Limnology and Freshwater Biology 2025 (1): 30-51 DOI:10.31951/2658-3518-2025-A-1-30

Original Article

LIMNOLOGY
FRESHWATER
BIOLOGY

M

Trophic state of the Kizhi skerries area of
Lake Onego and water quality assessment
based on summer phytoplankton
indicators

Smirnova V.S.

Northern Water Problems Institute of the Karelian Research Centre of the Russian Academy of Sciences, Aleksander Nevsky Str. 50,
Petrozavodsk, 185030, Russia

ABSTRACT. The study of summer phytoplankton (July-August 2020 and 2022) in the Kizhi skerries area
of Lake Onego revealed high quantitative indicators of phytoplankton development, which characterises
this area as meso-eutrophic. The phytocenosis was characterised by high species diversity, which is typ-
ical for the summer phytoplankton community of Lake Onego. However, at the time of the study, the
indicator species of B-mesosaprobic pollution zones (water quality class 3, satisfactorily clean) exhibited
the greatest quantitative development. Notable species with the potential to produce cyanotoxins were
observed, although their quantitative development was relatively limited. The analysis of multi-year
changes revealed an increase in the abundance of cyanobacteria, green algae and euglena algae. The
total biomass of phytoplankton increased as a result of the proliferation of numerous, small-celled cya-
nobacteria and a limited number of large-celled, benthic and planktonic-benthic diatom algal species.
The marked proliferation of phytoplankton in the study area is attributable to the prevailing natural
conditions. Further research is required to ascertain the precise reasons for the observed increase in
phytoplankton quantities in recent years.
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1. Introduction tectural monuments on Kizhi Island (Onego Lake, Atlas,

2010). The architectural ensemble of the Kizhi Pogost

The Kizhi archipelago is a system of islands situ- was inscribed on the UNESCO List of World Cultural

ated in the north-western part of Lake Onego, the sec-
ond largest freshwater body of water in Europe. The
Kizhi skerries are distinguished from all other areas of
the lake by exceptional geological structure (Golubev,
1999; Deines, 2013). The landscape features of this ter-
ritory have resulted in the formation of unique condi-
tions for the development of not only terrestrial, but
also aquatic biocenoses (Kapitonova, 2008; Deines,
2013). The development of hydrobiocenoses in this
area is characterised by the presence of well-warmed
shallow water and weak dynamics of water masses.
Consequently, even in the earlier period of research
(60-70s), this area was identified as the most produc-
tive (Vislyanskaya et al., 1999; Chekryzheva, 2008).
One of the islands of the Kizhi archipelago, Kizhi
Island, is the location of the architectural ensemble of the
Kizhi Pogost. The Kizhi State Historical, Architectural
and Ethnographic Museum-Reserve comprises 68 archi-
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Heritage Sites in 1990, becoming one of the inaugural
three Russian sites to be included on the UNESCO list.
From 1989 to 1997, the Reserve received an average of
65,000 to 158,000 visitors annually (Protasov, 1999).
At this juncture, the Kizhi skerries area is subjected to
considerable anthropogenic pressure, largely due to the
impact of water transport and an increase in the volume
of domestic wastewater generated by the museum-re-
serve and private residences. During the summer sea-
son (July-August) between 1992 and 2011, high con-
centrations of oil products in water, ranging from 0.15
to 0.6 mg/1, were observed (Sabylina, 1999; Protasov,
1999; Sabylina and Ryzhakov, 2007; Sabylina et al.,
2012). With regard to the total phosphorus concen-
tration in water during this period, the Kizhi skerries
area was characterised as mesotrophic (up to 25 pg/1)
(Galakhina et al., 2022). It is at this juncture that alter-
ations in the phyto- and bacterioplankton of the study
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area are discerned. In accordance with the degree of
advancement of these biocenosis representatives, the
Kizhi skerries area was also categorised as a mesotro-
phic region of Lake Onego (Vislyanskaya et al., 1999;
Chekryzheva, 2008).

The number of tourist arrivals has increased to
360,000 per year, as indicated in the Activity Report
for 2023. The highest concentration of microplastics
was identified in the bottom sediments adjacent to the
primary passenger pier of the Museum-Reserve ‘Kizhi’
(Zobkov and Efremova, 2023). However, recent hydro-
chemical studies conducted between 2019 and 2020
indicate a reduction in total phosphorus, nitrates, and
BOD, levels compared to long-term data from the same
region (Galakhina et al., 2022).

Phytoplankton demonstrate a rapid response to
alterations in habitat conditions, thereby enabling the
determination of the trophic status and sanitary con-
dition of water bodies (Abakumov, 1977; Reynolds,
2008; Parmar et al., 2016). The objective of this study
is to evaluate the present condition of the surround-
ing area of the Kizhi Museum-Reserve, with particular
attention to water quality and trophic status, employ-
ing quantitative and structural indicators of summer
phytoplankton.

2. Materials and methods of research

In July and August of 2020 and 2022, four water
samples were collected at two stations in the Kizhi
Skerries region of Lake Onego for the purpose of ana-
lysing the phytoplankton present in the surface layer
(0.5 m). Station Z_2 (5 m depth) is situated in close
proximity to the water transport pier on Kizhi Island,
where the Kizhi Museum-Reserve is located. Station Z_3
(10 m depth) is located on the eastern side of the island
(Figure 1).

Water samples of 500 ml were taken with a
Ruttner bathometer and fixed with 10 ml of 40% for-
malin. They were then concentrated on membrane
filters (pore diameter 0.8 um) to a volume of 5ml, in
accordance with the methodology described by Kuzmin
(1975) and Fedorov (1979). The identification of spe-
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cies was conducted in accordance with the criteria
set forth by Zabelina et al. (1951), Matvienko (1954),
Tikkanen (1986), and the “Freshwater Algae of...” ref-
erence (2015), utilizing a Mikmed-6 microscope at
400x magnification. The species diversity of the phy-
toplankton community was assessed by the Shannon-
Weaver (H) index (Shannon and Weaver, 1949), the
uniformity of species distribution in the community by
the Pieluequalization index (E) (Odum, 1986). Species
with abundance and/or biomass greater than 10%
were categorized as dominant species, and species with
abundance and/or biomass greater than 5% were cat-
egorized as subdominants species. Ecological and geo-
graphical characteristics and indicator significance of
phytoplankton species were determined according to
the methodology (Makrushin, 1974; Vasser et al., 1989;
Barinova et al., 2006). The water saprobic index was
calculated in accordance with the Pantle-Buck method,
modified by Sladecek (Sladecek, 1973). The zone of
water saprobity was determined in accordance with the
established ecological classification of surface waters
(Oksiyuk et al., 1993). To analyse modern phytoplank-
ton data with long-term data, we utilised the registered
database (Syarki et al., 2015) and Spearman’s rank cor-
relation coefficient, performed in Statictica Advanced
10 for Windows Ru package. The water surface tem-
perature during the study period was measured using a
CastAway-CTD device and compared with the recorded
temperature data using a confidence interval (Kalinkina
et al., 2023).

3. Results and discussion

The phytoplankton composition in the Kizhi
skerries area at the time of the survey included 105
taxa, including 97 algal taxa ranked below the genus, 8
taxa ranked up to the genus, belonging to 7 systematic
divisions: Bacillariophyta - 38 (36.2%), Chlorophyta -
29 (27.6%), Cyanobacteria - 16 (15.2%); Chrysophyta
- 15 (14.3%); Euglenophyta - 3 (2.9%); Cryptophyta - 1
(1%), Dinophyta - 3 (2.8%) (Table 1). The species com-
position of phytoplankton is typical for the phytoceno-
sis of Lake Onego (Chekryzheva, 2012).
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Fig.1. Location map of phytoplankton sampling stations in the area of Kizhi skerries of Lake Onego.
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Table 1. Occurrence of summer phytoplankton species at water sampling stations in the area of Kizhi skerries of Lake Onego

No Species composition Stations
7.2 7.3
Cyanobacteria
1 Synechocystis aquatilis Sauv. + +
2 Merismopedia punctata Meyen. + -
3 Aphanocapsa elachista var. elachista W. et G. S. West + +
4 Aphanothece clathrata W. et G.S. West f. clathrata + +
5 Gloeocapsa limnetica (Lemm.) Hollerb. (= Croococcus limneticus Lemm.) + +
6 Gloeocapsa magma (Bréb.) Kiitz. emend Hollerb. - +
7 Gloeocapsa minima (Keissl.) Hollerb. ampl. f. minima + -
8 Gloeocapsa minor (Kiitz.) Hollerb. (= Croococcus minor (Kiitz.) N&g.) + -
9 Gloeocapsa minor f. dispersa (Keissler) Hollerbach + +
10 Gloeocapsa punctata Nag. emend. Hollerb. + +
11 Gloeocapsa turgida (Kiitz.) Hollerb. (= Chroococcus turgidus (Kiitz.) Nag.) + -
12 Gloeocapsa vacuolata (Skuja) Hollerb. + +
13 Gloeocapsa varia (A. Br.) Hollerb. - +
14 Gomphosphaeria lacustris Chod. (= Snowella lacustris (Chod.) Kom. et Hind.) + +
15 Oscillatoria planctonica Wolosz. (= Limnothrix planctonica (Wolosz.) Meffert + -
16 Gloeocapsa sp. - +
Cryptophyta
17 Cryptomonas erosa Ehr. + -
Dinophyta
18 Glenodinium edax Schilling. + -
19 Peridinium cinctum (Miill.) Ehrb. + -
20 Ceratium hirundinella (O. F. Miill.) Schrank + +
Chrysophyta
21 Chrysococcus cordiformis Naum. + -
22 Chrysococcus rufescens Klebs. var. rufescens + -
23 Kephyrion ovum Pascher + -
24 Dinobryon bavaricum Imhof var. bavaricum + +
25 Dinobryon divergens Imhof. + +
26 Dinobryon sertularia Ehr. + +
27 Dinobryon sociale Ehr. + -
28 Dinobryon sociale var. stipitatum (Stein) Lemm. + +
29 Dinobryon suecicum Lemm. + +
30 Pseudokephyrion entzii Corn. + +
31 Mallomonas caudate Twan. Sensu Krieger I -
32 Mallomonas coronata Boloch. - +
33 Mallomonas fressenii Kent. + -
34 Bitrichia chodatii (Reverdin) Chodat. - +
35 Chrysopyxis urna Korsch. - +
Bacillariophyta
36 Stephanodiscus hantzschii Grun. - +
37 Cyclotella meneghiniana Kiitz. (= C. kuetzingiana) + +
38 Cyclotella schumannii (Grun.) Hakasson (=C. kuetzingiana var. schumannii Grun.) + -
39 Discostella stelligera (Cleve et Grunow) Houk et Klee + +
40 Puncticulata bodanica (Grun.) Hdkansson + +
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No Species composition Stations
Z2 Z3
41 Puncticulata comta (Ehr.) Hadkansson. + +
42 Puncticulata radiosa (Lemm.) Hakansson + +
43 Melosira varians Ag. + -
44 Aulacoseira islandica (0. Miiller) Sim. (=incl. f. curvata f. islandica (O. Miill.) + +
Sim.; Melosira islandica ssp. helvetica O. Miill. (O. Miill.) Sim.; Melosira islandica
ssp. helvetica O. Miill.
45 Aulacoseira granulate (Ehr.) Sim. + +
46 Aulacoseira italica (Ehr.) Kiitz. f. italica +
47 Acanthoceras zachariasii (Brun) Sim. - +
48 Fragilaria constricta Ehr. f. constricta + -
49 Fragilaria crotonensis Kitt. + +
50 Fragilaria pinnata Ehr. + -
51 Synedra acus Kiitz. ssp. acus - +
52 Asterionella formosa Hass. var. formosa + +
53 Diatoma tenuis Ag. (=D. elongatum (Lyngb.) Ag.) + -
54 Tabellaria fenestrate (Lyngb.) Kiitz. + +
55 Tabellaria flocculosa (Roth.) Kiitz. (incl. var. ventricosa Grun.) + -
56 Navicula dicephala (Ehr.) W. Sm. + -
57 Navicula longirostris Hust. + -
58 Navicula rotaeana (Rabench.) Grun. + -
59 Navicula salinarum f. capitata Schulz + +
60 Diploneis smithii (Bréb.) Cl. var. smithii + -
61 Frustulia rhomboides var. saxonica (Rabenh.) D. T. - +
62 Cymbella lanceolata (Ehr.) Kirchn. var. lanceolata (incl. var. notataWisl. et + -
Poretzky)
63 Cymbella ventricosa Kiitz. var. ventricosa + -
64 Amphora coffeaformis (Ag.) Kiitz. var. coffeaformis + -
65 Amphora ovalis (Kiitz.) Kiitz. (incl. var. gracilis (Ehr.) ClL.) + -
66 Amphora pediculus (Kiitz.) Grun. (=A. ovalis var. pediculus (Kiitz.) V.H.) + -
67 Nitzschia acicularis (Kiitz.) W. Sm. + -
68 Nitzschia angustata (W. Sm.) Grun. var. angustata + -
69 Nitzschia dissipata (Kiitz.) Grun. + -
70 Nitzschia hungarica Grun. + -
71 Nitzschia tryblionella var. levidensis (W. Sm.) Grun. + +
72 Campylodiscus noricus Ehr. (incl. var. costatum (W. Sm.) Grun.) - +
73 Cyclotella sp. - +
Euglenophyta
74 Trachelomonas volvocina Ehr. var. volvocina + +
75 Trachelomonas volvocina var. subglobosa Lemm. sens. Swir. + -
76 Trachelomonas sp. -
Chlorophyta

77 Chlamydomonas globosa Snow. + +
78 Chlamydomonas reinhardtii P.A. Dang. + +
79 Lobomonas stellate Chod. + +
80 Eudorina elegans Ehr. + -
81 Pediastrum duplex Meyen. + -
82 Coenococcus planctonicus Korschik. + +
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No Species composition Stations
Z2 Z3

83 Chlorella vulgaris Beyer. var. vulgaris +
84 Oocystis elliptica W. Sm. +
85 Oocystis lacustris Chod. + +
86 Oocystis submarina Lagerh. + -
87 Monoraphidium contortum (Thuret) Komark-Legn. + +
88 Coelastrum cambricum Arch. + -
89 Coelastrum sphaericum Nag. +
90 Crucigenia quadrata Morren. + +
91 Crucigenia tetrapedia (Kirchn.) W. et G. West. + +
92 Scenedesmus quadricauda (Turp.) Bréb. + -
93 Kirchneriella contorta (Shmidle) Bohl. + +
94 Koliella spiculiformis (Vischer) Hind. + +
95 Ulothrix zonata (Web. et. Mohr.) Kiitz. var. zonata + -
96 Gloeotila spiralis Chod. + +
97 Closterium gracile Bréb. var. gracile + -
98 Closterium pusillum Hantzsch. + +
99 Staurastrum paradoxum Meyen. + +
100 Ankyra juday (G. M. Smith.) Fott. +
101 Chlamydomonas sp. - +
102 Coenococcus sp. + -
103 Monodus sp. + +
104 Stigeoclonium sp. - +
105 Ulothrix sp. + -

The phytoplankton of the Kizhi skerries area
were found to be dominated by cosmopolitan (84.5%)
and boreal (8.2%) species, as detailed in Table 2. The
community was found to comprise mainly planktonic
(58.8%), planktonic-benthic (15.6%) and benthic forms
(15.6%) (see Table 2). In terms of salinity, the com-
munity species were represented by indifferent spe-
cies (59.8%), oligohalobes (12.4%), oligohalob-halo-
philes (12.4%) and oligohalob-halophobes (7.2%) (see
Table 2), which is typical for a water body of such low
salinity as Lake Onego (Lakes of Karelia, 2013). With
regard to the acidity of the aquatic environment, the
largest proportion were indifferent species (50.5%),
alkalophilic species that prefer slightly alkaline waters
(28.9%) and the smallest proportion were acidophilic
species that are capable of living in highly acidic condi-
tions (10.3%) (see Table 2).

In the present (2020 and 2022), the dominant
complex in terms of biomass (B) consists of large spe-
cies of Bacillariophyta (V_, <72250 um?®), Dinophyta
(Vs <19000 um?) and Chrysophyta (V_, <1376 um?®)
(Table 3). The subdominant species were represented
by the phyla Chrysophyta and Bacillariophyta (see
Table 3).

The dominant species in terms of abundance (N)
were mainly small celled Cyanobacteria (V_, <9 pm?®)
and larger Chrysophyta (V_, <1376 pum?®) (see

cells
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Table 2). Subdominants specieswere represented by
Cyanobacteria, Chrysophyta and Chlorophyta (see
Table 2).

The phytoplankton community during the study
period exhibited high species diversity, as indicated by
the H index, which ranged from 3.24 to 3.97 in abun-
dance and from 2.63 to 4.03 in biomass. The equal-
ization index E exhibited fluctuations between 1.97
and 2.19 in abundance and between 1.63 and 2.23 in
biomass, indicative of a uniform distribution of species
within the phytocenosis.

One of the key indices employed to evaluate the
extent of organic pollution in aquatic ecosystems is the
saprobic index (Barinova et al., 2006). During the study
period, the algocenosis was predominantly composed
of indicator species of oligosaprobic (31.6%), o-3-me-
sosaprobic (33.7%) and B-mesosaprobic (28.9%) pollu-
tion zones. Indicator species of highly polluted waters
with organic matter — Chlorella vulgaris var. vulgaris at
stations Z_2 and Z_3 and Stephanodiscus hantzschii at
station Z_3 (p-a-saprobionts) were detected (Table 4).
Oligosaprobes, o-b-mesosaprobes and b-mesosaprobes
were the most quantitatively abundant at both study
stations (see Table 4).

As a result of the analysis of saprobic charac-
teristics of phytoplankton species found in the area of
Kizhi skerries of Lake Onego at the time of the study
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Table 2. Ecological and geographical characterization of summer phytoplankton in the Kizhi skerries area of the northwest-

ern part of Lake Onegoin July-August in 2020 and 2022

Indicators Numberof species % of total number of species
Spreading
Cosmopolitans 82 84.5
Boreal 8 8.2
Alpine 1 1.1
Nodata 6 6.2
Habitat
Planktonic 57 58.8
Benthic 15 15.6
Planktonic-benthic 15 15.6
Littoral 1 4
Foulingin habitants 4 1
Epibionts 1 1
Nodata 4 4
Halobicity
Indifferents 58 59.8
Oligohalobes 12 12.4
Oligohalob-halophiles 12 12.4
Oligohalob-halophobes 7 7.2
Mesohalobes 3 31
Nodata 5 5.1
Relation to pH
Indifferents 49 50.5
Alkaliphiles 28 28.9
Acidophiles 10 10.3
Nodata 10 10.3

and calculation of the saprobic index (1.61 =0.09) (see
Table 4), this type of water can be classified as -me-
sosaprobic (water quality class 3, satisfactorily clean).

Among the cyanobacteria in the study area,
species potentially capable of producing cyanotox-
ins dangerous to human and animal health and life
were noted - Oscillatoria planctonica (= Limnothrix
planctonica) (Somdee et al., 2013; Oliveira et al.,
2019), Aphanocapsa elachista var. elachista (Krienitz
et al.,, 2013), Merismopedia punctate (Ribeiro et al.,
2017), Synechocystis aquatilis (Magalhaes et al.,
2003), Gomphosphaeria lacustris (=Snowella lacustris)
(Echenique et al., 2014). The mean number of cells
per millilitre was 990 cells/ml at the studied stations.
At Station Z_2, the mean number of potentially harm-
ful species was 584 cells/ml, with the highest concen-
tration observed on the eastern side of the island at
Station Z_3 (1640 cells/ml) (see Fig. 1). In accordance
with the threshold value for dangerous cyanobacteria
content (20,000 cells/ml), capable of producing cyano-
toxins, established by the World Health Organization
(WHO) (Guidelines for..., 2003), the quantity of poten-
tially hazardous cyanobacteria identified in the exam-
ined water region does not pose a threat to human or
animal health and life.

35

During the summer months of 2020 and 2022, a
notable increase in microalgal biomass was observed in
the study area. The total abundance (N, ) was found to
be 7134.4+1097.14 thousand cells/1, with a total bio-
mass (B, ) of phytoplankton of 3.685+1.25 mg/1. The
trophic status of the summer phytoplankton indices
during the study period was characterised as meso-eu-
trophic (Kitaev, 2007) (Table 5). The highest biomass
and abundance indices were observed at station Z_3
(see Fig. 1), particularly in 2022 (see Table 5).

At the time of the study, Cyanobacteria (43.3-
76.6%) and Chrysophyta (8-40.3%) dominated the
phytocenosis in terms of abundance. Bacillariophyta
(5-12%), Chlorophyta (5.8-14.4%) and Dinophyta,
Cryptophyta, Euglenophyta were present in the least
abundance (no more than 2% in terms of numbers)
(Fig. 2a).

The greatest contribution to biomass was made by
Chrysophyta (37.4-60%), Bacillariophyta (24-43.8%)
and Dinophyta (1.1-16.5%) (Fig. 2b). The remaining
microalgal divisions were represented in the lowest bio-
mass quantities (Chlorophyta 1.4-7.2%; Cryptophyta,
Euglenophyta, Cyanobacteria - not exceeding 5%) (see
Fig. 2b).
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Fig.2. Ratio of different phytoplankton groups in the Kizhi skerries area of Lake Onego in summer (2020 and 2022): (a) - by

abundance, (b) - by biomass.

A comparative analysis of phytoplankton indi-
cators in the Kizhi skerries area, based on earlier
studies conducted between 1996 and 2010 and more
recent studies carried out in 2020 and 2022, revealed
an increase in N and B,_, which was accompanied by
a decline in the abundance of certain phytoplankton
groups (Table 6). Earlier in the summer period, the study
area was characterised by an abundance of small-celled
species of the genus Chlorococcales and Chrysophyta
(Chekryzheva, 2008). Nevertheless, the study revealed
a statistically significant increase in cyanobacteria,
green algae and euglena algae. The Spearman rank
correlation coefficient between the number of cyano-
bacteria (N ..) and the year of study (1996-2022) was
0.65 (p<0. 05) The correlation between the number
of green (N ) and euglena (Neug) algae and the year of

study was 0.82 (p<0.05, n=10) and 0.67 (p<0.05,
n=10), respectively (see Table 6), resulting in an
increase in N micro algae (p=0.71, n=10).

The rise in the number of algae groups observed
above, which are reliable indicators of organic pollution
(Algae causing..., 2006), may be regarded as an indica-
tor of the present anthropogenic load in the water areas
of the Kizhi archipelago. However, the total phospho-
rus content in the study area (7-13 pg/L) is consistent
with the presence of this element in the central lake
shoulder (Zobkov et al., 2022). It is noteworthy that the
area of Kizhi skerries is characterised by a high density
of aquatic vegetation, which has the potential to com-
pete with phytoplankton for nutrients or impede algal
growth through the release of allelopathic substances
(Semenchenko, 2014).

Table 3. Dominantand subdominantspecies of summer phytoplankton in the area of Kizhi skerries of Lake Onego during the

study period

Indicator

Dominantspecies

Subdominants species

N (thousandcells/1)

Aphanocapsa elachista W. et G. S. West®an
Gomposphaeria lacustris Chod.<
Aphanothece clathrata W. et G. S. West®an
Dinobryon sociale Ehr.cy
Dinobryon suecicum Lemm.

Aphanothece clathrata W. et G. S. West®a®
Dinobryon divergens Imhof.
Pediastrum duplex Meyen.!

B (mg/1)

Dinobryon divergens Imhof."
Dinobryon sociale Ehr.
Dinobryon suecicum Lemm.
Tabellaria fenestrata (Lyngb.) Kiitz.Bx
Melosira varians Ag.Bx
Cymbella lanceolata (Ehr.) Kirchn. B
Ceratium hirundinella (O. F. Miill.) Schrank®®

Acanthoceras zachariasii (Brun) Sim.Bac
Fragilaria crotonensis Kitt.5x
Dinobryon sertularia Ehr.®

Dinobryon divergens Imhof.

Note: Superscript designations of departmental affiliation: ¥ — Bacillariophyta; " —

Chrysophyta; P — Dinophyta
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Table 4. Number of indicator species (N, ,.) of water saprobity and their share in phytoplankton abundance (%) in the Kizhi

Skerries area in July-August 2020 and 2022

Saprobity StationZ_2 StationZ_3
2020 2022 2020 2022
N % | N_. % | N_. % | N_. %
x-saprobes - - - - - - - -
x-0-saprobes 1 0.2 1 0.1 - - - -
o-saprobes 10 10.1 11 19.8 5 3.0 9 35.7
o-b-mesosaprobes 13 22.1 14 35.8 8 27.8 9 27.8
0-a-mesosaprobes 2 0.5 1 1.1 - - 1 0.4
b-mesosaprobes 17 64.1 18 32.6 12 58.8 11 32.4
B-a-mesosaprobes 1 0.2 1 0.1 - - 1 0.1
a-mesosaprobes 1 0.4 5 0.8 1 0.4 1 0.1
p-a-saprobes 1 0.4 - - 2 0.4 - -
p-saprobes - - - - - - - -
Saprobic index 1.82 1.45 1.72 1.45

Note:”-” the presence of indicator species within the phytocenosis is currently undetected.

Only non-large (V_, <9 um?) but abundant

cya-

nobacteria (chan) (p=0.68, n=10) and large but low
abundance diatoms (B,,) (p=0.76, n=10) affected
the statistically significant increase in phytoplankton
B, (p=0.76, n=10) (see Table 5). The diatom com-

tot

plex included large-celled benthic (Nitzschia hungarica,
Cymbella lanceolata var. lanceolata, Frustulia rhomboids
var. saxonica, Diploneis smithii var. smithii) and plank-
tonic-benthic species (Melosira varians, Acanthoceras
zachariasii) with cell volumes ranging from 4160 to
72250 pum?®. The increase in total biomass was not

affected by the increased abundance of euglena

and

green algae, as smaller species were observed during the
study period. During the study period (2020 and 2022),
the euglena algae were dominated by Trachelomonas

volvocina var.

volvocina and Trachelomonas volvo-

cina var. subglobosa, with cell volumes not exceeding
1609 um®. Among the green algae, various species of

the order Chlorococcales were dominant, with
ranging mainly from 143-496 pm3.
In general, the Lake Onego ecosystem

sizes

has

remained static throughout the period from 1992 to
2022. With regard to chlorophyll a and saprophytic
bacteria, the trophic status of the central deep-water
channel of Lake Onego remains at the level of oligotro-
phy, characterised by excellent water quality (Tekanova
et al., 2023). The trophic level in the littoral zone of
Lake Onego remains oligotrophic in terms of summer

phytoplankton (Chekryzheva, 2008; Chekryzheva and
Kalinkina, 2016). Two areas with a higher trophic level
merit particular mention. The first is Kondopoga Bay,
where the source of pollution is a pulp and paper mill
situated in the upper part of the bay and trout farms in
its central section. The second is the Kizhi skerries area.

Despite the increase in small-cell, more produc-
tive forms of algae (Gutelmacher, 1986), an analysis of
a comparison of chlorophyll a (Chl a) concentrations in
the Kizhi skerries area of Lake Onego of previous studies
(Chl a=3.4+0.3 - 1992-2010) with more recent ones
(Chla=4.6 = 0.7 -2016-2022) demonstrated that there
were no significant differences (Tekanova et al., 2023).
The surface layer temperature in 2020 (17.4-18.0°C)
was within the range of multiyear variability observed
for this parameter in August in the study area (Onego
Lake Atlas, 2010; Kalinkina et al., 2023). However, the
surface temperature in 2022 reached 21-22°C, which
was outside the confidence interval (p<0.05, n=12)
in comparison to earlier observations of this indicator
(1996-2017) (Kalinkina et al., 2023). It is conceivable
that a more pronounced warming of the surface water
layer may have resulted in a more pronounced phyto-
plankton growth in 2022 (Winder and Sommer, 2012).
Further research is required to ascertain the precise
causes of the observed increase in phytoplankton quan-
tities during the study period.

Table 5. A quantitative analysis of phytoplankton development in the Kizhi skerries area during the summer months of 2020

and 2022.
Station Selection time N, , (thousand cells/1) B, . (mg/1) Trophic state
Z2 6900 1.662 a-mesotrophic
Year 2020
Z3 7012.5 2.183 [-mesotrophic
Z2 4637.5 3.684 -mesotrophic
Year 2022
Z3 9987.5 7.210 a-eutrophic
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Table 6. Statistical characteristics of phytoplankton of the Kizhi skerries area in the early (1996-2010*) and modern study

periods (2020 and 2022)

Phytoplanktonindicators Early observations Current observations

M=m Min M*+m Min

max max
N, (thousand cells/1) 1016.1+437.98 5 7134.4+1097.14 4637.5
2930 9987.5
N,,.,(thousand cells/1) 456.4+417.80 2.5 4239.1+752.73 2006.3
2125 5287.5

N, (thousand cells/1) 95.3+25.58 29 617.2+28.11 562.5
167.5 668.8
Neug (thousand cells/1) 8.8+1.25 7.5 51.6+11.52 25

10 81.3

B, (mg/1) 0.729+0.24 0.013 3.685+1.25 1.662
1.618 7.210

chan (mg/1) 0.016+0.01 0.0002 0.033+0.01 0.013

0.03 0.048

B, . (mg/D) 0.512+0.22 0.011 1.157+0.3 0.564
1.548 1.730

Note: M +m — mean value and its error; min/max — minimum and maximum values

*- according to Syarki et al. (2015).

The distinctive natural conditions that prevail
in the vicinity of the Kizhi skerries of Lake Onego, in
comparison to other regions of the lake, foster a more
robust phytoplankton growth during the summer sea-
son. However, with the increase of anthropogenic
impact and climate change, more significant alterations
to the phytocenosis of the study area are likely.

4. Conclusions

The study of summer phytoplankton in the Kizhi
skerries area of Lake Onego in July-August 2020 and
2022 revealed an intensive development of summer
phytoplankton. The species composition was consistent
with that of the Lake Onego phytocenosis, but the great-
est quantitative development was observed in the indi-
cator species of B-mesosaprobic pollution zones (water
quality class 3, satisfactorily clean). Furthermore, the
presence of potentially harmful species with the capac-
ity to produce cyanotoxins was observed. However,
there was only a minimal quantitative development,
from 584 to 1640 kl/1. A comparison with earlier stud-
ies (1996-2010) revealed an increase in the quantita-
tive indicators of phytoplankton development in recent
years (N up to 9987.5 thousand cells/l; B up to
7.210 mg/1). An increase in cyanobacteria, green algae
and euglena algae, which are among the principal indi-
cators of the process of eutrophication of water bod-
ies, was observed. The total biomass increased due to
the proliferation of numerous, small-celled cyanobac-
teria and a significant number of large-celled benthic
and planktonic-benthic diatom species. The study area
was found to exhibit characteristics of meso-eutrophic
conditions.

Despite the observed increase in tourist activity,
as well as the potential rise in domestic wastewater, the
nutrient status of the local section of the Kizhi skerries
of Lake Onego remains at the level of oligotrophy. The
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observed increase in quantitative phytoplankton indi-
cators in 2022 may be attributed to enhanced warm-
ing of the surface water layer. To ascertain the precise
reasons for the increase in microalgae in recent years,
further research is required.
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Tpoduueckoe cocroauue panoHa Kmxckux
wxep OHe)XXCKOro osepa M OUeHKa
KauecTBa BOAbI NO NOKa3aTeAnAM AETHero
duTonNAnaHKTOHA

CmupHosa B.C.

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

AHHOTAILIHSL. B pe3ysbTaTe mccjiefoBaHus JieTHero GUTOIJIaHKTOHA (B urose-aBrycre 2020 r. u 2022
r.) B paiioHe Kimxckux mxep OHeXCKOro o3epa, ObLIN BBLABJIEHHB! BEICOKME KOJIMYeCTBeHHbIe II0Ka3aTe I
pa3BuTUA QUTOIJIAHKTOHA, XapaKTepU3yIoIMUN 3TOT palioH KaK Me30-3BTPOdHBIN. DUTOLIEHO3 OTJIU-
yaJjics BBICOKMM BHIOBBIM pasHooOpasueM, YTO XapaKTepHO AJiA cooblecTBa jJeTHero GUTOIIaHKTOHA
Omnexckoro ozepa. OgHako, Ha MOMEHT HCCJIe[JOBaHUsA HauboJiblllee KOJIMYeCTBEHHOe pa3BUTHe IIOJIy-
YMJIM BUAB-WHOUKATOPH 3-Me30canpo6HOH 30H 3arpsi3HeHus (3 Kjiacc KauecTBa BOABI, YIOBJIETBOPU-
TeJIbHO-4KCTasA). Bl OTMeueHbl BUbI TOTEHI[UAIbHO CIIOCOOHBIE K BEIpAOOTKe IAaHOTOKCHUHOB, HO UX
KOJIM4eCTBEHHOE pa3BUTHe ObLJI0 MUHUMAaJIbHBIM. AHA/IM3 MHOTOJIETHUX M3MeHEeHU! [T0Ka3aJl yBenye-
HHe YKCJIEHHOCTY IMaHOOAKTepUi, 3eJIeHbIX U 3BIJIEHOBBIX BoZopocei. Obmiasa 6uomMacca GpUTOILIaH-
KTOHA yBeJMYWJIach 3a CYeT MHOTOYMCJIEHHBIX, MEJIKOKJIEeTOUYHbIX [UaHOOaKTepuil U KPyNHOKJIeTOY-
HBIX, HO He MHOTOYMCJIEHHbIX O€HTOCHBIX 1 IIJTAHKTOHHO-OEHTOCHBIX BUIOB AMATOMOBLIX BOJOPOCJIEH.
HHTeHcrBHOEe pa3BuTHe GUTOIJIAHKTOHA B palioHe UCCJIe[JOBaHUs CBA3AHO C IPUPOAHBIMU YCIIOBAAMU
aTOro patioHa. OnpefesieHre 6oJjiee TOYHBIX IPUYNH yBeJINYeHNs KOJINYeCcTBeHHHIX IloKa3aTresel GuTo-
IIJIAHKTOHA B IOCJIeJHNE rofbl TpeOyeT AONOJIHUTEIIbHBIX UCCIeOBaHU.

Kitiouegsie citoga: utonaaHkToH, o. Kixu, OHexckoe 03epo, 4MCJIeHHOCTh, OrioMacca

Juaa mutupoBanusa: CmupHoBa B.C. Tpoduueckoe cocrosHue paiioHa Krokckux mxep OHEXCKOro o3epa M OLeHKa Kade-
CTBa BOZHBI IO IOKazaresiAM JieTHero ¢uromtankToHa // Limnology and Freshwater Biology. 2025. - Ne 1. - C. 30-51.
DOI: 10.31951/2658-3518-2025-A-1-30

1. Beepenue Kwxkckoro morocra. 'ocyapCTBEHHBIN HCTOPHKO-ap-

XUTEKTYPHBIM U dTHorpaduieckuii Mysel-3aroBeJHUK
«Kmxn» o6bequHUI Ha ocTpoBe Kixu 68 maMATHU-
KOB apxuTekTypol (OnHexckoe o3zepo. Atnaac, 2010).
ApxutekTypHBIl1 aHcaMOJyib Kikckoro morocra ObLI
BKJII0UEH B CIMCOK 00bEKTOB BCEMUPHOTI'O KYJIbTYPHOT'O
nacienusa JOHECKO B 1990 r. u ctas ogHUM M3 TpexX
nepBBIX poccuiickux o6bekToB B crucke KOHECKO. C
1989-1997 rr. 3amoBeJHUK eXerojHo Mocellaan oT 65

Kumxckuil apxumnesar — cucremMa oCTpPOBOB, pac-
IoJIarallliixcsa B ceBepo-3anaaHoil yactu OHEXCKOro
03epa, BTOPOro IO BeJIMYMHe IIPeCHOBOJHOIO BoJgoeMa
B EBporie. OT Bcex napyrux paiioHoB o3epa Kukckue
HIXepel OTJMYAITCHA YHUKAJbHBIM TIe0JIOTMYeCKUM
crpoernieM (T'ony6eB, 1999; [leitnec, 2013). Ha gasn-
HOU Teppuropuu Osarojaps jJa’HAmadTHEIM 0cOoOeH-

HoCTsAM chopMupoBaIch ocobble yCI0BUA AJIs pa3BU-
THS He TOJIBKO Ha3eMHBIX OMOIEHO30B, HO U BOIHBIX
(KanutoHoBa, 2008; [Hetinec, 2013). Pa3Butue ruj-
pOOMOIIeHO30B B JaHHOM pailioHe MPOUCXOJAT B yCJIO-
BUSX XOPOIIO IPOrpeBaeMoOro MeJIKOBOAbs, cJ1aboii
JUHAMUKHU BOOHBIX Macc, IO3TOMY elle B 6ojiee paH-
HUll nepuoj ucciefgoBaHuii (60-70-e rr.) 3TOT palioH
BBIJIeJIsIJICS Kak HauboJiee MPOAyKTUBHBIN (BuciisHckas
u ap., 1999; Yekperxena, 2008).

Ha ogHOoM m3 octpoBoB Kinkckoro apxumnesnara
(0. Kuxu) pacrnosiaraercss ApXUTeKTYPHBIII aHCamMOJIb
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ThIC. 10 158 THIC. YestoBek (IIpotacos, 1999). ImeHHO
B 3TO BpeMs paiioH KixXcKux mxep HauWHaeT MOJBEp-
ratbCsi 3HAYUTEJbHON aHTPONOreHHON Harpysku 3a
CcYeT BO3JelCTBUA BOJHOTO TPAHCIOPTa, a TaKXe yBe-
JIMYEHNS KOJIMUeCTBa X03AHCTBEHHO-OBITOBBIX CTOUYHBIX
BOJl OT My3esi-3alloBeJHUKA U YaCTHBIX JOMOB. B Teue-
HHe JIeTHero ce3oHa (utoJb-aBryct) ¢ 1992 mo 2011 rr.
OTMeYaJIiCh BBICOKHE KOHIeHTpauun HeTenpoayKTOB
BBoge ot 0.15 10 0.6 mr/11 (CabeutniHa, 1999; [IpoTacos,
1999; CabsutnHa u Perkakos, 2007; CabbuinHa U Ap.,
2012). Tlo xoHueHTpauuu obiujero gocdopa B BoJie B

© Asrop(s1) 2025. DTa pabora pacnpocTpaHs-
eTcs o MexIyHapoJHo! jiutieH3uel Creative
Commons Attribution-NonCommercial 4.0.
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3TOT nepuof paiioH Kikckux mxep xapakTepHU30Bascs
kak Me30TpodHbil (mo 25 mkr/ma) (Galakhina et al.,
2022). iMeHHO B 3TO BpeMs OTMevarTcsA U3MeHeHUs B
¢uTo- u GakTepUONIAHKTOHE U3yyaeMoro parioHa. Ilo
YPOBHIO pa3BUTHsA JaHHBIX IIpeJcTaBUTeNeil G1oleHo3a
patioH Kikckux mxep Takxe ObLI OTHECEH K Me30TPO-
¢HbIM yuyacTkaM OHexckoro o3epa (BucasHckas u ap.,
1999; Yekpsrkena, 2008).

B Hacrosljee BpeMs KOJIMYECTBO MpHe3XalomuX
TYpUCTOB yBesquuuiock o 360 Teic. B rog (OTueT o
AeATeNbHOCTU..., 2023). OOHapyXeHO MaKcCHUMaJib-
HOe cojiepXaHue MUKPOIUJIACTHKA B JOHHBIX OcajiKax
PAOOM C TJIaBHBIM MacCaXHpPCKUM IpUYAJIOM My3e-
sA-3anoBegHuKa «Kmwkn» (300koB u Edpemona, 2023).
OpHako, B pe3yjbTaTe MOCJEHUX THAPOXUMHYECKUX
uccienosanuii (2019-2020 rr.) oTMevaroTcs yMeHble-
Hue obmero gocdopa, HuTpaToB, BIIK, 10 cpaBHEHHUIO
C MHOTOJIETHUMU JTaHHBIMH B 3TOM paiioHe (Galakhina
et al., 2022).

OUTOIUIAaHKTOH OBICTPO pearupyeT Ha uH3Me-
HEHUe YCJIOBUI OOUTaHMsA, UYTO IIO3BOJIAET OIpefe-
JIUTh TpodUUECKUI CTaTyC U CAaHUTApPHOE COCTOsIHUe
BOJIHBIX 00beKTOB (AGakymoB, 1977; Reynolds, 2008;
Parmar et al., 2016). Takum 06pa3om, LEJIbI0 JAHHOTO
HccyIe[IoBaHUsA SBJIsIeTCS OlfeHKa COBPeMeHHOro COCTO-
sAHUA (KauyecTBO BOJBI U Tpoduyeckuil craTyc) mpuse-
rampmieii TEpPUTOPUU K My3el-3aloBeJHUKY «Kiku»
C WCIOJIb30BAaHMEM KOJIMYEeCTBEHHBIX U CTPYKTYPHBIX
rnokasareJieil JieTHero GUTONJIAHKTOHA.

2. MaTtepuanbl U MeTOAbI MCCAEAOBaHUA

B nrone-aprycre B 2020 r. 1 2022 r. Ha IByX CTaH-
1uax B palioHe Kikckux mxep OHeXCKOro osepa ObLin
oTOOpaHbl 4yeTblpe IPOOHBl BOABI AJiA aHaiau3a (uro-
IJIAaHKTOHA B IOBepXHOCTHOM cjioe (0.5 m). CrannusA
Z 2 (rmybuHa 5 M), pacloJioXxeHa BO3Jie IpUyasa
BOJHOrO TpaHcnopTa Ha o. Kuxwu, rae pacnosiaraercs
My3eii-3anoBeqHUK «Kuxu», ctaniusa Z_3 (riy6unHa 10
M), HAXOAUTCS C BOCTOYHO cTOpPOHEI ocTpoBa (Puc. 1).

[Tpobsl Boawsl o6bemoM 500 M, oTOOpaHHBIE
6aTtomeTpoM PyTTHepa, pukcuposanu 10 ma 40%-oro
dopmanuHa, 3aTeM KOHLIEHTpHpOBajld Ha MeMOpaH-

\ Onesccroe
he o3zepo ‘
o N

4
Wl
-

HbIX QuibTpax (mquamerp nop 0.8 MxM) o o6beMa 5
M (KyspmuH, 1975; ®enopos, 1979). BugoByio naeH-
TUdUKAIMI0 TPOBOAWIIU IO onpeesinTeisaM (3abenHa
u ap., 1951; MarBuenko, 1954; Tikkanen, 1986;
Freshwater Algae of ..., 2015) ¢ momoIbI0 MUKPOCKOTIa
Mukmen-6 npu yseaudenuu x400. BupoBoe pasHOO-
Opasue cooOmecTBa (UTOIJIAHKTOHA OLEHUBAIU IO
uapaekcy llenHoHna-Yusepa (H) (Shannon and Weaver,
1949), paBHOMEpPHOCTb paclpejesieHrs BUIOB B CO00-
mecTBe 1o uHAekcy BeipaBHeHHOCTH [Tuemny (E) (OaywMm,
1986). K kareropuut NOMHHUDPYIOUIUX BUIOB OTHO-
CHJIA BUABI C YMCJIEHHOCTBIO 1/WIM 6uoMaccoll 6osiee
10%, k BugamM-cy6qoMuHaHTaM — 6osiee 5%. DKoOJIOro-
reorpaguueckylo XapakTepUCTUKy U HHAWKaTOPHYIO
3HAYMMOCTb BUAOB (UTOILUIAHKTOHA OINpelesaind Mo
Mmeroauke (MakpymuH, 1974; Baccep u mp., 1989;
bBapunoBa u f1p., 2006). VHaekc canpoOGHOCTU BOJIbI
paccuuthiBaiu 1o Merony Ilantie-Byka B Moguduka-
quu Crageuveka (Sladecek, 1973), 3oHa canmpoGHOCTH
BOJIbI onpefesisiiu o (Okcuiok u Ap., 1993). [na aHa-
Jin3a COBpeMEeHHBIX AaHHBIX (UTOIJIAHKTOHA C MHOTO-
JIETHUMM HCIIOJIb30BaJIM 3aperucTpUpoOBaHHyl0 0Oasy
naHHbX (Capku u ap., 2015) u koaddunreHT paHro-
BOH koppesAnuyu CnupMeHa, BHIIOJHEHHBIN B IakeTe
Statictica Advanced 10 for Windows Ru. Temnepatypy
[IOBEPXHOCTH BOJBI B [IepHOJ] UCCIIeJOBAaHUA U3MepIn
npubopom CastAway-CTD u cpaBHUBaJU C 3aperu-
CTPHUPOBaHHBIMU JaHHBIMU TeMIlepaTyphl, HCIOJIb3Yy:
JoBepuTenbHbIN nHTepBas (KamunkuHa u fip., 2023).

3. Pe3yAabTathbl M 06Ccy)xpeHue

B cocTtaBe (puTonsaHKTOHA B pairioHe Kukckux
IIXep Ha MOMEHT WCCJIeIOBAaHUA OBLIO BBISABJIEHO
105 TakcoHOB, B TOM uwucie, 97 TakCOHOB BOZOpPO-
cJleil paHTOM HWXe pojJila, 8 TaKCOHOB PAaHTOM [0
poda, MpUHAJJIeXAIUX K 7 CUCTEMATHYECKUM OTe-
jam: Bacillariophyta — 38 (36.2%), Chlorophyta — 29
(27.6%), Cyanobacteria — 16 (15.2%); Chrysophyta —
15 (14.3%); Euglenophyta — 3 (2.9%); Cryptophyta —
1 (1%), Dinophyta — 3 (2.8%) (Ta6smuma 1). BugoBoii
coctaB GUTOIJIAHKTOHA XapaKTepeH IJiA GUTOLleHO3a
Onexckoro o3epa (Yekpsixkesa, 2012).

3 D .

Puc.1. Kapra-cxema pacnoJioxeHus cTaHIUH oT6opa rnpob ¢uToriankToHa B paiioHe Kipkckux mxep OHeXCKOro o3epa.
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Ta6suna 1. BecrpeuaeMocTs BUIOB JieTHero GUTOILUIAHKTOHA Ha CTaHIUAX oTOopa npob BoAwl B parioHe Kinkckux mxep
OHeXCKOro o3epa

No BumoBoi cocTaB CraHuuu
7.2 7.3
Cyanobacteria
1 Synechocystis aquatilis Sauv. + +
2 Merismopedia punctata Meyen. + -
3 Aphanocapsa elachista var. elachista W. et G. S. West + +
4 Aphanothece clathrata W. et G.S. West f. clathrata + +
5 Gloeocapsa limnetica (Lemm.) Hollerb. (= Croococcus limneticus Lemm.) + +
6 Gloeocapsa magma (Bréb.) Kiitz. emend Hollerb. - +
7 Gloeocapsa minima (Keissl.) Hollerb. ampl. f. minima + -
8 Gloeocapsa minor (Kiitz.) Hollerb. (= Croococcus minor (Kiitz.) N&g.) + -
9 Gloeocapsa minor f. dispersa (Keissler) Hollerbach + +
10 Gloeocapsa punctata Nag. emend. Hollerb. + +
11 Gloeocapsa turgida (Kiitz.) Hollerb. (= Chroococcus turgidus (Kiitz.) Nag.) + -
12 Gloeocapsa vacuolata (Skuja) Hollerb. + +
13 Gloeocapsa varia (A. Br.) Hollerb. - F
14 Gomphosphaeria lacustris Chod. (= Snowella lacustris (Chod.) Kom. et Hind.) + +
15 Oscillatoria planctonica Wolosz. (= Limnothrix planctonica (Wolosz.) Meffert + -
16 Gloeocapsa sp. - +
Cryptophyta
17 Cryptomonas erosa Ehr. + -
Dinophyta
18 Glenodinium edax Schilling. + -
19 Peridinium cinctum (Miill.) Ehrb. + -
20 Ceratium hirundinella (O. F. Miill.) Schrank + +
Chrysophyta
21 Chrysococcus cordiformis Naum. + -
22 Chrysococcus rufescens Klebs. var. rufescens + -
23 Kephyrion ovum Pascher + -
24 Dinobryon bavaricum Imhof var. bavaricum + +
25 Dinobryon divergens Imhof. + +
26 Dinobryon sertularia Ehr. + +
27 Dinobryon sociale Ehr. + -
28 Dinobryon sociale var. stipitatum (Stein) Lemm. + +
29 Dinobryon suecicum Lemm. + +
30 Pseudokephyrion entzii Corn. + +
31 Mallomonas caudate Twan. Sensu Krieger et -
32 Mallomonas coronata Boloch. - +
33 Mallomonas fressenii Kent. + -
34 Bitrichia chodatii (Reverdin) Chodat. - +
35 Chrysopyxis urna Korsch. - +
Bacillariophyta
36 Stephanodiscus hantzschii Grun. - +
37 Cyclotella meneghiniana Kiitz. (= C. kuetzingiana) + +
38 Cyclotella schumannii (Grun.) Hikasson (= C. kuetzingiana var. schumannii Grun.) + -
39 Discostella stelligera (Cleve et Grunow) Houk et Klee + +
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No Bu0BOIi cocTaB CraHuuu
Z2 Z3
40 Puncticulata bodanica (Grun.) Hdkansson + +
41 Puncticulata comta (Ehr.) Hadkansson. + +
42 Puncticulata radiosa (Lemm.) Hakansson + +
43 Melosira varians Ag. + -
44 Aulacoseira islandica (0. Miiller) Sim. (=incl. f. curvata f. islandica (O. Miill.) + +
Sim.; Melosira islandica ssp. helvetica O. Miill. (O. Miill.) Sim.; Melosira islandica
ssp. helvetica O. Miill.
45 Aulacoseira granulate (Ehr.) Sim. + +
46 Aulacoseira italica (Ehr.) Kiitz. f. italica + +
47 Acanthoceras zachariasii (Brun) Sim. - +
48 Fragilaria constricta Ehr. f. constricta + -
49 Fragilaria crotonensis Kitt. e I
50 Fragilaria pinnata Ehr. + -
51 Synedra acus Kiitz. ssp. acus - +
52 Asterionella formosa Hass. var. formosa + +
53 Diatoma tenuis Ag. (=D. elongatum (Lyngb.) Ag.) + -
54 Tabellaria fenestrate (Lyngb.) Kiitz. + +
55 Tabellaria flocculosa (Roth.) Kiitz. (incl. var. ventricosa Grun.) + -
56 Navicula dicephala (Ehr.) W. Sm. + -
57 Navicula longirostris Hust. + -
58 Navicula rotaeana (Rabench.) Grun. + -
59 Navicula salinarum f. capitata Schulz + +
60 Diploneis smithii (Bréb.) Cl. var. smithii + -
61 Frustulia rhomboides var. saxonica (Rabenh.) D. T. - +
62 Cymbella lanceolata (Ehr.) Kirchn. var. lanceolata (incl. var. notataWisl. et + -
Poretzky)
63 Cymbella ventricosa Kiitz. var. ventricosa + -
64 Amphora coffeaformis (Ag.) Kiitz. var. coffeaformis + -
65 Amphora ovalis (Kiitz.) Kiitz. (incl. var. gracilis (Ehr.) Cl.) + -
66 Amphora pediculus (Kiitz.) Grun. (=A. ovalis var. pediculus (Kiitz.) V.H.) + -
67 Nitzschia acicularis (Kiitz.) W. Sm. + -
68 Nitzschia angustata (W. Sm.) Grun. var. angustata + -
69 Nitzschia dissipata (Kiitz .) Grun. + -
70 Nitzschia hungarica Grun. + -
71 Nitzschia tryblionella var. levidensis (W. Sm.) Grun. + +
72 Campylodiscus noricus Ehr. (incl. var. costatum (W. Sm.) Grun.) - +
73 Cyclotella sp. - +
Euglenophyta
74 Trachelomonas volvocina Ehr. var. volvocina + +
75 Trachelomonas volvocina var. subglobosa Lemm. sens. Swir. -
76 Trachelomonas sp. + -
Chlorophyta

77 Chlamydomonas globosa Snow. + +
78 Chlamydomonas reinhardtii P.A. Dang. + +
79 Lobomonas stellate Chod. + +
80 Eudorina elegans Ehr. + -
81 Pediastrum duplex Meyen. + -




CmupHosea B.C. / Limnology and Freshwater Biology 2025 (1): 30-51

No Bu0BOIi cocTaB CraHuuu
Z2 Z3

82 Coenococcus planctonicus Korschik. + +
83 Chlorella vulgaris Beyer. var. vulgaris +
84 Oocystis elliptica W. Sm. - +
85 Oocystis lacustris Chod. + +
86 Oocystis submarina Lagerh. + -
87 Monoraphidium contortum (Thuret) Komark-Legn. + +
88 Coelastrum cambricum Arch. + -
89 Coelastrum sphaericum Nag. - +
90 Crucigenia quadrata Morren. + +
91 Crucigenia tetrapedia (Kirchn.) W. et G. West. 1 I
92 Scenedesmus quadricauda (Turp.) Bréb. + -
93 Kirchneriella contorta (Shmidle) Bohl. + +
94 Koliella spiculiformis (Vischer) Hind. + +
95 Ulothrix zonata (Web. et. Mohr.) Kiitz. var. zonata + -
96 Gloeotila spiralis Chod. + +
97 Closterium gracile Bréb. var. gracile + -
98 Closterium pusillum Hantzsch. + +
99 Staurastrum paradoxum Meyen. I e
100 Ankyra juday (G. M. Smith.) Fott. - +
101 Chlamydomonas sp. - +
102 Coenococcus sp. + -
103 Monodus sp. + +
104 Stigeoclonium sp. - +
105 Ulothrix sp. + -

B dutonmankToHe paiioHa Kmxckux mxep mpe-
obsamamu kocmonosiutHele (84.5%) u OopeasibHBIE
(8.2%) Bunpl (Tabsmma 2). B coobijecTBe B OCHOB-
HOM BCTpeYaJInCch IUTaHKTOHHBIE (58.8%), MJIAHKTOH-
Ho-6eHTOCHHBIE (15.6%) u GeHTOCHBIE (hopMBI (15.6%)
(cm. Tabmuiy 2). Bugpl coobmiecTBa Mo OTHOIIEHUIO K
COJIEHOCTH ObLIN IpefcTaBjieHbl MHANG@EepeHTHHIMNU
ugamu (59.8%), osurorano6amu (12.4%), osmrora-
no6-ramodunamvu (12.4%) u onurorasno6-rasogpodamu
(7.2%) (cm. Tabawuiry 2), 4TO XapaKTepHO AJIA TaKOTO
MaJIOMUHEPAJIM30BaHHOTO BoAoeMa Kak OHeXCKoe
o3epo (Ozepa Kapesu, 2013). 1o OTHOIIEHUIO K KHC-
JIOTHOCTU BOJHOUM Cpejlbl HAauOOJIBIIYI0 I[OJII0 COCTaB-
nsanu uHauddepenTtHele By (50.5%), ankanoduib-
HblE, IpeIoUYnTaIIMe cJrabomiesiouHbie Boabl (28.9%)
U HauWMeHbIIyl0 — anugoduibHbE, CIOCOOHBIE 00U-
TaTh B yCJIOBUSX BhICOKOHM KucjoTHocTu (10.3%) (cm.
Tabmuiy 2).

B Hacrosmee Bpems (2020 r. u 2022 r.) B JoMH-
HaAHTHBIA KOMILJTEKC 1o 6momacce (B) BXxoamiu KpymHbie
Buabl Bacillariophyta (V  <72250 mxm?®), Dinophyta
(V. <19000 mxm®) u Chrysophyta (V_ <1376 Mkm®)
(Tabmmma 3). Bugsl-cyOqOMUHAHTH OBLTA MPECTaB-
sensl Chrysophyta u Bacillariophyta (cm. Ta6auny 3).

JoMmuHaHTamMu 1o uncieHHocTd (N) B OCHOB-
HOM BBICTyNAJIM MEJIKOKJIETOYHBIE BUJBI IMAHO-
Gakrepuii (V_ <9 MKM®) u KpynmHee — 30JIOTUCTHIE
Bogopociu (V<1376 mxm®) (cm. TaGimiy 2). Bugpr-
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cy6moMuHaHTH ObUTM mpencTaBieHsl Cyanobacteria,
Chrysophyta u Chlorophyta (cm. Tabsuiy 2).

CoobmiecTBO (HUTOIIAHKTOHA B MEpPUOJ UCCJie-
JIOBaHUII XapaKTepPH30BaJIOCh BBICOKUM BUIOBHIM pas-
HooOpasueM, nHaekc H BapsupoBan ot 3.24 go 3.97
Mo YMCJIEHHOCTH, o 6uomacce mocturan 2.63-4.03.
Hupexc BelpaBHeHHOCTU E m3mensicsa ot 1.97 go 2.19
0 YMCcJeHHOCTH, oT 1.63 1o 2.23 — mo 6uomacce u
yKasbiBaJl Ha paBHOMEpPHOEe pacipejesieHrie BUIOB B
dutoneHose.

OuH U3 BaXHBIX UHJEKCOB, UCIOJIb3yEMBIX JIJIs
OIIeHKM CTeleHU 3arpsi3HeHUs BOJIOEMOB OpraHuye-
CKMMU BeIlleCTBaMHU, fABJIAETCA WHIEKC CampoOHOCTHU
(bapunoBa u ap., 2006). B mepuon umcciiefoBaHUA B
aJIbrorieHo3e TMPUCYTCTBOBAIM B OCHOBHOM BUJbI-UH-
IuKaTopel osirocanpobHoit (31.6%), o-p-me30ca-
mpo6Hoit (33.7%) u [3-me3ocanpobHoii (28.9%) 30H
3arpsisHeHUs. BLIM OGHApyXeHbl BUIbI-UHIUKATOPHI
CUJIBHO 3arpsi3HEHHBIX OpPraHUYeCKUM BeIeCTBOM
BoA — Chlorella vulgaris var. vulgaris Ha cT. Z2u Z_3 n
Stephanodiscus hantzschii Ha ct. Z_3 (p-a-carmpoOGHUOHTHI)
(Tabsmma 4). HauboJibiliee KOJTMYECTBEHHOE PA3BUTHE
Ha o0erx CTaHIUAX MCCJIeJOBAaHUSA MOJIYYIN OJIUTO-
canpo0bbl, O-f-Me3ocanpobbl U [-Me3ocampoOsl  (cMm.
Tabuiy 4).

B pesysbTaTe aHajiM3a CanpoOUOJIOTMYECKUX
XapaKTEpPUCTUK BUAOB (DUTOIUIAaHKTOHa, OOHapyXeH-
HBIX B parioHe Kmxckux mxep OHEXCKOro o3epa Ha
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Ta6suna 2. JkoJioro-reorpaduueckas xapakTepucTUKa JieTHero GUTOILIAaHKTOHA B paiioHe KikcKux Lixep ceBepo-3amaji-
Holl yacTu OHexXcKoro o3epa B uiojie-aBrycre B 2020 r. u 2022 1.

ITokasaTenu Yucyio BUAOB % OT 00IIero 4yrcjia BUAOB
Pacnpoctpanenue
KocmonomTet 82 84.5
BopeasnbHbIe 8 8.2
Anpnyiickue 1 1.1
Het maHHBIX 6 6.2
MecroobuTaHue
[T1aHKTOHHBIE 57 58.8
benTocHble 15 15.6
[11aHKTOHHO-OEHTOCHBIE 15 15.6
JIuTopasibHbEIe 1 4
OburaTtenu obpacTaHui 4 1
ONMOHUOHTEI 1 1
Het manHBIX 4 4
l'ano6HOCTH
HNunuddepeHTH 58 59.8
Onuroraio6st 12 12.4
Osnuroraio6-ragso@uist 12 12.4
Onurorasno6-raaodo0st 7 7.2
Me3sorano6nt 3 3.1
Het nanHbBIX 5 5.1
OtHomeHnne kK pH
HNunuddepeHTH 49 50.5
Ankanuduis 28 28.9
Anuoduist 10 10.3
Het maHHBIX 10 10.3

MOMEHT WCCJIeJOBaHUsA, M pacueTa HHJeKca campoo-
HoctH (1.61 +0.09) (cM. Tabauiry 4), JaHHBINA TUIT BOA
MOXHO OTHEeCTU K [3-Me3ocampobHOMy (3 Kjacc Kaue-
CTBa BOJIbI, Y/IOBJIETBOPUTEIHHO-UKCTAsA).

Cpenqu nmaHoOakTepuil B palioOHe HCCJIeI0Ba-
HUs OBLJIM OTMEYEHbl BHIbI, MOTEHI[HAJIBHO CII0CO0-
HbIE K BbIJIEJIEHUIO [IMAaHOTOKCHUHOB, OIMACHBIX JJI 3]10-
POBBSI M XU3HU 4ejioBeKa U XUBOTHHIX — Oscillatoria
planctonica (=Limnothrix planctonica) (Somdee et al.,
2013; Oliveira et al., 2019), Aphanocapsa elachista var.
elachista (Krienitz et al., 2013), Merismopedia punctata
(Ribeiro et al., 2017), Synechocystis aquatilis (Magalhaes
et al.,, 2003), Gomphosphaeria lacustris (=Snowella
lacustris) (Echenique et al., 2014). Ha u3y4eHHBIX CTa-
OUAX UX KOJIMYECTBO COCTaBJLAIO B cpegHeM 990 ki./
M. Ha cT. Z_2 cpeAHAA YKUCIEHHOCTh NMOTEHI[UAJIbHO
OIMaCHBIX BMJIOB cocTaBjisia 584 ki./MJ., HaubOJIb-
lee KOJIUYEeCTBO OBLJIO OTMEYeHO C BOCTOYHON CTO-
POHEI ocTpoBa — Ha cT. Z_3 (1640 xu1./mu) (em. Puc. 1).
CorjilacHO MOPOTOBOMY 3HAYeHHI0 OMACHOI'O COJlepXKa-
HuA 1uaHobakTepuni (20000 KJ1./MU1), CIIOCOOHBIX K
BBIZIEJIEHUIO0 [TMaHOTOKCUHOB, BBEJIEHHOTO BceMupHOL
opraHuzarueii sapaBooxpaHenus (BO3) (Guidelines
for..., 2003), ob6HapyxeHHOe Ha H3yYeHHOMN aKBaTO-
pUM KOJIMYECTBO TOTEHI[MAJIBHO OMAaCHBIX I[HaHOOaK-
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Tepull He yrpoXaJio 37[0POBBI0 U KU3HU YeJIOBeKa U
KHBOTHBIX.

B nernmit nepuon B 2020 r. u 2022 r. B pau-
OHe HCCJIeJOBaHUA HaOJI0OaINCh BBICOKHE KOJIHYe-
CTBEHHBIE TIOKA3aTeJM Pa3BUTHUS MUKPOBOIOPOCIIEM.
OOwas uucieHHocTh B cpeaHeMm (N ) cocTaBiisAnia
7134.4+1097.14 ThIC.KJ1./J1, a oOmas 6uomacca (B, )
¢putonyanktona — 3.685+1.25 mr/a. Tpoduueckuii
CcTaTyCc MO MOKa3aTessM JIeTHero (PUTOIUIAaHKTOHA B
Mepuo/ UCCJIeJOBAHUS XapaKTEePHU30BaJICA KaK Me30-3-
BTpodHbi (Kutaes, 2007) (Tabsmra 5). Haubosbime
rokasaTeji OMoMacChl M YHCJIEHHOCTHU OBLJIM OTMe-
yeHHI Ha cT. Z_3 (cm. Puc. 1), ocobenno B 2022 1. (cM.
Tabuiy 5).

Ha MomeHT ucciiejoBaHusA B PUTOLIEHO3E IO YHC-
JIEHHOCTH npeobJiafanu ruanobakrepuu (43.3-76.6%)
U 3oJioTuCThie Bogopocau (8-40.3%). B HanMeHbIIEM
KoJInuecTBe npucyTcTBoBaiu Bacillariophyta (5-12%),
Chlorophyta (5.8-14.4%) u Dinophyta, Cryptophyta,
Euglenophyta (o uyncieHHOCTH 3aHMMad He GoJjiee
2%) (Puc. 2a).

Haubonpmuii BkJIag B OHOMAcCCy COCTaBJIAIU
3oJioTucThie (37.4-60%), nuatomoBbie (24-43.8%)
u auHodurtoBbie Bogopocau (1.1-16.5%) (Puc. 2b).
OcTasibHble OTJeJ bl MHUKPOBOAOPOCJIEN IO Guomacce
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Puc.2. CooTHolIeHNe pa3IMUHbIX rpynn GUTOILUIaHKTOHA B paiioHe Kikckux mxep OHeXCKOro o3epa B JIETHHUN IepHO

(2020 r. u 2022 r.): (a) — mo uucygenHoctH, (b) — mo Gromacce.

ObUIM Ipe/CTaBjieHbl B HauMeHbIIeM KOJIMYecTBe
(Chlorophyta 1.4-7.2%; Cryptophyta, Euglenophyta,
Cyanobacteria — He 6os1iee 5%) (cm. Puc. 2b).

B pesysibpTare aHaniu3a cpaBHeHHA IIOKa3are-
Jlell puTOIIIaHKTOHA B paiioHe Kinpkckux mixep 6oJsiee
paHHuxX ucciaegoBanuii (1996-2010 1T.) ¢ coBpeMeH-
HeiMH (2020 1. u 2022 1.) GBUIO BBIABJIEHO YBEJIMYEHU-
eN . u B_ 3a cyeT HEKOTOPBIX IPYMNN (PUTOIIAHKTOHA
(Tabsmmra 6). Paxee B JieTHUI TEPUOJ IO YUCJIEHHOCTH
B palioHe uccJleJOBaHUA WHTEHCHBHO BereTHpOBaJId
MeJIKOKJIeTouHble Bubl poaa Chlorococcales u 30J10-
TUCTHIX Bojiopociiedt (YekpsrkeBa, 2008). OgHako Ha
MOMEHT HccJIe[JoBaHuA ObUIO OTMeYeHO CTaTHCTHYe-
CKM 3HAYMMOe yBeJIMYeHMHe YKCJIEHHOCTH IaHoOak-
Tepuli, 3eJIeHbIX U 3BIJIEHOBBIX BOJIOpOCJIeli. PaHTOBBIN
ko3 PunmeHT KoppesAnuu CoupMeHa Mexay KoJude-
ctBoM IraHobakTepuii (N ) U TOJIOM HCCJIeJOBaHUN

cyan

(1996 —2022 rr.) cocraBun 0.65 (p<0.05, n=10),
MeXIy KOau4ecTBOM 3ejieHbix (N, ) U 3BIJIEHOBBIX
(Neug) BOJIOpOCJIE U TOoJoM wuccjaefqoBanuii — (.82
(p<0.05, n=10) u 0.67 (p<0.05, n=10), cooTBeT-
ctBeHHO (cM. Tabsuiy 6), YTO MPUBEJIO K YBEJIMTIEHUTO
N, . Mukposogopocieit (p=0.71, n=10).

VYBenmyeHre KOJIMYECTBA OTMEYEHHBIX BHIIIIE
rpynn BOAOPOCJIEN, SBJIAIOIUMUCA XOPOIIMMU WHIU-
KatopaM# OpraHuvyeckoro 3arpsisHeHus (Bomopociu,
BhI3BIBAOIUE ..., 2006), wmoram OB paccMmarpu-
BaThCA KaK IIOKA3aTesb JeUCTBYIOIIEH AaHTPOIOTeH-
HOHM Harpy3kd Ha akBaTopuu Kukckoro apxumerara.
Opnako, comepxaHue obmero docdopa B patioHe
uccaenoBanus (7-13 MKr/j) He OTJIMYAeTCs OT NPU-
CyTCTBUA 3TOTO 3JIEMEHTA B [IEHTPAJIBHOM ILJIece 03epa
(Zobkov et al., 2022). BaxHO 3aMeTHUTh, YTO B paiioHe
Kmxcknx mxep npowuspacrtaer 00JbIIOe KOJINYECTBO

TaGJmua 3. I[OMI/IHaHTHbIe u Cy6£[OMI/IHaHTHbIe BH/BI JIETHETO (I)I/ITOHJ'IaHKTOHa B paﬁOHe Kuxckux mxep OHEeXCKOTo o3epa

B I1€epuoJ nccjeJoBaHuA

IToka3arTeib JloMUHaHTHBIE BUJBI

Bupl-cy0 JOMUHAHTBI

N (TBIC.K1./7T)

Aphanocapsa elachista W. et G. S. West®a
Gomposphaeria lacustris Chod.%"
Aphanothece clathrata W. et G. S. West®an
Dinobryon sociale Ehr.cy
Dinobryon suecicum Lemm.

Aphanothece clathrata W. et G. S. West®a
Dinobryon divergens Imhof.
Pediastrum duplex Meyen.ch!

B (Mmr/m) Dinobryon divergens Imhof." Acanthoceras zachariasii (Brun) Sim.Bac
Dinobryon sociale Ehr. Fragilaria crotonensis Kitt.Ba
Dinobryon suecicum Lemm. Dinobryon sertularia Ehr.c
Tabellaria fenestrata (Lyngb.) Kiitz.Bac Dinobryon divergens Imhof.~
Melosira varians Ag.Bx
Cymbella lanceolata (Ehr.) Kirchn. B
Ceratium hirundinella (O. F. Miill.) Schrank®®
Ipumeuyanue: HajcTpouHble 0003HAYeHWs MPUHAMJIEXHOCTH K OTAedy: B¢ — Bacillariophyta; ! - Chlorophyta;

Gan_ Cyanobacteria; - Chrysophyta; P — Dinophyta.

47



CmupHosea B.C. / Limnology and Freshwater Biology 2025 (1): 30-51

Ta6suna 4. KonmuecTBO MHAUKATOPHBIX BUJIOB (Num) canpo6HOCTY BOAHBI U UX [10JIA B YKUCJIeHHOCTH puTonmaHkToHa (%) B

patione Kinkckux mixep B utose-aBrycre 2020 r. u 2022

T.

Cr.Z2 Cr.Z3
CanpoOHOCTh 2020 2022 2020 2022
N % N % N % N %
X-canpoosl - - - - - - - -
X-0-CcanpoOs! 1 0.2 1 0.1 - - - -
0-canpoOHl 10 10.1 11 19.8 5 3.0 9 35.7
0-f3-Me30canpobs 13 22.1 14 35.8 8 27.8 9 27.8
0-a-Me30canpoobl 2 0.5 1 1.1 - - 1 0.4
[3-Me30canpober 17 64.1 18 32.6 12 58.8 11 32.4
B-a-me3ocanpobst 1 0.2 1 0.1 - - 1 0.1
Qa-Me30canpobsl 1 0.4 5 0.8 1 0.4 1 0.1
p-a-canpoGkbl 1 0.4 - - 2 0.4 - -
p-canpoObl - - - - - - - -
Hnpexc canpobHOCTH 1.82 1.45 1.72 1.45
IIpuMeuaHue: «—» BUAB-MHANKATOPEL, OTCYTCTBYIOIYE B GUTOLEHO3€e B JAHHBII MOMEHT.
BBICIIENl BOJHOI pACTUTEJBbHOCTU, KOTOPBIE MOTYT [To mokazaTessAM x0poduiiia a U canpoPUTHEIM Oak-

BBICTYIIATh B KaueCcTBe KOHKypeHTa ¢ GUTOIJIAHKTOHOM
3a OMOreHHbIe 3JIeMeHThl UM WMHTHUOMPOBATh Pa3BU-

THE BOZOPOCJIEN 3a CYET aJIIEIOMAaTUYECKUX Bell]
(Cemenuenko, 2014).

€CTB

Ha crarucTuveckyd 3HaYyuMMoe yBesindyeHuve B
¢urtorutankroHa (p=0.76, n=10) NOBIUAIN TOJBKO

He kpynHble (V<9 MKM®), HO MHOTOYHCJIEHHbIE
HoOaKTepuun (chan) (p=0.68, n=10), a Takxe K

HBIE, HO ¢ HeOOJIBIIION YMCJIEHHOCTRIO — JuaTomen (B

nua-
pyn-
)

bac

(p=0.76, n=10) (cm. Tabnumy 5). B auaromoBom

KOMILJIEKCe GBUIM BCTPEYEHB KPYHMHOKJIETOYHBIE
TocHbie (Nitzschia hungarica, Cymbella lanceolata

OeH-
var.

lanceolata, Frustulia rhomboids var. saxonica, Diploneis
smithii var. smithii) 1 IIaHKTOHHO-O€HTOCHBIE BHIIbI

(Melosira varians, Acanthoceras zachariasii) o6beM

KJie-

TOK KOTOPBIX BapprpoBaJ oT 4160 o 72250 mxm>. Ha
yBesnuyeHue oblel OrioMacchl yBeJIMueHe Y1CJIEHHO-
CTH 3BIJICHOBBIX U 3eJIeHbIX BOJOPOCJIeil He oTpasu-
JI0Ch, TaK Kak B IepUoJl MCCIeJOBaHNA ObLIY OTMeYeHbl
MeHee KpyIHble BUAbl. Cpeiy 9BIJIEHOBLIX BOAOPOCIel
B mepuon ucciefnosanus (2020 r. u 2022 r.) goMmu-

HUpOBaIU —

Trachelomonas volvocina var. volvocina

u Trachelomonas volvocina var. subglobosa, oGBbeMbI
KJIETOK KOTOpBIX He mpeBbimanu 1609 mxm®, cpemu
3eJIeHBIX BOJOPOCJIell — pas3jIM4yHble BUAB HOPsAOKA
x0pokokkoBele (Chlorococcales), pasmepbl KOTOPBIX

BapbUpPOBaJId B OCHOBHOM OT 143-496 MKM®.

B wnesnom, skocucrteMa OHeXCKOro o3epa 3a
nepuop ¢ 1992-2022 rr. He mpeTepriesia U3MeHEeHUM.

TepusM TpoUUECKUl CTaTyC LEeHTPAJBHOIO IJIyOOKO-
BOAHOTO Iieca OHEXCKOro o3epa OCTaeTcs Ha YpOBHe
ourorpoduu ¢ OTINYHBIM KadyecTBOM Bofw! (TekaHoBa
u np., 2023). YpoBeHb Tpoduu B JUTOPAJILHOU 30HE
B pasHbIX paiioHax OHEXCKOro o3epa TakXe OCTaeTcs
OJIUroTpO(PHEIM MO IOKa3aTeaAM JieTHero ¢GpUTOIIaH-
kroHa (YekpbrkeBa, 2008; YexkpeikeBa u KanmuHkuHa,
2016). UckroueHueMm, ABJIAIOTCA IBa palioHa ¢ OoJiee
MOBBHIIIEHHBIM ypoBHeM Tpodunu - KoHOomoxckas
ryba, rge HMCTOYHUKOM 3arpsasHeHusa AejaloTcsa L[BK
B mpubpexbe B BepIIMHHON yacTu 3ajiiBa U ¢dopee-
Bhle (pepMEHI B ee I|eHTPaJIbHOM YacTH, a Takxe palioH
Kmxckux mxep.

HecmoTpas Ha yBeJuueHHe MeJIKOKJIETOY-
HBIX ©OoJiee NPOAYKTUBHBIX (opM  BoJopociei
(T'yrenpmaxep, 1986) aHanu3 cpaBHeHUs KOHIIEHTpa-
nuil xyiopodpuia a (X a) B patioHe Kukckux mixep
OHexcKoro ozepa MNpeAbIAyIIUX wuccienoBaHuil (X
a=3.4+0.3 - 1992-2010 rr.) c 60Jiee cOBpeMeHHbMU
Xn a=4.6 = 0.7 — 2016-2022 rr.) mokasaj OTCyT-
cTBUe 3HauMMBbIX pasziauuuil (TekanoBa u ap., 2023).
Temmneparypa mnoBepxHOocTHOro cjosi B 2020 r. (17.4-
18.0°C) Haxouach B Impejiejiax MHOTOJIETHEH U3MeH-
YMBOCTU 3TOr0 IOKasaTesid AJIA aBrycTa U3yd4aeMoro
patioHa (OHexckoe o3epo. ATJiac, 2010; KasiiuHkiHa u
Ip., 2023). OnHako, TeMIiepaTypa HoBepxHocTU B 2022
r. gocturasna 21-22°C u BhIXO[uJIa 3a INpeesibl JoBe-
putesibHOro uHTepBasa (p <0.05, n=12) B cpaBHeHUU
¢ Oosiee paHHUMU HAOJIOJEHUAMU 3TOTO IOKa3aTeJis

Ta6smna 5. KonmdecTBeHHbIe NIOKa3aTesIM pa3sBUTHA QUTOIUIAHKTOHA B JIETHUH NepuoA B palioHe Kmkckux mxep (2020 r.

n 2022 r.)
CTraHuus Bpems oT6opa N, , (TBIC. KJI./JT) B, . (Mmr/m) Tpodudeckoe cocTosaHNe
Z2 2020 r. 6900 1.662 a-Me30TpodHBIN
Z3 7012.5 2.183 B-me30TpodHbII
Z2 2022 . 4637.5 3.684 B-me30TpodHbII
Z3 9987.5 7.210 0a-eBTPOGHBIH
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Ta6suna 6. CraTucTUyecKye XapakTepucTUKU GUTOILIaHKTOHA patioHa Kinkckux mxep B paHHuH (1996 —2010) u B coBpe-

MeHHBIHN nepuoAnl nccjiegosanus (2020 r. u 2022 1.).

IToka3arenu UTOIIAHKTOHA Pannue HabJII0jeHus CoBpeMeHHbIe HAa0JII0AeHUs
M+m Min M+m Min
max Max
N, (TbiC.K71./0T) 1016.1+437.98 5 7134.4+1097.14 4637.5
2930 9987.5
Ncyan(TbIC.KJ'I./J'I) 456.4+417.80 2.5 4239.1 +£752.73 2006.3
2125 5287.5
N, (TBIC.KJL./JT) 95.3+25.58 29 617.2+28.11 562.5
167.5 668.8
Neug (TBIC.KJI./JT) 8.8+1.25 7.5 51.6+11.52 25
10 81.3
Bmt(MI‘/JI) 0.729+0.24 0.013 3.685*+1.25 1.662
1.618 7.210
chan (mr/m) 0.016 +0.01 0.0002 0.033+0.01 0.013
0.03 0.048
B,.. (mr/m) 0.512+0.22 0.011 1.157+0.3 0.564
1.548 1.730

IIpumeuanue: M +m — cpefjHee 3HaUYeHUe U ee omKOKa; Min/max — MUHUMaJIbHbIE 1 MaKCUMaJIbHble 3HaYeHUs.

(1996-2017 rr.) (KasmmukuHa u Ap., 2023). Bo3MOXHO,
0oJiee 3HAUUTEJIBHBIN MPOTPEB MOBEPXHOCTHOI'O CJIOSA
BOJIBI MOT' TIPWBECTH K 00Jiee MHTEHCUBHOMY POCTY
duTtomnankToHa B 2022 r. (Winder and Sommer, 2012).
BrIsABJIEHVE TOYHBIX IPUYMH YBEJIMYEHUS KOJTUYECTBEH-
HBIX MOKa3aTeJjiell GUTOIIaHKTOHA B MEPUOJ UCCIIe0-
BaHMA TpebyeT JOMOJHUTEIIbHBIX NCCIIEIOBAaHUT.

Takum o6pa3zoMm, cHOPMUPOBABIINECA OCO-
Oble MPUPOAHBIE YCJIOBUA B palioHe KWXCKUX MIXep
OHEeXCKOro 03epa, B OTJIMYME OT APYTrUX Y4YaCTKOB
o3epa, OmpeeJisiioT OoJjiee MPOAYKTUBHOE Pa3BUTHA
(duTorUTaHKTOHA B JIeTHUI nepuof. OQHAaKo, MpU yCH-
JIEHUW aHTPOIIOTeHHOUN HAarpy3Kyd U TOTEIUIeHUs KJIU-
Mara BO3MOXHBI 60Jiee CUJIbHBIE NU3MeHeHUsI B UTOIe-
HO3€ MCCJIeIOBAaHHOTO paloHa.

4. BbiBOADbI

B pesynbTraTte ucciegoBaHus JieTHero Guro-
IJIaHKTOHA B patioHe Kikckux mnrxep OHEXCKOro o3epa
B utosie-aprycre 2020 r. u 2022 r. oTME4€HO WHTEH-
CHUBHOe pa3BUTUE JieTHero puToIIaHKTOHa. BrgoBoit
cocTtas ObLI XapakTepeH 1A ¢utorieHo3a OHEXCKOro
o3epa, OJHaKO HanuboJIblllee KOJINYeCTBeHHOe pa3BUTHE
MOJIYYMJIN BUBI-MHANKATOPH [3-Me30canpoGHOI 30H
3arpssHeHus (3 Kjlacc KayecTBa BOJBI, YIOBJIETBOPU-
TesibHO-uKcTasn). Kpome Toro, 6bUIM OTMEUYEeHBl OTEH-
[[MaJIbHO OIacHBIe BU/BI, CIIOCOOHBIE K BRIpaOOTKe LKa-
HOTOKCUHOB. OJHAKO MX KOJIMYECTBEHHOe pa3BUTHeE
OBLJI0 MUHUMAaJIBHBIM: OT 584 KJ1./71 10 1640 xi1./71. [Ipn
cpaBHeHHUU ¢ 60Jiee paHHMMU HccyeoBaHusAMU (1996-
2010 rr.) oOHapyXeHO yBeJWuYeHHe KOJIUYEeCTBEHHBIX
rnokasaTreJjieil pa3BuUTUA PUTONIIAHKTOHA B MOCJIeqHNE
rogel (N__ 110 9987.5 Thic.ki1./J1; B 10 7.210 mr/i).
O6HapyxeHO yBeJjiMueHHe HaHOOaKTepuil, 3eJIeHbIX U
IBIJIEHOBBIX BOJOPOCJIEN, OJJHUX U3 TJIAaBHBIX MH]IMKA-
TOpPOB Iporiecca 3BTpodupoBaHUA BoAoemMoB. OOmas
fuomacca yBeJIMYWJIach 3a CYET MHOTOYMCJIEHHBIX,
MEJIKOKJIETOYHBIX IHMAHOOAKTEPUII M KPYIMHOKJIETOY-
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HBIX, HO He MHOTOYMCJIEHHBIX OEHTOCHBIX W ILJIaH-
KTOHHO-OEHTOCHBIX BHJOB AUATOMOBBIX BOJOPOCJEN.
CocTossHUe HCCIIeJOBAHHOIO y4yacTKa XapaKTepu3oBa-
JIOCh, KaK Me30-3BTpodHOe.

HecMoTpsas Ha yBesnueHHe IOTOKA TYpUCTOB,
cJIeOBaTeJIbHO, YyBeJIMYEeHHE KOJIMYeCTBa BOJHOIO
TPaHCIOPTa ¥ BO3MOKHOI'O YBEJINYeHNs CTOYHBIX OBITO-
BBIX BOJ, COCTOsIHHE JIOKAJIbHOro yuacTka Krkckux
mxep OHEXCKOro oszepa No OHOTeHHBIM 3JI€MeHTaM
OCTaeTcsA Ha ypOBHe OJIUTOTpoduU. YBeandeHue KOJIu-
YeCTBEHHBIX IOKa3aresiedl (uromyiaHkToHa B 2022 T.
BO3MOXHO, CBfI3aHO C JIYYIIWM IIPOTPEBOM IIOBEPX-
HOCTHOTO CJIOSI BOABL. BhIABIEeHHe 6oJiee TOYHBIX IIPU-
Y1H yBeJIMUeHU MUKPOBOAOPOCJIEH B IIOCJIeHNE TObI
TpeOyeT [NOMOJIHUTEJIbHBIX UCCIeOBaHN.

BAaropapHoCTH

HcciiemoBaHye BHIIIOJHEHO 3a
Poccuiickoro HayuHoro ¢onHga Ne 23-17-20018,
https://rscf.ru/project/23-17-20018/», TPOBOAUMOTO
COBMECTHO ¢ opraHamu Bjactu Pecry6smku Kapenus ¢
(puHaHcupoBaHueM 13 OoHA BEHUYYPHBIX WHBECTULNN
Pecny6siuku Kapemmsa (OBU PK).
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