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ABSTRACT. The under-ice phytoplankton was studied in the latitudinal part of Lake Teletskoye in 1997,
2006, 2018, 2023, and 2024 under different ice conditions—partial and complete freeze-up. During
the under-ice period, the total diversity and abundance of phytoplankton decreased compared to the
period of open water during the spring-summer-autumn growing season. With thick ice cover and a
thick snow layer, diatoms and flagellates develop predominantly in numbers-a group of small-celled
centric Pantocsekiella teletskoyensis, Stephanodiscus minutulus, S. binatus, and Stephanocostis chantaicus
and the cryptophyte algae, Komma caudata. These species dominate in numbers even during the period
of open water. Large algae, for example, Mallomonas alpina from golden algae, periodically make a sig-
nificant contribution to the biomass of phytoplankton. The diversity and abundance of phytoplankton
in the pelagic zone are typically lower than in littoral areas. With stable freeze-up, but with thin ice
and a thick snow layer, cyanobacteria develop predominantly in the under-ice phytoplankton of Lake
Teletskoye; in all other cases, diatoms and cryptophyte algae develop. In littoral areas (with depths
down to 30 m), benthic forms and periphyton inhabitants, mainly diatoms, make a significant contri-
bution to the diversity and abundance of winter under-ice phytoplankton, especially to its biomass.
Overall, the development of phytoplankton under the ice of Lake Teletskoye in different ice conditions
ranged from extremely low to average levels for this water body. Between 1989 and 1997, phytoplank-
ton biomass varied from 0.5 to 1207.5 mg/m? with a seasonal average of ~150 mg/m?® (Mitrofanova,
2000). In winter phytoplankton, the average biomass over the four studied years was 94.3 + 21.3 mg/
m? (for the entire dataset) or 175.3 = 28.7 mg/m? (for the 0-10 m layer), so according to the trophic
scale of lakes by LS. Trifonova (1990), Lake Teletskoye can be classified as an ultra-oligotrophic water
body (0-500 mg/m?). High values of the Shannon-Weaver diversity index may indicate the formation
of an under-ice algal community.
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1. Introduction project “Life Under Ice” (Wiiest et al., 2019). In lakes
. . . . of temperate, subarctic, and arctic latitudes, ice can

Recently, interest in the under-ice season in form annually, completely or partially, or not at all,

lakes has increased significantly thanks to the study and ice formation highly depends on regional climatic
of the response of mid- and high-latitude water bodies conditions (Kirillin et al., 2012). These water bodies
to global warming (Hampton et al., 2017) and, gen- are an important link in the global carbon cycle, ans
erally, the study of life under the ice (Wiiest et al, they transport carbon to the ocean through river sys-
2019). Special projects were focused on life under the tems, deposit it in their bottom sediments, and release
ice, such as in Lake Onega, where from 2015 to 2017 greenhouse gases, carbon dioxide, and methane into
researchers investigated the physical, biochemical, and the atmosphere (Tranvik et al., 2009). During ice melt-
biological processes during the under-ice period in the ing, approximately 50% of the annual greenhouse gas
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emissions are released into the atmosphere from sea-
sonally ice-covered lakes. In winter, conditions for the
growth and development of algae in water bodies of
the temperate zone differ significantly from those in
summer. However, life does not stop there. Notably,
under the ice in aquatic ecosystems at the water-ice
interface, special communities are formed, consisting
of microalgae, protozoa, and bacteria (Bashenkhaeva
and Zakharova, 2017). Specific communities of micro-
organisms also form in the voids of the ice itself, for
example, in Lake Baikal ice, where cryophilic organ-
isms successfully reproduce in intercrystalline water
(Obolkina et al., 2000). Additionally, during the period
between intense freezing and melting of fresh ice, its
lower surface can become overgrown with algae, which
was first discovered on the Amur River (Bondarenko et
al., 2004). Although the ice period is highly significant
and mysterious for both lakes and the Earth, it receives
minimal attention, even concerning algae.

In different climatic zones in winter, dia-
toms, as well as phytoflagellates from golden and
cryptophyte algae, more often develop in phyto-
plankton (Shkundina, 1983; Obertegger et al., 2022;
Bashenkhaeva et al., 2025), including in cold-wa-
ter deep lakes with a long mixing period and a short
stratification interval (Munawar and Munawar, 1978).
Moreover, phytoflagellates develop in lakes both with
and without ice cover (Salmaso et al., 1999). Algae,
including phytoflagellates, are concentrated under the
ice, mainly in the upper horizons, which are influenced
more by light and bacteria than by the number of bio-
genic elements (Watson et al., 2001) because most
phytoflagellates are capable of heterotrophic nutrition.
Under the ice, the biomass of algae can increase signifi-
cantly and create a blooming effect, as, for example,
in Lake Baikal, where the spring maximum, the only
one in the year (Yasnitsky and Skabichevsky, 1957), is
caused by the development of diatoms and peridinium
algae (Menshutkin et al., 1978; Popovskaya, 1978; Katz
et al., 2015), which is facilitated by thick Lake Baikal
ice and voids in it (Karnaukhov et al., 2019). Similar
things are observed in other deep lakes of the world
(Verkhozina et al., 2000) but with less abundance.

In Lake Teletskoye, the freeze-up period refers to
the winter minimum (January-April) (Lepneva, 1937;
1950). There is no annual formation of continuous
ice cover in the lake (>70% of cases over 65 years of
observations from 1913 to 1978). At the same time,
the latitudinal part of the lake (partially or completely)
freezes annually, while the meridional part freezes
periodically (Selegei and Selegei, 1978). Phytoplankton
during the under-ice period was studied in January-
March 1997, March 2006, January and February 2018,
April 2023, and March 2024. Previously, we par-
tially presented these materials in some publications
(Mitrofanova, 2000; Mitrofanova et al., 2006; 2024;
2025). Comparison and generalization have been con-
ducted for the first time.

The aim of the study is to identify the features of
phytoplankton development in Lake Teletskoye during
the freeze-up period under different ice conditions.
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2. Materials and methods

Winter phytoplankton was examined in January-
March 1997 at station 5 (horizons 0, 10, 50, 100, 200,
and 250 m), March 2006 at station 5 (0, 5, 10, 30, 50,
100, and 200 m), station 8 (0, 5, and 10 m) and station
9 (0 m), January and February 2018 at station 5a (sam-
ples were taken by divers along the slope at depths of 0,
10, and 20 m), April 2023 at station 8 (0.2, 0.6, and 0.8
m), station 7 (0.6, 6.5, and 13 m), and station 6 (0.6,
4, and 8 m), March 2024 at station 1 (0 m), station 2
(0, 10, and 20 m), and station 3 (0, 10, and 20 m), and
in the open part of the lake at the exit from the bay-
station 4. (0.10 m) (Fig. 1, Table 1). In 1997, the lake
was covered with ice throughout the entire latitudinal
extent of the lake. In 2006 and 2018, there was a com-
plete freeze-up. In 2023 and 2024, Kamga Bay and the
northern latitudinal part (Biya to Cape Karatash and
Cape Azhi) from the source of the river were frozen,
with an open central part at the junction of the latitudi-
nal and meridional parts of the lake (Fig. 2).

Lake Teletskoye is located in the Altai Mountains
in the south of Western Siberia. This is a deep-water
(maximum depth down to 323.3 m), freshwater oligo-
trophic lake with a large drainage basin area (the area of
the drainage basin exceeds the lake area by 91 times), a
significant difference in absolute heights (2288-434 m
above sea level; the average height of the basin above
sea level is 1940 m), numerous tributaries (70 perma-
nent and 150 temporary) (Selegei and Selegei, 1978),
with more frequent water changes in the lake compared
to other large and deep lakes of the world, and signif-
icant fluctuations in water level throughout the year
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Fig.1. Schematic map of the Lake Teletskoye location
and points of winter phytoplankton sampling in different
years (decoding of station numbers is given in Table 1).
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Table 1. Date and site of winter phytoplankton sampling in Lake Teletskoye

Date Station Coordinates | Total depth, | Ice/snow
Year Day, month No. Name m thickness, cm
1997 5 Jan 5 Yailu, pelagic zone 51°45’°06”N 254 -
10 Feb 87°36’43” E ]
15 Mar 10-12/0-2
2006 8-10 Mar 5 Yailu, pelagic zone 51°45°06”N 254 39/30
87°36’43” E
8 Artybash, pelagic zone 51°47°28”N 12 60/30
87°17°01” E
9 Source of the Biya River 51°47°’12”N 0,3 -
87°14’45” E
2018 22 Jan 5a Yailu, littoral zone 51°46’00”N 0-20 -
10 Feb 87°3559" E 10/3
2023 9-11 Apr 8 Artybash, pelagic zone 51°47°28”"N 12 48/4
87°17°01” E
7 Mouth of the Tevenek River, 51°46’15”N 13,4 41/1
pelagic zone 87°21°52” E
6 Mouth of the Oyer River, 51°45’33”N 8,8 37/3
pelagic zone 87°23’46” E
2024 18-25 Mar 1 Kamga Bay, mouth of the 51°48’03”"N 4,9 25/3
Kamga River 87°43’20” E
2 Kamga Bay, mouth of the 51°47’48”N 31 35/5
Kamga River 87°43’°08” E
3 Kamga Bay, mouth of the 51°46’17”N 34 26/2
Turochak River 87°40’34” E
4 Cape Airan, pelagic zone 51°45’20”N 159 -
87°3396” E

Fig.2. Ice situation at the lake in March 1997 (a-b) and 2022 (c-e): a-view from the Yailu terrace to the central part of the
lake (the edge of the ice is visible); b-sampling; c-view of the Kamga Bay; d—view towards the village of Artybash; e-view of the
meridional part of the lake in the southern direction, free of ice. Photo from R. Vorobyov’s quadcopter.
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(the maximum annual amplitude of level fluctuations
can reach 6 m). The ratio of the main inflow and runoff
along the Chulyshman (70-75%) and Biya (98%) riv-
ers at opposite ends of the lake and the ratio of length
and the width of the lake determine the level regime
of Lake Teletskoye as a typical river one. All these fac-
tors create a special limnoclimate with low water tem-
peratures and instability of water masses. Based on the
total depths, Lake Teletskoye is usually divided into
two reaches: deepwater from the mouth of Chulushman
River to Cape Karatash with depths of 100-300 m and
the northwestern shallow reach from Cape Karatash
to the source of the Biya River with depths of 10-40
m. The deepwater part of the lake has a regular trape-
zoidal shape in diameter with a relatively flat bottom
and steeply rising slopes of the basin (Selegei et al.,
2001). The lake is elongated in the meridional (part
of the deepwater reach) and latitudinal (shallow and
part of the deepwater reach) directions, at the junction
of which the central part is located (near the Yailu vil-
lage). In the latitudinal part, winter under-ice phyto-
plankton was studied. The meridional part of the lake
is practically inaccessible in winter.

Samples of 1.5 L in volume were taken by scoop-
ing from under the ice and using a bathometer from
different horizons. In 2018, samples were taken by div-
ers along the slope, fixed with 4% formaldehyde, thick-
ened by settling, examined, and counted in a 0.01 mL
Nageotte chamber. Phytoplankton biomass was deter-
mined by the counting-volume method. For electron
microscopy, samples were filtered (volume 10-50 mL)
onto Millipore and Vladipor filters with a diameter of
10 um and pores of ~0.7-0.8 um, washed with 70%
ethyl alcohol, dried, glued with double-sided tape onto
“tables” for electron microscopy, sputtered with an
Au-Pd mixture, and viewed on a Hitachi S-3400N SEM.
The taxonomic names of algae were brought in accor-
dance with the AlgaeBase electronic resource (Guiry
and Guiry, 2026), but some taxa, which we found in
Lake Teletskoye and identified in the early 2000s, are
currently absent in this system. The division into large
taxa (phylum) was performed according to a system
widespread in algology in the second half of the 20™ cen-
tury (Algae..., 1989), in which diatoms, golden algae,
etc. act as equal units. Currently (Guiry, 2024), many
phyla have been reclassified as classes. For instance,
the phyla Bacillariophyta and Chrysophyta, as classes
Bacillariophyceae and Chrysophyceae, were combined
into the phylum Heterocontophyta; Dinophyta-the
phylum Dinoflagellata, and some Ulothrix algae from

green algae (genus Elakatothrix Wille)-the phylum
Charophyta. Algal indication is based on the mono-
graph by S.S. Barinova et al. (2019). The composition
of winter phytoplankton in different years was com-
pared according to Venn, and correlation with envi-
ronmental factors (temperature; thickness of ice and
snow)-according to Spearman (in Excel Microsoft
Office 2021). The strength of the linear connection
was determined using the Chaddock scale: 0-0.1-none;
0.1-0.3-weak; 0.3-0.5-moderate; 0.5-0.7-noticeable;
0.7-0.9-high; 0.9-0.99-very high; and 1-functional
(Ksendzenko et al., 2025). Water quality, based on the
saprobity index according to Pantle and Buck (as mod-
ified by Sladechek) (Unified Methods..., 1977; 1983),
was classified according to (GOST 17.1.3.07-82).

3. Resulits

1997

Phytoplankton research was conducted only at
station 5 during the entire winter, covering periods with
(February—March) and without ice (January). For com-
parison, data are presented for May, when the freeze-up
ended and the lake was completely free of ice. Overall,
58 taxa were identified, with 9-15 taxa observed in the
samples. The abundance of phytoplankton throughout
the study period for all depths ranged from 3.1 to 143.0
thou cells/L, biomass-1.8-105.6 mg/m* with average
values of 42.5+10.9 thou cells/L and 24.3 + 8.4 mg/m?,
respectively (Table 2). At the same time, in the surface
layer the range of values was smaller, and the average
abundance and biomass were greater: 57.4-143.0 thou
cells/L and 108.3+26.0 thou cells/L and 10.9-105.6
mg/m?® and 59.1 =27.4 mg/m?®. The highest abundance
was recorded precisely in the surface layer (Fig. 3a) due
to the development of cyanobacteria (Fig. 3b), mainly
from the genus Dolichospermum (Bornet & Flahault)
P.Wacklin, L.Hoffmann & Komaéarek: D. flos-aquae
(Bornet & Flahault) P.Wacklin, L.Hoffmann & Komarek
(53.8-91.4%), D. circinale (Rabenhorst ex Bornet &
Flahault) Wacklin, Hoffmann & Komarek (2.2-26.8%),
as well as Microcystis pulverea (H.C.Wood) Forti (84.3%)
and Anathece clathrata (West & G.S.West) Komarek,
Kastovsky & Jezberova (5.8-82.6%).

In February, cyanobacteria reached their max-
imum development in the sub-ice layer (135.1 thou
cells/L; 94.4%). By mid-March, the total abundance of
phytoplankton decreased, but the proportion of cyano-
bacteria in it remained almost at the same level (94.0%)
with the same dominants. The cryptophyte, Komma cau-

Table 2. Taxonomic diversity and abundance of winter phytoplankton in Lake Teletskoye in different years

Indicators Year
Name Limits 1997 2006 2023 2024
Total number of taxa 58 61 64 54

Number of taxa per sample 6-23 9-23 9-22 8-25
Number, thou Limits 3.1-143.0 5.7-117.7 42.0-206.2 46.0-380.7
cells/L Mean 42.5+10.9 40.8+11.0 141.4+16.4 238.7 +36.2
Biomass, mg/m? Limits 1.8-105.6 6.1-62.9 176.5-514.5 76.0-344.0
Mean 24.3+8.4 27.1+5.8 350.0£32.6 195.0+33.0
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Fig.3. Changes in the abundance (thou cells/L) and biomass (mg/m?) of phytoplankton in Lake Teletskoye (st. 5) in the
winter of 1997: absolute values by date and depth (a) and relative abundance of algae phyla in the surface layer (b): Cya—

Cyanobacteria; Bac-Bacillariophyta; and Cry—Cryptophyta.

data (L.Geitler) D.R.A.Hill, and the group of small-celled
centric diatoms (P+S+S), Pantocsekiella teletskoyensis
Genkal et Mitrofanova sp. nov., Stephanodiscus minu-
tulus (Kiitz.) Cl. et Méll., S. binatus Hakansson et H.J.
Kling, and Stephanocostis chantaicus Genkal et Kuzmina,
subdominated in January and further in May. The bio-
mass of phytoplankton in the surface layer during the
winter-spring period was greatest in March, dominated
by cyanobacteria (48.9% of the total biomass). After
the under-ice development in February-March, phyto-
plankton biomass sharply decreased in May (Fig. 3a),
while both cyanobacteria (35.2%) and cryptophyte
algae (35.0%) made an almost equal contribution to
the total biomass, but the share in the number of cya-
nobacteria was still large (see Fig. 3b). The largest pro-
portion of diatoms in the total biomass was observed
in February, with a minor role in the total number due
to benthic forms, for example, Paraplaconeis placentula
(Ehr.) Kulikovskiy & Lang.-Bert.

The maximum phytoplankton biomass was not
always confined to the subglacial layer. For example,
in February, under the ice, the highest biomass of phy-
toplankton was recorded at a depth of 50 m due to the
predominance of diatoms (52.8%), including the ben-

thic form, Surirella minuta Bréb. ex Kiitz. (46.6%), with
a very low number (1.2 thou cells/L or 3.9%).

The analysis of the correlations between the
abundance and biomass of phytoplankton, as well as
the share of diatoms and cyanobacteria in the total
abundance, on the one hand, and the thickness of
ice and snow, on the other, revealed a high negative
dependence of the proportion of cyanobacteria on the
thickness of ice and snow (Table 3).

2006

In the under-ice phytoplankton in the latitudinal
part of the lake, 49 species (54 species, varieties and
forms) from 8 phyla were identified, with a significant
diversity of diatoms-66%. The second largest number
of species were cryptophyte algae-12%. Comparison of
the composition of phytoplankton at different stations
revealed that the ratio of phyla in terms of the number
of taxa was similar: diatoms and cryptophytes occupied
a leading position. Additionally, the taxonomic compo-
sition of phytoplankton at each station was very similar
to each other-55-65%. Moreover, at station 5, 60-65%
of the phytoplankton species composition included
plankton algae from stations 8 and 9.

Table 3. Spearman’s correlation coefficients between indicators of phytoplankton, the proportion of cyanobacteria and dia-

toms, and some environmental factors in 1997 (p <0.05)

Indicators Phytoplankton Share in N
N B Cya Bac
Snow thickness 0.41 0.39 -0.75 0.29
Ice thickness 0.40 0.41 -0.79 -0.44

Note: N—phytoplankton abundance, B-biomass, Cya—cyanobacteria, and Bac—diatoms. Connections equal to or higher than

0.5 are highlighted in bold.
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The number of simultaneously vegetative taxa
ranged from 9 to 23 at different stations and depths
(Table 2). The smallest number of taxa was recorded at
station 5 at the surface and in the bottom layer at 200
m; the largest one-at station 8 by 10 m. At deep station
5, the number of taxa was almost evenly distributed
throughout the water column-9-15, with the maximum
concentrations at depths of 5 and 10 m-15 and 13 taxa,
respectively. Among the centric diatoms, the group
P+S+S determined the plankton background. They
were encountered at all stations and depths. At deeper
horizons, large-celled centric algae, like Stephanodiscus
alpinus Hust. and Lindavia bodanica (Eulenst. ex
Grun.) T. Nakov, Guillory, Julius, Theriot & Alverson,
appeared in the phytoplankton. At station 5, at a depth
of 200 m, a particularly large cell of L. bodanica was
detected—45 pum. Typically, both during open water and
under ice, the valve sizes of this species do not exceed
30-36 um. For the entire period of phytoplankton
research in Lake Teletskoye (1989-2025), only in May
1997 at Yailu station at a depth of 270 m a valve with
a diameter of 72 pm was discovered, which is almost
the maximum size given in the literature for this spe-
cies—80 microns (Diatoms..., 1992). At 30 m and below,
plankton samples contained the thick-walled colonial
diatom, Aulacoseira subarctica (O.Miill.) Haw. Pennate
diatoms also appeared in the pelagic phytoplankton at
deeper levels. Among the cryptophytes, members of
two genera, Komma D.R.A.Hill and Cryptomonas Her,
were the most significant. At 50 m, the colorless flag-
ellate, Goniomonas truncata (Fres.) Stein (= Cyatomonas
truncata (Fres.) Fisch.), was observed. Interestingly, a
rare member of golden algae, Stylochysallis libera (Fott)
Starm.!, had not previously been reported for Lake
Teletskoye. The alga has a very delicate housing struc-
ture. It was observed only to a depth of 10 m at station
5 and only at the surface at station 8. Additionally, a
large member of this phylum, a cold-loving species,
Mallomonas alpina Pasch. & Rutt., developed in the lake
phytoplankton during this period. He was observed
at station 5, at a depth of 5 m, and at station 9.
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Notably, Dinobryon divergens Imh., common in
the plankton of the lake throughout the entire open
period, was not found in the winter under-ice plankton.
Among green algae, Scherffelia incisa (Nyg.) Masjuk
& Lilitsk made a significant contribution, which was
also detected in other seasons of the year, both in the
pelagic and littoral zones of the lake.

The abundance and biomass of phytoplankton
were recorded within the range of 5.7-117.7 thou
cells/L. and 6.1-62.9 mg/m? (Fig. 4a; Table 2). The
maximum and minimum values of abundance were
recorded at station 5-depths of 5 and 200 m, respec-
tively. It should be noted that the proportion of dia-
toms in the pelagic zone of the lake in the total phy-
toplankton abundance increased with depth-from 30.6
to 85.4%, while that of cryptophytes decreased from
50.2 to 10.4%, respectively (Fig. 4b). The main contri-
bution to the phytoplankton abundance was made by
the P+S+S group of diatoms-23.6-47.9%, and by K.
caudata of cryptophytes—10.4-37.7%. Due to the small
size of these diatoms and cryptophytes, their share in
the phytoplankton biomass was insignificant: 1.5-6.0%
and 1.1-13.0%, respectively.

An unspecified dinophyte (possibly a spore)
(11.8-68.6%), large-celled diatoms A. subarctica (16.1-
31.9%), and L. bodanica (62.4%) were the most signif-
icant contributors to the total phytoplankton biomass.
In the pelagic zone of the lake, phytoplankton biomass
and abundance are primarily confined to the photic
layer—5-10 m. At station 8, accumulations of plank-
tonic algae were also found at these same layers rather
than at the surface. There was the same trend in the
contribution of different species to the total abundance
and biomass of phytoplankton in the lake. An analysis
of correlations between the abundance, biomass, and
number of taxa in phytoplankton, as well as the propor-
tion of the P+S+S group in total abundance and bio-
mass, on the one hand, and the total depth at stations
and ice thickness (snow thickness at different stations
was the same during the sampling period), on the other
(Table 4), revealed that the number of taxa had a sig-
nificant negative relationship with the station depth.
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Fig.4. Changes in the abundance (thou cells/L) and biomass (mg/m?) of phytoplankton in Lake Teletskoye (station 5) in
March 2006: absolute values (a) and relative abundance of algal phyla (b) by dates and depths: Cya — Cyanobacteria, Chr —
Chrysophyta, Bac — Bacillariophyta, Cry- Cryptophyta, Din — Dinophyta, Eug — Euglenophyta, Chl- Chlorophyta.

! This species is not listed in AlgaeBase; it was mentioned by Matvienko (1954).
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Table 4. Spearman’s correlation coefficients between phytoplankton indicators, the proportion of small-celled centric dia-
toms, and some environmental factors in March 2006 (p <0.05)

Indicators Phytoplankton Share of P+S+S in
N B n N B
Total depth -0.03 -0.40 -0.59 -0.20 0.32
Ice thickness -0.14 -0.42 -0.22 -0.20 -0.06

Note: N-phytoplankton abundance; B-biomass; n—-number of taxa. Connections equal to or higher than 0.5 are highlighted

in bold.

2018

In the lake’s littoral zone, at the junction of the
latitudinal and meridional parts of the lake (stations
5a)?, 53 algal taxa from six phyla were identified in the
winter before and during freeze-up, with diatoms sig-
nificantly predominating (55%) (Fig. 5a). Green algae
(8 taxa) were ranked second, while three phyla (cyano-
bacteria, golden algae, and cryptophytes) had four-six
taxa, and dinophytes had one taxon.

Several species of golden algae and cryptophyte
flagellates were present in the lake’s littoral plankton.
Among the chrysophytes, three species of the genus
Mallomonas Kristiansen were identified: M. elongata
Reverd., M. acaroides Perty, and M. producta Iwanh3.
Among the cryptophytes, four species of the genus
Cryptomonas were recorded: C. erosa Ehr., C. gracilis
Skuja, C. marssonii Skuja, and C. ovata Ehr., as well as
Rhodomonas pusilla (H. Bachm.) Javornicky and Komma
caudata, one of the most abundant phytoplankton spe-
cies in Lake Teletskoye.

A decrease in the number of phytoplankton spe-
cies from 39 to 29 was observed between January and
February, coinciding with ice formation, but the spe-
cies ratio remained constant (Fig. 5b). However, 17
species were present in the lake’s phytoplankton both
in January and February. Perhaps the phytoplankton
composition had not yet significantly changed with the
recent ice formation.
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We identified 62 algal taxa from six phyla, with
the highest diversity of diatoms at 71.0%. The predom-
inance of benthic forms and periphyton in diversity
may suggest the shallowness of the water body in the
study area and the significant importance of its litto-
ral zones, as well as the great coastal fouling contribu-
tion from its tributaries. Green algae ranked second in
diversity, including Volvocales and Ulothricales (mem-
bers of the genus Elakatothrix), as well as unspecified
Chlorococcales. The remaining divisions contained
two-three taxa each, indicating that the winter subgla-
cial phytoplankton was low in diversity, a finding pre-
viously reported and confirmed in this study. The tax-
onomic diversity of phytoplankton in Lake Teletskoye
at different stations and depths ranged from 9 to 22
taxa, with an average of 16 +1 taxa (see Table 2). At
the same time, at each station, an almost identical num-
ber of taxa was recorded, as well as an almost identical
contribution of individual algal divisions to the overall
composition (Fig. 6a), i.e., the subglacial phytoplankton
of the northern latitudinal part of the lake was similar
in composition at different stations. Diatoms comprised
70-71% of the total phytoplankton algae composition,
and green algae-9.7-20.0%. In the surface horizons at
two stations (8 and 7), the number of taxa was lower
than in the deeper water layers, while at station 6 the
smallest number of taxa was found in the middle layer.
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Fig.5. The general proportion of algae phyla (a) and distribution by sampling dates (b) in the phytoplankton of Lake
Teletskoye (Yailu, littoral zone) in 2018, in numbers of species and %. Cya-Cyanobacteria; Chr—Chrysophyta; Bac-Bacillariophyta;

Cry-Cryptophyta; Din-Dinophyta; and Chl-Chlorophyta.

2 Data for this year are not presented in Table 2, as the phytoplankton composition and structure were studied without quanti-

tative characteristics.

% This species name is currently invalid. We could not find it anywhere.
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Fig.6. Algal phylum ratio (a) and phytoplankton abundance (b) (number (thou cells/L) and biomass (mg/m?®)) in Lake
Teletskoye in April 2023. Cya—-Cyanobacteria; Chr-Chrysophyta; Bac-Bacillariophyta; Cry-Cryptophyta; Din-Dinophyta; and

Chl-Chlorophyta.

The abundance of phytoplankton in Lake
Teletskoye during the ice-cover period was low and
ranged from 42.0 to 206.2 th. cells/L, while its biomass
reached higher values of 176.5-514.5 mg/m? with an
average of 141.4+16.4 thou cells/L and 350.0+32.6
mg/m?, respectively (Fig. 6b; Table 2). The share of
diatoms in the abundance of phytoplankton was 20.00-
90.98% with an average value for the entire data set
of 59.08+9.81%, in the biomass—4.17-85.63% with
an average of 63.96+10.24%. Green algae ranked
second in terms of contribution to the abundance and
biomass of phytoplankton: the share in abundance was
1.01-68.57% with an average of 21.46 +8.53%, and
the share in biomass was 3.71-87.18% with an aver-
age of 23.71 +8.62%. At some stations and layers, the
contribution of cryptophyte algae was significant: the
share in abundance was 1.45-34.07% with an aver-
age of 13.36+4.76%, and the share in biomass was
0.89-37.54% with an average of 7.91 + 3.84%. Among
diatoms, the small-celled diatom complex P+S+S
was the most abundant, with a 100% occurrence and
55.6% dominance frequency. The cryptophyte alga,
K. caudata, had a 100% occurrence and a dominance
frequency of 22.2%, indicating that the significance
of these dominant species in terms of abundance was
also maintained in the lake’s subglacial phytoplank-
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ton. The dominant complex by biomass included both
small-celled plankton representatives, with their signif-
icant contribution to abundance, and algae with larger
cells, primarily benthic diatoms. Thus, the small-celled
P+S+S complex, with 100% occurrence, dominated
by biomass in 22.2% of cases, while K. caudata dom-
inated in 11.1%, as did the green chlamydomonads,
Scherffelia incisa. The average station-specific phyto-
plankton abundance increased from station 8 to station
6, i.e., with increasing depth, while the average phyto-
plankton biomass was virtually the same at all stations.

We studied the development of the P+S+S
group in under-ice phytoplankton of the lake before
snowmelt. Overall, for the entire surveyed section of
the lake, the P+S+S group contributed from 8.6 to
57.7% in abundance, with an average of 30.3+6.1%,
and from 2.3 to 24.1% in biomass, with an average of
14.1 +2.4%. The greatest contribution of the P+S+S
group to both phytoplankton abundance and biomass
was observed at station 8 (both maximum, minimum,
and average values) (Fig. 7), i.e., the shallowest station.
An analysis of correlations revealed that the number of
taxa in phytoplankton during the sub-ice period was
directly related to the total depth at the station and
snow thickness, while phytoplankton abundance and
biomass were inversely related to depth and directly
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Fig.7. Maximum, minimum, and average contributions of small-celled centric diatoms to the abundance and biomass of Lake
Teletskoye phytoplankton in April 2023 overall (a) and by station (b).
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related to snow cover thickness. The proportions of
the P+S+S group in phytoplankton abundance and
biomass correlated negatively with water temperature
and positively with snow and ice thickness to varying
degrees (Table 5).

2024

We identified 53 algal taxa from six phyla, with
diatoms exhibiting the highest diversity at 56.6%.
Green algae ranked second in diversity, including
Volvocaceae (members of the genera Chlamydomonas
Ehr. and Scherffelia Pasch.), as well as Chlorococcales,
typical plankters (members of the genera Monoraphidium
Kom.-Legn. and Tetrastrum Chod.), and desmids (mem-
ber of the genus Closterium Nitzsch ex Ralfs). Flagellates
from the cryptophyte genera Komma and Cryptomonas
were well represented. The remaining phyla contained
1-4 taxa each, indicating that winter under-ice phyto-
plankton was relatively undiversified.

The most diverse, but least abundant, phyto-
plankton was found at the mouth of the Kamga River. In
Kamga Bay (station 1), phytoplankton of approximately
the same composition and quantity was recorded in the
littoral zone at two stations (stations 2 and 3), while in
the pelagic zone of the lake at the bay outlet (station
4), phytoplankton was less diverse and less abundant,
with the greatest contribution of diatoms (Fig. 8a). In
general, diatoms in different parts of the bay waters
accounted for 27.8-66.7% of the total plankton algae
composition; green algae-6.9-22.2%. At station 2,
there were more taxa near the surface than at a depth
of 10 m, but fewer than at 20 m. On the contrary, at
station 3, the smallest number of taxa was near the sur-
face, and the greatest was at a depth of 10 m, while
this value decreased at 20 m. The waters of the Kamga
River, a large tributary of the lake, flowing into the
bay might contribute to the mixing of the water mass,
and no specific trends in the distribution of algae in the
water column were detected. In the pelagic zone, algae
were more concentrated at a depth of 10 m rather than
near the surface, which is consistent with the fact that
the pelagic surface is more exposed to wind and wave
action in the absence of ice.

Phytoplankton abundance during the ice-cover
period ranged from low to average for this water body,
ranging from 46.0 to 380.7 thou cells/L, and biomass—
from 76,0 to 344,0 mg/m?, with averages of 238.7 =+
36.2 thou cells/L and 195.0 = 33.0 mg/m?3, respectively
(Fig. 8b; Table 2). The proportion of diatoms in the
abundance of phytoplankton was 35.4-78.2% with an

average value for the entire dataset of 57.6 +5.1%, and
the biomass was 1.9-86.3%, averaging 50.4 +10.9%.
At certain stations and horizons in March, the contri-
bution of cryptophyte algae was significant: the pro-
portion in abundance was 7.6-42.8% with an average
of 22.7 +4.3%, and the proportion in biomass was 2.6~
25.9%, averaging 9.2+ 2.4%. Among the diatoms, the
small-celled diatom complex P+S+S was dominant in
numbers, with 100% occurrence and 55.6% dominance
frequency, while the cryptophyte alga K. caudata-with
88.9% occurrence and 33.3% dominance frequency. In
the dominant assemblage by biomass, the small-celled
P+S+S complex, with an 11.1% occurrence rate, was
not dominant, while K. caudata, with a 22.2% occur-
rence rate, was also not dominant. The dinophyte alga,
Glenodinium quadridens (Stein) Schill., dominated only
once-near Kamga River mouth (occurrence frequency
44.4%; dominance frequency 11.1%); in the pelagic
zone, it was not recorded in the dominant assemblage.
The average phytoplankton abundance decreased from
station 2 to station 3 and increased towards pelagic sta-
tion 4.

The contribution of the P+S+S group ranged
from 21.9 to 67.1% in abundance with an average value
of 35.0+4.7%, and from 1.9 to 11.7% in biomass with
an average value of 6.3 =1.0. The greatest contribution
of the P+ S+ S group to phytoplankton abundance was
recorded at station 1 in the surface layer, and the bio-
mass—at station 2 at a depth of 10 m. Analysis of cor-
relations between the abundance, biomass, and num-
ber of phytoplankton taxa, as well as the share of the
P+S+8 group in the total abundance and biomass, on
the one hand, and water temperature, total depth at
the stations, and snow and ice thickness, on the other
(Table 6), revealed a very high negative dependence
on water temperature for the share of P+S+S in phy-
toplankton abundance, and a moderate positive depen-
dence on snow and ice thickness. The proportion of
P+ S+ S in phytoplankton biomass showed a significant
positive correlation with snow depth and a moderate
positive correlation with ice depth. For phytoplankton
as a whole, a significant (moderate negative) correla-
tion was observed only for the number of taxa; i.e., the
more snow, the fewer species in phytoplankton.

Furthermore, we analyzed the contribution of
each of the four species comprising the P+S+S group
to the phytoplankton of Kamga Bay in the sub-ice layer.
P. teletskoyensis was the most abundant species. Its rela-
tive abundance varied from 73.3 to 87.8% of the group,

Table 5. Spearman’s correlation coefficients between phytoplankton indicators, the proportion of small-celled centric dia-
toms, and some environmental factors in April 2023 (p <0.05)

Indicators Phytoplankton Share of P+S+S in
N B n N B
Temperature -0.29 0.31 0.22 -0.67 -0.75
Total depth -0.66 -0.97 0.94 -0.28 -0.17
Snow thickness 0.97 0.67 0.74 0.98 0.95
Ice thickness 0.25 -0.34 -0.25 0.65 0.73

Note: N-phytoplankton abundance; B-biomass; n—-number of taxa. Connections equal to or higher than 0.5 are highlighted

in bold.
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Fig.8. The ratio of algae diversity (a) and abundance of phytoplankton (number, thou cells/L, and biomass, mg/m?) (b) in
Lake Teletskoye in March 2024. Cya—-Cyanobacteria; Chr—Chrysophyta; Bac-Bacillariophyta; Cry—Cryptophyta; Din—Dinophyta;

and Chl-Chlorophyta.

with an average of 81.9+1.4%. S. chantaicus was the
second most significant species, accounting for 6.8-
17.3% and 13.1+1.1%, respectively. The remaining
two species, although present in each sample, showed
insignificant quantities.

Ecological and geographical analysis of algal plank-
ton composition during the ice-covered period

Analysis of the taxonomic composition and eco-
logical characteristics of algae revealed that the plank-
ton of Lake Teletskoye during the ice-covered period
was dominated by bottom algae and periphyton (33.6%
of the total number of identified taxa and 48.5% of taxa
with known ecological characteristics), cosmopolitan
in geographic distribution (43.6% and 62.9%), alkali-
philes and indifferent to pH (17.9% and 39.1%, 19.3%,
and 42.2%, respectively), and indifferent to water min-
eralization (48.6% and 71.6%), as well as betamesosap-
robionts in terms of organic compound content (25.7%
and 48.7%) (Table 7).

4. Discussion

The impact of ice conditions on the dominant phyto-
plankton complex and quantitative characteristics in Lake
Teletskoye

Lake Teletskoye, found in the Altai Mountains
of southern Western Siberia, only experiences freezing
in its northern latitudinal section each year, and rarely
freezes entirely (Selegei and Selegei, 1978). In recent
decades, complete freeze-ups have become irregular.
Previously, complete ice cover was observed every
8-13 years. In 2006, the lake completely froze over

after more than 15 years without freezing. In our study,
complete ice cover was observed in 2010 and 2018.
Its great depth (323 m), the prevalence of nearly con-
stant mountain winds in its valley, and the short period
of external water exchange (5.6 years) determine the
lake’s thermal and hydrological conditions (Selegei
and Selegei, 1978; Selegei et al., 2001). These factors
lead to inconsistent, late, or short-lived ice cover. Open
water during the winter, accompanied by strong, per-
sistent winds in the lake valley, negatively impacts the
development of algae in the lake’s water column.

The phytoplankton sampling in 1997, 2006,
2018, 2023, and 2024 coincided with varying ice con-
ditions on the lake (Fig. 9).

In 1997, the lake froze over its entire latitudinal
section, i.e. from east to west from Kamga Bay (sta-
tions 1-4) to the source of the Biya River, including
the pelagic zone opposite the settlement of Yailu (sta-
tions 5-9). At station 5, the ice was 10-12 cm thick
and practically snow-free (Fig. 2). In 2006 and 2018,
the complete and prolonged freeze-up was observed
over the entire lake, which is very rare. The ice was
thick with a powerful snow cover of >30 cm. Usually,
the thin ice is broken by winds that blow in the nar-
row lake valley either from the northwest or from the
southeast. In 2023, the northern latitudinal section of
the lake’ Kamga Bay and the section from the source
of the Biya River to Cape Karatash were frozen, and
in 2024, the freeze-up occurred a little further east to
Cape Azhi (in front of the central part). During these
two years, the pelagic zone near the Yailu settlement
(station 5) remained ice free. Ice conditions similar to

Table 6. Spearman’s rank correlation coefficients between phytoplankton indicators, the proportion of small-cell centric
diatoms, and some environmental factors in March 2024 (p <0.05)

Indicators Phytoplankton Share of P+S+S in
N B n N B
Temperature -0.13 -0.07 0.27 -0.97 -0.49
Total depth -0.08 -0.15 0.57 -0.52 -0.18
Snow thickness 0.29 -0.10 -0.32 0.38 0.61
Ice thickness 0.13 0.00 0.19 0.33 0.31

Note: N-phytoplankton abundance; B-biomass; n—-number of taxa. Connections equal to or higher than 0.5 are highlighted

in bold.
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Table 7. Ecological characteristics of algae in the under-ice plankton of Lake Teletskoye

Ecology Geographical distribution
Group Number of taxa Group Number of taxa
Planktonic 38 Arctic and alpinus 14
Benthic 47 Boreal 22
Planktonic and benthic 11 Cosmopolitan 61
epibionts 1
Number of taxa with known characteris- 97 (69.3) 97 (69.3)
tic (% of total number of taxa)
Halobness Kelation to pH
Group Number of taxa Group Number of taxa
Halophobic 10 Acidophilus 5
Halophile 15 Alkalibiont 7
Indifferent 68 Alkaliphile 25
Mesohalob 1 Indifferent 27
Oligohalob 1
Number of taxa with known characteris- 95 (67.9) 64 (45.7)
tic (% of total number of taxa)
Saprobity
Group Number of taxa Group Number of taxa
xenosaprobes (0-0.5) 7 betamesosaprobes (1.5-2.5) 36
oligosaprobes (0.5-1.5) 20 alfamesosaprobes (2.5-3.5) 11
Number of taxa with known characteristic (% of total number of taxa) 74 (52.9)

those in 2024 were observed in March 2022, as shown
in Figs. 2c-d. This variable ice coverage of the lake con-
tributed to differences in the composition of under-ice
phytoplankton.

Overall, 140 taxa were identified in the win-
ter phytoplankton of Lake Teletskoye during the
study period, dominated by diatoms, green algae, and
cyanobacteria:  Cyanobacteria-16, Chrysophyta-9,
Bacillariophyta-79, Cryptophyta-9, Dinophyta-5,
Euglenophyta-3, and Chlorophyta-19. Cyanobacteria
are always present in the lake plankton, especially small-
celled coccoid forms. During the phytoplankton study
period from 1989 to 1997, cyanobacteria accounted for
10.6% of the total number of taxa (Mitrofanova, 2000).
In the winter plankton, the proportion of cyanobacteria
was practically in the same range-11.4%. In terms of
the cyanobacterial proportion in the total phytoplank-

1997 2006, 2018

ton composition of the lake, the phytoplankton of 1997
stood out with 21.1%, while in other study years, the
proportion of cyanobacteria ranged from 4.9 to 7.7%
of the total composition (Fig. 10). Thin transparent ice
with a small amount of snow on its surface provided suf-
ficient light penetration into the water column and cre-
ated favorable conditions for the development of cya-
nobacteria in 1997, mainly the species Dolichospermum
flos-aquae, D. circinale, as well as Microcystis pulverea
and Anathece clathrata. This is well confirmed by the
correlation links between cyanobacteria and ice thick-
ness—a high negative correlation dependence, i.e. as the
ice thickness decreases, the proportion of cyanobacteria
in the phytoplankton abundance increases (Table 3). In
the entire dataset presented in this publication, a sim-
ilar negative dependence was also observed, although
slight but obvious (Table 8).

2023

2024

Fig.9. Ice conditions on Lake Teletskoye during periods of phytoplankton research (blue-ice cover; grey—open water).
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Fig.10. Absolute (a) and relative (b) abundance of algal taxa in winter phytoplankton of Lake Teletskoye. Cya—Cyanobacteria;
Chr-Chrysophyta; Bac-Bacillariophyta; Cry—Cryptophyta; Din-Dinophyta; and Chl-Chlorophyta.

If we summarize and analyze all significant
(>0.5) linear relationships in the studied years, 1997
stands out only for its high negative correlations
between the proportion of cyanobacteria in phyto-
plankton abundance and ice and snow thickness. In
turn, 2006 exhibited a noticeable negative correlation
between the number of taxa and total depth. In 2023
and 2024, the range of correlations was much broader,
likely due to the study area in the littoral zones of the
lake, where environmental conditions are more diverse
(owing to the influence of tributaries), as presented
graphically in Fig. 11.

Intensive and prolonged period of the water col-
umn mixing, short stagnation period, increased flow of
the water body does not allow cyanobacteria to reach
high abundance in the lake phytoplankton during sum-
mer or other seasons with open water, while under the
ice, in conditions of low temperatures and the absence
of turbulence, they can significantly increase their
numbers. At the same time, with a thick layer of ice and
snow both in the pelagic zone (2006) and in shallower
areas (2018 and 2023-2024), the diatom-cryptophyte
component-the P+S+S group and the cryptophyte
alga Komma caudata-becomes the most significant in
phytoplankton. Cryptophytes are known to comprise
a typical cold-water species complex, characteristic
of the subglacial and early spring plankton in lakes
(Trifonova, 1990; Bondarenko and Shchur, 2008). In
Lake Baikal, several species of cryptophytes are found,
including Cryptomonas gracilis Skuja and C. ovata Ehr.,
which are year-round residents. Significant numbers
of C. reflexa (Marsson) Skuja, C. marssonii Skuja, and
Rhodomonas pusilla (Bachm.) Javornicky develop in
subglacial plankton. K. caudata, as in Lake Teletskoye,
is a constant component of the plankton in Lake Baikal.
In spring and autumn, this species becomes one of the
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Fig.11. Correlation relationships between plankton indi-
cators and environmental factors in different study years.

dominant species, occurring throughout the entire
water column (Atlas and Guide..., 1995).

A distinctive feature of flagellates, which belong
to golden and cryptophyte algae, is their ability to
switch to heterotrophic feeding under unfavorable
light conditions. This property is entirely appropri-
ate in winter, when the onset of ice formation sharply
reduces the influx of solar radiation into the water lay-
ers. Among the golden algae, Mallomonas elongata, M.
acaroides, and M. producta are often found in lakes in
late autumn, winter, or spring, such as in the shallow
lakes of Katunskie Belki (Matvienko, 1954). Most of the
identified cryptophytes (Cryptomonas erosa, C. gracilis,
C. marssonii, C. ovata, Rhodomonas pusilla, and Komma
caudata) are widespread in lakes and other water bod-
ies. They also prefer the cold season and are often found
in high-altitude oligotrophic lakes (Kiselev, 1954).

Table 8. Spearman’s correlation coefficients between phytoplankton parameters, the proportion of cyanobacteria and dia-
toms, and some environmental factors for the winter phytoplankton in Lake Teletskoye during different years, surface layer

(p<0.05)
Indicators Phytoplankton Share in N
N B Cya Bac
Snow thickness -0.38 0.22 -0.30 0.02
Ice thickness -0.44 0.22 -0.62 0.34

Note: N-phytoplankton abundance; B-biomass; Cya—cyanobacteria; Bac-diatoms. Connections equal to or higher than 0.5

are highlighted in bold.
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A comparative analysis of algal diversity in the
subglacial phytoplankton of Lake Teletskoye (Fig. 12)
revealed that a similar number of taxa vegetate during
the winter in each of the studied years, and approxi-
mately the same number are shared between adjacent
years (36-57%). The slightly reduced number of taxa
identified in 2024 may be due to the isolation of Kamga
Bay, where the samples were collected. The high diver-
sity of planktonic algae in winter during different years
may indicate significant consistency in the composi-
tion of this ecological group in the lake across different
years under varying ice conditions.

Comparison of dominant complexes in lakes of dif-
ferent climatic zones during winter

During winter, diatoms (Shkundina, 1983), along
with cryptophytes and golden flagellates, also develop
in the phytoplankton of various climatic zones. Diatoms
are distinguished by their resistance to dynamic con-
ditions and can develop even in the absence of ice
cover. For example, small-celled centric diatoms and
cryptophytes predominate in the winter plankton of
Lake Superior (USA-Canada) (Munawar and Munawar,
1978), which, like Lake Teletskoye, is a cold-water,
deep-water lake with a long mixing period and a short
stratification interval. Lake Superior rarely freezes
completely (approximately once every 20 years); typ-
ically ~23% of its water area is covered by ice from
February to April (Singer, 2026). The predominance
of flagellates is also observed in shallow water bod-
ies with a higher trophic level. For example, in winter
under the ice in the shallow humic lake Crystal Swamp
(Wisconsin, USA), the plankton is also dominated by
cryptomonads, euglenophytes, and ciliate protozoans
(Graham et al., 2004). In the small lake of glacial ori-
gin, Third Sister Lake (Michigan, USA), diatoms dom-
inate the phytoplankton during the subglacial period,
with pennate forms being more abundant than centric
ones. Golden algae (genus Dinobryon Ehr.) and cyano-
bacteria (genus Planktothrix Anagnostidis & Komaérek)
are another numerous group (Judd et al., 2005). During
the ice-covered season, flagellates are also common in
shallow waters, and besides the cryptophytes found
in Lake Teletskoye, these lakes contain dinoflagellates
and euglenophytes, similar to eutrophic and oligotro-
phic lakes in Sweden (Danilov and Ekelund, 2001).
Interestingly, cryptophytes have always been present
in Swedish lakes, but Cryptomonas erosa and C. reflexa
were abundant in eutrophic lakes, while C. marssonii
only occasionally appeared in oligotrophic ones. Lake
Constance (Bodensee, Germany-Switzerland-Austria)
shows weak algal growth during the winter. At this
time of year, with little zooplankton activity and high
availability of biogenic elements, cryptophyte and
small centric algae are the dominant phytoplankton, a
pattern observed in many alpine lakes of diverse sizes
(Sommer, 1986) and in Lake Teletskoye. Overall, phy-
toplankton abundance in the oligotrophic lakes ana-
lyzed above is significantly lower than in eutrophic
lakes, even under winter conditions due to low levels
of biogenic elements. Thus, in different climatic zones,
winter phytoplankton in lakes often combines diatom
and phytoflagellate species, belonging to golden and
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Fig.12. Diversity of under-ice phytoplankton in different
years (supplemented linear Venn diagram): numbers in large
font-number of taxa in the studied years; numbers in small
font-number of common taxa in adjacent years.

cryptophyte algae. We observed a similar distribution
in the winter phytoplankton in Lake Teletskoye.

The under-ice phytoplankton of Lake Teletskoye
is characterized by greater development in the littoral
zone of the lake, where its abundance is higher com-
pared to pelagic areas. Thus, in the Yailu pelagic zone
(station 5) in 1997, the average value of the Shannon
diversity index for abundance was 1.08 +=0.13, and bio-
mass-1.59 +0.17. In 2006, the abundance and biomass
in the pelagic zone were 1.83+0.05 and 1.60+0.14,
respectively, and in the littoral zone-1.88+0.13 and
2.00+0.19, respectively. If during the open water
period, the development of phytoplankton in the
pelagic zone is limited mainly by the hydrodynamic
factor (wind-wave mixing), in the area with ice cover—
by the thickness of ice and snow on it. Thus, in 1997
and 2006, the abundance and biomass of phytoplank-
ton in the Yailu pelagic zone (station 5) were lower
than in 2006 and 2023-2024 in the littoral zones.
Furthermore, in shallow areas of the lake and under
the ice, as during the open water period, benthic and
periphytic forms predominated in diversity, which
may indicate a significant influence of the littoral zone
in the formation of the planktonic component in the
lake. For example, in April 2023, the contribution of
benthic forms to the total diversity of phytoplankton
at stations 6-8 was >70%. On the contrary, in Lake
Baikal, its endemics, mainly truly planktonic algae, in
the pelagic zone cause sharp interannual fluctuations
in phytoplankton abundance. Based on the spring dia-
tom plankton biomass (biomass >1000 mg/m?), years
are classified as highly productive, moderately produc-
tive (from 500 to 1000 mg/m?®), and low-productiv-
ity (<500 mg/m?®). Maximum biomass values during
this period can reach 5-7 g/m?>. In highly productive
years, diatom abundance can account for 90% of the
total phytoplankton abundance, and the biomass can
reach 95% (excluding picoplankton) (Popovskaya et
al., 2002; Popovskaya et al., 2008).

One of the features of phytoplankton develop-
ment in Kamga Bay of Lake Teletskoye in March 2024
was the development of the dinophyte alga, Glenodinium
quadridens, at some stations, primarily near the sur-
face. Its proportion in phytoplankton abundance was
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low, ranging from 1.7 to 11.5% with an average of 5.0
+ 1.0%, while in biomass—from 3.8 to 89.1% with an
average of 32.0 = 11.0%. We did not observe such
dinophyte development during other periods of sub-
glacial phytoplankton research. Dinophyte “blooms” in
winter are typical, for example, of Lake Baikal, when
these algae develop in ice cavities and, after the ice
shell melts, emerge into the plankton, causing the
spring “bloom.” This is characteristic of Gymnodinium
baicalense Antipova (Karnaukhov et al., 2019).

In general, the phytoplankton development
under the ice in Lake Teletskoye in different sampling
periods ranged from extremely low to average levels
for this water body. Thus, over the period from 1989
to 1997, the phytoplankton biomass ranged from 0.5
to 1207.5 mg/m? with an average per season of ~150
mg/m?® (Mitrofanova, 2000). According to the average
biomass of winter phytoplankton over four studied
years for the entire data set (94.3+21.3 mg/m?), or
the average biomass in the 0-10 m layer (175.3 +28.7
mg/m3), according to the trophic level of lakes by I.S.
Trifonova (1990), Lake Teletskoye can be classified as
an ultraoligotrophic water body (0-500 mg/m3). In
the deepest and oldest lake on Earth, the spring max-
imum under ice can exceed the summer development
of phytoplankton and be the only per year (Yasnitsky
and Skabichevsky, 1957), resulting from the develop-
ment of diatoms and peridinium algae (Menshutkin et
al., 1978; Popovskaya, 1978; Katz et al., 2015). This
is largely due to the transparent, albeit thick (~1 m)
ice on Lake Baikal, as well as the voids (caverns) in
it (Zavoruev et al., 1995; Karnaukhov et al., 2019). In
Lake Teletskoye, ice of such thickness is usually not
observed. Only during the particularly cold winter of
1968-1969 did it occur. Over 50 years of observations,
the maximum ice thickness recorded at the junction of
the latitudinal and meridional parts of the lake (station
5) was 102-105 cm. The duration of ice cover in Lake
Teletskoye is also much shorter than in Lake Baikal: the
average duration of ice cover in the latitudinal part is
69-155 days, depending on the site, and in the merid-
ional part-36-45 days (Selegei and Selegei, 1978). All
this does not contribute to the widespread development
of algae under the ice of Lake Teletskoye.

Flagellate development in winter phytoplankton
at Lake Teletskoye resembles that of polar and Arctic
waters. However, some authors argue that light is not
a limiting factor for the pelagic algal community in
such water bodies. Biogenic elements are more signif-
icant, which are insufficient from the drainage basin
(Bonilla et al., 2005). Lake Teletskoye, whose water-
shed contains sufficient areas occupied by charred
alps (the alpine density rate of the lake basin is 44.3%
(Selegei and Selegei, 1978)), also receives few biogenic
elements, especially phosphorus. The phosphate ion
concentration in Lake Teletskoye’s waters is insignifi-
cant and at the detection limit (Zinoviev et al., 2012),
making phosphorus a limiting factor for phytoplankton
development. Flagellates, which predominate in Lake
Teletskoye during certain periods of the year, includ-
ing under ice, are capable of mixotrophy. Moreover,
even though Lake Teletskoye usually has limited phy-

597

toplankton growth, most of it thrives in shallow waters,
and the benthic organisms significantly contribute to
phytoplankton diversity. This makes Lake Teletskoye
similar to polar and Arctic water bodies, where benthos
and periphyton are especially significant. The bulk of
phototrophic biomass in such water bodies is concen-
trated in benthic algal communities (~98% of the total
pigment reserve) rather than in plankton (Bonilla et
al., 2005). In terms of the development of flagellates in
phytoplankton, Lake Teletskoye shares similarities with
Antarctic lakes, which are completely and permanently
covered by an ice shell (up to 4 m or more (Laybourn-
Parry et al., 2001)). In such water bodies, cryptophyte
algae often predominate among the flagellates. For
example, in Lakes Fryxell and Hoare (McMurdo Dry
Valley, Antarctica), Rhodomonas lacustris Pascher &
Ruttner (= Chroomonas lacustris) dominates, compris-
ing up to 90% of the phototrophic nanoflagellate com-
munity (Roberts and Laybourn-Parry, 1999) or >87%
of the phototrophic nanoflagellate biomass. A small
rise in biogenic elements, notably nitrogen, leads to
the development of green chlorococcal algae alongside
flagellates. For example, in Lake Tranquil (west coast
of Signy Island in Antarctica), Ankistrodesmus falca-
tus (Corda) Ralfs was dominant (Bulter et al., 2000).
Antarctic lakes are characterized by periods of com-
plete darkness during the polar night (147 days) and
constant insolation during the polar day (147 days).
During other times of the year, these lakes resemble
temperate zone lakes during winter freeze-up, as the
temperature in the layer near the ice is close to zero
and increases with depth (Roberts and Laybourn-Parry,
1999). During the polar night, light is a limiting fac-
tor; during other periods of the year, biogenic ele-
ments determine the development and concentration of
algae at different depths (Bayliss et al., 1997). In Lake
Teletskoye, the biogenic element background is low, so
under winter conditions, the “calmness” of the water
column, i.e., the ice cover and its thickness ensuring
it, is of greater importance. In terms of seasonality, the
winter phytoplankton of Lake Teletskoye is naturally
poorer in diversity than the summer one. The number
of simultaneously vegetating species in it can reach 25
taxa, with a total diversity in some years reaching 64
taxa. However, other large and deep lakes in the tem-
perate zone are also characterized by a low diversity
of winter phytoplankton. For example, a similar num-
ber of species and varieties was identified in the winter
phytoplankton of southern Ladoga—-13-45 algal species
and varieties (Sukhoparova, 1995). The subglacial phy-
toplankton of Lake Baikal is primarily characterized
by endemic diatoms and associated cryptophyte and
green algae (Atlas and Guide..., 1995; Popovskaya et
al., 2008).

In various large lakes during the freeze-up
period, diatoms of the genus Aulacoseira are typical
representatives of winter phytoplankton, dominating
both in abundance and biomass. For example, in south-
ern Ladoga these are A. islandica (O. Miill.) Sim., A.
islandica ssp. helvetica (O. Miill.) Sim., and A. italica (O.
Miill.) Sim. In some cases, cyanobacteria of the genera
Microcystis and Gomphosphaeria Kiitz. are also included
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in the complex of dominant species thanks to their abil-
ity to undergo heterotrophic nutrition. The maximum
phytoplankton biomass in Lake Ladoga was recorded at
deeper-water stations—down to 0.373 mg/L in Volkhov
Bay and down to 0.005 mg/L in Petrokrepost Bay.
Vertically, planktonic algae are primarily concentrated
in the surface layer and at the bottom (depth down to
6 m) (Sukhoparova, 1995). In Lake Baikal, the biomass
of diatom plankton in the trophogenic water layer in
high-productivity years reaches 5-7 g/m?® in spring,
while that of peridinium algae reaches 100 g/m?® or
more. The total phytoplankton biomass in the spring of
high productivity years can reach 1,0 thousand tons wet
weight in the lake as a whole (Votintsev, 1986). Under
conditions of abundant biogenic elements, these species
develop in significant quantities even at insignificant
water temperatures. Their maximum abundance occurs
at the end of the early spring period-before the lake
opens up (Menshutkin et al., 1978). In Lake Teletskoye,
Aulacoseira subarctica was recorded as a colonial dia-
tom. It is found primarily in the pelagic zone deeper
than 30 m and may contribute significantly to phyto-
plankton biomass rather than abundance. However, in
bottom sediments, this species predominates over all
other diatoms because of its well-preserved state, pos-
sibly due to its thick-walled shell (Mitrofanova et al.,
2016).

Vertically, algae in Lake Teletskoye are primarily
confined to the upper 5-10 m. Algal development is
unfavorable in the water layer immediately adjacent to
the ice, likely due to low temperatures (~0 °C). While
flagellates can independently regulate their presence
in the water column, convective mixing in ice-covered
lakes facilitates this for sedentary phytoplankton. For
example, Aulacoseira baicalensis in Lake Baikal can per-
sist in the upper layers for several days to over a month
due to this phenomenon (Kelley, 1997). Up to 95% of
planktonic algae was reported to be concentrated in
the water layer receiving 0.5-20% of solar radiation.
Research was conducted in the shallow Beaver Pond
in Lincoln, Massachusetts, USA, from December 1961
to February 1962. The greatest phytoplankton develop-
ment was observed in the water layer near the surface
(1-2 m). The most diverse and abundant flagellates were
from the cryptophytes, dinoflagellates, chrysophytes,
and euglenophytes. Diatoms were also present (Wright,
1964). Algae must be sufficiently mobile to occupy the
best position relative to the light. Thus, in Antarctic
lakes, the maximum abundance of phytoplankton
is often recorded in deeper horizons with increased
insolation, for example, below 25 m in Lake Beaver
(Laybourn-Parry et al., 2001) or between 6 and 12 m
in Lake Hoare (Roberts et al., 2004). However, during
periods of complete darkness, cryptophytes and other
flagellates, due to their active ability to move, migrate
to the upper ice layers in order to accumulate sunlight
at the first opportunity (McKnight et al., 2000). At the
same time, under the influence of light and tempera-
ture factors, algae select less illuminated but warmer
layers of water, since at temperatures close to 0°C, reac-
tions involving enzymes inside algal cells slow down
(Lizotte and Priscu, 1992). On the other hand, there are
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cases where the maximum algal biomass is confined to
the layer with the highest amount of nutrients, indicat-
ing that the chemocline plays an important role. For
example, in lakes Fryxell and Bonney (Antarctica), the
chemocline is located at a depth of 9-10 m, while in
Lake Vanda it is below 50 m (Seaburg et al., 1983).

The periodic prevalence of cyanobacteria in the
winter phytoplankton of Lake Teletskoye (for example,
in 1997) may indicate a long-term succession of cyano-
bacteria and flagellates within the planktonic commu-
nity. A predominance of cyanobacteria in phytoplank-
ton was also observed in Antarctic lakes. For example,
in Lake Druzhba, cyanobacteria dominate phytoplank-
ton year-round, including under ice, but reach their
greatest abundance in autumn (Laybourn-Parry and
Bayliss, 1996). Perhaps the brief opening of the lake in
summer creates favorable conditions for cyanobacteria
to thrive. Furthermore, during the summer, when some
Antarctic lakes are free of ice for short periods, flagel-
lates from cryptophytes, dinophytes, and green algae
play an important role in the phytoplankton of such
waterbodies (Laybourn-Parry et al., 1991).

In addition to light and temperature, grazing by
zooplankton is one of the important ecological factors
influencing phytoplankton development in lakes. Even
under winter ice conditions, some algae (those of suiT-
able size for grazing) are at risk of decline in abundance
due to grazing (Vasseur et al., 2005). Zooplankton are
not selective in their food sources; they capture or fil-
ter-feed algae that are large enough to fit into their
gullets. The stomach contents of zooplankton in Lake
Teletskoye contained algae of a suiTable size for their
diet, which were growing in the lake when the sam-
ples were collected (Mitrofanova, 2003). Zooplankton
abundance in Lake Teletskoye is low (Zuikova, 1998).
Most likely, the zooplankton in this body of water does
not significantly influence phytoplankton abundance
during the ice-covered period.

Indicative value of under-ice phytoplankton

Analysis of the ecological and geographic char-
acteristics of the species identified in under-ice phy-
toplankton revealed a predominance of benthic and
periphyton organisms (33.6% of the total number of
identified taxa), cosmopolitan species (43.6%), alkali-
philes and indifferent species concerning pH (17.9 and
19.3), and indifferent species concerning water miner-
alization (48.6%), as well as betamesosaprobionts con-
cerning organic compound content (25.7%). This may
indicate a typical phytoplankton composition in Lake
Teletskoye during the winter period. The high propor-
tion of true planktonic organisms (27.1%), as well as
algae that spend part of their life cycle in the benthos
and then in plankton (7.9%), may indicate a signifi-
cant pelagic component in the lake. In the pelagic zone,
which is turbulent due to wind and wave conditions,
algae most resistant to such dynamic conditions thrive,
primarily diatoms, as well as flagellates, which include
golden and cryptophyte algae.

The dominance, measured by the Shannon spe-
cies diversity index, did not exceed 2.16 for abundance
and 2.43 for biomass. These values are in the middle of
the range observed for Lake Teletskoye based on long-
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term phytoplankton studies: 0.35-3.01 and 0.23-3.20,
respectively (Mitrofanova, 2000). This may indicate
a well-developed planktonic community, even during
the winter minimum: the lower the index value, the
fewer dominant species. High diversity indices are
typically characteristic of large lakes, regardless of
their trophic state, because the diversity of ecological
niches increases with increasing lake area. Moreover,
the index value fluctuates seasonally. For example, the
highest diversity index in Lake Teletskoye was recorded
in late summer and early autumn of 1989 due to a poly-
dominant cenosis, which is also typical of other lakes
with a lower trophic state (Lavrentyeva, 1986).

The saprobity index, indicating organic pollution
of the lake water, did not exceed 1.85. According to
long-term data, the saprobity index varied between 0.20
and 2.33, with an average long-term value of 1.57 for
the lake during the growing season, and corresponded
to changes from the xenosaprobic to the mesosaprobic
zone (Mitrofanova, 2000). During the winter, the devel-
opment of cold-loving algae in the plankton, which
are mostly indicators of clean water, indicates low
organic pollution in the lake. According to the water
quality classification of water bodies and streams, Lake
Teletskoye water is classified as very clean (<1.00),
clean (1.00-1.50), and only in some cases moderately
polluted (1.51-2.50). This is most likely due to a slight
decrease in self-purification processes during the win-
ter rather than to direct anthropogenic pollution of the
lake.

5. Conclusion

A study of under-ice phytoplankton in Lake
Teletskoye over different years and ice conditions
revealed the following developmental patterns, both
under extreme (temperature and illumination) and
comforTable (wind and wave load) conditions:

+ overall phytoplankton diversity decreases com-
pared to the open-water period, especially during
the summer months, during the period of maxi-
mum warming. However, the phytoplankton are
rather diverse (algae from 6 to 8 phyla, with up
to 25 taxa per sample). In the pelagic zone, phyto-
plankton diversity and abundance were lower than
in the littoral ones;

+ diatoms and flagellates of cryptophytes and
golden algae predominate. Diatom-cryptophyte
plankton consists of a group of small-celled cen-
tric diatoms P+S+S (Pantocsekiella teletskoy-
ensis, Stephanodiscus minutulus, S. binatus, and
Stephanocostis chantaicus) and the cryptophyte
alga, Komma caudata, which predominate in abun-
dance during sTable and prolonged freeze-up. The
predominance of diatoms and cryptophytes is typi-
cal for large, deep lakes in the temperate zone and
polar Arctic and Antarctic waters with short peri-
ods of open water or permanently under ice cover.

+ during sTable freeze-up, but with thin ice and a
slight snow cover, cyanobacteria were observed in
the under-ice phytoplankton of Lake Teletskoye,
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primarily in the near-surface layers. A high neg-
ative correlation was found between the propor-
tion of cyanobacteria in phytoplankton abundance
and ice thickness. In littoral areas, benthic forms
and periphyton inhabitants, primarily diatoms,
contribute significantly to the diversity and abun-
dance of winter subglacial phytoplankton, partic-
ularly its biomass. The proportion of benthic com-
ponents in the lake’s phytoplankton is significant
both in winter under ice and during other seasons
due to the morphometric peculiarities of the lake
(a narrow mountain valley), its large, high-alti-
tude drainage basin, and the significant number of
permanent and temporary tributaries. Accelerated
water exchange in the lake and, consequently, the
instability of water masses, ensure greater involve-
ment of benthic algae and periphyton in the plank-
ton community;

+ high values of the Shannon-Weaver diversity
index (up to 2.16 in abundance and up to 2.43
in biomass), which are in the middle of the range
reported for Lake Teletskoye as a result of long-
term studies of its phytoplankton (0.35-3.01 and
0.23-3.20, respectively), may indicate the forma-
tion of the under-ice algal community.
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0co6eHHOCTH NoANEeAHOM BeretTaumum
BOAOPOCAEH B NNAHKTOHE FAy6oKux
XOAOAHOBOAHDBIX 03ep (Ha npumepe
Teneukoro osepa, Antam, Poccun)

MuTtpodanosa E.1O.

HHcmumym 800HbIX u 5KoJT02udeckux npobstem Cubupckoeo omoesieHua Poccuiickoii Axademuu Hayk, YJi. MostodéxcHaa, 1,
BapHuaysn, 656038, Poccusa

AHHOTAILIUS. ToanenHsli (pUTOIUIAHKTOH U3yYasil B IMMPOTHOM yacTtu Teserkoro ozepa B 1997,
2006, 2018, 2023 1 2024 rT. IpU pa3JINYHOMN JIe[JOBOM 0OCTaHOBKE — YACTUYHBIN U TOJIHBIHM JIeJOCTaB.
BrisiBIIE€HO, 4TO B MOJJIeAHBIN Iepuoj CHUXaeTcs olllee pasHooOpasue u obusive GUTONJIAHKTOHA IO
CPaBHEHUIO C NEePUOJOM OTKPHITON BOIBI B BEreTAlMIOHHBINA NePHOJ BeCHA-JIETO-0CeHb. IIpu MOIHOM
JIEJOBOM IOKDPHITUM U TOJICTOM CJIO€ CHera IpenMyIlecTBeHHOe pa3BUTHE IO YMCJIEHHOCTU IOJIy-
YaloT AuaToMed U ¢JiareJUIATH — TpyIa MeJKOKJIETOYHbBIX leHTpuieckux Pantocsekiella teletskoyensis,
Stephanodiscus minutulus, S. binatus u Stephanocostis chantaicus u xpuntoduToBas Bogopocibs Komma
caudata. [TaHHbIE BUAB JOMUHUDPYIOT 110 YKMCJIEHHOCTH U B TIEPUO OTKPHITOH BoAbL. KpymnHEIe npejcTaBy-
Tesu, HanpuMep, Mallomonas alpina 3 30JI0TUCTBHIX BOAOPOCIIEN MEPUOTUYECKH BHOCAT 3HAUUTEITbHBIA
BKJIa[] B OrioMaccy (UTOIUIAaHKTOHA. B 1esioM, B nejyiaruaim pasHoobpasue u obuire (PUTOIIaHKTOHA
HITXe, YeM Ha JINTOPAJIbHBIX y4yacTKax. IIpy yCTOMYMBOM JieoCTaBe, HO C TOHKUM JIbJOM U He3Ha4u-
TeJIbHBIM CJIOEM CHera B IOZJIeqHOM (UTOIIaHKTOHe TeJslellkoro o3epa IpenMyllecTBeHHOE pa3BUTHE
IIOJIyYaIOT IIaHOOAKTEPUH, BO BCEX OCTAJIBHBIX CIyYasX — JUATOMOBBIE U KpUIITOGUTOBBIE BOJOPOCIIH.
Ha nuTopasbHbix yuacTkax (c riyouHamu o 30 M) JoHHBIE GOPMBI U O0MTaTe M NepUPUTOHA B OCHOB-
HOM M3 InaToMel BHOCAT CyIleCTBEHHBIN BKJIa[ B pa3HOOOpa3ue U 06uive 3uMMHEro noAjaefHoro GpuTo-
IJIAHKTOHA, 0COOEHHO B ero 6momaccy. B menom, passutre GUTOMIAHKTOHA MOAO JibAoM Teserkoro
o3epa IpU Pa3IMYHON JIeJOBOU 0O6CTAaHOBKe OBLJIO OT IpefesIbHO HU3KOIro IO CPpeqHEero Ajs OAHHOTO
BoJioeMa ypoBHs. 3a nmepuoa 1989-1997 rr. 6uomacca GUTOIIIAHKTOHA U3MeHsJIach B mpefenax ot 0.5
no 1207.5 mr/m® npu cpefHeii 3a ce30H okos10 150 mr/m® (Mutpodanosa, 2000). B 3umMHeM ¢GHUTOIIIAH-
KTOHE BeJIMYMHA CpeqHel 6MOMACCH 32 YeThIpe rofa ucciaeqoBaHusA coctaBuia 94.3 + 21.3 mr/m® (muis
BCEro MaccuBa JaHHBIX) wian 175.3+28.7 mr/m? (giia ciios 0-10 M), U3 4ero cJaegyeT, YTo IO IIKaJie
TpodHOcTUu o3ep U.C. TpudoHosoii (1990) Tenelikoe 03epo MOXHO OTHECTU K YJIbTPAOJTUTOTPODHBIM
Bogoemam (0-500 mr/m3). Beicokue 3HaUeHUs WHeKca pasHooOpasus [lleHHOHa-YuBepa MOTYT CBHU/IE-
TeJIbCTBOBATh O CHOPMUPOBAHHOCTH MOAJIEAHOIO COOOIIECTBA BOAOPOCIIEH.

Kitiouegsie cstoda: nopajieTHBIN GUTOIIAHKTOH, JUATOMOBEIE BOJIOPOCIIU, KpUNTOMDUTOBBIE 1 30JIOTUCTHIE
daarennATe, r1yboKHe X0JIO0AHOBOHEIE 03epa, Tesenkoe 03epo, Astan

Jia nutupoBaHusa: Murpodanosa E.J0. OcoOGeHHOCTH NOAIeAHON BereTally BOAOPOCJIEN B IJIAHKTOHE I'IyOOKHUX XOJIOAHO-
BOAHBIX 03ep (Ha nmpumepe Teserkoro o3epa, Anraii, Poccus) // Limnology and Freshwater Biology. 2026. - N 4. - C. 584-620.
DOI: 10.31951/2658-3518-2026-A-4-584

1. Beepenue HUIO XU3HU OO JIBIOM, KaK, Harpumep, B OHEeXCKOM

ozepe, rae ¢ 2015 no 2017 rr. ucciegoBaTesiv NpoOBO-
O usyueHue Gu3nveckux, OMOXUMUUYECKUX U OUOo-
JIOTU4YeCcKUX MpOoLIeCCOB B MOAJIEAHBIN Iepuof B IIpo-

B nociegHee BpE€MA 3HAYNTEJIbBHO BO3POC MHTE-
pecC K J1ieJOBOMY CE30HY B 03€pax B CBA3U C U3YyUYECHUEM

peakIuy BOJOEMOB CPEAHUX U BRICOKUX IIMPOT HA IJIO-
6aspHOe noTeruieHne (Hampton et al., 2017) u B riesiom
U3yvyeHUsA XU3HU moAo Jipgom (Wiiest et al.,, 2019).
CyIiecTBOBaJId JaXke cliel[hajIbHbIe MIPOEKTHI IO H3yYe-

exte «Xusup nmogo jgpgoM» («Life Under Ice») (Wiiest
et al., 2019). B o3epax ymMepeHHBIX, CyOapKTHUEeCKUX U
apKTUYeCKUX MIUPOT JieJ MOXeT YyCTaHaBJIMBAThCA exe-
TOAHO MOJIHOCTBIO WJIM YAaCTHUYHO, UJIN BOBCE He KaX-
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JBIN rofi, mpudyeM oOpa3oBaHMe JIbJa CUJIbHO 3aBUCUT
OT pEruoHaJbHBIX KiInMaTudeckux ycyoBui (Kirillin
et al., 2012). Takue BOJOEMBI ABJIAIOTCSA BaXXHBIM 3Be-
HOM B IJ100aJIbHOM LIMKJIE yrjlepofa — OHU Yepe3 peu-
Hble CHCTEMBI [epeHOCAT YIjlepod B OKeaH, AEINOHU-
PYIOT €ro B CBOMX JOHHBIX OTJIOXKEHUAX U BBIAEJIAIOT
B aTMocdepy MapHUKOBbIE rasbl, AUOKCHU/ yTrjiepofa 1
MetaH (Tranvik et al., 2009). IIpu 3TOM CYHUTAKT, YTO
B IIepuoj TasgHUA JIbJa U3 CE30HHO MOKPBITHIX JIbIOM
o3ep BeAesAerca npuMepHo 50% romoBoro BeIOpoca
MIApHUKOBHIX ra3oB B arMmocdepy. B 3umuuil nepuon
YCJIOBUA [JIA pOoCTa M pasBUTUA BOAOPOCJEN B BOAO-
eMax yMepeHHOH 30HHI CyIeCTBEHHO OTJINYAIOTCA OT
TaKOBBIX B JleTHUI. Ho X13Hb B BogjoeMax He 3aMupaer.
OTMeualoT, 4TO 00 JIbJOM B BOAHBIX dKOCHCTeMax Ha
rpaHulle pasnesa ¢as «Boga-jaef» GOpPMUPYIOTCH OCO-
Oble coo0IlecTBa, COCTOsAINME W3 MUKPOBOAOPOCTEN,
npocreiimux u 6akrtepuil (bameHxaeBa u 3axapoBa,
2017). Cneuududeckue coobijecTBa MUKpPOOPra-
HU3MOB 00pasyloTcs M B IIyCTOTax caMmoro JjbAa Kak,
HanpuMep, B 0alikajJbCKOM JIbJly, Ileé B MeXKpHCTaJl-
JIMYEeCKON BOJie YCIIeIIHO Pa3MHOXAaKTCA KpUOQuUJIb-
Hbele opranusmsl (O6oskuHa u ap., 2000). Kpome Toro,
B IIepuojd MeXAy MHTEHCHBHHIM HaMep3aHHEM U Tasd-
HHeM NPeCcHOro JIbJ]a ero HIXXHAA IOBEepXHOCTh MOXeT
obpacTaTh BOJIOPOCJIAMU, YTO OBLJIO BIEpBble OOHapY-
’keHO Ha peke Amyp (Boraapenko u ap., 2004). Ho npu
BCell 3HauMMOCTU U 60Jiblell 3araloYHOCTH JIe[JOBOrO
neproja AJjiA o3ep U 3eMJIH B 11eJIOM 3TOMY T'MAPOJIOTH-
4yecKoMy NepUofy yAessAeTcs He TaKk MHOTO BHUMaHUA
Y B TOM 4HCJIe BOJOPOCJIAM.

B pasHbIX KJIMMaTHU4YeCKUX 30HaX 3UMOH B GUTO-
IUTAaHKTOHE 4Yallle pa3BHUBAIOTCA OUATOMOBBIE BOJIO-
pociu, a Takke GuUTOdIAre/UIATH U3 30JI0TUCTHIX
u kpuntoduTtoBeix BoAopociseii (Illkynamua, 1983;
Obertegger et al., 2022; Bashenkhaeva et al., 2025), B
TOM 4YHCJIe B XOJIOAHOBOAHBIX INTyOOKHUX 03epax C JJINH-
HBIM [IepUOJIOM IlepeMelIMBaHuA U KOPOTKHUM HUHTep-
BajioM crpatudpukannu (Munawar and Munawar,
1978). Ilpuuem ¢urodaresnaTsl pas3BUBAIOTCA B
o3epax Kak C JIeJOBBIM IIOKpBHITHEM, Tak U 6e3 Hero
(Salmaso et al., 1999). CocpeoTo4eHB BOOOPOCIIH, B
TOM umcJie GuTodiaresyIATH, 00 JbAOM B OCHOBHOM
B BepXHMX FOPU30HTAaX, IpUYeM Ha 3TO 6oJiblile BIUAI0T
CBeT U HaJpuue OakTepuii, 4yeM KOoJIN4eCTBO OMOreHOB
(Watson et al., 2001), Beap GosBIIMHCTBO duTOdIa-
reJUIAT CIOCOOHH K rereporpodHoMy nuraHuio. [logo
JbpAOM OuoMacca BOAOPOCJIel MOXeT yBeJINYWBaThCA
3HAUMTEJIbBHO M co3faaBaTh 3G@eKT IBeTeHH:dA, Kak,
HanpuMep, B batikase, rae BeceHHUI MakCUMyM, eINH-
cTBeHHBIN B rofy (fcHurtckuii u CkabuueBckuii, 1957),
00ycJjI0BJIeH pa3BUTHEM ANATOMOBBIX U IepUANHNAEBBIX
Bogopocsieii (MeHmyTkuH u aAp., 1978; Ilomosckas,
1978; Katz et al., 2015), yeMy cnocoOCTBYeT TOJICTHIHI
Oalikabckuii Jie 1 nyctoTs B HeM (KapHayxos u ap.,
2019). [Nomo6Hoe HabMIOOAIOT M B APYTUX TIyOOKUX
o3epax mupa (Bepxo3uHa u fip., 2000), HO pu MeHb-
meM OOUINU.

B TenenxoM o3epe nepuof JefocraBa OTHO-
CUTCA K [TepruoAy 3UMHero MUHUMyMa (sHBapb-alpeJb)
(JIennesa, 1937; 1950). B o3epe OTCyTCTByeT exeron-
Hoe oOpa3oBaHUe CILIOIIHOTO JIeJOBOro IoKpoBa (6oJiee
yeM B 70% ciyuyaeB 3a 65 sieT HabsogeHuii ¢ 1913 no
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1978). Ilpu sToMm mIUpOTHas 4YacTh o3epa (YacTUYHO
WIN TI0JIHOCTBIO) 3aMep3aeT exXerojHo, Mepuauno-
HaJibHas — nepuofuydecku (Cesereii u Cenereit, 1978).
@OUTOMIIAHKTOH B NOJJIEAHBIN [TepHo/ U3y4yasil B AHBaA-
pe-mapte 1997 r., mapre 2006, AaHBape u ¢espaie
2018, anpesne 2023 u mapte 2024 r. Pa”ee 3T MaTe-
puasibsl ObUIM YAacCTWUYHO IIPeACTaBJIeHBl B OTHEJIbHBIX
nybaukanusax (Mutpodanosa, 2000; MurpodaHoBa u
ap., 2006; 2024; 2025). CpaBHeHue u 0600111eHUe cle-
JIaHO BIIEPBHIE.

Llenib paboThl — BBIsABJIEHNE OcOOeHHOCTell pas-
BUTHA (QUTOIIAaHKTOHA B TesiellkoM o3epe B NepHUOJ
JiefjocTaBa IIpU pa3jInyHON JieJOBOI 0OCTaHOBKe.

2. MaTtepuanbl 1 MEeTOADI

HccrepnoBaHue 3uMHero (UTOIJIAHKTOHA IIPO-
BOJIWJIU B AAHBape-MapTe 1997 r. Ha cT. 5 (TOPU30HTHI
0, 10, 50, 100, 200 u 250 m), mapTe 2006 r. Ha cT. 5
(0, 5, 10, 30, 50, 100 1 200 m), 8 (0, 5 10 M) u 9 (0
M), ssHBape u ¢eBpasie 2018 r. Ha cT. 5a (Ipobsl OTOU-
pany BOAOJIa3bl BMIOJIb MO CKJIOHY Ha riybuHax 0, 10
u 20 M), anpesie 2023 r. Ha ct. 8 (0,2, 0,6 u 0,8 M),
7 (0,6, 6,5 1 13 M), u 6 (0,6, 4 u 8 M) u mapre 2024
rrgacr.1 (Om u 2 (0, 10 u 20 m), 3 (0, 10 u 20
M) U B OTKPBITOM 4acTH o3epa Ha BBIXOJle 13 3aJMBa —
ctT. 4. (0, 10 M) (Puc. 1, Tabnuna 1). B 1997 r. o3epo
IIOKPBLJIOCh JIBAOM BO BCell IIMPOTHON 4YacTU 03epa,
2006 u 2018 rr. — noJiHbI JiegocTtas, 2023 u 2024 rT.
3aMep3muMy Obin KaMruHckuil 3ajuB U ceBepHas
MMUPOTHAA 4acTh OT UcToKa p. bun no m. Kaparama u
M. AX{ NpU OTKPBITON LIEHTPaJIbHON YacTU Ha CTHIKE
MIMPOTHOU 1 MepUANOHAIBHBIX yacTel o3epa (Puc. 2).
Tesnenkoe 03epo pacrnosio’keHO B ropax Ajrasd Ha Iore
3amagHoit Cubupu. JT0 I 1yOOKOBOAHBIN (MaKCUMaJIb-

Aprtsibamt 2
8 MIMPOTHAS YaCTh 03epa ’ X
3 e ‘e
p. Busa . ‘ﬁ ‘. 5a X 3./ Kameuncxuil 3anus

&
e - r
Mmovie Kapamawt e {TpaIbHAs YacTh

P 1Yyaviuumar /l» J
Puc.1. Kapra-cxema pacrnosioxeHusa Tesienkoro osepa u
ToueK oTOopa 3uMHero GUTOIIAHKTOHA B pa3Hble rofsl (pac-
mudpoBKa HOMepOB cTaHIUH MpuBeAeHa B Ta6iuie 1).
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Ta6suna 1. Bpems u MecTo or6opa npob 3uMHero puTongaHkToHa B TeyienikoM o3zepe

Bpewms or6opa CraHuusa Koopaunars! | O6mas riyouna, | TosmmuHa Jpaa/
rom nara No HasBaHue M cHera, cM
1997 5 AHBapsa 5 Ao, nenaruanb 51°45'06”"N 254 -

10 (penpans 87°36’43”E )
15 mapta 10-12/0-2
2006 8-10 mapra 5 Ao, nenaruanb 51°45'06”"N 254 39/30
87°36’43”E
8 Aprribam, 51°47/28”"N 12 60/30
reJjiarua’b 87°17'01”E
9 Hcroxk p. buu 51°4712"N 0,3 -
87°14’45” E
2018 22 saHBapsa 5a Ao, TUTOpAab 51°46’00”"N 0-20 -
10 despans 87°3559"E 10/3
2023 9-11 amnpena 8 Aprtribari, 51°47’28”"N 12 48/4
neJlarua’ib 87°17°01”E
7 Vecrbe p. TeBeHek, 51°46’15”N 13,4 41/1
neJiaruaib 87°21’52”E
6 OkoJio yctba p. Otep, yp.| 51°45’33”N 8,8 37/3
Kokauxa, mejarvasb 87°23’46”E
2024 18-25 mapra 1 KamruHckuii 3-8, yctbe p.| 51°48’03”N 4,9 25/3
Kamru 87°4320”E
2 KamruHckuii 3-B, ycTbe p.| 51°4748”"N 31 35/5
Kamru 87°43'08”E
3 KamruHckuii 3-B, ycTbe p.| 51°4617”N 34 26/2
Typouak 87°40’34”E
4 MbIc AipaH 51°45’20”N 159 -
87°33’96”E

Puc.2. JlenoBas o6cTaHOBKA Ha o3epe B MapTe 1997 (a-6) u 2022 (c-e) rr.: a — BUJ ¢ Teppackl Ao Ha IeHTPaJIbHYI0 YacTh
o3epa (BuaHa KpoMKa Jipfa), 6 — oT6op npob, B — BuA Ha KamMruHckuil 3aiuB, I' — BUJ B CTOPOHY I. ApThifal, 4 — BUJ Ha Mepu-
JMOHAJIBHYIO YacTh 03€pa B I0KHOM HampaBJieHUuH, CBOGOAHYIO 0To jbAa. PoTo ¢ kBaapokonTepa P. BopoGreBa.
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HasA raybuHa o 323.3 M), NpecHOBOAHBIN OJIMTOTPO-
$HBII BogoeM ¢ 60JIBIINM MO IJIOUAAN BOAOCOOPHBIM
bacceitHoM (1iomiazp BofocOopHoro OacceliHa Ipe-
BOCXOJUT IUIOHmaAb o3epa B 91 pas), 3HAUUTEIbHBIM
nepenajioM abCOJIIOTHBIX BBICOT (2288-434 M Hap yp.
M., CpeHAA BbICOTa OacceilHa HajJ yp. M. COCTaBJjAeT
1940 M), OOJIBIIMM KOJIMYECTBOM NPUTOKOB (70 mocTo-
sAHHBIX U 150 BpeMeHHbIx) (Cenereit u Cenereii, 1978)
C y4YallleHHOM 0 CpaBHEHUIO C APYTMMHU KPYIHBIMHU
U riIyOOKMMHU O3epaM{ MHpa CMeHe BOABI B 03epe U
3HAYMTEJIbHBIM KOJIeOaHWAM YPOBHA BOABI B TeUeHUU
roja — MakcuMaJibHasA rofoBas aMIUIUTyAa KoyiebaHuA
yPOBHA MoOXeT fgocTuraTbh 6 M. COOTHOIlleHHe OCHOB-
HOro NpUTOKa U cToka o pekaMm Yysbimman (70-75
%) u bus (98 %), pacrosioxkeHHBIM Ha IPOTUBOMOJIOX-
HBIX KOHIIaX 03epa, COOTHOIIeHWEe JINHBl U HIVPHHBI
o3epa omnpeAesAlT YPOBEHHHBIN pexuM Tesenkoro
KaK TUNWYHO pedyHoi. Bce 3Tu (akTOpH cO3qal0T 0Co-
OBII1 JIMMHOKJIMMAT C HU3KOU TeMIepaTrypod BOABI U
HecTabUJIbHOCTBIO BOAHBIX Macc. Ilo pacnpepdesieHHIO
riayouH Teselikoe 03epo IPUHATO pa3feiATh Ha ABa
IJieca: IJIyOOKOBOAHBIN OT yCThsA p. UysyliMaHa A0 M.
Kaparam ¢ rimy6uHamu 100-300 M u ceBepo-3amagHbIN
MeJIKOBOAHBIN Iiec oT M. Kaparam o ucrtoka p. buu
¢ rinyouHamu 10-40 M. ['TyGOKOBOAHBIN Ijiec o3epa
B IIONlepeyHUKe HKMeeT IPaBUJIBHYI0 TpalelueBu-
Hyl0 GOpPMY C OTHOCUTEJIbHO POBHBIM JHOM U KpPYyTO
MOJHUMAIOIUMUCA CKJIOHaAMU KOTJIOBUHEL (Selegei
et al.,, 2001). O3epo BBHITAHYTO B MEPUAUOHATIHBHOM
(4acTp ryIyOOKOBOJHOIO ILjIeca) U MIUPOTHOM (MeJiKo-
BOJHBIM U 4acThb IJIyOOKOBOJHOIO IJIECOB) HallpaBiie-
HUAX, Ha CThIKe 3TUX ABYX YacTell paclojio’keHa IieH-
TpajibHasA 4acth (y moc. fitymo). B mupoTHON wacTu
U HCCIefoBaJd 3UMHUM NOAJIEAHBIN (UTOIIAHKTOH.
MepuanoHnasbHas 4acTb 03epa B 3UMHUI [Tepro/] Ipak-
TUYeCKU HeJOCTyIHa.

[Tpo6sl o6vemom 1.5 1 oTOupanu myTeMm 3adep-
NBIBaHUA U3-NIOA0 JibJa U 6aTOMETPOM C pPa3HBIX F'OPH-
30HTOB. B 2018 r. npoOs1 oT6upanu BOAOJIa3bl BAOJIb
no ckjaoHy. dukcuposanu 4%-HbEM GOPMATIMHOM, CTy-
1ajid OTCTOMHBIM METOJ0M, ITIpOCMaTpUBaId U IOCYH-
TeIBaJIU B kKamepe HaxoTtta o6semom 0.01 mi1. bBuomaccy
duTonIaHKTOHA OINpeesIAIN CUeTHO-00beMHBIM MeTO-
oM. 1714 371eKTPOHHOHN MUKPOCKONUY IIPOOH! IPOQUJIIb-
TpoBbiBaI (06beM 10-50 mut) Ha GuisTpel Millipore
u Brnagunop auamerpom 10 MM ¢ nopamu okosio 0.7-
0.8 mkM, npombiBanu 70%-HBIM 3TUJIOBBIM CIIUPTOM,
BBICYIIMBAJIN, HAKJIEMBAJIM C IOMOIIBIO ABYCTOPOHHET O
CKOTYa Ha «CTOJIMKW» IJIA 3JIeKTPOHHOI'O0 MHKPOCKO-
nyupoBaHuA, HambUnu Au-Pd cmechlo, mpocMmaTpu-
By Ha COM Hitachi S-3400N. TaxcoHoMuueckue
Ha3BaHWA BOJOPOCJIell IPUBEJEHB B COOTBETCTBHE C
3JIEKTPOHHBIM pecypcoM AlgaeBase (Guiry and Guiry,
2026), HO HEKOTOphle TaKCOHHI, HalJleHHble HaMU B
TenenkoM o3epe u ompefdejieHHble B Havajse 2000-x
IT., B OTO¥ CHCTeMe B HacTosllee BpeMs OTCYTCTBYIOT.
Pazfiesiennie Ha KpynHBIe TaKCOHBI (OTAeJIbI) cAesIaHO
10 CHCTeMe, PaclpoCTpPaHeHHO! B aJbroJIOTUU BO BTO-
poii mosioBuHe XX B. (Bomopocnmu..., 1989), B koro-
poOIl AaTOMOBBIe, 30JIOTUCTbIE M T.I. BHICTYIAIOT Kak
paBHOBeJIMKHe eAuHUIBL. B Hacrosmee Bpemsa (Guiry,
2024) mMmHoOrue OT[Hesbl IepeBefieHbl B pa3pAl KJjiac-
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coB. Tak, otmennl Bacillariophyta u Chrysophyta kak
kiaccel Bacillariophyceae u Chrysophyceae o6benu-
HeHHl B oTzen Heterocontophyta, Dinophyta — otnen
Dinoflagellata, HeKOTOpbIE YJIOTPUKCOBBIE U3 OTAENA
3eJieHBIX Bojiopociieit (pox Elakatothrix Wille) — otmen
Charophyta. AnprouHaukaius chejlaHa II0 MOHO-
rpaduu C.C. bapuHoBoii ¢ coaBT. (2019). CpaBHeHUe
cocTtaBa 3UMHero (GUTOIJIAHKTOHA B pa3Hble TOXBI
nccaeoBaHuA cHejlaHO 1o BeHHy, Koppeysnus c
daxropamu cpenpl (TeMmIeparypa, TOJIIMHA JbAa U
cHera) — o Cniupmeny (B nakere Excel Microsoft Office
2021). TecHOTy JAMHEHHON CBS3U OINpeAesisId 1O
mkane Yenmgoka: 0-0.1 — Het, 0.1-0.3 - ciabas, 0.3-
0.5 - ymepenHas, 0.5-0.7 — 3ametHas, 0.7-0.9 — BricO-
Kasd, 0.9-0.99 — oueHb BrIcOKasdA, 1 — GyHKUMOHATIbHAA
(Kcenpzenko u Jip., 2025). Knaccudukaius kayecTsa
BOJbI, OCHOBaHHasl Ha BeJIMYMHAX MHJEKca carpoGHO-
ctu o ITantie u Bykky (B Mogudukanuu Crnagedeka)
(YHudunupoBaHHbBIe METOLHL..., 1977; 1983), npousse-
neHa no (I'OCT 17.1.3.07-82).

3. Pe3ynbTarthl

1997 200

HcciienoBanve (UTOIUIAHKTOHA  MPOBOAUIIU
TOJIBKO Ha OJHOH CT. 5, HO B TeUeHUE BCEro 3UM-
HEro mepuojia, OXBAaTBHIBAIOIIETO Kak JiegocTaB ((des-
paip-MapT), TaKk U ero oTcyTcrBue (sHBaph). Jiisa
CpaBHeHUA MpUBEAEHBl JAHHBIE 32 Mal, KOrAa JieIo-
CTaB 3aKOHYMJICA W 03e€pO MOJHOCTBI0 OCBOOOIUIIOCH
O0TO JibJja. Bcero OBLIO BHIABIIEHO 58 TaKCOHOB, MpHU
3TOM B mpobax ObLJI0O OTMeYeHO Mo 9-15 TaKCOHOB.
YucsieHHOCTh UTOIJIAHKTOHA 3a BECh MEPUOJ] UCCIIe-
JIOBAaHUA M IJIA BCeX ITyOMH M3MeEHsAach B Mpejesiax
3.1-143.0 ThIC.KJI./J7I, Ouomacca — 1.8-105.6 mr/m?®
npu cpegHux BeauuyrHax 42.5+10.9 THC.KI./I1 U
24.3+8.4 mr/m? cootBercTBeHHO (Tabiuna 2). Ipu
3TOM B MOBEPXHOCTHOM CJIOE€ AWAMA30H W3MEHEHUs
BeJIMYUH OB MEHBIIE, a CpeJHUE YUCJIEHHOCTh U OHO-
macca — 6oJbiie: 57.4-143.0 u 108.3 +26.0 ThHIC.KJIL./J1
n 10.9-105.6 u 59.1 +=27.4 mr/m3. Haubosbinas yuc-
JIEHHOCTh OTM€YeHa MMEHHO B MOBEPXHOCTHOM CJIO€
(Puc. 3a) 3a cuer pa3urtusa nuaHobakrepuii (Puc. 36), B
ocHOBHOM U3 pojia Dolichospermum (Bornet & Flahault)
P.Wacklin, L.Hoffmann & Komarek (53.8-91.4%), D.
circinale (Rabenhorst ex Bornet & Flahault) Wacklin,
Hoffmann & Komarek (2.2-26.8%), a Takxe Microcystis
pulverea (H.C.Wood) Forti (84.3%) u Anathece clathrata
(West & G.S.West) Komarek, Kastovsky & Jezberova
(5.8-82.6%).

B ¢eBpajsie nmaHoGaKTepUM MOCTUTJIA MAaKCHU-
MyMa CBOero pa3BUTHsA B nojJieqgHoM cjoe (135.1 Toic.
K./, 94.4%). K cepeguHe Mapra oOmas YuCJIeH-
HOCTh (UTOIJIAHKTOHA CHU3WJIACh, HO [MOJIA LHMAHO-
GakTepuil B Hell ocTajiach MOYTU Ha NpPeXHEM ypOBHe
(94.0%) c Temu xe fomuHaHTaMu. Cy6JOMUHUPOBAIN
B AHBape U Jlajiee B Mae KpUNTOGUTOBAasA BOLOPOCIIb
Komma caudata (L.Geitler) D.R.A.Hill u rpynna me-
KOKJIETOUHBIX I[eHTpudeckux pguatomeiri (P+S+S)
— Pantocsekiella teletskoyensis Genkal et Mitrofanova
sp. nov., Stephanodiscus minutulus (Kiitz.) Cl. et Moll.,
S. binatus Hakansson et H.J. Kling u Stephanocostis
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Ta6suna 2. TakcoHOMIYeckoe pasHooOpa3ue U obuire 3uMHero puronjgaHkToHa B TeslennkoM o3epe B pasHble I'OAbI

IToka3aresnu Tox
HanmeHoBaHue JlnanasoHn 1997 2006 2023 2024
OO0111ee Y1MCI0 TAKCOHOB 58 61 64 54

Yucs10 TaKCOHOB B pobe 6-23 9-23 9-22 8-25
YncJIeEHHOCTD, ThIC. npeaeJsibl 3,1-143,0 5,7-117,7 42,0-206,2 46,0-380,7
el cpeaHsaA 42,5+10,9 40,8+11,0 141,4+16,4 238,7 = 36,2
Buomacca, mr/m3 npeneJsibl 1,8-105,6 6,1-62,9 176,5-514,5 76,0-344,0
cpeqiHAA 24,3+8,4 27,1+5,8 350,0+32,6 195,0+33,0

chantaicus Genkal et Kuzmina. Buomacca ¢uToriaH-
KTOHa B TOBEPXHOCTHOM I'OPU30HTE B 3UMHE-BECEHHU N
nepuop OpUsIa HaubOoJiblIell B MapTe NMpU JOMUHHUPO-
BaHMU nuaHobaktepuil (48.9% ot obmiell GrioMacchr).
INocyie mojiefHOTO pa3BUTHA B (peBpasie-MapTe MPOU-
30IJI0 Pe3KOe CHIDKEHHWE GroMacchl (pUTOIJIAHKTOHA
B Mae (cM. Puc. 3a), mpu 3TOM HOYTH PaBHBIN BKJIA[
B o0mylo OuomMaccy BHOCWJIM KakK IMaHOOaKTepuu
(35.2%), Tak u xkpunropurosse (35.0%) BomOpOCHH,
HO [JI0JI B YMCJIEHHOCTH LMaHoOakTepuil ObLIa ellle
6osbmioi (cM. Puc. 36). Haubosibmasa goJisg guaToMen
B ofOmeli 6uomMacce oTMeueHa B (peBpajie IIpu He3Ha-
YUTEJIBHOU POJIM B CJIOXKEHUU OOIel YMCJIEHHOCTU 3a
cueT JOHHBIX HopM, HanpuMep, Paraplaconeis placentula
(Ehr.) Kulikovskiy & Lang.-Bert.

Maxkcumym 6roMacchl GUTOIIAHKTOHA He BCeTaa
OBLJT MPUYpPOYEH K MOAJIeJHOMY cJiolo. Hampumep, B
(deBpasie momo spAOM HaumboJibmasg Gmomacca ¢uTo-
IUTAaHKTOHA ObL1a 3aduKcHpoBaHa Ha rirybuHe 50 M 3a
cyeT npeoOJiagaHus UaTOMOBEIX BogopocJiel (52.8%),
B TOM yucJie OHHOU (popmbl Surirella minuta Bréb. ex
Kiitz. (46.6%) npu coBceM HEBBICOKOI ee YMCJIEHHOCTU

(1.2 ThIC.KJ1./71 i 3.9%).

[lpu aHanu3e KOPPEJIALMOHHBIX CBf3ell MexXIy
YHCJIEHHOCTBI0O M 6roMaccoil GpUTOIIaHKTOHA, a TaKxe
JoJjieli NUaTOMOBBIX BOAOPOCJEN U LHaHOOAKTepuil B
o01iell YMCIeHHOCTH, C OOHOU CTOPOHHBI, M TOJII[UHON
JIbJJa U CHera — C JIpyroii, BbABJIEHA BBICOKas OTpHIla-
TeJbHasA 3aBUCHMOCTh JOJIU I[aHOOaKTepuil OT TOJI-
IMMHBI JbAa 1 cHera (Tabsuia 3).

2006 200

B noasyienHoM GUTONIAHKTOHE B IMPOTHOM YacTU
o3epa 6pUI0 BhIsABIIEHO 49 BuI0B (54 BUAa, pa3HOBUIHO-
cty ¥ popMel) 13 8 OTHEJIOB NPU 3HAYUTETIBHOM pa3HO-
obpas3uu qUaTOMOBBIX Bofgopociel — 66%. BTopsiMu 1o
YHCJIy BUAOB ObIM KpUunToduToBble Bogopocau — 12%.
IIpu cpaBHeHHU cocTaBa (UTOIJIAHKTOHA HAa Ppa3HBIX
CTaHIMAX ObLIO OTMEYeHO, YTO COOTHOIIEeHNe OT[eJIOB
II0 YMCJIy BUAOB MMeJIO CXOJHBIN XapaKkTep — AuaToMeun
1 KpunTtodUTOBBE 3aHUMAJIM Bejylee IIOJIOKEHUe.
Kpome Toro, TakcoHOMHUYeCKU cocTaB GUTOMIAHKTOHA
Ha KaXJOM CTaHIMU MMeJl OOJIbIIoe CXOACTBO MEXAY
coboit — 55-65%. [Ipuuem BbIAEJIAETCA CT. 5, B BUAO-
BOU cocTaB GUTOIJIAHKTOHA KOTOpo Ha 60-65% ObLIn
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Puc.3. U3meHeHne yucaeHHOCTU (THIC.KJI./JI) U 6uomacchl (Mr/m®) ¢urtomiankToHa B Tesenkom o3epe (CT. 5) B 3UMHUE
nepuon 1997 r.: aGcosiloTHBIE 3HAUeHMsA IO AaTaM U rjiyouHam (a) ¥ OTHOCUTeJIbHasA YMCJIEHHOCTb OTAEJIOB BOLOPOCJIell B
moBepxXHOCTHOM cJioe (6). YcioBHbie o603HaueHus: Cya — Cyanobacteria, Bac — Bacillariophyta, Cry — Cryptophyta.

606



Mumpogparosa E.1O. / Limnology and Freshwater Biology 2026 (4): 584-620

Bodopocnu: ﬂpOﬁﬂeMbI maKCcOHOMUU U 3Kosiocuu,
ucriofib3osaHue 8 MOHUMoOpuUHee u buomexHornoauu

Ta6suna 3. KoppesanuonHsle koadpdunreHTs CripMeHa Mexy okasateasaMu GUTOIIaHKTOHA, 10JIU H1aHOOaKTepui 1
JMaTOMOBBIX BOZOPOCJIel U HEKOTOPhIX pakTopoB cpefpl B 1997 r. (p <0.05)

IToxaszaTenn DOUTOILIAHKTOH Joisa B N
N B Cya Bac
TonmuHa CcHera 0.41 0.39 -0.75 0.29
Jbaa 0.40 0.41 -0.79 -0.44

IIpumeuanue: N — YuCJIeHHOCTh QUTOILIAHKTOHA, B — 6romacca, Cya — nuaHo6actepun, Bac — AuaToMoBble BOAOPOCIIN;

KHMPHBIM MIpH(TOM BbIJIeJIEHBI CBA3U paBHEBIE WK Bhimre 0.5

BKJIIOUEHBI BOJIOPOCJIY IIJIAHKTOHA CO CTaHIui 8 u 9.
Uncsio OgHOBpEMEHHO BereTHpYIOUIMX BHJIOB
Kxosiebasoch OoT 9 n0 23 Ha pasHBIX CTAHLUAX U TJIy-
ouHax (cm. Tabswuna 2). HauMmeHblllee 4YKC/JIO BUIOB
3aduKCUPOBAHO HA CT. 5 Y IOBEPXHOCTU U B IPUAOH-
HoM cJjioe Ha 200 M, HauboJblllee — Ha cT. 8 Ha 10 M. Ha
rJIyOOKOBOOHOM CT. 5 KOJINYECTBO BUAOB IIpaKTHUYeCKU
PaBHOMEPHO pacnpefesieHo Mo cTojdy BoAwnl — 9-15
BUJIOB, C MaKCHMaJIbHEIM COCpPeJOoTOYeHreM Ha IIyOu-
Hax 51 10 m - 15 u 13 BUAOB cOOTBETCTBEHHO. 13 11eH-
TpUYeCKUX ANATOMOBBHIX BOAOpoOcsell (POH IJIaHKTOHA
onpefenana rpynna P+S+S. Ona BcTpedasanch Ha
BCeX CTaHIUAX U riiyonHax. Ha 6osiee riryOOKUX ropu-
30HTaxX B QUTOIJIAHKTOHE MOSABJIAJINCH KPYIIHOKJIETOY-
HbIe [[eHTpuYecKue Bogopociu — Stephanodiscus alpinus
Hust. u Lindavia bodanica (Eulenst. ex Grun.) T.Nakov,
Guillory, Julius, Theriot & Alverson. Tak, Ha cT. 5 Ha
riyouse 200 M Ob1a OOHapyXeHa 0COOEHHO KpynHas
kietka L. bodanica — 45 mxM. OGBIYHO, KaK B HEPUOJ
OTKPBITOH BOJBL, Tak U IOJI0 JIbIOM, pa3Mephl CTBOPOK
3TOro Buja He npesbaT 30-36 MKM. 3a BeCh IepUO.
ncciefoBaHus ¢uTollaHKTOHa B Tesenkom o3epe
(1989-2025 rr.) TosIbKO B Mae 1997 r. Ha cT.fiI0 Ha
riybuHe 270 M Oblyia OOHapyXeHa CTBOPKA AUaMeTPOM
72 MKM, 4YTO fABJIAeTCsA NOYTHU IpefdesbHBIM pasMe-
pOM, IPUBOAMMBIM B JHTeparype AJjid JaHHOTO BHJA
— 80 MxMm ([JuaTomoBsle Bogopocid..., 1992). Ha 30
M U HuXe B pobax IJIAaHKTOHA NPHUCYTCTBOBaJjia TOJI-
CTOCTEHHAsA KOJIOHUWaJbHasA muatomMoBas Aulacoseira
subarctica (O.Miill.) Haw. IleHHaTHBIE JUATOMOBBIE
BOJIOPOCJIM TOXe MOABJAITCA B (UTOIJIAHKTOHE
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menaruajgn Ha Oosiee TrJIyOOKMX TOpU30HTax. U3
KpunTopUTOBEIX Haubojlee 3HAUYUMBI IpeACTaBUTEIN
IByx pomoB — Komma D.R.A.Hill u Cryptomonas Ehr.
Ha ropusonrte 50 M oTMeueH 6eCLIBETHBHIN XI'YTUKOHO-
cery Goniomonas truncata (Fres.) Stein (= Cyatomonas
truncata (Fres.) Fisch.). MHTepecHa HaxXoqKa pPeOKOTO
IpeICTaBUTENS 30JIOTUCTHIX Bogopocen Stylochysallis
libera (Fott) Starm.!, paHee mis Tejelkoro ozepa He
OTMEeUYeHHOro. JTa BOJOPOCJIb OTINYAeTCs OUeHb HeX-
HOM CTPYKTypoil AoMmuka. OTmedeH OH OBLI TOJIBKO
o riayonsel 10 M Ha CT. 5 U TOJIBKO y IOBEPXHOCTU
Ha cT. 8. KpoMe TOro, B GUTONIAHKTOHE 03epa B 3TOT
[epuoj pas3BUBaJICA KPYIHBIN IpeACTaBUTEsb 3TOTO
oT/esa, XOJIOMOJIOUBKINA BuL — Mallomonas alpina
Pasch. & Rutt. OH 6bU1 OTMeueH Ha cT. 5 Ha ri1y6uHe 5
M u cT. 9. Ciegyer oTMeTUTh, 4TO Dinobryon divergens
Imh., OOBIYHBIM B ILUTAHKTOHE O3€pa HAa HPOTKEHUN
BCEro OTKPHITOrO Iepuofa, He ObLJI BCTpeueH B 3UM-
HeM IoJJIe[JHOM IIaHKTOHe. I3 3eJieHbIX BofgopocJeit
3HAUUTEJIbHHIN BKJIaa BHocwIa Scherffelia incisa (Nyg.)
Masjuk & Lilitsk 13 3esieHbIX XJTaMUIOMOHA/, BCTpPeYa-
IollasacA U B IpyTHe ce30HHI r'o/la, Kak B Iejlaruaiy, Tak
U JIUTOpajy o3epa.

YnucseHHOCTh U OuoMacca (PUTOIIIAHKTOHA
OTMeYeHHBl B npefenax 5.7-117.7 Teic.kn./n1 u 6.1-
62.9 mr/m® (Puc. 4a, cm. Ta6imra 2). MakcuMaJsibHbIE
1 MUHMMaJlbHble 3HaUYeHUA YMCJIEHHOCTU IIPHUypPOYeHEbl
K CT. 5 — ri1ybussl 5 1 200 M, cOOTBETCTBEHHO. ClieiyeT
OTMETUTb, YTO AOJIA NUATOMOBBEIX BOAOpOCe! B IeJia-
raajgu o3epa B o0Iell YUCJIEHHOCTH (PUTOILIAHKTOHA

0
OTHOCUTENbHAA YNCNIEHHOCTb
0% 20% 40% 60% 80% 100%
0 =
5 I
10 —
0 30 B ]
50 =1
100 =
200 m
0 m
® 5 m I
10 ]
o 0 I
MCya MChr mBac mCry mDin mEug mCh

Puc.4. VameHeHue yucjaeHHOCTH (TBHIC.KJI./JI) u 6uomaccel (Mr/m®) ¢utomnankroHa B Teserkom o3epe (cT. 5) B MapTe
2006 r.: abcosoTHBIe 3HaUeHN (a) 1 OTHOCUTEJIbHAA YMCJIEHHOCTh OTAeI0B BofgopocJeil (6) nmo fataM u riayOrnHaM. YCIOBHEIE
ob6o3HaueHusa: Cya — Cyanobacteria, Chr — Chrysophyta, Bac — Bacillariophyta, Cry— Cryptophyta, Din — Dinophyta, Eug —

Euglenophyta, Chl- Chlorophyta.

! B AlgaeBase 3TOT BU/] He yKa3aH, yIIOMUHaHUE O HeEM ecTb y (MaTBueHko, 1954).
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yBeJMumMBasacs ¢ riryouHoii — ¢ 30.6 go 85.4%, kpumnro-
(pUTOBBIX, COOTBETCTBEHHO, yMeHbIIanach — 50.2-
10.4% (Puc. 46). OCHOBHOM BKJIaJ, B YMCJIEHHOCTH
duTomaHKTOHA M3 [AMATOMOBBIX BHOCWJIA TIpymna
P+S+S - 23.6-47.9%, u3 kpunrtobutossix K. caudata
—10.4-37.7%. BBugy MaJblx pa3aMepoB 3TUX JUaTOMeM
U KpunToUTOBOM BOJOPOCIM HX [0jA B Ouomacce
¢uTortaHkToHa Obla He3HauuTesbHast: 1.5-6.0% u
1.1-13.0% coOTBeTCTBEHHO.

HanGosnee 3Ha4MMBIMU 10 BKJIaAy B 00IIyI0 610-
Maccy (uUTOIUIaHKTOHA OBUIM HeoIpeAeseHHBIN A0
BUJA MpeAcTaBUTesb JUHOGUTOBLIX BOJOpOCIel (BO3-
MOXHO, crnopa) (11.8-68.6%), kpymHOKJIeTOUHble A.
subarctica (16.1-31.9%) u L. bodanica (62.4%) u3 aua-
ToMel. B cTosibe BoABl B Mejlarvaayd o3epa Ouomacca
duTonIaHKTOHA, KaK U ero YMCJIeHHOCTb, IPUYPOYEeHBI
B OCHOBHOM K ¢oTtuuyeckoMy ciaow — 5-10 m. Ha cr.
8 ckomieHHe BOAOpPOCJIel ILIAHKTOHA OOHapy>XeHO
TakXke He y IIOBEPXHOCTH, a Ha 3TUX Xe F'OPU30HTaX.
HaGmrogaeTcs Ta xe TeHAeHIUA BKJIaJa pa3HbIX BUJIOB
B OOHIyI0 YMCJIEHHOCTh M Ouomaccy (pUTONIaHKTOHA
o3epa.

Ananu3 KOppeJIALMOHHBIX CBA3ell MeXay 4Yuc-
JIEHHOCTb10, 0MOMAaccoil M KOJIM4eCTBOM TaKCOHOB B
uToIIaHKTOHe, a TakXxe AoJjiell rpynmnel P+S+S B
ob1reil YrcaeHHOCTH U GruomMacce, ¢ OQHON CTOPOHBI,
u obueil TIyOuHON Ha CTaHUMAX U TOJIIMHOU JIibJa
(ToJMIMHA CHera Ha pasHBIX CTAHLUAX Oblla OQUHAKOBA
B nepuop orbopa) — ¢ apyroi (Tabmuua 4) nokasad,
YTO YMCJIO TAKCOHOB IMeeT 3aMeTHYI0 OTpULIaTeJIbHYI0
3aBUCUMOCTb OT TJIyOMHEBI Ha CTaHLIUMU.

2018 200

B nuTopasnyu o3epa Ha CTBIKe IIMPOTHON U Mepu-
JVOHAJIBHOU YacTeli o3epa (cT. 5a) 3uMoili 1o JiefjocTaBa
Y BO BpeMs ero ObLJIO BBIABJIEHO 53 TakCOHA BOAOPOC-
Jlell U3 [IecTH OTAEJIOB CO 3HAUYUTeJIbHBIM IpeobJana-
HUEM UAaTOMOBBIX Bogopocyiel — 55% (Puc. 5a)%. Ha
BTOPOM PaHI'OBOM MecTe ObLIM 3ejleHble Bogopociu (8
TaKCOHOB), TpU oTAeja (IaHobaKTepuy, 30JI0TUCThIE
U KpUNTO(QUTOBBIE BOLOPOC/IM) MMeJu Mo 4—-6 Takco-
HOB, U AMHODUTOBEIE — OAVH.

B miaHKTOHe JsmMTOpaayd oO3epa IIPUCYTCTBO-
BaJI0 MO HECKOJIbKY BHJOB 30JIOTUCTBIX U KPHUIITO-
¢utoBbIx (QuaresuiAr. Cpeau 30JI0TUCTHIX BOJAOPO-
cnell ObUIO BBIABJIEHO TpU BHAa U3 poma Mallomonas
Kristiansen — M. elongata Reverd., M. acaroides Perty
u M. producta Iwanh.?. Cpequ KpUnToOUTOBBIX OTMe-
4YeHO deThIpe BuAA U3 pofa Cryptomonas — C. erosa Ehr.,

C. gracilis Skuja, C. marssonii Skuja u C. ovata Ehr., a
takke Rhodomonas pusilla (H.Bachm.) Javornicky u
Komma caudata, oqyiH 13 JOMUHAHTOB GUTOIJIAHKTOHA
Tesenikoro ozepa no YUCJIEHHOCTH.

[Ipu cpaBHeHHHU cOocTaBa U KOJIMYECTBA BUOB B
(¢uTorIaHKTOHe O3epa B sfHBape U ¢eBpaje cienyer
OTMeTUTb, YTO YMCJIO BUOB YMEHbIINIOCHE ¢ 39 o 29
BUJIOB, KOrJla YCTAaHOBUJIOCH JIe[JOBOE IOKpHITHE, HO
COOTHoOIIeHHe ocTtajiock TeM xe (Puc. 56). [Ipu sTom
17 BUOOB BCcTpedasuch B (PUTOIIAHKTOHE O3epa U B
siHBape, U (peBpajie. BeposATHO, IPU TOJIBKO YTO yCTa-
HOBUBIIIEMCs JIeJOBOM IOKPBITUU COCTaB (PUTOILIAH-
KTOHA He MpeTepIie ellle KapAUHaJIbHOTO U3MeHeHUs 1.

2023 200

BriiBeHo 62 TakcoHa BOAOpOC/eN M3 IIecTd
OT/ZIeJIOB TpU HauboJblIeM pa3HooOpa3uu gUaTo-
MOBBIX Bogopocyein — 71.0%. [IpeobiamaHue mo pas-
HoOOpa3ni OeHTOCHBIX GOpM U IepudrUTOHA MOXET
CBU/JIETEILCTBOBATh O MEJKOBOJHOCTU BOJloeMa Ha
HccIeJOBAaHHOM y4YacTKe M OOJIBIION 3HAUYUMOCTU ero
JIUTOPaJIbHBIX YYacTKOB, a TakXe O OOJIBIIOM BKJIaJe
OGeperoBelx oOpacTaHUl ero MpUTOKOB. BTopoe paHro-
BOE MeCTO IT0 pa3HOOOpa3nio NPUHALJIEXaI0 3eJIeHbIM
BOJIOPOCJIAM, Cpeii KOTOPBIX OTMeUYeHbl BOJIbBOKCOBBIE
U yJioTpukcoBble (mpeactaButesns poaa Elakatothrix),
a Takxe Heollpe/ieJIeHHBIE [0 PoJia XJIOPOKOKKOBHIE. B
OCTaJIbHBIX OTJeJjiax ObLJIO BHIABJIEHO MO 2—3 TaKCOHA,
T.e. 3MMHUM NoAJIeJHbIN PUTOIIaHKTOH OBLIT Majiopas-
HooOpaseH IO COCTaBy, YTO OBLJIO OTMEYeHO paHee U
MOATBEPXK/IEeHO IIPU HACTOsIEM HCCJIeOBAHUU.

TakcoHOMMuYeckoe pa3HooOpasue (PUTOILIaH-
kToHa Teyierkoro o3epa Ha pa3HBIX CTAaHUUAX U pas-
JIMYHBIX TIyOMHax OTMe4YeHO B mpefesax 9-22 mnpu
cpenHell BenuunHe 16 +1 takcoHoB (cM. Tabsura 2).
[Tpu 3TOM Ha KaxXJON CTAHI[UU B OOIIeM OTMeYeHO IO
MOYTH OAWHAKOBOMY YHCJIy TaKCOHOB U MOYTH OJU-
HaKOBOMY BKJIaZly OT[IeJIbHBIX OTJIeJIOB BOAOPOCJIEN B
obuuii cocraB (Puc. 6a), T.e. noaneqHbN GUTOIIIAH-
KTOH CeBepHOM IMPOTHOM dYacTu o3epa CXOAeH IIo
COCTaBY Ha pa3HBIX CTAHIUAX. [[MaTOMOBBIE BOJJOPOCTIU
cocrapysn 70-71% ot obiero cocrasa BOgOpocCjei
dutonaHkToHa, 3esieHble — 9.7-20.0%. BriaBieHO,
YTO B MOBEPXHOCTHHIX TOPU30HTAX Ha JIBYX CTAHIUAX
(8 u 7) uncsio TakCOHOB MeHbllle, yeM B 6oJiee T1y0o-
KHX CJIOSIX BOJIbI, B TO BpeMs Kak Ha CT. 6 HauMeHb-
Ilee 4YMCJI0O TAaKCOHOB OBLIO OOHApyXeHO B CpeHEM
TOPU30HTE.

Ta6suna 4. KoppensanuonHsle koabdunneHTs ClipMeHa MexXAy Noka3zaTesiiMiu GUTOIIaHKTOHA, 0JIM MeJIKOKJIETOUHBIX
LIeHTPUYeCcKHX AUAaTOMOBBIX BOJIOPOCJIel 1 HEKOTOPHIX pakTopoB cpenbl B MapTe 2006 r. (p <0.05)

ITokasaTesu DUTOIIAHKTOH JomaP+S+S B
N B n N B
Ob6mas rirybuHa -0.03 -0.40 -0.59 -0.20 0.32
ToumuHa abpaa -0.14 -0.42 -0.22 -0.20 -0.06

IMpumeuanue: N — yncjIeHHOCTh PUTOIJIAHKTOHA, B — 611oMacca, n — YKMCJI0 TAKCOHOB; XUPHBIM MIPUGTOM BBIAEJIEHBI CBA3U
pasHble niy Beime 0.5

2 JTaHHBIE 110 9TOMY rofAly He nmpuBefieHsl B Tabiuie 2, Tak Kak ObUT M3y4eH COCTaB U CTPYKTypa (GUTOIIaHKTOHA 6e3 ero
KOJINYECTBEHHBIX XapaKTePUCTHUK.

3 B HacTosIIee BpeMs 3TO Ha3BaHWe BU/Ia He BaJIUHOE.
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Puc.5. [lona othesioB Bomopocieil (a) B IleJioM U pacnpefesieHue 1o cpokaM oTtbopa (6) B duromiaHkToHe Tesenkoro
o3epa (fitmo, iutopass) B 2018 r., unciio BUnoB, %. YciioBHbee 0603HaueHus: Cya — Cyanobacteria, Chr — Chrysophyta, Bac —
Bacillariophyta, Cry — Cryptophyta, Din — Dinophyta u Chl — Chlorophyta.

UucsieHHOCTh  (UTOIUIAaHKTOHAa B TeJierkom
o3epe B MOAJIEAHBIN ITepro/] OblIa HEBBICOKAA U U3Me-
Hss1ach B npegesnax 42.0-206.2 THIC.KJL/JI, TOrga Kak
ero 6romMacca JocTturasa u 6oJiee BBICOKAX 3Ha4eHUN
- 176.5-514.5 mr/m® nipu cpennux 141.4+16.4 ThiC.
KJI./7 u 350.0 £ 32.6 Mr/m3, cooTBeTcTBeHHO (Puc. 60,
cM. Tabnuna 2). JloJisg AUaTOMOBBIX BOJOPOCJIEil B UKC-
JICHHOCTU (UTOIUIaHKTOHa coctaBuia 20.00-90.98%
IIpy cpefHeN IjiA Bcero obbeMa [JaHHBIX BeJUYHHE
59.08 +9.81%, B 6uomacce — 4.17-85.63% mpu cpen-
Hell 63.96+10.24%. 3esieHble BOAOPOCIIU 3aHUMAaJIU
BTOpOE PaHToOBO€ MeCTO IO BKJIAAY B YMCJIEHHOCTb U
6uomaccy GUTONIaHKTOHA: J0JIA B uncjieHHocTy 1.01-
68.57% nipu cpefHeli 21.46 + 8.53% u qosiA B 6uoMacce
3.71-87.18% npu cpenneii BenmunHe 23.71+8.62%.
Ha oTaesbHBIX CTaHIUAX M TOPU3OHTAX 3HAUYUTEIbHBIM
OBLT BKJIa[ KpUNTOQPHUTOBBIX BOJOPOCJIEN: [0JIA B YHC-
neHHoctu 1.45-34.07% npu cpenHein 13.36+4.76%
u fosa B 6uomacce 0.89-37.54% npu cpeaHeil Beu-
ynHe 7.91+3.84%. W3 guaToMOBBIX AOMUHUPOBAJ
[0 YMCJIEHHOCTH KOMILJIEKC MEJIKOKJIETOYHBIX ANaTO-
Melt P+S+S, umetomuit 100%-Hyl0 BCTped4aeMoOCTh
1 55.6% 4yacToTy AOMUHUPOBaHUsA, B TO BpeMs Kak y
kpunrtoduroBoii Bogopocu K. caudata npu 100%-Hoii
BCTPEYaeMOCTH 4YacTOTa AOMHUHHMPOBAHHUS COCTaBJIATIA
22.2%, T.e. 3HAYMMOCTh 3THUX JOMUHAHTOB I10 YLCJIeH-
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HOCTH COXpaHAJach U B MOJJIEAHOM (UTOIJIAHKTOHE
o3epa. B joMMHaHTHOM KOMILIeKce 1o 6uomacce ObUIN
OTMeueHBl KaK MeJIKOKJIeTOYHEIe [TpeICTaBUTe N IIJIaH-
KTOHa NpU UX OOJIBIIOM BKJIaZE B YHCJIEHHOCTD, TaK U
BOAOPOCIIHU ¢ 60Jiee KPyNMHBIMU IO pa3Mepy KJIeTKaMH,
B OCHOBHOM [IOHHBIe JuaTomeHd. Tak, KOMIUJIEKC MeJl-
KOKJIETOUHBIX P+ S+ S, umetomuii 100%-Hylo BcTpeya-
€MOCTh, JOMHUHMPOBAJI o bromacce B 22.2% ciiy4aes,
a K. caudata — B 11.1%, Kak u 3eJieHas XJIJaMUJOMOHaaa
Scherffelia incisa. CpeHAA A1 CTAaHIWU YWCJIEHHOCTD
(uTonIaHKTOHA yBeJInuYrBaeTcAa oT 8 K 6 cTaHIUH, T.€.
[I0 Mepe yBeJW4yeHUs TJIyOMH, a cpefHAsa Ouomacca
(duTonIaHKTOHA MNpPaKTUYeCKW OAMHAKOBA Ha BCeX
CTaHLIMAX.

Hccnegosano passutue rpynmnsl P+S+S B noa-
JleqHoM (PUTOIUIAHKTOHE O3epa Iepej CHEroTasgHHEM.
B nesom assa Bcero o6cjieOBaHHOIO yvyacTKa o3epa
BKJIa[ rpynnel P+S+S cocTaBisAa B YACJIEHHOCTH OT
8.6 mo 57.7% mnpu cpennHeii BeauunHe 30.3+6.1%,
6uomacce 2.3-24.1% mnpu cpegHell BeJIUYNHE
14.1 +2.4%. Ilpu sTOM HauOOJBIINI BKJa[ TPYMIHI
P+S+S kak B YMCJIEHHOCTb, TaK U Guomaccy ¢uro-
IIJIAHKTOHA OB OTMeYeH Ha cT. 8 (kak MakcuMaJibHble,
MUHHMaJIbHble, TaK U cpedHsAA BenuuHsel) (Puc. 7), T.e.
Ha caMO¥ MeJIKOBOJHON CTaHIMU. AHaJIN3 KOppeJIALu-
OHHBIX 3aBHCHUMOCTEN IOKa3aj, 4YTO YHCJIO TaKCOHOB

0
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Puc.6. CooTHOIIEHHE OTAEIOB BogopocJiei (a) u obune (6) GuToniaHKToHa (4MCIEHHOCTS (ThIC.KJI./J1) 1 6romacca (Mr/m?))
B Teserikom o3epe B ampesie 2023 r. YcioBHble 0603HaueHus: Cya — Cyanobacteria, Chr — Chrysophyta, Bac — Bacillariophyta,

Cry - Cryptophyta, Din — Dinophyta u Chl — Chlorophyta.
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Puc.7. MakcumasipHasi, MUHUMAaJIbHAasA U CPeIHASA BEJIMYMHBI BKJIAJ|a IPYIIIB MEJIKOKJIETOYHBIX [[EHTPUYECKUX JUaTOMel B
Y1CJIEHHOCTh U 6romaccy durtomniankToHa Teselikoro o3epa B anpesie 2023 r. B 1iesioM (a) u 1o craHiuam (6).

B QUTOIJIAHKTOHE B IMOAJIENHBIN ITepUoJ] HAXOAUTCA B
MpsIMOM 3aBUCUMOCTHU OT 00IIel IJTyOMHBI Ha CTAaHIIUU
U TOJIIMHBI CHera, a 4YMCcJIeHHOCTh U 6uomacca puro-
IUIaHKTOHA — B 0OpaTHON OT TJIyOWHBI U IPAMOI OT
TOJILIVHBEL CHEroBOro Inoxposa. oy rpynmnsl P+S+S
B YMCJIEHHOCTU U 61oMacce pUTOIJIAHKTOHA KOppeJsiu-
PYIOT OTpULIATeIbHO C TEMIIEpPaTypPOU BOJBI 1 MOJIOXKU-
TEeJIBHO C TOJIIMHON CHera U JibJa B pPa3HOU CTeleHU
(Tabsaumna 5).

2024 200

BrigByieHOo 53 TakcoHa BOAOPOCJIEN M3 IIEeCTU
OTJZIeJIOB IIpM HauOoJblIeM pasHOooOpa3uy AUATOMO-
BBIX BoZopocJiell — 56.6%. BTopoe paHroBoe MecTo IO
pa3zHooOpa3uio NpUHaAIexasao 3eJIeHbIM BOAOPOCIAM,
cpeau KOTOPBIX OTMeYeHBl BOJIbBOKCOBBIE (IIpeACcTaBU-
Tesm ponioB Chlamydomonas Ehr. u Scherffelia Pasch.),
a TakXe XJIOPOKOKKOBble, TUIMYHBIE ILJIAHKTEPHI
(npencraButenu ponos Monoraphidium Kom.-Legn. u
Tetrastrum Chod.), u mecMmuaueBbie (IIpenCTaBUTETb
poxa Closterium Nitzsch ex Ralfs). PasHoo6pa3Ho ObLTI
MpeJICTaBJIEHBl XI'YTUKOBBIE (OPMBI M3 KPUNTOPUTO-
BBIX poaoB Komma u Cryptomonas. B ocTaJIbHBIX OT/e-
Jiax OBLJIO BBIAABJIEHO MO 1-4 TakcoHa, T.e. 3SUMHUH II0-
JeqHbll GUTONJIAHKTOH OBbUI MaJiopa3HooOpas3eH II0o
COCTaBYy.

HaubGosiee pa3HoOOpa3HbIl, HO MEHBIIUM IO
KOJINYeCTBY BBIABJIEH COCTaB (PUTOIIAHKTOHA B YCThE
p- Kamru (ct. 1), B imropanu KamMruHckoro 3ajiuBa Ha
JBYX CTaHLUAX OBLJI OTMeYeH NMPUMEepPHO OAMHAKOBBIN
10 COCTaBY U KOJINYeCTBY GUTOIUIAHKTOH (cT. 2 1 3), B
TO BpeMs Kak B Iejiaruajiy o3epa Ha BhIXOJe M3 3aJIuBa
(ct. 4) duTONIAaHKTOH OBUT M MeHee pa3HOOOpAa3HBIN

1 MeHee OOMJIBHBIN IIpu HauboJIbllleM BKJIafe OUaTo-
MOBBIX Bogopocyeii (Puc. 8a). B 1esiom, quatomMoBbie
BOJOPOCJIM Ha pa3HBIX ydyacTKaxX aKBaTOpUHU 3ajiliBa
cocrasyisun 27.8-66.7% ot obmero cocrtaBa BOJOpOC-
Jlell MJIaHKTOHA, 3eJjieHble — 6.9-22.2%. BhisiBJIEHO, UTO
Ha CT. 2 y IOBEPXHOCTHU 00JIbllle TAKCOHOB, YeM Ha IJTy-
6une 10 M, Ho MeHbIlle, yeM Ha 20 M. Ha cT. 3, Hampo-
TUB, V¥ IOBEPXHOCTH caMOe HanMeHblllee YKCJIO TaKCo-
HOB, a HauOoJibllee — Ha ITyOuHe 10 M B TO BpeMms, Kakx,
Ha 20 M 3Ta BeJIMYMHA CHHXXaeTcA. BnojiHe BO3MOXHO,
YTO BOIBI KPyIHOrO mMpuTOKa o3epa p. Kamru, mocrty-
MasA B 3aJIUB, CIIOCOOCTBYIOT IepeMellBaHUI0 BOTHOM
Macchl 1 OoIpefesieHHBIX TEHAEHLIMI B pacipeesieHUun
BOJOPOCJIE B TOJIIIe BOABI He BBIABJIEHO. B nesaruanu
BoAopocu 6ojiee cocpefOTOUYEHBl He Y MTOBEPXHOCTH,
a Ha riybuHe 10 M, YTO BIOJIHE COTJIaCyeTCA C TeM,
YTO TNIOBEPXHOCTh Ilejiaruaju OoJibllle IOoJBepXeHa
BETPO-BOJIHOBOMY BO3JEMCTBUIO PU OTCYTCTBUU JIbJA.

YucsieHHOCTh (UTOIUIAaHKTOHA B TNOAJIeHBIN
nmepuoj OblJIa OT HU3KUX OO CPeOHUX 3HAUeHU! IJiA
JAHHOI'O BoAoeMa, U u3MeHsAIach B mnpepesax 46.0-
380.7 THIC.KJI./JI, TaKXe KakK U ero Omomacca — 76.0-
344.0 mr/m® npu cpeguux 238.7 +£36.2 THIC.KJI./JI U
195.0+33.0 mr/m3, cootBercTBeHHO (Puc. 86, cMm.
Tabsuma 2). JloJii JUaTOMOBBIX BOJOPOCJIEH B YHC-
JIEGHHOCTU (QUTOIUIAHKTOHA cocTaBuia 35.4-78.2%
pu cpegHel OJiA Bcero o0ObeMa JaHHBIX BeJIMUMHE
57.6+5.1%, 6uomacce — 1.9-86.3% mnpu cpenHein
50,4+10,9%. Ha oThesibHBIX CTaHLUAX U TOPU30HTaxX
B MapTe 3HAYMUTEeJbHBIM OBLI BKJIa[ KpUNTO(PUTOBBIX
BoAOpOCJIei: AO0JiA B uucjieHHocTu 7.6-42.8% mpu
cpenHent 22.7+4.3% u gosna B 6uomacce 2.6-25.9%

Ta6suna 5. KoppenanuonHsle koadduuneHTs ClipMeHa MexXAy Noka3aTesIAMHU GUTOIIaHKTOHA, 0JIM MeJIKOKJIETOUHBIX
[[EHTPUYECKUX JUATOMOBBIX BOAOPOCJIEN 1 HEKOTOPHIX akTopoB cpexs! B ampese 2023 r. (p <0.05)

IToxa3zaTenu DUTOIIAHKTOH Hona P+S+SB

N B n N B
Temnepatypa -0.29 0.31 0.22 -0.67 -0.75
Ob6mas riry6uHa -0.66 -0.97 0.94 -0.28 -0.17
TosmuHa cHera 0.97 0.67 0.74 0.98 0.95
JbJa 0.25 -0.34 -0.25 0.65 0.73

IIpumMeuanue: N — yricjieHHOCTh GUTOILIAHKTOHA, B — GroMacca, n — 4rcjI0 TAaKCOHOB; XKUPHBIM HIPHUGTOM BbIJEIEHBI CBA3U

pasHble uiy Beie 0.5
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Puc.8. CooTHoIIEHNE OT/IeJIOB Bojjopociett (a) u obuiue (6) duTomiaHKToHa (YUCIIEHHOCTb, THIC.KJL./J1 M Guomacca, Mr/m°)
B TesternikoM o3epe B MapTe 2024 r. YcyioBHble o6o3HaueHus: Cya — Cyanobacteria, Chr — Chrysophyta, Bac — Bacillariophyta, Cry

- Cryptophyta, Din — Dinophyta u Chl — Chlorophyta.

npu cpeaHell BenuunHe 9.2+ 2.4%. V3 quaTOMOBBIX
JOMMHUPOBAJI MO0 YMCJIEHHOCTH KOMILIEKC MeJIKOKJIe-
TOYHBIX pAuaTtoMeirl P+S+S, umetomuii  100%-Hyio
BCTpedaeMoCTb U 55.6% 4YacTOTy AOMHHUPOBAaHUsA, B
TO BpeMs Kak y Kpurnrodurosoi Bogopocu K. caudata
npu 88.9%-HOI BCTpeyaeMOCTH 4acTOTa JOMUHUPOBa-
HusA cocTasisia 33.3%.

B pgomuHaHTHOM KOMILJIeKce IO Ouomacce y
KOMILJIEKCA MEJIKOKJIeTOYHbBX P+S+S nmpu 11.1%
BCTpeYaeMoOCTU AOMHHHPOBaHUsA He BbIABJIEHO, a K.
caudata — ipu 22.2% BCTpeyaeMOCTU TaKXKe B KAaueCTBe
JOMMHAHTOB He OTMeueH. [luHodUTOBasA BOJOPOCJIb
Glenodinium quadridens (Stein) Schill. gomuHMpoBana
TOJIBKO B OAHOM mpobe — B p. Kamre (vyactora BcTpeua-
eMmocTu — 44.4%, yactora nomuHupoBanus — 11.1%), B
neJjiaryajy OHa B JOMHHAHTHOM KOMILIeKce He OTMe-
yeHa. CpeHAA [JIA CTAHIMU YMCJIEHHOCTh QUTOILIAH-
KTOHa yMeHbIIaeTcsa OoT 2 K 3 CTaHLUUU U yBeJIWYuBa-
ercs K 4, nejlaruajabHON CTaHLIUU.

Bxnag rpynnel P+S+S cocTaBisaa B YHCIIeH-
HocTu oT 21.9 ;o 67.1% mnpu cpedHell BeJnUuyHHe
35.0+4.7%, B 6uomacce — 1.9-11.7% npu cpenHei
BesinunHe 6.3+1.0. [Ipu 3TOM HaubOOJBMIMI BKJIAM
rpynnsl P+S+S B uiCIeHHOCTh (PUTONIIAHKTOHA OBLI
BBIABJIEH Ha CT. 1 B IOBEPXHOCTHOM cJioe, a 6uomaccy
— Ha cT. 2 Ha rrybuHe 10 M. AHaiIM3 KOppeJIAIUOH-
HBIX CBsI3el MeX[y YUCJIEHHOCThI0, BIOMaccon U KOJIu-
YecTBOM TaKCOHOB (UTOILIAHKTOHA, a Takxe JoJjei
rpynmsl P+S+S B 0ob11eil uyncjieHHOCTU U 6romMacce, ¢
OIHOW CTOPOHBI, ¥ TeMIIepaTypoi BOAbI, OOIIel riryou-
HOH Ha CTaHUMAX U TOJIIMHOM CHera u Jipfa — C ApY-
roi (Tabmsuia 6), mokasaj, 4To Iy moau P+S+S B

4uCcJIeHHOCTH (UTOIUIaHKTOHA ObLIa BBIABJIEHA O4YeHb
BbICOKasA OTpHIaTeslbHas 3aBHCHUMOCTb OT TeMIlepa-
Typbl BOJbl, yMepeHHas IOJIOXKUTeJIbHAasA — OT TOJI-
HIUHBI CHera u JjbfAa. A gonmu P+S+S B 6uomacce
duTonaHkTOHA HabMIOAaach 3aMeTHAas NOJIOXKUTEIb-
HasA 3aBUCHMOCTb OT TOJIIMHBI CHera M yMepeHHas
[I0JIOXKUTEeJIbHAA 3aBUCUMOCTh OT TOJIIVHEI Jibja. J1a
¢duTonIaHKTOHA B I[eJIOM 3HauuMas (yMepeHHas oTpu-
1jaTesibHasA) KOppeJiAlMOHHAas 3aBUCHMMOCTh OTMedeHa
TOJIPKO JIJIA 4KCJIa TAKCOHOB, T.e. ueM OoJibllle CcHera,
TeM MeHbllle BUJI0B B GUTOIJIAaHKTOHE.

B ponosHenuu ObU1 IpoaHAJIU3UPOBAH BKJIAJ
KaxJ0ro M3 4YeThIpeX BHJIOB, COCTABJIAIOMINX IPYIILY
P+S+S, B duromnankToHe KaMruHckoro sajauBa B
MOJJIEHOM cJjioe. BhisiBJIeHO, uTO P. teletskoyensis mpe-
obyiafjaeT IO KOJINUECTBY cpeau Apyrux Buaos. Ee
OTHOCUTEJIbHAsA YMCJIEHHOCTh HM3MeHsJsach oT 73.3 g0
87.8% B rpymnmne npu cpeaHeM 3HaueHuu 81.9+1.4%,
BTOPBIM IO 3HAUYUMOCTH fBJisieTcA S. chantaicus — 6.8—
17.3% 1 13.1 =1.1%, cooTBeTcTBeHHO. OCTa/ibHBIE [Ba
BU/a XOTS U BCTPevalnTcs B KaXXA0U pobe, HO B He3Ha-
YUTEeJIbHBIX KOJINYeCTBax.

Jxost0e0-ceoepaguyeckull aHaTu3 cocmasa 80do-
pocJieli JIaHKMOHA @ nodsedHbILl nepuod

AHanu3 TakCOHOMHYECKOI'O0 cocTaBa U 3KOJIO-
FMYecKUX XapaKTepUCTHUK BOAOpOCJeN IoKasasl, 4To
B IUIaHKTOHe Tejielkoro osepa B Ilepuoj JiedocTaBa
npeob6yaganu oburatenu gHa u nepudurtoHa (33.6%
OT 0O0IIero 4uicjia BHIABJIEHHBIX TakCcOHOB U 48.5% oT
YycJjia TAaKCOHOB C HM3BECTHOU 3KOJIOTMYECKOM Xapak-
TEPUCTUKOI), KOCMOIIOJIUTHI 0 reorpaduyeckoil npu-
ypoueHHOcTU (43.6 u 62.9), ankanuduiabl U UHAUD-

Ta6suna 6. KoppenanuonHsle koadduuneHTs ClipMeHa MeXAy NoKa3aTesAMU GUTOIIaHKTOHA, 0JI MeJIKOKJIETOUHBIX
I[eHTPUYeCKUX AUaTOMOBBIX BOAOPOCJIell U HEKOTOPHIX (GaKTOpoB cpefbl B MapTe 2024 r. (p <0.05)

IToxa3zaTenu DUTOIIAHKTOH Hona P+S+SB

N B n N B
Temnepatypa -0.13 -0.07 0.27 -0.97 -0.49
Ob6mas rirybuHa -0.08 -0.15 0.57 -0.52 -0.18
ToummuHa CHera 0.29 -0.10 -0.32 0.38 0.61
Jbaa 0.13 0.00 0.19 0.33 0.31

ITpumeuanue: N — yncjaeHHOCTb PUTOIJIAHKTOHA, B — 61omacca, n — 41cJI0 TAKCOHOB; XUPHBIM MIPUGTOM BbIAeJIeHbl CBA3U
pasHble uiy Beie 0.5
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depenTsl no otHomeHuto kK pH cpensr (17.9 u 39.1,
19.3 u 42.2, cooTBeTCTBEHHO) U MHAUPGDEPEHTH 0
OTHOUIEHUI0 K MUHepaiu3anuu BoAsl (48.6 u 71.6), a
Takxe 6GeTamMe30canpoOMOHTH 0 OTHOLIEHUIO K Coflep-
’KaHUI0 opraHuyeckux coenuHeHuit (25.7 u 48.7%)
(Tabsmna 7).

4. 06cyxpeHue

BrtusaHue 1ed080li 06cmaHoGKU Ha OOMUHUDYIO-
wuil KOMIUTEKC U KOJIUYECMGEeHHble XapaKmepucmuku
¢dumonnankmona @ Testeykom o3epe

Tenenkoe 03epo, paclnosioxkeHHOe B ropax Ajras
Ha lore 3amaaHoyi CubupH, OTHOCUTCA K BOJOeMaM C
eXerolHo 3aMep3aroleil TOJIbKO CEBepHOI MUNPOTHON
YacThl0 M peJKUM IMOJIHBIM JiefocTtaBoM (Cesereil u
Cenereit, 1978). B mocienHue necATUIETUSA ITOJTHBIN
JlefocTaB OTJIMYaeTcs OTCyTCTBHEM KaKOH-JIubo pery-
JsipHOCTH. PaHee MOBTOPsAEMOCTh MOJIHOTO JiefocTaBa
oTMevanu kKaxnasle 8-13 sner. B 2006 r. ozepo moJi-
HOCTBIO IIOKPBUJIOCH JIBAOM Iocje OoJsiee yem 15 et
ero orcyTcTBuA. Jlajee moJiHOe 3aMep3aHue HaOJIlo-
namu B 2010 u 2018 rr. Ocob6eHHOCTH TepMUYecKoro
U TUJpPOJIOTUYECKOr0 PeXUMOB o3epa 00yCIOBJIEHBI
ero 6oJbIION TJIyOMHOU (323 M), TOCIOACTBOM IMOYTHU
IIOCTOSIHHBIX TOPHBIX BETPOB B €ro JOJIMHEe, KOPOTKUM
rnepuoAoM BHelHero BogoobmeHa (5.6 jyiet) (CeJtereit
u Cenereii, 1978; Selegei et al., 2001). OTu dpakTophi
NIPUBOJAT K HEINOCTOAHHOMY, IO3JHEMY WJIU HeNpo-

JOJDKUTEIbHOMY JiefocTaBy. OTKpBITas BOJAa B 3UM-
HUI IepUO/l IPU CUJIbHBIX IOCTOSTHHO OYIOUIUX BETpax
B JOJIMHE O3epa OKa3blBaeT HeraTuBHOe BJIMsAHNE Ha
pa3BuTHE BOJOPOCIel, pa3BUBalOIIUECA B TOJIIIE BOJIbI
o3epa.

OT6op mpo6 mofieAHOrOo GUTOIJIAHKTOHA B
1997, 2006, 2018, 2023 u 2024 rr. coBnaJi ¢ pasjiny-
HOU JienoBoi o6cTaHOBKOM Ha o3epe (Puc. 9).

B 1997 r. 03epo BcTano Bcell MIMPOTHOM YacThio,
T.e. C BOCTOKa Ha 3amaj oT KamruHckoro 3ajmBa (CT.
1-4) po ucroka p. buu, BkJloyas u nesjaruajib Halpo-
TuB 1oc. Ao (ct. 5-9). Ha cT. 5 j1eq OB TOJIIMHOMN
10-12 cm u npakTudecku 6e3 cHera (cm. Puc. 2). B 2006
u 2018 rr. Habmo4any MOJIHBIN U IPOAOJIXUTEIIbHBIN
JieqoCcTaB Ha BceM o3epe, UTo ObIBaeT oueHb peAko. Jlen
OBLJI TOJICTBIM C MOITHBIM CHEXHBIM ITOKPOBOM — 0oJiee
30 cMm. OGBIYHO YCTaHOBUBIINICA TOHKUH Jie[1 pa30uBa-
eTcsi BeTpaMU, KOTOpBIe OYIOT B Y3KO 03epHO [I0JINHE
TO C ceBepo-3amnaja, To ¢ ro-socroka. B 2023 r. geno-
CTaB B CeBEepHOI MIMPOTHOI 4YacTU O3epa 3aTpPOHYJI
KamruHckuii 3aj1MB 1 y4acToOK OT UCTOKa p. buu go M.
Kaparami, a B 2024 r. — HeMHOro AaJjiblile Ha BOCTOK [0
M. Axu (mepe[ 1leHTpaJIbHOM YacThio). B aTu Ba roma
nejaruanb y noc. fimo (ct. 5) ocraBasiack cBoOOA-
HoM oTo Jpaa. [TogobHas 2024 r. jegoBas o6CcTaHOBKA
6bUla oTMeueHa B MapTe 2022 r., 4TO mpeAcCTaBJIeHO
Ha Puc. 2B-A. Takoe pa3HOe MOKPHITHE JIBJOM O3epa
crroco6cTBOBaI0 GOPMUPOBAHMIO PA3JIMUUil B COCTaBe
MoJJIeJHOTO (PUTOIIAaHKTOHA.

Ta6suia 7. SxoJioruyeckrie XapaKTepUCTUKN Boaopocneﬁ NoAJIeJHOTO IJIaHKTOHa Tejielikoro o3epa

DKOoJIOTHA T'eorpaduyeckoe pacnpocTpaHeHHe
I'pynna YucJ10 TAKCOHOB I'pynma Yuciio TakCOHOB
IJIAHKTOHHBIE 38 apKTo-ajbnuiicKe 14
GEeHTOCHBIE 47 OopeasibHbIE 22
IJIAaHKTO-0eHTOCHBIe 11 KOCMOIIOJIUTHBIE 61
SMHUOHNOTHTH 1
YHCJIO TAKCOHOB C M3BECTHON XapaKTepu- 97 (69.3) 97 (69.3)
ctukoi (% oT o0ljero 4ucsjia TakCOHOB)
TI'aro6HOCTH pH-npuypodeHHOCTH
I'pynma Yuciio TakCOHOB I'pynma Yncjio TakCOHOB
rajopob 10 anupodpua 5
rajodu 15 AIKAINONOHT 7
naaudoepeHT 68 ankanmdui 25
Me3oranob 1 nHanuddepeHT 27
osrorauaod 1
YKCJIO TAKCOHOB C U3BECTHOW XapaKTepu- 95 (67.9) 64 (45.7)
ctukoi (% oT o0IIero 4ymncsjia TAaKCOHOB)
CanpobHOCTh
I'pynna YucJio TAaKCOHOB I'pynna YucJjI0 TAaKCOHOB
kceHocarpo6bst (0-0.5) 7 GeTame3ocanpoOs! 36
(1.5-2.5)
osurocanpo6st (0.5-1.5) 20 ansdamesocanpoOsl 11
(2.5-3.5)

YpicJia TAKCOHOB)

YHCJIO TAKCOHOB C M3BeCTHOM xapakTeprucTukoi (% oT obigero

74 (52.9)
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1997 2006, 2018

2024

Puc.9. JlenoBas o6cTaHOBKA Ha TeJIel[KOM 03epe B MePUO/Ibl UCCIIeIOBAHMA TOAJIEAHOTO (PUTOMIIAHKTOHA (ToJTy6Ooil IBET —

JIe[IOBBII IOKPOB, CEPBIN — OTKPBITAsi BOJA).

Bcero 3a nepuop uccjieoBaHusA B 3UMHeM (PUTO-
m1aHKToHe Tejienikoro osepa BbIABJIeHO 140 TakCOHOB
¢ mpeobJia/laHUeM JIUaTOMOBBIX, 3€JIEHBIX BOJOPOCJIEN
u rmaHobaktepuii: Cyanobacteria — 16, Chrysophyta —
9, Bacillariophyta — 79, Cryptophyta — 9, Dinophyta - 5,
Euglenophyta — 3 u Chlorophyta - 19. ITuano6akrepuu
BCerja MpUCYTCTBYIOT B IUIAHKTOHE 03epa, 0COOEHHO
MEeJIKOKJIETOUHbIE KOKKOBhIe (OPMBI — 3a TEepUO[
uccyeqoanua ¢uromwiankToHa ¢ 1989 mo 1997 rr.
nuaHobakTepuun cocrasiau 10.6% ot obmjero ymucia
TakcoHOB (Murpodanosa, 2000). B 3umHeM ILIaH-
KTOHe J0JIs ITMaHOoGaKTepuil OKa3ajach MPaKTUYECKU
B Tex xe npefienax — 11.4%. Ilo gose nuano6akTepuil
B 00meM cocTraBe (pUTOIIAHKTOHA O3€pa BHIAEJIAETCS
dutortankToH 1997 r. — 21.1%, B TO BpeMa Kak B
Apyryve TONbl HWCCJENOBAHUA JI0JIA I[MaHOOaKTepui
Haxofuiachk B npenesnax 4.9-7.7% ot oOigero cocrara
(Puc. 10). Toukuii mpo3payHbll Jie[] ¢ HeGOJIbIINM
KOJIMYEeCTBOM CHera Ha ero MOBEePXHOCTU OOecrevnsiv
MPOHUKHOBEHUE B TOJIIY BOJbI JOCTaTOYHOTO KOJIU-
yecTBa CBeTa U CO3JaJM OJIArONpHUATHBIE YCJIOBUSA
A7 pa3BUTHUA uaHoOakTepuil B 1997 r., B OCHOBHOM
BunoB Dolichospermum flos-aquae, D. circinale, a Taxxe
Microcystis pulverea u Anathece clathrata. 3To xopomuio
MO/ITBEPXK/IAETCS KOPPEJIAIUOHHBIMU CBA3SIMM  JIJIsA
MaHOOAKTEPUI M TOJIIIUHBI JIbJa — BBICOKAsA OTPU-
[aTeJibHasi KOPpPEJISAIMOHHAsA 3aBHCUMOCTbh, T.e. TPU
YMEHbBIIEHUN MOIIHOCTH JIbJja YBEJIWUUYUBAETCH J0JIA
uaHoOaKTepuil B YMCJIEHHOCTH (UTOIJIAHKTOHA
(cm. Tabsmmma 3). U fJ1s1 Bcero MaccuBa JIaHHBIX, MPEJ-
CTaBJIEHHBIX B HACTOAIIEH MyOJIMKAIUK, TaKXe OTMe-

Yuecno TakcoHoB

log

mCya mChr mBa

Crv
Cry

YyeHa MOJ00HAss OTpUIlaTeIbHAsA 3aBUCHMOCTh, HO He
BBICOKas, a 3aMmeTHas (Tabsiuma 8).

Eciu 0000muTh M IpoaHaIn3UpoOBaTh BCE 3Ha-
ynMble (6osiee 0.5) JIMHeHbIE CBA3Y B HCCJIEJOBAHHEIE
rofpl, To 1997 r. BeIfje/IA€TCA TOJIBKO BEICOKMMU OTPU-
I[aTeJIbHBIMM 3aBUCUMOCTSAMU [JOJIM [HAaHOOAKTEepUn
B YMCJIEHHOCTU (DUTOIUIAHKTOHA OT TOJIIUHBI JIbJ]A U
cHera, 2006 r. — 3aMeTHO! OTpULlaTeJIbHOU 3aBUCUMO-
CTHIO0 YHCJIA TAaKCOHOB OT 0oOIIel riayouHsl, a B 2023 u
2024 rr. CHeKTp 3aBUCHMMOCTEN HAMHOTO IIUpE, YTO,
BEPOSITHO, CBA3QHO C WCCJIEJOBAaHUAMHN HA JIUTOPAJIb-
HBIX YYaCTKaX 03epa, Ha KOTOPHIX YCJIOBUA Cpebl OoJiee
pasHooOpa3HHl (BjIMAHNE IPUTOKOB). I'paduuecku 31O
npejicTaBjeHo Ha PucyHke 11.

WHTeHCHUBHBINI U NPOJOJDKUTEJIbHBI Iepuoa
MepeMenIMBaHusA BOJHOU TOJIIY, KOPOTKUN MepUoI
CTarHanuu, TIOBHIIEHHAs MPOTOYHOCTh BOJOeMa He
MO3BOJIAIOT 3TOU TPYIIe BOJOPOCJIEN JJOCTUTATh BBICO-
KUX 3HAUeHUH OOMJINA B 03epe B JIETHUU MepUo/, B TO
BpeMs KakK MO0 JIb[IOM, B YCJIOBUAX HU3KUX TEMIIepa-
TYyp U OTCYTCTBUSA TypOYJIEHTHOCTH, OHU MOTYT 3Ha-
YHTEJbHO YBEJWYMBATHh CBOIO YHCJIEHHOCTb. B TO e
BpeMs, IPU TOJICTOM CJIOE JibJ]a ¥ CHETa KakK B IeJiaru-
aim (2006 r.), Tak u Ha 60Jiee MEeJIKOBOAHBIX yYaCTKaX
(2018, 2023-2024 1T.) B QUTOMIAHKTOHE HauboJiee
3HAUYUMBbIM CTAaHOBUTCS JMATOMOBO-KPUITO(PUTOBBINA
KOMIIOHEHT — rpynmna P+ S+ S u xpuntodutosas Boo-
pocsib Komma caudata. I3BecTHO, YTO KpUNTOGMUTOBEIE
COCTaBJIAIT THUIWYHBIM XOJIOJHOBOIHBIA KOMILIEKC
BUJIOB, XapaKTEePHBIN JJIA MOAJIEeJHOTO U PaHHEBECEH-
Hero mwiaHkToHa o3ep (Tpudonosa, 1990; BoHmapeHKO

o
20%
10%

0%

1997

Hu

—

2024

2023

lfog

mDin mEuz mCh

0

Puc.10. AGcomoTHOe (a) U oTHOCUTeJIbHOe (6) YKCJI0 TAKCOHOB BOLOPOCIell B 3UMHeM (puTonsIaHKkToHe Tejienikoro osepa.
VYcnoBHbie o603Hauenus: Cya — Cyanobacteria, Chr — Chrysophyta, Bac — Bacillariophyta, Cry — Cryptophyta, Din — Dinophyta u

Chl - Chlorophyta.
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Ta6suna 8. KoppessanuonHsle koadpdunyeHTs CripMeHa Mex1y nokasateasaMu GUTOIIaHKTOHA, 10JIU H1aHOOaKTepui 1
JMaTOMOBEIX BOAOpOCIell 1 HEKOTOPhIX (GaKTOPOB Cpelibl B pa3Hble oAbl HccaeoBaHuA 3uMHero duromiaHnkoHa B Tesenxom

03epe, IOBEPXHOCTHHIH cy1oii (p <0.05)

IToxaszaresnn DUTOIIAHKTOH Hossi B N
N B Cya Bac
TomnmuHa cHera -0.38 0.22 -0.30 0.02
Jpaa -0.44 0.22 -0.62 0.34

IIpumeuanue: N — yncjIeHHOCTh GUTOIIAHKTOHA, B — 6Guomacca, Cya — nquaHobakTepuu, Bac — AaTOMOBBIE BOAOPOCIIM;

>KHPHBIM MIpH(TOM BbIJIeJIEHBI CBA3U paBHEBIE WK Bhiire 0.5

u [lyp, 2008). B 03. Baiikan BcTpeyaeTcA HECKOJIBKO
BHUJIOB KPUNTOMUTOBHIX BOAOPOCJIEHN, CpPeAu KOTOPBIX
Cryptomonas gracilis Skuja u C. ovata Ehr. oburaior
37ech KpYIJIOTOAWYHO. B moOjjleqHOM IJIaHKTOHE B
3HAUYMTEJIbHBIX KoJiM4ecTBax passuBaiorcsa C. reflexa
(Marsson) Skuja, C. marssonii Skuja u Rhodomonas
pusilla (Bachm.) Javornicky. K. caudata — Takxe, Kak u
B TesenikoM o3epe, sABIAETCA MOCTOSHHBIM KOMIIOHEH-
TOM TIJIaHKTOHA B Batikase. BecHOI 1 OCEHbIO 3TOT BUJ,
CTAaHOBUTCSA OJHUM U3 JOMUHHUPYIOIINX, BCTPEYASICh BO
Bcel ToJte BoAsl (ATjac v onpeenTesb..., 1995).

OTJMYUTENBHON 0COOEHHOCTBIO  (hJjiaressiAr,
OTHOCAIUXCA K 30JIOTUCTHIM U KPHUITO(PUTOBHIM
BOAOPOCJIAM, ABJIAETCA UX CIIOCOOHOCTh TEepexXOnUuTh
Ha TeTepoTpodHOEe MUTAHWE MPU HEeOJArONMPUATHBIX
IO OCBEI[eHHOCTU YCJIOBUAM. IJTO CBOWCTBO BIIOJIHE
omnpaBAaHO B 3UMHUM MMEPUOJ, KOTrja MpU yCTaHOBJIE-
HUMU JieJlocTaBa pe3Ko COKpallaeTcs MOCTyIJIeHUe COJI-
HEYHOU pajualuu B BOAHbBIE cjou. HalijeHHBle cpeau
30JIOTUCTHIX Bogopociieii Mallomonas elongata, M.
acaroides, M. producta HepeJIKO BCTPEUYAIOTCs B 03epax
Mo3/1Hel 0CeHbl0, 3UMO MJIM BECHOH, KakK, HapuMep, B
MEeJIKOBOIHBIX 03epax KaTyHckux BeskoB (MaTBUEHKO,
1954). A OOJIBIIMHCTBO BBIABJIEHHBIX KPUNTO(DUTOBBIX
BoJiopociJieii (Cryptomonas erosa, C. gracilis, C. marssonii,
C. ovata, Rhodomonas pusilla u Komma caudata), mipoKo
pacnpocTpaHeHbl B 03epax U APYTUX BOAHBIX O0BEKTaX.
OHU Takxe MPEeANOYHUTAIOT XOJIOJHOE BpeMeHs roia
WJIA YacTO BCTPEYAIOTCA B BBICOKOTOPHBIX OJIUTOTPOGd-
HbIX o3epax (Kucenes, 1954).

CpaBHUTEJIbHBIN aHaJIN3 pa3HooOpa3ua BOAOPO-
cyiei B noasienHoM ¢durtomaHkToHe Tesierikoro osepa
(Puc. 12) nokasaj, YTO B KaXXIbIH M3 KCCJIeJOBAHHBIX
rof0OB B 3UMHUI TMEPUOJ BEreTUpyeT CXOJHOE YKCJIO
TaKCOHOB 1 TNPUMEPHO OJMHAKOBOE YUCJIO ABJIAETCA
o0IMMM JIJISI CMEXHBIX rofoB — 36-57%. Heckosbko
CHUXXEHHOE YMCJIO TaKCOHOB, BbIsiBJIeHHOe B 2024 T.,
BO3MOXHO, CBA3aHO ¢ 000c00JieHHOCThI0 KaMruHcKkoro
3aJIMBa, rAe ObUIM 0TOOpaHbl MPOOKL. BricOKOE pa3Hoo-
O6pas3ue BoJopocJell IJIaHKTOHA 3UMOI B pa3Hble TOIbl
MOXeT CBUAETEJIbCTBOBATh O 3HAYMTEIBHOM MOCTOSH-
CTBE COCTaBa JJAHHOU 3KOJIOTMYECKOU TPYIIBI B 03epe
B pas3Hble TO/ibl IPU Pa3JIMYHON JIeJOBOM OOCTaHOBKe.

CpagHeHuie OOMUHUPYIOWUX KOMIIEKCOB8 8 03epax
PA3JTUYHBIX KJTUMAMU4ecKux 30H 8 3UMHULL nepuod

B 3umHuil nepron B QUTOIIAHKTOHE pasjiny-
HBIX KJIMMATAYECKUX 30H HAPSAOY C KPUNTOMUTOBHIMU
U 30JIOTUCTBIMU (JaresiAiTaMu, TakXke pPa3BHUBaIOTCA
u auatomoBbie Bogopocau (IlIkynmguHa, 1983), koTo-
pble BBIIEJAIOTCSA YCTOMYMBOCTBIO K JUHAMHUYECKHUM
YCJIOBUSIM W MOTYT pa3BUBATbCA OaXxe B YCJIOBHUAX
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Puc.11. KoppeAluoHHBE 3aBUCUMOCTU MEXAY IOKa-
3aTeJIsIMU IUTAaHKTOHA U (paKkTopamu cpefsl B pa3HbIe T'OJbI
nccieOBaHMA.

1997 2024

21

2006 2023

58 2 61 27 64 154 >
\ o \/::;:fi Z,//’ 5

Puc.12. PazHooOpa3ue noajiefHOro (GpUTOIJIAHKTOHA B
pa3Hble TOAbl HcCJiefoBaHusA (JOMOJIHEHHASA JIMHENHas qua-
rpaMma BeHHa): muGPH KPYMHBIM HIPUGOTOM — YHCIO TaK-
COHOB B HCCJIE[JOBaHHbIE T'OJbI, MEJKUM HIPUPTOM — YHCIIO
OOIIX TAKCOHOB B CMEXHbIE TObI.

OTCYTCTBUA JIEJIOBOIO TOKpoBa. Tak, MeJIKOKJIeTOY-
HBlE I[eHTPUYecKre JUaToMer U KPpUITO(GUTOBEIE Ipe-
o6J1afanT B 3UMHEM IUIaHKTOHe 03. BepxHee (CIIA-
Kanazma) (Munawar and Munawar, 1978), koTopoe,
Takke Kak U TeJielkoe, OTHOCUTCS K XOJIOHOBOIHBIM,
rJiyDOKOBOIHBIM, HMeEeT JIMTEJbHBIN TEepUOoJ Iepe-
MEIMBAHUS M KOPOTKWM WHTEPBAJ CTPAaTU(DUKAIMUL.
Oszepo Superior peaKO TOKPHIBAETCA JIBAOM IIOJIHO-
cThi0 (mpuMepHO pa3 B 20 jeT), oObIYHO OKoJIOo 23%
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ero aKkBaTOpUU MOKPHITHI JIBJOM C ¢eBpasid MO anpesb
(Singer, 2026). IIpeobaganue ¢areyIAT OTMeEYAOT U
B MEJIKOBOAHBIX BojoeMax c 0oJiee BBICOKAM yPOBHEM
TpodHOCTH, HapUMep, 3UMOH MOJO0 JIbJAOM B MEJIKO-
BOJHOM TI'YMHMHOBOM 03. XpycTajibHOe 00Ji0TO (1Tat
BuckoHcus, CIIIA), B IIJIaHKTOHE Takke JOMUHUPYIOT
KPUIITOMOHA/bl, 3BIJIEHOBBIE, a TaKXe LWJIMATH U3
npocteimux (Graham et al., 2004). B HeG0IBIIOM 03.
Tperpeil Cectprl (mrtat Mwuuwuran, CIIA) negHUKO-
BOr'O MPOMCXOXJEHUA B MOAJeNHBIN Nepuol B puro-
IJIAaHKTOHE [JOMHMHHUpPYIOT AUaTOMOBBIE BOAOPOCIIH,
npryeM IeHHaTHble GOpPMEI 60Jlee OOMJIBHEI, YeM IieH-
Tpuueckue. J[pyroii MHOTO4MCJIEHHON T'pYNION ABJIA-
I0TCSL 30JI0THUCTEIe Bogopociu (pox Dinobryon Ehr.)
u 1nuaHobakTepuu (pox Planktothrix Anagnostidis &
Komarek) (Judd et al., 2005). B MeJIKOBOHBIX BOJIO€-
Max B NIOJJIeIHbIN TepHoJ ToXe 0OUIbHEL (JiaresuIATH,
HO KpoMe KpUNTO(QUTOBLIX, KOTOpble XapaKTepHBI AJIA
Tesnenkoro, B TakuMx BojJoeMaxXx K HUM J00aBJIAIOTCA
AUHOMUTOBEIE U 3BIJIEHOBBlE XKI'YTHMKOHOCIHI, Kak,
HanpuMep, B 3BTPOMHBIX W OJUIOTPOMHBIX O3epax
IBermu (Danilov and Ekelund, 2001). HWHTepecHoO,
YTO KpUNTOMUTOBEIE NPHUCYTCTBOBAJIM BCeraa U B O3e-
pax [Ieenuu, Ho Cryptomonas erosa u C. reflexa 6vuH
OobuJIbHBI B 3BTPOQHHIX, B TO BpeMs kak C. marssonii
TOJIBKO HMHOIJa MOABJIAJCA B OJUIOTPOMHBIX O3e-
pax. [Jlnsa osepa Koncrann (Bopensee, TI'epmaHus-
[IBetinapusa-ABcTpus) B 3UMHUI [epuoj OTMeYaroT
csaboe pa3puTre Bofgopoceil. [Ipu HU3KOM ITpeccuHre
300IJTAHKTOHA U BBICOKOM COJiepKaHNUN OMOTreHOB B 3TO
BpeM rojia IpenuMyIlleCTBeHHOe pa3BuTHe B GUTOILIaH-
KTOHe I10JTy4aloT KpUNTO(PUTOBEIE U MeJIKKe [leHTprye-
CKMe BOAOPOCJIY, KaK M B MHOTOYMCJIEHHBIX Pa3HBIX 110
BeJIMUMHE aJIbIIUNCKUX o3epax (Sommer, 1986), Takxe
kak u B TesienikoM o3epe. B nesom, obunue GpUTOILIaH-
KTOHA B IIPOAHAJIM3WPOBAHHBIX BHIIIE OJIUIOTPOMHBIX
o3epax CyIecTBeHHO HIKe, yeM B dBTPO(]HBIX, AaXe B
3MMHUX YCJIOBUAX BBUAY HU3KOIO KoJjiyecTBa Ouore-
HOB. TakuM 06pa3oM, B pa3HBIX KJIMMaTHYeCKUX 30HaX
3uMOMl B (UTOIJIAHKTOHE O3ep YacTo BCTpedaeTcs
KoMOMHAIA BUAOB U3 AuaToMel u Qurodsiaresyar,
OTHOCAIINXCA K 30JIOTUCTHIM ¥ KpUNTOGUTOBLIM BOO-
pociaM. CxoAHOe paclipefiejieHHe Mbl HaOJoAaayd B
3uMHeM ¢puTomiaHkToHe Tesenikoro osepa.

Jna noanegHoro (GUTOIJIAHKTOHA Tesienkoro
o3epa XxapakTepHO OoJiblliee pa3BUTHE Ha MEJIKOBO-
AbAX, Tle ero oOuye BhIIIe 10 CpaBHEHUIO C IeJaru-
ajpHBIMU y4acTkamu. Tak, B nenaruanu fAimo (cT. 5)
B 1997 r. cpenHee 3HaueHUe MHJEKca pa3HOOOpasus
IllerHOHA O yKcyieHHOCcTH Ob110 1.08 = 0.13, 6uomMacce
- 1.59+0.17, B 2006 r. B nenaruaau — 1.83+0.05 u
1.60+0.14, mutopamu - 1.88+0.13 u 2.00x0.19
COOTBEeTCTBeHHO. W eciim B mepuoi OTKPBHITON BOZBI
pasBuTHe QUTOILUIAHKTOHA B MeJjarvaiy JUMUATUPYeT
B OCHOBHOM I'MApoArHaMudeckuil ¢pakTop (BeTpo-BOJI-
HOBOe IlepeMelllBaHue), TO B NOAJIeAHBIN — TOJIIHA
JibJla U cHera Ha Hem. Tak, B 1997 u 2006 rr. uymuc-
JIEHHOCTb U OuoMacca (UTOIIaHKTOHA B IeJjiarvasiu
Ao (cr. 5) Huxe, yem B 2006 u 2023-2024 rr. Ha
JIMTOPAJIbHBIX yyacTKax. Kpome Toro, Ha MeJKOBOAHBIX
ydacTKax o3epa U MO0 JIbJOM, KaK U B IepPUOA OTKPHI-
TOH BOJIbl, OTMeYeHO NpeobiafaHue o pa3HOooOpa3uio
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OEeHTOCHBIX U NTepU(PUTOHHBIX GOPM, YTO MOXET CBUJe-
TeJIbCTBOBATh O OOJIBIIOM BJIMAHUM JINTOPAJIN B GOP-
MHpPOBaHUM ILIAHKTOHHOTO 3BeHa B o3epe. Hanmpumep,
B amnpesie 2023 r. B GUTOILUIAHKTOHE Ha y4YacTKe CT. 6—8
BKJIaJ] GeHTOCHBEIX (hopM B oOIlee pa3HOOOpasue cocTa-
BuJ Gosiee 70%. B Baiikasie, HanpoTuB, Gaiikajbckue
SHJEMMKU, B OCHOBHOM HCTHHHO IJIAHKTOHHBIE BOJO-
pocau, B mejaruaayu oOycjaBJIMBalOT pe3KUe MeXro-
JIoBble KoJieOaHWA YHCJIeHHOCTH (UTOIIaHKTOHA. C
y4eToM OnoMacchl BeceHHero JOuaTOMOBOrO ILIaH-
KkToHa (6roMacca 6osiee 1000 mr/Mm>) BBIIEIAIOT BHICO-
KONPOAYKTHBHBIE, cpeAHenpoayKTuBHble (oT 500 mo
1000 mr/m®) u HusKonpoaykTUBHbIE (Hike 500 mMr/m®)
roasl. MakcuMaJsibHble 3Ha4YeHHsA OHOMAacchl B 3TOT
[epUoJ MOTYT JOCTUraTh 5-7 r/m>. B BBICOKOMPOIYK-
THBHBIE TOJbl YMCJIEHHOCTb AMATOMOBLIX BOAOpOCJIEeN
MoOXeT cocTaBysATh 90% B oOIiell YrcjaeHHOCTH PuUTo-
IJIAHKTOHA, a 6uomacca — 95% (6e3 MUKOILJIAaHKTOHA)
(TTonoBckas u 1ip., 2002; Popovskaya et al., 2008).

OpmHolt U3 ocobeHHOCTeN pa3BUTHA (DUTOIJIAH-
kToHa B KamruHckoM 3asuBe Tesielikoro osepa B MapTe
2024 r. MOXHO OTMETHUTh pa3BUTHE Ha HEKOTOPHIX
CTaHIMAX, B OCHOBHOM Y IIOBEPXHOCTU, JUHOPUTOBOM
Bozopociiu Glenodinium quadridens. Ee foJisi B 4ncJieH-
HOCTH (QUTOIJIAaHKTOHA Oblla HeBBICOKas M H3MeH:-
nack B npeflesiax 1.7-11.5% mpu cpenHeil BeJn4nHe
5.0+1.0, B TO BpeMs Kak [oJiA B 6GrioMacce cocTaBuia
oT 3.8 o 89.1% npu cpenueii 32.0+11.0%. B apyrue
IepruoAbl MCCIleJOBaHUA MOAJIeHOr0 PUTOIIaHKTOHA
TAKOTO pa3BUTUA AUHOMUTOBBIX MBI He OTMeYaJIu.
«IIBeTeHue» OUHOMPUTOBBIX B 3MMHUII MepUOJ Xapak-
TepHO, HarpuMep, AJia baiikaia, korga sTu BOAOPOCIN
Ppa3BUBAIOTCA B MOJIOCTAX JIbAA U IOCJle TasgHUA Jedsd-
HOI'0 MaHIMPA BBIXOAAT B IUIAHKTOH M 00yCJIaBJIMBaIOT
BeCeHHee «I[BeTeHHe». DTUM oTanvaerca Gymnodinium
baicalense Antipova (KapaayxoB u ip., 2019).

B niesiom, pasBuTre GUTOIIIAHKTOHA OO0 JIbAOM
Tenenkoro ozepa B pa3Hble IleproAbpl 0TOOpa OBLIIO OT
IpefieJIbHO HU3KOr'o A0 CPeJHEero YpoBHA AJiA JaHHOTO
BogoeMa. Tak, 3a mepuon 1989-1997 rr. 6uomacca
duronnaHkTOHa M3MeHANIach B mpedesax or 0.5 mo
1207.5 mr/m® mipu cpeiHe# 3a ce30H okos10 150 mr/m®
(Mutpodanona, 2000). Ilo BenuuuHe cpefHeil 6uO-
Maccel nojasiegHOro (UTOILIAHKTOHA 3a YeThIpe
roga HccjefoBaHuA MJIA BCEro MaccuBa JaHHBIX
(94.3 = 21.3 mr/m®) unu cpeiHer 6uomacce B ciioe 0-10
M (175.3 £ 28.7 mr/m?) no mkajie TpodHocTH o3ep U.C.
Tpudonosoit (1990) Tesenkoe 03epo MOXHO OTHECTU
K yabpTpaonurorpodHsM Bogoemam (0-500 mr/m3). B
caMoM IIyOOKOM U ApeBHEM o3epe Ha 3emJie BeCeHHUN
MaKCUMyM IOJ0 JIbJIOM MOXeT IIpeBhIIaTh JIeTHee pas-
BUTHE QUTOIIAHKTOHA U OBITh €AUHCTBEHHBIM B TOAY
(Acuurckuii u CkabuueBckuii, 1957), uto 06ycyioBiaeHO
pasBUTHEM JUATOMOBBIX U IEPUANHNIEBBIX BOAOPOCIel
(MenmyTkuH u Ap., 1978; IMonosckas, 1978; Katz et
al., 2015). DToMmy BO MHOTOM CIIOCOOCTBYET IpO3pay-
HBIH, XOTA U TOJICTHIN (0KoJi0 1 M) OaliKaJIbCKUI JIef,
a Takxe IMycTOTHl (kaBepHBI) B HeM (3aBopyeB u Ap.,
1995; KapHayxoB u mAp., 2019). B Tenerkom o3epe
JIbJJa TaKOM MOIITHOCTH OOBIYHO He OnIBaeT. TOJIBKO
0COOEHHO XO0JIOOHOM 3uMou 1968-1969 rr. 3a 50 jet
HabroieHu Oblyla OTMeYeHa MaKCUMaJsIbHas TOJIIIMHA
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JIbJ]a Ha CTHIKE MIMPOTHOM U MepUANOHAIbHOU YacTel
ozepa (ct. 5) B 102-105 cm. U mpoosmKuTeIbHOCTD
Jjenocrasa B TeJyielkoM o3epe ropasfo MeHbllle, YeM B
Batikase 1o BpeMeHU — CpeH:AA NPOAOJIKUTEIbHOCTD
Jle[JocTaBa B INPOTHOM YacTu cocTapsAeT 69-155 qHeit
B 3aBHCHMOCTH OT y4acTKa, B MepUAUOHAJIbHON 4acTu
— 36-45 mueir (Cenereir u Ceereil, 1978). Bce aT0 He
croco6CcTByeT MacCOBOMY Pa3BUTHIO BOJOPOCJIEH 010
abpaoM Teserikoro osepa.

ITo pa3BuTHIO QJiaresUIAT B 3UMHeM (pUTOIIaH-
kToHe Tesienikoe 03epo CXOJHO C MOJIAPHBIMU U apKTH-
yecKUMHU BojoeMaMu. IIpu 3ToM, cBeT, KaKk OTBEYaioT
HEKOTOpble aBTOpHl, He sABJIAeTCA JIMMUTUPYIOLUIUM
daxTopoM i mejiarm4eckoro cooduiecTsa BOAOPOC-
Jlell B TaKuX BOAHBIX oObekTax. bosiee 3HA4MMBI 3€Ch
OuoreHHble 3JIEeMEHTHI, KOTOPHIX [IOCTyNaeT HeAoCTa-
TOYHO ¢ Bojiocb6opHoro H6acceitHa (Bonilla et al., 2005).
B Tesenkoe o3epo, Ha BOA0OCOOpe KOTOPOr0 MHOTO I1JIO-
majei, 3aHATHIX rojbpiaMu (Ko3¢g@UIMeHT 3aroJibLo-
BaHHOCTU OacceiiHa o3epa cocrasJisieT 44.3% (CeJtereii
u Cenereti, 1978)), OHUOreHOB MPUBHOCUTCA TaKXe
HeMHoro, ocobeHHo docdopa. Coaepxanue dochar-u-
0oHOB B Bofax TeJieikoro o3epa He3HAUUTEJIBHO U HaX0-
JUTCA Ha ypPOBHe INpejesa oOHapyxeHUA (3MHOBBEB U
ap., 2012), uro genaet docdop TUMUTHPYIOMNM dak-
TOpPOM Ui pa3BuTuA PUTOIUIAaHKTOHA. A mpeoObJaaa-
Iolle B HEKOTOpHle Iepuoda roga B TeselkoM o3epe
dnarensiATe, B TOM 4HcCje W NMOAO JIbAOM, CIOCOOHBI
K Mukcotpodpuu. Kpome Toro, mpu obumemM HHU3KOM
ypOBHe pa3BUTHA (UTOIJIAHKTOHA B TeslellkoM o3epe
6oJiblllee ero pasBHUBaeTCA Ha MeJIKOBOJbAX U OeHTOoC-
HBIM 5JIeMeHT BHOCHUT 3HAYMTEJIbHBIN BKJIaJ B pa3HOO-
Opasue GuTOIIaHKTOHA. JTO JeyaeT Teselkoe 03epo
[IOXOXXHM Ha IOJIApHbIEe U apKTU4ecKHe BOJOEME], Ile
6eHTOC U epuPUTOH OCOOEHHO 3HAYUMBI, Beb OOJIb-
MMUHCTBO (PoTOTpodHOI OHoOMacchl B TaKHUX BOJHBIX
0o0BeKTax COCpeloTOYeHO He B IIaHKTOHe, a GeHToC-
HBIX IPYNIMPOBKaxX BoAOpOcCseil — okoJio 98% obiero
nurMeHTHOTO 3amnaca (Bonilla et al., 2005). ITo pa3Bu-
TUI0 B QuTomiaHkToHe (uaresAT Teselkoe 03epo
UMeeT 4epThl CXOACTBA C aHTAapKTUYeCKUMH 03epamu,
IIOJTHOCTBIO M IIOCTOSSHHO IOKPHITHIX JIeAAHBIM MaHIN-
peM (mo 4 M u 6osee (Laybourn-Parry et al., 2001)).
Jl714 Takyx BOJOeMOB OTMeYaloT, YTo cpequ dJiaresiar
OuYeHb YacTo B HUX ITpeobJiafaloT KpUNTO(PUTOBEIE BOJO-
pociu, HanpuMep, B o3epax ®pukcesn u Xoap (Cyxas
JoysvHa MakMypzo, AHTapkThka) 3To Rhodomonas
lacustris Pascher & Ruttner (= Chroomonas lacustris),
KOTOPBIN cocTasJsiseT 10 90% uncieHHOCTH POoTOTpod-
Horo HaHHo®uaresATHOrO coobmecta (Roberts and
Laybourn-Parry, 1999) unu 6osee 87% dotoTpodHOii
HaHHoOQJIareJUIATHOM OnoMaccel. IIpu He3HauuTesIb-
HOM YBeJINUeHUU KOHI[eHTpaluil 61oreHoB (0cOGEHHO
asoTa) BMecTe ¢ ¢JiareJuiATaMu HauWHAIOT Pa3BUBAaThCA
3eJieHble XJIOPOKOKKOBBIE BOJIOPOCJIH, KaK, Hanpumep,
B 03. TpankBui (3anagHoe nobepexse ocTpoBa CUrHU
B AHTapkTHKe) HOMUHUpOBaN Ankistrodesmus falcatus
(Corda) Ralfs (Bulter et al., 2000). Kak u3BecTHO, OJId
aHTAapKTUYECKKUX O3€p XapaKTepHBl Nepuojbl IOJI-
HOU TEMHOTHI BO BpeMs noJisipHoui Houu (147 aueit) u
IIOCTOSHHOM MHCOJIAILMY BO BpeMA NOJIApHoro AHA (147
JHell), B ocTajbHble IEpUOALI Iofa 3TU 03epa CXOIHBI
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C 03epaMM YMepeHHOH 30HHl B IIepHOJ 3UMHEro Jiefo-
CTaBa, Tak Kak TeMmnepaTypa B OJIM3KOM KO JIbJy cJioe
6sm3ka k 0 u moBbimaercsa ¢ riaybuHou (Roberts and
Laybourn-Parry, 1999). B mepuop MOJIAPHONH HOYU
CBeT ABJIAETCA JIMMUTUPYIOIKUM (HaKTOpoM, B OCTajlb-
Hble [Iepruofbl rofa — Hajauyue OHMOTreHOB oIpefessAeT
pasBUTHE U COCpeJOTOYeHHe BOAOpOCiell Ha pa3HBIX
raybunax (Bayliss et al., 1997). B Tesernkom o3epe
O61oreHHBIN (OH HU3KUM, TO3TOMY B 3UMHUX yCJIOBUAX
OoJiblllee 3HAUYEHHE WMEET «CIIOKONCTBHUE» BOIHOTO
crosba, T.e. JJeAOBOe IOKPHITHE U ero TOJIINHA, KOTO-
pble 3TO obecneynBaOT. B ce30HHOM acliekTe, IO pas-
HOooOpa3uio 3UMHUN puTonaaHKToH Teselkoro osepa,
ecTecTBeHHO, OefHee JieTHero. Yncjio ogHOBpeMeHHO
BereTHPYIOLUMX BUAOB B HeM ObIBaeT JOCTUTAeT 25 TaK-
COHOB I1pH 0011leM pa3Hoo0pa3uy B OT/eJIbHbIE TOABL 10
64 TaxcoHos. Ho u apyrue KpynHsle u riy0okue o3epa
YMEpeHHO 30HBl OTJIMYAlOTCA HEe3HAUWTeJIbHBIM pas-
HooOpa3ueM 3uMHero (puronsaHkToHa. Tak, cxoaHoe
KOJIM4eCTBO BIUJIOB U pa3HOBUAHOCTEH BBIABJIEHO B 3UM-
HeM duTONIAHKTOHe 10XHOM Jlagoru — 13-45 BUoB u
pasHoBuaHOCTell BoAopocell (CyxomapoBa, 1995). B
noasieqHoM (GUTOIIAaHKTOHe Baiikasa pa3BuBaiTcA B
OCHOBHOM 3HAEMUKU U3 AUaTOMe U COMyTCTBYIOIIe
UM KpuntodUTOBBEE U 3eJjieHble BoAopocau (ATiac u
omnpenaennTeib..., 1995; Popovskaya et al., 2008).

Bo mHoOrux 6osbpmux o3epax B Nepuon Jiedo-
CTaBa XapaKTepHBIMU Ipe[CTaBUTEJIAMU 3UMHEro
(duTomsaHKTOHA, AOMHHUPYIOUIMMM U [0 YHCJIeH-
HOCTH, U 10 OuoMacce, ABJIAIOTCSA AUATOMOBBIE poja
Aulacoseira. Tak, B 1oxHoI Jlagore sto — A. islandica
(O.Miill.) Sim. u A. islandica ssp. helvetica (O.Miill.)
Sim., A. italica (O.Miill.) Sim. B HEKOTOPHIX CJTyYasx B
KOMIUJIEKC AOMMHUPYIOUUX MO YHCJIEHHOCTU BXOHAT
1MaHobakTepuu pomoB Microcystis 1 Gomphosphaeria
Kiitz., 6iarogapsa ux cnocobGHOCTU K reTepoTpopHOMY
nuTaHuio. MakcuMaibHas OuoMacca (PUTOIIaHKTOHA
B JIafgoXCKOM O3epe 3aperucTprupoBaHa Ha 0oJiee ITy-
OOKOBOAHBIX cTaHIMAX — g0 0.373 Mr/i B BoixoBckoit
ry6e u go 0.005 mr/in B 6yxTe Ilerpokpenocts. [1o Bep-
THUKaJI1 BOJOPOCJIY IIJIAHKTOHA B OCHOBHOM COCP€JI0TO-
4YeHbl B IPUIIOBEPXHOCTHOM cJIoe U y AHa (rj1ybuHa [0
6 M) (Cyxomaposa, 1995). B Balikane 6uomacca quaTo-
MOBOI'0 IUIAHKTOHA B BBICOKOYpPOXalHbIe TOAbl JOCTH-
raer BeCHONH B TPOGOTeHHOM cJioe BOIbl 5-7 T/M3,
nepuauHeit — 1o 100 r/M® u GoJiee. O6mas 6romacca
(duTonaHKTOHA BECHOU B ypoXalHble IOAbl MOXeT
Jocturath B o3epe B 1jesioM 1000 TeIC. T B CBIPOLI Macce
(BoruHnieB, 1986). B ycioBusx o6minsa OGHMOTeHHBIX
3JIEMEHTOB 3TH BU/BI JaXke [IpX He3HAYUTeJIbHOU TeM-
nepatrype BOABI pPa3BUBAIOTCA B 3HAUUTEJIBHOM KOJIU-
gecTBe. MakCHUMyM HX YMCJIE€HHOCTH NPUXOAUTCA Ha
KOHell Ilepuoja paHHeH BeCHB — Ilepel] BCKPHITHEM
o3epa (MenmyTkuH u ap., 1978). B Tenelikom o3epe u3s
KOJIOHHAJIBHBIX UaToMell 6bl1a oTMedeHa Aulacoseira
subarctica, oHa BCTpedYaeTcsi B OCHOBHOM riry6xe 30 M
B IleJlarhajau u ee BKJjaJ B OvoMaccy puTOIIaHKTOHA
MOXeT OBITh 3HAaUUTEJIbHBIM, HO B YHUCJIEHHOCTh — HeT,
XOTA B JIOHHBIX OTJIOXKEHMAX 3TOT BUA INpeobsagaer
cpequ BcexX APYIMX AuaToMel BBUAY €ro Xopollei
COXPaHHOCTH, BO3MOXHO, M3-3a TOJICTOCTEHHOIr'O IaH-
ups (Mitrofanova et al., 2016).
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ITo BepTukanu B TejieikoM 03epe BOAOPOCJIM B
OCHOBHOM IpuypoueHsl K BepxHuM 5-10 M. CJioii BOJbI,
HeNnocpeACTBEHHO IpUJIeraniiuii KO JbAY, BepOoATHO,
BBUIy 0COOeHHO HU3KUX TeMmneparyp (okosio 0 °C) He
IpYBJieKaTesieH JJid pa3BuTuA Bogopocen. Eciu da-
reJUIATE CIIOCOOHBI CaMOCTOATEJIbHO PperyjaupoBaTh
CBOe HaXO’kJeHle B CTOJI0e BOABL, TO JJI HeOABMXHBIX
dopM GUTOIIIAHKTOHA 3TOMY CIOCOOCTBYEeT KOHBEK-
TUBHOE IlepeMellBaHle B 03epax, MOKPHITHIM JIbJJOM.
Taxk, Hanpumep, Aulacoseira baicalensis B Batikase 6J1a-
rofaps 3TOMY ABJIEHUIO MOXeT COXPaHATbCA B BEPXHUX
CJIOSIX OT HECKOJIbKUX AHel No OoJiee mecsana (Kelley,
1997). OT™MeueHO, YTO B cJioe BoAbl, mosyyaromemM 0.5-
20% costHeyHOU paAuanuy, cocpefoTodeHo A0 95%
BOoJOpoOcCJIell IJIaHKTOHA. MccieqoBaHKsA IPOBOAWIIN Ha
MeJIKOoBogHOM boGpoBoM npyay B ropope JIMHKOJIBH
(Maccauycerc, CIIA) c nekabpsa 1961 r. no ¢eBpasb
1962 r. Hauboubiiee pa3puTtre PUTOIIAHKTOHA OTMe-
4eHO ObLJIO B 6JIM3KOM K ITOBEPXHOCTH CJIO0 BOABI — 1-2
M. Haubosiee pazHooOpa3Hbl 1 0OMJIBHBL ObLIIU (Jiaresi-
JIATHL U3 KpUNTO(PUTOBBIX, AUHOPUTOBBIX, 30JI0TUCTHIX,
3BIJIeHOUTOBBIX. BcTpeuasnuch Takke OUaTOMOBBIE
Bogopocsi (Wright, 1964). Bogopociu JOKHBI OBITH
JOCTaTOYHO MOOWJIBHBI, YTOOBI 3aHATH JIyYIIyl0 IIO3U-
LU0 [0 OTHOIIEHUIO K cBeTy. Tak, B aHTapKTUYeCKUX
o3epax 3a4yacTyl0 MaKCUMyM 00uins GUTOIIaHKTOHA
dukcupyerca B Oosiee IJIyOOKHX TOpHU30HTax IIpHU
MOBBIIEHHO!N MHCOJIALMM — HalpuMmep, Huxe 25 M B
03. Bo6posoe (Laybourn-Parry et al., 2001) vwiu Mexay
6 1 12 M B 03. Xoap (Roberts et al., 2004). Ho B nepuof
IIOJTHON TEeMHOTHl KPUIITODUTOBBIE BOJOPOCIU U APY-
rue ¢JaresuiATh BBUAY UX aKTHUBHOU CIIOCOOHOCTH K
JBIKEHUI0O MUTPUPYIOT B BEpXHUeE KO JIbJy CJIOU, YTOOBI
IIpY NepBOM Xe BO3MOXHOCTU aKKyMyJIMPOBaTh COJI-
HeuHblil cBeT (McKnight et al., 2000). B Toxe Bpems,
IIpY BO3JEMCTBUU CBETOBOI'O U TeMIlepaTypHOro ¢ax-
TOPOB BOJOPOCJIM BBIOMpPAIOT MeHee OCBellleHHble, HO
6oJiee HarpeThle CJIOM BOJIbI, TaK Kak IIpU TeMIleparype,
6u3koii k 0 °C, peakiuu ¢ yyactueM pepMeHTOB BHY-
TpU KJIETOK Bojiopociedi 3amepsaioTcsa (Lizotte and
Priscu, 1992). C apyroii CTOpoOHBI, OTMeYaloT CJIy4au,
KorJjla MakCuMyM OroMacchl BOAOpOCJell IpUuypoueH K
CJIOI0 C HaUOOJIBIINM KOJIYeCTBOM OMOTeHOB, T.e. BaX-
HyI0 poJib UrpaeT XeMOKJIUH. Tak, B o3epax ®dpuxcesui
u BoHHU (AHTapKTUKa) OH pacIloJIoXKeH Ha TJiyOuHe
9-10 M, a B 03. Banma — Huke 50 m. (Seaburg et al.,
1983).

[Tepuoanueckoe npeobsagaHue B 3uMHeM QUTO-
aHkToHe Teserkoro ozepa (Hampumep, B 1997 r1.)
aHOOAKTepHUil MOXeT CBHAETEeJIbCTBOBaTb O MHO-
TOJIETHUX CyKIecCuAX IuaHoOakTepuil U (JaresiAr,
MPOUCXOAAMMNX B IUJIAHKTOHHOM cooOmecTBe. J[[id
aHTapKTUYeCKUX O3ep Takke OTMedalT Ipeobsana-
HUe IuaHoOakTepuil B ¢uTolLiaHKTOHe. Hanpumep,
B 03. J[pyxObl I[MaHO0aKTepuyl JOMUHUPYIOT B QUTO-
IJIAHKTOHE B TeyeHue BCero roja, B TOM 4ucJie U IMOoA0
JIbAOM, HO HauOoJiblllero OOWInsA JOCTUTaloT OCEHBIO
(Laybourn-Parry and Bayliss, 1996). Bo3MOXHO, BCKPHI-
THe o3epa Ha KOPOTKHUI Iepuof JIETOM CO3[aeT IMOA-
XOo[dAllie YCJIOBUA AJIA BereTMpoBaHUsA IMaHoOaKTe-
puii. Kpome toro, B JeTHUH Nepuof, KOraa HeKOTopele
o3epa AHTapKTHUK{ CBOOOAHBI OTO JibJa Ha KOPOTKUH
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nepuof, (GaresuiATel U3 KpUOTOPUTOBBIX, AUHOPU-
TOBBIX W 3€JIEHBIX UTPal0T BaXXHYI0 pOJib B (UTOIJIAH-
KTOHe Takux BogoeMoB (Laybourn-Parry et al., 1991).
Kpome cBera u TemmepaTypbl OJHUM M3 Bax-
HBIX 9KOJIOTMYeCcKHUX (PaKTOpOB, BIMAIONINX Ha pa3BU-
THe (PUTOIUIAHKTOHA B O3epax, fABJIAeTCA BbleJaHHe
ero 300IUIaHKTOHOM. Jlake B 3MMHHUX IOJJIeAHBIX
YCJIOBUAX AJIA HEKOTOPHIX I'PyIN Bogopociel (mogxo-
JAIMX 10 pasMepy AJiA NoeJaHusA) CylecTByeT omac-
HOCTb YMEeHbIIIeHHA UX YMCJIEHHOCTHU 3a cueT BbleJaHusA
(Vasseur et al., 2005). Y mpezactaBuTesell 300IJIaH-
KTOHa HeT U30MpaHusA B NUIIe — OHU 3aXBaThIBAIOT WU
GuIBTPYIOT Te BOJOPOCJH, KOTOPbIE MOTYT IO pa3Me-
paM BOKTHU B ux IJ10TKy. B TeselikoM o3epe npu uccie-
JIOBAaHUU COHEPXHUMOro >KeJyOKOB 300IIAaHKTEPOB
oOHapyXeHB MMEHHO MOAXOAAINe MM IO pasMepam
BOZIOPOCJIN, KOTOPBle B MOMEHT O0TOOpa BereTUpoBaIn
B o3epe (Murpodanona, 2003). O6usire 300IJIaHKTOHA
B Tenerikom o3epe HeBbIcOKOe (3yiikoBa, 1998). Ckopee
BCEro, 300IJIAHKTOH B JaHHOM BoAoeMe He ABJIAeTCA
(daxTopoM, CyIIecTBeHHO BJIMUAIIINM Ha YHCJIEHHOCThb
(duTonIaHKTOHA B NMOJJIeAHbIN NIeproA.

HnduxayuoHHas 3HAYUMOCMb nodste0Ho020
¢pumonstaHkmoHa
AHanmu3  9KoJIOro-reorpapuueckux  XapakTe-

PUCTUK BBISBJIEHHBIX B MOJJIETHOM (UTOIIIAHKTOHE
BUJIOB IOKa3aJl, YTO B HeM mIpeobJiafjaloT oOUTaTesu
nHa u nepudurona (33.6% oT obiero uuciaa BbIAB-
JIEHHBIX TaKCOHOB), KOCMOIOJIUTHI 10 reorpaduyeckoi
npuypoueHHoctu (43.6), ankanuduiasl U uHaudde-
peHTH no oTHomeHuw kK pH cpenst (17.9 u 19.3) u
nHaud@epeHTs MO OTHOIIEHWI0 K MUHepaIu3anuu
BOJIbI (48.6), a Takxe GeTaMe30CcanpoOOUOHTHI IO OTHO-
IMIEHUI0 K COJiepXXaHHI0 OpraHuYecKux CcoeJUuHeHu!
(25.7%), 4TO MOXET CBU/IETEILCTBOBATh O TUITUYHOCTU
cocraBa ¢urtonyaHkToHa Teselkoro ozepa B mojJiefd-
HBIII nepuof. Bombimas OOA MCTUHHO NJIAHKTOHHBIX
oburatesneii (27.1%), a Takxe BOOOpOCJe, KOTOPBIE
yacTh CBOEro )KM3HEHHOro L1KJIa MPOBOJAT B GeHTOCe,
a 3aTeM I1aHKTOHE (7.9%) MOXeT CBUIeTEJIHhCTBOBATD O
3HAUYUTEJIbHOM IMeJjlaruajbHON YacTu B BogoeMe. B Hec-
MOKOMHOM IO BeTPO-BOJTHOBHIM YCJIOBUAM Iejiaruajiu
npeuMylllecTBEHHOe pa3BUTHE IMOJIyYaloT BOJOPOCTIHU
HauboJiee yCTOMYMBBIE K TaKUM JUHAMHUYECKUM YCJIO-
BUAM, B O0JIblIel cTeNeHu AuaToMel, a Takxke ¢Jare-
JISITBI, B YUCJIO KOTOPBIX BXOAAT XKT'yTUKOBbIE GOPMBI U3
30JI0THUCTHIX U KPUNTODUTOBHIX BOIOPOCIIEH.

Unpgexc BupmoBoro pasHooOpasus IlleHHOHa,
MOKa3bIBAIOI[UI CTeleHb JOMUHAHTHOCTU, OIpefesis-
eMBIli TI0 YKCJIEeHHOCTH, He mpeBbmain 2.16, mo 6uo-
macce — 2.43, T.e. HaXOUTCA B cepeAuHe OuanasoHa,
OoTMeueHHOro Ay Teselkoro o3epa B pe3yJjibTaTe MHO-
roJIeTHUX HccliefoBaHui ero ¢puromiaHkToHa — 0.35-
3.01 u 0.23-3.20, cootBercTBeHHO (MurpodaHosa,
2000). OTo MOXeT CBHUJETEeJIbCTBOBATh O cHOpMUPO-
BaHHOM IJIAHKTOHHOM cOOOlI[ecTBe B yCJIOBUAX Jlaxe
3UMHero MUHUMyMa. YeM HuKe 3HaueHUs WHJIEKca,
TEM MeHbIIIee YKCJIO BUIOB BXOIUT B UKCJIO JOMUHAH-
TOB. BbicOKMe HHAEKCH pa3HooOpa3us XapaKTepHBI,
Kak MpaBuUjIo, JJisi OOJIBIIMX IO IJIOUAaAu Oo3ep, He3a-
BUCHMO OT CTelleHU UX Tpoduu, MOTOMY UTO C BO3pac-
TaHWeM IUIOMIAIU BOJOEMa YBeJUYHUBaeTcsi pasHOoo-
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Opasue skojiornueckux Hum. Kpome Toro, BeanunHa
WHAeKca U3MeHseTca No ce3oHaM. Hanmpuwmep, cambiii
BBICOKHI MHJIeKC pa3HooOpa3us B Tesenkom o3epe ObLI
OTMeueH B KOHIle JieTa-Hauajie oceHU 1989 r. 3a cuer
MOJIMIOMUHAHTHOCTU I[eH03a, YTO XapaKTepHO U AJiA
apyrux MeHee TpodHbIX 03ep (JlaBpeHTbeBa, 1986).

3HaueHHUA WHAEKca canpoOHOCTH, CBUAETEJIb-
CTByIOIIler0 00 OpraHWYecKOM 3arps3HeHUHd BOMBI
o3epa, He npesbimaay 1.85. [To MHOroJ1eTHUM AAaHHBIM
UHJeKc canmpobHOCTH u3MeHsics B mpefesax 0.20-
2.33 npu cpefHell MHOTOJIETHEH 3a MepuoJ] BereTanuu
BeJIM4YMHe Ui o3epa 1.57 U cOOTBETCTBOBAJl U3MeHe-
HUAM OT KCEHOCANTPOOHOH 30HHI A0 bb-Me30canpobHoi
(Mutpodanosa, 2000). B 3umMHUI1 Nlepuoj pa3BuTHE
B IJIAHKTOHE XOJIOJOJIIOOMBBIX BUJOB BOJOPOCJIEH, B
OOJIBIIMHCTBE CBOEM WHJMKATOPOB YMCTHIX BOJ, CBU-
JeTeJIbCTByeT O HHU3KOM OpraHMYecKOM 3arps3HeHuu
osepa. Ilo xiaccupukanuu kavyecTBa BOJb BOJOEMOB
Y BOJOTOKOB BoAa TeJielkoro o3epa OTHOCUTCA K KJlac-
caM oueHb yncThle (MeHee 1.00), unuctole (1.00-1.50) u
JIMIIb B OTJEJIbHBIX CJIydasX yMepeHHO 3arps3HeHHbIe
Boanl (1.51-2.50), 4TO CBsA3aHO CKOpee He C Helocpes-
CTBEHHBIM AaHTPOIIOTeHHBIM 3arps3HeHHeM 03epa, a C
HEKOTOPHIM CHIXXeHHeM IPOLIeCCOB CaMOOYMIIEHUA B
3UMHUMU lepuos.

5. 3akniouenue

HccrnenoBanue noajeqHOro (QUTOIJIAHKTOHA
B TejlelfkoM o3epe B pasHble T'OAbl NpPU Pa3JINYHOHN
JlefoBo¥ 00CTaHOBKE II03BOJIUJIO BBIABUTH CJIEAYIOIIKE
0COOEHHOCTHU B €ro pasBUTUM, C OJHOM CTOPOHHI, IIpU
SKCTpeMaJIbHBIX (110 TeMIlepaType U OCBeIleHHOCTH), €
Apyroi — KoMGOPTHHIX (110 BETPO-BOJTHOBOI Harpyske)
YCJIOBUAX:

+ OOmee pasHooOpa3ue (PUTOIIAHKTOHA CHHXa-
eTcs [0 CpaBHEHMIO C NIePHUOAOM OTKPBITON BOJBI,
0COOEHHO C JIETHHMHU MecAllaMU B Iepuoj Mak-
CHMaJIbHOTO MporpeBa, HO PUTOIJIAHKTOH [1OCTa-
TOYHO Pa3HOOOPa3HbI (IPUCYTCTBYIOT BOJOPOCTIU
u3 6-8 orAesios, 10 25 TakCOHOB B Ipobe). B nena-
ruajy pasHooOpasue U obwire (QUTOIIAHKTOHA
HIKe, YeM Ha JIMTOPaJIbHbIX yYacTKax;

+ IlpeumyuecTBeHHOE pasButue [I0JIy4aloT
JUaTOMOBBIe BOJOPOCIM M (QrareUIATH U3
KpUNTOPUTOBBIX U  30JIOTHCTBIX BOZOPOCJIE.

JI1aTOMOBO-KPUIITOOUTOBBIN TJIAHKTOH COCTOUT
M3 TPYIOB  MEJIKOKJIETOUHBIX I[eHTPUYEeCKUX
nuatomeii P+S+S (Pantocsekiella teletskoyensis,
Stephanodiscus minutulus, S. binatus u Stephanocostis
chantaicus) n KkpuntTodUTOBO Bomopocan Komma
caudata, KoTopbie TPeo6JIaaloT M0 YMCIIEHHOCTU
MIPY YCTOMYHMBOM U IIPOJIOJIKUTEIIHHOM JI€JOCTaBe.
[IpeoGiaaHyie AMATOMOBBIX M KPUNTO(PUTOBBIX
BOJIOPOCJIE XapaKTepHO AJIs KPYITHBIX U TJIYOOKHUX
03ep YMepeHHOM 30HbI U MOJAPHBIX apKTHUUYECKUX
1 aHTaPKTUYEeCKHX BOJOEMOB C KpaTKOBPEMEHHBIM
MIEPUOOM OTKPHITOM BOJIbI WJIM MOCTOSIHHO Haxo-
JIAMUXCSA O JeqAHBIM MaHINPEM;

+ Ilpu ycToiiunBoM JiefocTaBe, HO C TOHKUM JIbIOM
M He3HauYuTeJIbHBEIM CJIoeM CHera B MNOAJIeJHOM
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uronankToHe TesIEIIKOrO 03epa OTMEYEHO pas-
BUTHE IMaHOOAKTEPUH, B OCHOBHOM B MPHUIOBEPX-
HOCTHBIX TOPU30HTaX. BhbIABJIEHA BBHICOKAs OTpPU-
[arejabHass KOppPEJALMOHHAA 3aBHUCHUMOCTDH [10JIU
MaHOGAKTEPUIA B YMCJIEHHOCTA (PUTOIJIAHKTOHA
C TOJIIIVHOM JIbJA;

* Ha smTopasbHBIX ydYacTKax [IOHHBIE (OPMBI U
oburaTesm nepupUTOHA B OCHOBHOM U3 IUATO-
MOBBIX BOAOPOCJIENl BHOCSAT CYIIeCTBEHHBIN BKJIA/]
B pasHooOpa3ue U obune 3UMHEro IOJJieJHOrO
GUTOIIaHKTOHA, 0COOeHHO B ero buomaccy. Josia
JIOHHOTO KOMIIOHEHTa B (UTOIUIAHKTOHE 03epa
3HAQUUTEJIbHA KaK 3UMOH IOJI0 JIbAOM, TaK W B
JpyTue MmepuoAbl roga B CBA3U C 0COOEHHOCTAMU
MOp(OMETPHUYECKOTO CTpOeHUs BojoeMa (y3Kasd
ropHas JoJI1HA), 60JIBIIOrO O IO U BEICOKO
PacIioJIO)KeHHOTO0 HaJ ypoBHEM MOpsA BogocOop-
Horo 6acceliHa, 3HaUYUTEJIbHOE YMCJIO TTOCTOSHHBIX
U BpeMeHHBIX MPUTOKOB. YCKOPEHHBINI BOA000-
MeH B O3epe U, KaK cJie[ICTBHe, HecTabWJIbHOCTD
BOJHBIX Macc obecrieurBaT OoJiblilee BOBJIeUeHHe
BoAopocJiieli OeHToca U mepuduToHa B coOOIIe-
CTBO IJIAHKTOHA;

* Bricokme 3HavueHUs UHJeKca pa3HOoOOpasusA
[llenHoHa-YuBepa (o0 2.16 1O YHUCJIEHHOCTH U
no 2.43 no 6uomacce), HaxoAsdAIMecs B cepedrHe
Juarma3oHa, OoTMe4YeHHoro mjia TeJierikoro osepa
B pe3yJibTaTe MHOTOJIETHUX WCCJIEJOBAHUI €ro
¢uronnankroHa (0.35-3.01 u 0.23-3.20, cooTBeT-
CTBEHHO), MOTYT CBUETEIbCTBOBATh O C(hOPMUPO-
BaHHOCTHU TOJJIEJHOTO cO001I[ecTBa BOJOPOCJIEH.
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