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ABSTRACT. As part of a biostratigraphic study in the taiga zone of southern Evenkia (Krasnoyarsk
Territory, Russia) within the territory of the state nature reserve “Tungussky,” aimed at reconstruct-
ing paleoecological conditions of the region and as a continuation of comprehensive research on dia-
toms communities in the bottom sediments of various water bodies across the country initiated by
diatomologists back in the first half of the last century in the USSR, an analysis was conducted of Late
Holocene bottom sediments of Peyungda and Zapovednoye lakes. In total, 248 taxa below genus rank
were identified belonging to 66 genera and 27 families. Similarities and differences in the composition
of the diatom community in lake-bottom sediments of Lake Zapovednoye and Lake Peyungda have been
revealed. The degree of similarity in species composition turned out to be high — 69%. Common trends
in the development of these lakes corresponding to identical time frames have also been observed.
In Lake Peyungda, which spans nearly 4,500 years, evidence has been found for the beginning of
the Meghalayan stage of the Holocene epoch associated with the onset of prolonged drought approxi-
mately in 2250 BP through sustained increases in the abundance of thermophilous species such as stag-
nant-streaming waters Aulacoseira ambigua (Grunow) Simonsen and stagnant water specie Discostella
stelligera (Cleve & Grunow) Houk & Klee.
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1. Introduction into changes in taxonomic composition of diatom com-

munities throughout the entire length of the core dated
back over two thousand years. This study presents an
analysis of diatoms community in bottom sediments of
Lake Peyungda covering approximately 4.5 thousand
years time interval compared to analogous research
results for Lake Zapovednoye. A detailed analysis of
identified common features, differences, and trends in
species composition dynamics of diatom communities
in both water bodies is carried out.

Over the past two decades, the poorly studied
northeastern region of Krasnoyarsk Krai has been inten-
sively researched, including the territory of Evenkia
district and adjacent areas of Tungussky State Nature
Reserve, where a significant number of small lakes pre-
dominantly with deep waters are concentrated along
local rivers (Podkamennaya Tunguska, Verkhnyaya
Lakura, Kimchu). These lakes share similar morphol-
ogy and origin. Earlier studies focused on comparative
analysis of moderr} diatoms assemblages in surface lay- 2. Materials and Methods
ers of bottom sediments from Lake Zapovednoye and
Lake Cheko by analyzing samples from the upper five
centimeters layers of sediments (Bolobanschikova et
al., 2023).

In addition, a large-scale multiproxy study was
conducted on a sediment core from Lake Zapovednoye
(Rogozin et al., 2025), which included investigation

Lake Zapovednoye (60°31.688'N, 101°43.740’E)
is a small body of water with an almost circular shape
and a diameter of about 500 m located on the bor-
der of Tungussky State Nature Reserve (Evenkia dis-
trict, Krasnoyarsk Krai), approximately 60 km from
Vanavara village and about 60 km south of Lake Cheko
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(Bolobanschikova et al., 2023; Rogozin et al., 2017),
which is presumed to be the epicenter of the explosion
in 1908. The maximum depth of the lake is around 60
meters.

Lake Peyungda (60°37.174’N, 101°38.442’E) also
has nearly perfect round form, with a diameter of about
600 m, situated 12 km northwest of Lake Zapovednoye.
Its maximum depth is roughly 35 meters. Both lakes are
traversed by a small river Verkhnyaya Lakura (Fig. 1),
tributary of Podkamennaya Tunguska River (Rogozin
et al., 2017; Rogozin et al., 2023).

Both lakes are ultra-oligotrophic — mineraliza-
tion of upper layers does not exceed 40 mg/1, increasing
toward bottom up to 90 mg/1. Medium reaction is close
to neutral—pH 6.7. A core sample of sediments was
taken from Lake Zapovednoye in July 2018, while from
Lake Peyungda it was collected in September 2022.

Core samples were taken in the central deep-wa-
ter parts of lakes at points with the above coordinates
using a gravity corer UWITEC (Austria) equipped with
removable plastic tubes having a diameter of 90 mm.
A transparent tube was used so that the water-bottom
boundary could be clearly seen by naked eye. Thus, loss
or destruction of upper layers of bottom sediments is
excluded. After transportation to the laboratory in ver-
tical position each tube was cut along its length and
divided into two longitudinal “D-sections” using two
thin stainless steel plates inserted into the cut. Following
core separation, the plates were removed by sliding them
transversely which allowed preserving undisturbed sur-
faces of the cuts showing visible horizontal layered het-
erogeneities. Then series of color photographs of cores

were made fixing millimeter ruler, after which cores
were sectioned into cross-sectional slices (slices) with
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step size for Lake Zapovednoye being 1 c¢cm, while for
Lake Peyungda it was 2 cm. Samples of bottom deposits
selected from each slice underwent sample preparation
and technical processing for diatom analysis according
to previously developed method modified water bath
technique using 30% H,O, (Bolobanschikova et al.,
2023). Permanent preparations were prepared using
high-refractive resin Naphrax. Diatom valves counting
was carried out by parallel transect method up to 500
valves in upper samples and up to 300 valves in deeper
sections of the core (Davydova, 1985). To construct
diagrams of qualitative and quantitative composition of
diatoms in bottom sediments as well as for cluster anal-
ysis Tilia Software version 3.0.3 (Grimm, 2004) was uti-
lized. For determination of species identity established
set of determinative keys and systematic compilations
were applied (Kiitzing, 1884; Zabelina et al., 1951;
Krammer et al.,, 1986-1991; Lange-Bertalot, 2001).
When compiling the systematic list generally accepted
classification of diatoms used in Russia (Glezer et al.,
1988) taking into account recent revisions (Genkal et
al., 2013; Guiry, 2025 from http://www.algaebase.
org/browse/taxonomy/?id=77640) was followed.
Ecological and geographical characteristics were
given based on habitat, salinity, pH value, geographic
distribution and rheophily (Barinova et al., 2006).
The degree of similarity between diatom species com-
positions in studied lakes was assessed using formula:
K =-2_3100%,
a+b

where K is the similarity index degree coefficient, a and
b are the number of species in lakes a and b respec-
tively, and c is the number of similar species (Sorensen,
1948). The dating of sediments is based on previously
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Fig.1. Map of the study area. Territory of the Tunguska State Nature Reserve (Central Tungus Plateau, Eastern Siberia,
Russia). Features of geographical landscape in locations of studied objects — lakes Zapovednoye and Peyungda.
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published estimates of sediment accumulation rates at
1.6 mm years! for Lake Zapovednoye (Daryin et al.,
2020) and 0.81 mm years-! for Lake Peyungda (Novikov
et al., 2023).

3. Results
3.1. Systematic part

In the bottom sediments of Lakes Zapovednoye
and Peyungda, a total of 248 taxa of diatom algae below
genus rank were found, belonging to 27 families and 66
genera (Appendix 1). Among them are species occur-
ring in both lakes as well as those found only in Lake
Zapovednoye or only in Lake Peyungda. The degree of
similarity between the species composition of diatom
complexes in these studied lakes was high — 69%.

The valves of planktonic-benthic cosmopoli-
tan species that prefer alkaline conditions dominate
in the bottom deposits of both lakes. Unlike Lake
Zapovednoye where most diatom valves belong to
indifferent species regarding water flow and salinity,
Lake Peyungda is characterized by an unprecedented
abundance of Tabellaria fenestrata (Lyngbye) Kiitzing
(up to 95%) resulting in predominance of halophobic
and streaming-water species.

3.2. Paleoecological part

In quantitative terms, the composition of
diatom complexes in Lake Zapovednoye and Lake
Peyungda was heterogeneous and underwent multiple
changes throughout the history of these water bodies’
development.

3.2.1. Lake Zapovednoye

Cluster analysis allowed dividing the data from
diatom analyses of the lake’s core into four zones
(Fig. 2).

Zone D I (approximately 1150-2200 calibrated
years before present (hereafter: cal. yrs BP)) — within
this zone the predominant species are planktonic-ben-
thic diatom frustules with dominance of Tabellaria
fenestrata (a planktonic-benthic halophobic cosmopol-
itan species of stagnant-streaming waters, neutral to
pH environment). Despite a minimal number of ben-
thic diatoms in this zone, it is also possible to indi-
cate as mass species Staurosirella pinnata (Ehrenberg)
D.M.Williams & Round (benthic halophilous cosmopol-
itan species of stagnant-streaming waters, alkaliphilic
moderate temperature regime). Overall, there is an
increasing trend for planktonic diatoms in the zone,
resulting in their maximum values, including the tran-
sition from subdominant position to dominant one and
reaching maximum values for core samples of Lindavia
lemanensis (Chodat) T.Nakov et al. At the same time,
the proportion of small pennate diatom shells belong-
ing to the complex Staurosira sensu lato — Staurosira
venter (Ehrenberg) Cleve & J.D.Moller (planktonic-ben-
thic thermophilic alkaliphile cosmopolitan species of
stagnant-streaming waters), Pseudostaurosira elliptica
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(Schumann) Edlund, Morales & Spaulding (benthic
cosmopolitan species) decreases. With respect to water
salinity, the predominance of halophobic and indif-
ferent species’ frustules is observed. In relation to pH
medium, at the lower part of the zone species prefer-
ring alkaline conditions dominate while towards the
upper part acidophilic species increase in numbers. The
presence of Diploneis parma Cleve (benthic cold-loving
alkaliphile holoarctic species, indifferent to salinity) is
noted. For the zone characteristic cosmopolitan species
prevail, with some inclusion of arctic-alpine species’
shells such as Aulacoseira valida (Grunow) Krammer
(planktonic alkalibiont, indifferent to salinity).

The above-described changes most likely indicate
increased flow rate of the reservoir, rising lake level, and
decreased mineralization accompanied by formation of
shallow-water zones with more acidic and mineralised
environments under.

Zone D II (~435-1150 cal. yrs BP) — the share
of dominant halophobic species Tabellaria fenestrata
sharply decreases. The proportion of valves belong-
ing to halophilic and alkaliphilous species gradually
increases, as well as that of benthic forms: Staurosirella
pinnata becomes a dominant species, while the por-
tion of Ulnaria acus (Kiitzing) Aboal (planktonic cos-
mopolitan alkalibiont in stagnant-streaming waters
indifferent towards salinity) grows. An increase is also
observed for: Aulacoseira ambigua (planktonic cosmo-
politan alkaliphile in stagnant-streaming waters indif-
ferent towards salinity), A. granulata var. angustissima
(O.Miiller) Simonsen (planktonic species with moder-
ate temperature regime in stagnant-streaming waters,
cosmopolitan alkaliphile indifferent towards salinity),
A. subarctica (O.Miiller) E.Y.Haworth (planktonic alka-
libiont in stagnant-streaming waters, arctic cosmopoli-
tan indifferent towards salinity).

The share of planktonic epiphyte Fragilaria
vaucheriae (Kiitzing) J.B.Petersen (planktonic cos-
mopolitan alkaliphile) also rises. In the upper part of
this zone, Discostella stelligera reaches its maximum
development throughout the core (planktonic-benthic
cosmopolitan of streaming waters indifferent towards
salinity and pH).

It is likely that there was an increase in lake produc-
tivity at a constantly high water level.

Zone D III (~25-435 cal. yrs BP) — an increase
in the proportion of planktonic-benthic diatom spe-
cies is noted, again dominated by Tabellaria fenes-
trata, though not as prominently as in Zone I. There
is an increase in the share of Cocconeis placentula var.
euglypta (Ehrenberg) Grunow (planktonic-benthic tem-
perate-zone alkaliphile indifferent towards salinity,
cosmopolitan in stagnant-streaming waters), Iconella
tenera (W.Gregory) Ruck & Nakov (planktonic-benthic
alkaliphile in stagnant waters, cosmopolitan indifferent
towards salinity), Staurosira venter, and benthic species
such as dominants Staurosirella pinnata, Ulnaria ulna,
among planktonic-epiphytic forms, Fragilaria vauche-
riae remains subdominant. Cold-loving species Diploneis
parma valves are continuously present. Overall, the
zone is characterized by predominance of halophilic
species preferring weakly alkaline conditions.
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This most probably indicates cooling of the environ-
ment accompanied by lowering of the water level and some
increase in mineralization.

Zone DIV (~0-25 cal. yrs BP) — dominance
belongs to planktonic-benthic Tabellaria fenestrata and
benthic species Staurosirella pinnata and Ulnaria ulna.
The proportion of benthic and planktonic-benthic
valves continues to grow, mainly represented by alkali-
and halophilic forms.

Probably these changes are associated with a
decrease in lake water level, presumably due to warming
but maintaining the same level of mineralization, along
with an increase in shallow macrophyte beds.

3.2.2. Peyungda

The cluster analysis allowed to divide the diatom
data from the lake’s core into five zones (Fig. 3).

DI Zone (3686-4480 cal. yrs BP) — The dom-
inant species are planktonic-benthic forms due to
Tabellaria fenestrata — a diatom that remains either
dominant or subdominant throughout almost the
entire core length. There is an increase in the pro-
portion of Aulacoseira muzzanensis (planktonic-ben-
thic, halophobic, arctic cosmopolitan species found in
stagnant-streaming waters). In this zone, the share of
Discostella stelligera remains consistently high, being
subdominant at some depths within the zone. There
is also an increase in the proportion of Staurosira con-
struens Ehrenberg (planktonic-benthic species with
moderate temperature requirements, alkaliphilous in
stagnant-streaming waters, indifferent to salinity), as
well as the subdominating species Staurosira venter. On
the other hand, there is a decrease in the proportion
of Tabellaria flocculosa (Roth) Kiitzing (planktonic-ben-
thic eurythermic acidophilic, halophobic species com-
mon in stagnant-streaming waters, cosmopolitan) and
Tabellaria quadriseptata B.M.Knudson (planktonic-ben-
thic acidophilic species characteristic for streaming
waters, halophobic, cosmopolitan).

The proportion of Ulnaria ulna is gradu-
ally decreasing. Due to the increase in the share of
Aulacoseira ambigua (Grunow) Simonsen, this species
moves into a position as a subdominant. Overall, the
proportion of planktonic species increases up to maxi-
mum values for the zone. The proportion of Aulacoseira
subarctica also rises to the level of a subdominant.
However, there is a decrease in the proportion of
Ulnaria acus (Kiitzing) Aboal (planktonic, cosmopoli-
tan, alkalibiont of stagnant-streaming waters, indiffer-
ent to salinity), and Aulacoseira valida. Among benthic
forms, an increase in the proportion of Fragilaria dis-
tans (Grunow) Bukhtiyarova (Grunow) Lange-Bertalot
is noted. Towards the end of the zone, there is a spike
in abundance of Synedra famelica Kiitzing (alkaliphilous
of streaming waters, indifferent to salinity). There is
also an increase in the proportion of small pennate dia-
tom species from the complex Staurosira sensu lato. The
proportion of Staurosirella pinnata reaches its maximum
value for the zone, placing it in a subdominant position.

The area shows a tendency towards increased water
mineralization, probably due to the decrease of lake level
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that may be caused by reduced inflow (i.e., precipitation
levels) and decreased outflow, most likely because of stag-
nant conditions within the lake. The above indicates that
the lake was presumably at a stage of being shallower and
more mineralized.

Zone D II (2672-3686 cal.yrs. BP) — the pro-
portion of planktonic species is lower than in the pre-
vious zone due to a sharp decline in Aulacoseira ambi-
gua. The share of A. valida also decreases. There is an
increase in the abundance of A. granulata var. angustis-
sima and Fragilaria vaucheriae, reaching maximum val-
ues throughout the core. The appearance of Cyclotella
distinguenda Hustedt has been noted (planktonic alka-
liphile of streaming waters, cosmopolitan halophile).
The percentage of Ulnaria acus (planktonic, cosmopoli-
tan alkalibiont of stagnant-streaming waters indifferent
to salinity) increases slightly. The proportion of plank-
tonic-benthic species is higher compared to the pre-
vious zone with a noticeable rise in dominant species
Tabellaria fenestrata. The fraction of Discostella declines
relative to the preceding zone. The share of Staurosira
venter grows up to subdominant positions along with
Staurosira construens. The proportion of Staurosira
incerta E.Morales (planktonic-benthic, cosmopolitan)
decreases. A small peak in numbers of Aulacoseira muz-
zanensis occurs (planktonic-benthic, halofoob, arctic,
cosmopolitan species of stagnant-streaming waters).
An increase in the share of Fragilariforma virescens
(Ralfs) D.M.Williams & Round takes place (plank-
tonic-benthic neutrophil, cosmopolitan for stagnant
waters, indifferent to salinity). Overall, the proportion
of benthic species is lower than in the previous zone
but their diversity increases. Notable increases are
observed among the following benthic diatom species:
Fragilaria distans (Grunow) Bukhtiyarova (Grunow)
Lange-Bertalot, Navicula radiosa Kiitzing (benthic spe-
cies of moderate temperature regime, cosmopolitan in
stagnant-streaming waters, indifferent to salinity and
pH). Subdominants include Pseudostaurosira elliptica
and Staurosirella pinnata. The percentage of Staurosira
pseudoconstruens (Marciniak) Lange-Bertalot (benthic
boreal species of stagnant waters) drops from 1.67%
to 0%. The share of Ulnaria ulna remains unstable and
fluctuates across the zone.

This zone is characterized by an increase in the
proportion of alkaliphilic species adapted to moderate
temperatures of stagnant-streaming waters and indifferent
to salinity, which might indicate an increase in lake level
and formation of a moderate environmental temperature
regime.

Zone DIIT (=2188-2672 cal. yrs BP) — the
proportion of planktonic species continues to decline.
The share of Aulacoseira ambigua decreases, and in
the middle of the zone there is a drop in the propor-
tion of Fragilaria vaucheriae. There is some increase in
the proportion of Aulacoseira subarctica. A significant
increase occurs for Cyclotella distinguenda. There is also
an increase in the proportion of Aulacoseira valida. An
increase in the proportion of Ulnaria acus leads it to
become a subdominant species. After falling at the
bottom of the zone, the proportion of planktonic-ben-
thic species increases again. The dominant species
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Tabellaria fenestrata shows increased proportions while
overall Tabellaria decreases. Both Staurosira construens
and S. venter show increasing shares making them sub-
dominants as well. The proportion of Discostella stellig-
era declines. Minor species begin to appear: Gogorevia
exilis (Kiitzing) Kulikovskiy & Kociolek (benthic eur-
ythermal cosmopolitan indifferent to salinity found
in stagnant-streaming waters), Planothidium lanceo-
latum (Brébisson ex Kiitzing) Lange-Bertalot (benthic
thermophilous cosmopolitan indifferent to salinity
found in stagnant-streaming waters), Pseudostaurosira
brevistriata (Grunow) D.M.Williams & Round (ben-
thic alkaliphilous cosmopolitan indifferent to salinity
found in stagnant-streaming waters). The proportion
of Staurosira incerta E.Morales (planktonic-benthic
cosmopolitan) decreases. Compared to the previous
zone, benthic species are less represented with reduced
proportions of Staurosirella pinnata. The proportion
of Fragilaria distans increases. Proportions decrease
for Pseudostaurosira elliptica, S. pseudoconstruens, and
Ulnaria ulna. Other minor benthic species that emerge
include Achnanthidium macrocephalum (Hustedt) Round
& Bukhtiyarova (benthic cosmopolitan indifferent
to both salinity and pH), Eunotia incisa W.Smith ex
W.Gregory (benthic halophobic acidophilous cosmo-
politan from streaming waters habitats), Eu. muco-
phila (Lange-Bertalot, Norpel-Schempp & Alles), and
Meridion circulare (Greville) C.Agardh (benthic alka-
liphilous cosmopolitan from streaming waters indiffer-
ent to salinity). Increases occur for Surirella amphioxys
W.Smith (benthic mesohaline alkaliphile).

The trend observed within this zone indicates an
increase in water flow rate and reduction in mineralization
levels.

Zone DIV (=1458-2186 calibrated years BP)
- the proportion of planktonic species reaches its maxi-
mum values in the entire core history due to an unprec-
edented increase in the share of Aulacoseira ambigua.
The proportion of other planktonic species is negligible.
The proportion of planktonic-benthic species decreases
to minimum values throughout the core—the highest
abundance belongs only to Tabellaria fenestrata, which
was dominant in previous zones. The proportion of
benthic species also decreases to their minimal values
in the core except for Staurosirella pinnata, which pro-
portion increases.

A trend towards a decrease in lake level and
increased mineralization is observed within this zone.

Zone DV (=0-1458 calibrated years BP) - the
proportion of planktonic species declines to minimal
values across the core—a total reduction is observed.
The proportion of planktonic-benthic species achieves
its maximum values over the whole core period. This
increase is primarily attributed to an enhanced share of
Tabellaria fenestrata. The proportions of all other spe-
cies decline almost to zero levels. Only Pseudostaurosira
brevistriata shows somewhat noticeable presence. The
proportion of benthic species also drops to the lowest
values recorded in the core’s history.

An increase in eutrophication level of the water body
is observed within this zone.
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4. Discussion
4.1. Lake Zapovednoye

Zone DI

The dominance of valves belonging to the species
Tabellaria fenestrata, a representative of oligotrophic
diatom complex (Trifonova, 1990), may indirectly indi-
cate water flow. Furthermore, prevalence of T. fenes-
trata is typical for small bodies of water (Slukovskiy et
al., 2018). The appearance and dominance of benthic
species Staurosirella pinnata reflects mixing of water,
constant fluctuations in its level, and inflow of nutri-
ents from catchment area (Melissa A. Watchorn et al.,
2008). Decrease in proportion of this species’ valves
indicates stabilization of conditions related to incoming
external water and its mixing capacity. After formation
of stable high water levels we observe massive develop-
ment of Lindavia lemanensis, reflecting xeno-oligosap-
robic conditions established within the lake (Kagan,
2012).

Zone DII

Within this zone there are signs indicating
increase in ambient temperature, evidenced by indica-
tors such as Aulacoseira ambigua, A. granulata and their
varieties (Trifonova, 1990; Stenina, 2009). Succession
of species can also be traced here—from poor aci-
dophilous and halophobic centric diatom phytoplank-
ton towards diatoms preferring higher mineralization
values, biogenic elements and pH. Massive growth of
Discostella stelligera could be interpreted as an indicator
of increasing trophicity (Trifonova, 1990). Also, emer-
gence and progress in development of Discostella stellig-
era might be associated with change in pH since it pre-
fers alkaline environment for its development (Camburn
and Charles, 2000). Significant increase in proportion
of Discostella stelligera valves could also relate to lower-
ing of water level in the lake and increased mineraliza-
tion amidst warming.

Zone DIII

Returning dominant positions of freshwater epi-
phyte Tabellaria fenestrata reflect processes of decreas-
ing water level and formation of shallow-water zones
overgrown with macrophytes (Patrick and Reimer,
1966). Adequate amounts of dissolved salts and bio-
genic elements stimulate development of benthic forms
like Staurosirella pinnata, Staurosira venter, Ulnaria
ulna, Cocconeis placentula var. euglypta, Iconella tenera.
Continuous presence of cold-loving species Diploneis
parma valves may reflect cooling processes (Lange-
Bertlot and Fuhrmann, 2017).

Zone DIV

Probably all phenomena described within this
zone result from warming, decrease in water level,
slight increase in mineralization and pH values, along
with intensified water mixing (Hausmann and Pienitz,
2009), which benefited development of Staurosirella
pinnata. At the same time gradual reduction in propor-
tion of Tabellaria fenestrata valves was observed, whose
development reflects presence of macrophyte beds in
shallow waters.
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4.2. Lake Peyungda

Zone DI

The increase in the proportion of planktonic spe-
cies due to a significant rise in the share of Aulacoseira
ambigua that compared to its current state, the lake was
likely at an earlier stage as a shallower and more min-
eralized water body (Davydova, 1985). The decrease
in planktonic-benthic species such as Tabellaria sensu
lato and Ulnaria ulna — which are fouling organisms
(Barinova et al., 2006) — probably indicates a reduc-
tion in the volume of submerged substrate (includ-
ing macrophytes) necessary for their development.
An increased mineralization of the water body may
also play a role by creating a barrier to the growth of
these halophobic diatom species. A high proportion of
Discostella stelligera could indicate stagnation in the lake
and a trend towards eutrophication (Trifonova, 1990).
An increase in small sewnless pennate species belong-
ing to Staurosira sensu lato might suggest the formation
of shallow-water areas along the coastal zone, resulting
from a lowering of the water level.

Zone DII

An increase in the proportion of Aulacoseira
sensu lato species is favored by continuous mixing of
the water column, allowing them to remain within the
photic zone (Ludikova et al., 2021). In the middle of
this zone, there is an increase in fouler species adapted
to stagnant-streaming waters: the halophobe T. fenes-
trata and alkaliphile Fragilaria vaucheriae. This likely
indicates massive inflows of water into the lake and a
decline in its mineralization levels. There is a spike in
the proportion of planktonic halophilous species typi-
cal of streaming waters, namely Cyclotella distinguenda,
suggesting an increase in biogenic substances entering
the reservoir with incoming water flows and a pro-
longed vegetation period due to increasing alkalinity
(Glezer et al., 1988). The ongoing rise in small seamless
species of Staurosira sensu lato may reflect an increase
in silty shoreline masses where these species preferen-
tially develop (Davydova, 1985).

Zone DIII

A decrease in the proportion of A. ambigua may
signify another transition of the lake from being a shal-
low, mineralized environment to becoming deeper. At
the end of the previous zone, there was a sharp drop
in planktonic-benthic species due to reduced propor-
tions of T. fenestrata, but during this phase, it reverses
itself—its proportion increases again, possibly because
of enhanced water flow through the lake. The presence
of riverine fouler Meridion circulare in deposits during
this time serves as an indicator of intense water influx
specifically from the Verknyaya Lakura River.

Zone DIV

The record-high increase in Aulacoseira ambigua
most likely correlates with extensive shoaling of the
lake. This could be attributed to a substantial reduction
in water inflow, likely associated with rising tempera-
tures and decreased precipitation. It is probable that
this phenomenon is linked to global warming occurring
around this time, referred to as the “climatic optimum of
early Middle Ages.”
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Zone DV

Although this zone begins with a return to mass
biodiversity following the preceding period, the mid-
zone sees a total increase in the proportion of halopho-
bic foulers of stagnant-streaming waters (T. fenestrata)
negating this process.

5. Conclusions

Based on the results of the study, several conclu-
sions can be drawn.

5.1. Systematic part

The analysis of diatom algae flora in bottom
sediments from two adjacent lakes — Zapovednoye
and Peyungda — showed that both lakes have a sim-
ilar diatom complex with a high degree of similarity
(69%). However, there are also some differences. Lake
Peyungda has more species of diatoms. Additionally,
there is a difference in dominant composition: while
in Lake Zapovednoye representatives of the Staurosira
sensu lato complex dominate almost throughout the
core, led by benthic Staurosirella pinnata, in Lake
Peyungda planktonic-benthic diatom Tabellaria fenes-
trata dominates almost throughout the core. At the
same time, it cannot be ruled out that this species was
introduced into Lake Peyungda from the Verkhnyaya
Lakura River.

5.2. Paleoecological part

When moving along the two cores, one can
observe common trends in changes in species compo-
sition as soon as correlation between dating of the two
columns begins.

1. The most noticeable trend is an increase in the
proportion of Tabellaria fenestrata during modern
times (Zone DV for Lake Peyungda and Zones DIV
and DIII for Lake Zapovednoye). Considering that
this diatom prefers streaming water bodies and is
halophobic, it suggests increased flow rates in both
lakes and reduced mineralization, which seems to
be associated with global warming and melting
permafrost ice underlying the location of the lakes
during the current period.

Another significant trend relates to the diatom
Aulacoseira ambigua and its increasing share during
what is called the “climatic optimum” period (Zone
DIV for Lake Peyungda and Zone DII for Lake
Zapovednoye), i.e., when there was widespread
temperature rise. It appears that at this stage of lake
development, both lakes experienced decreased
water levels and increased mineralization.

It is worth noting separately another point in
the change of diatom species composition. According
to the decision of the International Commission on
Stratigraphy, since 2018, the Holocene period has
been divided into three geological stages (epochs):
Greenlandian, Northgrippian and Meghalayan (Martin
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J. Head, 2019). It is reliably known that the begin-
ning of the Meghalayan stage is associated with the
onset of a prolonged drought around 2250 BC (Martin
J. Head, 2019). The dating of bottom sediments from
Lake Peyungda includes the year 2480 BC, thus cover-
ing the transition from the Northgrippian stage of the
Holocene period to the Meghalayan stage.

Apparently, this transition marked by drought
finds its reflection in the persistent increase in the
number of thermophilic species of stagnant-streaming
waters (Aulacoseira ambigua) preferring shallow miner-
alized water bodies. As well as species inhabiting stag-
nant waters (Discotella stelligera) preferring water bod-
ies with high concentration of biogenic elements, i.e.,
nitrogen (N) and phosphorus (P) dissolved in water,
which are indicators of increased productivity of water
bodies (Riihland et al., 2003).

Final word

Despite the remoteness and inaccessibility
of lakes in the taiga zone of the Tunguska Nature
Reserve to human influence, the observed eutrophi-
cation process in modern times for oligotrophic lakes
Zapovednoye and Peyungda is a direct consequence of
anthropogenic factors (Zhuze et al., 1974; Davydova,
1985). This is primarily due to an increase in average
global temperatures caused by climate warming lead-
ing to melting ice layers of permafrost underlying these
lake locations.

Previous research comparing diatom algae com-
munities from recent bottom sediments of Lake Cheko
and Lake Zapovednoye with high similarity in species
composition (67%), along with similar trends found
in changes of diatom complexes identified during this
study in Lakes Zapovednoye and Peyungda, indicates
the need to continue studies focused on investigating
diatom complexes in lakes with highly similar species
compositions.
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AHHOTALIUA. B pamkax Ouoctpaturpad@uieckoro HCCIefOBaHUA B TaeXHON 30He ora OJBEHKUHU
(KpacHosipckuii kpaii, PoccusA) Ha TeppUTOpUM TOCYHapCTBEHHOTO IIPHUPOAHOrO 3aloBeJHUKA
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B CCCP, mpoBefiéH aHAJIM3 JUATOMOBOTO COOOIIECTBA MO3AHEr0JIONIEHOBRIX OTJIOXEeHUN 03€p [letoHr1a
u 3amoBefHOe. B 00IIel CII0XKHOCTHU BBISIBJIEHO 248 TaKCOHOB, PAaHIOM HHXE POJia, OTHOCAIIUXCA K
66 pomam u 27 cemelicTBaM. BEIABJIEHBI CXOACTBA U pa3jiMuusA B cOCTaBe JUATOMOBOIO aJjIbrolleHO03a
JOHHBIX OTJIOXeHUM 03ép 3amoBeAHoro u Iletonrga. CTeneHb CXOZCTBa BUOBOIO COCTaBa OKa3aJiach
BBICOKOU — 69%. OOHapykeHbI 0011ie TPeHAbl B pa3BUTHUN 03€p, COOTBETCTBYIOIIKE OAUHAKOBEIM Bpe-
MeHHBIM paMKaM. B o3epe IleloHrja, JaTupoBKa KOTOPOr'0 OXBATHIBAET MOYTH 4.5 THICAYU JIeT, HAlAeHO
OoTpakeHHe Hayaja MerxaJjialickoro sipyca TOJIOLEHOBOM 3I0XU, MPUYyPOYEHHOIO0 K BO3HHKHOBEHUIO
IIPOJIOJDKUTEIIBHON 3acyXU IIpruMepHo B 2250 roAy A0 Hallel 9pbl IyTEM CTOMKOI0 yBeJINYeHNs YK CcIIeH-
HOCTH TEIUIOJIIOOUBBIX BUAOB cTOsTYe-TeKyuux Aulacoseira ambigua (Grunow) Simonsen u BUAa CTOSYUX
Bop Discostella stelligera (Cleve & Grunow) Houk & Klee.
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1. Beepenne JIOHHBIX OTJIOXeHUIT o3epa 3anoBeaHoe (Rogozin et al.,

2025). B yacTHOCTH NMpOAaHAJIM3NPOBAHO M3MeHEeHNe B
BUJJOBOM COCTaBe AMATOMOBOI'O COOOIIeCTBA Ha MPOTS-
XKeHUH BCero KepHa, JaTHpOBKa KOTOPOT'O BKJIIOYAET B
cebs nepuoy 6oJiee 2 ThiCAY JieT. B JaHHOM uccieioBa-
HUU TIPOBeJIeH aHaIM3 JUaTOMOBOTO cOO0IlecTBa JOH-
HBIX OTJIOXeHUI o3epa [leloHra, JaTUPOBKAa KOTOPOTO
BKJIIOYaeT B cebs npuMepHoO 4.5 ThIiCcAYU JIeT, U cpaBHe-
HUe ero ¢ JUaTOMOBBIM COOOIIeCTBOM JOHHBIX OCaJKOB
o3epa 3amoBeJlHOe, BhHIfIBJIEHME CXOJCTBA, Pa3INuui
1 oOIUX TEeHAEHIMH B M3MEHEHHM BUIOBOI'O COCTaBa
JUaTOMEH.

Ha npotrsxeHunm AByX IOCJIeAHUX [JecATHIIe-
TUN aKTUBHO UCCJIeyeTCs MaJIOU3yYeHHBIN B ILJIaHe
6uocTpaturpapuu  ceBepo-BocTOK  KpacHospckoro
Kpasd, a UMEHHO — DBEHKUMCKUI palioH, B T.4. Tep-
putopus I'ocymapcTBeHHOrO MNPHUPOOHOTO 3aloBef-
Huka «TyHrycckuii», rae BOOJIb TeueHUs MeCTHBIX peK
(Ilopxamennsa Tynrycka, Bepxuas Jlakypa, Kumuy)
PacIoJIoKeHO MHOXEeCTBO HeOOJIbIINX, B OCHOBHOM
IJIyOOKOBOAHBIX 03€p, CXOAHBIX IO MOPGOJIOTUUN U
npoucxoxjeHuto (Porosux u ap., 2017; Poro3us u ap.,
2023).

Panee, myTeM aHa1M3a BEPXHUX 5 CM KEPHOB 3TUX
BoioémoB (BosobanmukoBa u Ap., 2023), netasibHO
ObLIM K3y4YeHbl U IOJBEeprHyTH CPaBHEHHOWI UaTo-
MOBBIEe KOMILJIEKCHl COBPEMEHHBIX JOHHBIX OTJIOXKeHUN
o3ep 3amnoseaHoe U Yexo. ITomnmo 3TOrO, NpoBeAeHO
MacmiTabHOe MYyJIBTU-IIDOKCH HcCCJleloBaHNe KepHa

2. MaTtepuanbl U MEeTOADI

Ozepo 3anosegHoe (60°31.688 CIII, 101°43.740’
BJ]) - HeOoJsiblmION BOAOEM, MOYTHU KPYTJIOH (OPMBI,
auamerpoM okosio 500 M, pacmoJioXeHHBII Ha rpa-
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Hunle I'ocymapcTBEHHOIO NPHUPOHOIO 3aloBeJHHKA
«TyHrycckuii» (OBeHKUMCKUII paiioH KpacHosipckoro
kpas), B 60 kM oT moceska BaHaBapa, u nmpu6musu-
TeJsibHO B 60 KM K ory oT o3epa Yeko (BosobaHmukoBa
u 1p., 2023; Poro3uH u np., 2017) npenmnosaraeMoro
snuueHTpa B3pbiBa 1908 r. MakcumamnpHasA riayOuHa
o3epa okosio 60 M. Ozepo Iletonrga (60°37.174 CII
101°38.442" BJ]) Takxke uMeeT IOYTH NPaBUJIbHYIO
OoKpyriayw ¢opMmy, AuameTpoM okosio 600 M, u pacno-
JIO)KEeHO B 12 KM K ceBepo-3anajly OT 03. 3allOBEHOE.
MakcumaJsibHasA IJyorHa o3epa NpUOIN3UTEIbHO 35 M.
Yepes ob6a o3epa npoTekaeT HeGoJsbIIaA peka BepxHsas
Jlakypa (Puc. 1), npurtok peku I[logkameHnHas TyHrycka
(PorosuH u fip., 2017; Poro3uH u ap., 2023). O6a o3epa
yJbTpalpecHble — MUHepa/Iu3alus BepXHUX CJIOEB He
npesbimaer 40 Mr/a, Ko AHy yBeauuuBaerca o 90
mr/n. Peakuusa cpenpl Oim3ka K HeHTpasiapHOU - pH
6.7. KepH IOOHHBIX OTJIOXEHUM 03. 3amnoBegHOe OBLI
oTobpaH B urose 2018 r., a o3. Iletonraa - B ceHTsAOpe
2022r.

KepHbl 0TOMpay B IeHTPaIbHOU I'TyOOKOBOAHOM
4yacTH 03ep B TOUYKaX C BhHIMIEyKa3aHHBIMM KOOpAWHA-
TaMH{ C [IOMOIIbI0 'PaBUTALIIOHHOTO NMPOO0OTOOPHUKA
UWITEC (ABcTpusi) cO CbeMHOH IJIACTUKOBOM TPy6OOoit
auaMmeTrpoM 90 MM. Hcniosib3oBasy po3pavyHyio Tpyoy,
[I03TOMY I'paHHULia «BOAA-AHO» OblIa OTUETJIMBO BUAHA
HeBOOPY’KeHHHIM Ij1a3oM. CefoBaTesbHO, NCKII0UeHa
BO3MOXXHOCTD IIOTepU UJIN pa3pylleHus BepXHUX CJIOeB
JIOHHBIX OTJIOXeHuH. Ilocsie TpaHCIOPTUPOBKU B J1abo-
paTopHI0 B BEPTUKAJIbHOM IOJIOKEHNU KaXAyIo Tpyoy
paspe3asniy BAOJb U pa3fesisulu IoIoJiaM Ha JBe Ipo-
JoJibHbIe «D-cexnuy» ¢ IOMOMIbIO IBYX TOHKUX IJIACTUH
13 HeprkaBelolllell cTajiy, BCTaBJIeHHBIX B pa3pes. [Tocrie
pasfesieHusA KepHa, IUIaCTUHBI YOAJIAJINCh CABUTOM B
[OIlepevyHOM HallpaBJjIeHUHU, YTO [IO3BOJIATIO COXPAHUTh

HeHapyIIeHHBIMU TOBEPXHOCTU pa3pe3a ¢ BUAUMBIMU
TOPU30HTAIBHBIMU CJIOUCTBIMM HEOQHOPOAHOCTSAMHU.
3areM Jies1aJiuch cepuu LBETHBIX poTorpaduil KepHOB
C 3aKpeIUIeHHOU MWJUIMMETPOBOHM JIMHEHKOMH, IocJe
Yero KepHbl pasdesisiiich Ha IonepeuyHble 0Opasifbl
(cmasicel) ¢ maroM IJjid 03. 3aloBeJHOE C Imarom B 1
cM, a a4 03. [TeroHrael B 2 cM. O6pasnbl JOHHBIX OTJIO-
XeHUHM, oToOpaHHble U3 KaXJoro cJjatica, IpOXOAWJIN
MpoOOIMOATOTOBKY U TeXHUYecKylo o6paboTKy Ha qua-
TOMOBBIII aHaJIM3 MO OTpPabOTaHHOI paHee MeTOJUKe
BHJIOM3MEHEHHOH BOMSAHON 0aHU C HCIOJIb30BaHHEM
30% H,0, (BomobaumukoBa u ap., 2023). IlocTossHHbIE
mpernapaTrbl FOTOBWJIMCh C MPUMEHEHHEM BBICOKOIpe-
Jiomutsioeit cMoJibl Naphrax. ITofc4éT cTBOPOK AUATO-
MOBBIX IIPOBOAWJICS METOIOM TapaJsijleIbHbIX TPAHCEKT
110 500 cTBOpOK B BepxHUX obpasuax u A0 300 cTBOpok
B Tosme KepHa ([aBbigoBa, 1985). [l mocTpoeHus
JuarpaMM KaueCcTBEHHOI'0 U KOJIMUYeCTBEHHOr'0 cocTaBa
UATOMOBBIX B JOHHBIX OTJIOXKEHUSX, a TaKXKe IJIA KJIa-
cTepHOro aHaju3a ucnosbs3oBaiu Tilia Software 3.0.3
(Grimm, 2004). [na ompepesieHus BUIOBOU NpUHAM-
JIEXXHOCTU JIUATOMOBBIX MCIIOJIb30BaIN YCTOSABIIMICSA
Habop ompefenuTesell U cUCTeMaTHUYeCKHUX CBOJIOK
(Kiitzing, 1884; 3abenuHa u 1p., 1951; Krammer et al.,
1986-1991; Lange-Bertalot, 2001). Ilpu cocTaBjeHUU
CHCTEMATHUYECKOr0 CIycKa MCIOJIb30BaHa OOIIenpuHs-
tasg B Poccuu knaccudukaiys OUaTOMOBBIX BOJIOPOC-
nent (I'nesep u ap., 1988), c yueToM mocjeJHUX peBU-
3uil (Tenkan u 1p., 2013; Guiry, 2025 from http://
www.algaebase.org/browse/taxonomy/?id =77640).
JxoJioro-reorpaduieckas XapaKTepHUCTUKa JaBajach
[0 OTHOIIEHUI0 K MeCcTOoOOuTaHui, coJjieHocTdu, pH
BO/Ibl, 1O reorpadUvecKoMy paclpocTpaHeHHIo U peo-
¢unpHOCTU (BapuHoBa u ip., 2006).
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OlleHKa CTemeHW CXOJCTBA BUJIOBOTO COCTAaBa
JMaTOMOBBIX KOMIUIEKCOB B HCCIIEAYEMBIX O03epax
BBIYUCIIAIACH IO hopMyJie:

2¢ L 100%
a+b s

rae K — xoapdunmeHT vHAEKca CTeNeHU CXOJMCTBa, a
u b — yrcio BUAOB B 03epax a U b, ¢ — 4KCJI0 CXOAHBIX
BuaoB (Sorensen, 1948).

JlaTupoBKa OTJI0)KeHUI OCHOBaHa Ha paHee OIy-
OJIMKOBAHHBIX OIleHKaX CKOPOCTU HAaKOIUJIeHUs MOH-
HBIX OTJIOXeHUH B 1.6 MM roa? [jid o3epa 3amnoBegHoe
(JappuH 1 fp., 2020) u B 0.81 MM B roxg! ansa osepa
INetonrga (Hosukos u Ap., 2023).

K:

3. Pe3syabTarthl
3.1. CuctemaTrnueckKan 4yacTtb

B MOHHBIX OTJIOXEHUAX O3€p 3amoBeHOEe U
INeronrga 6bs10 0OHaApyXeHO 248 TaKCOHOB AMATOMO-
BBIX BOJOPOCJIENl PaHIrOM HIKe POJia, OTHOCAMIUNXCS
Kk 27 ceMmerictBaM u 66 poxmam (Ilpusn. 1). Cpeau HUX
ecTb BUMBI, BCTpevamwluecs Kak B 000MX 03€pax, Tak
Y BUJbI, OOHapy>XeHHBIe TOJIbKO B 03. 3all0BeJHOE UJIU
TOJIbKO B 03. Iletonrga. CremeHb CXOJICTBA BHJOBOTO
cocTaBa JUaTOMOBBIX KOMIIJIEKCOB B LCCJIe[TyeMBIX 03€-
pax okasaJiach BBICOKOH - 69%.

B poHHBIX ocaakax oboux 03ép npeoOJafaroT
CTBOPKU  IUIAHKTOHHO-OEHTOCHBIX  KOCMOIIOJIUTHBIX
BHU/IOB, IIpEJINOYNTAIONINX IIeJIOYHYI0 PeaKI[Ui0 CpeJbl.
B orsimume oT o3epa 3amoBe/iHOe, Iie CTBOPKU UATO-
MOBEIX B OCHOBHOU Macce OTHOCATCA K BUAaM, HHAUD-
(epeHTHBIM IO OTHOIIEHUIO K TEUYEHUI0 BOJBL U COJIE-
HocTH, B o3epe IletoHrga, BBUAY Oecmpelle/IeHTHOM
MaccoBocTd oy Buga Tabellaria fenestrata (Lyngbye)
Kiitzing (mo 95%), ocHOBHas Macca MpPUXOAWUTCA Ha
rayiooOHbIe U IPOTOYHEIE BUIBL.

3.2. Naneo3akonoruueckKkana 4yacTb

B KoJMyecTBEHHOM OTHOIIEHHM COCTaB Jua-
TOMOBBIX KOMILJIEKCOB 03€p 3amoBenHoe u [leloHrnga
ob6y1ajasT HEOAHOPOJHOCTBIO U IpeTepneBajl 3a UCTO-
pUIo pa3BUTHSA BOOOEMOB HeOJHOKpATHbIe U3MeHEeHUA.

3.2.1. O3epo 3anoBepHoe

KrnacrepHbIil aHaIM3 MO3BOJIWJI pa3fieJIuTh AaH-
HBle MaTOMOBOTO aHaJIM3a KOJIOHKU 03épa Ha 4 30HHI
(Puc. 2).

30na D I (=1150-2200 xannOpoBaHHBIX JIeT
Haszan (gasee: Kaj. Ji.H.)) - B IIpefesiaX BbIJeJIeHHOUI
30HBI IIPe00JIalal0T CTBOPKU ILIAHKTOHHO-OEHTOCHBIX
BUAOB ¢ AoMuHUpoBaHueM Tabellaria fenestrata (riaH-
KTOHHO-0EHTOCHBIN rasodo6, KOCMOIOJIUT CTOSYe-Te-
Ky4HX BOJI, HeUTpaJIbHBIY 110 OTHOLIEHUI0 Kk pH-cpene).
HecMoTpsa Ha MUHMMAJIBHOE KOJIMYECTBO OEHTOCHBIX
OUATOMOBHIX B 3TOM 30HE, MAacCCOBBIM BHIOM MOJXKHO
Takxe ykasath Staurosirella pinnata (Ehrenberg)
D.M.Williams & Round (6eHTOCHBINI Tajiodua CTOS-
Yye-TeKyYruX BOJl, aJIKaJIMGUIBHBINA KOCMOIOJUT yMe-
PEeHHOro TeMIepaTypHOro pexmuma). B mesom B 30He
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HabiiofjaeTcs TeHIEHINA Ha yBeJMYeHHe IJIAHKTOH-
HBIX TMAaTOMOBBIX, YTO BBUIMBAETCS B MaKCHMaJIbHBIE
I HUX 3HAaYeHus, B T.4. 6J1aroapst BEIXO[] ¢ NO3UINU
cyOooMUHaHTa [0 AOMMHHPYIOUIETO U MaKCHUMaJlb-
HBIX 3HaYeHUl A1 KepHa Lindavia lemanensis (Chodat)
T.Nakov et al. TIpu 3TOM CHUXaeTCA MOJIA CTBOPOK
MeJIKMX MEeHATHHIX AUATOMOBHIX KOMILIeKca Staurosira
sensu lato - Staurosira venter (Ehrenberg) Cleve &
J.D.Moller (I1aHKTOHHO-OEHTOCHBIM, TEIJIOJII0OUBHII
BUJl ayKaau®ui, KOCMOIIOJIUT CTOsYe-TeKyYuX BOI),
Pseudostaurosira elliptica (Schumann) Edlund, Morales
& Spaulding (6enTOCHBINI KOCMOMOJUT). IIo OTHOIIIE-
HUIO K COJIEHOCTH BOJHBI IIPe06IafjaloT CTBOPKU rajio-
$pobubx 1 MHAUPOEepeTHHIX BHIOB. [I0 OTHOIIEHUIO
K pH cpensl B B HIXHell 4acTH 30HBI Npeo6JIafaloT
BU/IBI, IPEATIOYUTAIONINE [IEJIOUHYIO CPelly, B BepXHel
YacTU 30HBl YBeJIMYMBAETCA YHCJIO anuao(UIbHBIX
BuzioB. OTMeuaeTcs npucytctue Diploneis parma Cleve
(6eHTOCHBIIN, XOJIONOJIIOOUBHIN ankaaudui, roJap-
KTUYecKuil By, uHANGdEpeHTHHI 0 OTHOIIEHUI0 K
coJyiéHocTH). 7151 30HBI XapaKTepHBINI KOCMOIIOJIUTHBIE
BU/[Ibl, C HEKOTOPEIM BKJIIOUE€HHEM CTBOPOK apKTO-aJIb-
MUCKUX BUIOB, HarpuMep Aulacoseira valida (Grunow)
Krammer (mj1aHKTOHHBIY ajKaJuOUOHT, MHAUPDU-
PEHTHBIH 110 OTHOLIEHUIO COJIEHOCTH).

BuueonucaHHoe ckopee 8ceco caudemestbcmayem
06 YysenuyeHUU NPOMOYHOCMU B8000EMA, NOGbIUIEHUU
YPOGHL 03€pa U yMeHblULEeHUL e20 MUHepaTU3ayul, Conpsi-
JiCEHHOe ¢ Nose/IeHUeM 30H MesTkogudutl ¢ 6ostee KuCTol
U MUHEPATU308AHHOLL Cpedoil.

3ona D II (=435-1150 kaju. JI.H.) — pe3Ko
CHIXaeTcs [0JiA JOMHMHAHTHOro rajgodo6GHoOro Buaa
Tabellaria fenestrata. TlocTerneHHO YBeJIMYUBAETCA AOJIS
CTBOPOK TraJIoUIIBHBIX U IPeIOYNTAIONINX HEJIOYHYI0
peaknuio cpensl BHIOB,BO3pacTaeT JoJisi OGEHTOCHBIX
BUJIOB: Staurosirella pinnata cTaHOBUTCS TOMUHAHTHBIM
BUIOM, Bo3pacrtaeT aoJia goasa Ulnaria acus (Kiitzing)
Aboal (mIaHKTOHHBINM, KOCMOIIOJIUT, aJIKaJIUONOHT CTO-
AYe-TeKy4Iux BoHd, UHANG(EepeHTHHIH 10 OTHOLIEHHUIO K
conéHocTn). YBennuuBaerca noJia Aulacoseira ambigua
(TUTAaHKTOHHBIN, KOCMOMOJIUT, aJIKaIudui crosye-Te-
Ky4ux BOJl, MHAU(GEpeHTHHI IO OTHOWIEHUI0 K
conénoctn), A. granulata var. angustissima (O.Miiller)
Simonsen (NJIAaHKTOHHBIN BUJ yMepPEHHOr'0 TeMIlepa-
TYPHOTO PeXHMa, CTOs9e-TeKy4nX BOJ, KOCMOIIOJIUT-
HBIM ankanmubuia, UHAU(G@EpeHTHH K COJIEHOCTH),
A. subarctica (O.Miiller) E.Y.Haworth (myaHKTOHHBIN
aJIKaJINOUOHT, CTOSTYe-TEKYYUX BOJ|, apKTUYECKU KOC-
MOIOoJIUT, UHAUGGepeHTHBIH K coJIEHoCTH). Takxke yBe-
JIMYMBaeTCsA A0JIsA TJIaHKTOHHOTO snudurta - Fragilaria
vaucheriae (Kiitzing) J.B.Petersen (IUJTaHKTOHHBIHN, KOC-
MOINOJINT, ajkanuduia). B BepxHell yacTu 30HHI IIPO-
HCXOAUT OOCTHUraeT CBOEro MaKCUMAaJIbHOTO pa3BU-
THUS Ha MPOTSHKeHWHU Bcero kepHa Discostella stelligera
(nJ1aHKTOHHHO-OEHTOCHBIN KOCMOIIOJIUT CTOSYUX BOJI,
nHaudGepeHTHHIH 10 OTHOIIEHHIO K COJIEHOCTU U pH).

CKopee 8ceco MONICHO 2080PUMD O NOGbILEHUU NPO-
OYKMuUGHOCMU 8 03epe Npu NOCMOSHHO GbLCOKOM YPOGHE
800bL.

3ona D III (=25-435 kxaJi. JI.H.) - OTMeYaeTcs
POCT OOJIN CTBOPOK IUIAHKTOHHO-OEHTOCHBIX BU/IOB,
CHOBa C JOMUHUPOBAHMEM, XOTA U HE B TAKOM 00beMe
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kak B 3oHe DI, Tabellaria fenestrate. Bo3pacTtaet noJjs
Cocconeis placentula var. euglypta (Ehrenberg) Grunow
(N1aHKTOHHO-O0EHTOCHBIN  anKaaupuia  yMepeHHbIX
MMpPOT, MHAU(PGDEPEHTHBIN IO OTHOIIEHUIO K COJIEHO-
CTH, KOCMOIIOJIUT CTOsIUe-TeKy4uux Bof), Iconella tenera
(W.Gregory) Ruck & Nakov (my1aHKTOHHO-OGEHTOCHBIHI
ankanuduia CTOAYUX BOL, KOCMONoOJUT, uHauddge-
PEeHTHBINl N0 OTHOIIEHUI0 K COJIEHOCTH), Staurosira
venter 1 6EHTOCHBIX BUJIOB € JIOMUHaHTaMu Staurosirella
pinnata, Ulnaria ulna, w3 TJIaHKTOHHBIX-3MUOUTHBIX
coxpaHseT CBOM IO3WLIMM Ha ypOBHe CyOJOMMHaHTa
Fragilaria vaucheriae. OTMeuaeTcs IOCTOAHHOE TIPUCYT-
CTBUE CTBOPOK XoJ0/1011061Boro BuAa Diploneis parma.
B 1esioMm 30Ha xapakTepusyeTcs npeobyagaHueM rajo-
(uUIBPHBIX BUJOB, IPEANOYUTAIONNX CJIa00IlesI0YHbIe
yCJIOBUA Cpefbl.

Yxa3zaxHoe @blule ckopee Gceco caudemesrbcmayem
0 noxosto0aHuu okpydicaroujeli cpedsvl, CONpsdNCeHHoOe C
NOHUYCEHUEM YPOBHA G00bL U HEKOMOPbIM NOGblUleHUEM
MUHepIU3ayULL.

3ona DIV (=0-25 kxaJji. JI.H.) - B 30He JOMU-
HUPYIOT TIJIaHKTOHHO-OeHTOCHas Tabellaria fenestrate
u OeHTOCcHBIe Staurosirella pinnata w Ulnaria ulna.
ITponosxaeTcsa pocT JOIU CTBOPOK OEHTOCHBIX U ILJIaH-
KTOHHO-OEHTOCHBIX, IPeNMYIIeCTBEHHO aJiKaainQuoB
U rajoduios.

BeposamHo, e6vlileyka3aHHble UBMEHEHUA CGA3aHbL
€ NOHUJICeHUEeM YPOGHs G00bL G 03epe, CKOpee GCe20 Ha
¢oHe nomensteHuA, npu coxpaHeHUU YPOBHA MUHepa-
JIU3ayul, U yGesudeHUs YUC/IAd MeJTIKOGOOHbIX 3apocsiell
Maxpogumos.

3.2.2. NewoHrpa

KnacrepHblll aHaIM3 MO3BOJIMJI pa3fesiUuTh AaH-
Hble MaTOMOBOIO aHa/M3a KOJIOHKH O3epa Ha 5 30H
(Puc. 3).

3ona DI (=3686-4480 kaj. JI.H.) - OCHOBHYIO
Maccy COCTaBJiseT IIJIAHKTOHHO-OeHTOCHBble BUABI OJ1a-
romaps Tabellaria fenestrata — nMaToOMOBOH, KOTOpas
Ha IPOTSKEHUHM INPaKTUYeCKU BCero KepHa ABJIAETCA
b0 [NOMUHMPYIOUUM BHUAOB, JHOO cyOAOMHUHaH-
TOM. YBesmumBaeTca moJia Aulacoseira mugzzanensis
(F.Meister) Krammer (mjIaHKTOHHO-OEHTOCHBIN, Iajio-
$ob, apkTUueckuii, KOCMOIOJIUTHBIN BUJ CTOsYe-Te-
Kyunx Boj). CTabUJIBHO BBICOKOU B 30HE OCTaéTcCs
nosia Discostella stelligera, cy6apoMuHaHUpyIOIas Ha
HEKOTOpHIX IJIyOMHaxX B 30He. YBeJMYMBaeTcsa [0JiA
Staurosira construens Ehrenberg (myiaHkToHHO-6€H-
TOCHBII BHJI YMEPEHHOIO TeMIepaTypHOro pexuma,
ankaaupuia CcTosue-TeKyunux BoJ, uUHANGDGepeHTHBIN
K COJIEHOCTH) U CyAAOMUHHUpPYIOIIEro Bupa Staurosira
venter. YMeHbmaetcs foJiss Tabellaria flocculosa (Roth)
Kiitzing (m1aHKTOHHO-OEHTOCHBIN, SBPUTEPMHEIN alu-
nodun, ranodod crosve-TeKyuuxX BOJ, KOCMOIIOJIUT)
u Tabellaria quadriseptata B.M.Knudson (Ij1aHKTOH-
HO-OEHTOCHBIN anuaodua MPOTOYHHIX BoA, ranodoob,
KOCMOIIOJIUT).

Hona Ulnaria ulna mnocTemneHHO CHUXAeTCs.
Biaromapsa BospactraHuio gosiu Aulacoseira ambigua
BUJ BBIXOJWUT Ha MO3UIMU CyOAOMMHAHT. B Iesom,
J10J1A IJIAHKTOHHBIX BUOB yBeJIMYMBaeTcA A0 MaKCHU-
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MaJIBHBIX 3HAUEHUI [JIs 30HBL. YBeJIWYUBAETCA JOJIA
Aulacoseira subarctica 10 TO3UNWU CYOAOMHHAHTA.
Opnako yMeHbmaetrcss mojsa Ulnaria acus (Kiitzing)
Aboal (IJIaHKTOHHBINA, KOCMOIIOJIUT, aJIKaJINOMOHT
cTosiUe-TeKyYux BoJ, uHANGGdEepeHTHHII M0 OTHOIIe-
HUIO K conéHoctu) u Aulacoseira valida. Cpeau GeHTOC-
HBIX OTMevaeTcs yBequdeHuwe nosiu Fragilaria distans
(Grunow) Bukhtiyarova (Grunow) Lange-Bertalot.
Biike K KOHIY 30HBI OTMeYaeTcs BCIUIECK YHCJIEHHO-
ctu Synedra famelica Kiitzing (ankanudua IpOTOYHBIX
BoJI, uHAUGMGEepeHTHHIN K COJIEHOCTH). YBeJIMYUBAETCA
011 MeJIKUX TeHHATHBIX JUAaTOMOBBIX KOMILIEKca
Staurosira sensu lato. Jonsa Staurosirella pinnata yBe-
JINYMBaeTcs 10 MaKCUMAJIbHBIX 3HAYeHWH M1 30HHI,
BBIBOZS €€ Ha MO3UIUN CyOqOMUHAHTA.

B 30He HabOmodaemcsa meHOeHYUA K yGe/TUdeHUI0
MuHepatuzayuu 800bl, GEPOAMHO 3d CUEM YMEHbULeHUA
YPOGH: 8000éMa, KOmopoe BO3MOJNCHO Gbl38AHO YMeHb-
weHuem npumoka 800bl( =YpPo6Ha 0cadkos)u yMeHblile-
HUIO NPOMOYHOCMIL, CKOpee 8Ceo U3-3a CMasHayuu yciio-
8uil @ o3epe. BuvlilenepeuucsieHHOe 20G0pUM 0 MOM, Ymo
03€epo, ckopee Gcezo, HaXO0O0WIoCh Ha cmaduu 6oJtiee MeJt-
K020 u 60.J1ee MUHEPATU308AHHOCO BO00EMA.

3ona DIl (=2672-3686 kai. Ji.H.) - OOJA
IJIAHKTOHHBIX BUJIOB HIDXKe, YeM B IpeAblAyIiell 30He
M3-3a pe3Koro ymeHbleHus nou Aulacoseira ambigua.
Honsa A.valida Takxe cHuxaercs. YBeJIUYMBaeTCA
nona A. granulata var. angustissima w Fragilaria
vaucheriae, mocturamomas MaKCUMAaJIbHBIX 3HaYeHUN
Ha IPOTOKEHUM Bcero KepHa. OTMedyeHO IOsBJIEHUE
Cyclotella distinguenda Hustedt (IUTAaHKTOHHBIN ajKa-
JudUI NPOTOYHBIX BOJ[, KOCMONOJIUTHEIN rayiodbui).
Heckosbko yBenmuuBaetcs Aosiag Ulnaria acus (miasH-
KTOHHBII, KOCMOIIOJIUT, aJIKAJINOMOHT CTOsUe-TeKyInX
BOJI, MHAN(P G EPEHTHBI IO OTHOLIEHUIO K COJIEHOCTHU).
JoJ1s1 N71aHKTOHHO-OEHTOCHBIX BUJIOB BHIIIE, YeM B IIpe-
JBIOYIIEeN 30He - 3aMeTHO BO3PAcTaeT [0JIsA JOMUHU-
pyromero Buna Tabellaria fenestrata. Hoss Discostella
CHIXaeTCcs II0 CpPaBHEHUIO C Mpeablaymiell 30HOIL.
YBenuuuBaeTcs [nossA Staurosira venter OO NO3UIUHN
cybaoMuHaHTa u Staurosira construens. Jlosisa Staurosira
incerta E.Morales (I71aHKTOHHO-OEHTOCHBIN, KOCMOIIO-
JuT) yMeHblaercsa ¢ OTMeueH HeOOJIBIION BCILJIECK
ypcsieHHoctu Aulacoseira mugzzanensis (IJIaHKTOH-
HO-O0eHTOCHBIH, rajsodob, apKTUYeCcKuii, KOCMOIIOJIUT-
HBIIT BUJ] CTOsYe-TEKYYUX BOX). YBeJNUMBAeTCs JOJIA
Fragilariforma virescens (Ralfs) D.M.Williams & Round
(N1aHKTOHHO-OEHTOCHBINT HEUTpPOodUI, KOCMOIIOJUT
CTOAYUX BOL, MHAN(PDEPEHTHBIN 10 OTHOIIEHUIO K COJIE-
HOCTH). B 1esioM 0711 6eHTOCHBIX BUOB HIKe, YeM B
npenblIyniel 30He, OJIHAKO YBeJIMYMBAETCSA UX PasHo-
obpasue. OTMevaeTcsi yBeJnueHre OJIU CJIeIYIOMINX
OeHTOCHBIX OuaToMoBhIX: Fragilaria distans (Grunow)
Bukhtiyarova (Grunow) Lange-Bertalot, Navicula
radiosa Kiitzing (6€HTOCHBIN BUJ YMEPEHHOrO TeMIle-
PaTypHOro pexyMa, KOCMOIOJIUT CTOsA4Ye-TEKYUHX BOJ,
nHuGbepeHTHEIN 10 OTHOLIEHUIO K cojleHocTH U pH).
Ha no3unuu cy61o0MUHAHTOB BHIXOOAT Pseudostaurosira
elliptica n Staurosirella pinnata. YMeHbIIaeTcs IOJA
Staurosira pseudoconstruens (Marciniak) Lange-Bertalot
(6eHTOCHBII, OOpeanbHbIN BUJ CTOSYMX BOA) ¢ 1.67%
1o 0%. oisa Ulnaria ulna HecTabuiibHa U KoJjiebjeTcs
Ha MPOTSIKEHUHN 30HBHI.
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30Ha xapaxmepuzyemca  yeestuueHueM  00JiU
WIKWTUQPWITbHBIX GUO0G, YMEPEHHO20 MeMnepanypHozo
pexcuma cmosiue-mexKyuux 800, uHOU@@epeHmHsLX no
OMHOWIEHUI0 K COJIEHOCMU, 4mMo Modcem ceudemestb-
cmaosams 00 y@esTuueHUsA YPOBHA 03epa U yCMAaHoeJTe-
HUU YMEPeHHO20 MeMNepanmypHoeo pexcuma OKPYICaro-
weii cpedul.

3ona DIII (=2188-2672 «kan. JL.H.) -
[0JIA  IUJIAHKTOHHBIX  IIPOJIOJDKAeT  CHIKAThCA.
VYmenbmaercsa Aoy Aulacoseira ambigua, B cepe-
JIHe 30HBI OTMeuaeTcs npocefaHue B foau Fragilaria
vaucheriae. Heckosibko mompacraet noisa Aulacoseira
subarctica.  CyuieCcTBeHHO  yBEJIMYMBAETCS  OJIA
Cyclotella distinguenda. HecKOJIbKO yBEJTUYHUBAETCSA
noisa Aulacoseira valida. YBennuuBaetrcsa goja Ulnaria
acus, BBIXOJA Ha MO3UIMHU cyOOMUHAHTA. J[0/1 IIJIaH-
KTOHHO-0EHTOCHBIX BHU/IOB [IOBHIIIAETCS NIOCTIE TafleHNs
BHU3Y 30HBL YBeJUYMBaeTcA A0JIA JOMHUHUPYIOIETO
Buaa Tabellaria fenestrata. Jonsa Tabellaria ymeHbIa-
eTcs. YBeluuuBaeTcs JoJis Staurosira construens u
St. venter nenas ero Cy6JOMHUHAHTOM. YMeHbBIIAETCs
nouia Discostella stelligera. TIposBiAOT cebs MUHOPHBIE
BuAbL: Gogorevia exilis (Kiitzing) Kulikovskiy & Kociolek
(6eHTOCHBIN, 3BpUTEPMHBIN BHUJI CTOSYe-TeKy4UX BOJI,
anKaJu@UIbHBIN  KOCMOMNOJIUT, uHANGDGepeHTHBIN
K coséHoctn), Planothidium lanceolatum (Brébisson
ex Kiitzing) Lange-Bertalot (6eHTOCHBIH, TEIJIOJIO-
OUBBII BUJ CTOsAYe-TeKyUYUX BOJ, aJKaJIMUIIbHBIN
KOCMOIOJIUT, UHAUDPEpeHTHHII K  COJIEHOCTH),
Pseudostaurosira brevistriata (Grunow) D.M.Williams
& Round (6eHTOCHBIN, aTKATUPUILHBIE KOCMOMOJIUT
CTosue-TeKyuYux BoJ, UHAU(P@EpeHTHHII K COJIEHO-
cTi). YMeHblaeTess goJA Staurosira incerta E.Morales
(Ty1aHKTOHHO-OEHTOCHBIHM, KocMomnoIuT). Jloyisa 6eHTOC-
HBIX BUJIOB YMEHBIIAETCs II0 CPAaBHEHUIO C Ipeablay-
el 30HON. YMeHbIIaeTcsa o Staurosirella pinnata.
Hons Fragilaria distans yBeTu4uBaeTcs. YMeHbIIAETCA
nosia Pseudostaurosira elliptica, St. pseudoconstruens u
Ulnaria ulna. Taxxe NposBJIAIOT ceGsA HEKOTOpPble GeH-
TOCHBbIE MUHOPHEBIe BUAB Achnanthidium macrocephalum
(Hustedt) Round & Bukhtiyarova (6eHTOCHSBIH, UHANGD-
(dbepeHTHBI [T0 OTHOIIEHUIO K coJIEHOCTU K pH KocMomno-
auT), Eunotia incisa W.Smith ex W.Gregory (6eHTOCHBII
rasio¢o6 NPOTOYHBIX BOJ, ANUAO(IMIIBHBEIN KOCMOIIO-
quT), Eu. mucophila (Lange-Bertalot, Norpel-Schempp &
Alles) u Meridion circulare (Greville) C.Agardh (6eHTOC-
HBII anKaauduil IPOTOYHHIX BOJ, KOMOIIOJIUT, NHAUD-
¢upeHTHBIII K cosiéHOCcTH). OTMeuaeTcs: yBeJMueHNe
nosia Surirella amphioxys W.Smith (GeHTOCHEBI, Me3a-
rajo0HBIN ajkaaudu).

B 30mHe Habmodaemci meHOeHYUs K YeesIu-
YeHUI0 TNPOMOYHOCMU B000EMA U YMEHbUEHUID €20
MuHepaTu3ayuU.

3ona DIV (=1458- 2186 kan. Ji.H.) - O0Js
IJIAHKTOHHBIX BHUJIOB JIOCTUTAeT CBOMX MaKCHMaJIbHBIX
3HauYeHUl B UCTOPUM BCcero kepHa Omaromaps Gecrpe-
LleIECHTHOMY yBeaudeHuio nosiu Aulacoseira ambigua.
JoJyia mpouux IJIAHKTOHHBIX BUJIOB He3HAuYWTeJIbHA.
Jlojig NJIaHKTOHHO-OEHTOCHBIX BUIOB CHIXKaeTcs IO
MUHUMAJIbHBIX 3HAYeHUH BO BCEM KepHe — MakcH-
MaJjbHasA YHCJIEHHOCTh IPUCYIIA TOJIBKO JOMUHAHTY
npeasiaymux 3oH Tabellaria fenestrata. Jonsa GeHTOC-
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HBIX BUIOB TaKXe CHIXKAETCA A0 CBOMX MUHUMAJIbHBIX
3HAYeHUH B KEPHE 3a UCKJII0UeHreM Buaa Staurosirella
pinnata, 4bs I0JIA YBEJIMYNBAETCS.

B 30He Habmodaemcs meHOeHYUA K YMEHbLUEHUIO
YPOBHA 03€epa U y8esTudeHUss MUHepaTu3ayul.

3ona DV (=0-1458 kan. ji.H.) - 00Jig IJIaH-
KTOHHBIX CHWXAETCA 0 MHUHUMAJIbHBIX 3HAYEHUH B
KepHe - HaOJIIoAaeTcsA TOTaJIbHOE UX CHIDKeHHe. J[oJiA
MJIAHKTOHHO-0EHTOCHBIX JOCTUTAET CBOMX MaKCHUMaJlh-
HBIX 3HAaYE€HUH Ha MPOTKEHNU Bcero kepHa. OCHOBHOI
MPUPOCT JOJIM IUIAHKTOHHO-OEHTOCHBIX BHUIOB MPOUC-
XOJIUT 3a cuéT yBesmueHusa noiu Tabellaria fenestrata.
JoJsii BceX MPOYHUX BHUIOB CHUXAETCA MPaKTUYECKU
10 HyJIEBBHIX 3Ha4YeHUi. BoJiee-MeHee 3aMeTHa [OJIA
Pseudostaurosira brevistriata. JTonsi 6eHTOCHBIX BHIOB
TaKXe CHIXKAeTCA JO MUHUMAJIbHBIX 3HAaUeHUH B UCTO-
pUM KepHa.

B 30me HaOodaemcs pocm yYpogHa 38mpoguka-
yuu 6000éma.

4. 06cyxpenue
4.1. O3epo 3anoBepHoOe

3ona DI

HJomuHupoBanue cTBOpok Bupa Tabellaria
fenestrata — mnpefncraBuTeNis OJUTOTPOGHOTO AUATO-
MoBoro komiuiekca (TpudonoBa, 1990) moxeT Koc-
BEHHO yKasblBaTh Ha NIPOTOYHOCTH BoAbl. Kpome ToroO,
npeobyiagaHueM cTBOpok T. fenestrata XapaKTepHO
711 HeGosbmux BojoeMoB (CiiykoBckuil u fip., 2018).
[TosBieHne U JOOMUHMpPOBaHHe OEHTOCHOrO BHAA
Staurosirella pinnata. oTpaxaeT nepeMelIBaHUe BOIbI,
IIOCTOSSHHOE KoJjiebaHusA ee YPOBHA U IPUTOK NMTaTeIb-
HBIX BellecTB ¢ BojgocOopa (Watchorn et al.,, 2008).
CHIMXeHHe [I0JId CTBOPOK 3TOr0 BHJA OTPA3UJIO CTa-
OMJIM3AIMI0 YCJIOBUII IO MpUTeKalollell u3BHe BOJie U
ee nepeMemunBaeMocTy. Y nocyiie GopmMupoBaHus cra-
OMJIBHO BBICOKOTO YPOBH:A BOABI Hab/logaeM MaccoBoe
pasButue Buaa Lindavia lemanensis, oTpaxaroliem Kce-
HO-0JIUTOCanpoOHble yCJIOBHA, CJIOXKHUBIINECS B 03epe
(Karan, 2012).

3ona D 11

B mpefesiax 3TOH 30HBI OTMevalOTCA NMPU3HAKU
MIOBHIIIEHNA TeMIlepaTypsl OKpy’Kalollleil cpefdsl, NHINU-
KaTopaMu KOToporo sABjsATcA Aulacoseira ambigua,
A.granulata u ee Bapuetetrhl (Tpudonona, 1990;
CrenuHa, 2009). Takxe MpocjexnBaeTcs CyKIlecCus
BUJOB OT OeJHOro AMAaTOMOBOIO IJIAHKTOHA C IIpe-
obysiafaHyeM IUIAHKTOHHBIX II€eHTPUYECKUX JUaTo-
Mel anugoduiIbHBIX U rajsodoOHBIX Ha JUaTOMOBHIE,
[IpeANOYMTAOMMX OoJiblliie 3HAUYeHWA MHHepaIn3a-
Iy, OHMOTreHHBIX 3jieMeHTOB U pH. MaccoBoe pa3Bu-
tue Discostella stelligera MOXHO WHTEPIPETHUPOBATH
Kak MHAWKaTop nosuimeHua TpodHoctu (TpudonHoBa,
1990). Takxe mnosiBJieHWe U MPOTrpPecc B Pa3BUTUU
Discostella stelligera moxeT OBITb CBA3aH CO CMEHOU
pH, moCKoJIBKY [JIA CBOEro pa3BUTHA 3TOT BUA Ipefd-
[oYnTaeT MIeJIOUHYI0 peaknuio cpedsl (Camburn and
Charles, 2000). 3HauuTeIPHOE YBEJIMYEHHUE JOJIU CTBO-
pok Discostella stelligera MOXHO TakXXe CBSI3aTh C TOHU-
JKeHVeM YPOBH:A BOALL B 03epe U MOBHIIIeHreM MUHepa-
Jm3anuu Ha QoHe NMOTeIIeHU.
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3ona D 11T

Bo3Bpar JOMHHUPYIOIUX MO3UIUII IPECHOBO-
nHoro snudwura Tabellaria fenestrata otpaxaer mpo-
I[eCChl TIOHIXeHUsA YPOBHA BOJIbl, GOPMUPOBAHUS 30H
MEJIKOBOIWI, mopocimmx Makpoduramu (Patrick and
Reimer, 1966) JlocTaTouHOE KOJMYECTBO PaCTBOPEH-
HBIX cojiell UM OHOTeHHBIX 3JIEMEHTOB CTHUMYJIHpPYeT
pasButue GeHTOCHBIX Staurosirella pinnata, Staurosira
venter, Ulnaria ulna, Cocconeis placentula var. euglypta,
Iconella tenera. TloCTOSIHHOE NPUCYTCTBHE CTBOPOK
xoJiofoso6uBoro Buna Diploneis parma MoxeT OTpa-
XaTh mpolecch mnoxosofaHus (Lange-Bertlot and
Fuhrmann, 2017).

3ona DIV

BeposaTHO, BCE omMCcaHHOe B IpefesiaX 30HH,
SIBJIAETCA CJIEACTBUEM IOTEIUJIEHNs], TOHXEH s yPOBHSA
BOZB! 1 HEKOTOPOT'O YBEJIMUeHUs YPOBHA MUHEPaIN3a-
MU ¥ 3HaYeHuH pH, a TakXe yCUJIeHUs IlepeMellrBa-
Hus Boabl (Hausmann and Pienitz, 2009), uto GJaro-
MPUATHO OTPa3WjIOCh Ha pas3BUTHUU Buaa Staurosirella
pinnata. IIpyu 3TOM HOCTENEHHO YMEHBIIMJIACh MHOJIA
ctBOpok Tabellaria fenestrata, pa3Butre KOTOPON OTpa-
XaeT HaJInuyue 3apocjeil Makpo®UTOB Ha MeJIKOBO/IbE.

4.2. O3epo lNeronrpa

3ona DI

VBenuueHue MO0 IUIAHKTOHHBIX BHJOB 3a
CUET CyIIeCTBEHHOro Bo3pacTaHusa Aoy Aulacoseira
ambigua roBOpPUT O TOM, YTO, CKOpee BCero, I10 CpaBHe-
HUIO C COBpEMEHHBIM COCTOSIHHEM, 03epO HaxOJUJIOCh
Ha cTaaguu 60Jiee MeJIKOro, 6ojiee MUHepaInu30BaHHOIO
Bogoéma ([laBeimoBa, 1985). YMeHbllleHUe IIJIAHKTOH-
Ho-6eHTOCHBIX BusioB Tabellaria sensu lato, Ulnaria ulna
— Bupga-obpacraerensa (bapuHoBa u ap., 2006), Bepo-
ATHO, TOBOPUT 00 yMeHbllleHHe 00béMa IOrpYyXHOro
cyberparta (B T.4., pacTeHUN Makpo(UTOB), HEOOXOaU-
MBIX [IJIA pasBUTUA 3TUX AuaToMell. CBOIO POJIb MOXeT
WUrpath 4 yBeJjiueHle MUHepaIu3aluy Bogoéma, KOTo-
pas ciayxuT 6apbepoM AJiA pasBUTUA 3TUX rajodoo-
HBIX JUATOMOBBIX. Bricokas poJisa Discostella stelligera
MOXeT yKa3blBaTh Ha CTarHalMIO B 03epe U TeHAeHILHI0
k sprpodukanuu (Tpudonosa, 1990). YsenuueHue
J0JI1 MeJIKUX OeCIIOBHBIX, IEHHATHBIX BUJIOB Staurosira
sensu lato moxeTr 06 06pa3oBaHUU B O3epe MeJIKOBO-
JHBIX Y4aCTKOB IIPUOPEXHON 30HBI, YTO ABJIAETCA CIIefl-
CTBHEM IIOHWXeHNsA YPOBHA BOJOEMA.

3ona DIT
VBennuenuo fosu BumoB Aulacoseira sensu
lato GmarompuATCTBYeT TMOCTOSHHOE  IepeMelln-

BaHHWe BOJHON TOJIH, IO3BOJIAIOIIEe UM YAepXH-
BaTbcA B (otuyeckoil 3oHe (Jlymukosa u mp., 2021).
VBenuueHue B cepefuHe 30HBI A0JIM BUJOB-OoOpacTa-
TeJlell cTosiye-TeKyunx Boh: ranodoba T. fenestrata u
ankaymbwuna Fragilaria vaucheriae BeposTHO CBUIETEIb-
CTByeT O MacCOBOM IIPUTOKe BOJBI B 03€pO U CHIXe-
HUM ero MuHepaiusanuu. [IporcxoauT BCIJIeCK 0JIU
IUTAHKTOHHOTO Tajioduia mpoTouHeix BoA Cyclotella
distinguenda, 4TO MOXeT CBUIETEJILCTBOBATH 00 YBeJIU-
YeHU! NMOCTyIJIeH!s B BOAOEM OMOreHHOI'0 BellecTBa C
IIPUTOKOM BOJBl U 00 yJIMHEHUM Iepuoja Bereranuu
3a cYéT 3allenayrMBaHusa Bogoéma (I'nezep u nip., 1988).
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[Tponosrkaoomuiica NpUPOCT 0N MeJIKUX O0eCHIOBHBIX
BUJIOB Staurosira sensu lato MoxeT roBopurh o0 yBe-
JINYEHUHM WJIOBHIX NMPUOPEXHBIX Macc, B KOTOPBIX 3TU
BUBI IPeATIOYUTAIOT pa3BuBaThes (aBbigoBa, 1985).

3ona DIIT

YMensleHue nosu A. ambigua MoOXeT TOBOPUTh
00 ouepeJHOM Ilepexofie 03epa U3 COCTOAHNA MeJIKOBO-
JIHOT'0, MUHEpaJIM30BaHHOTI'0 B cTaAuio 6oJiee ri1yOOKO-
BoAHOrO. IIpon3omesiiee K KOHIy NpeAblayIieil 30HbI
pe3Koe najieHue IJIaHKTOHHO-0EHTOCHBIX BU/IOB 3a CUET
cHukeHus gosu T. fenestrata, B 3TOT mepuop peBep-
CHBHO — €€ [10Ji BHOBb BO3pacTaeT, BEPOATHO, 3a CUET
yBeJINUeHUA NPOTOYHOCTH o3epa. [IpucyTcTBue B OTJIO-
XKEHUAX B 3TOT NepUof peyHoro obpacraresia Meridion
circulare, siByIA€TCA MHOAUKATOPOM MHTEHCUBHOCTH IIPU-
TOKa BOABI IMEHHO U3 peku BepxHsasa Jlakypa.

3ona DIV

PekopiHbii mpupoct Aulacoseira ambigua ckopee
BCEro CBA3aH C MacCHUBHBEIM oOMesleHHeM o3epa. JTO
MOXeT OBITh OOYCJIOBJIEHO CYIIeCTBEHHBIM yMeHblle-
HHeM IIPUTOKa BOJBI, CKOpee BCEero CBA3aHHOIO C yBe-
JIM4eHreM TeMIlepaTypHOro peXuma U yMeHbIIeHHeM
YPOBHA 0CaJKOB. BepoATHO, 3TO CBA3aHO C rjiobajb-
HBIM IOBBIIIEHHEM TeMmuepaTyp B 3TO BpeMs:d, IIOJIy-
YyuBlllee Ha3BaHUE «KJIUMAMUYecKuil onmumym paHHezo
Cpedteaekoabsi».

3ona DV

XoTs, mocje ImpedblAylliero nepuofa, sTa 30Ha
1 HauyMHaeTcs C BO3BpallleHHsA K MaccoBOMy Ouopas-
HOOOpa3uio, C cepeAVHBl 30HBl TOTAJbHOE yBesuye-
HHe JoJu rajo@oOHoro obpacraresis CTOsS4e-TeKyIux
T. fenestrata HUBeJIMpYeT 3TOT Ipoliecc.

5. BoiBOABI

Ucxopa us pe3yJibTaTOB HCCIA€OOBaHMA MOXHO
ceJ1IaTb HECKOJIBKO BBIBOJOB.

5.1. CucremarnueckKan 4yacTtb

[TpoBeieHHBII aHaIN3 JUATOMOBOM abroQJIOphl
JIOHHBIX OTJIOXEHUH ABYX OJIM3KOPACIOJI0KEHHBIX 03ED
3anoBeaHoe u IletoHTr1a mokasas, YTO B 03épax MPUCYT-
CTBYeT CXO0XWI AUATOMOBBII KOMILJIEKC, CTENIeHb CXO-
CTBa KOTOPOT0 JOBOJIBHO BEICOKAA — 69%. OHaKo ecTh
u pan oriauuuii. B o03. IleloHrga BUAOB JUATOMOBBIX
okazaJsioch 6osbiie. Kpome TOro, cyijecTByeT OTJIMUle
U B JOMHUHHPYIOUUX COCTaBe: ecjid B 03. 3amnoBefHOe
rJIaBeHCTBYIOIYI0 POJib Ha NMPOTSKEHUU IOUYTU BCEro
KepHa 3aHMMaI0T IIpeJicTaBUTesIN KOMILIeKca Staurosira
sensu lato, Bo r1aBe ¢ 6eHTOCHON Staurosirella pinnata,
To B 03. IletoHrga poJib 6e3ycJIOBHOIO AOMUHAHTA
MOYTH Ha NPOTSKEHUM BCero KepHa 3aHUMaeT IUJIaH-
KTOHHO-OeHTOCHasA auatoMmoBas Tabellaria fenestrata. B
TO Xe BpeMs, He CTOUT HCKJIIoYaTh (pakTop 3aHOca B
osepo IleroHrna sroro suaa u3 peku Bepxussa Jlakypa.

5.2. NaneoakonornueckKan 4acrtb

HpI/I ABUXKEHHWN II0 [JBYM KOJIOHKaM, MOXHO
3aMEeTUTh, 4YTO IpH Havajie KOoppesanun AOaTUPOBOK
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ABYX KOJIOHOK, HauyMHaIT HabjmoaaTbcs olbiue TeH-
JEeHIMY B U3MeHEHHM BHUJOBOrO COCTaBa.

1. CaMbIM 3aMeTHBIM TPEHAOM SBJIAETCS MPUPOCT
nonu Tabellaria fenestrata B cOBpeMeHHBIN EPUO
(BoHa DV pna ozepa Iletonrnga u 3ownst DIV u DIIT
A o3epa 3anosefHoe). Eciiu 6paTh Bo BHUMaHUe
TOT HaKT, YTO 3Ta AUATOMOBAS IPeATIOUNUTAET MPO-
TOYHBIE BOLOEMEI U ABJiAeTcA rajgodobom, Hampa-
HIMBaeTcs BBIBOJ 00 yBeJIMYeHUU NMPOTOYHOCTU B
oboux 03épax U CHIXXeHUU MUHepaJu3aluu, 4To,
MO-BUJIUMOMY CBSI3aHO C TJIOOAJIbHBIM IMOTeILIe-
HUEM U TasgHUeM JIbJOB BEYHOI Mep3JI0THI, 3aJie-
ralpmux MoJ MeCTOM HaXO0XJeHHUs 03Ep B COBpe-
MeHHBIN NTepUof.

Crieqyiomuii 3aMeTHBIN TpeHJ OTHOCUTCA K AUaTO-
MoBoli Aulacoseira ambigua v Bo3pacTaHue eé€ 10Ju
B TaKk Ha3bplBaeMHBINl MepUOM «KJIMMaTHU4eCcKoro
ontuMmymar (3ona DIV ajia o3zepa [leronrga u 30Ha
DII nns o3epa 3amoBeqHOE), T.e. B IEPUO/] ITOBCE-
MeCTHOT'0 yBeJIMUeHUs TeMIiepaTyphl OKpy Karomieit
cpensl. [1o Bceli BUAMMOCTH, B 3TOT 3Tal Pa3BUTUA
03€p [y o0OMX XapaKTepHO CHHXEHNE YpPOBHA
BOJBI U yBeJINUeHUe CTelleH MUHepaIn3aliu.

OTae1bHO CTOUT OTMETUTD eIllé OUH MOMEHT B
U3MEeHEeHUU BHUJIOBOIO COCTaBa JAMATOMOBBIX BOJOPOC-
Jeii. CorjiacHO pelnienno MexOyHapogHON KOMHCCUU
o crparurpaduu, roJyorneHoBul epruof ¢ 2018 roga
paszesieH Ha TPU reoJIOTMYECKUX spyca (Beka): rpeH-
JIAH[CKUHM, CEeBEepPOrpUINMNAHCKUN U MerxaJaiCKUi
(Martin J. Head, 2019). JIoCTOBEpPHO HM3BECTHO, YTO
HayaJio MerxajarncKoro spyca MpUBsA3aHO K BOZHUKHO-
BEHHIO IIPOJOJDKUTEJIBHON 3acyXu IpuMepHO B 2250
roay o Hared 3psl (Martin J. Head, 2019). JlaTupoBka
JOHHBIX OTJIOXKeHUI o3epa [lefoHraa BkIIOYaeT B cebs
2480 rom [o H.B., TaKUM 00pa3oM, 3axBaThIBas Iepe-
X0 OT CEBEpPOTrPUNIMAHCKOTO spyca T0JIOIIEHOBOIO
nepuoja K MerxajaickoMy spycy.

[To-BugMMOMy, 3TOT TEpeXoJl, O3HaMeHOBaB-
MINICA 3aCyXOU, HAXOAUT CBOE OTpaXXeHUe B CTOUKOM
YBEJIMUYEeHNU YUCJIEHHOCTU TEeIIOJIOUBBIX BHUIOB CTO-
sue-tekyunx (Aulacoseira ambigua), mpeanoYUTAIONTUX
MeJIKOBOAHbBIe, MUHepaJIM30BaHHbIE BOOOEMEL. A Takxe
BUOB cTosuux BoA (Discotella stelligera), npeamounTa-
IOIIUX BOJIOEMBI C BRHICOKOI KOHIIEHTpAI[ell OOreHHBIX
3JIEMEHTOB, T.e., PaCTBOPeHHBIX B Boje azotra (N) u
docdopa (P), u aAssAmIMEC UHANKATOPAMU TOBBIIIE-
HUSA MPOAyKTUBHOCTH BoToéMOB (Riihland et al., 2003).

6. 3akniouenue

HecMmoTpsa Ha ynajieHHOCTb U HEAOCTYIIHOCTb
03€p TaéXHOU 30HB TyHrycckKoro 3amoBeJHUKA [OJIA
BJIMAHUA YeJIoBeKa, HalJilofjlaeMoe B COBpPEMEHHBIN
Nepuoj pasBUTHA OJIUTOTPOMPHBIX 03€p 3anoBegHOE U
[Neronrpaa sBTpodULMIPOBaHNeE, ABJIAETCA NPAMBIM CJIe-
cTBHeM aHTponoreHHoro ¢axropa (JKyse u ap., 1974;
JaBbigoBa, 1985). B nepByio ouepefb 3TO CBA3AHHO C
yBeJIMUEHNEM CpeIHUX TeMIlepaTyp Ha 3eMJie, BHI3BaH-
HBIX TJI0OaJIbHBIM MOTeIlJIeHueM KjuMarta, BeOyLiux
K TasHBIO JIbJOB BEUYHON Mep3JIOThl, 3ajeralouux o
MeCTOM HaxOoXAeHHUs 03ep.
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[IpoBei€éHHOE paHee KCCJIEOBAaHUE U CpaBHe-
HHE UaTOMOBOTO aJIbIrOI[EH03a COBPEMEHHBIX JOHHBIX
OTJIOXEHUH o3epa Yeko U o3epa 3amoBeJHOE, C BBICO-
KO CTeIleHBI0 CXOJICTBa BHUAOBOro cocrasa (67%) u
oOHapyXXeHHBIE TaM CXOXHE TEHAEHIUU B U3MEHEHUU
IMIaTOMOBBIX KOMIIJIEKCOB, CXO/IHbIE C TEMH, YTO OOHa-
PYX€eHHI B JAHHOM KCCJIE[JOBAaHUU B 03€pax 3amnoBeJHOe
u IleloHrAa, rOBOPUT HaM O HEOOXOAWUMOCTHU MPOIOJI-
XKaTh WCCJIEIOBAHUA B HAMPABJIEHUM W3Y4YEHUs [Ua-
TOMOBBIX KOMILJIEKCOB B 03épax C BBICOKOU CTEMEeHbI0
CXOJ/ICTBa BHUJOBOI'O COCTaBa.
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