Limnology and Freshwater Biology 2024 (3): 195-220 DOI:10.31951/2658-3518-2024-A-3-195 SI: «Limnology in Russia»

Original Article

Dominant species and functlc_mal I IMNOLOGY
complexes of phytoplankton in some FRESHHWATER
unique karst lakes of the Middle Volga BIOLOGY

basin - —

Sharagina E.M.'*, Kulizin P.V.!, Startseva N.A.!, Zhurova D.A."?,
Seredneva Ya.V.!, Khedairia T.!, Okhapkin A.G.!, Vodeneeva E.L.!

TLobachevsky State University of Nizhny Novgorod (UNN), pr. Gagarin, 23, Nizhny Novgorod, 603950, Russia
2 Nizhny Novgorod Branch of the Federal State Budgetary Scientific Institution “Russian Federal Research Institute of Fisheries and
Oceanography”, 31 Moskovskoe shosse St., Nizhny Novgorod, 603116, Russia

ABSTRACT. The characteristics of the composition, ecological-geographical, and functional structure of
the phytoplankton dominant complexes of three different types of lakes in the Nizhny Novgorod Volga
region (Klyuchik, Svetloyar, and Svyatoye Dedovskoye) are given. Lake Klyuchik is a rare type of gyp-
sum, highly mineralized “blue” lake; unique in terms of its supply source, the role of which is played
by the underground river with high water consumption, and has a weakly expressed stratification.
Lakes Svyatoye Dedovskoye and Svetloyar are dimixic, light-water, low-mineralized, of hydrocarbon-
ate class, and with neutral pH values that are fed by rainwater. All lakes belong to specially protected
natural areas. Analysis of the algal flora of the studied lakes showed the taxonomic significance of the
divisions of Cyanobacteria, Chlorophyta, Bacillariophyta, Ochrophyta, and Euglenophyta, constituting
more than 70% of the total species richness. The composition of the dominant species contained 114
taxa of algae (26.38% of the total composition): in Lake Svyatoye Dedovskoye, greens and diatoms
predominated (50%), in Lake Svetloyar, euglenids predominated (25%), in Lake Klyuchik, diatoms
predominated (more than 40%). Among 13 dominants (from 5 divisions) with high values of DF > 10,
Dt>10, and pF> 20, dinoflagellates from the functional group L, (Ceratium hirundinella, Peridinium
cinctum) were noted in all lakes, with maximum development in the summer stratification. In the group
of diatoms, representatives of centric diatoms of codon B (species of the genus Cyclotella) predominated
in each water body, reaching maximum development rates under conditions of water mixing. The com-
position of the remaining dominant groups in each reservoir was determined by its limnological fea-
tures. Using the method of multivariate analysis of variance (PERMANOVA), a statistically significant
(P-value=0,001) low degree of similarity of the dominant and functional phytoplankton complexes was
shown, which may indicate the uniqueness of algae cenogenesis in each of the studied lakes due to the
influence of a certain combination of factors.

Keywords: dominant species, phytoplankton, biomass, karst lakes, Middle Volga basin, natural monuments

For citation: Sharagina E.M., Kulizin P.V., Startseva N.A., Zhurova D.A., Seredneva Ya.V., Khedairia T., Okhapkin A.G.,
Vodeneeva E.L. Dominant species and functional complexes of phytoplankton in some unique karst lakes of the Middle Volga
basin // Limnology and Freshwater Biology. 2024. - Ne 3. - P. 195-220. DOIL: 10.31951,/2658-3518-2024-A-3-195

1. Introduction Lakes of this type are often characterized by small

sizes, relatively high depths, and the absence of pro-
nounced hydrodynamics of water with frequent strat-
ification (Maksimovich, 1963; Krevs and Kucinskiene,
2011). When comparing karst lakes of the same natural
zone, which are located in similar hydroclimatic condi-
tions, the heterogeneity of their chemical composition
and a significant range of variability in the mineral-
ization of waters are revealed, which causes a certain
interest in studying the biota of these water bodies and

Karst lakes are widespread and often unique
water bodies in landscapes of different natural zones,
characterized by peculiarities of morphometric param-
eters and the specificity of the hydrological and hydro-
chemical regime of the waters, which determine the
originality of the faunistic and floristic composition
of the hydrobionts inhabiting them (Ryanzhin, 2002;
Ciorca et al., 2017).
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the factors determining their formation (Ciorca et al.,
2017; Chalkia et al., 2012; Alimov and Mingazova,
2001; Palagushkina, 2004; Gusev, 2008).

The majority of lakes of karst origin are found
on the territory of the East European Plain, in the Urals
and in Eastern Siberia (Snitko and Sergeeva, 2003).
The Middle Volga region in Russia is a zone of classical
manifestations of karst, represented in various forms
here, including the rarest gypsum karst (Alimov and
Mingazova, 2001). In the Nizhny Novgorod region, there
are more than three hundred natural lakes of glacial
and karst origin, most of which are located on the Right
Bank of the Volga (the basins of the Oka, Tesha, Piana
rivers, etc.), and a few on the Left Bank (Stankovskaya,
2014). The studied lakes, Svetloyar, Klyuchik, and
Svyatoye Dedovskoye, are located in the Middle Volga
basin and are natural monuments of regional and fed-
eral importance (Alimov and Mingazova, 2001).

Phytoplankton, as an integral part of aquatic eco-
systems, plays important role, as well as in food chain
dynamics, energy flow, and nutrient cycling (Meng et
al., 2020). It has been shown that the taxonomic com-
position of phytoplankton in karst lakes located in tem-
perate zones is characterized by the combined presence
of chrysophytes, dinoflagellates, and diatoms (Udovi¢
et al., 2017; Kasperoviciene, 2001), and in some lakes,
there was a high diversity of green algae (Chlorophyta)
(Palagushkina, 2004) and cyanobacteria (Tarasova,
2010). In lakes of the “warm zone”, Chlorophyta and
Cyanobacteria take a dominant role (Danielidis et al.,
1996; Valadez et al., 2013). In spring, high turbulence
promotes the development and persistence of diatoms;
summer stratification promotes the development of
dinoflagellates and cryptomonads, mainly in the met-
alimnion (Danielidis et al., 1996; Miracle et al., 1992).
Endemic and rare species have been found in Plitvice
lakes (Udovié¢ et al., 2017; Udovic¢ et al., 2022; Petar
et al., 2014), in karst lakes of Greece (Danielidis et al.,
1996), Romania (Momeu et al., 2015), etc.

The composition of the dominant phytoplank-
ton species in water bodies of different biolimnolog-
ical types largely determines the specific structure of
aquatic plankton communities and reflects the trophic
status and water quality. The functional characteristics
and succession (seasonal and general) of common spe-
cies are of undoubted interest when studying the state
of the water body ecosystem because it is the dynam-
ics of these populations that determine the direction
of changes in the quantitative development of phyto-
plankton as a whole (Reynolds, 1984; Trifonova, 1990;
1994).

This paper is aimed at analyzing the composition,
ecological structure, and coenotic role of the dominant
species and functional complexes of phytoplankton in
three different types of karst lakes in the Middle Volga
region (Klyuchik, Svetloyar, and Svyatoye Dedovskoye).

2. Materials and methods

The studied karst lakes are located in various types
of geographical landscapes in the Nizhny Novgorod
region. Lakes Klyuchik and Svyatoye Dedovskoye are
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situated in the zone of coniferous-deciduous forests
(Right Bank of the Volga), Prioksko-Volzhsky natural
region, where karst processes are actively developing.
Lake Svetloyar is located in the southern taiga zone
(Left Bank of the Volga), it belongs to the Privetluzhsky
uplands natural region (Kharitonychev, 1978; Bakanina
et al., 2003).

Lake Klyuchik is located in the basin of the Surin
River (a right-bank tributary of the Oka of the second
order) (Bakanina et al., 2001; Bakhireva and Astashin,
2015). This is a “voklina” (the name for the exit of an
underground river to the surface) lake and is classified
as a “blue” lake due to the color of its water. The lake
has underground feeding, the source of which is located
in its western part and is discharged in the “voklina” at
a depth of 15 m (Kozlov et al., 2017). Due to this fact,
the lake is not completely covered with ice in winter
the water temperature here is constant throughout the
year and ranges from +4 to +8 °C. The eastern part
of this lake is an ordinary karst reservoir with heated
water. Lake Svyatoye Dedovskoye belongs to the basin
of another right-bank tributary of the Oka, the Tesha
River. It was formed as a result of the merging and fill-
ing of several karst sinkholes with water. It is the larg-
est karst (karst-terrace) lake in the Nizhny Novgorod
region (Bakka and Kiseleva, 2009). The reservoir is fed
by groundwater, meltwater, and rainwater (Bakanina
et al., 2001; Bakka and Kiseleva, 2009; Moiseev et al.,
2019). The catchment area of Lake Svetloyar relates to
the Lyunda River basin. The lake is fed by cold spring
waters and has a constant level.

According to the main morphometric indicators,
the lakes are typical small reservoirs in the forest zone.
However, the indicators of maximum and average
depths of lakes allow us to classify them as water bodies
with increased and greater depths, which is explained
by their genesis (Table 1).

Sampling of phytoplankton from the lakes was
carried out with a Ruttner bathometer during the grow-
ing season of the following years: in Lake Svetloyar
(2000-2002; 2010-2011; 2020); in Lake Klyuchik (2017,
2020); in Lake Svyatoye Dedovskoye (2020, 2021). The
grid of stations contained 3-5 stations, depending on
the limnological features of the lakes (Fig. 1). In par-
allel with the collection of algological material, mea-
surements of some abiotic parameters were carried out.
Such parameters as temperature, electrical conductiv-
ity, and pH of water were measured using a portable
multiparameter YSI Pro1030 pH & Conductivity Meter
(YSI Incorporated, USA). Transparency measurements
were carried out using a white Secchi disk. The con-
tent of oxygen dissolved in water was measured using
a VZOR Mark-303M device (VZOR LLC, Russia). The
lake depth at sampling points was measured using
a Lowrance HOOK2-4x GPS Bullet echo sounder
(Lowrance Electronics, USA). At individual stations,
water samples were also taken for hydrochemical anal-
ysis. The determination of hydrochemical indicators
was carried out on the basis of the Shared Use Center
“New materials and resource-saving technologies”
of the Research Institute of Chemistry, Lobachevsky
University, Nizhny Novgorod, Russia.
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Table 1. Main morphometric characteristics of the studied lakes

Parameters / typology of the water Lake Klyuchik* Lake Svetloyar** Lake Svyatoye
body (according to Kitaev, 2007) Dedovskoye***
Geographical coordinates 55°58’30”N; 43°19’48”E | 55°49’07”N; 45°05’35”E | 55°38’45”N; 42°19’01”E

Lake length (L__, m) 743.0 472.0 2100.0
Lake width (B, m)*:

maximum, B__ 293.0 338.0 1150.0

average, B, 167.5 254.2 647.6
Water surface area (A, m?) 124485.0 / little 120000.0 / little 1360000.0 / small
Volume of water mass (V, thousand m?®) 475925 / little 1150000 / little -

Lake depth (D, m)
maximum, D
average, D

13.5 / increased 32.7 / large 20.0 / large
g 3.8 / small 9.5 / large 8.0 / large

Coastline length (1, m) / 2377 /1.9 1328 / 1.04 13100/ 3.1
Coastline angularity (development) moderately rugged slightly rugged strongly rugged
(K=0.28%(l /VA))
Note:
*  According to Petrov and Astashin, 2017

**  According to Naumenko et al., 2014

max’

**% According to Moiseev et al., 2019

Both integral and vertical sam-
ples were taken (from the surface to
the bottom at every meter). A detailed
description of the procedure for sam-
pling, preparing them for microscopy,
counting the abundance and biomass
of phytoplankton is given in our ear-
lier works (Okhapkin et al., 2022a;
Okhapkin et al., 2022b, Vodeneeva
et al.,, 2020). Identification of spe-
cies was carried out using manuals,
atlases, and keys indicated in the work
of Vodeneeva and Kulizin (2019), the
nomenclature of species was checked
in the international database Algaebase
(Guiry and Guiry, 2022). Information
on the geographical distribution of the
majority species, their biotopic loca-
tion, and their relationship to salinity,
pH, and organic pollution was taken
from the work of L.G. Korneva (2015).
The belonging of phytoplankton spe-
cies to one or another functional group
was assessed using the classification of
Reynolds (1984; 2002), with modifica-
tions by Padisak (Padisak et al., 2009).

Species whose contribution to
total abundance and biomass was at
least 10% of the total value were clas-
sified as dominant (Vodeneeva, 2006).
For each dominant species, such indi-
cators as frequency of occurrence (pF),
frequency of dominance (DF), and
order of dominance (Dt) were taken

SEvTatoye
,/g, Qetjﬁtlvskoy

Fig.1. Bathiometric maps of the studied lakes with phytoplankton sam-

into account (.Gor.bulin, 2012). pling stations (A - location of the studied water bodies on the map of the
These indicators were calcu- Nizhny Novgorod region, B — lake Klyuchik (photo by Dmitry Khramtsov), C
lated using the formulas given below. - lake Sverloyar, D - lake Svyatoye Dedovskoye)
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With the help of the “dominance frequency” (DF)
indicator, we identified how many samples out of the
total number of samples showed dominance of specific
species:

DF:2-100
F

where F is the total number of processed samples of the
studied reservoir, D is the number of samples, in which
this species acted as the dominant one (biomass was
more than 10%).

Dominance order (Dt) was the ratio of the domi-
nance frequency to the frequency of occurrence:

Dt=£-100

pF
where DF is the frequency of dominance, pF is the fre-
quency of occurrence, %.

The dominance of species with indicators
DF <10, Dt<10 and pF<20 is random and it is rec-
ommended to exclude them from the list of dominants
(Bazhenova, 2017).

The similarity in the composition of the domi-
nant species of the studied water bodies was assessed
using the Sgrensen coefficient (Ks) (Shitikov et al.,
2003).

To visualize the similarity of the species compo-
sition of the dominants of the studied lakes, the method
of nonparametric multivariate analysis of variance
(PERMANOVA) was used. Statistical analyses were per-
formed using the free software environment R (R Core
team, 2015).

3. Results and discussion

The main hydrochemical and hydrophysical
parameters of the lakes are presented in Table 2. The
waters of Lake Klyuchik during the research period

were characterized by relatively high mineralization
(1099 to 1274 mg/1), according to literary data, these
values reached 1937 mg/1 (Kozlov et al., 2017), and
the pH values varied within 8.2-8.4. The waters of Lake
Klyuchik are slightly brackish sulfate ones of the Ca II
type, which fully corresponds to the portrait of sink-
hole lakes. Lakes are hydrogeological windows where
the lower part of the lake basins is developed below
the groundwater level, having mainly underground
recharge carried out through pores at the bottom of the
basin (Okhapkin et al., 2022a).

The waters of Lake Svetloyar belong to the hydro-
carbonate class of the Ca group (in summer) or Mg (in
winter), with slight mineralization and low color. The
content of hydrocarbonates in water during the studied
period was insignificant and did not exceed 75 mg/I.
A high content of nitrite forms of nitrogen was noted
in the lake, probably associated with a high recre-
ational pressure on the reservoir in the summer months
(Okhapkin et al., 2022b). Lake Svyatoye Dedovskoye is
a light-watered one and has very low water mineraliza-
tion because it is fed by melt and rainwater. According
to the ionic composition, the lake waters belong to the
hydrocarbonate class, Ca group, type 1. Mineralization
during the studied period did not exceed 37.7 mg/l,
and the pH varied from 6.0 to 7.0, which characterized
Lake Svyatoye Dedovskoye as an acid-neutral reservoir.
Obviously, the reason for the low active reaction of the
environment is the swampiness of the lake's catchment
area. A small amount of nutrients is recorded in the
lake.

Lakes Svetloyar and Svyatoye Dedovskoye are
typical water bodies of the temperate zone with a
dimictic type of water mixing. In Lake Svetloyar, the
summer temperature stratification was established in
early May and continued until the end of September.
The metalimnium layer began in the summer period at
a depth of 2.0-4.0 m, moved in the early autumn to a

Table 2. Main hydrophysical and hydrochemical parameters of the studied lakes during summer low water period

Index / Lake Klyuchik Lake Klyuchik Lake Svetloyar Lake Svyatoye
Water body typology 19.08.2020 19.08.2020 04.08.2020 Dedovskoye
(according to Kitaev, 31.08.2021
1984; 2007)
Sampling stations 1, pelagic, 5, pelagic, 1, pelagic, 4, pelagic,
10 m 8m 15m 14 m
Suspended substances, mg/1 <3 <3 <3 10 = 3
Transparency, m (Hex.)/ 6.5 4.3 4.2 2.4
transparency class * high high high average
Water chromaticity accord- 40.0 80.0 10.0 6.7
ing to Pt-Co * mesohumous mesohumous oligohumous ultra-oligohumous
pH 8.2 8.4 6.9 6.4
oligo-alkaline oligo-alkaline acid-neutral acid-neutral
Mineralization, mg/1 1274.0 1099.0 127.0 32.0
slightly salty slightly salty medium- very fresh
fresh (oligohaline)
Ionic composition Ca sulfate groups | Ca sulfate groups hydrocarbonate | Ca hydrocarbonate
Type II Type II groups Ca (Na), groups,
Type I Type I

Note: *According to Bayanov, 2019; 2011; Kozlov et al., 2019; the report of “Russian Federal Research Institute of Fisheries

and Oceanography” for 2011.
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depth of 6.0 m, and later reached a depth of 9.0 m. In
Lake Svyatoye Dedovskoye, the period of spring mix-
ing of waters turned out to be longer. Stable tempera-
ture stratification has been observed since the end of
June. At the beginning of summer, the layer of tem-
perature jump was at a depth of 1-2 m; in July—August,
it shifted to a depth of 4-6 m. Unlike other reservoirs,
Lake Klyuchik has peculiarities of the thermal regime:
in the western, deep enough basin of the lake, the type
of water circulation should be considered cold poly-
mictic. There is no summer temperature stratification;
this fact is explained by the strong, constant influx of
cold waters in the underground Surin River (Petrov and
Astashin, 2017). The smoothed temperature curve in
the summer months in the eastern part of the reser-
voir and the early onset of autumn homothermy can be
explained by the existence of underwater currents car-
rying cold water here through a narrow isthmus from
its western part.

In Lake Klyuchik, the distribution of oxygen on
the surface horizon throughout the water area of the
reservoir was uneven. In its western part, the oxygen
content ranged from 3.7 to 12.5 mg O,/1; in the eastern
part, from 9.1 to 13.7 mg O,/I; and in the transition
zone, from 9.8 to 14.6 mg O,/l. Taking into account
these indicators, the eastern part of Lake Klyuchik
belongs to water bodies with a very high oxygen con-
tent (Kitaev, 2007). The western part of the lake is
characterized by the presence of hydrogen sulfide in
the water and low oxygen content (30-57%) in the sur-
face horizon, which is, probably, caused by the influ-
ence of underground flow from the “voklina.” At the
deepest station 1, located in the western part of the
lake, the oxygen distribution curve in July-August had
a clinegrade character (Aberg and Rodhe, 1942), with
a gradual decrease in oxygen content with depth due
to its consumption for respiration and oxidation of
organic substances. At the station 5 (the eastern part
of the lake) in July in the surface horizon, the oxygen
content was 10-11 mg O,/1, at a depth of 2-3 m its
amount increased to 14 mg O,/1, which is associated
with the active vegetation of small-celled green algae
and representatives of dinoflagellates here. At a depth
of 4 meters to the bottom, a gradual decrease in the
dissolved oxygen content to almost zero indexes begins,
which is characterized as a positively heterograde oxy-
gen distribution curve. In August, at station 5, a sharp
drop in the amount of dissolved oxygen at a depth of
5 m is observed due to its consumption for the miner-
alization of organic substances created by producers in
the upper layers of the reservoir.

The oxygen regime of Lake Svetloyar in 2020, as
well as in previous years of the research, was character-
ized by a high percentage of oxygen in the water layer
from 1.0 to 5.0 m deep. The oxygen saturation varied
from 108 to 127% in the surface horizon in the sum-
mer. Oxygen deficiency is often observed in the met-
alimnion, when the saturation of the water column with
this gas does not exceed 40%. In September-October
2020, oxygen saturation in the epilimnion remained
high from 83.0 to 109.0%, and the epilimnion shifted
at the beginning of autumn mixing to a depth of 7-8 m.
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In Lake Svyatoye Dedovskoye, the vertical dis-
tribution of oxygen was almost uniform at all levels of
the water column at the end of June and was within the
range of 6.36-7.78 mg O,/1, corresponding to 40-50%
saturation. With the establishment of a stable stratifica-
tion during the hydrological summer, the maximum val-
ues of oxygen content (7.5 - 8.3 mg O,/1) were recorded
in the epilimnion to a depth of 4 m. In the hypolim-
nion, the oxygen content did not change starting from
a depth of 5 m and amounted to 2.6-3.0 mg O,/1. With
the onset of autumn homothermy, the vertical distri-
bution of oxygen becomes uniform (8.0-9.3 mg O,/1),
and the percentage of oxygen saturation in water layers
reached 66.0-82.0%.

The phytoplankton composition of the studied
lakes contained 347 species (432 species and infra-
specific taxa), belonging to 168 genera, 42 orders, 17
classes, and 8 divisions (Lake Svyatoye Dedovskoye,
212 taxa; Lake Svetloyar, 225 taxa; Lake Klyuchik, 275
taxa). A comparative analysis of the floristic structure
of phytoplankton in the studied lakes showed that in all
the reservoirs, the taxonomically significant divisions
were Cyanobacteria, Chlorophyta, Bacillariophyta,
Ochrophyta, and Euglenophyta, which together
accounted for more than 70% of the total species rich-
ness. The presence of these groups in the core of algal
flora was also noted in a number of other karst lakes
(Udovic et al., 2022; Kasperoviciene, 2001) due to the
wide geographical distribution of their representa-
tives. However, the proportional ratio of these groups
in the phytoplankton composition of the lakes turned
out to be different. In the algal flora of hydrocarbon-
ate low-mineralized lakes (Lake Svetloyar and Lake
Svyatoye Dedovskoye), the first place was occupied
by green algae, and in the sulfate Lake Klyuchik, by
diatoms. There was a natural increase in the number
of diatom species from 18.6% to 40% (Lake Klyuchik),
with a decrease of the species richness of green (from
33.5% to 24.0%) and euglenophyte (from 9.6% to 3.6%)
algae, respectively. For Lake Svyatoye Dedovskoye, the
participation of charophyte algae (up to 13.2% of the
composition) in the composition of taxonomic diversity
is more noticeable than others.

Studies of some aquatic ecosystems of the Nizhny
Novgorod region (rivers and lakes of the Kerzhnesky
Nature Reserve) (Vodeneeva, 2006), water bodies
of the territory of Nizhny Novgorod (Okhapkin and
Startseva, 2003) have shown that the dominant spe-
cies in the phytoplankton of these aquatic ecosystems
may constitute from 20 to 30% of the total list. In the
studied lakes, the composition of the dominant species
included 114 species and intraspecific taxa, or 26.38%
of the total composition of algae. However, in some
lakes, their contribution could be less, ranging from 13
to 20%, which may be caused by the lack of longer
observation series.

In Lake Svyatoye Dedovskoye, the ratio of domi-
nant groups generally coincided with that in the general
list: green and diatom algae predominated, together
determining more than 50% of the total composition
of dominants, the share of ochrophytes (chrysophytes)
was 14%, the representatives of other departments
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were listed among the dominants by less than 10%.

In other lake systems, the ratio of dominant taxa
had its own characteristics. Thus, the phytoplankton
of Lake Klyuchik differed significantly both in species
composition and in the composition of dominants, not
only in the group of lakes studied but also in compar-
ison with other karst reservoirs of the forest and for-
est-steppe landscape-geographical zones of European
Russia (Gusev, 2011; Palagushkina, 2004). The phy-
toplankton of this reservoir had a pronounced dia-
tom character (Fig. 2) and a complete cyanobacteria
absence among biomass dominant taxa. The contribu-
tion of greens, ochrophytes, cryptophytes, and dino-
flagellates was 7-10%, euglenophytes and charophytes
were 2-4%. The diatom character of phytoplankton
is apparently typical for gypsum lakes, and was also
noted in the example of Lake Goluboye (Samara region)
(Tarasova, 2010).

In Lake Svetloyar, euglenoids predominated
among the dominant species in terms of species rich-
ness (due to the diversity of the genus Trachelomonas),
forming up to 25% of the total list. In the earlier period
of the study (the beginning of the 2000s), their contri-
bution was about 20%. Thus, in the modern period, the
role of this group in the phytoplankton of the lake has
noticeably increased both in taxonomic and coenotic
terms, which may indicate an increase in the processes
of eutrophication of this reservoir against the backdrop
of increased recreational load (Okhapkin et al., 2022b).
The second position in the group of dominants was
taken by representatives of diatoms, greens and chryso-
phytes (Ochrophyta) (15-17% each), cyanobacteria and
cryptomonades were in the third position (8-10%).

According to the biotopic location, among the
dominant species of algocenoses in lakes Svetloyar and
Svyatoye Dedovskoye, true planktonic forms predom-
inated (58-70% of the total list) (Fig.3.). Among the
dominants in Lake Klyuchik, the proportion of plank-
tonic species was 2-2.3 times lower, and the propor-
tion of benthic forms increased (up to 20%), which may
indicate benthification processes in this reservoir. In all
the lakes studied, it should be noted that there is a high
proportion of species capable of inhabiting different
biotopes. Their share could range from 25 to 50% of
the total list of dominants.

In terms of geographical distribution, the main
part of the list of the dominant algae species was rep-
resented by cosmopolitan forms (95-97%), represen-
tatives of the boreal (Xanthidium antilopaeum Kiitzing,
Spondylosium planum (Wolle) West & G.S. West from
desmids) and northern alpine (Pinnularia episcopalis
Cleve from diatoms) areas were sporadically found.

In relation to the content of sodium and chlo-
rine ions, indifferent species were in the lead (76-
95%), the proportion of oligohalobes varied from 5%
(Lake Svyatoye Dedovskoye) to 16% (Lake Svetloyar).
Halophiles capable of living in freshwater or slightly
brackish water habitats, as well as halophobes that
cannot withstand high NaCl contents in water, were
noted only in lakes Klyuchik and Svetloyar, account-
ing for 4-5% of the composition of halobic indicators.
More than half of the composition of dominants was
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Fig.2. Taxonomic diversity of dominant (by biomass)

phytoplankton groups in karst lakes
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Fig.3. The ecological and geographical characteristics of
dominant species in the studied lakes (I - habitat, II — geo-
graphical element of flora, III - halicity, IV - pH of the envi-

ronment, V - saprobity).
Notes:

I - pl. - planctonic, b. — benthic, 1. - littoral, f. — foulers,

e. — epibionts, hyphenated — heterotopic species;
II — cosm. — cosmopolites, n-a — north-alpine,
bor. — boreal;
III - ind. - indifferents, ohb. — oligohalobes,
hph. - halophiles, hpb. — halophobes;
IV - ind. - indifferents, al. — alkaliphiles,
ac. — acidophiles;
V - saprobity indicators)
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characterized by an indifferent attitude to water pH.
Species that prefer alkaline conditions in Lake Klyuchik
made up a little less than half of the composition, in
Lake Svetloyar, 19%, in Lake Svyatoye Dedovskoye,
25%. Indicators of acidic waters (Vacuolaria virescens
Cienkowski, Aulacoseira distans (Ehrenberg) Simonsen)
were recorded only in lakes Klyuchik and Svetloyar.

The predominance of indicators of B-mesosap-
robic contamination was noted among the indicators
of organic pollution in lakes Klyuchik and Svyatoye
Dedovskoye. In Lake Svetloyar, in addition to a high
proportion of B-mesosaprobes, a significant proportion
of representatives of the a-B-mesosaprobic zone was
found. According to the results of the long-term stud-
ies for this water body, there is a tendency to increase
the representation in the general species composition
of indicators of more polluted waters 3-a, a-ff mesosap-
robic, a-mesosaprobic and a-meso-polysaprobic waters
(from 9 to 13%), which may indicate an increase in
the eutrophication of the reservoir (Okhapkin et al.,
2022b).

For all dominant species, indices of occurrence
(pF), dominance frequency (DF), and dominance order
(Dt) were calculated. Out of 114 dominant taxa, only
13 showed high values of DF>10, Dt>10, and pF > 20
(Table 3.). The observed species belonged to 5 groups
of algae: cryptophytes, euglenophytes, charophytes,
diatoms, and dinophytes, of which only dinoflagellates
were common dominant taxa identified in all the stud-
ied lakes.

Freshwater dinoflagellates are an important com-
ponent of the lake phytoplankton (Trifonova, 1990).
The ecology of dinophyte algae is characterized by a
wide distribution in water bodies of different trophic
status and tolerance to low light levels, as well as the
ability to migrate and have a mixotrophic type of nutri-
tion, which allows them to compete in extreme condi-
tions: nutrient deficiency, acidification, and increased
water mineralization (Regel et al., 2004). In the studied
lakes, the maximum contribution of dinophytes to the
total biomass was, as a rule, noted during the period
of summer stratification and could amount to up to
68-93% of the total values (lakes Svyatoye Dedovskoye
and Svetloyar, respectively). In Lake Klyuchik, with
water areas of different thermal regimes, the dominance
of dinophytes was noticeable only in the warmed part
of the reservoir, increasing here to 50-70% of the total
indicators. Among the representatives of this group,
large-celled armored dinophytes from the functional
group L, Ceratium hirundinella (O.F.Miiller) Dujardin
(Dt = 64.5-76.2) and Peridinium cinctum (O.F.Miiller)
Ehrenberg (Dt = 77.5-92.74), were characterized by a
high order of dominance, of which the latter was dom-
inant in all three lakes. It is known that C. hirundinella
is a common dominant of summer plankton in most
lakes of temperate latitudes (Trifonova, 1990; Darki
and Krakhmalnyi, 2019), one of the most heat-prefer-
ring species of dinoflagellates. It has been shown that
its vegetation is determined by stratification conditions
(Miracle et al., 1992; Darki and Krakhmalnyi, 2019),
although this species can also occur during periods of
mixing (MacDonagh et al., 2005). Maximum concentra-
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Table 3. The dominant phytoplankton species and
Functional Groups (FG) in the studied water bodies

3 Taxa FG* | D | pF | DF | Dt
A2
8 Codon
Bacillariophyta
Cyclotella B 59 | 75.4]53.6|71.1
distinguenda
. Cyclotella sp. A 15 | 39.1 | 13.6 | 34.8
;§ Cryptophyta
Z'|_Cryptomonas sp. | Y 17 | 42.7 | 15.4 | 36.1
Dinophyta
Ceratium Lo 19 | 22.7 | 17.3 | 76.2
hirundinella
Peridinium cinctum | Lo 31 | 36.4]|28.2)|775
Bacillariophyta
Lindavia comta B 11 50 | 145 ]| 29
Asterionella formosa| C 11 50 | 145 ]| 29
Dinophyta
Ceratium Lo 20 | 40.8 | 26.3 | 64.5
- hirundinella
«©
2| Peridinium cinctum | Lo 26 | 43.4| 34.2 | 78.8
g Euglenophyta
Trachelomonas W2 10 | 21.0 | 13.1 | 62.4
Rugulosa
Trachelomonas W2 19 [67.1| 25 | 37.2
Volvocina
Trachelomonas W2 12 | 22.4 | 15.8 | 70.5
volvocina
var. subglobosa
Bacillariophyta
Cyclotella sp. A 4 45.2 | 12.9 | 28.5
(&)
2| Tabellaria fenestrata] N 6 |45.2]19.3| 427
=
% Cryptophyta
<
& |__Komma caudate | X2 | 6 | 61.3 | 19.3 | 31.5
% Dinophyta
§ Peridinium cinctuml Lo 13 | 45.2 | 41.9 | 92.7
>
» Charophyta
Staurodesmus incus N 15 | 61.3 | 48.4 | 78.9
var. ralfsii

Note: * Names of codons are given with the use of func-
tional classification of phytoplankton according to Padisak et
al., 2009

tions of C. hirundinella cells tend to occur in the ther-
mocline zone (Hedger et al., 2004). Representatives of
P. cinctum species, as well as C. hirundinella, are wide-
spread in freshwater habitats of both temperate and
tropical zones (they often develop in complexes) and
are able to adapt to environmental conditions almost
without restrictions (Giirkan et al., 2024). It was found
(Regel et al., 2004) that for better photosynthesis, the
species must migrate to an optimal depth (30% of
surface illumination). In the vertical distribution of



Sharagina E.M. et al. / Limnology and Freshwater Biology 2024 (3): 195-220

SI: «Limnology in Russia»

dinoflagellates in Lake Svetloyar, under conditions of
pronounced summer stratification, the concentration
of populations of these species was noted at the lower
boundary of the metalimnion, where these representa-
tives, due to their ability to vertically migrate, acquired
advantages in the absence of nutrients in the epilim-
nion (Darki and Krakhmalnyi, 2019); during the period
of autumn homothermy - in the surface layer. The max-
imum rise in biomass in C. hirundinella in summer was
up to 2-3 g/m3, in P. cinctum, it was about 1 g/m3.
In Lake Klyuchik, under conditions of smoothed strat-
ification (the eastern part of the reservoir), it was not
possible to note the confinement of dinophyte algae to
certain horizons.

The contribution of diatoms to the development
of phytoplankton in the studied lakes turned out to be
maximum for the gypsum in Lake Klyuchik; their com-
plete dominance was noted (more than 90% of the total
number and 50-100% of the biomass) in the cold part of
the reservoir and its transition zone. In this part of the
lake, the waters of the underground river are unloaded,
creating favorable conditions for diatoms sensitive to
stratification; they often develop at the bottom. Under
conditions of high transparency (up to 8.5 m) and no
light limitation, photosynthesis was possible through-
out the entire water column, including the bottom zone
(Okhapkin et al., 2022a).

Among the weakly mineralized reservoirs in
Lake Svyatoye Dedovskoye, the most significant share
of diatoms (40-60% of the total biomass indicators)
turned out to be during the spring and autumn mix-
ing of waters. In Lake Svetloyar, mixing periods are
short (about two weeks), as a result of which extended
periods of low temperature (5-15°C) and water turbu-
lence did not form in the reservoir to achieve notice-
able abundance and biomass values of Bacillariophyta
(Okhapkin et al., 2022b). The insignificant dominant
role of diatoms (their share in the average vegetation
biomass was 4.64-30.42%) in this reservoir is appar-
ently also associated with a clear division of the water
column into oxygenic and anoxygenic components,
the removal of silicon, which is part of the shells of
Bacillariophyta, from the trophogenic layer into the
bottom, and its weak supply from the catchment area.
Information about the insignificant coenosis-form-
ing role of diatoms in plankton was also provided for
some light-water lakes in the temperate zone of Russia
(Gusev, 2007; Korneva, 2015).

Among centric diatoms, high values of frequency
(DF) and order (Dt) of dominance were noted for repre-
sentatives of the genera Cyclotella and Lindavia, belong-
ing to functional group B, inhabitants of mesotrophic
lakes, sensitive to water stratification (Padisak et al.,
2009).

The predominance of Cyclotella species is typical
of karst lakes, both in the temperate zone and in the
warm zone, especially during spring and autumn mix-
ing (Danielidis et al., 1996; Petar et al., 2014; Udovi¢
et al., 2017). Among representatives of this genus, the
maximum parameters of dominance were noted for
Cyclotella distinguenda Hustedt (DF=53.6, Dt=71.1,
pF=75.4), which dominated only in the plankton of
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the gypsum Lake Klyuchik, forming monodominant
algocenoses and reaching uniquely high biomass val-
ues (more than 100 g/m?3). This species is considered
rare for the algal flora of the Volga basin (Genkal et al.,
2019, Vodeneeva et al., 2020; Okhapkin et al., 2022a),
as well as for the rivers of Hungary (Kiss et al., 2012).
High values of development of this species in the stud-
ied reservoir indicate optimal conditions and, appar-
ently, a complete absence of competition with other
representatives of phytoplankton in this combination
and the dynamics of environmental factors (high min-
eralization, favorable light conditions, low temperature
background, and lack of thermal stratification).

In the weakly mineralized Lake Svyatoye
Dedovskoye, among the species of the genus Cyclotella,
mainly small-celled forms were observed, and their
maximum development occurred in the last phase of
spring mixing. The share of these species more often
corresponded to 15-20% of the total biomass values.
In the summer season, they were inferior to dinoflagel-
lates, and during the period of autumn homothermy,
they were inferior to pennate species of diatoms or
charophyte algae. In Lake Svetloyar, Lindavia comta
(Kiitzing) T.Nakov et al. stood out among the centric
diatoms (DF=14.5, Dt=29, pF=>50). This species is
cosmopolitan and eurythermic; in oligotrophic lakes, it
is the dominant of summer plankton; in mesotrophic
lakes, it acts as a subdominant in spring (Trifonova,
1990). In Lake Svetloyar, L. comta was noted as an
accompanying component (10-15% of total indicators,
biomass less than 1 g/m3) to the main coenotic com-
plexes of phytoplankton, which may indicate the transi-
tional oligotrophic-mesotrophic status of this reservoir.

Significant indicators of dominance among pen-
nate diatoms were noted for Asterionella formosa Hassal
(Dt=29, pF=50) (Lake Svetloyar) and Tabellaria fenes-
trata (Lyngbye) Kiitzing (Dt=42.7, pF=45.2) (Lake
Svyatoe Dedovskoye).

It is known that species of the genus Tabellaria
are included in the codon N, are acidobionts, develop-
ing in acidified water bodies (Battarbee et al., 1985;
Sirenko and Parshikova, 1993; Vodeneeva, 2006). At
the time of the research, the values of the slightly acidic
reaction of the environment were also recorded in Lake
Svyatoye Dedovskoye. Their presence as cenosis-form-
ing species was noted in plant plankton of acidic res-
ervoirs of Finland (Lepistdé and Rosenstrom, 1998),
South Karelia (Nikulina, 1997), Sweden (Wahlstrom
and Danilov, 2003), forest lakes and watercourses of
the Nizhny Novgorod Southern Trans-Volga region
(Vodeneeva, 2006), etc. Among the species of this
genus, T. fenestrata is one of the characteristic domi-
nants of large oligotrophic lakes (Petrova, 1990). The
constant presence of this taxon in the algocenoses of
Lake Svyatoye Dedovskoye (share in the total biomass,
15-60%) confirms the oligotrophic status of this res-
ervoir, its noticeable morphometric characteristics, as
well as the swamp conditions of the catchment.

Another representative of pennate diatoms,
noted as a permanent component of the phytoplank-
ton of Lake Svetloyar, A. formosa, is also considered
a typical summer dominant of algocenoses of various
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types of water bodies (Trifonova, 1990; Petrova, 1990),
often found in aquatic ecosystems of the Volga basin
(Okhapkin et al., 2022b). The massive development of
this species may indicate an intensification of eutro-
phication processes. In the Svetloyar ecosystem, pop-
ulations of this species were found in the spring and
summer seasons, but their development did not reach
the “blooming” stage. This species vegetated through-
out the entire water column (the biomass of A. formosa
varied from 0.15 (at the 7 m depth) to 0.48 g/m3 (at
the surface).

In the highly mineralized Lake Klyuchik, pennate
diatoms, mainly benthic species of the genera Pinnularia
and Navicula, were included in the list of dominant taxa
but did not have significant values of frequency and
order of dominance.

In Lake Svyatoye Dedovskoye, the list of com-
mon species with high dominance indicators includes
representatives of euglenophyte algae, Trachelomonas
rugulosa F.Stein, Trachelomonas volvocina (Ehrenberg)
Ehrenberg, and Trachelomonas volvocina var. subglobosa
Lemmermann (functional group W2), preferring the
bottom layers of the water column. The last representa-
tive stood out in terms of the order of dominance in this
lake (DF =15.8, Dt=70.5, pF =22.4). The development
of trachelomonads occurred throughout the growing
season (their share varied from 10 to 15%), as well as
during the under-ice period, where their contribution
could be more than 90%. In the modern period, there is
a tendency to a gradual increase in the role of euglena
algae in algocenoses in the summer season, which may
indicate an increase in the concentration of organic
substances in water and an intensification of eutrophi-
cation processes.

In lakes Klyuchik and Svyatoye Dedovskoye,
among the significant structure-forming phytoflagel-
lates, representatives of cryptophyte algae (Cryptomonas
spp. - DF = 15.4, Dt = 36.1, pF = 42.5; Komma cau-
data (L.Geitler) D.R.A.Hill - DF = 19.3, Dt = 31.5, pF
= 61.3) were also noted. These species, with the ability
for mixotrophy and migration, similar to dinophyte and
euglena algae, are able to compete with other represen-
tatives of phytoplankton for resources. In the plankton
of the studied lakes, cryptomonads more often played
accompanying roles, and their share in development
indicators varied from 7 to 15%.

In Lake Svyatoye Dedovskoye, among other phy-
toplankton groups, significant indicators of dominance

were also observed for representatives of desmidian
algae (division Charophyta): Staurodesmus incus var.
ralfsii (West) Teiling (codon N, continuous or semi-con-
tinuous mixed layer of 2-3 m in thickness; shallow lakes
where the mean depth is of this order or greater, as well
as in the epilimnia of stratified lakes when the mixing
criterion is satisfied) - DF=48.4, Dt=78.9, pF=61.3,
which reflects the swampy nature of the catchment.

Blue-green algae as dominants and subdomi-
nants in biomass were not typical for the phytoplank-
ton of the studied aquatic ecosystems. However, the
development of small-celled colonial cyanobacteria
(genera Aphanocapsa, Aphanothece), as dominants in
the phytoplankton population, as well as small-celled
coccoid forms of green algae (genus Dactylosphaerium,
Dictyosphaerium), was noted for all of the studied lakes.
In abnormally hot years (2010) with anticyclonic
weather in the lake. In Svetloyar, outbreaks of flowering
of diazotrophic cyanobacteria from codon H1 (species
sensitive to water mixing) were observed - representa-
tives of the genus Dolichospermum, which could form up
to 32.9 g/m3 at the peak of development (Okhapkin et
al., 2022b). However, in subsequent years, these spe-
cies disappeared from the algocenoses of the lake.

The method of multivariate analysis of variance
(PERMANOVA) of the composition of the dominant
phytoplankton species involved in the composition
of the abundance and biomass of the studied lakes
(according to the Sgrensen-Chekanovsky coefficient)
showed a statistically significant low degree of their
similarity (Table 4), which may indicate the original-
ity of algae cenogenesis in each of the studied lakes
due to the influence of a certain combination of factors.
Visualization of the obtained data demonstrated a clear
division of the studied lakes according to the composi-
tion of algocenoses (Fig. 4).

When comparing the composition of functional
groups of phytoplankton in the studied lakes by bio-
mass, it also demonstrated a statistically significant
low degree of similarity, however, the difference in
the composition of functional groups in abundance
for lakes Svetloyar and Svyatoye Dedovskoye was less
pronounced (Table 5, Fig. 5). There is probably some
similarity in the conditions for the formation of phy-
toplankton in these lakes, namely the high depth and
transparency of the waters.

Table 4. Statistical parameters (F — Fisher criterion, p — level significance) when assessing the similarity of the composition

of the studied lakes

Permanova
Dominants (by abundance) | Dominants (by biomass)
F value P(>F) F value P(>F
Lake 13.49 0,001 *** 11.91 0,001 ***
Klyuchik_vs_Svetloyar 8.66 0,001 *** 9.44 0,001 ***
Klyuchik _vs_Svyatoye Dedovskoye 17.20 0,001 *** 13.69 0,001 ***
Svetloyar _vs_ Svyatoye Dedovskoye 15.47 0,001 *** 12.71 0,001 ***
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Table 5. Statistical parameters (F — Fisher criterion, p — level significance) when the similarity of the Functional Groups (FG)

in the studied lakes

Lakes
Klyuchik_vs_Svetloyar
Klyuchik _vs_Svyatoye Dedovskoye

Svetloyar _vs_ Svyatoye Dedovskoye

4. Conclusion

In the composition of the phytoplankton of
lakes Klyuchik, Svetloyar and Svyatoye Dedovskoye,
432 species and intraspecific taxa of algae belonging
to 8 phyla were identified. Analysis of the algal flora
of the studied lakes showed the taxonomic impor-
tance of the divisions of Cyanobacteria, Chlorophyta,
Bacillariophyta, Ochrophyta, and Euglenophyta, con-
stituting more than 70% of the total species richness.
The composition of the dominant species included 114
species of algae (26.38% of the total composition): in
Lake Svyatoye Dedovskoye, green algae and diatoms
(50%) predominated, in Lake Svetloyar, euglenids pre-
dominated (25%), in Lake Klyuchik, diatoms predomi-
nated (more than 40%).

The basis of the floristic list among the dominant
species of algocenoses in lakes Svetloyar and Svyatoye
Dedovskoye were planktonic forms (58-70% of the
total list). In Lake Klyuchik, the proportion of plank-
tonic species was 2-2.3 times lower, the proportion
of benthic forms increased (up to 20%). Most of the
identified species are characterized by a cosmopolitan
distribution; representatives of the boreal and northern
alpine habitats were found only sporadically.

Among 13 dominants (from 5 divisions) with
high values of DF>10, Dt>10, and pF> 20, dinofla-
gellates Ceratium hirundinella, Peridinium cinctum (func-
tional group L,) were noted in all lakes, with maximum
development during the period of summer stratifica-
tion. In the group of diatoms, species of centric dia-
toms from the genus Cyclotella (codon B) predominated
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Fig.4. Visualization of the analysis results reflecting the

similarity in cenotic (according to abundance - I, and biomass
- IT) structure of phytoplankton in the studied lakes.

Fig.5. Visualization of the analysis results reflecting the similarity of the functional (according to abundance - I, and biomass

- IT) composition of the studied lakes
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everywhere, reaching maximum development rates
under conditions of mixing of waters. The composition
of the remaining dominant groups in each reservoir
was determined by its limnological features.

Using the method of multivariate analysis of vari-
ance (PERMANOVA), a statistically significant (Pr(>F)
= 0.001) low degree of similarity of the dominant and
functional phytoplankton complexes was shown, which
may indicate the uniqueness of algae cenogenesis in
each of the studied lakes, due to the influence of a cer-
tain combination of factors, such as temperature, trans-
parency, pH, and oxygen content.

The obtained data on the frequency of occur-
rence and indicators of dominance of the identified
common species reflect their ecological character-
istics as well as the potential for maximum develop-
ment under certain combinations of factors, which can
be used in the system of environmental monitoring of
aquatic ecosystems.
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AomuHupyouwme BUAbI U QYHKUIMOHAABHbIE
KOMNAEKCbl QUTONNAAHKTOHA HEKOTOPbIX
YHUKaAbHbIX KapCTOBbIX 03ep 6accenHa
Cpepneun Boaru

[Mlaparuna E.M."*, Kyausun I1.B.!, CrapieBa H.A.!, )Kyposa [.A.'2,
Cepenuena f.B.!, Xemaupua T.!, OxankuH A.I'.}, BogeHeeBa E.JI.!

T@Ir'AOY BO HudceeopoOockuti cocydapcmaeHHwblll yHugepcumem um. H.H. JTo6ayesckoeo, np. I'acapuna, 23, HuscHuti Hogzopoo,
603950, Poccusa

2@I'BHY Bcepoccuiickuil Hay4HO-UCC1e008amestbcKULl uHcmumym pulOHoeo xo3sticmaa u okeaHozpaguu, Hudceeopoockuli puruart,
Mockoackoe wocce, 31, Hudxcnuti Hogeopod, 603116, Poccusa

AHHOTAILIUS. J[lana XxapaKTepuCTHKa COCTaBa, 3KoJioro-reorpaduieckoii u (GYyHKIUMOHAJIBHOMN
CTPYKTYpbl KOMILJIEKCA AOMHUHMPYIOIIUX BUAOB (PUTOIIAHKTOHA TPeX Pa3sHOTUIHBIX KApCTOBBIX 0O3ep
Huxeropogckoro IToBomkesa (Kimounk, CBetsiosip, CBAToe Jlenosckoe). O3epo KiTloumk — peKuil TUI
TUIICOBBIX BBICOKOMUHEPAJIN30BAHHBIX «TOJIyOBIX» O3€p; YHUKAJIBHBIN B IUIaHE MCTOYHUKA MUTAHUS,
POJIb KOTOPOT'O BBHINOJIHAET NOA3eMHas peka C BBICOKMM PacxoAOM BOJEBI, UMeeT cJIabo BBIpaKEHHYIO
crpatudukanui. O3epa CeAtoe [emoBckoe u CBeTioAp — AUMUKTHYECKHE, CBETJIOBOAHBIE, CJIabo-
MHHepaIM30BaHHble IMAPOKapOOHATHOrO Kjacca ¢ HeMTpaJbHBIMM 3HaueHuAMH pH, nMeloT nutaHue
J0XOeBBIMU BojaMmu. Bce o3epa oTHOcATCA K 0c000 OXpaHAEMBIM IIPHPOAHBIM TeppPUTOPHUAM. AHaAIN3
aybroJIopsl KCCIIeJOBAaHHBEIX O3ep IoKa3aj TaKCOHOMUYECKYI0 3HAaYMMOCTh oThesioB Cyanobacteria,
Chlorophyta, Bacillariophyta, Ochrophyta u Euglenophyta, cocrassstomnux 6osiee 70% o61iero BUAo-
Boro 6orarcrBa. CocTaB JOMUHUPYIOIIUX BUJIOB HAacuuUThiBaJl 114 TakcoHOB Bogopociel (26,38% ot
ob1ero cocrasa): B o3epe CBaToe JleqoBcKOe Mpeobsaaiu 3ejeHble U quaToMoBbie (50%), B CBeTJiosap
— 9BryIeHuAs (25%), B o3epe Kittounk — auatomen (6osiee 40%). Cpenu 13 qoMuHaHTOB (U3 5 OTAETIOB),
MMeIoIINX BbICOKMe moka3zaTenu gomuHuposanusa (DF>10, Dt>10 u pF>20), Bo Bcex o3epax OoTMe-
YeHbl AUHOGMIare AT U3 GyHKnuoHaabHoU rpynmbl LO (Ceratium hirundinella, Peridinium cinctum), c
MaKCUMaJIbHBIM pa3BUTHEM B IIepHoJA JieTHel cTpatudukanuu. B rpynmne quaToMoBBIX BO BCceX BOAOe-
Max BBIJeJIAUINCH [eHTpUYecKe quaTtoMen u3 KogoHa B (Bumel pona Cyclotella), BKiTrouass B TOM YHcCIIe
penkue (Cyclotella distinguenda) nisi 6acceiiia CpenHeli Boiru. BeicOKMe MoKa3aTes I Pa3BUTUS 3TOU
rpymmsl (6romacca 6osiee 100 r/M3) oTMeveHBI B CyJibaTHOM BOAOEME B YCJIOBUSX MEepEMEIINBaHUs
BoZl. CocTaB OCTaJIbHBIX AOMHHHUPYIOIUMX TPYNI B KaXAOM BOAOeMe OIpeAesayica ero JIMMHOJIOTHU-
yeCcKUMHU ocobeHHOcTAMH. C KUCNOJIb30BaHKWEM MeTOoAa MHOIO(aKTOPHOIrO AMCIEPCHOHHOIO aHaJIu3a
(PERMANOVA) noka3saHa cTtaTucTuuecky sHaunmMas (P-value =0,001) Hu3Kas cTeleHb CXOCTBA JOMU-
HUPYIOIIKUX ¥ QyHKIUOHAJIbHBIX KOMIJIEKCOB (PUTOIJIAHKTOHA 03€p, YTO MOXET CBHETEeIbCTBOBATH O
cBOeoOpa3uy IieHOoreHe3a BOAOPOCeN B KaXJOM U3 HUX, 00YyCJIOBJIEHHOM BJIUSAHKWEM OIpeAesIeHHOMN
KoMOuHanuu HakTopoB.

Kitiouegsie citoga: lomuHupywomye BUAbl, GUTOILUIAaHKTOH, OroMacca, KapcToBble 03epa, 6acceiin CpeaHeli Bosry,
MAMATHUKY TPUPOIBI
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YHUKAJIBHBIX KapCTOBBIX 03ep OacceiiHa CpenHeil Bosoru // Limnology and Freshwater Biology. 2024. - Ne 3. - C. 195-220.
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1. Beepenue HOCTAMY MOP(OMETPUYECKUX TAPAMETPOB, crennduy-

HOCTBIO THAPOJIOTO-TUAPOXUMHUYECKOTO PEXUMA BO[I,
yTOo OOycjaBiMBaer cBoeobpa3ve (HayHHUCTUUECKOTO
U (JIOPHUCTUYECKOTO0 COCTaBa HACEJAIIUX UX TUIPO-
6uonTtoB (PamxuH, 2002; Ciorca et al., 2017).

KapcroBele 03€pa, HIMPOKO pacnpoCTpaHeHHEbIe
Y 4acTO YHHKaJIbHBIe B JlaHAmadTax pasHbIX NPHUPOL-
HBIX 30H BOJHbIE OOBEKTHI, XapaKTepU3yHTcs 0coOeH-
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Jlna maHHOrO THIIA O3€pP YacTO XapaKTepHHI
HeboJibIINIe pa3sMephl, OTHOCUTEJIBHO BBEICOKHE IIOKa-
3aTenu TJIyOWHBL, OTCYTCTBHE BBIPQXEHHOH THIPO-
JUHAMUKN BOJ U TPUCYTCTBUEM cTpaTuduxanuu
(Makcumosuy, 1963; Krevs and Kucinskiene, 2011).
ITpu comocTaBjieHUN KapCTOBBIX 03ep OJHOM IpUpomd-
HOHI 30HBI, HAXOMAAIWXCA B OJNHAKOBBIX T'MIPOKJIM-
MaTHUYeCKUX VCJIOBUAX, OOHApYXUBaeTCsi HEOJHO-
POHOCTh XMMUYECKOTO COCTaBa MX BOJ, B YaCTHOCTU
3HQUUTEJIBHBIM [Mana3oH MUHepajn3aluy BOJHBIX
Macc, YTO BBEI3BIBAET OIpejieJIeHHbI NHTepec JIA U3y-
4yeHNA OUOTHL 3TUX BOJI0EMOB U GaKTOPOB, ONpeeJIaio-
mux ee dopmupoBanue (Ciorca et al., 2017; Chalkia et
al., 2012; AsmumoB 1 MuHrasosa, 2001; ITanarymkuHa,
2004; Gusev, 2008).

Haub6oJipiiee KOJIMYECTBO O3€P KapCTOBOIO IPO-
HUCXOXIEHUsI OTMeYaeTcsi Ha TeppuTopuu BocrouHo-
EBpomnelickoil paBHUHB, Ha Ypaje u B BocTtouHOil
Cubupu (Cuutreko u CepreeBa, 2003). Cpennee
IToBoxee B Poccuu siBjifgeTcs 30HON KJIACCHYECKOTO
MIpOsIBJIEHNA KapceTa, NMPpeACTaBJIEHHOro 3[]eCh pa3iny-
HBIMM popMaMy, B TOM YHCJIE peqyailiuM TIUIICO-
BeIM KapcToM (AnmumoB u Mwunrasosa, 2001). Tak, B
Hirkeropojickoil o6sacTu cylecTByer 6oJjiee TPeXCOT
€CTECTBEHHBIX 03ep JIEJHUKOBOI'O U KapCTOBOTO IIPO-
HUCXOXIEeHNsI, GOJIBIINHCTBO U3 KOTOPHIX PACIOJIOXEHEI
B IIpaBobGepexbe Bosru (6acceiinsl pek Oka, Tema,
ITesiHA U Op.), U HEMHOTOYUCJIeHHbIe — B JleBoOepexbe
(CrauxoBckas, 2014). Hccrnenyemble HamMu o3epa —
Ceetosp, Kimounk u Ceatoe [leJOBCKOE pacnOIOKeHbB
B Oacceline CpenHeii BoJyiru u ABJIAIOTCA MaMATHUKAMU
MIPUPOJBl PETHOHAJIBHOrO U delepajbHOro 3HaYeHUs
(AnmumoB 1 Munrasosa, 2001).

@DUTOIJIAHKTOH, KakK HeoTbeMJieMas 4YacTh
BOOHBIX JKOCHCTEM, WIPaeT BaXHYI0 pOJib B JIMHA-
MUKe IUIEBHIX IeTlel], I0TOKe SHepruu U KpyroBopoTe
nuTaTesibHBIX BemlecTB (Meng et al., 2020). [Toka3saHo,
YTO TAaKCOHOMHUYECKHI cocTaB (UTOIIAHKTOHA Kap-
CTOBBIX O3€p, PAaCHOJIOXKEHHBIX B YMepeHHBIX 30HaX,
XapaKTepH3yeTCsl COBMECTHBIM IIPUCYTCTBUEM 30JI0TU-
cteix Bogopocieinn (Chrysophyceae), auHodareisaT
(Dinophyceae) u guaromeint (Bacillariophyta) (Udovic¢
et al.,, 2017, Kasperovic¢iene, 2001), a B HEKOTOPHIX
o3epax — OTMeuasioch BEICOKOe pasHoobpasue 3eJIeHbIX
(Chlorophyta) Bomopocseit (ITajarymkuHa, 2004) u
nuaHobaktepuii (Cyanobacteria) (Tapacosa, 2010). B
03epax «TeIJIoro Mosca» JOMUHHUPYIOIIYIO pOJib 6epyT
Ha cebsa Chlorophyta u Cyanobacteria (Danielidis et al.,
1996; Valadez et al., 2013). BecHoii BeicOKass TypOy-
JIEHTHOCTb CIIOCOOCTBYeT Pa3BUTHIO U Pa3MHOXEHUIO
JMaTOMOBBIX BOJIOpOCJIEl; JieTHAA crpaTtudukanus —
BereTanuy AUHOGIAres/UIAT U KPUITOMOHAL MpeuMy-
mjecTBeHHO B MeTtajauMHuoHe (Danielidis et al., 1996;
Miracle et al., 1992). ®opmupyionecs B KapCTOBBIX
o3epax 0coOble cOYeTaHUs apaMeTpOB CPeJibl CII0Ccob-
CTBYIOT IIOsIBJIEHUIO 37IeCh SHAEMUYHBIX (Hanpumep, Ha
ITnutBumkux o3epax (Udovic et al., 2017; 2022; Petar
et al., 2014) wm peaxux BUIOB (B KapCTOBBIX 03epax
I'peruu (Danielidis et al., 1996), Pymbianu (Momeu et
al., 2015) u np.

CocTaB JOMUHUPYIOMUX BUIOB PUTOMJIAHKTOHA
B BOJIOEMAax pasHOro GHMOJIMMHOJIOTMYECKOro THIA BO
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MHOI'OM olpefiesiseT cnenuduKy CTPyKTypHl BOAHBIX
IIJIAHKTOHHBIX €000IlecTB, GYHKINOHAIBHbIE BO3MOX-
HOCTH BOAHBIX dKOCHUCTEM U MOXeT OTpakaTb TpPodu-
4ecKHil cTaTyc U KauecTBO BOA. (DYyHKI[MOHAJIbHBIE
XapaKTepUCTUKHU U CyKlleccus (Ce30HHasA U OCHOBHAas)
MacCOBBIX BUJIOB INPeJCTaBJIAIOT HeCOMHEHHBINI WHTe-
pec IpU U3yYeHUU COCTOSHUA 3KOCHCTEMBI BOJHOIO
0o0beKTa, MOCKOJIbBKY MMEHHO AWHaMHKa MOMyJIANUN
3THUX IIpeficTaBUTesIel onpe/essAeT HalpasjeHUe U3Me-
HEeHUI KOJIMYeCTBEHHOI'0 pa3BUTHUA (PUTOIIAHKTOHA B
resiom (Reynolds, 1984; Tpudonosa, 1990; 1994).

Llenpio HacTosmell paboOTHl — aHaJIU3 COCTaBa,
SKOJIOTMYECKOM CTPYKTYpPHl U LIEHOTUYECKOU poJu
JOMUHUPYIOIIMX BHAOB U (YHKIMOHAJBHBIX KOM-
IIJIeKCOB (PUTOIIAHKTOHA TpeX PasHOTUIIHBIX KapCTo-
BhiXx o3ep CpepaHero IToBosmkbsa (Kmrouuk, CBeTJiosp U
Cesaroe JleqoBckoe).

2. MaTtepuanbl U MEeTOAbDI

HccrenoBaHHBle KapCTOBBIE O3epa pacIoJio-
XKeHbl B pasJMYHBIX THUNAx reorpauyecKkux JIaHA-
madToB Ha Tepputopun Hupkeroponckoil obJacTu.
Ozepa Kirounik u CsiToe [leZJoBCkOe — B 30HE XBOU-
HO-IINPOKOJIUCTBEHHHIX JlecoB (I[IpaBobepexne Bosrn),
[Tprokcko-Bomkekuil MpUPOAHBIN palioH, TAe aKTUBHO
pasBUBalOTCA KapcToBble mpoleccel. O3epo CaetJiosp
pacnoyioxxeHO B 30He I0KHOUM Tauru (JleBobepexbe
Bonru), orHocuTca k IIpHUBeTJIy’KCKOMY BO3BBIIIEH-
HOMY IpUPOJHOMY pailoHy (XaputoHsiueB, 1978;
bakanuHa u zp., 2003).

Oszepo Kirounk pacnosoxeHo B 0acceliHe
peku Cypunb (mpaBoOepexHoro mnpurtoka OKU BTO-
poro mopsnka) (bakanuHa u Ap., 2001; BaxupeBa u
Acramun, 2015). 3TO 03epo-BOKJIMHA, OTHOCUTCH K
«roJIyOBIM» 03epaM U3-3a I[BeTa ero BoAsl. O3epo nMmeer
[IoA3eMHOe NUTaHNue, NCTOYHUK KOTOPOI'0 paclojoxXeH
B 3alaJHON ero yacTH W pasrpykaercs B BOKJIMHE Ha
riyouHe 15 M (Kossnos u fip., 2017). U3-3a aTOro B 3um-
HUI NIeproJi 03epo He MOJIHOCTHIO TOKPhIBAETCA JIBIOM.
TemnepaTrypa BOAH 3/ieCh B TeUeHHe BCero roaa nocro-
sAHHAa U KoJiebJieTcsa oT +4 mo + 8 °C. BocTouHas yacTh
3TOro 03epa — OOBIYHBIN KapCTOBBIN BOJIOEM C Iporpe-
BaeMOH BOJOM.

Osepo CeaToe JlenoBckoe OTHOCUTCA K OacceliHy
Jpyroro npasobepexHoro npuroka Oku — peku Téma.
OHO o6pa3oBajioch B pe3yJsibTaTe CJAUAHUA U 3aroJiHe-
HUA BOJION HECKOJIbKUX KapCTOBBIX IIPOBAJIOB U ABJIA-
eTcsi KPYIHEHNIINM KapCTOBBIM (KapCTOBO-TEPPaCHBIM)
o3epoM B Hixeropogckoii o6sactu (bakka u Kuceiesa,
2009). IluraHue BomoeMa OCYIIECTBJIAETCA 3a CyeT
TPYHTOBBIX, TaJIBIX U JOXJeBbX BoA. (bakanuHa u Ap.,
2001; bakka u Kucenesa, 2009; Moucees u ap., 2019).
Bopoc6op o3epa CeTJi05ip OTHOCUTCA K HacceliHy peku
Jliouasl. O3epo nuTaeTcs XOJIOAHBIMU BOJAMHU POAHU-
KOB U MMeeT [TOCTOSHHBI YPOBEHb.

[To ocHOBHBIM MOpdoMeTpHUYecKUM IoKas3are-
JIAM 03epa ABJIAITCA TUINYHBIMU HeOO0JIbIINMU BOJi0e-
MaMH JiecHOH 30HBL. OlHaKO IoKasaTesll MaKCHUMaJlb-
HBIX U CpeJHUX IJIyOMH 03ep M03BOJIAIOT OTHECTH UX K
KJIacCy BOJOEMOB C MOBBIIIEHHBIMH M OOJIBIIMMMU TJIy-
OuHaMu, 4YTO oObsACHAeTCS uxX reHe3rcoM (Tabmura 1).
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Ta6suna 1. OcHoBHBIE MOpdOMeTpHUecKlie XapaKTepUCTUKU HCCIIeIOBAHHBIX 03ep

ITapameTpsI / TUNIOJIOTHS BOfOeMa 03. Kimiouuk* 03. CBetJosap** 03. CBaToe JlenoBckoe***
(mo: Kuraes, 2007)
l'eorpaduyeckre KOOpAUHATHI 55°58’30”N; 43°19’48”E 55°49’07”N; 45°05’35”E 55°38’45”N; 42°19’01”E

JnuHa ozepa (L, m) 743.0 472.0 2100.0

'max’

MIupuHa o3epa (B, m)*:

MakcumasbHas, B 293.0 338.0 1150.0

cpenHsAd, BCp 167.5 254.2 647.6
[Tnomaap BogHOTO 3epKasa (A, M?) 124485.0 / manoe 120000.0 / masoe 1360000.0 /

HebOoJIBIIoe

0O6beM BogHOM Macchl (V, Teic. M%) 475925 / maJjioe 1150000 / majioe -
I'my6una ozepa (D, M)

MakcumanbHasg, D, 13.5 / noBeimieHHasn 3.8 / 32.7 / 6osblias 20.0 / 6oJibIIast

cpenHsA, Dcp, Majioe 9.5 / 6osblIoe 8.0 / 6oJibIIIOE
Jnvna 6eperosoit muHum (1, M) / 2377 /1.9 1328 / 1.04 13100/ 3.1
W3pesanHocTs (pa3Burue) 6eperoBoii cpefHeu3pe3aHHOe cyrabon3pe3aHHOe CUJIBHO
suany (K= 0.28%(1 /VA) n3pe3aHHOe

IIpumeuanue:

*  Tlo: IlerpoB u Acramus, 2017
** [lo: Haymenko u ap., 2014

s s

** Tlo: Moucees u ap., 2019

OT60p 1pod GUTOMIAHKTOHA O3ep
nposoawsicA OatoMeTpoM PyTTHepa B
BereTalOHHBIN [TepHUO/] CIeqYIOMNX JIeT:
B 03. Cetnosap 2000-2002; 2010-2011;
2020; o03. Kimounk 2017, 2020; 03. CBsTOE
Jenosckoe — 2020, 2021. CeTka cTaHIUI
cocrosyia U3 3-5 cTaHIUH B 3aBUCUMO-
CTU OT JIMMHOJIOTMYECKUX 0cobeHHOCTel
o3ep (Puc. 1). [TapasutensHO co cbopoMm
aJIbroJIOTUYecKoro MaTepuaja I[pOBO-
JAWINCh U3MepeHus psafa abuoTHu4ecKux
napameTpoB. M3MepeHue TeMiepaTyphl,
VAEJIbHOM  2JIEKTPONPOBOOHOCTH U
BOJOPOJHOIO IOKa3aTessA BOABI IPOBO-
AWM TNOPTaTUBHBIM MHOroIlapameTpu-
yeckuM mnpudopom YSI Prol030 pH &
Conductivity Meter (YSI Incorporated,
USA). U3mepeHue mnpo3payHOCTU OCY-
mecTB/sM  OesibiM - guckoM  CekKu.
H3mMmepeHue cofiepxaHus pacTBOPEHHOIO
B BOJle KHUCJOpoAa MpOBOAWIN Ipubo-
pom B3OP Mapk-303M (OOO «B30OP»,
Poccus). M3amepeHne riayOuHBI O3epa B
TOYKax 0TO60pa NpOBOAMIIN IIPU [TOMOILU
axostota Lowrance HOOK2-4x GPS Bullet
(Lowrance Electronics, USA). Ha oTaeJib-
HBIX CTAHIMAX Takxe NPOBOAUJICA 0TOOP
npo® BOAB Ha TMAPOXMMUYECKHI aHa-
au3. OmnpefesieHne T'UAPOXMMHYECKUX
rokasareJieil BEIIIOJITHEHO Ha Oa3e [{eHTpa
KOJUIEKTUBHOIO I0Jib30BaHuA «HoBEIE
MaTepHuaJbl U pecypcocOeperalomue Tex-

‘o Cosmoe
erorcroe

Puc.1. Batuomerpruueckye KapThl HCCJIEAYEMBIX O3ep CO CTaHLU-

HoJsloruy» Hay4dHo-KccIe0BaTeIbCKOTo AMH oT6opa npo6 GUTOIUIAaHKTOHA (A — pacroJioXeHue 03ep Ha KapTe
uHcTHUTyTa XpuMun HHIY wm. H.H. Huxeropogckoii o6actu, B — 03. Kimounk (poto Mmutpus Xpamriosa),
JloGaueBcKoOTO. B - 03. Ceetosp, I' — 03. CBaToe [le/ioBCKOE)
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OTbOupanuch Kak HMHTerpajbHble, TaKk U BepTU-
KaJibHble IIPOOH (OT MOBEPXHOCTH [0 JHA 4yepe3 Kax-
aeifi MeTp). [TogpoOHOe omucaHue Mpoleaypsl 0Toopa
npo0, MOATOTOBKM HX K MHMKPOCKOIMPOBAHUIO, IOA-
cyeTa 4YMCJIEHHOCTH U Ouomaccel (UTOIIAHKTOHA
MpHBeieHH B Hamux padortax paHee (Okhapkin et al.,
2022a; Okhapkin et al., 2022b, Vodeneeva et al., 2020).
HpenTrudukaiyio BUI0BON IPUHAIJIEKHOCTH IIPOU3BO-
JAWJIY TIpYU IOMOIIK PYKOBOJCTB, aTjacoB U OIpexdesiu-
TeJlell, yKa3aHHBIX B paboTe BogeHeeBol u KynusuHa
(2019), HOMeHKJIaTypa BUJIOB IIPOBepssach B MeX.y-
HapojHol 6a3e maHHbIx Algaebase (Guiry and Guiry,
2024). Cenenus o reorpaduveckoM pacIpocTpaHe-
HUM OOJIBIIMHCTBA BUAOB, UX OMOTONNYECKON IPUYPO-
4YeHHOCTH, OTHOIIeHUU K cojieHOocTH, pH u opraHuue-
CKOMY 3arps3HeHuU ObLIU B3ATH U3 paboTel KopHeBOM
JL.T. (2015). ITpuHagsexXHOCTh BUAOB (PUTOIIIAHKTOHA
K TOM WM UHON (PYHKIMOHAJBHON TpyIIle OlleHHBa-
Jlach € MCIOJIb30BaHMEM Kiaccudukanuu PeliHosbama
(1984; 2002), c mogndurkanusamu ITagucak (Padisak et
al., 2009).

K pgomMuHupyHOmMM OTHOCWIM BHAB, BKJIaJ
KOTOpHIX B OOIIMe 4YKCJIEHHOCTh M OuoMaccy cocTaBs-
nan1 He meHee 10% (BogeHeepa, 2006). 1A Kaxmgoro
BUAa-IOMUHAHTa OBLI IIPOM3BeJleH y4yeT TaKuxX IOoKa-
3aTeseil, Kak yacrtora BcTpeuaeMoctu (pF), dacrtoTa
nomunuposanus (DF) u nopsagok qomuHuposaHus (Dt)
(Topbynun, 2012).

JlaHHBIe TOKa3aTesl pacCYUTHIBAINCH IO GOPp-
MyJiaM, IpUBeJIeHHBIM HIXe.

[Ipy nmoMomu mnokasaTesig «4acTOTH JOMWHU-
poBaHusA» (DF) MBI BBIABWIM, B CKOJIBKUX IIpo0ax OT
obilero koJsmiectsa npo6 oOHaAPYyXMBAJIOCh TOMHHU-
pOBaHMe KOHKPEeTHBIX BHJIOB:

DF:2-100
F

rae F — oOigee ynciio o6paboTaHHBIX MPOO Hccieaye-
MOro BojoemMa, D — 4ncsio npo6, B KOTOPBIX AAaHHBIA
BUJ BBEICTYIIAJI B KaueCcTBe JOMUHUpYolero (6uomacca
cocTtaBJisiia 6osiee 10%).

[Mopsimok gomuuupoBanusa (Dt) mpeacTaBIIsiI
co060%1 OTHOIIIEHNE YaCTOThl JOMUHHUPOBAHUA K YaCTOTE
BCTPEYaeMOCTH:

Dt:E-IOO

pF
rae DF — vacrora gomuHupoBaHus, pF — wacrtoTta
BCTpeuaeMocTH, %.

JoMuHHUpOBaHUe BUIOB, UMEIOIHUX MOKa3aTesu
DF <10, Dt<10 u pF <20, HOCUT cJIy4aliHBIN XapaKTep
U X peKOMeHAYyeTcs MCKJII0YaTh M3 CIKCKA JIOMHUHAHT
(baxenosa, 2017).

CxofcTBO cocTaBa JOMUHHUPYIOIMINX — BHJIOB
HccJieJOBAaHHBIX BOJHBIX OOBEKTOB OBLIIO OIeHEHO ¢
noMmortipio koabdunrenta CépeHceHa-UekaHOBCKOTO
(IMntykoB u gmp., 2003). [na BuU3yanusalu CXOM-
CTBa BUJOBOI'O COCTaBa JOMHUHAHT HCCJIeyeMBIX 03ep
MpUMeHsAJICA MeTo[ HellapaMeTpHUyeckoro MHOrodak-
TOpHOro JaucnepcuoHHoro aHanu3a (PERMANOVA).
CraTucTU4eCcKUil aHajiu3 MPOU3BOJUIICA MPU UCHOJIb-
30BaHUU cBOOOJHON mporpamMMHoOl cpennl R (R Core
team, 2015).

3. Pe3yAabTathbl M 06Ccy)xpeHue

OcHOBHBIE TMAPOXMMHYECKHE U ruapodusnye-
CKHMe IapaMeTphl o3ep IpeAcTaBiieHb B TaOiuie 2.
Boppl 03. Kirounk B neproj] McciieJOBaHUI XapaKTepu-
30BaJINCh OTHOCUTEJILHO BBICOKOHM MUHepaau3anyie ot
1099 o 1274 mr/n (corjacHo JIJUTepaTypHBIM JaHHBIM,
Jocturas B otaesbHble roasl 1937 mr/n (Kossnos u ap.,
2017), 3HaueHUs BOAOPOAHOIO IMOKa3aTesis BapbUpO-
Basu B npefesnax 8,2 — 8,4. Boasl 03. Kimouuk — cabo-
CoJIoOHOBaTHIe cyJsibdaTHble rpynnsl Ca Il Tumna, 4yto noJi-
HOCTBIO COOTBETCTBYeT IOPTPETY 03ep-BOPOHOK, 0O3ep
— rMJIpPOTe0JIOTNYeCKUX OKOH, Y KOTOPBIX HUXXHSAA YacThb
03epHBIX KOTJIOBUH pa3BUTa HUXE€ YPOBHA I'PYHTOBBIX
BOJ], UMEIOIINX B OCHOBHOM IIO/i3eMHO€ NIUTaHue, 0Cy-
IiecTBJIAOIleecs 4yepe3 IOHOPH Ha JHE KOTJIOBUHEBI
(Okhapkin et al., 2022).

Ta6Jmua 2. OcHOBHBIE FPII[pO(I)I/ISI/I‘IECKI/Ie U TUAPOXMMHNYECKUE ITapaMeTPphbl BOA NCCJIEJOBAHHBIX 03€P B JIETHIOI0 MEXEHb

IToxasaTess / 03. Kimouyuk 03. Kimoyuk 03. CeeTJ105p 03. CeaToe
THUIIOJIOTUSA BoJoeMa 19.08.2020 19.08.2020 04.08.2020 JenoBckoe
(mo: Kurtaes, 1984; 2007) 31.08.2021
CraHuus or6opa npob 1, nenaruasis, 5, mesaruajib, 1, nenaruasib, 4, nesjtaruajib,
10m 8m 15m 14 m
B3BellleHHbIE BeIlleCcTBa, MrI/JI <3 <3 <3 10 = 3
[Tpo3payHoOCTh, M (an)/ KJIacc 6.5 4.3 4.2 2.4
MIPO3pavyHOCTU* BBICOKHIT BBICOKHIT BBICOKUIT cpeqHU
IBeTHOCTH IO Pt-Co* 40.0 80.0 10.0 6.7
Me30I'yMO3HbIe Me30T'yMO3HbIe OJINTOTYMO3HBIE | yJIBTPAOJIUIOTyMO3HBIE
pH 8.2 8.4 6.9 6.4
OJIUTO-11IeJIOUHBIE OJIUTO-IIeJIOYHble  |aluOHO-HelTpasbHble| alluHO-HelTpaibHble
Munepanusanus, Mr/Ji 1274.0 1099.0 127.0 32.0
ciabo- ciabo- cpeniHe- OYeHb IIPeCcHBIe
COJIOHOBAThIe COJIOHOBaThIe TpecHbIe (osurorajiMHHEBIE)
HoHHEIN cocTaB cyabbaTHbIE cyabbaTHbIE rupokapOoHaTHBIEe | ruApokapOOHATHbIE
rpymnmsl Ca rpymnmsl Ca rpynnsl Ca(Na), rpymmsl Ca,
II Tuna II Tuna I Tuna I Tuma

IIpumeuanmne: *Jlannsle: BasgHos, 2019; 2011 r.; Kosnos u fip., 2019; otuetr 'ocHUOPX 3a 2011r.
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Boppl o3epa CBeTJIOoAp OTHOCATCSA K TUAPOKapOo-
HaTHOMY kJjaccy rpynmnsl Ca (Jietom) niu Mg (3uMotii) ¢
He3HauuTeJIbHOU MUHepaau3anueil 1 HU3KON LIBETHO-
ctbio. CoflepxaHue ruipokapOOHATOB BoAe B NepUO[
uccaeloBaHus OBIO HE3HAUYUTEJIbHBIM U He IpPeBHI-
maJso 75 Mr/Ji. B o3epe oTMeuasioch BBICOKOE COepxkKa-
HUe HUTPUTHBIX (OpM a30Ta, BEpOATHO, CBA3AHHOE C
BBICOKOI peKpeal[MOHHOI Harpy3Koil Ha BOJOeM B JIeT-
Hue Mecansl (Okhapkin et al., 2022).

Ozepo CaaTtoe J[lemoBckoe CBETJIOBOIHOE,
UMeeT OUeHb HU3KYI0 MHHepasu3alliio BOJbI, T.K. ero
NUTaHue OCYIIeCTBJsAETCA 3a CUYET TajJbIX U JoXIe-
BBIX BOJI. [To MOHHOMY cOCTaBy BOJia 03epa OTHOCUTCS
K rugpokapOoHaTHOMYy kjaccy, rpymnmne Ca, 1 Tuma.
MuHepanuzanus B TeueHHe Iepruojia HcCJieqOBaHUI
He mpesbiiana 37,7 mr/i, a pH usmensicsa ot 6,0 1o
7,0, uTo XapakTepusoBajio 03. CBAToe JleqJOBCKOe KakK
auugoHeUTpasbHBil BofgoeM. OueBHOHO, NPUYNHOMN
HU3KOU aKTUBHON peakiuu cpejbl sABjseTcA 3ab0Jio-
YeHHOCTh BogocOopa o3epa. OTmeuaeTcss HeOOJIBIIOE
KOJIMYecTBO OLOTEeHOB B 03epe.

Osepa CeetJiosp u CeAtoe [leI0BCKOE ABJIAITCA
TUIMWYHBIMU BOJIOEMaMl yMepeHHON 30HBI C JUMUK-
TUYECKUM TUIIOM IepeMelnrBaHuA BoA. B CeTsiosipe
JIeTHssA TeMIlepaTypHas cTpaTuduUKalus ycTraHaBINBa-
Jach B Hauajle Mae U IpoJoJrKasa 10 KOHI[a CeHTAOps.
MeTaIMMHUAJIBHBIN CJION 3JleCh HAaYMHAJICA JIETOM OT
riry6uHs 2,0-4,0 M, B Hauajle OCeHU IepeMelniasch Ha
riybuHy 6,0 M, mosxe - Ha raybouHe 9,0 M. B ozepe
CeaAToe [leqoBCKOe NepHO]i BeCeHHero IepemMenInBa-
HUA BOJ OKazaJicsi OoJjiee NJIMTEIbHBIM, YCTOWUYHBas
TeMIlepaTypHas cTpatudukanus 3Aech HabJ0aasIach
C KOHI[a MIOHA. B Hauase jieTa cjoll TeMIiepaTypHOIO
cKauyka Haxoausics Ha riaybuHe 1-2 M, B HIOJie-aBrycTe
— cMenjajics Ha riiyouHy 4-6 M. B oTiudue oT Apyrux
BOJI0eMOB 03epo Kirounk nmeet cBoeoOpa3Hble YepThl
TEPMUYECKOT0 peXXrMa — B 3amaJHOU JOCTATOYHO TJIy-
OOKOI KOTJIOBUHE 0O3epa TUM HUPKYJIAILUU BOA cJlelyeT
CUMTATh XOJIOAHBIM MMOJIUMUKTUYecKUM. Tam oTCyT-
CTBYyeT JIETHsA TeMIlepaTypHas cTpaTudukaius, 4To
00BACHAETCSA CUJIBHBIM ITOCTOSAHHBIM IPUTOKOM XOJIOA-
HbIX BoJ noasemMHoi peku CypuH (Iletpos u ActamuH,
2017). CrnaxeHHas TeMIlepaTypHas KpuBas B JIeTHHE
MecsIbl B BOCTOYHOI YacTu BOJOEMA U paHHee HacTy-
IJIEHHe OCeHHell roMOTepMHUN BO3MOXHO OOBACHUTH
CyllleCTBOBAHMEM IOJBOJIHBIX TeUEHUI, HECYIIIUX CIoAa
XOJIOJHBIE BOJIBI Uepe3 y3KUil Mepellleek U3 ero 3amnafi-
HOM YacTu.

B BocTrouHOI wacTtu 03. Kitoumk cojepxaHue
KHCJIOpOJila B TIOBEPXHOCTHOM TOPH30HTE K0J1e0aIoCh
or 9,1 no 13,7 mr O,/7n, B mepexoHoi 30He — 9,8-
14,6 mr O,/i1. 3anafiHas 4acTh 03€pa XapaKTepu3oBa-
Jach HaJW4YMeM CepOBOJOPOJia U HU3KUM COjiepxa-
HueM kucyopoza (3,7 mo 12,5 mr O,/71, HacklmeHue
30-57%), 4TO, BEpOATHO, OOYCJIOBJIEHO BJIUSHUEM
MOJI3€MHOT0 MOTOKAa M3 BOKJMHHEL. B 03. CBeTryiosap BO
BCe I'OJIbl MCCJIeJOBaHMsA, BECHO! U B IIEPBOII IOJIOBHHE
JeTa HabJII0AAJIOCh BBICOKOE COjiepkaHue KUcaopoAaa
B croybe Boanl (ot 1,0 mo 5,0 Mm). B nerHuit nepuop
B TMOBEPXHOCTHOM TOPH30HTE HachillleHre KHCJI0pO-
oM BapbupoBasio ot 108 mo 127% (Aberg and Rodhe,
1942). B meTaslMMHUOHE YacTo Habsofanca qe@uiuuT
kucyaopofa (no 40% HaceieHus). B Hauasie oceHHero
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nepeMenIMBaHUsA B OSIWJIMMHHUOHE STOT IOKa3aTesib
ocTtaBaJica BeiIcOKUM — oT 83,0 go 109,0% npu cmele-
HUU 3MWJINMHHOHA A0 IJ1yOuHb 7-8 M. B 03epe CBsATOE
JenoBckoe B mepuoj T'MApPOJIOTMYECKOro JieTa BepTu-
KaJIbHOe paclipefieieHre KucjiopoAa OblJIo mpakTuye-
CKU paBHOMEPHBIM Ha BCeX TOPU30HTaxX BOAHOMN TOJIIU
U Haxoqujioch B mpejenax 6,36-8,3 mr O,/n (40-50%
HaCHIEeHNA) ¢ MaKCUMAaJbHBIMUA 3HAUEHUAMU B JIIU-
JIMMHUOHE J10 TJIyOMHBI 4 M. B TUnosIMMHIOHEe HauYnHas
¢ TJIyOuHBL 5 M coJiepXaHue KHUCJI0pojia He MeHSJIOCh
U COCTaBJIANO 2,6-3,0 Mr O,/J1. C HACTYIJIEHHEM OCEH-
Hell TOMOTEpPMUH paclipefieieHrie KUCJIopojda 1o Bep-
TUKaJIi BbIpaBHUBAJIOCH (8,0-9,3 mr O,/11), a Hacsllle-
HHe KHCJIOPOAOM CJIoeB BoAbl Aocturaso 66,0-82,0%.

B cocraBe ¢puTONIaHKTOHA HCCIeJOBAaHHBIX 03ep
BhIsABJIeHO 347 BUI0B (432 BUIOBBIX U BHYTPUBUAOBBIX
TaKCOHOB), IpHHAJIexanux Kk 168 pongam, 42 nopsag-
kawm, 17 kytaccam u 8 otgesiam (o3epo Cesitoe JlefoBCcKoe
— 212 TakcoHoB, CBernosip — 225; Kiouuk — 275).
CpaBHUTEeJIbHBIN aHaIM3 (PJIOPUCTUYECKON CTPYKTYPHI
(puTOIIaHKTOHA 1CCJIeJOBAaHHBIX 03ep MoKa3aJl, 4YTO BO
BCeX BOJI0€MAaX TAKCOHOMUYECKU 3HAUYMMBIMU ABJIAJIUCH
otmernsl Cyanobacteria, Chlorophyta, Bacillariophyta,
Ochrophyta, u Euglenophyta koTopsie B COBOKYITHOCTH
cocTaBJiAn 6oJyiee 70% oOlIero BUAOBOro GoraTrcraa.
[TpucyTcTBUe JaHHBIX IPYNI B AApPe ajbrodIopsl OTMe-
YyaJioch U B pAAe Apyrux kapctoBbix o3ep (Udovic et
al., 2022; Kasperoviciene, 2001) B BUAY IIHUPOKOTO reo-
rpaduuecKoro pacnpocTpaHeHUs UX NpefcTaBUTeNel.
OpmHakKo MPONOPIMOHATIBHOE COOTHOIIIEHNE 3TUX I'PYIII
B cocTaBe (UTOIJIAHKTOHA O3€p 0Ka3ajioCh pPa3HBIM.
B amnprodiope rupoxkapboHaTHBIX cJiaboOMUHepaU-
30BaHHBIX 03ep (03. Ceeryiosap u CesAroe JlenoBckoe)
IepBoe MeCTO 3aHMMaJiil 3eJieHble BOJIOpOCJIM, a B
cysnbdaTtHOM 03. Knrounk — auatomen. OTmeuasach
3aKOHOMEpPHOe BO3pacTaHMe YKcjia BUIOB AUAaTOMeEH C
18,6% no 40% (03. Kutrouuk), pyu CHUXEHUU BUAOBOTO
6orarcrBa 3ejieHbIX (¢ 33,5% 1o 24,0%) 1 3BrjIeHOBBIX
(c 9,6% mo 3,6%) BomopocJiell COOTBETCTBEHHO. J{yis
03. CBaAToe [lefloBCckOe 3aMeTHee APYTUX BBIPAXXEHO
y4yacTue XapoBbix Bogopocyei (mo 13,2% cocrasa) B
CJIOXXEHUU TaKCOHOMHUYECKOTO0 pa3HoOoOpasusi.

Kak noka3zasnu vicciieJoBaHUA HEKOTOPBIX BOJHBIX
skocucteM Hukeropoackoil objslacTu — peK U 03ep
KepxeHckoro 3anosefqHuka (Bomeneera, 2006), Bofo-
emoB Tepputopuu r. HukHero Hoeropoaa (OxamkuH
u Crapuea, 2003), moMuHupyomue BUAb B GUTO-
IJIAaHKTOHE 3TUX BOAHBIX 3KOCHUCTEM MOT'YT COCTaBJIATH
oT 20 go 30% obuero mepeuHs. B nccieqyemsix o3se-
pax cocTaB AOMHHUPYIOLUX BUAOB HacuuThbiBag 114
BUJIOBBIX U BHYTPUBUIOBBEIX TAaKCOHOB, Wiu 26,38%
oT obilero cocraBa Bogopocjel. OgHAKO B OT/esb-
HBIX 03epax UX BKJIAJ MOT OBITh MeHbIlle, COCTaBJIsAA OT
13 no 20%, uyTo MOXeT OBITh CBA3aHO C OTCYTCTBHEM
6oJiee NJINTEIbHBIX PsAIOB HAOJIIOIeHU.

B o3epe CpsToe [leloBcKOe COOTHOIIEHUE JJOMU-
HUPYIOIUX TPyNI B I[eJIOM COBMNAaJajo C TaKOBBIM B
ob1eM cnucke: npeobJyiafjanay 3ejieHble U UaTOMOBBIE
BOAOPOCJIH, B COBOKYMHOCTU ompefesnsaa Oosiee 50%
ob1iero cocraB JOMUHAHT, A0/ OXpPOPUTOBHIX (30J10-
TUCTBIE) cocTaBiisiyia 14%, mpefcTaBUTENIN OCTAJIbHBIX
OT/[eJIOB B JOMUHAHT IIpeAcTaBJieHb MeHee 10%.
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B ocTasbHBIX O3€pHBIX CHCTeMax COOTHOIIeHue
JOMMHUPYIOIUX TaKCOHOB HMeJI0O CBOM OCOOEHHO-
ctu. Tak, puroniaHkToH o3epa Killo4uk cyliecTBeHHO
oTJvyasicd Kak [0 BHUAOBOMY COCTaBy, Tak U IO
COCTaBy AOMHHAHTOB He TOJIBKO B I'pyIllle N3yYeHHBIX
03ep, HO TakXe U B CpPaBHEHNUU C JPYTMMU KapCTOBBIMU
BOJ0OEMaMH JIECHOH U JIeCOCTeNHOU JiaHmmadTHO-Teo-
rpaduueckux 30H EBpomnetickoii Poccuu (I'yces, 2011;
[ManarymkuHa, 2004). ®UTOMIAHKTOH 3TOTrO BoJoeMa
UMeJ1 BhIpaXXeHHBIN JUaTOMOBHIN xapakTtep (Puc. 2) u
[IOJIHOEe OTCYTCTBME B IpyIIe AOMHHAHT 1o Guomacce
nuaHoOakTepuil. Bxian 3ejieHBIX, OXpO(dUTOBBLIX,
KpUnTopUTOBEIX U AUHOGJIaresIAT cocTasiisan 7-10%,
9BTJIEHOBBIX U XapOBhIX — 2-4%. Jl1aTOMOBBII XapakTep
duTomsaHKTOHA, BUANWMO, ABJAIOTCA TUMNWYHBIM [AJIA
THIICOBBIX 03€ep, U TakXe OTMedaJsicA Ha IpuMepe o3epa
T'omy6oe (Camapckas 061.) (Tapacosa, 2010).

B o3. CBeTsiosip cpeay NOMUHAHT IO BHAOBOMY
boraTcTBy mnpeobyiafjany 3BIJIEHUIH (3a cueT pas3Ho-
obpasusa poma Trachelomonas), popmupysa 1m0 25%
obulero cnucka. B Gojiee paHHMI Nepuof HCCIENO-
BaHuA (Hadaimo 2000x) uX BKJIaJ COCTAaBJIsUI MOpsAKa
20%. TakuM oGpa3oM, B COBpPeMEHHBII IepHoJi POJib
JaHHOH I'PyINHl B (PUTOIIAHKTOHE 03epa 3aMeTHO BO3-
pocja Kak B TaKCOHOMHYECKOM, TaK U I[eHOTHYeCKOM
IJIaHe, YTO MOXeT CBUJETeJIbCTBOBaTh 00 yCHUJIEHUU
npolrieccoB 3BTpo¢HpOBaHUA 3TOr0 Bogoema Ha (doHe
yCUJIeHUsA pekpeanrioHHoH Harpysku (Okhapkin et al.,
2022b). Ha BTOpOM MecTe B Tpymme JOMUHAHT ObLIH
NpeJCTaBUTEIN AUATOMOBEIX, 3€JIeHBIX U 30JI0TUCTBIX
(Ochrophyta) (o 15-17%), quaHo6aKTepyuu U KPUITO-
MOHa/Ibl — Ha TpeTheM (8-10%).

[Io OuoTOomMuYecKkoyl MNpPHUYypPOYEHHOCTH Ccpeau
JOMMHUPYIOIIUX BHUJOB aJblOIEHO30B B 0O3epax
Ceetiosp u CeAroe [enoBckoe mpeo0safanyd UICTUHHO
1aHKTOHHBle (¢GopMbl  (58-70% obigero cmucka)
(Puc. 3). Cpenu foMHHAHT B 03epe Kitiounk 4o IjIaH-
KTOHHBIX BUJIOB OblsIa B 2-2,3 pa3a HUXe, 3[leCb BO3-
pacrana gossa 6eHTocHbIX popm (Do 20%), YTO MOXeET
CBHJIETeJIbCTBOBATh O Ipoleccax OeHTUdUKAUU B
3TOM BoAoeMe. Bo Bcex M3ydeHHBIX O3epax cJjeAyeT
OTMETUTh BBHICOKYIO AOJII0 BHJIOB, CIIOCOOHBIX 3aCeJIATh
pas3Hble OMOTONHL. VX 10JIA MorJjia COCTaBIATh OT 25 A0
50% o0611ero crnycka JOMUHAHT.

ITo reorpaguueckoMy pacripocTpaHEeHUI0 OCHOB-
HasA 4acTh IepevyHsa AOMUHUPYIOIUX BHUIOB BOLOPOC-
Jieli 6bU1a nIpeAcTaBjieHa KOCMOIOJIMTHEIMU hopMamu
(95-97%), mpencraBuTenu OopeanbHBIX (Xanthidium
antilopaeum Kiitzing, Spondylosium planum (Wolle) West
& G.S.West u3 AgecMUOVEBBIX) U CeBepPO-aJIbIIUHCKUX
(Pinnularia episcopalis Cleve U3 qUaTOMOBBIX) apeajioB
BCTpevyaJNCh e JUHUYHO.

I[To oTHOIIEHUIO K COlepXaHWI0 NOHOB HAaTpUA U
xJjiopa JuaupoBanu BuAbl-uHAubGeperTs (76-95%),
J0Jia oyurorajo6os BapbupoBaja oT 5% (o03. CAToe
Jenosckoe) no 16% (o3epo Ceetsosp). l'anodusl,
cnioco6HbIe 00MTATh B IPECHOBOJHBIX MJIM CJIerKa COJIo-
HOBaTO BOJHBIX MeCTOOOMTAHUAX, a Takke rajoQoOHl,
He BbIJIepXXMBaOIIKe MOBBIIEHHOro cofepxanua NaCl
B BoJle ObLIM OTMeYeHBl TOJIbKO B o3epax Kimounk u
Ceetsiosp, cocrasiAd 4-5% cocTaBa WHAUKATOPOB
rasobHocTu. bojiee MOJIOBUHBI cocTaBa JOMKUHAHT

Bacillariophyta

—— Kmous

Ochrophyta Crermonp

—— Casaroe [Jenoscroe

Puc.2. TakcoHOMHMYeCcKoe pasHooOpas3ue JOMUHUPYIO-
mux 1o 6uomacce rpymnn GUTONJIAHKTOHA KapCTOBHIX 03ep

CaeTJiosip

Casaroe [lenoBcroe

I

I

B
=
=

Puc.3. Oxkosioro-reorpaduueckasd  XapakKTepHUCTHKa
JOMUHUPYIOMUX BUAOB HcciieayeMbix o3ep (I — mecTtoobura-
Hue, Il — reorpaduyeckuii anemeHnT dJiopsl, Il — raso6HOCTS,
IV — pH cpeppl, V — cannpo6HOCTD).

[Tpumeuanus:

I - m1. — mIaHKTOHHEBIE, 6. — GEHTOCHBIE, JI. — JINTOPAJIb-
HBle, 0. — obpacraTesy, 3. — SNUOUOHTHI, Uepe3 Jiedrc — rere-
POTOIIHbEIE BU/BI;

II — KoCM. — KOCMOIIOJIUTEL, C-a — CeBepo-aJIbIIUIICKIe,
6op. — 6opeaJsibHEIE;

III - unA. — naauddepeHTsl, Or. — OJIUTOraao0H,

IJ1. — rajoduJisl, r6. — ranodosH;

IV — unA. — unauddepeHTsl, an. — ankaanuguisl,
an. — auuao¢uIIbL

V — MHUKATOpHl CanipOGHOCTH)
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XapaKTepu3oBaJIMch UHAUGPEpeHTHBIM OTHOIIeHHueM
k pH Bogel. Buasl, npeAgnouuTaroliyie mejaouHble yCJio-
BUA B 03. KUIIOUMK COCTaBUJIM 4yTh MeHee IOJIOBUHBI
cocTaBa, B 03. CeTJs105p — 19%, B 03. CBATOE [JefoBCKOe
— 25%. UuaukaTopsl Kucisix Bof (Vacuolaria virescens
Cienkowski, Aulacoseira distans (Ehrenberg) Simonsen)
OBLJIU OTMeueHHI TOJIBKO B o3epax Kimounk u CBeTJsiosp.

Cpemu mokaszaTejiell OpraHM4ecKoro 3arpss-
HeHusa B 03. Kimouuk u 03. CBsAToe JleqOBCKOe OTMe-
YeHO NpeobJialaHre UHIUKATOPOB [3- Me30carnpoGHOro
3arpsA3HeHus. B ozepe CBeTJiosgp HapsAy C BHICOKOH
JoJiedl [(3-me3ocanpoboB, 3aMeTHHIN BKJIAZ OTMeuYeH
JUIl TIpeJicTaBUTENIel Q-(-Me3ocanpoOHO# 30HBL I[lo
pe3yJjibTaTaM MHOTOJIETHUX MCCJIeIOBAaHUM IJIs 3TOr0
BOJIoeMa IIOKa3aHa TEHJeHIMs K BO3pacTaHWIo Ipef-
CTaBJIEHHOCTH B OOIIlEM BUIOBOM COCTaBe WHIUKATO-
poB OoJiee 3arps3HEHHBIX BoA [-a, a-B Me3ocampob-
HBIX, 0-Me30CanpoOHbIX U O-Me30-II0JIUCAPOOHBIX BOJ
(c 9 mo 13%,) uTO MOXeT CBUAETEeJIbCTBOBAaTh O BO3-
pacranuu 3BTpodurpoBanusa Bogoema (Okhapkin et al.,
2022b).

JU1a Bcex NTOMUHMPYIOUUX BUIOB OBLIM paccuu-
TaHbI MHJEKCH BcTpedyaeMocTy (pF), 4acTOThl JOMUHU-
poBanus (DF) u nopsimka qomunuposanus (Dt). M3 114
BBISBJIEHHBIX B COCTaBe JIOMUHAHT TaKCOHOB, JIMIIb 13
nMeJsy Beicokue nokasatesau DF>10, Dt>10 u pF>20
(Tabmuna 3). OTMeueHHblEe BUABI MPUHAJIEXaIn K 5
rpynmnaM BoJOpocyiell — KpUnTo(pUTOBbIE, SBIJIEHOBEIE,
XapoBble, JUATOMOBbIE U QUHODUTOBBIE, U3 HUX JIUIIb
cpeau auHoJiaresaAT ObUIM BBIABJIEHBI OOL{Ue JOMU-
HUpYIOI[Ie TAKCOHBI BO BCeX HCCJIeJOBAHHBIX O3epax.

[TpecHOBOHBIE AMHOMJIATEJUIATHL  ABJIAIOTCA
BaXXHBIM KOMIIOHEHTOM O3epHOro (PUTOILIaHKTOHA
(Tpudonosa, 1990). [na skojorumt AUHODUTOBBIX
BOJIOpOCJIell XapakTepHO MIMPOKOe paclpocTpaHe-
HHUe B BOJloeMax pa3/IMYHOro Tpoduueckoro craryca,
TOJIEPAHTHOCTh K HU3KOM OCBEIIeHHOCTH. a TaKxe
CIIOCOOHOCTh K MUTrpalusAM U MHUKCOTPOQHOMY TUILY
MUTaHMsA, YTO NO3BOJIsIET UM KOHKYPUPOBATh B dKCTpe-
MaJIbHBIX yCJIOBUSX: NIpU Aeduiiure OGHOreHOB, 3aKuC-
JIEHUY, TOBHIIIEHHON MuHepasm3anuu Boabl (Regel et
al., 2004). B uccyiefOBaHHBIX O3epaX MaKCUMAaJIbHBIH
BKJIa] AUHOMUTOBBIX B 0011y10 O1IOMaCChl, KaK MpaBUJIo,
OoTMeuaJsics B Iepuoj JeTHel crpaTUudUKaluu U MOT
cocTaBJIATh A0 68-93% cyMmapHbIX 3HaueHHUil (03epa
Ceatoe JlemoBckoe u CBeTJIOAP COOTBETCTBEHHO). B
o3epe Kiounk, nMmeromieMy pasHble 0 TEPMUYECKOMY
peXuMy akBaTOpPHU, JOMHHUPOBaHHE OUHOPUTOBBIX
OBLJIO 3aMeTHBIM JIMIIIb B IPOrPeBAaeMOi YacTH Boi0eMa,
Bo3pacTas 34ech 10 50-70% cyMMapHBIX IoKa3aTeJsiei.
Cpenu npeacTaBUTesIel 3TON IPyNIBl BBICOKUM MOPSAA-
KOM JOMUHHUPOBAHUSA XapaKTepH30BaIMCh KPYITHOKJIe-
TOYHbIE MaHIUPHBIE MepuAnHen U3 QYHKIMOHAJIBHOUI
rpynmsl L) — Ceratium hirundinella (O.F.Miiller) Dujardin
(Dt=64,5-76,2) u Peridinium cinctum (O.F.Miiller)
Ehrenberg (Dt=77,5-92,74), u3 HuUX NOCJIEeIHUN B
KayecTBe JOMHUHaHTa OTMeuaJicsA BO BCeX TpeX O3epax.
H3BecTHO, uto C. hirundinella — yacThifi JOMUHAHT JIET-
HETo IJIaHKTOHA OOJIBIIMHCTBA 03ep YMePEeHHBIX MIUPOT
(Tpudonora, 1990; Darki and Krakhmalnyi, 2019),
oavH 13 HauboJiee TenI0II00UBbIX BUOB AUHOdIare-
nar. IlokasaHo, 4To ero Bererarus o0ycJIOBJeHa yCJ0-
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Ta6suna 3. JJomuHupylomye BUAb U GYHKIMOHAIbHBIE
rpynmnsl (OI) puToIIaHKTOHA HcciielyeMbIX BOJJOEMOB

§ TaKcoH or | D | pF | DF | Dt
ré( (xom0H)
M
Bacillariophyta
Cyclotella B 59 |75.4]53.6|71.1
distinguenda
& Cyclotella sp. A 15 | 39.1]113.6|34.8
2 Cryptophyta
2 Cryptomonas sp. | Y | 17 |42.7|15.4|36.1
Dinophyta
Ceratium hirundinellal Lo 19 |22.7]117.3]|76.2
Peridinium cinctum Lo 31 |36.428.2]|77.5
Bacillariophyta
Lindavia comta B 11 | 50 |14.5] 29
Asterionella formosa C 11 | 50 |14.5] 29
Dinophyta
Ceratium hirundinellal Lo 20 |40.8]26.3|64.5
UOQf Peridinium cinctum Lo 26 |(43.4]|34.2|78.8
§ Eugelenophyta
| Trachelomonas w2 | 10 [21.0|13.1]|62.4
rugulosa
Trachelomonas w2 19 |67.1] 25 |37.2
volvocina
Trachelomonas w2 12 | 22.4]15.8]70.5
volvocina
var. subglobosa
Bacillariophyta
Cyclotella sp. A 4 |45.2112.9]28.5
& | Tabellaria fenestrata N 6 |45.2]|19.3]|42.7
g Cryptophyta
§( Komma caudata | X2 | 6 |61.3|19.3|31.5
§ Dinophyta
é Pen'diniumcinctuml Lo | 13 |45.2|41.9|92.7
Charophyta
Staurodesmus incus N 15 | 61.3|48.4|78.9
var. ralfsii

I[Ipumeuanmue: * - HaumeHoBaHUWe KOJOHOB MJaHO
corjlacHO (QYHKIMOHaJIBHON Kjaccudukanuu GuroniaH-
kToHa mno: Padisak et al., 2009

BusMu ctpatudukanuu (Miracle et al., 1992; Darki and
Krakhmalnyi, 2019), x0Ts JaHHBIA BUA MOXET BCTpe-
JaThcsl U B mepuoAbl nepememmuBanus (MacDonagh
et al.,, 2005). MakcuMmaJsibHble KOHIIEHTpAIlUUd KJie-
tok C. hirundinella, kak TpaBWUJIO, MPOUCXOJAT B 30HE
tepmokiinHa (Hedger et al.,, 2004). IIpencraButenu
Buga P. cinctum taxxe, kak u C. hirundinella, nmeroT
IIMPOKOE paclpoCTpaHeHUe B IPECHOBOJHBIX MECTO-
OOUTAaHUAX KaK YMEPEHHOTO, TaK M TPOIUYECKOTO
MOsICOB (YacTO Pa3BUBAIOTCA B KOMILJIEKCE), CIIOCOOHBI
IpakTHUiyeckyu 0e3 orpaHuYeHull npucrocabjanuBaThCa K
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okpyxatomum yciaoBusaMm (Giirkan et al., 2004). Bsuio
ycranoByieHo (Regel et al.,, 2004), uyTo IjiA JIydiuero
dboTocuHTe3a BU/ JOJDKEH MUTPHPOBATh Ha ONTHUMAJIb-
Hywo riayouHy (30% MOBEPXHOCTHOU OCBeEIIeHHOCTH).
B BepTuKaJBHOM pacnpefiejieHUd AOUHOGJIIAresIsaT
B o3epe CBeTsIosAp, B YCJIOBUAX BBHIPAXXEHHOH JIeTHEN
crpaTuduKanuy, KOHI[eHTPHUPOBaHNE IOMYJIANNH 3TUX
BUJIOB OTMeYaJioCh Ha HIXHEH rpaHulle MeTaJIMMHU-
OHa, rAe 3TU MpeAcTaBUTENIN 6Jarofaps cioco6HOCTU
K BEPTUKAJIBHON MUrpanuy npruodpeTasyu MpeuMyle-
cTBa npu fedunute 61oreHoB B snmInMHNOHe (Darki
and Krakhmalnyi, 2019); B neprioi oceHHell rOMOTep-
MUM — B IOBEPXHOCTHOM cJioe. MakcuMaJsibHBIE TOTb-
eMbl 6uomaccel y C. hirundinella sieToM coOCTaBJIAIN 10
2-3 /M3, y P. cinctum — okosio 1 r/m3. B 03epe Kitiouuk,
B YCJIOBUSIX CIJIaXXeHHOH crpatudukanum (BOCTOYHaA
4acTh BOJI0EMA) IPUYPOYEHHOCTh TUHODUTOBHIX BOJIO-
pociieil K oIpeleleHHBIM TOPU30HTaM OTMETUTh He
yaamnocs.

Bkyiag AMaTOMOBBEIX BOAOpPOCJIEll B IOKazaTesu
pas3BuTHa GUTONJIAHKTOHA HCCJIeJOBAHHBIX O3ep OKa-
3aJICs1 MaKCUMAaJIbHBIM U1 THUIICOBOTO o3epa KUTouuK,
3J1ech OTMEYAJIOCh UX II0JIHOe rocroacTtBo (6osiee 90%
obmel uncieHHocTH U 50-100% 6romacchl) B X0JIO-
HOH YacTu BoJjoeMa U ero nepexofHOil 30He. B 3Toil
YacTH O3epa pasrpyXalTcs BOJBl MOA3EMHOHI peKH,
co3gaBas 6JIaronpuATHEIE YCJIOBUSA OJI YYBCTBUTEJIb-
HBIX K cTpaTtuduKanuy JuatoMeli, 4acTO OHU pa3BU-
BaJINCh ¥ OHA. B yCJIOBUAX BBICOKOI ITPO3PAvYHOCTH (10
8,5 M) U1 OTCyTCTBUA OrpaHuyYeHus cBera GOTOCHUHTE3
ObLT BO3MOXXEH BO BCEH TOJIIIE BOJHI, B TOM YHCJIE U B
npuoHHOM 30He (Okhapkin et al., 2022a).

Cpemu ciabOMUHEPaJIM30BaHHBIX BOJJOEMOB B
o3epe CasAToe [lemoBckoe Haubosiee 3aMeTHON JOJIA
nuatoMmen (40-60% o6mux mnokasaTesiell G1MOMAacChl)
oKasaJjlach BO BpeMs BECEHHETO U OCEHHEero repeMeliy-
BaHMA BoJ. B o3epe CBeTsIOAp CPOKU MepeMeIIBaHNA
CKOpOTeUHbI (IpUMEPHO OBe Helesu), B pe3yJjbTaTe
yero B BojoeMe He GOPMUPOBAJIOCH MPOTIKEHHBIX
JUUIs AOCTVXKEHUS 3aMeTHBIX YMCJIEHHOCTU M GHOMAacChl
Bacillariophyta mepromoB MOHMXEHHON TeMIEPaTyPhI
(5-15°C) u typbyneniuu Bog (Okhapkin et al., 2022b).
He3HauuTesibHass [JOMHUHUpYIOIIAss poJib AuaTOMeN
(ux monAa B cpefHeBereTallMOHHON OHoMacce ObLIa
4.64-30.42%) B >TOM BOjJi0oeMe, IO BCeH BUAHUMOCTH,
TaKXe CBsA3aHAa C YEeTKUM pasfiejieHreM BOJHOH TOJIIU
Ha OKCHUTeHHYI0 UM aHOKCUT'eHHYI0 COCTaBJIAIOIINE,
BBHIHOCOM KpeMHUs, HaxOJAIIerocs B COCTaBe IaHIM-
peti Bacillariophyta, u3 TpodoreHHro cjiog Ha AHO U
cabbIM NOCTYIUUIEHNEM ero ¢ Bogocbopa. CBeneHUsA o
He3HaYUTeJIbHOU 1leH03000pa3ymleil posiu AuaToMeil
IJIAHKTOHE NPUBOJWJINCh M [IJI HEKOTOPHIX CBETJIO-
BOJHBIX 03ep yMepeHHO 30HH Poccuu (I'yces, 2007;
Kopnesa, 2015).

Cpeny LleHTpUYeCKUX OUAaTOMell BBICOKHME 3Ha-
yeHus yactotsl (DF) u nopsgka (Dt) moMuHMpoBaHUsA
oTMevaJiuch s mpefncraBuTesieir pomoB Cyclotella,
Lindavia, npuHagjexaBIUX K (YHKIMOHAJIBHOMU
rpynne B, oburaTteneil Me30TpodHBEIX 03ep, UyBCTBU-
TeJbHBIX K cTpaTudukanuu Bof (Padisak et al., 2009).

[peo6amanue BunoB Cyclotella sBnseTcs Xapak-
TEepPHBIM [JIs1 03ep KapCTOBOTO TUIA, KaK B YMepeHHON
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30He, TaK U B TEILJIOM Mosce, 0COOEHHO BO BpeMsI BECEH-
Hero U oceHHero nepememmuBanus (Danielidis et al.,
1996, Petar et al., 2014; Udovic et al., 2017). Cpenu
MpeACTAaBUTENIENl 3TOTO POJa MaKCHMAaJIbHbIE Mapa-
MeTphl JOMUHUPOBaHUA oTMevasuch Ay Cyclotella
distinguenda Hustedt (DF=53,6, Dt=71,1, pF=75,4),
KOTOpasg [JOMHHHPOBAJIA TOJIBKO B IUUITAHKTOHE THII-
coBoro osepa Kirouuk, ¢hbopMupys 31ech MOHOIOMU-
HAHTHBIE AJIBTOIIEHO3BI U JIOCTUTAs YHUKAJIbHO BBICO-
KHX 3HaYeHUE Omomacchl (6osiee 100 r/m3). JlaHHBIN
BUJ] pacCMaTpUBAETCsA KaK PEeOKUM Ui aJbrodJiopsl
GacceiiHna Boaru (Genkal et al., 2019; Vodeneeva et
al., 2020; Okhapkin et al., 2022a), a Takxe A1 peK
Benrpuu (Kiss et al., 2012). Beicokue 3HaUeHUA pa3BU-
THUS 3TOTO BHJA B MCCJEAYEMOM BOJIOEME CBUIETEIh-
CTBYIOT 00 ONTHUMAJIBHBIX YCJIOBUSX U, MO-BUAUMOMY,
MIOJTHOM OTCYTCTBHMU KOHKYPEHIUU C APYTUMU TIpen-
CcTaBUTEJIAMU QUTOIUIAHKTOHA B JAHHOM COYETAHUU U
JUHAMHKe 3KOJIOTUYecKnX GakTopoB (BBICOKAs MUHE-
pasm3anusA, OJIarONpUATHAsA CBETOBOM PEXUM, HU3-
KU TeMnepaTypHbIll GOH U OTCYTCTBUE TEPMHYECKOM
cTpaTudUKan).

B ciaboMmuHepasn3oBaHHOM o03epe CBATOE
Henosckoe cpeau BumoB poma Cyclotella oTmeuasnuch
B OCHOBHOM MEJIKOKJIETOUHbIE (HOPMBI, a UX MaKCH-
MaJIbHO€e pa3BUTHE MPUXOANJIOCH Ha MOCJIEIHION (asy
BECEHHETO IMepeMelnBaHuA. JoJid 3TUX BUJOB daile
cooTBeTcTBOBaJIO 15-20% cymMMapHBIX 3HaUeHUil O61o-
Macchl. B JleTHUI ce30H OHM yCTymajid JuHOdares-
JiiTaM, B MEPUOJ] OCEHHEN TOMOTEPMUM — TIEHHATHBIM
BUJaM JUATOMEN WJIM XapOBBIM BOJOPOCJIAM. B o3epe
CBeTJIOAp cpeay LIEHTPUYECKUX JUATOMOBBIX BBIJEJISA-
Jack Lindavia comta (Kiitzing) T.Nakov & al. (DF=14,5,
Dt=29, pF=50). OTOT BUJ — KOCMOIIOJUTHHII U 3BPU-
TEPMHBIN, B OJIMTOTPOGHBIX O3epax SABJIAETCA TOMHU-
HAHTOM JIETHETO IUIAHKTOHA, B Me30TPOGHBIX — BHICTY-
nmaer B poJsiu cyoqoMuHaTa BecHol (TpudoHosa, 1990).
B o3epe CBeTiosp L. comta oTMevasach KaK COMyTCTBY-
ol koMnoHeHT (10-15% cyMMapHBIX Mokasareser,
6uomacca MeHee 1 r/m3) OCHOBHBIM I[€HOTHYECKHM
KoMIUIeKcaM (UTOIJIAHKTOHA, YTO MOXET CBUAETEITh-
CTBOBATh O MEPEXOJHOM OJIUTOTPOPHO-ME30TPOPHOM
cTaryce 3TOTO BOAOeMa.

3HayMMPble TOKa3aTeJI AOMHHUPOBAHUA Cpeau
MeHHATHBIX JOUaToOMell oTMeuainch O Asterionella
formosa Hassal (Dt=29, pF=50) (o3epo CBeTyosp)
u Tabellaria fenestrata (Lyngbye) Kiitzing (Dt=42.7,
pF=45.2) (o3epo CeaToe [leoBCKOE).

W3BecTHO, uTOo BuAbl poma Tabellaria, BKIIIO-
YeHHbIe B KOAOH N, ABJIAIOTCA auuAOOHMOHTAaMH, pas-
BMBAasCh B 3aKHCJIEHHBIX Bojioemax (Battarbee et al.,
1985; Cupenko u IlapmmukoBa, 1993; BopgeHeesa,
2006), B MOMEHT HCCJIEJOBAHMI 3HAaUYeHMs CJIabOKKC-
JION peaknuu cpefsl 3aUKCUPOBAaHB U B 03. CBATOE
HenoBckoe. X MpUCyTCTBHE B KayecTBe LIeHO3000pa-
3YIOIIUX BUAOB OTMEYaJIOCh B PACTUTEJIPHOM IIJIaH-
KTOHe auuaHbix BogoemoB OuniaHAuu (Lepistd and
Rosenstrom, 1998), HOxuoii Kapenuun (HukynuHa,
1997), llIsenuu (Wahlstrom and Danilov, 2003), B j1ec-
HBIX 03epaxX M BojoTOKax Hrirkeropozckoro HxHOro
3aBosxbsa (BogeHeeBa, 2006) u np. Cpeu BUOB 3TOTO
pona, Tabellaria fenestrata, OTHOCUTCS K XapaKTEPHBIM
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JOMMHaHTaM 00JIbIINX 0JUroTpodHbIX o3ep (IleTposa,
1990). IlocTossHHOE TPUCYTCTBUE 3TOr0 TAaKCOHa B
ayibprorneHo3ax osepa Cearoe Jleqosckoe (10714 B oOmiei
6uomacce 15-60%) moaTBepxaaeT oIUroTpodHsI cTa-
TyC 3TOr'O BOJ0EMA, ero 3aMeTHble MopdoMeTpHrUecKre
XapaKTepUCTHKH, a TakkKe YCJIOBHS 3a00JI0Y€HHOCTHU
BojocOopa.

Jlpyroii mpeacTaBUTesb MeHHATHBIX AUATOMeEH,
OTMeueHHBIH B KayecTBe IOCTOSHHO KOMIIOHeHTa GuTo-
IJIAHKTOHA o3epa CeeTJiosp, A. formosa, Takxe paccMa-
TpUBaeTCs TUMWYHBIM JIETHUM AOMHHAHTOM ajibrolie-
HO30B pa3HOTUNHBIX BogoemoB (Tpudonosa, 1990;
[TetpoBa, 1990), wacTo BCTpeuaromerocs B BOJHBIX
aKocucreMax Bosmkckoro GacceiiHa (Okhapkin et al.,
2022b). MaccoBoe pa3BUTHE ITOTO BHIA MOXET CBUJIE-
TeJIbCTBOBaTh 00 YCWJIEHHH IIPOLieccoB 3BTpodupoBa-
HuA. B sxocucteme CBeTJioApa NOMyJIALMYM 3TOTO BUAA
BCTpevyaJICh B BeCEHHUH U JIETHUHN Ce30H, OOHAKO UX
pa3BUTHE CTENEHU «IIBeTeHUA» He JOCTUraso. JJaHHbI
BHJ] BEreTUpPOBaJl Mo BceMy CcTOJ0Ly BoAbl (OromMacca
A. formosa BapsupoBasa ot 0,15 (Ha ryryGuHe 7 M) 10
0,48 r/m® (Ha MOBEPXHOCTH)).

B BrIcOKOMHHepan30BaHHOM o3epe Kimoumk
IeHHaTHbIe JUaTOMOBBIE, B OCHOBHOM O€HTOCHBIE BH/IbI
ponos Pinnularia, Navicula, BXonuiu B iepeueHb JOMHU-
HUPYIOIINX TaKCOHOB, HO 3HAYMMBIX BeJIMYMH YaCTOTH
Y NopsAJKa JOMHUHHPOBAHUA He UMeJIH.

B o3epe Cpsroe JlefoBCKOe B IlepeyHe MaCcCOBBIX
BUJIOB, NMEIONIMX BHICOKME IMOKa3aTesd JOMUHHPOBa-
HUsA, OTMeuYeHbl IpeCTaBUTEIN 3BIJIEHOBBIX BOAOPO-
cieir — Trachelomonas rugulosa F.Stein, Trachelomonas
volvocina (Ehrenberg) Ehrenberg wu Trachelomonas
volvocina var. subglobosa Lemmermann (komoH W2),
npeAnovnTalonyie MpuAOHHBIE CJIOM BOAHOM TOJILIY.
[locnenHuii mpeAcTaBUTesb BHIAEAJICA IO IOKasa-
TeJsAM MOpAAKa AOMHHHUPOBAHUA B [JaHHOM oO3epe
(DF=15,8, Dt=70,5, pF=22,4). Pa3BuTue Tpaxeo-
MOHaJ NPOXCXOUJIO B TeUeHHe BCero BereTalliOHHOIO
ce3oHa (ux gonsA BapbupoBayia oT 10-15%), a Takxe
B MOJUIeHBIN NIepuof, IAe UX BKJIaA MoOr ObITh OoJiee
90%. B coBpeMeHHBI Neprof OTMeuyaeTcs TeHAeHINA
K [TIOCTeNIeHHOMY BO3pacCTaHMI0 POJIU 3BIJIEHOBHIX BOJIO-
pocyell B ajJbrolneHo3ax B JIETHHUH Ce30H, YTO MOXeT
CBUJIETEJIbCTBOBATh O BO3pacTaHMU KOHI[EHTpaluu
OpraHnvecKyx BelllecTB B BOJie U YCUJIEHUU IIPOLIeCCOB
3BTpO(dUpOBaHUA.

B osepax Kimounk u CeaTtoe [lejoBCcKoe cpenu
3HAYMMBIX CTPyKTypooOpasymouux durodJaresiar
TakXke OTMeYeHbl IpeJICTaBUTeJN KpUITODUTOBBIX
BogopocJeii (Cryptomonas spp. — DF=15,4, Dt=236,1,

pF=42,5; Komma caudata (L.Geitler) D.R.A.Hill — DF
= 19,3, Dt = 31,5, pF = 61,3). OTu BUIHL, UMes CXO-
XKYI0 ¢ AMHOMUTOBBIMU U 3BIJICHOBEIMU BOJOPOCJIAMU
CIOCOOHOCTh K MUKCOTPOMUM U MUTpALUAM, CIIOCOOHBI
KOHKYpUpOBaTh C APYTUMHU INpeAcTaBUTEIAMU (PUTO-
IIJIAHKTOHA 3a pecypchl. B IJIaHKTOHe ucciIeAyeMBbIX
03ep KpUITOMOHAJbl 4Yallle BBHINOJIHAIN COIYTCTBYIO-
mye poJjiy, a UX J0JiA B IoKasaTeJIAX pa3BUTHA Bapbu-
poBaisa ot 7 10 15%.

B osepe Csaroe [leqoBckoe cpeAu APYTUX I'Pymil
(duTonsaHKTOHA 3HAYMMEIe II0KasaTeJ i JOMHUHUPOBA-
HUA TaKXe OTMeYaJIich [JIA [IpeficTaBUuTesel AeCMUIN-
eBbIx Bojiopociieii (otmen Charophyta) - Staurodesmus
incus var. ralfsii (West) Teiling (kogoH N, MOCTOSHHO
WJIM BpeMeHHO IlepeMenrBaeMble CJI0U B 2-3 M TOJIIIN-
HOM WJIM MeJIKOBOJHBbIE O3epa, e cpefqHAsa rjiyOouHa
3TOro Xe MopAAKa WK OoJiblile, a TaKXe 3MUJINMHUOH
crpatudunrpoBaHHbx o3ep) — DF =484, Dt=78,9,
pF=61,3, uro oTpaxaer 3ab0JIOUEHHBIII XapaKTep
BoJiocOOpa.

CuHe3eJleHble BOJOPOC/JIM KaK JOMHUHAHTH U
cyOJOMHUHAHTHI 110 6rioMacce He ObLIM XapaKTepHBI AJ1A
(duTomIaHKTOHA HCCIeqyeMBIX BOJHBIX 3JKOCHCTEM.
OpHako pa3BUTHE MEJIKOKJIETOYHBIX KOJIOHHAJIbHBIX
raHobakrtepuii (poasl Aphanocapsa, Aphanothece), kak
JOMUHAHTOB YMCJIEHHOCTH (QUTOIIAHKTOHA, TaKxe
KaK MeJIKOKJIETOYHBIX KOKKOMUJHBIX (POpM U3 3eJIeHBIX
BozopocJeit (poast Dactylosphaerium, Dictyosphaerium),
OBLIO OTMEYeHO I BCeX U3 M3yueHHHBIX o3ep. B aHo-
MaJibHO kapkue rofsl (2010 r.) ¢ aHTUI[UKIIOHAJIBHBIM
TUNIOM NOrofsl B 03. CBeTJIOAp OTMeYaJiCh BCIBIIIKU
I[BeTeHUsA AUa30TPOdHBIX IIMaHOOaKTepuil U3 KOAOHa
H1 (Bupsl, uyBcTBUTEJIbHBIE K ITepeMelIBaHUI0 BOJBI)
— mpexacrasutenu popa Dolichospermum, koropsie
MorJiM (popMHpPOBaTh HA MUKe pas3BuTuA Ao 32.9 r/m3
(Okhapkin et al., 2022). OgHako B OCJIEAYIOIIHAE TOIBI
3TU BUABI BHINIaAaIld U3 ajJbroleHO30B 03epa.

Metoa MHOro(pakTOpHOI0 AUCIEPCHOHHOTO aHa-
muza (PERMANOVA) cocraBa JOMUHUPYIOIINX BUOB
(duTomIaHKTOHA, YYaCTBYIOIUX B CJIOXEHHUU YUCJIeH-
HOCTH U OuoMacchl HCCJIeJOBaHHBIX o3ep ([0 Ko3(-
¢unuenty CépeHceHa-UekaHOBCKOro), IoOKa3aja CTa-
THCTUYECKU 3HAUMMYI0 HHU3KYIO CTelleHb UX CXOJACTBa
(Tabauma 4), 4To MOXeT CBUAETEJIbCTBOBATh O CBOEO-
Opa3uu LieHoreHe3a BOJOPOCJel B KaKAOM M3 U3y4eH-
HBIX 03ep, 00YCJIOBJICHHOM BJIMSAHHEM OIpefeseHHOMN
xoMmbuHanuy (axkTopos. [Ipy Busyanmsauy NojydyeH-
HBIX JaHHBIX [IPOJIEMOHCTPHPOBAHO 4YeTKoe pasjejie-
HHe HCCJIe[JOBaHHBIX 03ep II0 COCTaBy ajIbrOL[€HO30B
(Puc. 4).

Ta6smmna 4. Cratucrudeckue napamerps (F — kputepuii @uiepa, P — ypoBeHb 3HAUMMOCTH) TP OLIEHKE CXOJCTBA COCTaBa
JOMUHHUPYOIIMX BUOB [0 YMCJIEHHOCTU U GroMacce HccieJOBaHHBIX 03ep.

Permanova
JloMuHaHTHI (110 YMCIIEHHOCTN) HomuHaHTH (110 61omacce)
F-xpurepuii P(>F) F-kpurepuit P (>F)
O3sepo 13.49 0,001 *** 11.91 0,001 ***
Kimtounk_vs_CBeTsiosnp 8.66 0,001 *** 9.44 0,001 ***
Kimouuk_vs_CsToe JleoBcKoe 17.20 0,001 *** 13.69 0,001 ***
CaetJiosp_vs_CssAToe JleqoBckoe 15.47 0,001 *** 12.71 0,001 ***
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Puc.4. Pazjnuusa JOMUHUPYIOUIMX KOMILIEKCOB o yrcyieHHocTH (I) u 6uomacce (II) ¢puTomiaHKTOHA UCCIEAYEMBIX 03ep
(Busyayiu3anus 1o JaHHBIM MHOTO(aKTOPHOTr0 AUCIEPCOHHOTO aHamm3a (Permanova)).

[Ipu cpaBHeHMM coctaBa (QYHKIUOHATBHBIX
rpynn (pUTOILIaHKTOHA KCCJIeJOBAaHHBIX 03ep Mo OHo-
Macce Takke TPOJAEMOHCTPUPOBAJ CTAaTHUCTUYECKU
3HAUYNMYyI0 HU3KYI0 cTelleHb ux cxoncrsa (Tabnuma 5,
Puc. 5, II), onHako pasnuume coctaBa (QyHKIMOHAJIb-
HBIX TPYII O YKUCJIEHHOCTU AJA o3ep CBeTyosAp U
Caatoe Jlenosckoe ObLI BbIpaxeHo ciabee (Tabawuia 5,
Puc. 5, I). BepoATHO, 3TO HEKOTOpPOE CXOZACTBO OIIpe-
JeJIAI0Ch YCJIOBUAMU GopMUpOBaHMsA GUTOIIAHKTOHA
JaHHBIX 03ep, 2 UMEeHHO BBICOKMMU 3HAYeHUAMU TJIy-
OWHBI U IPO3PAYHOCTU BOJI.

4. 3aknoueHue

B cocraBe ¢uromnaHkToHa o3ep Kirouwk,
Ceetsiosp u CeAtoe JleioBCKOe BBHIABJIEHO 432 BUIO-
BBIX ¥ BHYTPUBUIOBBIX TAKCOHOB BOJIOPOCJIEH, IpUHAL-
Jexamux 8 orAesiaM. AHayiu3 ajbrodJiopel UcCCJIeno-
BaHHBIX O3ep MOKa3ajJ TaKCOHOMHYEeCKYyI0 3HaUYMMOCTh
otaesioB Cyanobacteria, Chlorophyta, Bacillariophyta,
Ochrophyta u Euglenophyta, cocrasssomux 6osee
70% ot ofOmero BugoBoro 6orarcrsa. CocTaB JOMHU-
HUPYOLIUX BUAOB HacuuTeiBal 114 BUOOB BOAOPO-
cieri (26,38% ot obujero cocrasa): B o3epe CesATOe
JlenoBckoe TmpeoOsiafanu 3ejieHble U OUaTOMOBEHIE
(50%) Bomopocisu, B o3epe CBeTJIOAp — SBIJIEHUABI
(25%), B o3epe Kmouuk — auatomeu (6osiee 40%).

OcHOBY (JIOPHUCTHAYECKOr'O CIKCKA Cpeay AOMU-
HUpPYIOLIHUX BUJIOB aJIbrOIleHO30B B 03epax CBeTJioAp U
CeAToe JleqoBCKOE COCTaBJIAIN ILJIAHKTOHHBIE (POPMBI
(58-70% obuero cnucka). B o3epe Kimounik foJis niias-

:- . 11

Puc.5. Paznnuus GyHKIMOHAJIBHBIX KOMILIEKCOB 10 KC-
nenHoctu (I) u mo 6uomacce (II) puTONIAHKTOHA UCCIIETY-
eMBIX 03ep (BuU3yasu3auus MO JaHHBIM MHOTO(aKTOPHOTO
J[ucrepcroHHoro a"anusa (Permanova))

Ta6suna 5. CraTucruyeckue napametpsl (F — kputepuii @uiepa, P — ypoBeHb 3HAUNMOCTH) IIPU OLleHKe CXOJICTBAa COCTaBa
JIOMHUHUPYIOIINX U QYHKIIMOHAJIBHBIX KOMILJIEKCOB HCCIIeIOBAHHBIX O3€ep.

Permanova
FG (110 uricjieHHOCTH) FG (mmo 6uomacce)
P(>F) F value P(>F)
O3zepo 16.43 0,001 *** 19.88 0,001 ***
Kimtounk_vs_CBeTsiosnp 15.53 0,001 *** 16.83 0,001 ***
Kimouuk_vs_CesToe [le/ioBcKoe 21.71 0,001 *** 22.93 0,001 ***
CaetJiosap_vs_CBsAToe JleqoBckoe 7.75 0,001 *** 19.34 0,001 ***
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KTOHHBIX BUJIOB ObLJIa B 2-2,3 pa3a HUXe, 3[ech Bo3pac-
Tasa foJjs 6eHTocHbx dopM (mo 20%). s 60abmnH-
CTBa BBISIBJIEHHBIX BUJIOB XapaKTepPHO KOCMOIIOJINTHOE
pacnpocTpaHeHue, TpeACTaBUTe]N OOpeasibHBIX U
CeBepO-aJIbNMICKUX apeajioB BCTpeyaanch e JUHUYHO.

Cpemu 13 momMuHaHTOB (M3 5 OTHENOB), MMelo-
mux BeIcOkMe nokasarenu DF>10, Dt>10 u pF> 20,
BO BCeX 03epax OoTMedeHbl AuHoareanaTel Ceratium
hirundinella, Peridinium cinctum (pyHKIMOHAIbHAA
rpymna L), ¢ MakcUMajbHBIM DPa3BUTHEM B MEPUOL
JeTHel crpatudukanuu. B rpynne AuaToMoBBHIX Be3fe
npeoOJiaaiy BUb LIEHTPUUECKUX AMAaTOMel U3 poja
Cyclotella (xomoH B), mocturas MakCHMMAaJIbHBIX IMOKa-
3aTesieii pa3BUTHSA B YCJIOBUAX IepeMelnBaHUA BOI.
CocTaB OCTaJIbHBIX JOMUHUPYIOMUX TPYNIl B KaXOM
BOJIoeMe  OIpefesisIcA ero  JIMMHOJIOTMYeCKUMU
0COOEeHHOCTSMH.

C ucnosip30BaHNeM MeToAa MHOro(aKTOPHOTO
aucrnepcuonHoro aHanmsza (PERMANOVA) moka3aHa
cratuctuyecku 3HauyumMass (P (>F)=0,001) Huskas
CTeleHb CXOJCTBa JOMUHHUPYIOMUNX U (PYHKIMOHAb-
HBIX KOMILJIEKCOB (PUTOIMJIAHKTOHA, YTO MOXeT CBUJe-
TeJIbCTBOBATh O CBOeoOpa3uu lieHoreHe3a BOJOPOCIeil
B KaXJIOM U3 U3yYEHHBIX 03ep, 00YCJIOBJIEHHOM BJIUA-
HUeM ompeJiesleHHOU KoMOMHaIuu (pakTopoB, B 4acT-
HOCTH TeMIlepaTyphl, NPO3PayHOCTHU, BOJIOPOLHOIO
rnokasareJis U coflepXaHusA KHUcJIopoJia.

[TonyueHHBle JaHHBIE 10 YAaCTOTE BCTpeYaeMo-
CTU U IMOKa3zaTeJsAM JIOMHUHUDOBAHUs BHIABJIEHHBIX
MacCOBBIX BUIOB OTPaXaloT UX 3KOJIOThUYeckre ocobeH-
HOCTH, a TakXe MOTeHIHaJIbHble BO3MOXHOCTU MaKCHU-
MaJIbHOTO pa3BUTHA IMPU ONpeJieIEHHBIX COYeTaHUAX
(akTOpOB, YTO MOXET OBITh HCIIOJIb30BAHO B CHCTEME
3KOJIOTHYECKOTO0 MOHUTOPUHIA BOJAHBIX 9KOCHUCTEM.
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