were grown on con-
centrated production fish-peptone agar (FPA) at 22°C
during 10 days. Heterotrophic bacteria (HB) were
sown on FPA:10 (FPA diluted 10 times) and cultured
for 10 days at 22°C (Kuznetsov and Dubinina, 1989).
The number of phenol-oxidizing bacteria (POB) was
determined on mineralized medium with phenol addi-
tion (Kuznetsov and Dubinina, 1989). Hydrocarbon-
oxidizing bacteria (HOB) were grown on specialized
Voroshilova-Dianova medium with addition of puri-
fied Difco agar. Before sowing, TVIN-80 and fuel oil
were added to the sterile molten medium as an emul-
sifier of solar oil (Kuznetsov and Dubinina, 1989). The
total microbial count (TMC) or the number of bacteria
capable of multiplying in warm-blooded animals and
humans was incubated on FPA medium for 24 h at 37°C
(Methodological guidelines 4.2.1884-04). Platings was
carried out by the depth method.

Water samples were filtered through membrane
filters (D . = 0.45 um) for the determination of total
coliform EE>acteria (TCB). Colonies were grown on filters
placed on agarized Endo medium at 37°C for 24 hr.
After incubation, the cytochrome oxidase test was per-
formed, TCB was counted based on a negative oxidase
test (Methodological guidelines 4.2.1884-04).
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2.4. Assessment of water quality by
microbiological indicators

For the saprobiological assessment of the water
of the Kizhi skerries, the V.I. Romanenko scale was used
(the ratio of SB/ TBA,%) (Romanenko, 1985; Dzyuban,
2000): < 0.003 - especially clean; 0.003-0.03 - clean;
0.03-0.1 - slightly polluted; 0.1-0.3 — polluted; 0.3-3.0
—dirty; > 3.0 — especially dirty. The water quality class
was assessed according to the complex ecological clas-
sification of terrestrial surface water quality according
to the indicators of TBA, SB and TCB (Table 2) (Oksiyuk
et al., 1993).

For correct assessment of water quality by indi-
cators of total bacterioplankton abundance according
to the scale of V.I. Romanenko (1985) and the classi-
fication proposed by O.P. Oksiyuk et al. (1993) (light
microscopy with cell staining with erythrosine), a coef-
ficient of 2.06 was used to convert to a new method
(epifluorescence microscopy with cell staining with
acridine orange) (Makarova et al., 2022).
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Fig.3. Water temperature at the stations during the sam-
pling period.
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Table 2. Assessment of the ecological state of water based on microbiological indicators (Oksiyuk et al., 1993)

Indicators Water quality classes
1 2 3 4 5
extremely clean clean satisfactory cleanliness polluted dirty
TBA, -10° cells/ml < 0.3 0.3-1,5 1.6-5.0 5.1-10.0 >10.1
SB, -10° CFU/ml < 0.1 0.1-1.0 1.1-5.0 5.1-10.0 >10.1
TCB, -10° CFU/L < 0.003 0.003-2.0 2.1-10.0 11.0-100.0 >101.0

The intensity of self-purification processes was
estimated by the ratio of saprophytic bacteria and total
microbial count (SB/TMC) - self-purification coeffi-
cient (Csp) (Methodological guidelines 4.2.1884-04).
C,, below the critical level of 4 indicates the presence
of opportunistic microorganisms, as well as low rates
of self-purification in various parts of the waterbody
(Methodological guidelines 4.2.1884-04). The degree of
pollution of lake water by oil compounds was assessed
by the number of HOB, which, when exceeding 5%
of the SB, indicates water pollution by oil products
(Razumov and Korsh, 1960). The degree of lake water
pollution by phenolic compounds was assessed accord-
ing to the classification of fresh water quality by phe-
nol-oxidizing bacteria (POB) development (Vinogradov
et al., 2001).

Weighted averages of total bacteria abundance
and abundance of ecological-trophic groups of bacte-
rioplankton in the water column were used to correctly
compare stations with different depths.

2.5. Statistical analysis

Samples were compared using the nonparametric
Mann-Whitney U test. When comparing the obtained
data with the data of previous studies, the confidence
range (tm) and the range of variation (min-max) were
determined. Statistical data processing was performed
in the licensed package Statictica Advanced 10 for
WindowsRu.

3. Results and discussion

The morphological structure of bacterioplankton
is often used in assessing the quality of waterbodies. It
is known that bacterial bacilliforms are an active com-
ponent of the bacterial community (Rumyantseva and
Kosolapov, 2015; Kuznetsova, 2017; Kuznetsova et al.,
2020).

The morphological composition of bacterioplank-
ton of the Kizhi skerries was characterized by the preva-
lence of bacilliform forms, which indicates the presence
of organic matters (OM) of different nature and their
destruction, indicating the intensive of self-purifica-
tion processes at the studied stations (Razumov, 1962;
Shornikova, 2008; Khmelevskaya, 2013; Tokinova et
al., 2014; Bogdanova, 2015).

The size structure of the bacterial community
allows us to assess its functional state. Small cocci
(0.2-0.35 um) and large bacilli (> 2 um) with inten-
sive metabolism (Kuznetsova, 2017; Kuznetsova et al.,
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2020) had a larger share in the bacteriocoenosis at
stations Z2 and Z3 (total 10% and 15%, respectively)
(Fig. 4), which indicates a more active consumption
of organic matter from the surrounding aquatic envi-
ronment by bacterioplankton and self-purification
processes. Medium-sized cocci (0.35-0.45 pm), hav-
ing slower metabolic rates compared to small cocci
(Kuznetsova et al., 2020), had the highest proportion
on st. Z4. The least active components of the bacterial
community, large cocci (0.45-0.8 pm) and small bacilli
(< 2 pm) (Kuznetsova, 2017), were characteristic of st.
Z1 and st. Z5 (total 83% and 81, respectively) (Fig. 4).

In general, the size-morphological structure of
bacterioplankton indicates a faster self-purification
process at st. Z2 and st. Z3 compared to other stations
of the Kizhi skerries.

The average cell volume was comparable at all
studied areas of the Kizhi skerries (Table 3). The TBA in
the water surface varied insignificantly (the difference
between the minimum and maximum values was less
than 1.5 times). The distribution of bacterial biomass
(BB) on the water surface mainly depends on the distri-
bution of TBA, however, at stations Z1 and Z3 — on the
changesinV_.

The mean values of total bacterial abundance
(TBA) in the water column near Kizhi Island varied
within narrow ranges with maximum values at st. Z2.
(Table 4). High numbers of heterotrophic bacteria
(HB), which are the dominant group in microbocenoses
due to their ability to grow at high rates at low concen-
trations of organic matter, were observed at all studied
stations. The greatest HB development is characteristic
of the western coast of Kizhi Island - st. Z1 and st. Z2
(Table 4).

Average numbers of saprophytes bacteria (SB) in
the water column witness about increased concentra-
tions of OM at st. Z1. SB have maximum values about

Table 3. Spatial distribution in the water surface layer of
total bacterial abundance (TBA), bacterial biomass (BB) and
average cell volume (V_) in water of Kizhi skerries of Lake
Onego.

Stations | TBA, min cells/ml V_, pm? BB, mg/L
71 2.75 0.092 0.332
72 3.49 0.068 0.292
Z3 2.62 0.093 0.330
Z4 3.74 0.091 0.474
75 3.33 0.083 0.364
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Fig.4. Share of different size-morphological groups in bacterioplankton of Kizhi skerries of Lake Onego.

here. Self-purification coefficient (CSP) — SB/TMC ratio,
below the limit value of 4, indicates the incomplete-
ness of self-purification processes on the southwestern
coast of Kizhi Island (st. Z2) and the possible presence
of opportunistic microorganisms in this area (Table 4).
An important part of the research was the study
of opportunistic microorganisms by the total coliform
bacteria (TCB). The number of TCB this is evidenced
about fecal contamination of water and its safety for
recreational use. According to SanPiN 1.2.3685-21 the
number of TCB in recreational areas should not exceed
500 CFU/100 cm® The number of TCB exceeded the
critical value at the stations with lentic water and
active navigation: st. Z1, st. Z2, st. Z4 (Table 4).
According to the water quality scale of V.I
Romanenko (1985), the water at st. Z3 was “clean” and
at the rest of the Kizhi Island water area — “slightly
polluted”. In accordance with the complex ecological
classification of surface water quality (Oksiyuk et al.,
1993), on indicators of TBA, SB and TCB, water at st. Z3
corresponded to quality class 2 — “clean waters”, water
at other stations of the Kizhi skerries corresponded to
quality class 3 — waters of “satisfactory cleanliness”.
Indicators of water pollution by phenolic com-
pounds are phenol-oxidizing bacteria (POB), whose
abundance characterized all studied areas of the Kizhi

skerries as “satisfactorily cleanliness” (3-rd quality
class) according to the freshwater quality classification
(Vinogradov et al., 2001).

The presence of petroleum hydrocarbons is char-
acteristic for the entire Kizhi skerries area due to active
shipping, which causes the development of hydrocar-
bon-oxidizing bacteria. It is considered that the abun-
dance of HOB exceeding 5% of the SB is indicative of
water pollution by oil products (Razumov and Korsh,
1960).Thus, on average proportion of HOB from the
abundance of SB was the lowest on stations Z4 and Z5
(6% and 8%, respectively), while on st. Z1 their propor-
tion was 31%, on st. Z2 — 12%, on st. Z3 — 46%, indi-
cating the pollution of the western and eastern coasts
of Kizhi Island by oil hydrocarbons. It is interesting that
st. Z3 was characterized as a clean site on indicators
of TBA, SB, TCB and TMC indicators. However, num-
bers of HOB characterized water quality as opposite.
Perhaps raising the HOB at st. Z3 is important due to
the intensive movement of small vessels operating on
tourist routes around Kizhi Island.

In general, the development of ecological-tro-
phic groups of the bacterioplankton community near
Kizhi Island was uneven. The greatest development of
bacterioplankton was typical of stations with low water
exchange (stations Z1, Z2 and Z4).

Table 4. Microbiological characterization of waters of the Kizhi skerries (weighted average values in the water column), and

water quality according to various indicators

Stations | TBA HB | sB | poB | HOB | T™MC TCB . | SB/TBA,% | Quality class
min cells/ CFU/ml CFU/100 (Otsitls st ell,
o e 1993)
71 2.30 3639 | 1187 | 559 | 326 | 119 860 5 0.11 3
2 3.14 2746 | 699 | 325 | 99 | 208 2580 1 0.05 3
Z3 2.13 1063 | 333 | 286 | 126 | 16 290 126 0.03 2
74 2.62 1411 | o912 | 127 | s0 | 116 804 4 0.07 3
Z5 2.79 1319 | 828 | 371 | 44 99 301 52 0.06 3

Note: TBA - total bacterial abundance; HB — heterotrophic bacteria; SB — saprophytic bacteria; POB — phenol-oxidizing bac-
teria; HOB - hydrocarbon-oxidizingbacteria; TMC - total microbial count; TCB - total coliform bacteria; Csp— self-purification
coefficient; The values of the TCB that exceed the standards of SanPiN 2.1.3685-21 are highlighted in bold.
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Nonparametric analysis of the Mann-Whitney
U-test revealed statistically significant differences in
the abundance of TCB between the skerry areas (st. Z1,
st. Z2, st. Z4) and open areas (st. Z3, st. Z5) of the Kizhi
Island. No statistically significant differences were
found in the abundance of other ecological-trophic
groups of bacterioplankton (Table 5).

The obtained 2023 data on TBA and abundance
of SB, HB, HOB and POB were compared with data
from the summer period (June-August) of previous
studies — 1994-2009 from stations Z1-Z4 from differ-
ent horizons (Syarki et al., 2015) (Table 6). Data anal-
ysis showed that at St. Z2 and St. Z4, TBA for 2023 is
outside the confidence range of previous studies, but
this increase in TBA is small. Changes in the abundance
of ecological-trophic groups of bacterioplankton were
noted to a greater extent. Thus, at st. Z1, the indicators
obtained in 2023 are out of the confidence range of the
values obtained for the period 1994-2009 (Table 6).
There is a slight increase in HB and HOB, and an order
of magnitude excess of SB and POB on st. Z1. Numbers
of SB and HB at st. Z2 and HB and HOB at st. Z3 are
slightly outside the confidence range of data from pre-
vious studies (Table 6). Also at st. Z3, an increase POB
on 2-4 times was observed compared to previous stud-
ies, and at st. Z4 there is an order of magnitude increase
in SB abundance.

The increase in the number of ecological-trophic
groups of bacterioplankton proves that over the last
15 years, the anthropogenic load near Kizhi Island has
increased due to the increase in tourism associated with
increased transport load.

4. Conclusions

In summer 2023 the studied skerry area of Lake
Onego was characterized by the presence of pollutions

Table 5. Significance levels of the Mann-Whitney U-test
between sampling stations in the skerry area (st. Z1, st. Z2,
st. Z4) and stations in the open part (st. Z3, st. Z5) of Kizhi
skerries of Lake Onego.

Indicators p-levels

TBA 0.337

SB 0.109

HB 0.109
TMC 0.055
HOB 0.631
POB 0.749
TCB 0.011

Note: * Shown in bold type are the loads of features with
a significant contribution (p < 0.05); TBA - total bacterial
abundance; SB — saprophytic bacteria; HB — heterotrophic
bacteria; HOB — hydrocarbon-oxidizingbacteria; POB — phe-
nol-oxidizing bacteria; TCB - total coliform bacteria.

with easily mineralizable OM, phenolic compounds and
petroleum products, as evidenced by high indices of the
number of ecological-trophic groups of bacterioplank-
ton.The size and morphological structure of bacteria
also confirms the presence of OM contamination by
water near Kizhi Island and its consumption by bacte-
ria. Sanitary and bacteriological condition of water by
microbiological specify indicate the presence of oppor-
tunistic microorganisms determined by the number of
TCB which almost universally were exceeded the norms
for waterbodies of recreational use.

The most polluted are the stations on the western
shore of Kizhi Island (stations Z1 and Z2), where slower
water exchange and better water heating are noted.
The cleanest part of water masses of Kizhi Island is st.
Z3 - open stretch with more intensive water exchange
with the central part of the lake.

Table 6. Bacterioplankton of the Kizhi skerries of Lake Onego in different periods of research

Indicators Research period St. Z1 St. Z2 St. Z3 St. Z4
TBA, 1994-2009 rr. 0.85-4.89 (H* 0.75-3.39 (9) 0.72-4.78 (11) 0.78-2.88 (4)
mln cells/ml 0-5.52 1.17-2.88 1.35-3.09 0-2.98
2023 . 2.62-3.30 (2) 3.42-3.74 (2) 2.37-2.75 (3) 3.14-3.33 (2)
SB, CFU/ml 1994-2009 rr. 98-644 (2) 114-2316 (8) 8-1576 (11) 190-401 (4)
0-845 0-1186 53-638 145-470
2023 . 1240-1820 (2) 154-1440 (2) 361-426 (3) 710-1540 (2)
HB, CFU/ml 1994-2009 rr. 338-775 (2) 277-3352 (4) 44-2520 (7) 215-1510 (3)
0-3334 0-3689 11-1594 0-2432
2023 . 3770-5610 (2) 980-5280 (2) 960-1640 (3) 1500-1980 (2)
HOB, CFU/ml 1994-2009 rr. 86-133 (2) 0-786 (5) 18-284 (7) 11-216 (4)
0-408 0-786 18-284 0-228
2023 . 221-620 (2) 14-211 (2) 69-371 (3) 52-72 (2)
POB, CFU/ml 1994-2009 rr. 8-12 (2) 70-1140 (4) 8-132 (6) 77-1264 (3)
0-35 0-1232 8-132 0-2158
2023 . 640-800 (2) 81-660 (2) 300-500 (3) 147-166 (2)
Note: * Mzn——Max(n) ; Bold - indicates values of indicators beyond of significant contribution (tm); TBA - total bacterial
tm

abundance; SB - saprophytic bacteria; HB — heterotrophic bacteria; HOB - hydrocarbon-oxidizingbacteria; POB — phenol-oxidiz-

ing bacteria.
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Compared to the previous study period, the sum-
mer 2023 was characterized by higher bacterioplank-
ton abundance due to the increment of tourist load con-
nected in increased shipping traffic.
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OueHkKka KauecTBa BOAbI B paioHe My3ef-
3anoBeAHUKa «Kmxun» (OHeXxxckoe o3epo)
no NnoKa3arenam 6aKrepMonAaHKTOHA 3a
AeTHUM nepuop 2023 roaa

Makaposa E.M.*

Hrcmumym 8o0HbLx npobstem Cegepa Kapestbckoeo HayuHozo yeHmpa Poccutickoti akademuu Hayk, np. Anekcandpa Heackoeo, 50,
Ilempo3asodck, 185030, Poccus

AHHOTAILIUS. IlpeacraBiieHbl pe3yJibTaThl MHUKPOOMOJOTMYECKUX HCCJIEJOBAHUU aKBaTOPUU
OnHexckoro o3epa B paiioHe o. Kwxu 3a nerHuii nepuop 2023 r. OnpefesieHbl pa3MepHO-MopdhoJIo-
ryuyeckas CTpyKTypa 6aKTepUOILIaHKTOHA, KOJIMYeCTBeHHbIe ToKa3aTesIy 3KO0JI0ro-TpOGHUUYECKUX Py
OakTepuil 1 0000IIeHHBIX KOJIMDOPMHBIX OakTepuil. B Mopdosioruueckoli CTpyKType KJIETOK JOMUHU-
pOBaJIM MaJI0YKOBUAHBIE (DOPMBI, CBHAETEIbCTBYIONINE O [IPUCYTCTBUHN JIETKOMUHEpaJInu3yeMoro opra-
Huveckoro Bemniectsa (OB). O01as yrMcaeHHOCTh 0aKTepuil, YMCJIEHHOCTh reTepOTPOMHBIX 1 canpopuT-
HBIX IPyII 0aKTepHOIJIAHKTOHA IIOATBEPKAAJIN IOBBIIIEHHOE coAeprkaHue JIerkoMuHepaausyeMoro OB
B paiioHe Kwxckux mixep. ITo pa3BuTuio (PeHOJIOKHCIIAIMNX U YriIeBOAOPOAOKUCIIAIMNX 6aKTepuil
BBIABJIEHO 3arpsA3HeHue BoJbl GeHOJIbHBIMU COeAUHEHUAMU U HeTellpoAyKTaMuy. Beicokue nokasaTesnu
000011IeHHbIX KOTU(POPMHBIX OaKTepUii, YUCJIEHHOCTh KOTOPBHIX MOYTH MTOBCEMECTHO MpeBhIlIaga HOp-
MaTHBHI AJ11 BOAOEMOB pPeKpealliOHHOI'0 UCIOJIb30BaHUsA, CBUAETEIbCTBOBAINA O MPUCYTCTBUH YCJIOB-
HO-TIaTOTeHHBIX MUKpoopraHu3MoB. HauboJsiee 3arpsA3HeHHBIM y4acTKOM Kipkckux mixep fABJISETCA UX
3anajHas 4acTh, XapaKTepu3yolascs aKTUBHBIM CyOXOACTBOM U 3aMe/JIEeHHBIM BOJOOOMEHHOM.

Kiouegwie citoda: o. Kuxy, 6aKkTepHOIIaHKTOH, pa3MepHO-Mop@doJiornieckas CTpyKTypa, YMCIIEHHOCTh 9KOJIOTO-
TpopuiecKux rpynm, 0000meHHbIe KOJIM(pOPMHEIe DaKTepuH, OlleHKa KauyecTBa BOBI

Jna nurupoBaHusa: Makaposa E.M. OrieHka kauecTBa BOJbl B palioHe My3es-3anoBeAHuKa «Kioku» (OHeXxcKoe 03epo) 1o Mmoka-
3aTesisiM GaKTepHOIUIAaHKTOHA 3a JieTHHE mepuof 2023 roga // Limnology and Freshwater Biology. 2025. - Ne 1. - C. 52-67.
DOI: 10.31951/2658-3518-2025-A-1-52

1. BBeAeH"e My3€Aa-3alioBEAHMKa U CTOKOB C CeJIbCKOXO35ICTBEH-

Heix yroauii (Ilporacos, 1999; OTuer..., 2023).
Bonnbie coobmectBa Kuxckux mxep ¢dopMu-
pyloTcs TOJ BJMAHUEM OKOJIOTMYECKUX YCJIOBUH,
onpefesAIINXCA JIAHAMAQTHBIMUA OCOOEHHOCTAMU
pailioHa, pe3KO OTJIMYAIOUIMMM ero OT APYTMX y4acT-
koB OHexckoro osepa. Pa3Butue OHOTH NPOUCXOOUT
37ecb B YCJIOBHUAX OBICTPO NPOTrpeBaeMOro MeJIKOBO-
[1bsl, 4aCTO C XOPOIIO Pa3BUTOM BhICIIEN BOAHON pac-
TUTEJIbHOCTBIO, 3aMeJIeHHOI'O0 BOJ0OOMeHa C OTKpHI-
TBIMH yYacTKaM{ O3epa M 3HAUWUTEJIbHOI'O BJIMAHUA
TeppPUreHHOTO CTOKa. YKa3aHHBIe MPeAIOCBUIKUA IIpe-
jonpefensaiT (GOpMUPOBaHUE IIJIAHKTOHHEIX COO00-
lecTB ¢ MHAVMBUAYAJIbHBIMU XapaKTepUCTUKAMHU, CJIO-
XUBIIMMHCS B IIpoliecce ecTeCTBEHHOIO JMMHOreHesa.
JlaHHBIN palioH o3epa BbIJieJIs1eTCs OBBIIIEHHBIM YPOB-
HeM Tpoduu (Tekanova et al., 2023), 4TO NPOABIAETCA,
Ipexje Bcero, B AucbasaHce IPOAYKIUMOHHO-AECTPYK-
I[MIOHHBIX IIPOLIECCOB U CONPOBOXKAAeTCs oboramjeHueM

T'ocymapcTBeHHBIN TIPUPOTHBIN 3aKa3HUK
«Kmxkckuit» — 3T0 0c0060 oxpaHsieMas IPUPOLHAA Tep-
putopus (QenepasibHOIO 3HaA4YeHHUs, IUJIOMAAb KOTO-
pori 50 000 ra (I'ocymapcTBeHHBIN AOKJIaf..., 2023).
T'ocymapcTBeHHBIN WCTOPUKO-apXUTEKTYPHBIHN u
sTHOrpaduueckuil My3ei-3anoBeqHUK «Kuxu» 00B-
equHMI Ha o. Kmxu 68 maMATHUKOB apXWUTEKTYPHI.
JKeMuyXMHOII OCTpOBa SIBJIIETCSI ApPXUTEKTYPHBIN
a"ncam6ib Kukckoro mnorocra (OHeXckoe 03epo...,
2010) (Puc. 1), KOTOpPHBII CcTaJl OAHUM U3 TPEX MEePBBIX
pocculickux 060beKToB B CIiicke BCEMUPHOTO KyJIbTYP-
Horo Hacjeaus FOHECKO B 1990 r.

B 2022 r. myseli-3anoBeHUK «Kuxu» noceTusio
6osiee 360 Thic. TypucToB u3 Poccun u 3apybexbs.
AxBaTopusi o3zepa B parioHe KWXCKuxX IIXep WCITbI-
ThiBaeT OOJIBIIYI0 aHTPOIOreHHYI0 Harpy3ky 3a cueT
BOJHOIO TPAaHCIOPTa, a TaKXke CJIYXWUT IPUEeMHUKOM
XO3AHCTBEHHO-OBITOBBIX CTOYHBIX BOJI C TEPPUTOPUU
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Puc.1. ApxuTekTypHbII aHcaMOJib Kixckoro norocra.

9KOCHCTEMBl OpraHWYeCKUM BellecTBOM, BCJIEACTBHE
Yero MpOMCXOMAT CTPYKTYpHble U KOJIMYeCTBEHHBIe
IepecTPOIKY BceX 3BeHbeB OMOTH B 3TOM YHUKAJIBHOM
patioHe OnHexckoro o3epa (BucisHckas u ap., 1999).
OpmHOMl M3 BaXXHBIX COCTABJIAIUIUX OWMOMOHUTOPUHIA
BOJHBIX JKOCHCTEM fABJIAETCSA OLleHKa 3KOJIOTHYeCKOro
Y1 CaHUTApHOIO KayecTBa BOJBI, Ille HeMaJIOBaXHYIO
poJib urpaioT 6akrepuun. KosnuecTBeHHble TOKa3zaTesIn
0aKTepHOIUIaHKTOHA U €ero pasMepHo-Mopdooruye-
CKasA CTPYKTypa 3aBUCAT KaK OT IPUPOJHBIX CBOMICTB
BOJBl BOJIOEMOB, TakK W OT IPUBHOCHMBIX 3arpssHe-
HUI ¢ mpuieramuieil Tepputopur. MUKpoOpraHmu3Mbl
[IPYHUMAIOT ydYacTHe B CaMOOYMIIEHUU BOJOEMOB U
ciy’)kaT WHAUKaTOpaMy 3arpsA3HeHus OpraHUYecKUM
BemecTBoM (OB). Bricokas ckopocTth MeTabosmzma
OakTepuil MO3BOJIAET UM OBICTpee, YeM IPYTUM KOM-
[IOHEHTaM 5KOCHCTeMBIl, pearnpoBaTh Ha He3HAUUTeJIb-
Hble U3MeHeHUs YCJIOBUN CpeJibl.

Ilenp paboTbl — OLIEHUTb KadyecTBO BOJBI
Kmxckux mxep OHeXCKOro o3epa IO MOKasaTessaM
0aKTepUONJIAaHKTOHA.

2. MaTepuanbl M MeTOAbI HCCAEAOBAHMUA
2.1. O6beKT uccnepOBaHUA

XuMnueckuil coctaB BoAbl Kikckux mxep IO
OOJIBIIMHCTBY XMMUYECKUX MOKa3aTesiell CXOX C IieH-
TpaJIbHOH TJIyOOKOBOJHOM 4acThi0 O3epa, U XapakTe-
pu3yeTcs HU3KUM cojiepXaHueM OHOTeHHBIX Bell[eCTB
(Galakhina et al., 2022) (Ta6suna 1). HecmoTps Ha To,
YTO 3a MOCJieHUe eCATUJIeTUs OTMeYaloTCsA CHIKe-
HuA obmero pochopa, HUTPATOB U JIETKOMUHEPAIU3Y-
emoro OB, onpenesnsiemoro mo BenuuuHe BIIK,, oTme-
yaeTcs TeHJEHIUA K YBeJWYeHUI0 IBETHOCTU BOABI U
Fe ., B pe3yJbTaTe yBeJINYEHNs BIIUAHNA BOJOCOOPHON
tepputopuu (Galakhina et al., 2022). ExeromHo mpo-
HWCXOAUT 3arpsA3HeHre BoAbl HeTenpoayKTaMu, CoAep-
’)KaHue KOTOpHIX MoxeT npeBoimath I1IK nmaa perdoxo-
35HCTBEHHbIX BojioeMoB B 3-12 pa3 (IIporacos, 1999;
Ca6putnHa, 1999; CabeutuHa U 1p., 2012).

OTMeuaeTcs BIMsAHNE Ha TEPPUTOPUM OXPAaHHOMN
30HBI My3esi-3aMoBeJHUKA «KXu» BHITPEOHBIX SIM, Tya-
J1eToB U 0aHb, HAXOAAMUXCA MO Oeperam OCTPOBOB B
paauyce 10 kM ot o. Kuxu (IIporacos, 1999).
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2.2. OT60p NPO6

[TpoOGs1 BoAw! ObLIM 0TOOpaHH B ntoJie 2023 r. Ha
5 craniuax Bosje o. Kuxu (Puc. 2). CTaHI[uU OTJIMYa-
JIUCH 110 IJTyOMHe U CTelleHU aHTPOIIOTeHHOM Harpy3Ku.
I'my6una crannuit: cr. Z1 — 5.8 M, c1. Z2 - 5.7 ™M, cT. Z3
- 10 ™M, cT. Z4 — 7.4 ™, cT. Z5 — 8.5 M. HauboJbInas
aHTPOIIOTeHHas Harpyska XapakTepHa JJid CTaHIUHN
Z1, 72 n 74, oTIMYanImnXcs 3aCTOMHBIMU YCJIOBUAMU:
3aMe[JIeHHEIM BOAOOOMEHOM, HeOOJbIIMMU T[JIyOu-
HaMH, aKTUBHBIM CyZI0XOJCTBOM, XOPOIIMM IIPOIPEBOM
BOJBI, @ TaKXe IPUCYTCTBHEM 3apOCjIeBON pacTUTeJlb-
HocTHU. [IpoGBl BOABI OTOMpaJM C MOBEPXHOCTHOIO U
NpUAOHHOTO ropu3oHToB. Ha Gosiee riyOoOKux cTaH-
nusax (ct. Z3 u 7Z5) JonojHUTEeIbHO OBLIM OTOOPAHBI
IpoObl Ha I1yOuHe npo3pauHoctu (3.5 m). Beero 6bu10
oTobpaHo 12 npo6 Boawl. TemmnepaTypa BOAbI B IEpHUO.
oTbopa npob Ha cTaHIUAX U3MeHs1ach oT 12° go 18°C
(Puc. 3).
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Puc.2. Kapra-cxema ctaHuuii or6opa npo6 GakTeprio-
IUTAaHKTOHA B JieTHUH nepuop 2023 roaa.
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Ta6suna 1. Xumuyeckas xapakTepucTHUKa Bobl palioHa Kipkckux mxep OHeXCKOro osepa

IToxasartenu 3HaueHNA MOKa3areJiei CcpLika
IIBeTHOCTB, MT Pt-Co/71 34 Zobkov et al., 2022
pH 7.3 Galakhina et al., 2022
I10, mr O/n 6.3 Zobkov et al., 2022
XTIK, mr O/n 17.6
BIIK,, mr O,/n 0.7 Galakhina et al., 2022
Noﬁm, mr N/ 0.25
NO,-N mrN/n <0.001 Zobkov et al., 2022
NO,-N mr N/ 0.05
NH,-N, mrN/n 0.014 Galakhina et al., 2022
P s MKT P/11 9 Zobkov et al., 2022
P, MKr P/n <2
Fe, mr/n 0.09
HedrenpoaykTsl, Mr/i 0.5 CabpuiniHa U Ap., 2012

2.3. MeTtoabl MMKPOGHOAOrHUECKOTO
aHaAM3a

JIuHeliHBIN pa3Mep KJIETOK, UX cpefHUe 00beMbl
u 6uoMacca 6akTepuil ObLIN ONpefiesieHbl TOJIBKO B 5
nmpo6ax MOBEPXHOCTHOT'O ropu3oHTa. Bo Bcex mpobax
onpefesisiyiv o6IyI0 YncJIeHHOCTh OakTepuit (OUB), a
TaKXe YHCJIEHHOCTh 3KO0JIOro-TpodUyecKux rpymnn 6ak-
TepuomnJlaHkToHa: retreporpodueix (I'B) u campodur-
HbIX 6akTepuii (CB), penonokucasomux (OOB) u yrie-
Bogoponokucisomux (YOB) 6akrepuii. IlpucytcrBue
YCJIOBHO-IATOT€HHBIX MHUKPOOPIaHMU3MOB OLIeHUBAJIU
10 YUCJIEHHOCTU O0OOIIeHHBIX KOJU(MOPMHBIX OakTe-
puii (OKB) u obmeMmy MukpodHomy uuciay (OMY).

O61ry0 4YucJeHHOCTh OaKTepuil omnpeaessiiu
MeTOZOM IPsMOro CYeTa Ha YepHBIX IMOJIMKapOOHAT-
HBIX TPEKOBBIX MeMOpaHax (DHop = 0.2 MKM) Ipou3-
BoxcTBa Whatman Ha JIIOMHHECHIEHTHOM MHKPOCKOIIe
MUKME/[-2 (yBenuuenue X 1600) c mpeaBapuTelib-
HBIM OKpAaIIMBAaHHEM KJIETOK aKPUANHOBHIM OpaHXe-
BbeiM (Handbook..., 1993). Paamepsl KJIETOK U3MEPSIIU
MpY MOMOIIM KOMITbIOTEpHOI mporpammMbel MultiMedia
Catalog (MMC), o6Jagaomieii BO3MOXHOCTBIO KaJiu-
OpoBkM mIKasibl. CpeqHUIl 00beM KJIeTOK (ch) BBIYIIC-
JISIIM KaK 00beM MOAXOMAMIMX UM 10 GOpMe CTepeo-
MeTpudeckux ¢uryp (Krambeck et al., 1981; Ky3Henos
u JlyouHuHa, 1989). buomaccy 6axrtepuit (BB) pac-
CUMTBHIBAJIM KaK IMpon3BeJieHUe cpe/iHero oobeMa Oak-
TepHaJIbHbIX KJIETOK U OOIIel YncJIeHHOCTU GaKTepuil
(KysHuenos u [Jyoununa, 1989).

Canpodurnsie 6aktepun (CB) BhIpammBaiu Ha
KOHI[eHTPHUPOBAHHOM IIPOU3BOACTBEHHOM pPHIOO-IIeN-
ToHHOM arape (PITA) mpu 22°C B TeueHue 10 gHeil.
l'ereporpodubie 6akTepuu (I'B) BriceBasiu Ha PITA:10
(PIIA, pasBeneHHbill B 10 pa3) u KyJIbTUBHUPOBAJIU B
Teuernue 10 pnHeir npu 22°C (KysHenoB u J[ybuHuHa,
1989). YucyieHHOCTh (HEHOJIOKUCIIAIIUX OaKTepuil
(®ODB) ompenensanu Ha MUHepaJU30BaHHOU cpefde C
nobasiienreM ¢enousa (Kysneros u JlybuHunHa, 1989).
Yrnesonoponokucsistone 6aktepuu (YOB) Boipamu-
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Dty Gana,

BaJIM Ha CIelUaJM3uPOBaHHON cpeje BopommioBoii—
JluaHoBoli ¢ fobaByieHMeM ouulleHHoro arapa Judko.
[Tepen moceBoM B CTEpPUJIbHYIO pacIlyIaBJIEHHYIO Cpedy
B Ka4yecTBe 3MyJibraTopa coJisipku gobassisuiiu TBIH-80
n Mmasyt (KysnenoB u JlyomHuHa, 1989). OO6uiee
Mukpo6Hoe yncsio (OMY) niu yrcaeHHOCTh OaKTepu,
CIIOCOOHBIX Pa3MHOXAaThCA B OpraHU3Me TelJIOKPOBHBIX
XKMBOTHBIX U YeJIoBeKa, NHKyOupoBasu Ha cpefe PIIA B
TeueHune 24 unputemneparype 37°C(MYK4.2.1884-04).
[ToceBbl NPOBOAVIIN TJIyOMHHBIM METOZOM.

Jna onpefesieHnsa 000OIIEHHBIX KOJIM(OPMHBIX
6akrepuii (OKB) npoGel BoAbl (GUIBTPOBAIU Uepes
MeMOpaHHble QUIIBTPHI (DHOP = 0.45 mxm). Kononuu
pocau Ha GuIbTpax, NOMeIleHHBIX Ha arapu30BaHHYI0
cpeny JHAo, npu 37°C B TedyeHue 24 4. Ilocse MHKY-
6aiuy BBIIOJIHAJICA IUTOXPOMOKCHUAA3HBIN TeCT, yueT
OKBb ocy1iecTB/IAIN 10 OTPULIATEIBHOMY OKCUIa3HOMY
tecty (MYK 4.2.1884-04).
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Ta6suna 2. OreHKa 3K0JI0rMYecKoro COCTOSHUA BOJBI 10 MUKPOOUOIOrndeckuM mokasatesiaM (Oxcuiok u ap., 1993)

ITokxa3aTenu Kitaccel kauecTBa BOABI
1 2 3 4 5
npefebHO YUCTasA yucTas YZIOBJIETBOPUTEJIBHOM YHCTOTHI | 3arps3HeHHas | rpsa3Has
OYb, MJIH KJI/MJI < 0.3 0.3-1.5 1.6-5.0 5.1-10.0 >10.1
CB, tric. KOE/Mn < 0.1 0.1-1.0 1.1-5.0 5.1-10.0 >10.1
OKB, ThIc. KOE/N < 0.003 0.003-2.0 2.1-10.0 11.0-100.0 >101.0

2.4. OueHka KauecTBa BOAbI NO
MHKPOOHONOrHYUEeCKHM NoOKa3aTenaM

CanpoOrOoJIOrNYeCcKyl0 OIeHKYy BOABl Krkckux
mxep IpoBoAWJIM MO cooTHomeHuw Cb/OYb, %, cre-
IIEHb 3arpsA3HEHHOCTU BOJBI OLleHMBaJIU 110 mkase B.Y.
Pomanenko (1985; [[3r6an, 2000): < 0.003 — ocobo
yuctas; 0.003-0.03 — uyncras; 0.03-0.1 — cabo 3arpsas-
HeHHasd; 0.1-0.3 - 3arpsasHenHas; 0.3-3.0 — rpsasHas;
> 3.0 — ocobo rpsasHas. Kiacc kauyecTBa BOAHI OIleHU-
BaJIU COTJIACHO KOMILJIEKCHOW 3KOJIOTMYECKOU KJIacCH-
¢dukanuy KkauecTBa NOBEPXHOCTHBIX BOJ CyIIH IO [TOKa-
3aressam OUB, CB u OKB (Ta6suna 2) (Okcutok u ap.,
1993).

Jl711 KOppeKTHOM OlleHKH KayecTBa BOAHI I10 [TOKa-
3aTesiAM OOIIeN YHCJIEHHOCTU OaKTePHOIJIAHKTOHA
B COOTBeTCTBMHU co MmKkajionn B.M. Pomanenko (1985)
u kiraccudukanueii, npegoxenHoil O.I1. Okcuiok c
coaBTopaMu (1993) (cBeTOBass MUKPOCKONMA C OKpa-
HIIMBaHNEM KJIETOK 3PUTPO3MHOM), OBbLJI KCIOJIb30BaH
koapdunueHT 2.06 1A mepecueTa Ha HOBBINL MeTO[
(snudJiyopeclieHTHasE MUKPOCKOIIMS C OKpallliBaHNeM
KJIETOK aKpUAMHOBBIM opaHxeBbiM) (Makarova et al.,
2022).

MHTeHCHBHOCTh IPOTEKaHMA IPOLEeCcCOB CaMoo-
YHIlleHNsl OLleHNBAJIM 110 COOTHOIIEHUIO YMCJIEHHOCTU
canpoPUTHBIX OakTepUH U 0OIIEr0O MUKPOOHOTO YKCya
(CB/OMHY) - koaddpunuenty camoouunenus (K) (MYK
4.2.1884-04). K_Huxe KPUTUIECKOTO YPOBHs1, PABHOTO
4, cBUAETEeJIbCTBYeT O INPUCYTCTBUHM IOTEeHIHUAJIbBHO
IaToreHHoNM MUKPOGJIOPH, a TakXe O HU3KUX CKOpO-
CTAX CaMOOYUIIeHNs Ha pa3IMYHBIX yYyacTKax BojgoeMa
(MYK 4.2.1884-04). Crenenp 3arps3HeHHs O03epHOI1
BOJbl HeQTAHBIMU COENVHEHUAMH OLleHMBAJIHU IO YKC-
seHHocTtu YOB, xotopas npu npesbimesnn 5% ot CBb,
CBUJIETEIbCTBYET O 3arpsA3HeHuu BoAbl HedTellpoAyK-
tamu (PasymoB u Kopmi, 1960). CreneHb 3arps3HeHus
03epHOI BoAbl (EHOJIbHBIMU COeJUHEHUAMHU OlleHU-
BajJii COIJIaCHO kjaccuuKanuyu KauyecTBa IIPECHBIX
Boj o passurtuio ®OB (Bunorpagos u ap., 2001).

JIJ1s1 KOPPEKTHOTO CpaBHEHUS CTAHITMU C PA3HOU
IJIyOMHOM HCIIOJIb30BajIl Cpe/iHeB3BellleHHble I1oKa3a-
Teyu OOIIel YMCJIEHHOCTU OaKTepUil M YHCJIEHHOCTU
3KO0JIOTO-TpodUYeCcKUX rpynn OaKTepUONJIaHKTOHA B
cToJjibe BOIbI.

2.5. CtaTUCTHUECKUH aHaAU3

Jis cpaBHeHUs BBHIOOPOK MeXy OO0 mpume-
HAJIM HellapaMeTpu4ecKuil aHanu3 MaHHa — YUTHU.
[Ipu cpaBHEHNM NOJTyYE€HHBIX JAHHBIX C JAHHBIMU IIpe-
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JBIIYIINX UCCIIEJOBAHUIN OTPeesIsaii IOBEPUTETbHBIN
uHTepBas (tm) U pa3Max BapbHUPOBaHUs ITOKa3aTesen
(min — max). Crarucrudeckas o6paboTka JaHHBIX OCY-
IIeCTBJISJIaCh B JIMIIEH3MPOBAHHOM TnakeTe Statictica
Advanced 10 for WindowsRu.

3. Pe3yAabTatbl M 06Ccy)xpeHue

Mopdosoruueckas CTpyKTypa OakTepHuoOILIaH-
KTOHa 4YacTO WUCHOJIb3yeTcs IIpU OlleHKe KayecTBa
BOOHBIX OOBEKTOB. l3BeCTHO, 4YTO MaJIOYKOBUAHBIE
dopmbl GakTepuil ABJIAIOTCA AKTUBHBIM KOMIIOHEH-
ToM OakTepuasibHoro coobmjecta (PymsHneBa u
Kocomamnos, 2015; Ky3HeroBa, 2017; Kuznetsova et al.,
2020).

Mop@dosoruueckuii coctaB 6aKTepPUOIJIAHKTOHA
B Bofe Kikckux mixep xapakTepHU30BaJics IIpeBalipo-
BaHNEM NaJIOYKOBUIHBIX (POpPM, UTO CBUAETEJIbCTBYeT
0 HayJnuuu opraHuyeckux BemecTB (OB) paznnuHoM
IpUPOABl M UX JEeCTPYKLUUM, yKa3blBasgd Ha UHTEHCHB-
HOe IpoTekaHue IpolieccoB camoounenus (Pazymos,
1962; MlopHukosa, 2008; Xmenesckas, 2013; TokuHOBa
u ap., 2014; BorpaHosa, 2015).

PasmepHas cTpykTypa OakTepuaJbHOro cooolie-
CTBa II03BOJIAET OLIEHUTh ero GyHKLIHOHAJIbHOE COCTO-
auHue. OO6Jsagarolmye HWHTEHCHUBHBIM MeTaboJIM3MOM
mesikre KOKku (0.2-0.35 MKM) U KpYIHbIE NaJIOYKU
(> 2 mrMm) (Ky3HernoBa, 2017; Kuznetsova et al., 2020),
uMesd OOJIBIIYI0 OJII0 B GaKTepUOoIleHO3aX Ha CT. Z2
u cr. Z3: cymmapH010% u 15% coorBercTBeHHO (Puc.
4), 4TO CBU/IETEJIbCTBYET O H0Jiee aKTUBHOM noTpebJie-
HHe 3]lech OakTepuorsiankToHoM OB u3 okpyxaroigeit
BOJHOI cpedbl U MpOTeKaHWU IIPOLIECCOB CaMOOYU-
meHus. CpenHepa3mepHble KOKKU (0.35-0.45 MxwMm),
nMewmue 0ojlee MeaJieHHble CKOpOCTHU MeTabosnue-
CKMX IIPOI[eCCOB [0 CPaBHEHHIO C MeJIKUMHU KOKKaMu

Ta6auna 3. I[IpocTpaHCTBeHHOe paclpejiejieHre B
MIOBEPXHOCTHOM CJIOE BOJIbl IOKa3artesell oOIiell 4rcjieHHO-
ctu 6aktepuii (OUB), 6akTepuasnbHoii 6uiomaccs (BB) u cpen-
Hero oobeMa KJIETOK (ch) B Bofe Kinkckux mxep OHeXCKOTo
o3epa

Crannuu | OYb, MJIH KJI. /MJI ch, mxm® | BB, Mr/xa
Z1 2.75 0.092 0.332
Z2 3.49 0.068 0.292
Z3 2.62 0.093 0.330
Z4 3.74 0.091 0.474
75 3.33 0.083 0.364
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) memate koxsat (0.2-0.35 mraa)
] cpeHepasMepHbIe KOKKH H
KokKobamrmE! (0.33-0.43 nma)
[ kpyImele Kossar (0.43-0.8 nmaa)
METEIE TTATOHEH (< 2 MEM)
KpVIIHBIE TIATOUEH (> 2 MEM)

Puc.4. Jlo7s1 pa3anyHbIX pa3MepHO-MOP(OIOrHiIecKuX Irpymn 6akTeproIUTaHKTOHA B Bofle Kinkekux mixep OHEXCKOro o3epa.

(Kuznetsova et al., 2020), uMes1 HauOOJIBLIYIO [TOJTIO
Ha cT. Z4. HauMmeHee aKTHBHBIE KOMIIOHEHTHI OaKTepu-
ajipHOrO coobiecTBa — KpymHble KOKKU (0.45-0.8 mkm)
u menkue nanouku (< 2 mxMm) (Kysnernosa, 2017),
OBLIIN XapaKTepHHI A4 cT. Z1 u cT. Z5 (cymmapHo 83%
u 81, coorBeTrcTBeHHO) (Puc.4).

B 1esnom, pasmepHo-mMopdosioruueckas CTPyK-
Typa OakTepHOIJIaHKTOHA CBHUJETEJIbCTBYeT O OoJiee
OBICTPOM MPOTEKAHUU IPOIeCCOB CaMOOYMIIEHUS Ha
CT. Z2 v c¢T. Z3 B CpaBHEHU!U C APYTUMU CTaHLUAMU
Kumxckux mxep.

CpemHuil o0beM KJIETOK Ha BCeX H3yUYeHHBIX
yuactkax Kuxckux mxep Obu1 comoctaBum (Tabaumia
3). OUD B MOBEpPXHOCTHOM CJI0O€ BOABl H3MeHslach
He3HauuTeJIbHO (pasHuUlla MeXJy MHUHHMAaJIbHBIM U
MaKCHUMaJIbHBIM 3Ha4eHUsAMH — MeHee 4yeM 1.5 pasa).
Pacnipenenenvie Bb B MOBEpXHOCTHOM cCJjioe BOABI B
OCHOBHOM 3aBuceJs1 oT pacupenesenns OUb, omHako,
Ha cT. Z1 u Z3 — oT u3MeHeHUN ch.

CpenHue nokasaresu B cToyibe Bogsl OUB Bo3Jie
o. Kuxu BapprpoBasiy B y3KUX Ipefesiax ¢ MaKCUMaJlb-
HBIMU 3HadYeHUsAMHU Ha cT. Z2 (Tabsuia 4). Beicokue
YylrcJIeHHOCTU reTepoTpodHbix 6aktepuil (I'b), ApmAmo-
mMxcsA OJOMUHUPYIOIIEH TpyImnoll B MHKPOOOIleHO3ax
6yarofgaps CrocoO6HOCTHU K BBICOKOM CKOPOCTH pOCTa
Npyu HU3KKX KOHLeHTpanusx OB, oTMeuasnuch HoBce-

MECTHO Ha BCeX M3Yy4YeHHBIX cTaHnuaAx. Hanbosbiuee
pasButue I'B xapakTepHO AJiA 3alaJHOrO NOOepexbA
o. Kuxu — cr. Z1 u Z2 (Tabauna 4).

CpenHeB3BellIaHHbBIE B CT0JI0e BOABI TOKa3aTesn
yncJieHHOCTU canpoduTHbix Oaktepuit (CB) — uHAOu-
KaTopoB CanpoOHOCTH, CIOCOOHBIX pa3BHUBAThCA IpU
BBICOKMX KOHIeHTpauusax OB, gocturana mMakcuMalib-
HBIX 3HaueHUH Ha cT. Z1. KosdduuueHt camoouuiie-
HUA (Kc) — otHowmeHue Cb/OMUY, HuXe npenesbHOro
3Ha4yeHus, paBHOTO 4, CBHUIeTEJIbCTBYET O He3aBepllleH-
HOCTH IIPOLIECCOB CaMOOYMINEHHsA Ha IOro-3anajHoM
nob6epexse 0. Kixu (cT. Z2) 1 0 BO3MOXHOM HaJIM4uu
B JAaHHOM palOHe YCJIOBHO-NIATOI€HHBIX MHKPOOpTra-
HusMoB (Tabsuia 4).

BaxxHoI1 4acThl0 MccieJOBaHUH ABJIAIIOCH U3yye-
HMe YCJIOBHO-IIATOT€HHBIX MUKPOOPraHU3MOB 110 KOJIH-
4yecTBYy 00001[eHHBIX KondopmHbx baktepuii (OKB).
[To xomnuectBy OKB cyasar o Hanmuumu (ekajbHOro
3arpsa3HeHus BOAHL U 0 ee 6e30I1aCHOCTHU AJIA PeKpeanu-
OHHOroucroJib3oBanus. CorsacHo CanllnH1.2.3685-21
koymmyecTBO OKDB B 30Hax peKpeallMOHHOIO Ha3Ha-
yeHHA He JOJDKHO mpesbimate 500 KOE/100 cm®.
YucnenHocts OKB 1mpeBnilllasia KpUTUYECKOE 3Haue-
HMe Ha CTaHIUAX, Ile OTMeYaeTcsA 3aCTOMHOCTDh Teue-
HUA U aKTHUBHOE CYAOXOJACTBO: CT. Z1, cT. Z2, cT. Z4
(Tabsmuma 4).

Ta6smna 4. Mukpobuosiornyeckas xapakTeprucTyka BoJipl Kinkekux mxep OHeXCKOro o3epa (cpe/iHeB3BellleHHble 3HaUeHU s
B cTosI0€ BOZBI), ¥ KAYECTBO BOZBI IO Pa3/IMYHbIM IT0Ka3aTeJIsAM.

CraHus O4Yb I'b | Chb | (1110) ) | YOB | OMY OKB K, Cb/0YB, % |Kmacc xkauyecTBa
Kr];;llﬂ KOE/min KOE/100 cm® (Pon;ggg;nco, (OKCIilg;S;I AP

Z1 2.30 3639 | 1187 | 559 326 119 860 5 0.11 3

72 3.14 2746 699 325 99 208 2580 1 0.05 3

Z3 2.13 1063 333 286 126 16 290 126 0.03 2

Z4 2.62 1411 912 127 50 116 804 4 0.07 3

75 2.79 1319 828 371 44 99 301 52 0.06 3

IIpumeuanme: OYB — obmasn ynciieHHOCTh 6akTepuil; I'B — rereporpodubie 6akTepun; Cb — canpodutHbie 6akTepun; OB
— peHosokucAomue 6akrepuy; YOB — yriieBogopoaokucisonye 6akrepun; OMY — ob1jee MukpobHoe uricsio; OKB — 06061mien-
Hble KonpopMHble 6akTepun; K — koapduiueHT camoounineHns; KUpHbIM BhifiesieHbl 3HaueHns OKB, mpessimaroiye HOpMbI

CanlluH 2.1.3685-21.
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CorJiacHo 1IKaJjie kauecTBa Boj B.U. PomaHeHKO
(1985), Boja Ha cT. Z3 ABIAJIaCh «YHMCTOM», HA OCTaJIb-
HBIX CTaHIUAX — «cJabo 3arpsi3HeHHOI». B cooTBeT-
CTBUU C KOMILJIEKCHON 35KOJIOTMYecKoil Kiaccuduka-
el KavyecTBa MOBEPXHOCTHBHIX BoA cymu (OKCHUIOK U
ap., 1993), no nmokazartensam OYbB, Cb u OKB (ycpen-
HEHHBIM KJlacC KayecTBa), Boda Ha CT. Z3 COOTBeT-
CTBOBaJIa 2 KJIacCy KauyecTBa — «4MCTble BOABI», BOAA
Ha OCTaJIbHBIX CTaHIMAX KWXCKuX mixep COOTBETCTBO-
BaJia 3 KJIacCy KauecTBa — BOJIbI «yOBJIETBOPUTEJIbHOL
YUCTOTHI».

WngukaTopaMu 3arpsA3HeHUs BOAbl (eHOJIb-
HBIMM COeIMHEeHUAMU ABJIAITCA (HeHOJIOKUCIIAIITE
6akrepun (®OB), ubA YMCJIEHHOCTb XapaKTepHu3oBasa
BOJIy BCeX M3yYeHHBbIX CTaHIMI BOMM3U 0. Kixu kak
«yJIOBJIETBOPUTEJIBHO YHMCThIe» (3 KJlacc KayecTBa) IO
KkJlaccudukanum KavecTBa mpecHbXx Bof (BuHorpamos
u ap., 2001).

Hanuune HepTAHBIX YTJIeBOOOPOAOB XapaKTepHO
A7 Bcero patioHa Kukckux 1ixep B CBA3U C aKTUBHBIM
CyJOXOACTBOM, 4TO OOyCJIaBJIUBAaeT pa3BUTHE YTJIEBO-
nopopokucissomux 6akrepuii (YOB). Cuurtaercs, 4To
yrciaeHHocTh YOB, nmpesbimatomasa 5% ot Cb, cBune-
TEeJIbCTBYeT O 3arpsi3HeHUU BOAB HedTenmpoAyKTaMu
(PaszymoB u Kopmi, 1960). Tak, B cpenHeM noss YOB
oT uncjaeHHocTy CB Obly1a HaMMeHbIlel Ha CT. Z4 u 75,
cocTtaByAsa 6% u 8%, COOTBETCTBEHHO, B TO BpeMs Kak
Ha cT. Z1 ux o coctaisaa 31%, Ha cT. Z2 — 12%, Ha
cT. Z3 — 46%, cBUIeTesIbCTBYA O 3arpsA3HeHuu HedTA-
HBIMM YIJIEBOJIOPOLAMHU 3alaJHOTO U BOCTOYHOI'O
no6epexuit o. Kinku. UHTEepecHo, uTO CT. Z3 MO Noka-
3atenaMm OYB, Cb, OKb, OMY Beifes1ach KaK YMCTHIN
y4acToK, mo umcjieHHoctu YOB curyauus mnpoTuBo-
noJjioxHas. BepoaTHo, BbicOKUe uucjeHHOCTU YObB Ha
CT. Z3 cBsA3aHBI C UHTEHCUBHBIM JIBIKeHHEM MaJioMep-
HBIX CYJIOB, OCYLI[ECTBJIAIUUX TypUCTUYEeCKHe Mapli-
PYTHL BOKpYT 0. Kioku.

Ta6suna 5. YpoBHu 3HauumocTtu U-kputepus MaHHa
— YuTHU Mexy cTaHIUsAMU oT6opa npob IIxepHOro paiioHa
(cT. Z1, cT. Z2, cT. Z4) v cTaHUUAMU OTKPBITOH YacTu (cT. Z3,
cT. Z5) Kmxckux mxep OHeXCKOro o3epa.

IToxa3aTenu YpoBeHb 3HAUMMOCTH

OB 0.337

CB 0.109

I'b 0.109
OMY 0.055
YOBb 0.631
®dOb 0.749
OKb 0.011

IIpumevanue: * XXupHeIM mpr¢TOM yKa3aHbl Harpy3Ku
MIPU3HAKOB € JOCTOBEPHBIM BKi1azoM (p < 0.05)

B 1niesiom, pa3BuTHe 3K0JI0T0-TPOPHUUECKUX I'PYIII
OaKTepUOILIaHKTOHHOTO coobiiecTBa Bo3jie 0. Kuxu
OBUJIO HepaBHOMepHBIM. HaubospIiUM pas3BUTHEM
OaKkTepUOIIaHKTOHA XapaKTepHU30BaJIMCh CTAHI[UM Ha
y4yacTKax C 3aMeJJIeHHbBIM BOJOOOMEHHOM — CTaHIIUU
71,72 n 74.

HemapameTpuueckuil aHaiu3 c MpUMeHEHUEM
U—xpurtepus MaHHa — YUTHU ITOKa3ajl CTaTUCTUYECKU
3HauUMble pazanuus uncieHHoctd OKB Mexy mixep-
HBIMU ydacTkaMu (cT. Z1, cT. Z2, cT. Z4) 1 OTKPBITHIMU
yuactkamu (cT. Z3, cT. Z5) o. Kuxu. Paznuuus no uuc-
JIEHHOCTU OCTaJIbHBIX 3KOJIOTO-TPOPUUECKUX TpymN
OakTepuoILIaHKTOHA oTcyTcTBoBanu (Tabauna 5).

[TonyueHHble faHHBIE 3a JeTHUN nepuopd 2023 r.
co cT. Z1-Z4 no OYB u uucinenHoctu CB, I'b, YOb u
®OB cpaBHWUIM € JaHHBIMU JIeTHero nepuofa (UIOHb—
aBrycT) mpefbaymux uccaegoBanuil (1994-2009 rr.)
(Cspxu u fp., 2015) (Tabnuna 6). AHaIU3 JaHHBIX
nmokasaJsi, 4yTo 3a 2023 r. OUb Ha cT. Z2 U cT. Z4 BRIXOAUT

Ta6smna 6. BakTepuoIylaHKTOH paiioHa Krkckux mxep OHEXCKOro o3epa B pa3Hble Ieprobl UCCIIeI0BaHU.

ITokxasarenu ITepuon crT. Z1 CcT. 72 cT. 23 cT. 74
HCcJIeOBaHHI
OYBb, 1994-2009 rr. 0.85-4.89 (H* 0.75-3.39 (9) 0.72-4.78 (11) 0.78-2.88 (4)
MJTH. KJI./MJT 0-5.52 1.17-2.88 1.35-3.09 0-2.98
2023 r. 2.62-3.30 (2) 3.42-3.74 (2) 2.37-2.75 (3) 3.14-3.33 (2)
CB, KOE/mn 1994-2009 rr. 98-644 (2) 114-2316 (8) 8-1576 (11) 190-401 (4)
0-845 0-1186 53-638 145-470
2023 r. 1240-1820 (2) 154-1440 (2) 361-426 (3) 710-1540 (2)
I'B, KOE/mnt 1994-2009 rr. 338-775 (2) 277-3352 (4) 44-2520 (7) 215-1510 (3)
0-3334 0-3689 11-1594 0-2432
2023 r. 3770-5610 (2) 980-5280 (2) 960-1640 (3) 1500-1980 (2)
YOB, KOE/Mmi 1994-2000 rr. 86-133 (2) 0-786 (5) 18-284 (7) 11-216 (4)
0-408 0-786 18-284 0-228
2023 r. 221-620 (2) 14-211 (2) 69-371 (3) 52-72 (2)
®OB, KOE/mt 1994-20009 rr. 8-12(2) 70-1140 (4) 8-132 (6) 77-1264 (3)
0-35 0-1232 8-132 0-2158
2023 r. 640-800 (2) 81-660 (2) 300-500 (3) 147-166 (2)
. Min— Max(n) .
IIpumeuanue: *————; JKuUpHBIM — yKa3aHbl 3HaueHUs IOKa3aTesel, BBIXOLALME 3a Mpedesibl JOBEpUTEIbHOI0

tm

uHTepBaia tm. OUYB — obmas unciaeHHocTh 6akTepuil; Cb — campodurtHble 6akTepuu; I'B — rereporpodnsie 6aktepun; YOB —
yriaeBofopookucisaiomue 6akrepun; OMY — obiee Mukpo6Hoe urcsio; @OB — dheHonokucssAwOIEe 6aKTEPULL.
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3a paMK{ JOBEpUTEJIbHOTO MHTepBajla JaHHBIX Npeabl-
AyIIUX HUCccaefOBaHUM, 0JHAaKO Takoe yBesandeHre OUb
HeBeJIMKO. B Oosibleli cTeneHN OTMeYeHBbl U3MeHeHUA
YNCJIEHHOCTU 3K0JIOro-TpodrUuecKux Ipynn O0akTepuo-
I1aHKTOHA. Tak, Ha cT. Z1 nosy4yeHHble B 2023 r. noka-
3aTeJId BEIXOAAT U3 JOBEPUTEJIbHOIO MHTepBaJjla 3Have-
HUI, TOJTy4YeHHBIX 3a nepuoq 1994-2009 rr. (Tabauna
6). 3aech oTMevaeTcsa HEKOTOPOe yBelnyeHue YrcJieH-
Hoctu I'b 1 YOB, a Takxe npeBblllleHUe YKUCIEHHOCTU
Ha nnopanok Cb u ®OBb. Ynucnennoctu Cb u I'b Ha cT. Z2
u I'b 1 YOb Ha cT. Z3 HeMHOIrM BBIXOZAT 3a NpeLesibl
JIOBEpUTEJIbHBIX WHTEPBAJIOB JAHHBIX IpeAbIAyIIUX
ucciaenosanuil (Tabauia 6). Takxke Ha cT. Z3 oTMe-
yaeTcs yBeauuyeHue B 2-4 pasa ®Ob, no cpaBHeHUIO €
NpeplAyIIMH HCCJIeJOBAaHUAMY, a Ha CT. Z4 — yBeJu-
yeHHe Ha NopAAoK uyncseHHocTH CB.

VBenuueHWe YKUCJIEHHOCTU 3KOJIOro-Tpoduye-
CKUX Ipynn 0akTepUOIIaHKTOHA [OKa3blBaeT, 4TO 3a
nocjefqHue 15 jet BosJie 0. Kiku yennuiack aHTpoOIIO-
reHHas Harpyska CBs3aHHas C yBeJM4YeHueM TypHu3Ma,
BJeKyllero 3a cob6oil TOBbIIeHNe TPaHCIOPTHOM
HarpysKHu.

4. BoiBOADI

B snernuii nepuop 2023 r. WmIXepHHIN palioH
OHexcKoro osepa xapaKTepu30BaJiCA 3arpsA3HeHHeM
JjerkomuHepanusyeMbiM OB, deHOJBHBIMU CcOeAMHe-
HUAMU U HeTempoayKTaMu, O 4eM CBUJETEIbCTBYIOT
BBICOKME IIOKa3aTejll YKCJIEHHOCTHU 3KOJIOTO-TpO-
¢duveckux rpynn OakTepuoIUlaHKTOHa. Pa3mepHo-
Mop@oJioruyeckas CTpPyKTypa OakTepuil Takxke IOA-
TBep)KAaeT HajMuue 3arpsA3HeHus BoAbI Bo3Jie 0. Kuxu
OpraHn4eckyM BelllecTBOM, a TaKXe O ero nNoTpebJeHun
6axrepusaMy. CaHUTapHO-OaKTepHOJIOrNYecKoe COCTO-
AHAe BOJBI N0 MHKPOOMOJIOTMYECKHM II0Ka3aTessiM
CBUJIETEIbCTBOBAJIO O IIPUCYTCTBUH yCJIOBHO-IIATOT€H-
HBIX MHKPOOPraHH3MOB, OIpefesiAeMBbIX IO YKCJIeH-
Hoctu OKB, noBceMeCcTHO NMpeBHIAIINX HOPMATHBEI
JIJ11 BOOOEMOB PeKpealliOHHOr0 MCII0Ib30BaHNUA.

HaunbGosee 3arpA3HeHHBIMU ABJIAIOTCA CTAHIUU
3anagHoro nobepexsbsa o. Kuwxu (cT. Z1 u cT. Z2), rae
oTMeuaeTcs 3aMeJiJIeHHBIN BOA00OMeH U JIyYIUi Mpo-
rpeB BoAbl. Hanbosiee 4nCTHIN y4acTOK BOJHOIO IpO-
crpaHcTBa 0. Kixu — ¢T. Z3 — OTKpHITHIH IJTec ¢ Gotee
WHTEHCHUBHBIM BOJOOOMEHHOM C LIeHTPAaJIbHOHN 4acThiO
o3epa.

[Io cpaBHeHMI0O C TpedbAYIIUM IepUOIOM
ucceloBaHul, JeTHUi nepuof 2023 r. xapakTepuso-
BajicA Oojiee BBHICOKMMM IIOKa3aTesIAMU 4HMCJIE€HHOCTU
0aKTepuOILIaHKTOHA, YTO CBA3AHO C yBeJIMYMBIIeHcA
TYPUCTHUYECKOI Harpy3KoW, BeIpaxkarwllelics, B IePBYI0
ouepe[ib, B yBeJIMUEHUH CyOXO/ICTBA.

bAaaropapHoCTH

UccienoBaHue BHIIOJIHEHO 3a CYeT TIpaHTa
Poccuiickoro HayuHoro ¢oHma Ne 23-17-20018,
https://rscf.ru/project/23-17-20018/, TPOBOAUMOTO
COBMECTHO C opraHamu BiacTu Pecry6imku Kapenus c
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Pecny6suku Kapenusa (OBU PK).
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