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ABSTRACT. An investigation into the phytoplankton condition in the area of Kizhi skerries of Lake
Onego during the spring, summer and autumn of 2023 revealed a high level of microalgae development.
The quantitative indicators of the phytocenosis characterise this area of Lake Onego as mesotrophic. The
classification of the water type in the Kizhi skerries area of Lake Onego is determined by the indicator
values of phytoplankton found during the study period and their quantitative development. The water
type is thus classified as a f-mesosaprobic pollution zone with water quality class 3, i.e. satisfactorily
clean. The most significant increase in quantitative development was observed during the spring and
autumn periods, with diatoms and cyanobacteria being the dominant phytoplankton species. In con-
trast, during the summer months, cyanobacteria, along with golden and green algae, were the primary
components of the phytoplankton community. Furthermore, silicon concentrations was decreased from
spring to autumn that was caused by increasing ofabudance and biomass of diatom algae. At the same
time, lower values in the ratio of obmral nitrogen to total phosphorus can be applied as indicator of
active production of cyanobacteria. The intensive vegetation of phytoplankton in the Kizhi Island area
is related to the area’s natural conditions.
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1. Introduction the separation of the thermobar skerries from the main

lake water area and the establishment of direct ther-
mal stratification with higher water surface tempera-
tures for Lake Onego (Petrova, 1971). Consequently,
the seasonal phases of phytoplankton development in
this water area may occur earlier in comparison to the
deep-water areas of the lake (Petrova, 1971). However,

In the northwestern part of Lake Onego in the
Republic of Karelia, there is a system of islands which
differs from all other areas of the lake by virtue of its
unique geological structure (Golubev, 1999; Deines,
2013). The Kizhi archipelago is designated as a spe-

cially protected area, where the conditions for the
development of terrestrial and aquatic biocenoses
have been established (Khokhlova and Semina, 1988;
Kapitonova, 2008).

The phytoplankton community in the area of
Kizhi skerries in the 1960s and 1970s differed from
those in other areas of Lake Onego, with higher devel-
opment indicators. This was due to the special land-
scape conditions in this area, such as rapidly warming
shallow water, slow water exchange and comparative
isolation from the lake (Vislyanskaya et al., 1999;
Chekryzheva, 2008; Petrova, 1971). Consequently,
the earlier warming of the water mass and its inten-
sive mixing are observed in spring, as a consequence of
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despite the aforementioned conditions, the level of
microalgae development in the early period of the
study (60-70s) remained within the limits of oligotro-
phy (Chekryzheva, 2008).

However, in 1990, the architectural ensem-
ble of the Kizhi Pogost, located on Kizhi Island, one
of the largest islands in the Kizhi archipelago, was
included in the UNESCO World Cultural Heritage List
(Onego Lake. Atlas, 2010). At these years, anthropo-
genic impact was intensified at the Kizhi Island area.
Concentrations of total phosphorus were increased up
to 25 ug/l with increasing of domestic wastewaters
discharge (Galakhina et al., 2022) and water trans-
port influence was lead to increasing of oil products in
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water from 0.15 to 0.6 mg/1 (Sabylina, 1999; Protasov,
1999; Sabylina and Ryzhakov, 2007; Sabylina et al.,
2012; Galakhina et al., 2022). In consequence of the
heightened anthropogenic load in the area during the
1990s, alterations in the structure and quantitative
level of algae development were observed in the phyto-
cenosis of the Kizhi skerries area of Lake Onego, which
resulted in an augmentation of the trophic status from
oligotrophic to mesotrophic (Vislyanskaya et al., 1999).
This level of phytoplankton development was sustained
in the 2000s (Chekryzheva and Vislyanskaya, 2000;
Chekryzheva, 2008).

The increase in air temperature has led to an
increase in the duration of the open water period
and the onset of ‘biological’ summer, resulting in an
elevated average water surface temperature of Lake
Onego (Filatov et al., 2020; Efremova and Palshin,
2015). In light of the observed climatic shifts impact-
ing the temperature dynamics of Lake Onego and the
direct anthropogenic influence on the Kizhi skerries
region, the objective of this study is twofold. Firstly, it
seeks to provide a comprehensive characterisation of
the contemporary phytoplankton structure. Secondly,
it aims to undertake a quantitative analysis of its sea-
sonal development. Additionally, the study will assess
the water quality of the study area by evaluating the
indicator values of microalgae species.

2. Materials and methods of research

Kizhi Island is located in the northern part of
Lake Onego (61°42’N, 35°25E), the second largest
freshwater lake in Europe. The lake is part of the Baltic
Sea basin, surface area of 9720 km?and mean and max-
imal depth 31 m and 120 m respectively.Water renewal
time of lake is 15.6 years. The lake waters ischaracter-
ize as mesohumus, weakly alkaline waters of the hydro-
carbonate-calcium type (Lakes of Karelia, 2013).

Water samples for qualitative and quantitative
assessment of the phytoplankton and nutrient concen-

‘ - Kizhi Island

trations were taken in the surface layer (0.5 m) in the
area of Kizhi Island in Lake Onego. The samples were
collected at stations Z_1, Z_2, Z_3 and Z_4 (Fig. 1) on 29
May, 31 July and 23 September 2023.

Water samples (V=0.5 1) were collected with a
Ruttner bathometer and fixed with 10 ml of 40% for-
malin. The concentration of water samples for microal-
gae analysis was then carried out on membrane fil-
ters (Dpore=0.8 um) to a volume of 5 ml (Methods of
Hydrobiological..., 2024; Fedorov, 1979). The calcula-
tion of abundance (N ) and the determination of phy-
toplankton were carried out using a Mikmed-6 micro-
scope. The following identifiers were utilised to identify
the species composition of the algoflora (Zabelina et
al., 1951; Matvienko, 1954; Kiselev, 1954; Tikkanen,
1986; Komarek, 1998; 2005; 2013; Krammer and
Lange-Bertalot, 1986; 1991). The microalgae biomass
(B,,) was calculated using the stereometric method,
whereby the volume of each cell was calculated.
Species exhibiting abundance and/or biomass greater
than 10% were designated as dominant species, while
those with abundance and/or biomass greater than 5%
were classified as subdominant. The indicator signifi-
cance of phytoplankton species was described using the
following materials (Sladecek, 1973; Makrushin, 1974,
Wasser et al., 1989; Barinova et al., 2006). The sapro-
bic index (S) of water was calculated according to the
Pantle-Buck method modified by Sladecek (Sladecek,
1973), and the saprobic zone was determined accord-
ing to Oksiyuk et al. (1993). In order to perform a
statistical analysis of the phytoplankton status of the
Kizhi skerries area of Lake Onego, it is first necessary
to obtain more regular data series on phytoplankton
development in this area (n<5), with the exception of
summer observations (n=14). The quantitative indi-
ces obtained in 2023 were then compared with the
recorded phytoplankton data (Syarki et al., 2015) from
the period between 1996 and 2010, using a confidence
interval (Ivanter and Korosov, 2010).
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Fig.1. Water sampling locationfor phytoplankton and nutrients analysis in the Kizhi skerries area of Lake Onego.

730



Smirnova V.S. et al. / Limnology and Freshwater Biology 2025 (4): 729-760

SI: “The VIII-th Vereshchagin Baikal Conference”

The measurement of chlorophyll a (Chl a) con-
centrations in water was conducted using the stan-
dard spectrophotometric method (GOST 17.1.4.02-90).
Nutrient concentrations (total phosphorus (TP), mineral
phosphorus (P-PO,), NH,*, NO,, NO,, Si) were deter-
mined according to standard methods (Analytical...,
2017). The total nitrogen (TN) concentrationswere
determined by high-temperature oxidation on a
Shimadzu TOC-LCSN analyser in accordance with the
method specified in PND F 14.1:2:3:4.279-14 (environ-
mental regulations federative documents). The organic
nitrogen (Norg) concentrationswere calculated by the
difference between TN and mineral forms of nitrogen.

Water surface temperature during the study
period was measured using a CastAway-CTD instru-
ment, and a registered database was used to compare
surface water temperature in the study area with ear-
lier observations (Kalinkina et al., 2023). The trophic
state of the Kizhi Island area of Lake Onego in 2023 was
assessed according to the classifications of lake types
presented in the work of S.P. Kitaev (2007), and in
terms of total phosphorus content in water — according
to P.A. Lozovik (2013).

3. Resulits

During the study period, 204 taxa ranked below
genus were identified in the phytoplankton in the Kizhi
skerries of Lake Onego, belonging to 7 systematic divi-
sions: Bacillariophyta - 76 (37. 2%); Chlorophyta - 54
(26.5%); Cyanobacteria - 33 (16.2%); Chrysophyta -
26 (12.7%); Euglenophyta - 5 (2.5%); Cryptophyta- 6
(2.9%); Dinophyta - 4 (2%) (Table 1).

3.1. Water surface temperatures and
nutrient content in water during the study
period

In May 2023, the surface water temperature in
the Kizhi skerries area of Lake Onego ranged from 14.2
to 15.8°C, in July it ranged from 17.4 to 18.5°C, and in
September it ranged from 14.4 to 14.6°C (Fig. 2).

Nutrient concentrations (P, N, Si) weresimilar
between all stationsof Kizhi Island area in 2023 (see
Table 2). During the spring and summer periods, the
concentrations of TP(1-12 pg/1) were remained within
the limits of oligotrophy. However, in September, the
concentrations of TP(10-17 pg/1) were increased, reach-
ing levels indicative of oligo-mesotrophy. The nitrogen
forms were exhibited comparable concentrations at all
stations throughout the study period. The predominant
nitrogen form in the TNcomposition was N_, with its
share increasing from 67.7% in May to 76% in July and
96.3% in September (see Table 2).

In summer, increasing of nitrate concentrations
and decreasing of ammonium concentrations were
observed at all stations in comparison to the spring.
By autumn, the concentrations of nitrogen mineral
forms were decreased to minimum values. The silicon
concentrationswere decreased from spring to autumn
(Table 2).

3.2. Spring development of phytoplankton

In May 2023, a total of 97 species and intraspe-
cific taxa, categorised below the rank of genus within
the domain of algae, were identified in the Kizhi Island
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Fig.2. Surface water temperature of the studied area of Kizhi Island, Onego Lake, in May, July and September 2023.
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Table 1. List of phytoplankton species in the area of Kizhi skerries of Lake Onego in different seasons of 2023.

No Species composition Seasons of the year
Spring | Summer | Autumn
Cyanobacteria
1 Synechocystis aquatilis Sauv. + + -
2 Merismopedia punctata Meyen (= Merismopedia tranquilla (Ehr.) Trev. DN + +
3 Aphanocapsa elachista var. elachista W. et G. S. West DN DN -
4 Aphanocapsa incerta (Lemm.) Cronb. et Kom. DN - DN
5 Aphanocapsa delicatissima W. et G. S. West - - +
6 Aphanothece clathrata f. clathrata W. et G.S. West - DN DN
7 Aphanothece clathrata var. brevis (Bachm.) Elenk. - + -
8 Coelosphaerium kuetzingianum N&g. - - +
9 Gloeocapsa limnetica (Lemm.) Hollerb. (= Croococcus limneticus Lemm.) + DN +
10 Gloeocapsa magma (Bréb.) Kiitz. em. Hollerb. - + -
11 Gloeocapsa minima ampl. f. minima (Keissl.) Hollerb. - + -
12 Gloeocapsa minor (Kiitz.) Hollerb. (= Croococcus minor (Kiitz.) Nag.) - + -
13 Gloeocapsa minor f. dispersa (Keis.) Hollerb. - + +
14 Gloeocapsa montana f. montana (Kiitz.) Hollerb. - + -
15 Gloeocapsa punctata Nag. em. Hollerb. - + -
16 Gloeocapsa turgida (Kiitz.) Hollerb. (= Chroococcus turgidus (Kiitz.) Nag.) - + -
17 Gloeocapsa vacuolata (Skuja) Hollerb. - + -
18 Gloeocapsa varia (A. Br.) Hollerb. (= Chroococcus varius A. Br.) - + -
19 Gomphosphaeria lacustris Chod. (= Snowella lacustris (Chod.) Kom. et Hind.) - DN SDN
20 Gomphosphaeria lacustris f. compacta Lemm. - - DN
21 Gomposphaeria aponina Kiitz. - + -
22 Snowella litoralis (Hayrén) Kom. et Hind. + - -
23 Woronichinia naegeliana (Ung.) Elenk. - + -
24 Oscillatoria planctonica Wolosz. (= Limnothrix planctonica (Wolosz.) Meff.) + + -
25 Oscillatoria agardhii Gom. (= Planktothrix agardhii (Gom.) Anagn. et Kom.) - + -
26 Oscillatoria tenuis Ag. ex Gom.( = Phormidium konstantinosum (Ag.) Umezaki et SDB - +
Watanabe)
27 Oscillatoria limosa Ag. et Gom. - - DN
28 Phormidium mucicola Naum. et Hub.-Pestal. - + -
29 Dolichospermum spiroides (Kleb.) Wack. et al. + DN +
30 Dolichospermum flos-aquae (Born.et Flah.) Wack. et al. - + -
31 Dolichospermum lemmermannii (Rich.) Wack. et al. + - +
32 Microcystis aeruginosa (Kiitz.) Kiitz. - + +
33 Microcystis delicatissima (W. et G. S. West) Starm. - - +
Cryptophyta
34 Rhodomonas lacustris Pasch. et Rut. + + +
35 Chroomonas acuta Uterm. - + -
36 Chroomonas brevicilcata Nag. - + -
37 Cryptomonas erosa Ehr. + + +
38 Cryptomonas woloszynskae Czosn. - + -
39 Cryptomonas ovata Ehr. - + +
Dinophyta
40 Glenodinium edax Schill. (= Tyrannodinium edax (Schill.) Cal.) - + -
41 Peridinium cinctum (Miill.) Ehrb. - + -
42 Peridinium inconspicuum Lemm. + - +
43 Ceratium hirundinella (Miill.) Schrank SDB + -
Chrysophyta
44 Chrysococcus cordiformis Naum. + + -
45 Chrysococcus ovalis Lac. (=Kephyrion ovale (Lac.) Hub.-Pest.) SDN - +
46 Chrysococcus rufescens var. rufescens Klebs. - + -
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No Species composition Seasons of the year
Spring | Summer | Autumn
47 Chrysococcus punctiformis Pasch. - + -
48 Kephyrion ovum Pasch. + + +
49 Kephyrion spirale Conrad. + - +
50 Kephyrion cupuliforme Conrad. - + -
51 Kephyrion moniliferum (Schmid.) Bourelly( = Stenokalyx moniliferus Schmid.) + + +
52 Dinobryon bavaricum Imh. SDN s als
53 Dinobryon cylindricum Imh. SDN + +
54 Dinobryon divergens Imh. DN DN;DB +
55 Dinobryon sertulariaEhr. - + -
56 Dinobryon sociale Ehr. - + -
57 Dinobryon sociale var. stipitatum (Stein) Lemm. (= Dinobryon stipitatum Stein.) - + -
58 Dinobryon suecicum Lemm. - s -
59 Dinobryon spirale Twan. + - +
60 Pseudokephyrion entzii Corn. + + -
61 Mallomonas acaroides Perty em. Iwan. + - +
62 Mallomonas elongata Reverd. - - +
63 Mallomonas caudata Iwan. - + -
64 Mallomonas coronata Boloch. + + -
65 Mallomonas tonsurata Teil. - - +
66 Mallomonas fresenii Kent. - + -
67 Bitrichia chodatii (Reverd.) Chodat. - + -
68 Synura uvella Ehr. + - +
69 Chrysopyxis urna Korsh. - + -
Bacillariophyta
70 Stephanodiscus astraea (Kiitz.) Grun.(= Cyclotella astraeaKiitz.) + - -
71 Stephanodiscus hantzschii Grun. + + +
72 Cyclotella meneghiniana Kiitz. (= C. kuetzingiana var. meneghiniana Kiitz.) - + -
73 Cyclotella schumannii (Grun.) Hakasson (=C. kuetzingiana var. schumannii Grun.) - + -
74 Campylodiscus noricus Ehr. ex Kiitz. - + -
75 Discostella stelligera (Cleve et Grun.) Houk et Klee (= Cyclotella meneghiniana var. - + +
stelligera)
76 Puncticulata bodanica (Eulens. ex Grun.) Hakansson (= Cyclotella bodanica Eulens. ex + DB +
Grun.)
77 Puncticulata comta (Kiitz.) Hakansson. (= Cyclotella comta Kiitz.) + + +
78 Puncticulata radiosa (Grun.) Hékansson (= Cyclotella comta var. radiosa Grun.) + + +
79 Melosira varians Ag. + + -
80 Aulacoseira islandica (O. Miill.) Sim. (=incl. f. curvata O. Miill,, f. islandica (O. Miill.) DB;DN + DB
Sim.; Melosira islandica ssp. helvetica (O. Miill.) Sim.; Melosira islandica O. Miill.
81 Aulacoseira granulata (Ehr.) Sim. (= Gaillonella granulata Ehr.) + DB SDB
82 Aulacoseira distans (Ehr.) Sim. (= Gaillonella distans Ehr.) + - +
83 Aulacoseira alpigena Grun. Kram. (= Melosira distans var. alpigena Grun.) - - +
84 | Aulacoseira italica f. italica (Ehr.) Dav.(=Aulacoseira italica (Ehr.) Sim.;Gaillonella italica + + +
Ehr.)
85 | Aulacoseira subarctica (Miill.) Haw. em. Genkal (=Melosira italica ss. subarctica (Miill.)) + - +
86 Acanthoceras zachariasii (Brun.) Sim. - + -
87 Fragilaria constricta Ehr. - + -
88 Fragilaria crotonensis Kitt. + + DB;DN
89 Fragilaria pinnata Ehr. + + -
90 Synedra acus Kiitz. - + +
91 Synedra amphicephala var. amphicephala Kiitz. - + -
92 Synedra ulna var. ulna (Nitzsch.) Ehr. + - +
93 Asterionella formosa var. formosa Hass. SDN + SDB
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94 | Diatoma tenuis Ag. (=D. elongatum(Lyngb.) Ag.; Diatoma tenuis var. elongatum Lyngb.) - + -
95 Tabellaria fenestrata (Lyngb.) Kiitz. (= Diatoma fenestrata Lyngb.) DB;DN | DB;DN | DB;DN
96 Tabellaria flocculosa (Roth.) Kiitz.(incl. var. ventricosa (Kiitz.)Grun.) (= T. ventricosa + + +
Kiitz.; Conferva flocculosa Roth.)

97 Achnanthes calcar Cl. (= Gliviczia calcar (Cl.) Kulikov., Lang.- Bert. et. Witkow. - + -
98 Achnanthes lanceolata (Breb. exKiitz.) Grun. + - -
99 Achnanthes borealis Cl. s - -
100 Achnanthes gracillima Hust. + - +
101 Eunotia praerupta var. praerupta Ehr. - = -
102 Eunotia septentrionalis @str. + - -
103 Eunotia formica Ehr. - - +
104 Eunotia sudetica Miill. - - +
105 Meridion circulare (Grev.) Ag. + - -
106 Gyrosigma acuminatum (Kiitz.) Rabenh. DB - +
107 Gomphonema acuminatum Ehr. - - +
108 Gomphonema constrictum Ehr. + - -
109 Gomphonema parvulum (Kiitz.) Kiitz. - - +
110 Pinnularia viridis var. viridis (Nitzsch.) Ehr. SDB - -
111 Pinnularia interrupta W. Sm. + - -
112 Surirella dydima var. dydima Kiitz. + - -
113 Navicula dicephala (Ehr.) W. Sm. - + -
114 Navicula cryptocephala var. cryptocephala Kiitz. + - +
115 Navicula gracilis Ehr. + - +
116 Navicula exigua (Greg.) Grun. - - +
117 Navicula longirostris Hust. - + -
118 Navicula rotaeana (Rabench.) Grun. - + -
119 Navicula radiosa Kiitz. b - -
120 Navicula salinarum f£. capitata Schulz - + -
121 Cocconeis pediculus Ehr. - + -
122 Cocconeis placentula var. placentula Ehr. SDB - -
123 Diploneis smithii var. smithii (Bréb.) Cl. - + -
124 Diploneis elliptica var. elliptica (Kiitz.) Cl. - + -
125 Eucocconeis elliptica Savel. — Dolg. SDB - -
126 Eucocconeis onegensis Wisl. et Kolbe DB - -
127 Frustulia rhomboides var. saxonica (Rabenh.) D. T. - + -
128 Cymbella lanceolata var. lanceolata (Ehr.) Kirchn. (incl. var.notata Wisl. et Poretzky) - + -
129 Cymbella ventricosa var. ventricosa Kiitz. - b -
130 Cymbella pusilla Grun. + - -
131 Cymatopleura solea var. apiculata (W. Sm.) Ralfs - + -
132 Neidium iridis var. iridis (Ehr.) Cl. - + -
133 Amphora coffeaformis var. coffeaformis (Ag.) Kiitz. - + -
134 Amphora ovalis (Kiitz.) Kiitz. (incl. var. gracilis (Ehr.) Cl.) - + -
135 Amphora pediculus (Kiitz.) Grun. (=A. ovalis var. pediculus (Kiitz.) V.H.) - + -
136 Amphora copulata (Kiitz.) Schoem. et Archib. (= Frustulia copulata Kiitz.) + - -
137 Amphiprora ornata Bail. - + -
138 Nitzschia acicularis (Kiitz.) W. Sm. - + -
139 Nitzschia angustata var. angustata (W. Sm.) Grun. - + -
140 Nitzschia acuta Cl. + - -
141 Nitzschia dissipata (Kiitz.) Raben.(= Synedra dissipata Kiitz .) + + +
142 Nitzschia hungarica Grun. - + -
143 Nitzschia tryblionella var. levidensis (W. Sm.) Grun. - + -
144 Nitzschia tubicola Grun. + - +
145 Campylodiscus noricus Ehr. ex Kiitz. (incl var. costatum (W. Sm.) Grun.) - + -
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No Species composition Seasons of the year
Spring | Summerl Autumn
Euglenophyta
146 Trachelomonas volvocina var. volvocina Ehr. (Ehr.) - + -
147 Trachelomonas volvocina var. subglobosa Lemm. sens. Swir. - + -
148 Trachelomonas intermedia Dang. + - +
149 Euglena caudata Hiibn. + - -
150 Euglena proxima Dang. + - +
Chlorophyta

151 Chlamydomonas globosa Snow - + -
152 Chlamydomonas incerta Pasch. - + -
153 Chlamydomonas reinhardtii Dang. SDN SDN +
154 Chlamydomonas monadina (Ehr.) Stein + + +
155 Lobomonas stellata Chod. - + -
156 Gonium sociale (Dujard.) Warm. - + -
157 Pteromonas torta Korsh. - + -
158 Phacotus lenticularis (Ehr.) Dies. + + -
159 Eudorina elegans Ehr. + + -
160 Pandorina morum (Miill.) Bory - + -
161 Planktosphaeria gelatinosa Smith. - + -
162 Sphaerocystis schroeteri Chod. + + -
163 Didymocystis bicellularis (Chod.)Kom. (=Desmodesmus bicellularis (Chod.) An) + - -
164 Didymocystis incospicua Korsch. (= Pseudodidymocystis incospicua (Korsh.) Hind.) - - +
165 Pediastrum duplex Meyen. - + -
166 Coenococcus planctonicus Korsh. + DN -
167 Coenochloris fottii (Hind.) Tsarenko SDB - -
168 Coenochloris ovalis Korsh. - + -
169 Stichococcus subtilis (Kiitz.) Klerc. + - -
170 Chlorella vulgaris var. vulgaris Beij. + + +
171 Tetrachlorella alternans (Smith) Korsh. + - -
172 Oocystis elliptica West - + -
173 Oocystis lacustrisChod. - + -
174 Oocystis submarina Lag. - + -
175 Monoraphidium contortum (Thuret) Kom.-Leg. SDN + +
176 Monoraphidium griffithii (Berk.) Kom.- Leg. + - -
177 Ankyra juday (Smith) Fott - + -
178 Coelastrum cambricum Arch. - + -
179 Coelastrum sphaericum Nag. - + -
180 Botryococcus braunii Kiitz. + + -
181 Crucigenia quadrataMor. - DN -
182 Crucigenia tetrapedia (Kirch.) Kuntz. (= Lemmermannia tetrapedia (Kirch.) Lem. + + +
183 Scenedesmus quadricauda (Turp.) Bréb. - SDN -
184 | Scenedesmus bijugatus var. bijugatus (Turp.) Kiitz.(=S. ecornis.f. ecornis (Ralfs.) Chod) + - -
185 Scenedesmus obtususMey. - - +
186 Desmodesmus armatus (Chod.) Heg. + - +
187 Elakatothrix genevensis (Reverd.) Hind. - + +
188 Elakatotrix gelatinosa Wille + - -
189 Ankistrodesmus graciles (Rein.) Korsh. (= Messastrum gracile (Rein.) Garc. + - -
190 Ankistrodesmus fusiformis Corda - - +
191 Cosmarium ornatum var. ornatum Ralfs ex Ralfs - + -
192 Cosmarium bioculatum Bréb. ex Ralfs + - +
193 Cosmarium phaseolus Bréb. ex Ralfs - - +
194 Kirchneriella contorta (Shmidle) Bohl. (= Raphidocelis danubiana (Hind.) Marv. et al.) - + -
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No Species composition Seasons of the year
Spring | Summer | Autumn
195 Korschikoviella limnetica (Lemm.) Silva + + -
196 Koliella spiculiformis (Visch.) Hind. + + +
197 Koliella longiseta (Visch.) Hind. + + +
198 Koliella spirotaenia (West) Hind. - + -
199 Ulothrix zonata var. zonata (Web. et. Mohr.) Kiitz. - + -
200 Gloeotila spiralis Chod. (= Stichococcus contortus (Lemm.) Hind.) - + -
201 Closterium gracile var. gracile Bréb. ex Ralfs + + -
202 Closterium pusillumHantz. + + -
203 Staurastrum paradoxum Mey. ex Ralfs - + +
204 Staurastrum longipes (Nord) Teil.(= Staurastrum paradoxum var. longipes Nord.) - - +
Note: ‘+’ — species is present in the phytoplankton community; ‘-’ — species is absent in the phytoplankton community;

SDN - subdominant species for abundance; SDB - subdominant species for biomass; DN — dominant species for abundance;

DB - dominant species for biomass.

area. These taxa belonged to seven distinct systematic
groups: Bacillariophyta - 38 (39.2%); Chlorophyta -
30 (31%); Cyanobacteria - 10 (10.3%); Chrysophyta -
12 (12.3%); Euglenophyta - 3 (3%); Cryptophyta - 2
(2.1%); Dinophyta - 2 (2.1%).

In the spring of 2023, at station Z_1, diatom algae
were found to be predominant, accounting for 32% of
abundance (N) and 74.1% of biomass (B). The most
prevalent species of diatoms were Aulacoseira islandica
(16.4% of B, ), Euocconeis onegensis (11.5% of B__ ), and
Tabellaria fenestrata (11% of B, ). The dominant com-
plex further included golden algae (28% by N; 15% by
B) (dominant D. divergens 11.2% of N_) and cyanobac-
teria (24% by N; 2.4% by B) (dominant Aphanocapsa
inserta - 20.3% of N,_) (Fig. 3). In the vicinity of the
water transport pier on Kizhi Island, where the Kizhi
Museum-Reserve is situated (station Z_2), cyanobacteria
(44.7%) predominated in terms of N, with Aphanocapsa
elachista contributing up to 27% of N, followed by
diatoms (28.3%), predominantly A. islandica (15% of
N, ) and golden algae (15.8%) - species of the genus
Dinobryon. By B, diatoms dominated up to 71.1% (A.
islandica - 38% of B_) (see Fig. 3).

tot:

In the vicinity of station Z_3, on the eastern side
of the island, diatoms and golden algae dominated N
and B (N - 38.4% contribution of each department;
B - 60.2% and 24.1%, respectively). Diatoms were
represented by Tabellaria fenestrata (31% of B, ) and
species of the genus Aulacoseira (up to 14% of N ),
while golden algae consisted of species of the genus
Dinobryon (dominant: D. divergens) (18% of N, ) and
species of the genus Kephyrion (subdominant: Kephyrion
ovale). In addition, green algae (16.5%) (subdominants:
Monoraphidium contortum, Stichococcus subtilis) also
dominated in abundance (see Fig. 3). In the southeast-
ern part of the study area (station Z 4), cyanobacteria
(up to 33.2%) were dominant by N in the spring period,
mainly due to the development of Merismopedia punc-
tata (16% of N, ). Diatoms (24% by N; 55.6% by B)
(dominants: A. islandica 27% by B, ), Tabellaria fenes-
trata 11% by B, ) and golden algae (20.2% by N; 24.6%
by B) - D. divergens (11.2% by B_)) were active along N
and B. Green algae (up to 20.7% by N; 10.5% by B) (sub-
dominants: Clamydomonas reinhardii, Coenococcus fottii)
were also found to be actively vegetating (see Fig. 3).
Cryptophyte (up to 1.4% N), dinophyte (up to 5.6%

Table 2. Content of nutrients in the water of the Kizhi skerries area of Lake Onego during the open water period of 2023.

Station | Month of water TP, P-PO,, NH,*, NO, , NO,, TN, org? Si, mgSi/ 1

sampling ug/l ug/l mgN/l1 | mgN/l | mgN/l | mgN/l | mgN/1

Z1 May 1 4 0.02 0.000 0.03 0.32 0.27 0.53

July 1 11 0.05 0.001 0.01 0.24 0.17 0.39

September 1 17 0.01 0.000 0.00 0.27 0.26 0.26

Z2 May 1 6 0.02 0.000 0.04 0.29 0.23 0.52

July 2 10 0.05 0.001 0.01 0.24 0.18 0.31

September 1 10 0.01 0.000 0.00 0.32 0.31 0.25

Z3 May 1 1 0.02 0.000 0.08 0.31 0.21 0.39

July 1 8 0.05 0.001 0.04 0.31 0.21 0.28

September 1 11 0.01 0.000 0.02 0.27 0.23 0.27

7.4 May 1 5 0.02 | 0.000 | 0.04 0.32 0.26 0.47

July 1 12 0.04 0.001 0.03 0.25 0.19 0.30

September 1 11 0.01 0.000 0.02 0.28 0.25 0.25
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Fig.3. Phytoplankton structure in the Kizhi skerries area of Lake Onego (sampling stations Z_1; Z_2; Z_3; Z_4) in May 2023:

(a) - by abundance, (b) - by biomass.

B) and euglena algae (up to 2.5% B) were recorded in
the lowest abundance at all survey stations in the Kizhi
Island area in May 2023 (see Fig. 3).

The analysis of the saprobiological characteris-
tics of phytoplankton species found in the area of Kizhi
sierries of Lake Onego in May 2023 (S=1.6+0.05)
indicates that this type of water can be attributed to
the p-mesosaprobic zone (water quality class 3, satis-
factorily clean) (see Table 3).

The total microalgae abundance (N ) exhibited
a range from 750 to 2003 thousand cells/], while the
total biomass (B,_) demonstrated a variation from 0.61
to 1.21 mg/1 (refer to Table 3 for further details). In the
southeastern part of the study area from Kizhi Island
(station Z_4), N, values were higher compared to other
stations (see Table 3) due to the growth of the small-
cell cyanobacterium M. punctata (V_, = 14.2 um?)
and medium-sized green algae C. reinhardtii (V

= 590.6 ym®) and C. fottii (V_, = up to 47.8 um?®).
The population of B at station Z 4 was comprised
of the large-celled dlatoms A. islandica (V_,, = up
to 1952 ym?®) and T. fenestrata (V_, =2059 um?), as
well as the chrysophyte D. divergens (V. = 914 um?®).
Furthermore, in the vicinity of the water transport pier

cells

on Kizhi Island (station Z_2), N, (see Table 3) attained
elevated levels due to the proliferation of cyanobacte-
ria, specifically the small-cell cyanophyte A. elachista
(V4 = 22.5 pm?). The quantitative indicators of plank-
tonic phytocenosis development in the spring period of
the study area characterise it as an oligotrophic section
of Lake Onego.

The concentration of chlorophyll a in water in
May 2023 was uniform throughout the area under
study, with the exception of station Z_1, where the low-
est value of the pigment (2 pg/l) was observed. The
content of chlorophyll a (2-4 ug/1) in water was within
the limits of oligo-a-mesotrophy (see Table 3).

3.3. Phytoplankton development during
the biological summer period

In July 2023, a total of 138 species and intra-
specific taxa ranked below the algal genus from seven
systematic groups were identified in the study area:
Bacillariophyta, 44 (32%); Chlorophyta, 39 (28.3%);
Cyanobacteria, 25 (18%); Chrysophyta, 19 (13.8%);
Euglenophyta, 2 (1.5%); Crypthophyta, 6 (4.3%); and
Dinophyta, 3 (2.1%).

Table 3. Phytoplankton development indicators and saprobic indices in the Kizhi Island area of Lake Onego (May 2023).

Indicator Sampling stations
Z1 Z2 Z3 | Z4
Quantitative indicators
- 968 1647 750 2003
thousand cells/1
B, , mg/l 0.98 0.96 0.61 1.21
Chlorophyll a
Chla, g/t | 2 | 3.7 | 3.6 | 4
Saprobic index
S | 1.66 | 1.43 | 1.59 | 1.61
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During the summer of 2023, astudy was conducted
in the north-western part of the Kizhi Island(Fig. Z_1)
was dominated by N Chlorophyta (35.5%; dominant
Crucigenia quadrata - 20.1% of N, ) and Cyanobacteria
(41.9%) - dominant species - Gomphosphaeria lacustris
(25.1% of N, ), Gloeocapsa limnetica (13.6% of N_).
Chrysophyta (15.8% and 80%, respectively) were dom-
inated by N and B, with Dinobryon divergens (10% of

N, ; 68% of B ) being the dominant species (Fig. 4).
Station Z_2 was dommated by N Cyanobacteria (52.5%;
Aphanocapsa elachista - 16.2% of N, ) and Chlorophyta
(22.7%; species of the genus Chlorococcales). By N
and by B, the dominant complex included Chrysophyta
(12.5% and 30.7%, respectively; dominant Dinobryon
divergens 22.5% of B, ) and Bacillariophyta (9.9% and
52.5%, respectively; Tabellaria fenestrate 26.4% of
B, dominant, Aulacoseira granulata 13% of B, domi-
nant) (see Fig. 4).

The dominant complex at station Z_3 included
the following species - Dinobryon divergens (32.5% of
B, ), Aphanothece clathrata (28.3% of N, ), Puncticulata
bodanica (20.8% of B_), Dolichospermum spiroides
(11.7% of N, ), Aphanocapsa elachista (10.6% of N, )
(see Fig. 4). In the southeastern part of the Kizhi sker-
ries area of Lake Onego (station Z_4), N was dominated
by Chlorophyta (25.9%, dominant species: Coenococcus
planctonicus - 13% of N _) and Cyanobacteria (41.4%,
dominant species: Aphanocapsa elachista - 13% of N,
Gomphosphaeria lacustris - 15% of N,_).Chrysophyta
(21.1% and 42.5%, respectively; dominant Dinobryon
divergens - 31.5% of N, ), and Bacillariophyta (44.6% of
B, dominant Tabellaria fenestrata - 28.5% of N,_) domi-
nated by N and B, respectively. At all survey stations in
the Kizhi skerries area in summer 2023, the microalgae
divisions Cryptophyta (up to 1.7% of N), Dinophyta (up
to 6.4% of B) and Euglenophyta (up to 8.2% of B) were

the least developed (see Fig. 4).
' 15.8% ‘

80%

12.5%

1.5%

30.7%

,w
2 80 52 5% 43.7% \ 14.6%

In July 2023, the Kizhi Island area was classified
as an oligosaprobic zone (water quality class 2, clean)
based on calculated S (1.52+0.03) (see Table 4). The

B, of phytoplankton ranged from a-B-mesotrophy to
a-eutrophy (1.54-6.64 mg/1), and the Chl a concentra-
tion ranged from oligo-a-mesotrophy (1.1-4.6 ng/1).
The N, of microalgae ranged from 1450 to 4983 thou-
sand cells/l (see Table 4). The highest Chlorophyll a
content in water was observed at station Z_1, where
Chlorophyta (35.5%), one of the most productive
microalgae departments, were actively vegetating (see
Table 4).

At station Z_2, where the greatest amount of
water transport is concentrated, the phytoplankton
biomass reached 6.64 mg/1, including small-cell cyano-
bacteria (Aphanocapsa elachista, V_, = 2 um?®), green
algae (species sp.Crucigenia, Oocystis, Scenedesmus,
Pandorina, Coenococcus, Elakatothrix, Koliella,
Chlamydomonas, V_, = 14 to 270 um®) and larger
algae (e.g. golden algae and diatoms) were observed to
be thriving. However, active development of the chrys-
ophyte Dinobryon divergens and the diatom Tabellaria
fenestrata was also observed in spring, but it was in
summer that the cell volumes of these two species were
six and two times higher, respectively, than in spring,
due to the active growth of the cells themselves. The
length of the house in the bushy colonies of Dinobryon
divergens reached 68 p, and the width - 13 p (V=
5978 um3). Colonies of Tabellaria fenestrata were identi-
fied, exhibiting a range of sizes, with flap lengths reach-
ing up to 107 p and septal heights reaching up to 18.2
(mean V_; = 6364 um?®). In addition, the large diatom
Aulacoseira granulata, with a flap length and height of
42 n and 28 y, respectively (V_, = 25848 um?), was
also actively developing.

At station Z_3, high N _ (see Table 4) was
formed by the cyanobacteria Aphanothece clath-

7 1%

%, ’
' 13.8%

9 1%

l 21.1%

41.1% 42.5%

m Bacillariophyta

Chrysophyta ® Chlorophyta = Cryptophyta

® Cyanobacteria ® Dinophyta

Euglenophyta

Fig.4. Phytoplankton structure in the area of Kizhi Island, Lake Onego (sampling stations - Z_1; Z_2; Z_3; Z_4) in July 2023:

(a) - by abundance, (b) - by biomass.
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Table 4. Phytoplankton development indicators and saprobic indices in the Kizhi Island area of Lake Onego (July 2023).

Indicator Sampling stations
Z1 Z2 Z3 Z4
Quantitative indicators
o 1743 4983 2358 1450
thousand cells/1
B, , mg/l 1.54 6.64 3.37 2.40
Chlorophyll a
Chla, g/t | 4.6 | 3.2 | 1.1 | 2.3
Saprobic index
S | 1.46 | 1.54 | 1.61 | 1.47

rata, Aphanocapsa elachista (V_, = up to 3 pm?®) and
Dolichospermum spiroides (V_, = up to 331 pm?®). By
contrast, B, was formed by the large chrysophyte
Dinobryon divergens and the centric diatom Puncticulata
bodanica (V_, = up to 21086 um?), whose shell diame-
ter reached up to 50 n.

cells

3.4. Development of autumn
phytoplankton

A survey of the phytoplankton community in
the Kizhi skerries area of Lake Onego in September
2023 identified 82 algal species from seven systematic
groups: Bacillariophyta - 28 (34.1%); Chlorophyta - 20
(24.4%); Cyanobacteria - 15 (18.3%); Chrysophyta - 13
(15.9%); Euglenophyta - 2 (2.4%); Crypthophyta - 3
(3.7%); Dinophyta - 1 (1.2%).

Diatoms (59.5% by N; 93.7% by B) and cyano-
bacteria (34.8% by N) dominated the algal flora in the
autumn period at station Z_1. A species representa-
tive of the diatom algae, Fragilaria crotonensis, which

(a)

59.5%
3.7%

3]%//

23%

i

3.7%

(b)

56.4%

is predominantly part of the summer phytoplankton
complex, was the absolute dominant species in terms
of both abundance (54%) and biomass (74.4%). Among
cyanobacteria, Aphanothece clathrate (11% of N )
was dominant (Fig. 5). At station Z_2 in autumn dia-
toms (56.4%) and cyanobacteria (35.4%) dominated
by N, among them Fragilaria crotonensis (46% of B, ),
Aphanocapsa inserta (15.5% of N ). By B, diatoms
dominated up to 83.6% (F. crotonensis - 57% of B, ).
Abundance of greens (10.4%) was observed due to the
development of Coelosphaerium kuetzingianum (10% of
Btot) (see Fig. 5).

In the northeastern area of the skerries (station
Z_3), cyanobacteria (57%) and diatoms (39%) dom-
inated N, diatoms (91.6%) dominated B. The domi-
nant complex was represented by Fragilaria crotonensis
(23% of N, ; 40% of B ), Tabellaria fenestrata (4.2%
of N, ; 17.7% of B ), Gomphosphaeria lacustris f. com-
pacta (20.7% of N,_), Aphanothece clathrata (16.1% of
N, ), Oscillatoria limosa (14.8% of N, ) (see Fig. 5). In
the southeastern part of the Kizhi skerries area of Lake
Onego (station Z_4), diatom algae were dominant by

é

39%
\ 2.1%
15%

1.2%/

13%

m Bacillariophyta

Chrysophyta ® Chlorophyta = Cryptophyta
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Fig.5. Phytoplankton structure in the area of Kizhi Island, Lake Onego (sampling stations - Z_1; Z_2; Z_3; Z_4) in September

2023: (a) - by abundance, (b) - by biomass.
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N and B in autumn (51.1% and 94. 5%, respectively)
due to active development of Fragilaria crotonen-
sis (42% of N _, 64% of B,_), and cyanobacteria (up
to 46.2%) mainly due to development of Aphanothece
clathrata (15% of N, ), Oscillatoria limosa (14% of N ).
Cryptophyta (up to 1.7% by N), Dinophyta (up to 0.4%
by B) and Euglenophyta (up to 0.3% by B) were found
in the Kizhi skerries area of Lake Onego in September
2023 in the lowest numbers (see Fig. 5).

A study of the microalgae in the area of Kizhi
Island in September 2023 revealed that the S value was
higher (2.1 + 0.14) than in the spring and autumn
periods. This is likely to be due to a higher quantita-
tive development of [3-mesosaprobic species such as
Fragilaria crotonensis, Aphanothece clathrate, Oscillatoria
tenuis, Snowella lacustris and Aphanocapsa inserta. The
results obtained from this study characterised the area
in question as a -mesosaprobic zone with water qual-
ity class 3 (satisfactorily clean) (see Table 5 for details).

In September 2023, the B,_of microalgae in the
study area ranged from a-f3-mesotrophy to a-eutrophy
(2.86 to 4.92 mg/1), Chl a concentration (5.8-7.5ug/1)
ranged from a-B-mesotrophy, and B, ranged from 4285
to 8645 thousand cells/1 (see Table 5). The highest con-
centration of Chl a was observed at station Z_2and Z_3,
on the background of active development of diatom
algae and cyanobacteria, productive species of green
algae (up to 10.4%) were also vegetating. The highest
biomass was observed at station Z_4, where the great-
est contribution was made by diatom algae (94.5%),
namely diatom with numerous colonies - Fragilaria cro-
tonensis (V_, = 873 um?®), and small celled cyanobacte-
ria Aphanothece clathrata and Oscillatoria limosa (V.=
50.2 pm?3).

4. Discussion

One of the important factors determining phyto-
plankton development is water temperature (Reynolds,
2006; Winder and Sommer, 2012). During the study
period in the Kizhi skerries area of Lake Onego, the
surface layer temperature was within the range of mul-
tiyear variability: 14. 9+0.41°C (May 2023) to 10.5-
19.9°C (1994-2020); 18.1 +0.24°C (July 2023) to 17.2-
20.8°C (1996-2021); 14.5+0.05°C (September 2023)
to 9.8-14.2°C (2004-2008).

The quantitative and qualitative development of
phytoplankton is closely related to the chemical compo-
sition of waters, especially the nutrient concentrations
(Reynolds, 2006). The concentrations of P, N, Si were
similar at all stations in the Kizhi Island area. The total
phosphorus concentration in the area of Lake Onego
waw averaged 9 pg/l, classifying water as oligotrophic
according to the established geochemical classification
criteria. It is noteworthy that the same TP concentra-
tion was found in this lake area during the 2019-2020
period (Galakhina et al., 2022), suggesting the stabil-
ity of the ecological environment in this region over
recent years. Concentrations of TP were increased from
spring to summer and autumn, which was caused by
an increase in the organic form of phosphorus while
the mineral form remained constant. Uncontaminated
water bodies in Karelia are characterized by a high pro-
portion of organic phosphorusin the TP composition,
which is associated with natural compounds of both
autochthonous and allochthonous origin (Ryzhakov
et al., 2016). The contrations of nitrogen forms varied
insignificantly between all stations of the Kizhi skerries.
N, was identified as the predominant form of total
nitrogen, accounting for more than 50% of the total,
while the content of mineral forms was considerably
lower. Thenitrate concentrations were decreased from
spring (0.03-0.08 mgN/1) to autumn (0.00-0.02 mgN/1)
in the studied area of the lake, up to their complete
absence at some stations. This was caused by the active
consumption of NO, by littoral zone phytoplankton
(Sabylina and Ryzhakov, 2018). Furthermore, it has
been observed that the maximum NH,* concentrations
were determined during the summer (with an average
of 0.05 mgN/1).

Silicon plays an important physiological role and
is involved in the metabolism of diatom cells (Martin-
Jézéquel et al., 2000). During the study period, the con-
centrations of this element were varied from 0.25 to
0.53 mgSi/l in the Kizhi Island. The differences were
associated with the seasonal dynamics of this elemen.
The consentrations of Si were decreased from spring to
autumn because of the intensive diatom plankton pro-
duction, as silicon is involved in the construction of its
cell wall (Martin-Jézéquel et al., 2000; Ryzhakov et al.,
2019).

Table 5. Phytoplankton development indicators and saprobic indices in the Kizhi Island area of Lake Onego (September 2023).

Indicator Sampling stations
Z1 Z2 Z3 Z4
Quantitative indicators
o 5305 4285 6712 8645
thousand cells/1
B, , mg/l 3.42 2.86 3.33 4.92
Chlorophyll a
Chla, g/t | 5.8 | 7.5 | 7.5 | 6.7
Saprobic index
S | 2.42 | 2.3 | 1.81 | 1.95
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One of the important criteria for phytoplank-
ton development is the ratio of TN/TP. It is widely
accepted that, for optimal phytoplankton proliferation,
the prevailing N/P ratio in aquatic ecosystems should
be 16N:1P (Redfield, 1934). At the time of the study
in the Kizhi Island area of Lake Onego the TN/TP ratio
varied from 240/10 to 320/4 (in mg/1), which indi-
cates that phosphorus is the limiting factor for phyto-
plankton development in the study area. For diatoms,
phosphorus is of minor importance, and these algae
can develop at very low concentrations of phosphorus,
unlike cyanobacteria, for which the presence of phos-
phorus in water plays an important role. However, total
phosphorus concentrations were found to be low in the
Kizhi Island area during the study period. It is plausible
that the ratio of TNto TP may have exerted a signifi-
cant influence on the pronounced development of cya-
nobacteria. It has been established that a lower ratio of
these two elements (TN/TP < 29/1) results in a greater
prevalence of cyanobacteria within the phytoplankton
community (Smith, 1983; Havens et al., 2003; Graham
et al., 2004; Harris et al., 2016). Consequently, in 2023,
the study area exhibited an increase in cyanobacteria
abundance from spring to autumn (from 736 to 3990
thousand cells/1) accompanied by a decrease in the TN/
TP ratio from 310 (May) to 15.9 (September).

The phytoplankton species composition during
the study period remained consistent in general, exhibit-
ing characteristics typical of Lake Onego (Vislyanskaya
et al., 1999; Chekryzheva, 2012; Smirnova, 2025). The
phytoplankton community in the area of the Kizhi sker-
ries of Lake Onego is formed by typical representatives
of diatoms, green and golden algae and cyanobacte-
ria. The predominant diatom group in terms of species
diversity is represented by the classes Centrophyceae
and Pennatophyceae, which are characteristic of
most water bodies in the Arctic and Subarctic regions
(Komulainen et al., 2006; Getsen, 1985).

According to the results of early observations
(1967-2010) of the study area, diatom algae were
observed to be vegetating in spring, while golden algae
(species of the genus Dinobryon) were noted to be grow-
ing in early summer, and small celled species of the
genus Chlorococcales and golden algae were found to
be intensively developing in summer (Petrova, 1975;
Chekryzheva and Vislyanskaya, 2000; Chekryzheva,
2008). Cyanobacteria, including Oscillatoria,
Aphanizomenon, Woronichinia, and Coelosphaerium, have
also been found to be extensively developed within
the composition of autumn phytoplankton, particu-
larly in the presence of diatoms (primarily A. islandica)
(Chekryzheva and Vislyanskaya, 2000).

However, due to the elevated water surface tem-
perature in May 2023 (reaching up to 15.8°C), the algo-
cenosis comprised not only species of the spring com-
plex (dominant: Aulacoseira islandica) of diatom algae,
but also species of the summer complex (dominant:
Tabellaria fenestrata). Furthermore, cyanobacteria,
green and golden algae, which are more characteristic
of the summer period of phytoplankton development,
were observed to be actively developing in spring. At
the time of the study, the Kizhi Island area of Lake
Onego exhibited low quantitative microalgae parame-
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ters (see Table 2). Previously (1994-2005), in the spring
period, B, ranged from 1.10 to 2.50 mg/l and N, varied
from 730 to 1,320 thousand cells/l (Vislyanskaya et al.,
1999; Syarki et al., 2015). It is probable that the max-
imum development of spring phytoplankton in 2023
occurred in early to mid-May and was not observed in
our seasonal observations.

The phytocenosis of the Kizhi skerries area during
the summer period of 2023 is characterised by a high
level of phytoplankton development, which is evident
in the highest recorded species richness (see Table 3).
The current quantitative microalgae indices obtained
(N, 2633.8+=805.68 thousand cells/l; B_: 3.49+1.11
mg/1) fall outside the confidence interval when com-
pared to earlier observations (N _: 1016.1+437.98
thousand cells/I; B_: 0.73+0.24 mg/1). Recent years
have seen an increase in both the total abundance
and total biomass of summer phytoplankton, with this
increase being primarily attributable to an increase in
small-celled cyanobacterial species. Consequently, the
mean abundance and biomass of cyanobacteria in sum-
mer were found to be 456.4 = 417.8 thousand cells/]
and 0.016 = 0.01 mg/l, respectively. In contrast, in
2023, these values increased to 1370.1 * 463.84
thousand cells/1 and 0.108 = 0.04 mg/l, respectively.
Despite the fact that the water temperature is within the
limits of multiyear variability and total phosphorus val-
ues are at the level of oligotrophy, it is possible that the
development of summer phytoplankton is influenced
by a complex of various factors, including well-warmed
shallow water with a water surface temperature of up
to 21)°C, weak dynamics of water masses, and low val-
ues of theTN/TPratio, which allow cyanobacteria to
develop actively. Further research is required to iden-
tify more precise reasons for the increase of microalgae
in recent years.

The phytoplankton community of the Kizhi Island
area is characterised by an autumn peak in phytoplank-
ton development, formed not only by diatom algae (as
for the main water area of Lake Onego), but also by
cyanobacteria (Chekryzheva and Vislyanskaya, 2000),
which was observed in September 2023. In the context
of diatom algae, the heat-loving species Fragilaria cro-
tonensis, a characteristic constituent of the summer phy-
toplankton community in Lake Onego, undergoes active
development during the autumn months (Chekryzheva,
2008; 2012; Trifonova, 1990). This phenomenon is
concomitant with elevated water surface temperatures,
which can reach a maximum of 14.6°C. The elevated
quantitative values exhibited a marked deviation from
the earlier observations of autumn phytoplankton con-
dition in 1994 (B, 0.70-2.00 mg/l; N _, 350-590 thou-
sand cells/l). It is imperative to acknowledge that this
observation was recorded in mid-October, a period
characterised by the decline in phytoplankton develop-
ment and the onset of winter conditions.

Concentrations of chlorophyll a in the water
increased from spring to autumn, possibly due to an
increase in small celled, more productive forms of algae
(Gutelmacher, 1986), as well as medium productive
diatoms, whose abundance varied from 482,000 cells/1
(May) to 4415,000 cells/1 (September).
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5. Conclusions

A high species diversity of microalgae was
observed in all seasons of observations in the area of
Kizhi Island of Lake Onego in 2023. The most signif-
icant developments were observed in the spring and
autumn, with diatoms and cyanobacteria displaying
marked proliferation. In the summer months, cyano-
bacteria, green algae and golden algae were particu-
larly prevalent. A decline in silicon concentration from
spring to autumn was observed, which is associated
with the active increase of diatom algae. Furthermore,
a decrease in the ratio TN/TP was noted, which can
be applied as indicator of active production of cyano-
bacteria. As demonstrated by the quantitative indica-
tors of phytoplankton, chlorophyll a concentration and
saprobic indexes, in 2023 the Kizhi Island area of Lake
Onego was classified as a mesotrophic area of the lake
(B-mesosaprobic zone, with water quality class 3), as
had previously been the case.

The obtained data are generally comparable
with the results of previous studies. However, a notable
exception is observed in the heightened development of
phytoplankton during the summer months. The poten-
tial rationale for this phenomenon could be attributed
to enhanced heating of the surface water layer, along
with an elevated ratio of biogenic elements.

It is evident that the unique natural environment
of the Kizhi skerries, marked by enhanced thermal
stratification, reduced water exchange with the open
lake, and the presence of anthropogenic influences,
fosters a more vigorous proliferation of phytoplankton.
This phenomenon stands in contrast to the deep-water
regions of the reservoir. An escalation in anthropogenic
activity and a rise in global temperatures could precip-
itate more pronounced alterations in the phytocenosis
of the Lake Onego area under scrutiny.
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AHHOTALIUA. B pesysnbraTe HccjIeAOBaHUS COCTOSHUADUTOILUIAHKTOHAB paiioHe Kipkckux mixep
OHexXCKOro o3epa BeCHOW, JIeTOM U oceHblo 2023 ropabblil OOHapyXeH BBICOKUI yPOBEHb Pa3BUTHA
MHKpOBoOZOpocyell. B IjejoM KoJyimuecTBeHHBIe IOKasaTeau (UTOLeHO3a XapaKTepu3ylT HdaHHBINI
pation OHexcKoro oszepa Kak Me30Tpo(dHEBIN. Ha ocHOBe MHAWKATOPHBIX 3Ha4eHUN (DUTOIIAHKTOHA,
oOHapy>XeHHBIX B IEPUOJ 1CCIIeJOBAHNA, U UX KOJIMYECTBEHHOI'O Pa3BUTHA, TUI BOJ B paiioHe Kinkckux
mrxep OHEXCKOro 03epa MOXHO OTHECTH K f3-Me30canpoOHOM 30He 3arpsA3HeHus ¢ 3 KJIacCOM KayecTBa
BOJHI, YAOBJIETBOPUTEJIbHO-uKcTasA. Hanbosipliee KOJIMYeCTBEHHOEe Pa3BUTHEBBIABIEHO B BECEHHUH U
OCEHHUI NepUO/Ibl — AUATOMOBBIX U I[MAaHOOAKTepUl, JIETOM — [IMAaHOOAKTEPUH, 30JIOTUCTHIX U 3eJie-
HBIXBoZopocJei. KpoMme Toro, oT BeCHbI K OCEHU YCTaHOBJIEHO CHIDKEeHNeE KOHI[eHTpaluy KpeMHUs, YTO
CBA3aHO C yBeJINYeHUeMJUaTOMOBBIX BOAOPOCJIEH, a TakXe yMeHbIIeHe COOTHOIIeHus o0Iero a3ora
K obmemMy docdopy, YTO BO3MOXKHO MOBJIMSIIO HA aKTUBHOE Pa3BUTHE MaHOOAaKTepuil. UHTeHCHUBHAsA
Bereranus pUTOIIAaHKTOHA paiioHa 0. Kiku cBfA3aHa ¢ IPpUPOAHBIMU YCJIOBUAMU 3TOrO palioHa.

Kitiouegeie cstogda: GUTOINIAaHKTOH, Ce30HHAaA AUHAMUKA,010TeHHbIe 3JIeMeHTH, TpopuyecKkuil cTaTyc,
KayecTBO BoAbl, OHEXCKOe 03epo

Jlna mutupoBaHuA: CvupHoBa B.C., Ciactuna 10.J1., 306xoBa M.B. CTpyKTypa 1 ce30HHasA AUHaMKKa GUTONJIaHKTOHA palioHa o.
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1. BBeAeH“e mrBaHWE B pe3yJibTaTe€ OTACJICHUA TepMo6ap0M mxep

OT OCHOBHOI aKBaTOpPUH O3€pa W yCTaHOBJIEHWA INps-
MO TepMHUYECKOH cTpaTu(duKanuu ¢ 6ojee BBICOKUMU
TeMIrepaTypamMy IOBEPXHOCTU BOABI i OHEXCKOro
ozepa (Ilerpoma, 1971). Takum o6pa3oMm, Ce30HHBIE
(daspl pa3sBUTUA QUTOIJIAHKTOHA Ha JAHHON akKBaToO-
pyUM MOT'YT HacTyNUTh paHbllle, 10 CPaBHEHUIO C IJIy-
60KoBOAHBEIMU paiioHamu o3epa ([letposa, 1971). Ho,
HECMOTpsS Ha BHIILIeNIepeYHCIIeHHbIE YCJIOBUA, pa3BH-
THe MHUKPOBOJOPOCJIEH B PaHHUM IIepuoj HCCJIeoBa-
Hua (60-70-e IT.) COOTBETCTBOBAJIO OJUTOTPODHOMY
ypoBHI0 (UekpbrkeBa, 2008).

B ceBepo-zanagHoii yactu OHEXCKOro o3epa B
Pecny6siuke Kapenus pacnosaraeTrcs cucreMa OCTPO-
BOB, OTJIMYAIOMIAsACs YHUKAJIbHBIM Te0JIOTUYecKUM
CTpOeHreM OT BceX APYrux paiioHoB o3epa (I'osyGes,
1999; Hetinec, 2013). Kinkckuii apxunesar OTHOCUTCS
K 0co00 OXpaHseMbIM TeppuUTOpusaM, rae cpopmupo-
BaJINCh YCJIOBUA AJiA Pa3BUTHsA Ha3eMHBIX U BOJHBIX
6uoreHo30B (XoxyoBa u CemuHa, 1988; KanutoHoBa,
2008).

Coo0bimecTBo pUTOIIAaHKTOHA B parioHe Kikckux

mxepenie B 60-70-e IT. OPOLLJIOTO CTOJIETHUA OTJIMYA-
JIOCh OT TaKOBBIX B IPYyTUX patioHax OHEXCKOro osepa
60Jiee BBICOKMMM IIOKa3aTesIsIMU pa3BUTHA U3-3a chop-
MHpPOBaBHIMXCA OCOOBIX JIaHAWA(THHIX YCJIOBUH Ha
JaHHOI TeppUTOPHH, TaKUX Kak — OBICTPO Iporpesa-
eMoe MeJIKOBOJibe, 3aMeJiJIeHHBIII BOAOOOMeH U cpaB-
HUTeJIbHAasA U30JIMPOBAHHOCTh OT o3epa (BucisaHckas
u ap., 1999; YexpeixeBa, 2008; Ilerpoa, 1971).
IToaToMy BecHOH 37ech OTMeuaeTcsA OoJiee paHHUIL
IIporpeB BOJHON MacChl U ee WHTEHCHBHOE IiepeMe-
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OpHako, B 1990 r. ApxXUTeKTypHbII aHCcaMOJIb
Kuxckoro norocra, KOTOpEI HaXOAUTCA Ha OJHOM U3
caMBIX KpyIIHBIX OCTpOBOB Kimrkckoro apxunesara — o.
Kwxuy, Obu1 BKITI04eH B CIIMCOK OOBEKTOB BCEMUPHOTO
kynpTypHOro Hacienusa IOHECKO (Onexckoe o3epo.
Atnac, 2010). ImeHHO B 3TO Bpems paiioH o. Kuxu
OHexcKoro osepa Hayasl IOABEPraTbCsA 3HAUUTEJIbHON
aHTPOIIOTEHHON Harpyske 3a CcueT yBeJIMYeHHUsA KOJIU-
yecTBa X03AHCTBEHHO-OBITOBBIX CTOYHBIX BOA (KOHIIEH-
Tpauus obmero ¢dochopa mo 25 mkr/m) (Galakhina
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Commons Attribution-NonCommercial 4.0.
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et al., 2022) u BO3JeHCTBUA BOJHOrO TpPaHCIOPTa
(konuecTBO HedTenpoaykToB B Bojie oT 0.15 mo 0.6
mr/mn) (CabeutnHa, 1999; IIportacos, 1999; CabbpuiiiHa
u PepxakoB, 2007; CabeutuHa 1 ap., 2012; Galakhina et
al., 2022). B pe3yspTare yBeJIMUYEeHUsA aHTPOIOTe€HHOMN
Harpy3KH Ha JaHHOU Tepputopuu B 90-e IT. B puToIle-
Ho3e parioHa Kmxckux mxep OHeXCKOro ozepa ObLId
OTMeueHbl U3MeHeHUsA CTPYKTYPhl U KOJIMYeCTBEHHOTO
YPOBHA pasBUTUA BOAOPOCJEH, YTO NPUBEJIO K YBeJIU-
YeHUI0 TPO(PUYECKOro craryca OT OJIUrOTPodHOro A0
Me3oTpodHoro (BucisHckas u ap., 1999). Takoi ypo-
BeHb pa3BUTUA GUTOIIAHKTOHA coxpaHuiica U B 2000-e
roasl (YekpeixeBa U BucisiHckas, 2000; YekpoixeBa,
2008).

B HacTosIee BpeMA 13-3a yBeJIMUeHUs TeMIlepa-
TYpPHI BO3/lyXa BO3pocJia IPOAO0JIKUTEJIbHOCTD [Tleproa
OTKPHITO! BOABL, a TAKXKe YBeJINYNJIach CpeAHAA TeMIle-
parypa noBepxHocTy Boasl OHexckoro o3epa (duiaTtos
u ap., 2020; Eppemona u [NansmuH, 2015). B cBsa3u c
KJIMMaTA4YeCKUMU U3MeHEeHUAMH, BIVAIIIMU Ha TeM-
IepaTypHBIN peXxyuM Bcell akBaTopuu OHEXCKOro o3epa
Y aHTPOIIOT€HHBIM BO3/IelICTBHEM HelloCpeCTBeHHO Ha
paiioH Krkckux mxep —1iesiblo HacTOAIIero uccjiegoBa-
HUA ABJIAETCA OXapaKTepu30BaTh COBPEMEHHYIO CTPYK-
Typy QUTOIJIAHKTOHA, H3YYUTh €roKOJNYecTBEHHOe
pa3BUTHE B pa3Hble Ce30HHI rofla, a Takke Ha OCHOBe
WHAWUKATOPHBIX 3HAYeHUIN BHIOB MMKPOBOAOPOCIEN
JaTh OLIeHKY KauyecTBa BOABI M3y4yaeMoro palioHa.

2. MaTtepuanbl U MeTOAbI MCCAEAOBaHUA

OctpoB Kmwxu Haxogurcs B CeBEpHOH 4YacTU
Onexckoro ozepa (61°42’ c.m., 35°25’ B.o.) — BTOpO-
rolno BejMYMHe INPecCHOBOOHOTO BojoeMa B EBpore.
O3zepo otHOocuTcs K OacceliHy bBasnrtuiickoro mops c
IUIOIIAAbI0 3epraia — 9720 kM2, ero cpeHAA TJIyOMHA
coctaBider 30 M, MakcuMasibHad — 120 m, nepuop
ycJioBHOro BogoobmeHa — 15.6 jiet. O3epHble BOABI
OTHOCATCA K Me30IYMYCHBIM, CJIa0OM[eJI0YHOCTHEIM
BOJlaM rujpoxkapOoHaTHoro kjacca rpynnsl Ca (Osepa
Kapemnuu, 2013).

L Yo

‘ - 0. Kuxcu

J/ia xavyecTBEHHOI M KOJIMUECTBEHHOI OlLleHKU
CcOoCTOAHUA GUTONJIAHKTOHA, a TaKXe cofepXaHusa Ono-
reHHBIX 3JIEMEHTOBB pabioHe 0. Kuxu OHexckoro ose-
pabbuti oToOpaHsl Mpobkl Boabl B Mae (29.05), urose
(31.07) u B centabpe (23.09) 2023 ronmaB MoBepx-
HocTHOM cJjioe (0.5 m) Ha crannusax Z_1; Z 2; Z.3; 7 4
(Puc. 1).

[Tpo6er Boger (V=0.5 i) 66T O0TOOpaHbl GaTo-
MmeTpoMm PyrTHepa u 3adpuxcuposansl 10 mi 40%-oro
dopmanuHa. KoHenTprposanue npob BOAbI AJ1A aHa-
Ji3a MUKPOBOJIOPOCJIEH MTPOBOAMIIOCH HA MEMOPAHHBIX
dunpTpax (Dnop=0.8 MKM) f0 oobema 5 mu1 (MeTobl
ruapobuoJIoruYeckux..., 2024; ®enopos, 1979). Pacuer
YUCJIEHHOCTU (Ntot) U orpejeyieHre (PUTOIIAHKTOHA
NPOBOAUJIOCH C IIOMOLIBI0 MUKpOckona Mukmen-6.
g npeHTUUKany BUAOBOTO COCTaBa ajibro(pJiopsl
HCNO0JIb30BAIU CJleAyIolue onpeAennTenn (3abearHa u
Ip., 1951; MatBuenko, 1954; Kucenes, 1954; Tikkanen,
1986; Komaérek, 1998; 2005; 2013; Krammer and Lange-
Bertalot, 1986; 1991). Buomaccy MHUKPOBOZOPOCJEN
(B,s,) PACCUMTHIBAIM CTEPEOMETPHYECKUM METOJOM,
BBIUKCJISAA 00BbeM KaxJou kiieTku. K kareropuu ToMu-
HUDPYIOIINUX BUAOB OTHOCUJIM BUJIbI C YHCJIEHHOCTHIO U1/
niu 6uomaccot 6osee 10%, k cybjoMUHaHTaM — OoJiee
5%.

WHOUKaTOpHYI0 3HAYMMOCTh  BHUIOB  (uTO-
IJIAHKTOHA OMMCHIBAJIM TIO CJIEAYIOIIMM MarepuajiaM
(Sladecek, 1973; MakpyuH, 1974; Baccep u Ap., 1989;
bapunoBa u fp., 2006). UHaekc canpobHocTH (S) BOOEI
paccuutheBau no Merony I[lantne-byka B moauduka-
nuu Cranmeveka (Sladecek, 1973), 30Hy canmpoGHOCTU
onpepesisnu 1o (Oxcuok u ap., 1993). [ BeIIOJIHE-
HUA CTAaTHUCTUYECKOTO aHaIM3a COCTOSHUS (UTOILIaH-
KTOHA parioHa Kikckux mxep OHEXCKOro o3epa OTCyT-
CTBYIOT PEryJIsApHBIE PsAABI AAHHBIX O (DUTOMJIAHKTOHE
3TOro paiioHa (n<>5), 3a UCKJIIOUeHHEM JIETHUX HaOJIIo-
neHuii (n=14). ITosyvyeHHble KOJMYEeCTBEHHBbIE IOKa-
3areniu B 2023 roAy CpaBHUBAJIU C 3aperucTprUpoOBaH-
HBIMU JaHHBIMU ¢uToIUtaHkToHa (Csapku u fp., 2015),
NOJIy4YeHHBIMU B iepuof ¢ 1996 o 2010 rT., ucnonas3ys
JoBepuTesibHBIN nHTEepBas (MBanTep u Kopocos, 2010).

Pecnybénuxa
Kapenus

Puc.1. Kapra-cxema Mecta otr6opa mnpob A/1A aHaim3a GUTOIIAHKTOHA U Coj/iepXaHUs OHMOTeHHBIX 3JIEMEHTOB B palioHe

Kmxckux mxep OHeEXCKOro osepa.
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Konrnentpanuu xnopodpuina a (X1 a) B Bofe
U3MepsIM CTaHAApPTHBIM CIEKTPOPOTOMETPUYECKIM
metonoMm (I'OCT 17.1.4.02-90). BuoreHHbIe 31€MEHTHI
P, P o NH,*, NE)Z', NO,, Si) B mpoGax BozbI ucce-
JOBaHHBIX CTAHIUM OINpeAesisIi 10 CTaHAAPTHBIM
MeToaukaMm (AHamutudeckue..., 2017). OnpeneeHue
obiero asora (Nosm) OCYIIeCTBJISUIN BBICOKOTEMIIe-
pPaTypHBIM OKHCJIeHMeM Ha aHaiuszatope Shimadzu
TOC-LCSN mmo metoauke (ITHI @ 14.1:2:3:4.279-14),
a opraHuyeckoro asora (Nopr) - no pasHocrtu N 1
MUHepaJIbHBIX (HopM.

TeMmnepaTypy HOBEPXHOCTHM BOABl B IepUOJ
ucciaeioBaHusa u3Mepsin npudopom CastAway-CTD.
Jsia cpaBHeHUs TeMImepaTypbl MMOBEPXHOCTHOIO CJIOS
BOJIBI B MICCJIEIOBAaHHOM palioHe C paHHUMU HabJTofe-
HUAMU ObLIa UCIIOJIb30BaHa 3aperucTprupoBaHHasn 6asa
naunbix (KanuakuHa u ap., 2023).

Tpoduueckoe cocTtosiHUe patioHa o. Kuxu
Onexckoro o3zepa B 2023 rofy mmo 6uomacce GpuTONIaH-
KTOHA U KOHI[eHTpaluu xJjiopodusia a ObI0 OIleHeHO
no kjaccupukalusaM TUIOB 03ep, NPeACTaBJIeHHBIX B
pabore C.II. Kuraea (2007), no coaepxaHuoo ob1ero
docdopa B Bosie —11o JlozoBuky I1.A. (2013).

3. Pe3ynbTarthbl

B nepuop ucciefgoBaHus B cocTaBe (PUTOIJIAH-
kToHa B paiioHe Kmxckux mxep OHeXCKOro osepa
6bU10 naeHTUGUIpoBaHO 204 TakCcOHA paHTOM HIUXe
poAda, MpUHaJIeXalux K 7 cUcTeMaTH4ecKuM OTAe-
gam: Bacillariophyta — 76 (37.2%); Chlorophyta — 54
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14,60

(26.5%); Cyanobacteria — 33 (16.2%); Chrysophyta —
26 (12.7%); Euglenophyta — 5 (2.5%); Cryptophyta— 6
(2.9%); Dinophyta — 4 (2%) (Tabauna 1).

3.1. TemnepaTtypbl NOBEpPXHOCTH BOADI
U copep)XaHue OMOreHHbIX 3N\eMEeHTOB B
BOAEB NepuoA UCCAEAOBaHUA

B mae 2023 roga B patioHe Kukckux mixep
OHexCcKoro o3epa TemiiepaTypa MOBEPXHOCTHOTO CJIOA
BOJIbI BapbupoBasa oT 14.2 go 15.8°C, B utoyie — usme-
Hsnack oT 17.4 pgo 18.5°C, B ceHtsi6pe — oT 14.4 mo
14.6°C (Puc. 2).

CopepxaHue 6uoreHHbx ssemeHToB (P, N, Si) B
BOJle B ucciienyeMoM patioHe B 2023 roay ObLJIO HEBHI-
cokuM (Tabnuua 2). B BeceHHUN U JIETHUI NEPUOLBI
KOHILIeHTpauus Poﬁm (1-12 wMKr/J) cooTBeTcBOBaJia
oyurorpopHOMy cTaTycy. B ceHTsabpe KOHLeHTpauus
POﬁm (0-17 w™xkr/m) pocTurajio OJIUTro-mMe30Tpodun.
CopmepxaHue a3oTHBIX OpM Ha Bcex cTaHUuAX B 2023
roga OBLIO AOCTAaTOYHO OJIM3KUM. B cocraBe N 6w B
mepuo[ UcCCJIeOBaHUA HaAUOOJIBUIYI0 [IOJII0 3aHUMaJl
NOPF: B Mae —oT 67.7 no 84%:; B utoje — oT 67.7 10 76%;
B ceHTs6pe — oT 85.2 1o 96.3% (cm. Tabiuna 2).

JleToM Ha Bcex CTQHIUAX OTMeYeHO yMeHblile-
HHe coflepXaHUsA HUTPATOB U yBeJInueHNe — aMMOHUS
10 CpaBHEHUIO C BeceHHUM ce30HOM. K oceHu comepxa-
HHe MUHepaJbHBIX (JOpM a3oTa CHUXAJIOCh 10 MUHU-
MaJIbHBIX 3HaueHUl. KoHIleHTpalus KpeMHUs YMeHb-
1Iajach OT BecHHI K oceHu (cm. Tabimna 2).
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Puc.2. TemnepaTypa MOBEPXHOCTHOI'O CJIOSI BOJbl MCCJIeJOBAHHOrO paiioHa o. Kwxu OHexckoro osepa B Mae, Hiojie U B

ceHTs6pe 2023 roaa.
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Ta6suna 1. Crrcok BU10B GUTOIJIAHKTOHA B parioHe Kinkckux nixep OHeXCKOro o3epa B pa3Hble ce30HH 2023 roza

No BugoBoi cocTaB Ce30HBI roza
BecHa | Jleto | OceHb
Cyanobacteria
1 Synechocystis aquatilis Sauv. + + -
2 Merismopedia punctata Meyen (= Merismopedia tranquilla (Ehr.) Trev. DN + +
3 Aphanocapsa elachista var. elachista W. et G. S. West DN DN -
4 Aphanocapsa incerta (Lemm.) Cronb. et Kom. DN - DN
5 Aphanocapsa delicatissima W. et G. S. West - - +
6 Aphanothece clathrata f. clathrata W. et G.S. West - DN DN
7 Aphanothece clathrata var. brevis (Bachm.) Elenk. - + -
8 Coelosphaerium kuetzingianum N&g. - - +
9 Gloeocapsa limnetica (Lemm.) Hollerb. (= Croococcus limneticus Lemm.) + DN +
10 Gloeocapsa magma (Bréb.) Kiitz. em. Hollerb. - + -
11 Gloeocapsa minima ampl. f. minima (Keissl.) Hollerb. - + -
12 Gloeocapsa minor (Kiitz.) Hollerb. (= Croococcus minor (Kiitz.) N&ag.) - + -
13 Gloeocapsa minor f. dispersa (Keis.) Hollerb. - + +
14 Gloeocapsa montana f. montana (Kiitz.) Hollerb. - + -
15 Gloeocapsa punctata Nag. em. Hollerb. - + -
16 Gloeocapsa turgida (Kiitz.) Hollerb. (= Chroococcus turgidus (Kiitz.) N&g.) - + -
17 Gloeocapsa vacuolata(Skuja) Hollerb. - + -
18 Gloeocapsa varia (A. Br.) Hollerb. (= Chroococcus varius A. Br.) - + -
19 Gomphosphaeria lacustris Chod. (= Snowella lacustris (Chod.) Kom. et Hind.) - DN SDN
20 Gomphosphaeria lacustris f. compacta Lemm. - - DN
21 Gomposphaeria aponina Kiitz. - + -
22 Snowella litoralis (Hayrén) Kom. et Hind. + - -
23 Woronichinia naegeliana (Ung.) Elenk. - + -
24 Oscillatoria planctonica Wolosz. (= Limnothrix planctonica (Wolosz.) Meff.) + + -
25 Oscillatoria agardhii Gom.( = Planktothrix agardhii (Gom.) Anagn. et Kom.) - + -
26 Oscillatoria tenuis Ag. ex Gom.(= Phormidium konstantinosum (Ag.) Umezaki et Watanabe) SDB - +
27 Oscillatoria limosa Ag. et Gom. - - DN
28 Phormidium mucicola Naum. et Hub.-Pestal. - + -
29 Dolichospermum spiroides (Kleb.) Wack. et al. + DN +
30 Dolichospermum flos-aquae (Born.et Flah.) Wack. et al. - + -
31 Dolichospermum lemmermannii (Rich.) Wack. et al. + - +
32 Microcystis aeruginosa (Kiitz.) Kiitz. - + +
33 Microcystis delicatissima (W. et G. S. West) Starm. - - +
Cryptophyta
34 Rhodomonas lacustris Pasch. et Rut. + + +
35 Chroomonas acuta Uterm. - + -
36 Chroomonas brevicilcata Nag. - + -
37 Cryptomonas erosa Ehr. + + +
38 Cryptomonas woloszynskae Czosn. - + -
39 Cryptomonas ovata Ehr. - + +
Dinophyta
40 Glenodinium edax Schill. (= Tyrannodinium edax (Schill.) Cal.) - + -
41 Peridinium cinctum (Miill.) Ehrb. - + -
42 Peridinium inconspicuum Lemm. + - +
43 Ceratium hirundinella (Miill.) Schrank SDB + -
Chrysophyta
44 Chrysococcus cordiformis Naum. + + -
45 Chrysococcus ovalis Lac. (=Kephyrion ovale (Lac.) Hub.-Pest.) SDN - +
46 Chrysococcus rufescens var. rufescens Klebs. - + -
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Becna | Jleto | OceHb
47 Chrysococcus punctiformis Pasch. - + -
48 Kephyrion ovum Pasch. + + +
49 Kephyrion spirale Conrad. + - +
50 Kephyrion cupuliforme Conrad. - + -
51 Kephyrion moniliferum (Schmid.) Bourelly( = Stenokalyx moniliferus Schmid.) + + +
52 Dinobryon bavaricum Imh. SDN = als
53 Dinobryon cylindricum Imh. SDN + +
54 Dinobryon divergens Imh. DN |DN;DB +
55 Dinobryon sertulariaEhr. - + -
56 Dinobryon sociale Ehr. - + -
57 Dinobryon sociale var. stipitatum (Stein) Lemm. (= Dinobryon stipitatum Stein.) - + -
58 Dinobryon suecicum Lemm. - s -
59 Dinobryon spirale Twan. + - +
60 Pseudokephyrion entzii Corn. + + -
61 Mallomonas acaroides Perty em. Iwan. + - +
62 Mallomonas elongata Reverd. - - +
63 Mallomonas caudata Iwan. - + -
64 Mallomonas coronata Boloch. + + -
65 Mallomonas tonsurata Teil. - - +
66 Mallomonas fresenii Kent. - + -
67 Bitrichia chodatii (Reverd.) Chodat. - + -
68 Synura uvella Ehr. + - +
69 Chrysopyxis urna Korsh. - + -
Bacillariophyta
70 Stephanodiscus astraea (Kiitz.) Grun.(= Cyclotella astraeaKiitz.) + - -
71 Stephanodiscus hantzschii Grun. + + +
72 Cyclotella meneghiniana Kiitz. (= C. kuetzingiana var. meneghiniana Kiitz.) - + -
73 Cyclotella schumannii (Grun.) Hékasson (=C. kuetzingiana var. schumannii Grun.) - + -
74 Campylodiscus noricus Ehr. ex Kiitz. - + -
75 Discostella stelligera (Cleve et Grun.) Houk et Klee (= Cyclotella meneghiniana var. stelligera) - + +
76 | Puncticulata bodanica (Eulens. ex Grun.) Hékansson (= Cyclotella bodanica Eulens. ex Grun.) + DB +
77 Puncticulata comta (Kiitz.) Hakansson. (= Cyclotella comta Kiitz.) + + +
78 Puncticulata radiosa (Grun.) Hékansson (= Cyclotella comta var. radiosa Grun.) + + +
79 Melosira varians Ag. + + -
80 Aulacoseira islandica (O. Miill.) Sim. (=incl. f. curvata O. Miill,, f. islandica (O. Miill.) Sim.; | DB;DN + DB
Melosira islandica ssp. helvetica (O. Miill.) Sim.; Melosira islandica O. Miill.
81 Aulacoseira granulata (Ehr.) Sim. (= Gaillonella granulata Ehr.) + DB SDB
82 Aulacoseira distans (Ehr.) Sim. (= Gaillonella distans Ehr.) + - +
83 Aulacoseira alpigena Grun. Kram. (= Melosira distans var. alpigena Grun.) - - +
84 | Aulacoseira italica f. italica (Ehr.) Dav.(= Aulacoseira italica (Ehr.) Sim.;Gaillonella italica Ehr.) + + +
85 Aulacoseira subarctica (Miill.) Haw. em. Genkal (= Melosira italica ss. subarctica (Miill.)) + - +
86 Acanthoceras zachariasii (Brun.) Sim. - + -
87 Fragilaria constricta Ehr. - + -
88 Fragilaria crotonensis Kitt. + + DB;DN
89 Fragilaria pinnata Ehr. + + -
90 Synedra acus Kiitz. - + +
91 Synedra amphicephala var. amphicephala Kiitz. - + -
92 Synedra ulna var. ulna (Nitzsch.) Ehr. + - +
93 Asterionella formosa var. formosa Hass. SDN + SDB
94 Diatoma tenuis Ag. (=D. elongatum(Lyngb.) Ag.; Diatoma tenuis var. elongatum Lyngb.) - + -
95 Tabellaria fenestrata (Lyngb.) Kiitz. (=Diatoma fenestrata Lyngb.) DB;DN | DB;DN | DB;DN
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96 Tabellaria flocculosa (Roth.) Kiitz.(incl. var. ventricosa (Kiitz.)Grun.) (=T. ventricosa Kiitz.; + + +
Conferva flocculosa Roth.)

97 Achnanthes calcar Cl. (= Gliviczia calcar (Cl.) Kulikov., Lang.- Bert. et. Witkow. - + -
98 Achnanthes lanceolata (Breb. exKiitz.) Grun. + - -
99 Achnanthes borealis Cl. + - -
100 Achnanthes gracillima Hust. + - +
101 Eunotia praerupta var. praerupta Ehr. - + -
102 Eunotia septentrionalis @str. + - -
103 Eunotia formica Ehr. - - +
104 Eunotia sudetica Miill. - - +
105 Meridion circulare (Grev.) Ag. + - -
106 Gyrosigma acuminatum (Kiitz.) Rabenh. DB - +
107 Gomphonema acuminatum Ehr. - - +
108 Gomphonema constrictum Ehr. + - -
109 Gomphonema parvulum (Kiitz.) Kiitz. - - +
110 Pinnularia viridis var. viridis (Nitzsch.) Ehr. SDB - -
111 Pinnularia interrupta W. Sm. + - -
112 Surirella dydima var. dydima Kiitz. + - -
113 Navicula dicephala (Ehr.) W. Sm. - + -
114 Navicula cryptocephala var. cryptocephala Kiitz. + - +
115 Navicula gracilis Ehr. + - +
116 Navicula exigua (Greg.) Grun. - - +
117 Navicula longirostris Hust. - + -
118 Navicula rotaeana (Rabench.) Grun. - + -
119 Navicula radiosa Kiitz. + - -
120 Navicula salinarum f. capitata Schulz - + -
121 Cocconeis pediculus Ehr. - I -
122 Cocconeis placentula var. placentula Ehr. SDB - -
123 Diploneis smithii var. smithii (Bréb.) Cl. - + -
124 Diploneis elliptica var. elliptica (Kiitz.) Cl. - + -
125 Eucocconeis elliptica Savel. — Dolg. SDB - -
126 Eucocconeis onegensis Wisl. et Kolbe DB - -
127 Frustulia rhomboides var. saxonica (Rabenh.) D. T. - + -
128 Cymbella lanceolata var. lanceolata (Ehr.) Kirchn. (incl. var.notata Wisl. et Poretzky) - + -
129 Cymbella ventricosa var. ventricosa Kiitz. - + -
130 Cymbella pusilla Grun. + - -
131 Cymatopleura solea var. apiculata (W. Sm.) Ralfs - + -
132 Neidium iridis var. iridis (Ehr.) Cl. - + -
133 Amphora coffeaformis var. coffeaformis (Ag.) Kiitz. - s -
134 Amphora ovalis (Kiitz.) Kiitz. (incl. var. gracilis (Ehr.) CL.) - + -
135 Amphora pediculus (Kiitz.) Grun. (=A. ovalis var. pediculus (Kiitz.) V.H.) - + -
136 Amphora copulata (Kiitz.) Schoem. et Archib. (= Frustulia copulata Kiitz.) + - -
137 Amphiprora ornata Bail. - + -
138 Nitzschia acicularis (Kiitz.) W. Sm. - + -
139 Nitzschia angustata var. angustata (W. Sm.) Grun. - + -
140 Nitzschia acuta Cl. + - -
141 Nitzschia dissipata (Kiitz.) Raben.(= Synedra dissipata Kiitz .) + + +
142 Nitzschia hungarica Grun. - + -
143 Nitzschia tryblionella var. levidensis (W. Sm.) Grun. - + -
144 Nitzschia tubicola Grun. + - +
145 Campylodiscus noricus Ehr. ex Kiitz. (incl var. costatum (W. Sm.) Grun.) - + -
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Euglenophyta
146 Trachelomonas volvocina var. volvocina Ehr. (Ehr.) - + -
147 Trachelomonas volvocina var. subglobosa Lemm. sens. Swir. - + -
148 Trachelomonas intermedia Dang. + - +
149 Euglena caudata Hiibn. + - -
150 Euglena proxima Dang. + - +
Chlorophyta

151 Chlamydomonas globosa Snow - + -
152 Chlamydomonas incerta Pasch. - + -
153 Chlamydomonas reinhardtii Dang. SDN | SDN +
154 Chlamydomonas monadina (Ehr.) Stein + + +
155 Lobomonas stellata Chod. - + -
156 Gonium sociale (Dujard.) Warm. - + -
157 Pteromonas torta Korsh. - + -
158 Phacotus lenticularis (Ehr.) Dies. + + -
159 Eudorina elegans Ehr. + + -
160 Pandorina morum (Miill.) Bory - + -
161 Planktosphaeria gelatinosa Smith. - + -
162 Sphaerocystis schroeteri Chod. + + -
163 Didymocystis bicellularis (Chod.)Kom. (=Desmodesmus bicellularis (Chod.) An) + - -
164 Didymocystis incospicua Korsch. (= Pseudodidymocystis incospicua (Korsh.) Hind.) - - +
165 Pediastrum duplex Meyen. - + -
166 Coenococcus planctonicus Korsh. + DN -
167 Coenochloris fottii (Hind.) Tsarenko SDB - -
168 Coenochloris ovalis Korsh. - + -
169 Stichococcus subtilis (Kiitz.) Klerc. + - -
170 Chlorella vulgaris var. vulgaris Beij. + + +
171 Tetrachlorella alternans (Smith) Korsh. + - -
172 Oocystis elliptica West - + -
173 Oocystis lacustrisChod. - + -
174 Oocystis submarina Lag. - + -
175 Monoraphidium contortum (Thuret) Kom.-Leg. SDN + +
176 Monoraphidium griffithii (Berk.) Kom.- Leg. + - -
177 Ankyra juday (Smith) Fott - + -
178 Coelastrum cambricum Arch. - + -
179 Coelastrum sphaericum Nag. - + -
180 Botryococcus braunii Kiitz. + + -
181 Crucigenia quadrataMor. - DN -
182 Crucigenia tetrapedia (Kirch.) Kuntz. (= Lemmermannia tetrapedia (Kirch.) Lem. + + +
183 Scenedesmus quadricauda (Turp.) Bréb. - SDN -
184 Scenedesmus bijugatus var. bijugatus (Turp.) Kiitz.(=S. ecornis.f. ecornis (Ralfs.) Chod) + - -
185 Scenedesmus obtususMey. - - +
186 Desmodesmus armatus (Chod.) Heg. + - +
187 Elakatothrix genevensis (Reverd.) Hind. - + +
188 Elakatotrix gelatinosa Wille + - -
189 Ankistrodesmus graciles (Rein.) Korsh. (= Messastrum gracile(Rein.) Garc. + - -
190 Ankistrodesmus fusiformis Corda - - +
191 Cosmarium ornatum var. ornatum Ralfs ex Ralfs - + -
192 Cosmarium bioculatum Bréb. ex Ralfs + - +
193 Cosmarium phaseolus Bréb. ex Ralfs - - +
194 Kirchneriella contorta (Shmidle) Bohl. (=Raphidocelis danubiana (Hind.) Marv. et al.) - + -
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Neo BupaoBoii coctas Ce30HBI roza
Becna | Jleto | OceHb
195 Korschikoviella limnetica (Lemm.) Silva + + -
196 Koliella spiculiformis (Visch.) Hind. + + +
197 Koliella longiseta (Visch.) Hind. + + +
198 Koliella spirotaenia (West) Hind. - + -
199 Ulothrix zonata var. zonata (Web. et. Mohr.) Kiitz. - + -
200 Gloeotila spiralis Chod. (=Stichococcus contortus (Lemm.) Hind.) - + -
201 Closterium gracile var. gracile Bréb. ex Ralfs + + -
202 Closterium pusillumHantz. + + -
203 Staurastrum paradoxum Mey. ex Ralfs - + +
204 Staurastrum longipes (Nord) Teil.(= Staurastrum paradoxum var. longipes Nord.) - - +
IIpumedaHme: «+» — BUJ IPUCYTCTBYeT B COOOIIeCTBe (PUTOIIIAHKTOHA; «—» — BUJ OTCYTCTBYeTB cooOmecTBe pUTOMIIaH-

kToHa; SDN - By cyOAOMUHAHT O YKcIeHHOCTH; SDB — Bup cy0qoMuHaHT no 6uomacce; DN — BUJ JOMUHAHT 10 YMCJIEHHOCTH;

DB - Buj IOMUHAHT 110 OrioMacce

3.2. BeceHHee pa3BuTHe QUTONAAHKTOHA

B mae 2023 roga B paiioHe o. Kuxu 65110 omnpe-
JeneHo 97 BUIOBBIX U BHYTPHBUIOBBIX TAKCOHOB PaH-
TOM HUXeE POJIa BOJIOPOCJIEH U3CEMU CUCTEMATUYECKUX
rpymm: Bacillariophyta — 38 (39.2%); Chlorophyta — 30
(31%); Cyanobacteria — 10 (10.3%); Chrysophyta —
12 (12.3%); Euglenophyta — 3 (3%); Cryptophyta — 2
(2.1%); Dinophyta — 2 (2.1%).

B BecenHuii nepuon B 2023 roay Ha cTaHOUU
Z_1 mnpeobnaganu AuUaTOMOBBEIE Bogopociau — 32%
no uucieHHoctu (N) u 74.1 % mo O6uomacce (B).
JOMUHUPYIOIIUMHU BUOAMH W3 JUATOMEN BBICTyHaJA
— Aulacoseira islandica (16.4% ot Boﬁm), Euocconeis
onegensis (11.5% ot Buﬁm), Tabellaria fenestrata (11%
or B ). Kpome TOro, B JOMHHHPYIOLINI KOMIUIEKC
BXOIWJIM 30JI0THCTHIe Bogopocau (28% mo N; 15% no
B) (momuuaHT Dinobryon divergens 11.2% ort Noﬁm) u
nuaHobakrepuu (24% mno N; 2.4% no B) (momuHaHT —
Aphanocapsa inserta — 20.3 % ot Noﬁm) (Puc. 3). Bozie
nmpyyajia BOJAHOrO TpaHcmopTa Ha o. Kwxu, rae pac-
rnoJiaraercs My3eii-3anoBeHUK «Kvxu» (cT. Z_2) mpe-

obnanmanu no N nuaHoGakrepuu (44.7%), cpeau HUX
Aphanocapsa elachista no 27% ot N , ANaTOMOBbIE
(28.3%), B ocHoBHOM A. islandica (15% ot Noﬁm) U 30J10-
TUCThIe Bogopociu (15.8%) — Buzsl poaa Dinobryon. T1o
B momunMpoBaysu auaromen Ao 71.1% (A. islandica-
38% ot Boﬁm) (cMm. Puc. 3).

B paiioHe cT. Z_3, ¢ BOCTOYHOH CTOPOHBI OCTPOBA,
mo N ¥ B IOMUHMpOBaJSI JUATOMOBBIE U 30JIOTUCTHI-
epogopociiu (mo N — 38.4% Bkuyiajg KaxJoro otrhesa;
mo B — 60.2% u 24.1%, cooTBeTCTBEHHO). JuaTtomeu
ObLTH TipeAcTaBieHsl Tabellaria fenestrata (31% ot Boﬁm)
u Bugamu poxa Aulacoseira (no 14%ort Noﬁm), 30J10mu-
cmble B000pOCIU cocmosUTu u3 8udo@ poma Dinobryon
(momuuanT: D. divergens) (18% ot Nosm) U BUJIOB pofa
Kephyrion (cy6gomunant: Kephyrion ovale). Kpome Toro,
M0 YMCJIEHHOCTH Tpeo0Jialaan U 3eJIeHble BOAOPOCIU
(16.5%) (cy6momunaHTh: Monoraphidium contortum,
Stichococcus subtilis) (cMm. Puc. 3). B 10ro-BocTo4YHOM
yacTu ucciaefyeMoro paiioHa (cr. Z_4) qoMUHaHTaMu
o N B BeceHHUI ITepuo/ ABJIAINCH IMaHoOakTepuu (0
33.2%), B OCHOBHOM 3a cueT pa3Butus Merismopedia
punctata (16% ot Noﬁm). I[To N u B akTuUBHO pa3BUBa-

Ta6smna 2. CofepxaHye OLOreHHBIX 2JIEMEHTOB B BoJle paiioHa Kirkckux mxep OHEXCKOro o3epa B Ieproj] OTKPBITOH BOZBI

2023 roga
Crannusa | Jlara ot6opa | P _ , P NH,”, | NO,, NO,, oom? opr? Si,
MKT'/JI Mkr/a | MrN/a | MrN/ix | meN/a | MrN/a | MmN/ | mrSi/n

Z1 Maii 1 4 0.02 0.000 0.03 0.32 0.27 0.53
Urons 1 11 0.05 0.001 0.01 0.24 0.17 0.39

CeHTAOpD 1 17 0.01 0.000 0.00 0.27 0.26 0.26

Z2 Maii 1 6 0.02 0.000 0.04 0.29 0.23 0.52
Hionb 2 10 0.05 0.001 0.01 0.24 0.18 0.31

CeHTAOpD 1 10 0.01 0.000 0.00 0.32 0.31 0.25

Z3 Mari 1 1 0.02 0.000 0.08 0.31 0.21 0.39
HUionb 1 8 0.05 0.001 0.04 0.31 0.21 0.28

CeHTAOpPD 1 11 0.01 0.000 0.02 0.27 0.23 0.27

Z4 Maii 1 5 0.02 0.000 0.04 0.32 0.26 0.47
Uionb 1 12 0.04 0.001 0.03 0.25 0.19 0.30

CeHTAOpPD 1 11 0.01 0.000 0.02 0.28 0.25 0.25
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Puc.3. Crpykrypa ¢uToriaHKToHa B patioHe Kipkckux mnixep OHexckoro o3zepa (crannuu oréopa npob -Z_1; Z 2; 7. 3; Z_4)

B Mae 2023 roja: (a) — no uucaenHoctu, (b) — mo 6romacce.

auch quatoMen (24% o N; 55.6% no B) ({oMHUHAHTHIL:
A. islandica 27% ot B , Tabellaria fenestrata 11% ot
Boﬁm) u 30J10TUCTEIe Bogopocyu (20.2% no N; 24.6% no
B) — D. divergens (11.2% ot Boﬁm). Taxxe gOCTAaTOYHO
aKTUBHO BereTrpoBaJiu 3ejieHble Bogopocau (1o 20.7%
mo N; 10.5% mo B) (cy6momunantbr: Clamydomonas
reinhardii, Coenococcus fottii) (cMm. Puc. 3). B HauMeHb-
IIeM KOJIMYeCTBE HA BCEX CTAHIUAX HCCIIeJOBaHUA
B paiioHe o. Kuku B mae 2023 roma ObIM OTMeUYeHbI
kpunrodurossie (o 1.4% mo N), muHodpuToBbie (OO
5.6% mo B) u sBryiieHoBbIe Bofgopocau (1o 2.5% mo B)
(cMm. Puc. 3).

B pesysbprate aHaiM3a CcanpoOUOJIOTMYECKUX
XapaKTEPUCTUK BUIOB (PUTOIIAHKTOHA, OOHApyXeH-
HBIX B parioHe Kikckux mrxep OHEXCKOro o3epa B Mae
2023 roga (S=1.6+0.05) na"HHHIN TUI BOJ OTHOCUTCS
K [-me3ocanpobHOU 30He (3 KJlacCc KavecTBa BOJIBL,
yJioBJIeTBOpUTesIbHO-uKcTasn) (Tabmuna 3).

Obmasa 4YKCcJIeHHOCTh (Ntot) (uTorIaHKTOHA
uaMeHsiiach ot 750 mo 2003 ThIC. KJ1/J1., a obias 61o-
Mmacca (Boﬁm) ot 0.61 no 1.21 mr/n (cm. Tabauma 3).
B 10ro-BOCTOYHOU YacTH palioHa KCCJIEAOBAHUA OT O.
Kuxwu (cT. Z_4) mokasatean Noﬁm OBLIM BBIIIE 110 CPaBHe-

HUIO ¢ JpyruMu cT.1 4.2 MKM®) U cpeJHUX pa3MepoB —
3esieHbIX Bojopocyeit C. Reinhardii (V= 590.6 Mxm®)
u C. fottii (V,, =m0 47.8 Mxm?). B ; Ha cT. Z_4 popmupo-
BajIach KPyMHOKJIETOYHBIMU AUAaTOMOBBIMHU A. islandica
(V= 101952 mxm®) u T. fenestrata (V= 2059 mxm?),
a takxe 3oj0TucThIMU D. divergens (V_ = 914 mkm?).
Kpome Toro, pAgom ¢ npuyajoM BOJHOIO TpaHCIOPTa
Ha o. Kuxu (cT. Z_2) Niow (cm. Tabsmna 3) mocruraia
BBICOKMX 3Ha4yeHHUIl 3a CYeT aKTHMBHOI'O pa3BUTHA I[Ha-
HOOAKTepuil, a UMEHHO MeJIKOKJIETOUHOU I[haHoPpu-
ToBOM A. elachista (V= 22.5 mkwm®). IlosyuyeHHbIe
KOJIM4eCcTBeHHbIe [T0Ka3aTeIu pa3BUTHA [IJITAHKTOHHOIO
(duTonieHo3a B BeCeHHUI Nepuojd Hu3ydaeMoro paii-
OHa XapaKTepU3ylIT ero Kak OJIMIOTPO(MHBIN y4acTOK
OHexcKoro osepa.

KonnenTparua xjiopodwiia a B BoJie B Mae
2023 rozia Ha BceM HcCCJIEJOBAaHHOM y4acTKe ObLia paB-
HOMEepHa, 3a HCKJIoYeHueM CT. Z_1, rae ObLJIO OTMe-
YeHO HauMeHblllee 3Ha4YeHuMe NuUrMeHra (2 MKr/J).
Copepxanue xmopodunsna a (2-4 MKr/ji) B BoJe
HaxXOAWJIOCh B IpefesaXx OJIMro-o-Me3oTpoduu (cM.
Tab6auma 3).

Ta6suna 3. ITokazaTenu pa3BuTUsA GUTONIAHKTOHAU MHJIEKCH canpobHocTu B paiioHe o. Kwku OHexckoro ozepa (Maii,

2023 rox)
IToka3aresnb CraHIuu 0T60pa Nposd
Z1 Z2 Z3 Z4
KosimuecTBeHHBIE TOKa3aTe N
N THIC.KJL./JT 968 1647 750 2003
B ., MI/n 0.98 0.96 0.61 1.21
Xnopodwuni a
X7 a, MKr/J1 | 2 | 3.7 | 3.6 | 4
WHJieKce canpoGHOCTH

S | 1.66 | 1.43 | 1.59 | 1.61
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3.3. PazButue GUMTONNAHKTOHA B NepMoA
6uonoruueckoro neta

B urosnie 2023 ropa B ucciaenyemMom palioHe 6510
oOHapyxeHO 138 BUAOBBIX U BHYTPUBUOBBIX TaKCO-
HOB DAaHTOM HIXe pofa BOJOPOCJEN M3 CEMU CHCTe-
Matbmuyeckux rpynm: Bacillariophyta — 44 (32%);
Chlorophyta — 39 (28.3%); Cyanobacteria — 25 (18%);
Chrysophyta — 19 (13.8%); Euglenophyta — 2 (1.5%);
Crypthophyta — 6 (4.3%); Dinophyta — 3 (2.1%).

Jlerom 2023 r.B ceBepo-3allaflHOM YacTU OT
0. Kuxu (ct. Z_1) gomuuupoBanu mo N Chlorophyta
(35.5%; momunanT Crucigenia quadrata-20.1% ot
Noﬁm) u Cyanobacteria (41.9%)—BuIbl-JOMHUHAHTH —
Gomphosphaeria lacustris (25.1% ot N ), Gloeocapsa
limnetica (13.6% ot Noﬁm). [To N u o B npeobsiaganu
Chrysophyta (15.8% u 80%, COOTBETCTBEHHO)- IIpe-
obsragatomuii Bung Dinobryon divergens (10% ot N o
68% ot Bosm) (Puc. 4). Ha crannuu Z_2 JOMUHUPOBAJIN
mo N Cyanobacteria (52.5%; Aphanocapsa elachista
- 16.2% ot Noﬁm) u Chlorophyta (22.7%; Buasl poja
Chlorococcales). ITo N 1 o B B JOMUHUPYIONUI KOM-
wiekc Bxomuiu Chrysophyta (12.5% u 30.7%, coot-
BETCTBEHHO; JOMUHAHT Dinobryon divergens 22.5%
ot B ) u Bacillariophyta (9.9% un 52.5%, cootser-
cTBeHHO; noMmuHaHTH Tabellaria fenestrata 26.4% ot
B oo Aulacoseira granulata 13% ot Boﬁm) (cm. Puc. 4).

B ceBepo-BocTouHOM paiioHe (cT. Z_3) B JieT-
Huil nepuony mo N gommHuposanu Cyanobacteria
(65%) u Chlorophyta (12.4%). ITo N u no B npeo6.a-
nmam Chrysophyta (13.8% u 41%, COOTBETCTBEHHO) U
Bacillariophyta (o B — 43.7%). B TOMUHaHTHBIH KOM-
TJIEKC Ha CT. Z_3 BXOIWJIHU CJIeyIomIue Buabl — Dinobryon
divergens (32.5% or B ), Aphanothece clathrata
(28.3% ot Nosm), Puncticulata bodanica (20.8% ot Boﬁm),
Dolichospermum spiroides (11.7% ot N ), Aphanocapsa
elachista (10.6% ot Noﬁm) (cm. Puc. 4).B 10ro-BOCTOU-
HOM yacTtu paiioHa Kmxckux mxep OHeXCKOro o3sepa

(a) 6.1%

15.8%

v

80%

9.9%
' 12.5%

o

15%

35%

16%

30.7%

94

g 82%
2,8%\ 5259 L

(ct. Z_4) mo N gomunuposaiiu Chlorophyta (25.9%,
nomuHaHT: Coenococcus planctonicus — 13% ot Nosm)
u Cyanobacteria (41.4%, OOMWHUpPYIOUIHME BUIHL:
Aphanocapsa elachista-13% ot N, , Gomphosphaeria
lacustris— 15% ot Noﬁm). I[To N u mo B mpeo6Giaganu
Chrysophyta (21.1% u 42.5%, COOTBETCTBEHHO; IOMU-
HaHT Dinobryon divergens-31.5% ot N_ ). Ha Bcex
CTaHIMAX MCClAefoBaHUA B paiioHe Kikckux Imixep
geroM B 2023 r. HauMeHblllee pa3BUTHE IOJIyYWUJIU
oTaesisl MuKpoBomopociein — Cryptophyta (mo 1.7%
mo N), Dinophyta (o 6.4% mo B) u Euglenophyta (mo
8.2% mo B) (cm. Puc. 4).

B urone 2023 ropa patioH o. Kuxku MOXHO OTHe-
CTU K ourocarnpobHoi 30He (2 kJiacc KauyecTBa BOJIbI,
yucras) Ha OCHOBe paccuutaHHoro S (1.52+0.03)
(Tabmmma 4). Boﬁm ¢uTorIaHKTOHA HaxoAujach B
npefenax oOT a-B-me3oBTpoduug o a-eBTpodUN
(1.54-6.64mr/n), a KoOHLeHTpauusA XJ a — B npefesiax
onuro-a-mezorpodun (1.1-4.6 mxr/mn). N urorras-
KTOHa BapbupoBasa oT 1450 mo 4983 Teic.kJ1./n1 (CM.
Ta6yuna 4). Haubosiblilee copepkaHue XJ1 a B BoJe
OBLJIO OTMEYeHO Ha CT. Z_1, rfje akTUBHO BereTUpOBaIn
Chlorophyta (35.5%) — oJiHM 13 caMbIX MPOAYKTHUBHBIX
oTenoB uroriaHkToHa (cMm. Tabmuna 4).

Ha cr. Z2, rme cocpenoTroueHO HaubOIb-
Iee KOJIMYECTBO BOAHOrO TpaHCHOpTa, Ouomacca
duTtonyiaHkTOHa fAocturaia 6.64 wMr/i, nOpuyem
aKTUBHO Pa3BUBAJIMCh MeJIKOKJIETOYHblE IHaHO-
6aktepun (Aphanocapsa elachista, V 2 MrM3),
3eJieHble Bojopociu (Buael sp. Crucigenia, Oocystis,
Scenedesmus, Pandorina, Coenococcus, Elakatohrix,
Koliella, Chlamydomonas, V_ = ot 14 mo 270 Mkm®) u
BOZOpOCTIN OoJjiee KPYyIHOro pa3Mepa — 30JI0TUCTBIE
1 AuaToMOBble. BecHOIl Taxxe OTMeuaJloCh AaKTHB-
HOe pa3BUTHE 30JI0TUCTON Dinobryon divergens u
nuatomMoBou Tabellaria fenestrata, HO UMEHHO B JIET-
HUI nepuofd 0O0beMBbl KJIETOK 3THX JIBYX BUAOB OBLIU
BHIIIIe COOTBETCTBEHHO B IIeCTb U B JBa pasa, 4eM B

7 1%

%, ’
' 13.8%

9 1%

l 21.1%

2 3% 64%
31%
43.7% \ 44.6%

41.1% 42.5%

m Bacillariophyta

Chrysophyta ® Chlorophyta = Cryptophyta

® Cyanobacteria ® Dinophyta

Euglenophyta

Puc.4. Ctpykrypa durtomiaHkToHa B paiioHe 0. Kixu OHexckoro o3epa (ctaHiuu oréopa npob -Z_1; Z_2; Z_3; Z_4) B uioye

2023 roga: (a) — mo uuciieHHocty, (b) — mo 6Guomacce.

754



CmupHosa B.C. u dp. / Limnology and Freshwater Biology 2025 (4): 729-760

Cneu. sbinyck: «VIII-s5 MexdyHapooHasi
BepewazuHckas balikanbckasi KoHgbepeHyusi»

Ta6suna 4. [Tokasarenu pa3BuTHs GUTOIIAHKTOHA U UHJEKCH canpobHocTu B patioHe o. Kirku OHexckoro osepa (HMiJib,

2023 rox)
IToka3aresb CraHIuu oT60pa Nposd
Z1 Z2 Z3 Z4
KosimuecTBeHHbIE ITOKA3aTE N

N THIC.KJL./JT 1743 4983 2358 1450

B ., Mr/n 1.54 6.64 3.37 2.40

Xnopoduni a
XJ1 a, MKr/J1 | 4.6 | 3.2 | 1.1 | 2.3
WH[eKCHl canpoOHOCTH
S | 1.46 | 1.54 | 1.61 | 1.47

BECEHHUI MepuoMd, YTO CBA3AHO C aKTHUBHBIM POCTOM
caMUX KJIeTOK. JIJIHa OMUKA B KYCTHUCTBIX KOJIOHUSX
Dinobryon divergens nocturaia 68 |, a mupuHa— 13 p
(V_, = 5978 mxm?®). Kpome Toro, naeHTUUIUPOBaHbI
kosionnu Tabellaria fenestrata pa3HbIX pa3MepOB, T[Ie
AjrHa CTBOpPKM focturana 107 p, a BeICOTA CENTHI
18.2 u (cpepnnii V= 6364 Mkm®). Takxke akTUBHOE
Pa3BUTHE TIOJyYMJIa KpymHas quatoMoBas Aulacoseira
granulate ¢ OIVMHOM M BHICOTOU CTBOPKU 42 | U 28 |,
cooTBeTcTBeHHO (V= 25848 mxm?).

Ha crt. Z_3 BBICOKasA Noﬁm (cm. TabGiuna 4) Obl1a
chopmMupoBaHa nuaHob6aktepusmu  Aphanothece
clathrata, Aphanocapsa elachista (V_ = no 3 Mkm®) u
Dolichospermum spiroides (V= no 331 Mkm®), a B o
— KpYIHOU 30j0TUCTOM Dinobryon divergens u 1ieHTpU-
4eckor auatomoBoi Puncticulata bodanica (V , = no
21086 MkM®), muaMeTp MaHOUPS KOTOPOU JOCTHUTAJ
50 n.

3.4. Pa3zButue oceHHero GUTONNAAHKTOHA

B pesynibTaTe uccieqoBaHuA coobmecTBa GpUTo-
IJTaHKTOHA paiioHa Kimxckux mxep OHeXCKOro osepa

3.1%/ 3.7%
/o
23%

(b)

i

3.7%

229 1L1%3.3%
\| 83

3.7%

56.4%

6%

B ceHTsabOpe 2023 r. ObuUio uaeHTUDUIPOBaHO 82
BUJa BOJIOPOCJIEM M3CEMH CHCTEMATUYECKUX TPYIIIL:
Bacillariophyta - 28 (34.1%); Chlorophyta - 20
(24.4%); Cyanobacteria — 15 (18.3%); Chrysophyta —
13 (15.9%); Euglenophyta — 2 (2.4%); Crypthophyta —
3 (3.7%); Dinophyta — 1 (1.2%).

B ajprodsiope B OCEHHUI MEPUO]] HA CTAHIUU
Z_1 nomuHupoBaym quatomeu (59.5% mo N; 93.7% no
B) u umano6akrepuu (34.8% mo N). IIpencraBurersb
JIMaTOMOBBIX BOJIOPOCJIEH, B OCHOBHOM JIETHETO KOM-
mwiekca uroriaHkToHa, Fragilaria crotonensis BBICTY-
maji abCoOIIOTHBIM JOMHUHAHTOM Kak II0 YHCJIEHHOCTU
(54%), Tax u mo 6uomacce (74.4%). Cpedu yuaHobak-
mepuii AoOMHUHAHTOM sBJscsa Aphanothece clathrata
(11% ot Noﬁm) (Puc. 5). Ha cTaHIiuu Z_2 O0CeHbI0 JOMHU-
HupoBanu no N guatomossie (56.4%) u 1uaHobakTe-
puu (35.4%), cpenu Hux Fragilaria crotonensis (46% ot
Bosm), Aphanocapsa inserta (15.5% ot Noﬁm). ITo B nomu-
HHpoBau quatoMoBbie o 83.6% (F.crotonensis — 57%
oT Boﬁm). Obwunue 3eneHbix (10.4%) Habaomanoch 3a
cuet pasBurtus Coelosphaerium kuetzingianum (10% ot
Bom) (cm. Puc. 5).

m Bacillariophyta

Chrysophyta = Chlorophyta

® Cyanobacteria ® Dinophyta

= Cryptophyta

Euglenophyta

Puc.5. Ctpykrypa ¢uToriaHKToHa B parioHe o. Kixu OHexckoro o3depa (craHiuu oréopa npob -Z_1; Z_2; Z_3; Z_4) B ceH-

Ta6pe 2023 roga: (a) — no yucaenHocry, (b) — mo Guomacce.
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B ceBepo-BocTOuHOM paiioHe mixep (cT. Z_3) mo N
JoMuHMpoBanu nuaHobakTepun (57%) 1 quaToOMOBEIE
(39%), mo B — nuatomoBsie (91.6%). JOMUHAHTHBINI
KoMIUIeKC ObUT TpefcTaBjieH Fragilaria crotonensis
(23% ot Noou 40% ot Boﬁm), Tabellaria fenestrata (4.2%
or N 17.7% ot B ), Gomphosphaeria lacustris
f.compacta (20.7% ot N_ ), Aphanothece clathrata
(16.1% ot Noﬁm), Oscillatoria limosa (14.8% ot Noﬁm)
(cm. Puc. 5). B 1oro-BocTouHo yacTu parioHa Kikckux
mxep OHexckoro ozepa (cT. Z_4) NOMHHAHTaMM IO
N u no B B oceHHMII Nepuoj BBICTyHNAJN OUATOMO-
Bele Bogopociu (51.1% u 94.5%, cooTBeTCTBEHHO) 3a
cuer akTuBHOrO passutusa Fragilaria crotonensis (42%
oT Noﬁm, 64% ot Boﬁm), u nuaHobaktepun (Oo 46.2%)
B OCHOBHOM 3a cueT pa3Butusa Aphanothece clathrata
(15% ot Noﬁm), Oscillatoria limosa (14% ot Noﬁm). B cen-
Ts6pe 2023 roga B patioHe Kinkckux mxep OHexXCKoro
o3epa B HanMeHbBIIEM KOJIMYeCTBe OBbLIM BCTPEUEeHBI
Cryptophyta (mo 1.7% no N), Dinophyta (mo 0.4% mo
B) u Euglenophyta (o 0.3% mo B) (cm. Puc. 5).

B pesysibTare canpoOHOJIOTMYECKOro aHaIn3a
MUKpOBOAOpOcJiel B palioHe 0. Kixu B ceHTs6pe 2023
roja, S 6sL1 Bhie (2.1 =0.14), yeM B BeCeHHUH U OCeH-
HUI Nepuofbl, YTO CBsI3aHO C 0OoJiee BBHICOKHUM KOJIU-
YECTBEHHBIM pPa3BUTUEM [3-Me30CanpOOHBIX BUJIOB,
Takux Kak Fragilaria crotonensis, Aphanothece clathrata,
Oscillatoria tenuis, Snowella lacustris, Aphanocapsa
inserta. IlonmydeHHBle Ppe3yJIbTAaThl XapaKTepU30BaJIU
3TOT palioH, Kak [3-Me3ocampoOHYH 30HY ¢ 3 KJiac-
coM KayecTBa BOABl (yJOBJIETBOPUTEJIbHO-YMCTAsA)
(Tabsmna 5).

B cenTsabpe 2023 roga B uccJjieJOBaHHOM paii-
oHe B | MHKpOBOJOpOC/IEHl HAaXOAMJIAch B Ipelesax
oT a-p-me3oBTpoduu a0 a-eBrpoduu (ot 2.86 o 4.92
Mr/J1), KoHlleHTpauus Xiu a (5.8-7.5 Mkr/mn) — B npefe-
Jax o-fB-me3oTpoduu, a N, BapbupoBasa ot 4285 no
8645 Ttric. ki1/11 (cM. Tabuiia 5). HanboJsibimasa KoOHI[eH-
Tpanusa X a Obljla OTMeYeHa Ha cT. Z_2 U cT. Z_3, Ha
(oHe aKTUBHOI'O pa3BUTUA JUATOMOBBIX BOJOPOCJIEH U
HraHoOaKTepuil BereTUPOBaJIN U MPOAYKTUBHBIE BUJIbI
3esieHBIXx Bogiopociieil (o 10.4%). Camble BBHIMCOKHE
3HaueHMUs1 OMomacchl OblJTa OTMeueHa Ha cT. Z_4, rae
HauOOJIBIINI BKJIaJ BHECJIU AUATOMOBEIE BOJIOPOCIIU
(94.5%), a *MeHHO AUAaTOMOBAas C MHOTOYMCJIEHHBIMU
KoJyionuamu Fragilaria crotonensis (V. 873mMKM?),
U MeJIKOKJIETOUYHble I[MaHobakTepuu Aphanothece
clathrata u Oscillatoria limosa (V,_ = 50.2 Mkm®).

4. 06¢cyxpenue

OmHUM M3 BaXHBIX (PAKTOPOB, ONpPENEJIANIINM
pa3BuTue (QUTOIUIAHKTOHA, ABJIAETCA TeMIeparypa
Bomel (Reynolds, 2006; Winder and Sommer, 2012).
B mepuopn uccienoBaHuss B patioHe Kukckux mixep
OHexcKOro o3epa TeMIlepaTypa IOBEPXHOCTHOTO
cJjios OpUTa B Tpefesiax MHOTOJIETHEH M3MeHYUBOCTU:
14.9+0.41°C (mait 2023 r.) -10.5-19.9°C (1994-2020
rr.); 18.1+0.24°C (urwoJp 2023 r.) -17.2-20.8°C (1996-
2021 rr.); 14.5+0.050°C (cenTs6pp 2023 r.) — 9.8-
14.2°C (2004-2008 rT.).

KonmnuecTBeHHOe U KauyecTBEHHOe  pa3BU-
The (UTOIJIAHKTOHA TECHO CBA3aHO C XUMHYECKUM
COCTAaBOM BOJl, OCOOEHHO C cojiepXXaHuem OMoreH-
HBIX 3J1IeMeHTOB B Bofle (Reynolds, 2006). Ha momeHT
uccaenoBanus kKoHueHnTpauuu P, N, Si Ha Bcex crasn-
qusAxX parioHa o. Kwku passudanich He3HAUYUTeJIbHO.
Copepxanue oobwmero ¢ochopa B uCCIEAOBAHHOM
paiioHe OHEXCKOTro o3epa B CpefHEM COCTaBJIAIO 9
MKT/JI, YTO COOTBETCTBOBAJIO OJIUTOTPODHOMY THITY
BOJI COTJIACHO TeoxXuMuueckon kiaaccupukanuu. CTOUT
OTMETHTB, YTO TAKOE Xe 3HAYEHHE [0 COepX)aHmio P .
OBLIO NIOJIy4eHO B 3TOM palioHe o3epa B 2019-2020 rr.
(Galakhina et al., 2022), 4TO MOXET CBUIETEJIHCTBO-
BaTh O CTAOWMJIBHOCTH J3KOJIOTMYECKOW OOCTAaHOBKU B
3TOM paiioHe o3epa B mocjefHue rojpl. B Krokckumx
Ixepax OTMeYeHa Ce30HHasA AuHaMuka P _ : HabJo1a-
JIOCh yBeJIMUeHNE ero KOHLIEHTPAUU OT BECHHI K JIETY
U OCeHM, YTO OBLJIO CBA3aHO C POCTOM OPTraHUYECKOMN
dopmel pochopa B TO BpeMsA, Kak MHUHepaabHas OCTa-
Bajlach Heu3MeHHOH. [{Jid He3arpsA3HEeHHbIX BOJIHBIX
obbekToB Kapenuu xapakTepHa BBICOKAs [OJIA P.B
cocraBeP , KOTOpas CBs3aHa C NPUPOAHBIMH COe-
OUHEHWAMU KaK aBTOXTOHHOI'O, TaK U aJIJTOXTOHHOTO
npoucxoxaenus (PeokakoB u 1p., 2016). Kak u B ciy-
yae ¢ ¢pocdopom, coaepxaHue a3oTHbIX GOPM MexXay
Bcex cTaHNuil KiXcKkux Ixep BapbUpPOBAJIO HE3HAUU-
TeJIbHO. B cocTtaBe o0miero asora mpeBajnpoOBasl Nopr,
Ha ero JoJit0 mpuxoAmyiock 6osiee 50%, copepxkaHue
MUHepaJibHbIX (GopM OBUIIO 3HAYWTEJbHO HIKKe. YTO
KacaeTcs Ce30HHON AWHAMUKH, TO B KCCJIEJOBAaHHOM
palioHe o3epa OTMeuYeHO yMeHbIlleHle KOHIIEHTPaIuu
HutpaTtoB oT BecHHI (0.03-0.08 mrN/mn) k ocenu (0.00-
0.02 mMrN/m) BIJIOTh OO MOJIHOTO UX OTCYTCTBUS Ha
HEKOTOPBIX CTAaHLUAX. DTO fABJIAETCA BecbMa 3aKOHO-
MePHBIM IIOCKOJIbKY B JINTOPAJIBHBIX 30HAX UJIET aKTUB-

Ta6suna 5. [Tokasatenu pa3Butus GUTOIIAHKTOHA M MHAEKCH canpobHocTU B paiioHe o. Kiku OHexckoro odepa (ceH-

Ts6pb, 2023 rom)

IToka3aresnb CraHiuu or6opa nmpoo6
Z1 Z2 Z3 Z4
KosimuecTBeHHBIE TOKa3aTe N
N5, TBIC.KIL/JI 5305 4285 6712 8645
B ., MI/n 3.42 2.86 3.33 4.92
Xnopodwuni a
X7 a, MKr/J1 | 5.8 | 7.5 | 7.5 | 6.7
WHJieKCcHl canpoOHOCTH
S | 2.42 | 2.3 | 1.81 | 1.95
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Hoe noTpebsienne NO, ¢uronnaHkroHoM (CaGhuinHa
u Prrxakos, 2018). Kpome TOoro, oTMe4eHo, UTO MaKCH-
MaJsibHble KOHLeHTpauuu NH,* mpuxomunuch Ha JieT-
Hutt nepuof (B cpeqHem 0.05 MrN/in).

KpemHuii urpaer BaxHyI (PU3H0JIOTNYECKYIO
poJib U yuyacTByeT B MeTaboJyM3Me KJIETOK AuaTro-
MOBBIX Bogmopocieii (Martin-Jézéquel et al., 2000).
CofepxaHue [JOAaHHOrO 3JjieMeHTa B IIepUOJ HcCCJIe-
JoBaHuA B patioHe o. Kuxu Bapsuposasio ot 0.25 fo
0.53 mrSi/n. OTiuuusa 66T 00YCJIOBJIEHBl CE30HHOMN
JAVUHAMHKOM 3TOro 3JIeMeHTa: OTMedasioch CHIXeHue
cofepxaHus Si OT BeCHBI K OCEHH, UTO CBA3aHO C aKTU-
BU3anuell pocTa AUAaTOMOBOIO IIJIAHKTOHA, TOCKOJIBKY
KpPeMHUM y4yacTByeT B IOCTPOEHHU €ro KJIeTOYHOH
crenku (Martin-Jézéquel et al., 2000; PspxakoB u Jip.,
2019).

OAHMM U3 BaXHBIX KpUTepHeB [JiA pa3BUTHUA
durorutaHKTOHA sBJAETCA cooTHomeHue N g K P .
ITpuHATO, YTO AJIA HOPMAJIBHOIO pa3BUTHA GUTOILIAH-
KTOHa cpefHee oTHolleHUe N/P B BOOHBIX 3KOCHUCTeE-
Max JOJIKHO cocTaBiATh — 16N:1P (Redfield, 1934). Ha
MOMEHT uccilejoBaHuA B palioHe 0. Kuxu OHeXCKOoro
osepa cooTHomeHnue N /P . =~ BappMpoBajio OT
240/10m0 320/4 (B Mr/mn), uTto yKaseiBaeT Ha ¢dochop
B KauecTBe JIUMUTUpYlolero ¢akropa AjiA pa3BUTHUA
duTomsaHKTOHA B JaHHOM palioHe uccjeqoBaHus. [1a
JAUaTOMOBBIX Bojopociiel gocdop HMeeT BTOpPOCTe-
IeHHOe 3HayeHue 1 3TU BOJJOPOCJIM MOTYT pa3BUBAaThCA
IIpY O4YeHb HU3KHUX ero KOHLEHTpaluAX B OTJIUYHE OT
nuaHoOaKTepull, A1 KOTOPBIX mpucyTcTBue ¢gocdopa
B BoAe 3HauuMmo. OfHaKo, B Iepuof KCCIeOBaHUS B
patioHe o. Kwxu, koHueHTpauuu obmero ¢ocdopa
ObLIM HU3KUMU. BO3MOXXHO, Ha BEICOKOE pa3BUTHeE I[Ha-
HOOaKTepuil MOIJIO IMOBJIUATH MMEHHO COOTHOIIEHU-
eN, k P . F3BeCTHO, 4TO 4eM HMXe COOTHOIICHMe
3TUX JIBYX 5JIEMEHTOB (NOﬁm/POﬁm < 29/1), TeMm 6oJibIle
BEpOATHOCTb JOMMHUPOBaHUA IHaHOOAKTEpHUH B COO0-
mecTBe dutortankroHa (Smith, 1983; Havens et al.,
2003; Graham et al., 2004; Harris et al., 2016). Tax,
B 2023 roay B palioHe uccjieJoBaHUA OBLJIO OTMEYeHO
yBeJIueHNe YHMCJIeHHOCTH IMaHOOaKTepuil OT BeCHBHI
k oce’u (ot 736 nmo 3990 TeIC. KJI. /JI) IPU YMEHb-
IIeHUN COOTHOIIEeHUSA Noﬁm/POﬁm ot 310 (mai) go 15.9
(ceHTS0DB).

BupoBoii coctaB (GUTOIJIAaHKTOHA B Iepuofa
HccjiefIoBaHUs B IIeJIOM He IpeTeplies H3MeHeHUH
U ABJIAETCA XapakTepHBIM [jid OHEXCKOro osepa
(Bucnanckaau ap., 1999; Yekpoikesa, 2012; CMuUpHOBa,
2025). B nenom coobiiecTBO (pUTOIJIAHKTOHA B paii-
oHe Kmxckux mxep OHexXckoro osepa cHopMHUTPO-
BaHO TWUNWYHBIMHU IIpeCTaBUTEJIAMU JUATOMOBBIX,
3eJIeHBIX, 30JIOTUCTBIX BOAOPOCJEN U MaHOOAKTepUi.
Beaymasa mo BuAoBOMy pasHooOpasuio Ipymnna aua-
TOMOBBIX IIpeficTaBieHa kiaccamu Centrophyceae u
Pennatophyceae, yto xapaxkTepHO A/ GOJIBLIIMHCTBA
BogoemMoB Apktuku u Cybapktuku (KomyraiiHeH u
ap., 2006; I'enen, 1985).

[To pesynbpraTaM paHHUX HabswoaeHuil (1967-
2010 rr.) uzyyaemoro palioHa BeCHOI BereTHpoBaju
JAUaTOMOBBIE BOJOPOCJIM, B paHHeJeTHUIl INepuon
— 30JIOTUCTHIe Bojopociu (Buabl pofa Dinobryon), B
JIETHUI NTepyroJ] MHTEHCUBHO BereTHpOBaJIN MeJIKOKJIe-
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TouHBle BuAB posia Chlorococcales 11 30JI0THCTHIX BOJO-
pocieii (IlerpoBa, 1975; YekporkeBa u BucisHckas,
2000; Yekpsrkena, 2008). B cTpykType oceHHero GpuTo-
IIJIAHKTOHA IIPY JOMUHHPOBAaHUM JUaTOMOBBIX BOAOPO-
cyteti (B ocHOBHOM — A. islandica) MTHTEHCUBHO pa3BHBa-
Jmchk U rua”obakTepuu — Oscillatoria, Aphanizomenon,
Woronichinia, Coelosphaerium (YekpprkeBa u
BucnsHckas, 2000).

OaHako, B CBA3M C BBICOKOM TemIepaTypoy
MOBepXHOCTU Boibl B Mae 2023 rona (ao 15.8°C) anbro-
I[eHO3 OBbLJI IIpe/iCTaBjIeH He TOJIbKO BIJaMHU BeCeHHero
KoMiILIekca (moMuHaHT: Aulacoseira islandica) nuaTomMo-
BBIX BOJIOPOCJIEH, HO U JieTHero (momuHaHT: Tabellaria
fenestrata). Kpome TOro, B BeCeHHUI Iepuof aKTUBHO
pa3BUBAJINCh IHaHOOAKTEepUH, 3eJIeHble U 30JI0TUCThIe
BOZIOPOCJIN, XapaKTepHble OoJiblile JJIs JIeTHEro mnepu-
oda pas3BuTHa (UTOIJIAaHKTOHA. Ha MoMeHT wucciie-
JoBaHUusAB patioHe o. Kwxu OHexckoro ozepa ObLIN
OTMeueHbl HEeBBICOKHE KOJIMYeCTBEeHHBIe I0Ka3aTesu
MuKkpoBogopociyieri (cMm. Tabsuma 2), korga paHee
(1994-2005 rr.) B BeceHHuUit epuof B BapbupoBasa
or 1.10 go 2.50 mr/m, a Nosm usMeHsiach ot 730 1o
1320 Thic.k./71 (BucnsaHckas u Ap., 1999; Csapku u
Ip., 2015). Bo3aM0OXHO, MaKCUMyM pPa3BUTUS BeCEHHEro
duTonankToHa B 2023 roay mpuilesics Ha Hayajo-ce-
pelVHy Masd U B HallUX Ce30HHBIX HaOJ/II0[jeHUAX ObLI
IIPOMYILEH.

duroneHo3 parioHa Kwxkckux mixep B JIeTHUH
nepuoa 2023 r. xapaKkTeprU3yeTcsa BBICOKUM YPOBHEM pas-
BuTUsA ¢utoraHkToHa (cm. Tabsnuna 3). [TonyueHHBIE
COBpeMeHHBle KOJIM4YeCTBeHHble IIoKasaTesJ il MUKpPO-
BOJIOpOCJIei (Noﬁm: 2633.8 £805.68 ThIC. KII. /II; Bosm:
3.49+1.11 Mmr/mn) BBIXOAAT 3a paMKU JI0BEPUTEIBHOTO
HMHTepBajla II0 CPaBHEHMIO C IIOKas3aTesIAIMU paHHUX
HabJII01eHu (Nosm: 1016.1 +437.98 ThIC. KJ1. /JI; Bosm:
0.73 +0.24 mr/n). YBeauueHye oOIIel YUCJIeHHOCTH U
ob1eit 6romMaccsl JieTHero GUTOIJIAHKTOHA B MOCJIeN-
HMe rofbl IPOU30IILJIO B OCHOBHOM 3a CYeT yBeJIM4eHus
MeJIKOKJIETOYHBIX BUAOB IiaHobakTepuii (Aphanocapsa
elashista, Gomphosphaeria lacustris, Dolichospermum
spiroides). Tak, paHee YHCJIEHHOCTh U OuoMacca Iua-
HOOAKTepuil B JIETHUI NEPUOJ B CpeJHEM COCTaBJIAIN
456.4+417.8 Teic.k1./1 u 0.016+0.01 mr/ma, coot-
BeTCTBeHHO, a B 2023 r.— 1370.1 =463.84 ThIC.KJ1./7T U
0.108 =0.04 mr/n, coorBeTcTBeHHO. Hecmotps, Ha To,
YTO TeMIlepaTypa BOJbl HAXOQUTCS B IIpefeiaX MHOIO-
JIeTHell UI3MeHYMBOCTH, a NokasaTeJiu ob1mero pocdopa
— Ha ypoBHe 0Jurorpoduu, BO3MOXHO Ha pa3BUTHE
JleTHero (PUTOIIAaHKTOHA BJIMAET KOMILJIEKC pas3Jiiy-
HBIX (AKTOPOB: XOpOILIO IIporpeBaeMoe MeJIKOBOJbe
¢ TeMrmepaTypol IOBepXHOCTU BofAbl f0 21°C, ciabas
JUHaMMKa BOMHBIX Macc, a Takke HM3KHe 3HadyeHud
cooTHomeHuA N, /P .~ KOTOPHICNO3BOJIAIT AKTHBHO
pasBuBaThcA IuaHoOakTepusaM. BeisBiieHue GoJiee TOY-
HBIX IPUYMH yBeJINYeHUsA MUKPOBOOPOCJIeH B ITOCIe -
HMe rojpl Tpe0yeT JONOJIHUTEJIbHBIX UCCiIeJOBaHUM.

Hna coobmectBa (GUTONJIAHKTOHA palioHa o.
Kmxu xapakrepeH OCeHHUM MWK pasBUTHUA (QUTO-
IIJIAHKTOHA, (GopMuUpyOIMiicd He TOJBKO JUaTo-
MOBBEIMH BOAOpPOCJAMHM (Kak [JIi OCHOBHOHN akBa-
Topun OHeXCKOro osepa), HO U IMaHOOaKTepUAMU
(YekpsrkeBa u Bucnanckas, 2000), 4yTo OBUIO OTMe-
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yeHo B ceHTsAOpe 2023 r. U3 cocTaBa OMaTOMOBBIX
BOJIOpOCJIel B OCEHHUI IepuoJ aKTUBHO pa3BUBa-
Jiachk TemsoyoOuBas auaromes — Fragilaria crotonensis,
TUNWYHBIA TIpPeICTaBUTENb JIETHErO0 KOMILIekca puUTo-
mw1aHkToHa OHexckoro o3epa (Yekporkena, 2008; 2012;
Tpudonosa, 1990), 4yTo CBA3aHO C BHICOKUM JIJIsI OCEHU
[IPOrpeBOM IOBepXHOCTU BoAbl (7014.6°C). Beicokue
KOJIMYeCTBEHHBIE MOKa3aTen OTJIMYaJINCh OT PaHHUX
Hab6II0JEHNI COCTOSHUA OCEeHHero (UTOIIaHKTOHA
B 1994 romy (Boﬁm 0.70-2.00 mr/m; Noﬁm 350-590 ThIC.
KJ1./J1), OJHAKO, BaXXHO OTMETHUTh, YTO JaHHOe HabJIo-
JeHue OBUIO IPOBEAEHOB cCepeluHe OKTAOpsA, Korga
pa3BuTHe GUTOIJIAHKTOHA YMEHBIIAETCA U MOAXOUT K
3UMHEMY COCTOSIHUIO.

KoHnentpanuu xjopoduiia a B BOAE YBeJIU-
YMBAJIUCh OT BECHBI K OCEHU, YTO BO3MOXHO CBA3aHO
C yBeJIMYeHHEM MeJIKOKJIETOUHBIX 6oJiee MPOIyKTUB-
HbIX (popm Bogopocsei (I'yrenbmaxep, 1986), a Takxe
cpedHe NPOAYKTHBHBIX JUATOMOBBIX, YHCJIEHHOCTH
KOTOpPhIX H3MeHsU1ach OT 482 ThIC.KJI./7 (Mail) 1o
4415 TtoIc.KJ./J1 (CeHTAOpPD).

5. BoiBOABI

B paiione o. Kixu OHexckoro o3epa B 2023 roay
OBLJIO OTMEYEHO BEICOKOE BII0OBOE pa3HOOOpasre MUKPO-
BOJIOpOCJIel BO Bce ce30HHBI HaOJIIoeHu . B BeceHHMIT U
OCEeHHMUI [Tepro/ibl MacCOBO 1 KOJIMYECTBEHHO pa3BlBa-
JIMCbANMATOMOBBIEU IIMaHOOaKTepuH, JIeTOM —I[aHOOaK-
Tepuy, 3eJIeHble U 30JI0THUCThle BOAOPOCn. belto oTme-
YeHO yMeHbllleHre KOHIIEeHTPaluu KPEMHUA OT BECHBI K
OCEeHH, YTO CBA3AHO C aKTUBHBIM yBeJHWYeHUEM UaTo-
MOBBIX BOZIOPOCJIEH, a TaKXXe CHMXeHre 3HaYeHUI COOT-
HOILLIEHUA Noﬁm/Poﬁm, YTO BO3MOXKHO IOBJIMAJIO HA aKTUB-
HOe pa3BuTUe MuaHobakTepuil. Ilo KoJIMYECTBEHHBIM
rnokasaTeyiiM (UTOILIaHKTOHA, KOHIIEHTpAaluy XJIOpO-
¢wmuta a u naaekcoB canpobHocTy, B 2023 rogy palioH
0. Kmxu OHexckoro o3epa, Kak U paHee, OTHOCUJICA K
Me30TpodHBIM yuacTkaMm OHexckoro osepa ([3-mesoca-
npoOHasA 30Ha, ¢ 3 KJlacCOM KauyecTBa BOJBI).

[TosryueHHble OaHHBIE B II€JIOM COIOCTa-
BUMBI C pe3yJibTaTaM{ IpefblAyIINX HCCIeJOBaHUM.
HckiioueHueM, ABJIAIOTCS BBICOKKE IMTOKa3aTesu pa3BU-
TuA QUTOIUIAHKTOHA B JIETHUIN NEpHOA, I'le BO3MOX-
HOU IPUYMHON YBeJWYeHUs [[UaHOOAKTepUil SABJIsIeTCS
6oJiee BBICOKUI MPOrpeB NOBEPXHOCTHOTO CJI0A BOAHL, a
TakXe COOTHOIIeHre OMOTeHHBIX 3JIEMEHTOB.

Takum ob6pasoMm, cdopMupoBaBIIiecs OCOObIe
MPUPOJIHEIE YCI0BUSA B patioHe KikcKux nixep, xapakre-
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