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ABSTRACT. Natural-technical systems are changing under the influence of climate and anthropogenic
activities. Understanding the functioning of such systems is necessary in order to manage them and
predict their development. The functioning of cooling reservoirs depends on climatic changes, changes
in the level regime and the thermal effect of water discharge from thermal power plants. Understanding
the geoecological situation in the bottom subsystem of a cooling reservoir is possible based on its study
using a landscape approach. This approach is just beginning to be applied to the study of reservoirs. The
purpose of the study was to identify and map the subaquatic landscapes of the main part of Kenon Lake.
Six facies have been identified in the cooling reservoir of the Chita TPP-1. Facies differed in the type of
bottom sediments, the presence of vegetation, the species composition of zoobenthos, as well as their
quantitative and qualitative indicators. Facies are grouped into two types of landscapes. They differed in
depth, type of sediments and composition of benthic invertebrates. The heated waters from Chita TPP-1
cause the formation of subaquatic landscapes in the northwestern and western parts of Kenon Lake.
The results of the study show the current state of the main part of the subaquatic landscapes of Kenon
Lake, formed under the influence of natural and natural-technical factors. It gives the opportunity to use
geoinformation systems to analyze changes in the subaquatic landscapes and assess the geoecological
situation in the bottom subsystem of the Kenon Lake.
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1. Introduction natural and anthropogenic factors and environmental

problems) in its subsystems. The occurrence of a geo-
ecological situation affects the life and activities of the
population.

One of the most common types of natural engi-
neering systems that carry life-supporting functions
are cooling reservoirs. They are NTS, the subaquatic
landscapes of which are formed under the influence of
additional heat energy and other factors caused by the
activity of thermal power plants. In addition, they are
connected by a common location and the exchange of
matter and energy.

The cooling reservoir of the Chita TPP-1 occu-
pies a central place in the Kenon NTS and is one of
the key facilities in the production of heat and energy
in the Trans-Basikal Territory (Itigilova et al., 1998).
Despite hydrobiological research (Bazarova, 2012;

The formation, evolution and development of
geosystems occurs simultaneously under the influence
of climatic, spatial and temporal features of the geo-
graphical (landscape) shell of the Earth (Khotinsky,
1977; Sochava, 1978; Nikolaev, 1986; Skrylnik, 2018).
However, in recent times, anthropogenic activities
have been added to climate change. Its influence has
changed the initially formed components of natural
systems and the conditions of their functioning. The
ongoing changes have led to the emergence of complex
natural-technical systems (NTS). The stability and func-
tioning of such systems depends on the state of their
natural-technical subsystems. The functioning of the
NTS causes the emergence of special geoecological situ-
ations and conditions (spatio-temporal, environmental,
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Kuklin, 2017; Bazarova and Kuklin, 2023), hydrolog-
ical (Vologdin, 1972), ecological (Tsybekmitova et al.,
2017) and hydrochemical (Tokareva, 2015; Tokareva
et al., 2016; Sharapov and Tokareva, 2016; Usmanova
et al., 2018) etc. there is insufficient information on the
spatial distribution of the components of the bottom
subsystem to understand the current geoecological sit-
uation for the implementation of measures to preserve,
restore and maintain the ecosystem of the Kenon Lake.

Conducting ecologically oriented limnological
studies using a landscape approach makes it possi-
ble to determine the ecological state of the reservoir
(Dudakova and Anokhin, 2021). In our opinion, land-
scape approach is also applicable to the assessment of
the geoecological situation in the Kenon Lake. This
approach makes it possible to identify important (vul-
nerable) areas of subaquatic landscapes that are sub-
ject to the greatest anthropogenic impact in the studied
NTS.

The purpose of the study is to identify the sub-
aquatic landscapes of the main part of the Chita TPP-1
cooling reservoir by types of bottom sediments, vegeta-
tion communities and bottom invertebrates.

2. Materials and methods

Kenon Lake (52.03915°N, 113.38446°E) is one of
the largest reservoirs of the Upper Amur basin (Itigilova
et al., 1998), located on the northwestern outskirts of
Chita within the Chita depression on the second ero-
sive-accumulative floodplain terrace at an altitude
of 650 m (Shishkin, 1972). The lake is surrounded
by residential buildings, industrial and technologi-
cal enterprises (Fig. 1). According to the physical and
geographical zoning, Kenon Lake belongs to the Chita-
Ingodinsky settled-hollow district of the Ingodino-
Ononsky hollow-mid-mountain province of the South
Siberian Mountain region (Atlas of Transbaikalia,
1967). The climate of the territory is sharply continen-
tal. The watershed basin of the reservoir, as well as the
Chitino-Ingodinskaya depression as a whole, belongs to
areas of insufficient moisture.

In October 2022, according to our data the lake
area was 15.2 km?, length was 5.6 km, width (average)

was 2.9 km. The average depth was 4.8 m, the maxi-
mum depth reached 6.2 m.

The research was carried out on October 21-22,
2022 at 32 monitoring stations evenly distributed across
Kenon Lake. The location of the stations was deter-
mined by geographical coordinates. Samples of bottom
sediments, bottom invertebrates and macrophytes were
taken in a single repeat using a Petersen dredger (PD
0.025) with a capture area of 0.025 m2 The type of bot-
tom sediments is determined directly on the reservoir
in accordance with the guidelines (Abakumov, 1983).
The samples of zoobenthos were washed from the
soil through a mill sieve with a mesh size of 0.3 mm.
Identification and quantitative accounting of organisms
of benthic invertebrates was performed using micro-
scopes MBS-10 and MicMed-1. The weight character-
istics of the organisms were determined on the scales
of the torsion VT-500. Underwater photography of the
bottom landscapes of Kenon Lake was carried out in
February 2024.

The landscape map was based on the types of
sediments, the spatial distribution of macrophytes, as
well as benthic invertebrates. The mean error is cal-
culated in Microsoft Excel. Clustering of research sta-
tions in order to identify zoobenthos communities was
performed in the Statistica 10 program based on the
matrix of Serensen-Chekanovsky coefficients in the
variant of quantitative characteristics calculated for
pairs of stations based on the presence of the species
and its biomass. Mapping of subaquatic landscapes of
the main part of Kenon Lake and research stations based
on the species similarity of benthic invertebrates was
performed in the ArcGIS 10.8 program using Spatial
Analyst tools without detailing the coastal zone of the
reservoir. The map details have been finalized in the
CorelDRAW graphics editor.

3. Results and discussion

The results of the performed studies show the
heterogeneity of the distribution of bottom sediments,
macrophytes and zoobenthos organisms in the main
part of the subaquatic landscapes of Kenon Lake (Fig.
2, 3,4, 5and 6).
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Fig.1. Location of Kenon Lake.
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Fig.2. Map-scheme of the distribution of bottom sediments, vegetation and biomass of zoobenthos in the main part of sub-
aquatic landscapes of Kenon Lake, October 2022. Symbols: 1 — numbers of research stations; 2 — values of biomass of zoobenthos,
g/m?; 3 — zoobenthos; 4 - types of soil, where the BS — bottom sediments; 5 — the boundary between the shallow and deep-water

landscapes of the lake.

In October 2022, the predominant type by area
of bottom sediments in Kenon Lake were dark gray
(47.7%) and gray (23.6%) silts, which together made
up 71.3% of the lake area (Fig. 2). The rest lake area
consisted of silty-sandy bottom sediments (12.5%), san-
dy-silty bottom sediments (8.8%), sandy bottom sedi-
ments (sands) (6.5%) and black silts (0.6%).

We have identified two main groups of stations
based on differences in the species composition and
abundance of zoobenthos according to the Serensen-
Chekanovsky matrix (Fig. 3, 4). The first group of sta-

tions includes the first and second clusters. The first
cluster includes nine mainly coastal research stations,
where the abundance of benthic invertebrates of
7880+2668 ind./m? and biomass of 12.8+4.4 g/m?
are at a relatively high level. The number of species
in the samples here ranged from eight to 12. The indi-
cated in Figure 6 by the symbol «t°» thermal influence
stations of Chita TPP-1 in the northwestern and western
parts of the lake are assigned to this cluster. The sec-
ond cluster covers 19 research stations, mainly related
to the deep-water part of the lake. Here, in conditions
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Fig.3. Clustering of zoobenthos research stations, October 2022.
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Fig.4. Schematic map of selected clusters (communities) of zoobenthos in Kenon Lake, October 2022.

of low temperature and lack of vegetation, zoobenthos
is characterized by low numbers of 2867 +290 ind./
m?, biomass 6.6 +0.5 g/m? and diversity (from three
to 11 species in the sample). The second group of sta-
tions includes only the third cluster, consisting of four
stations belonging to a shallow zone up to a depth of
3.5 m (Fig. 2, 4) with vegetation. In comparison with
other clusters, this group of stations is characterized by
high numbers of 12670+ 7955 ind./m?, a significantly
high biomass of 29.9 +7 g/m? of benthic invertebrates
and a high abundance of species in samples — from 10
to 17.
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The analysis of the distribution of zoobenthos
communities, vegetation and types of bottom sediments
by depth allows us to identify a significant boundary in
Kenon Lake (3.8 — 4.1 m) (Fig. 5, 6).

Materials on the distribution of bottom sedi-
ments and bottom macrophytes, as well as zoobenthos,
make it possible to identify subaquatic landscapes in
the main part of the Chita TPP-1 cooling reservoir.
In October 2022, they were presented: 1) a shallow
landscape (or tract) (up to a depth of 4.1 m), includ-
ing a shallow sub-landscape without vegetation, and
a shallow sub- landscape with vegetation thickets; 2) a
deep-water landscape (4.1 — 6.2 m) (Fig. 2).
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Distribution of the number of benthic invertebrates by depth in Kenon Lake, October 2022.
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The depth, types of bottom sediments and the
presence of vegetation affect the confinement of bot-
tom invertebrates to the landscapes identified by us in
the main part of Kenon Lake. (Fig. 7).

The shallow landscape of Kenon Lake is a het-
erogeneous landscape, including facies of sands, silty-
sandy bottom sediments, sandy-silty bottom sediments
and silts, with or without vegetation. This landscape is
characterized by the highest abundance and biomass
of benthic invertebrates, among which the larvae of
amphibiotic insects and amphipods predominate.

A shallow subsurface landscape without
thickets of vegetation. In the sand facies of the south-
ern part of Kenon Lake at a depth of 1.5 m, the Baikal
littoral amphipod Gmelinoides fasciatus was the land-
scape-forming species dominating the zoobenthos in
terms of abundance and biomass. In the sand facies of
the southern part of Lake Kenon at a depth of 1.5 m
the Baikal littoral amphipod Gmelinoides fasciatus was
a landscape-forming species. It formed the main part of
the abundance and biomass of zoobenthos. Gm. fasciatus
has spread widely and populated many reservoirs of the
Russian Federation (Matafonov, 2007; Kurashov et al.,
2011a). Gm. fasciatus is able to transform the appear-
ance of bottom landscapes by organizing trophic con-
nections. It is involved in the accumulation and migra-
tion of chemical elements (Kurashov et al., 2011b).
The amphipod connects the shallow and deep-water
zones of the lake during its migrations (Shoydokov et
al., 2024). From the point of view of management of
natural and NTS, it can be used as a bioindicator of the
state of bottom habitats (Berezina, 2016) and changes
in littoral communities and the climate of the region
(Matafonov, 2020).

In the silt facies, the larvae of the chirono-
mids Tanytarsus bathophilus, Tanypus punctipennis and
Procladius choreus can be attributed to landscape-form-
ing organisms.
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A shallow sub-landscape with thickets of veg-
etation (Fig. 8). The geoecological role of vegetation
is well known, it precipitates suspended particles from
the water column, is capable of accumulating heavy
metals (Tsybekmitova et al., 2019), changes light and
oxygen conditions, etc. In the northwestern part of the
lake, at the outlet of the discharge channel of Chita
TPP-1, on black silts in dense thickets of Stuckenia pecti-
nata at a depth of 1.9 m, the larvae of the chironomids
Psectorcladius zetterstedti and Glyptotendipes gripeko-
veni dominated in biomass (st. 3). In the northeastern
part of the reservoir (st. 1), on gray silts in thickets of
Stuckenia pectinata at a depth of 3.5 m, the chironomids
Polipedilum sp. (Chironominae genuiae N3 Lipina) and
Glyptotendipes gripekoveni, caddisflies Cyrnus fennicus,
as well as dragonflies Ischnura elegans dominated. In the
thickets of Chara fragilis and Stuckenia pectinata on the
sands at a depth of 1.7 m in the southern part of Kenon
Lake in biomass in zoobenthos was dominated by cad-
disflies Cyrnus fennicus, dragonflies Ischnura elegans and
chironomids Tanytarsus bathophilus.

The change of the aquatic and terrestrial phases
of ontogenesis in dragonflies (Ketenchiev et al., 2018)
determines their geoecological role in the transfer of
matter from aquatic geosystems to terrestrial ones. A
similar role in the littoral tract of Kenon Lake belongs
to other amphibiotic insects, for example, caddisflies.

The deep-water landscape of Kenon Lake is a
similar bottom landscape with a depth range of 4.1 -
6.2 m, including facies of gray and dark gray silts with-
out vegetation. Low numbers and biomass of zooben-
thos characterize this landscape with a predominance
of larvae of diptera insects (Fig. 2, 3, 4 and 6). The
landscape-forming organisms from zoobenthos here
were the larvae of the chironomids Tanytarsus batho-
philus, Procladius choreus and Tanypus punctipennis, oli-
gochaetes Limnodrilus hoffmeisteri and the nectobentic
chaoborids Chaoborus flavicans. The microrelief of the
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ronmental factors, October 2022.

deep landscape (Fig. 9) represents numerous pits with
houses of chironomids of the genus Tanytarsus on the
surface of bottom sediments. Presumably, in the sub-
aquatic landscapes of Kenon Lake, pits are formed
when carp feed on zoobenthos organisms.

It is known that Propsilocerus akamusi chirono-
mides, through their irrigation activities, contribute to
the penetration of oxygen into deeper layers of bottom
sediments, thereby influencing the reduction of phos-
phorus and iron content in them (Wenming et al., 2019;
Yang et al., 2021). In Kenon Lake, in the deep-water
landscape of the bottom subsystem, such a function, in
addition to the chironomids Propsilocerus akamusi liv-
ing in it, belongs to oligochaetes tubificides.

In the self-purification of natural-technical reser-
voirs, a significant role is played by chironomids during
their emergence. According to research materials from
2004 (Klishko et al., 2005) in Kenon Lake, Chironomus
plumosus, as the most widespread species of represen-
tatives of chironomids, made a significant contribution
to its self-purification. In October 2022, the most com-
mon representative of the chironomids was Tanytarsus
bathophilus. Presumably, he played a significant role in
the self-purification of the cooling reservoir of the Chita
TPP-1.

Changes in the subaquatic landscapes of the
Chita TPP-1 cooling reservoir. It is difficult to iden-
tify patterns of changes in the types of bottom sedi-

2

G

Fig.8. Shallow subsurface landscape with vegetation thickets in the southern part of Kenon Lake, February 2024. 1 - facies

of sands with thickets of Chara tomentosa and rags of Stuckenia pectinata at a depth of 1.5 m; 2 — facies of sandy silts with thickets

of Stuckenia pectinata and Chara fragilis at a depth of 4.5 m.
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Living tubes of chironomid
larvae

Fig.9. Deep-water landscape in the southern part of Kenon Lake, February 2024.

ments in Kenon Lake due to the lack of their maps. It
can be assumed that in comparison with the materials
of previous studies in 1985-1991 (Itigilova et al., 1998)
the spatial distribution of bottom sediments has not
undergone any significant changes. The reservoir level
changes due to the climate and pumping of water from
the Ingoda River. There is no doubt that the area of
distribution of sands, silted sands, silts, etc. is affected
by changes in the level regime of the lake. As in other
reservoirs of the Trans-Baikal Territory (Matafonov,
2020), in dry years, dehumidification of sediments
characteristic of shallow areas occurred in Kenon Lake.
Rising water levels in the lake by 2022 contributed to
their flooding.

Kenon Lake is a shallow reservoir of water char-
acterized by significant changes in the degree of vege-
tation overgrowth. In 1986-1991, more than a third of
the lake bottom area was covered with macrophytes,
mainly Chara algae (Itigilova et al., 1998). In October
2022, macrophytes were present only at five of the
32 research stations and only up to a depth of 3.5 m
and were mainly represented by pondweed (Fig. 2).
According to the theory of the functioning of shal-
low lakes (Scheffer and Egbert, 2007), changes in the
degree of overgrowth can be caused by the content of
nutrients, the influence of fish, changes in lake level,
the influence of climatic factors, etc.

Due to the limited distribution of benthic macro-
phytes, the main landscape-forming component in the
cooling reservoir of Chita TPP-1 in October 2022 was
benthic invertebrates. As with benthic macrophytes,
the zoobenthos of Kenon Lake is subject to significant
changes. In 1985-1991, the biomass structure of the
Kenon Lake zoobenthos was dominated by chironomids
of the genus Chironomus gr. plumosus and Procladius
ferrugineus, mollusks Sphaereum corneum and Pisidium
inflatum, oligochaetes Tubifex tubifex and chaoborides
Chaoborus cristallinus (Itigilova et al., 1998). The bio-
mass of chironomus in different parts of the lake during
this period was about 50% of the mass of all zoobenthos
organisms. In October 2022, chironomids of the genus
Chironomus was found only once, mollusks Sphaerium
corneum and Pisidum inflatum, oligochaetes Tubifex tubi-
fex were not found. From the former composition of
the dominants in 2022, the deep-water landscape was
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dominated by chironomids of the genus Procladius, to
which Tanytarsus and Tanypus, as well as chaoborids,
were added. Procladius choreus is one of the five spe-
cies of Tanypodines found massively in hypertrophic
reservoirs (Anikina, 2012), in areas where there is
minimal transparency, low oxygen content and high
organic matter content. In a shallow landscape, a land-
scape-forming species has recently moved into the lake.
The Kenon Baikal littoral amphipod Gmelinoides fascia-
tus is a species that avoids habitats with hypoxia and
exposure to heated waters of power plants (Berezina,
2016).

4. Conclusions

For subaquatic landscapes formed in the cooling
reservoir of the Chita TPP-1, six facies have been iden-
tified. Facies differed in the type of bottom sediments,
bottom microrelief, and species composition of zooben-
thos organisms. Facies are grouped into two types of
landscape, which differ in morphometric parameters,
the presence of vegetation and the composition of ben-
thic invertebrates. In the northwestern and western
parts of the lake, the formation of subaquatic landscapes
occurs under the thermal influence of the Chita TPP-1.
In the absence of vegetation at most stations, the land-
scape—-forming organisms in the littoral landscape were
amphipods (Gmelinoides fasciatus). In the facies of the
deep-water landscape were chironomids (Tanytarsus,
etc.), as well as oligochaetes Limnodrilus, and chaob-
orids leading a nectobentic lifestyle. The composition
of the landscape-forming organisms of zoobenthos
determines the geoecological functions of benthic biota
in the geosystem of the cooling reservoir (contribution
to geochemical cycles; organization of links between
aquatic and terrestrial geosystems; monitoring of the
quality of the aquatic environment, etc.).

The obtained data for the first time give an idea
of the current state of the subaquatic landscapes of
Kenon Lake, formed under the influence of natural and
natural-technical factors. The use of GIS technologies
becomes possible in the analysis of changes, as well as
in the assessment of the geoecological situation in the
bottom subsystem of the lake.
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NMoaBoaHble naHAWaDTHI o03epa KeHOH -
BOAOeMa-oxnapuTena Uutunckou TILU-1

[MlofinokoB A.b.'*, MaTadoHos I1.B.!

HHcmumym npupodHbix pecypcos, skoJtoeuul u kpuostoeuu Cubupckozo omdesteHus Poccutickoti akademuu Hayk, ys. Hedope3oaa, 16a,
2. Quma, 672014, Poccua

AHHOTAILHA. V3mMeHeHne NpUPOAHO-TEXHUYECKUX CHCTEM IOf BIMAHKWEM KJIMMAaTa U aHTPOIOTreH-
HOU JleATeIbHOCTH O0ycJIaBjIlBaeT HeoOXOAUMOCTh TIOHMMAaHU 0cO0eHHOCTel nX GyHKINMOHNPOBaHUA
JJ1A AajibHeHIero IporHO31pOBaHKA UX Pa3BUTHS, a TaKXKe yIipaBjeHus. BogoéMel-oxaaguTesn — npu-
POOHO-TeXHUYeCcKHe CHUCTeMbl, PYHKIMOHNPOBaHNE KOTOPBIX 3aBUCUT OT KJIMMaTUYeCKUX U3MeHEeHU,
M3MeHEeHU! YPOBHEHHOIO0 peXuMa U TepMUYecKOro BJIMAHUA cOpoca BOA C TEIIO3JIEKTPOCTAHIUIL.
[MoHMMaHMe Te03KOJIOTUYECKON CUTYyaluy B JIOHHOM MOJCHCTEME BOJI0€Ma BO3MOXHO Ha OCHOBE eé
H3y4YeHUs ¢ MprUMeHeHHeM JIaHAMAadTHOrO MOAX0a, KOTOPhI TOJIbKO HauWHaeT MCIOJIb30BaThCs IO
OTHOULIEHUI0 K M3YYEHUI0 BONOEMOB. llesblo nccieoBaHusA CTAI0 BhIAEJIEeHNEe U KapTorpadupoBaHue
MMOABOIHBIX JIAHAIIAa(PTOB OCHOBHOU 4YacTu o3epa KeHoH. B Bopoéme-oxmaaurtene YuruHckon TOII-1
BBIABJIEHO IllecTh (paruii, pasjinyaloliuxcsA THUIIOM JOHHBIX OTJIOXEHUM, HaJMuyleM pacTUTeIbHOCTH,
BUJOBBIM COCTABOM 3000€HTOCA, UX KOJMWYECTBEHHBIMM M KA4YeCTBEHHBIMHU MOKasareaamu. darun
CTpyIIMPOBaHHL B Ba THIA YPOUUIL], Pa3JINYa0IIUXCA M0 TJIyOuHe, TUIy JOHHBIX OTJIOXKEHUN 1 COCTaBy
JOHHBIX 0ecrno3BOHOYHBIX. DopMUpoBaHME NOABOJAHBIX JaHAMA(TOB B ceBepo-3alafHOM U 3amai-
HOU 4acTy o3epa KeHOH NpoucxXoOuT Moj BJIMAHHEM IOBBIIIEHHOIN NPUAOHHOU TeMmIepaTyphl cOpo-
cHoll Bogel YntuHckoi TOLI-1. IlosyyeHHBle JaHHBIE BIlepBble AAl0T IpeACTaBJIeHHE O COBPeMEHHOM
COCTOSIHMH OCHOBHOH YacTU IOJABOJHBIX JIaHAmAadTOB 03epa KeHOH, chOopMUPOBaHHOM IOJ BINAHUEM
IIPUPOJHBIX M NPUPOAHO-TEXHUYECKNX (aKTOPOB, a TaKXe OTKPBIBAIOT BO3MOXKHOCTH HCIIOJIb30BAHNUS
reoH(OpPMAaIMOHHBIX CUCTEM IIpY aHaJIN3e UX M3MEeHEeHH! U OlleHKe I'e0dKOJIOTMYecKOl CUTyaluu B
JOHHOU IOJICCTEME 03€epa.

Kitioueasie cstoda: noaBoAHbIE J'[aH}IIlIa(I)TI)I, NpUPOJHO-TEXHUYECKaA CUCTEMA, TEIJIOSJIEKTPOCTAaHIINN,
Te€0odKoJIornueckasa CuTyanus, JJOHHbIE 6€CH03BOHO‘IHbIe, 03epo KeHoH, I‘eOPIH(I)OpMaL[I/IOHHbIe
CHICTEMBI

M nutupoBanusi: llloiigokos A.b., Matagonos I1.B. [Togoguble tanAmad TH 03epa KeHOH — BogoeMa-oxyiaanTesisa UNTUHCKON
TDII-1 // Limnology and Freshwater Biology. 2025. - No 2. - C. 187-204. DOI: 10.31951/2658-3518-2025-A-2-187

1. Beepenne (IITC), ycroitunBoCTh U (PYHKIMOHUPOBAHUE KOTOPHIX

3aBUCUT KaK OT COCTOSHUA eé HpHpO,E[HOfI, TaK U TeX-

®opmypoBaHue, 3BOJIIOLMA U Pa3BUTHE Teo- Huyeckon mozcucreM. OyHKIUoHUpoBaHue IITC o0y-

CHUCTEM TMPOUCXOJUT OJHOBPEMEHHO TIOJ] BJIUSHUEM
KJIMMaTUYECKUX, MPOCTPAHCTBEHHBIX UM BPEMEHHBIX
ocobeHHocTell  reorpaduveckoii  (J1aHAmadTHOL)
obosouku 3emun (XotmHckuii, 1977; CouaBa, 1978;
Huxkosaes, 1986; CxkppuibHUK, 2018). OpHako, B
HellaBHee BpeMA K KJIMMATHYECKUM W3MEHEHUSIM
JobaBuyiach aHTPOIOTEHHas [OeATEJIbHOCTh, BJIUSHUE
KOTOPON M3MEHWJIO M3HAYaJIbHO cHOpMHUPOBaABLIMECS
KOMTIOHEHTHI TIPUPOIHBIX CUCTEM M YCJIOBUA UX (PYHK-
UOHUPOBAHUA. [IponcXoAlIe N3MEHEHNS PUBEITU K
MOSIBJIEHUIO CJIOXXKHBIX MPUPOAHO-TEXHUYECKUX CHUCTEM
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CJIOBJIMUBAET TOSIBJIEHHE OCOOBIX TI'e03KOJIOTHMYECKUX
CUTyaluil U ycJIoBUI (IPOCTPaHCTBEHHO-BPEMEHHBIX,
cpefoobpasyoiux, HPUPOJHO-aHTPONOTEHHBIX (hak-
TOPOB U 3KOJIOTUYECKUX NMpobiieM) B eé MoACHUCTEMAX,
CYIIECTBEHHO BJIMAIIUX Ha XU3Hb U AEATEJIbHOCTh
HaceJIeHU.

OHUMU U3 pacnpoCTpPaHEHHHIX THUIIOB MPUPOJI-
HO-TEXHUYECKUX CHCTeM, Hecymmx B cebe xuaHeobe-
crieynBaomye (QYHKIMM, ABJIAIOTCA BOAOEMBI-OXJIA-
aurtenu. OHM mpefcTaBssaloT coboil [1TC, monBoaHbIE
JlaHaqmadThl KOTOPHIX (POPMUPYIOTCA NMOA BJIUAHUEM

© Asrop(s1) 2025. DTa pabora pacnpocTpaHs-
eTcs o MexIyHapoJHo! jiutieH3uel Creative
Commons Attribution-NonCommercial 4.0.
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JOTOJIHUTEIPHOTO TOCTYIUJIEHUS TEIJIOBOM 3SHepruu
U Apyrux GakTopoB, OOYCJIOBJIEHHBIX [JeATeJIbHO-
CTBIO TEIJIO3JIEKTPOCTAHLIUM, 1 CBA3aHbl MeXy COOOM
O0ImMM MECTOII0JIOKEHEM M OOMEHOM BEIIECTBOM U
SHepruer.

Bopoém-oximagutenib UYutuHckoit TOII-1 3aHu-
MaeT IleHTpaJibHoe MecTo B KeHOHCKOI mpupof-
HO-TEXHUUYECKOU CUCTeMe U ABJIAETCA OOHUM U3 KJIIO-
4yeBhIX OOBEKTOB B IPOU3BOACTBE Telja U 3HEpPruu
B 3abaiikasmbckoM kpae (HMrturunoBa u ap., 1998).
HecmoTps Ha runpo6uosiornyeckue (basaposa, 2012;
Kyknun, 2017; BazapoBa u Kykmun, 2023), rugpo-
gorudyeckre (BosormgunH, 1972), 3KOJOruYeckue
(LpibexmuroBa u fp., 2017) u rugpoxuMuueckue
(Tokapesa, 2015; TokapeBa u np., 2016; Illapanos u
TokapeBa, 2016; YcmanoBa u ap., 2018) uccrienosa-
HUSA BOJIOEMaA IJI IMTOHMMAaHUs CJIOXKHUBIIENCSA I'e03KO-
JIoTU4ecKoN cuTyauuu B o3epe KeHOH U ocymiecTBJie-
HUIO MEPONPUATUHN 10 COXPaHEHUIO, BOCCTaHOBJIEHUIO
U MOJIepXaHUI0 ero 3KOCHCTEeMbl He[JOCTaTOYHO CBe-
JEeHUM O MPOCTPAHCTBEHHOM paclpe/esieHUd KOMIIO-
HEHTOB [JOHHOMU IOJICCTEMBI.

[TpoBefeHre 3KOJIOTUYECKH OPUEHTHUPOBAHHBIX
JIMMHOJIOTUYECKUX UCCJIENOBAHUI C KCII0JIb30BAaHUEM
na"nAmadTHOrO NoAX0Aa MO3BOJIAET OINpeNeUuTh KO-
Jorudeckoe coctosiHue Bojioéma ([lynakoBa u AHOXUH,
2021). Ha Ham B3rjisAf Takol moaxo[ MpUMeHUM U K
OIleHKe reo3K0JIOTMYeCcKol cuTyanuu B 03. KeHoH, T.K.
OH TI03BOJISIET BBIJIEJIUTD KJII0UeBble (VA3BUMEBIE) YacTU
MOJIBOJHBIX JIaHAMAa(dTOB HauboJiee BBICOKOI'O aHTPO-
MOTeHHOT'0 BO3/IeMCTBHUA B U3y4aeMoOU NpPUPOAHO-TEX-
HUYECKOU CUCTeME.

Lenb uccieqoBaHUA — BBIAEIUTH IMOABOIHbBIE
naHAmadTel OCHOBHOM dYacTU BOMOEMA-OXJIaJuTesIs
YurtuHcko TALI-1 o TUmam JOHHBIX OTJIOKEHUH, CO00-
ecTBaM pPacTUTEJIBHOCTHU U JIOHHBIX 0€CII03BOHOYHBIX.

2. MaTtepuanbl U MeTOAbI MCCAEAOBaAHUA

Ozepo Kenon (52.03915°c.m1., 113.38446°B.1.) —
OVH M3 CaMbIX KPYIHBIX BOJIOEMOB BepxHeaMypcKOro
bacceiina (UturunoBa u fAp., 1998), Haxomsmuiics
Ha CeBepo-3amafHOM OKpawHe T. UMTH B Mpejeiax
YUTUHCKOU KOTJIOBUHBI HAa BTOPOH 3PO3UOHHO-AKKY-

MYJIATUBHOU HaJINOWMEeHHON Teppace Ha BbicoTe 650
M (IIumkuH, 1972), B OKPY>XEHUN FOPOJICKUX KUJIBIX,
IIPOMBIIIJIEHHBIX M TEXHOJOTMYeCKUX IpequpuATUi
(Puc. 1). B cBoeM ¢pusuko-reorpaduieckoM MoJIoKeHUN
BOZOEM BKJII0YAIOT B UUTUHO-WHIOAMHCKUI OCTeNHeH-
HO-KOTJIOBUHHBIN OKpyr VHroanHo-OHOHCKOHU KOTJIO-
BUHHO-CpeHeropHoii mnpoBuHIMU HOxHO-Cubupckoin
ropHol obsactu (Atiac 3abaiikanbsa, 1967). Kimumar
TeppUTOPUHN pe3KO-KOHTHMHEHTaJIbHbIHN. bacceliH Bogo-
éMa, kak 1 YnTtuHo-UHroguHCcKas KOTJIOBUHA B I1eJIOM,
OTHOCHUTCA K palioHaM HeJJOCTaTOYHOI'O yBJIaXKHEHUA.

[To HamuM JaHHBIM Ha OKTAOpb 2022 r. 1Ioa b
o3epa cocrapysia 15,2 km?, mymHa — 5,6 KM, MUpUHA
(cpenussn) - 2,9 km. CpenHss riiyouHa — 4,8 M, Makcu-
MaJibHasdg — 6,2 M.

HccnenoBaHus BRIOJTHEHBI 21-22 oKTAOpA 2022
I. Ha 32-X MOHUTOPHHIOBBIX CTAHIUAX, PaBHOMEPHO
pacnpefiesieHHBIX 10 o3epy KeHoH. MecTtomnosioxeHue
CTaHIMH oNpelesisAnn Mo reorpadpuieckuM KOOpAMHA-
TaM. [IpoObl JOHHBIX OTJIOXKEHUH, JOHHBIX 6€CII03BOHOY-
HBIX ¥ Makpo®UTOB 0TOOpaHbl B OJHOKPATHOH IOBTOP-
HOCTH C HCNOJIb30BaHHeM AHoueprartesnA [lerepceHa
(14 0,025) c momapsio 3axsaTta 0,025 M2, TUIl JOHHBIX
OTJIOKEHUH oIlpefiesieH HelloCpeACTBEHHO Ha BOAOEMe
B COOTBETCTBUM C PyKOBOJCTBOM (AbGakymoB, 1983).
[Tpo6s! 3000eHTOCa OTMBITHL OT I'PYHTA Yepe3 MeJIbHUY-
Hoe cUTo ¢ pasMmepoM Avden 0,3 mMm. UaeHTrdukanusa u
KOJIM4eCTBEHHBIH yU4éT OpraHu3MOB JOHHBIX 0ecro3Bo-
HOYHBIX BBINIOJIHEH C MCIIOJIb30BaHHEM MUKPOCKOIIOB
MBC-10 u MukMen-1. BecoBrle XapaKTepHUCTHUKUA Opra-
HHU3MOB OIlpefeJieHb Ha Becax TOpcHOHHBIX BT-500.
[TogBoaHasa doTocheMKa AOHHBIX JaHAMA(TOB o3epa
KenoH BrinosiHeHa B ¢eBpasie 2024 r.

Jlanama@dTHyYI0 KapTy COCTaBJIUIM Ha OCHOBeE
THUINOB JOHHBIX OTJIOXKEHUH, IIPOCTPaHCTBEHHOI'0 pac-
npefesieHUsA MakpodHUTOB, a Takxe JOHHBIX Oeclo3Bo-
HOuHBIX. Omubka cpefHero paccuMTaHa B IporpamMme
Microsoft Excel. Knacrtepusanus craHinuili uccieno-
BaHUA C IeJIbI0 BBIJEJIEHUA Ccoo0IecTB 3000eHToca
BHIIIOJITHEHa B mnporpamMe Statistica 10 Ha ocHOBe
maTpulsl ko3 dunrentos CepeHceHa-YeKaHOBCKOIO B
BapuaHTe KOJIMYeCTBeHHBIX IPU3HAKOB, pACCUUTAHHON
JUIA map CTaHLUMM IO NMPUCYTCTBUIO BUAA U ero OHo-
Macce. KapTrpoBaHue OJBOAHBIX JJAHAMA(PTOB OCHOB-

Poccus

Jabaiikaabckuii Kpai

Puc.1. PacnosioxeHue o3epa KeHoH.
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HOH vacTu o3epa KeHOH U cTaHIUil uccieqoBaHUA Ha
OCHOBE BHJIOBOTO CXOJCTBA JOHHBIX 0€CIO3BOHOYHBIX
BBINIOJIHEHO B mporpamMme ArcGIS 10.8 ¢ ucnosb3oBa-
HHEeM UHCTpyMeHTOB Spatial Analyst 6e3 yuéra Gepero-
BOI 30HHI BofjoéMa. JlopaboTka JieTajieli KapThl BBIIOJI-
HeHa B rpaduueckoM pegakrope CorelDraw.

3. Pe3ynabTaTtbl M 06Ccy)xpeHue

Pe3ysibTaThl BEINOJIHEHHBIX UCCIIEIOBAaHUN MTOKa-
3bIBAlOT HEOQHOPOOHOCTb paclpejieleHUs JOHHBIX
OTJIOXKEeHUH, MakpodUTOB U OPraHU3MOB 3000eHTOCa
B OCHOBHOU 4YacTU NOABOAHBIX JIaHAMA(TOB o3epa
Kenon (Puc. 2, 3, 4, 5 u 6).

[Tpeobaazaonm Mo IUIOMIAAU TUIIOM JOHHBIX
OTJIOXKeHUH B o3epe KeHOH B okTs6pe 2022 T. ABJIAINCDH
TéMHO-cepkle (47,7 %) u cepoie (23,6 %) Wb, B COBO-
KyIHOCTH, cocTtaBuBire 71,3 % oT miomnaau 6eHTanu
(Puc. 2). OcrasipHyl0 €€ 4acTh COCTaBUJIU UJIMCTO-TIeC-
yaHble JOHHBIE 0TJIoXeHMs (12,5 %), mecyaHO-WUJIHUCThHIE
JOHHEIe oTJioxeHMs (8,8 %), mecuaHsle JJOHHBIE OTJIO-
xxeHus (neckn) (6,5 %) u uepusie uisl (0,6 %).

Pazsinuus BHIIOBOTO COCTaBa U OOMJIMA 3000€H-
TOCa O3BOJIMJIM BHIEJIUTD JIBE OCHOBHBIE IPYTIIIHI CTaH-
uuili Ha ocHoBe MaTpullbl CepeHceHa-UYekaHOBCKOIO
(Puc. 3, 4). IlepBas rpymnma CTaHIMIl BKJIIOYaeT mep-
BB 1 BTOpOH KJiacTephl. K mepBomMy KjacTepy OTHO-
cATCA JIeBATh NPEuMYIIeCTBEHHO MPUOpPEXHBIX CTaH-
UM HuccedoBaHUA, TAe IOoKa3zaTeJIl YKCJIeHHOCTU
JOHHBIX 0ecro3BOHOYHBIX 7880 + 2668 3K3./M? U OUo-
maccel 12,8+4,4 r/mM? HaxoOgATCA HA OTHOCHUTEJIHLHO

113°20'0"B 113°22'0"B
1 1

BBHICOKOM ypoBHe. KosmuecTBOo BUAOB B mpobax 37ech
HaxoQWJIOCh B AuamnasoHe oT BocbMU A0 12. K stomy
KJIacTepy OTHECEHHI CTaHI[UM TEPMUYECKOTO BJIMAHUSA
Yutunckoit TOL[-1 B ceBepo-3amajHOIl U 3amagHOMN
yacTu o3epa, o6o3HaueHHble Ha PuicyHke 6 cUMBOJIOM
«t°». BTOpol kJiacTep oxBaTbiBaeT 19 craHIuil uccie-
JIOBaHUsA, OTHOCAMMXCA NPeuMyleCcTBEHHO K Iiry6o-
KOBOJHOW YacTu o3epa. 3[ech, B yCJIOBUAX HEBBICOKO
TeMIlepaTyphl U OTCYTCTBUS PACTUTEIBHOCTU 3000eH-
TOC XapakKTepusyeTcsi HM3KUMU INOKa3aTeJIIMU YHC-
JeHHocTH 2867 + 290 5k3./M2, 6uomaccs 6,6 + 0,5 r/m?
u paszHooOpasus (oT Tpex mo 11 BugoB B mpobe).
BTopas rpymma cTaHI[iil BKJIIOYAeT TOJIbKO TPeTUH KJia-
cTep, COCTOSAIMINI M3 YeThIpeX CTaHIMI, OTHOCAIUXCA
K MeJIKOBOAHOM 30He no riy6uHs 3,5 m (Puc. 2, 4) ¢
pacTUTeJIbHOCThI0. B cpaBHeHUM € OCTaJIbHBIMU KJa-
cTepaMM 3Ta TpyIIa CTAHIUIN OTJIUYAeTCA BBICOKUMU
IoKasaTeJAMU YHcJIeHHOoCcTu 12670+7955 3K3./M?,
CyILIECTBEHHO BBICOKOU Guomaccoui 29,9 +7 r/m2 noH-
HBIX OECIIO3BOHOYHBIX U BBICOKMM OOMJIIEM BUIOB B
npobax — ot 10 o 17.

Ananus pacnpejesieHUss KOMIIOHEHTOB JOHHOM
MO CUCTEMBI TTO3BOJIAET BHIAEJIUTH 3HAUUMYIO B O3epe
Kenon rpanuny (3,8 — 4,1 M) B pacnpefejieHUu co00-
ecTB 3000€HTOCA, PACTUTEbHOCTU U TUIIOB JOHHBIX
oTJIoXeHui 1o riaybune (Puc. 5, 6).

Marepuasnbl 0 pacnpefejieHUM AOHHBIX OTJIO-
XeHUN U JOHHBIX MakpodUTOB, a TakXke 3000eHTOCa
MO3BOJIAIOT BHIAEJIUTh TMOABOAHBIE JIAHAMA(TH B
OCHOBHOM 4YacTU BOIOEMA-OXJaAguTesii YUTHUHCKOU
TOL-1. B okTsa6pe 2022 r. oHU OBUIN Ipe/iCTaBJIEHBL:

113°24'0"B
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YcaoeHbIe 0003HAYEHHS:

1-32| 1 [=—=]5
@ 3,1-47
®47-6
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@75-88 |2
@s88-126
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@231-436

- Oligochaeta
Amphipoda
- Chaoboridae
- Chironomidae 3
- Trichoptera
- Odonata

j Ephemeroptera

‘Immicms{ T2L-1

PactHTemBHOCTD
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I Te)so-ceprre wizt
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[ ITecuano-nmicteie 1O
[ |Meckn
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Puc.2. Kapra-cxema pacnpeziesieHUs JOHHBIX OTJIOXKEHHU!, pacTUTEJIbHOCTU 1 6rioMacchl 3006eHToca B OCHOBHOM 4acTH MO~
BOJIHBIX JaHAmadToB o3epa Kenon, oktsa6ps 2022 r. YcyioBHBIe 06003HaUeHUsA: 1 — HOMepa CTaHI[Ui hccjieJOBaHUsA; 2 — 3HaUeHUs
6romacchl 3000eHTOoCa, I'/M%; 3 — 3000€HTOC; 4 - TUIBI IPYHTA, rae JO — JOHHBIE OTJIOKEHHUS; 5 — TPaHUIIA MEXIY MEJIKOBOIHOM

U rJiyGOKOBOTHOM 30HOH 03epa.
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Puc.3. Kiacrepusanus cTaHIMi HccjieqoBaHUsA 0 3006eHToCy, OKTAOph 2022 T.

1) MenkoBOAHBIM ypouuiieM (Jo riayounsl 4,1 M),
BKJTIOYAOIIMM MeJIKOBOJIHOe moaypouuiie 6e3 pacTu-
TEJIbHOCTU, Y MEJIKOBOJJHOE TIOAYPOUHUIIIE C 3apOCIIAMU
pacTUTesIbHOCTY; 2) TJIyDOKOBOHBIM ypouuieM (4,1 —
6,2 M) (Puc. 2).

daxTopel OKpyXaromell cpefsl (ryiybuHa, THIBL
JOHHBIX OTJIOXKEHUH U HaJINYKe PaCTUTEbHOCTU) BJIU-
SIIOT Ha MPUYPOYEHHOCTh JOHHBIX GECIO3BOHOYHBIX K
BBIJleJIEHHBIM HaMU B OCHOBHOM uactu o3epa KeHoH
ypouumiaMm (Puc. 7).

MenkoBogHoOe ypouuile o3epa KeHOH npefacTas-
JseT co00M HEOAHOPOAHBIN JaHAMADT, BKIIOYAIOIHI
danuy neckoB, WJIHUCTO-TIECYAHBIX JOHHBIX OTJIOXe-
HUH, IeCYaHO-UJIMCTHIX JIOHHBIX OTJIOXEHUM U WUJIOB, C

1 13°2|0'O"B 113°2|2‘0"B

PaCTUTEJILHOCTHIO MJIN 0e3 TaKOBOU M XapaKTePHU3YIo-
muiicas HanboJIbIIMMU [TOKa3aTesAMU YMCJIEHHOCTU U
6romacchl TOHHBIX OECIIO3BOHOYHBIX, CpeAu KOTOPBIX
npeo0JiafaloT JIMYUHKY aMbUOHOTHYeCKNX HaCeKOMBIX
1 aMbUIoAwL.

MesnkoBoHOe moAypouuiie 6e3 3apocieit
pacTuTtesbHOCTU. B daunuu neckoB 0XHOI YacTu
o3zepa Kenon Ha riyoune 1,5 M sanamadrToobpasyto-
OIMM BUAOM, AOMMHHUPYIOUIMM B 3000€HTOCe IO YuC-
JIEHHOCTU U GuoMacce, Oblia 6aiikaJjibcKasi JIMTOPAJIb-
Hasa ambumnona Gmelinoides fasciatus. OHa IIMPOKO
pacmpocTpaHWIach U 3acejiijla MHOTHE BOJOEMEI
Poccutickoii ®denepanuu (Martadonos, 2007; Kyparmios
u ap., 2011a). Gm. fasciatus cnoco6eH HpeoOpPa3oBHI-

113°2|4‘0"B

Yci10BHBIE 0003HAYEHMS:

@ Cranuuu ot6opa npod
—— U3orepmel (4,6)
Knacrepbi:

B
i >
Bl
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<
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p. Kamaminaka

IToxepomamuii kagan TOLI-1

P. 3acTeneHCKHI

5202'0"C

0,85 0,425 0,85 KnnomeTphl

T T
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T
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Puc.4. Kapra-cxema Bbl/ieJIEHHBIX KJIacTepoB (coobiiecTB) 1o 3006eHTOoCy B o3epe KeHoH, okTAOps 2022 T.
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Puc.5. PacnipeniesieHure YiCcIeHHOCTU JOHHBIX 0eClIO3BOHOYHEIX 10 IiyOrHe B o3epe KeHOH,

BaTh OOJIMK MOHHBIX JIaHAWA(TOB IyTeM OpraHu3a-
IUU TpopUUeCKUX CBA3el, y4acTByeT B HaKOILJIEHUU
Y1 MUTpalli¥ XMMHUYecKux sjieMeHTOB (Kypamos u ap.,
2011b), ocymiecTBiiAeT CBA3b MEJIKOBOAHOM U TIJIy-
OOKOBOJHOI 30H O3epa BO BpeMs CBOUX MHUTpanuii
(ITofimokoB u ap., 2024). C TOYKU 3peHus1 yInpaBJeHNs
MIPUPOAHBIMYU U NPUPOJHO-TEXHUYECKUMHU CHCTeMaMu
MOXeT OBITh MCIOJIb30BaH B KadecTBe OMOMHAMKATOpa
COCTOsAAHUA JOHHBIX MecToobuTtanuii (bepesuna, 2016)
1 HM3MEHEeHUs JIMTOPAJbHBIX COOOIIeCTB U KJIMMarTa
peruona (MartadoHnos, 2020).

B damuu wunoB k Ja"AgmadTooOpasyomuM
OopraHu3MaM MOXHO OTHeCTH JIMYMHOK XHPOHOMUJ
Tanytarsus bathophilus, Tanypus punctipennis u Procladius
choreus.

MeJskoBOqHOEe MOAYPOYMINE C 3apOCJIAMHU
pacturenbHoctH (Puc. 8). T'eoskosiornueckas poJib

PaCTUTEJIBHOCTU o0mien3BecTHa, OHA OCaXIaeT B3Be-
50  HUbl, HIMCTO-NECY., IeCYAHO-UINCT. JOHHbIE

OTJI0MKCHHSL, C 3aPOCIL. PacT-TH MK Oe3
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OKTAOph 2022 1.

IIeHHble YacTHUI[Bl U3 BOAHOI TOJIMMU, CIIOCOOHA aKKy-
MYyJIIpOBaTh Tsxesible MeTasuisl (Tsybekmitova et al.,
2019), uaMeHseT CBETOBble U KUCJIOPOJHBIE YCJIOBUA
u T.1. B ceBepo-3anaHoOIl yacTu o3epa, Ha BBIXOJle M3
copocHoro kaHasna YutuHckoi TOLI-1, Ha yepHBIX U1ax
B I'yCTHIX 3apocJiAx Stuckenia pectinata Ha riy6une 1,9 m
no Ouomacce OMUHHPOBATN JIMYMHKA XUPOHOMUL
Psectorcladius zetterstedti u Glyptotendipes gripekoveni
(ct. 3). B ceBepo-BocTOouHOU yactu Bomoéma (cT. 1)
Ha cephIX WjaxX B 3apociiax Stuckenia pectinata Ha Tiiy-
6uHe 3,5 M, JOMUHUPOBAIN XUpoHOMUIH Polipedilum
sp. (Chironominae genuiae N3 Lipina) u Glyptotendipes
gripekoveni, pyuerinuku Cyrnus fennicus, a TakXxe cTpe-
ko3l Ischnura elegans. B 10xxHOI1 yactu o3epa KeHoH (cT.
29 u 30) Ha neckax B 3apocJiax Chara fragilis u Stuckenia
pectinata Ha ryiybuHe 1,7 M o 6uomacce B 3000eHTOCe
JIOMUHHpoOBaJu pydeiiHuku Cyrnus fennicus, CTpeKO3BI
Ischnura elegans u xupoHomunsl Tanytarsus bathophilus.
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Puc.6. PacnipesiesieHre 61iomMacchl JOHHBIX 6eCII03BOHOYHBIX 10 IJTyOrHe B 03epe KeHoH, okTa6ps 2022 1. Ycii0BHbIe 0603Ha-
yeHus: C/p — € paCTUTEBHOCTHIO; t° - CTAaHIUY UCCTIeIOBAHNA B 30HE BJIMAHUA OAOTPETHIX BOJ.
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VcioBHbIE 0003HAYEHNS

1-32 |- craHmmu otdopampos

TTecyanble ZOHHBLE |-
OTIOKCHHA

Cr. defectus P. nubeculosum

TlecqaHO-HITHCTBIE

JOHHBIC OTI0KECHHA
Ch. plumosus (cyngulatus) [
Tanitarsus. sp. (bathophilus:
Mermetidae

31,23,
16,6,22

E. orienm
Th. ploenensis \

B

Ch. annularius

U gfran
/ St. histrig
//

Biplot (axes F1 and F2: 41,43 %)

Psectorcladius sp. 1
Temmeparypa

Ps. nevalis
Ps.
P confugiys N variabilis

Ch. cyngulatus
Psectorcladiys sp. 2

Psectorcladius sp. (sokolovae?)
zerterstedti | pacrymenprocts
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Tvetenia

Cl/mancusg, Sfossularus
_ confinis Gm. fasciatus

® _C arctica

eptoceridae 1 elegans

. lacustris

7

cl. laccophila ‘

F2 (15,28 %)
s

18,28,11,2,5,25 - pigydy

,28,11,2,5, 25, ; ;

24,26,19,14,27.7, Tpuncnpemns
9,15,21,10 Pr. akamusi

E. hoffmeistéry

M. tener
Pr. paradoxus

T bathophilus - Ch. flavican
Pr: choreus

I'my6una

8,4,17,12,13,20, N

TnucThie JOHHBIE
OTIOKEHHA

Lymnaea 1
Dicrotendipes sp.
. N.pseudobtusa
Hydrachnidia .
GI. heteroclita N. communis
Polypedilum sp.

5
F1(26,14 %)

ImacTo-necyansie
JIOHHBIE OTJIOKEHHA

\’ammnymrsus sp.
Ps. sordidellus

———=e 4. monilis
=2

C. horaria

Gl. gripekoveni

C. fennicus E. nymphaeata

20 25 30

Puc.7. PacripefiesieHue BUJI0B 3000eHTOCAa B OCHOBHOHM 4YacTU MOABOAHBIX JIaHAMAGTOB o3epa KeHOH B 3aBUCHMOCTU OT

dakTopoB OKpyXaromeil cpeabl, oKTA6ps 2022 1.

YepenoBaHue BOOHON M Ha3eMHOH ¢a3 OHTOre-
He3a y crpeko3 (KereHuues u ap., 2018) oGyciasnu-
BaeT MX re03K0JIOTHUYeCKyI0 POJib B IlepeHoce BellecTBa
13 BOAHBIX FeOCUCTEM B Ha3eMHble. AHaJIOTUYHAsA POJIb
B JIMTOPAJIbHOM ypoumuile o3epa KeHOH nmpuHaajIexur
U ApyruM aMGuOHNOTHYeCKUM HaceKOMEBIM, HapuMep,
pydelHuKaM.

I'my6okoBogHOe ypouume o3epa KeHOH npen-
cTaBJiieT €000 OMHOTUNHBIN MOHHBINA JlaHAmadT
auanasoHa riyouH 4,1 — 6,2 M, BKIIOUamImil panuu
CepeIX U TEMHO-CephIX WJIOB 0e3 pacTUTEeJIbHOCTH, U
XapakTepusyeTrcs HEeBBICOKMMHU IIOKasaTesJAMM YHC-
JIeHHOCTM U Ouomaccel 3000eHTOca ¢ mpeobJsana-
HHEeM JIMYMHOK [ABYKPBUIBIX HacekoMmbix (Puc. 2, 3,
4 u 6). JlanamadToobpas3ywIMI OpraHU3MaMu
U3 3000eHTOca 37ech ObUIM JIMYMHKA XHAPOHOMUJ
Tanytarsus bathophilus, Procladius choreus u Tanypus
punctipennis, osmroxetrbl Limnodrilus hoffmeisteri u
Befyle HeKTOOeHTUYecKHil oOpa3 XU3HU Xaobo-
punsl Chaoborus flavicans. Mukpopenbed TrIyOGHHHOTO
ypounma (Puc. 9) mpefcrasiyisieT co0OM MHOIOYHC-
JleHHBle AMKUA C¢ TpyOkamMu (JOMHKaMH) XUPOHOMUL
poaa Tanytarsus Ha IOBEPXHOCTU AOHHBIX OTJIOXKEHUI.
IIpeanosioxuTesIbHO, Ha MNOABOAHBIX JlaHAmadTax
o3epa KeHOH sAiMku 06pa3yloTca nIpu NUTaHUN ca3aHOM
opraHusMaMu 3000eHToca.

UsBecTHO, 4uTO XUpOHOMUIHl  Propsilocerus
akamusi cBoell MpPPUTAIlMOHHON AEeATEJIbHOCTBIO CIIO-
CcOOCTBYIOT NMPOHMKHOBEHUIO KHCJIOpoAa B OoJiee IiTy-
OoKue cI0U JOHHBIX OTJIOXKEHH!, TeM CaMbIM OKa3bIBas
BJIMsIHME Ha CHWXeHHe cofepxaHusa B HUX ¢docdopa

201

u xeyie3a (Wenming et al., 2019; Yang et al., 2021).
B o3epe KeHoH B IyIy0OKOBOAHOM ypoumIle JOHHOM
OACUCTEMBI Takas (PyHKIUA NOMHUMO OOUTAIOUIUX B
Hell xupoHoMmuUp Propsilocerus akamusi mpuHAAJIEXAT
oJIMroxeTaM-TyonduIuaam.

B camMoouniieHNM TeXHOTeHHBIX BOJOEMOB
CyLlleCTBeHHas POJIb BBHINOJIHAETCA XHUPOHOMHJAMU
npu ux BeUIeTe. [lo MaTtepuanam ucciiegosanuii 2004
r. (Kmumko u np., 2005) B o3epe KeHon Chironomus
plumosus, xak Haubosiee MacCOBHIHI BUJ U3 IpeJCTa-
BUTeJIel XWPOHOMUJ, BHOCHJI 3HAUYWUTEJIbHBIA BKJIaJ
B ero camoouunieHve. B oktsaope 2022 r. Haubosee
pacrnpocTpaHeHHBIM IIpefcTaBUTeJIeM XUPOHOMUA OBl
Tanytarsus bathophilus, cCOOTBETCTBEHHO, CYLIECTBEH-
Hasd pojib B CaMOOYMINEHHU BOJOEMA-0XJIaAUTeIA
YuTtuHckoi TOLI-1 BHMOIHAIACh M.

HU3MeHeHHsA B TIOABOAHBIX  JiaHAmAad-
Tax BomoéMa-oxjiaautesisi YutmHckon TIII-1.
3aKOHOMEPHOCTU M3MEHEHUI THIOB JOHHBIX OTJIOXe-
HUH B o3epe KeHOH BBIABUTH 3aTPYJHUTEJIBHO B CBA3U
C OTCyTCTBMEM KX KapT. MOXHO IpeanoJoXuTh, 4TO
B CpaBHEHHHU C MaTepuajlaMH NpeAbAyIINX HCCIefo-
BaHui 1985-1991 rr. (Mturunosa u ap., 1998) mpo-
CTpaHCTBEHHOE pacIrpefiejieHre JOHHBIX OTJIOXKEeHUN
0oCcOOBIX M3MEHeHUII He IpeTepresio. BmecTe ¢ Tem
HECOMHEHHO, 4YTO KoJieOaHHsA YPOBHEHHOIO pexuma
o3epa KenoH noj BiausHMeM H3MeHeHHI KiuMara U
IOAKAYKU BOABl M3 p. MHroma B Lesax (QyHKLHWOHU-
poBanua TOIL-1 BiusAeT Ha IUIOLWAAL pacIpoOCTpaHe-
HUA [1eCKOB, 3alJICHHBIX N1€CKOB, MJIOB U T.A. Kak u B
Jpyrux Bojoemax 3abatikanbckoro kpas (MaTtadoHOB,
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Puc.8. MeskoBOgHOE MOAYPOYUIIE C 3aPOCIAMU PaCTUTEJIBHOCTU B I00KHOU yacTu o3epa Kenon, dpespanb 2024 . 1 — paunun
ecKkoB ¢ 3apociisamu Chara tomentosa u BeTolibio Stuckenia pectinata Ha riyoute 1,5 M; 2 — dauus mecuyaHsIX UIOB € 3apOCIAMU

Stuckenia pectinata and Chara fragilis Ha ryry6ute 4,5 m.

2020) B 3acymuiuBble roAsl B o3epe KeHoH npousonuio
ocyllleHHe XapaKTepHBIX [JI MeJIKOBOAHBIX Y4acCTKOB
JIOHHBIX OTJIOKeHUH. IlogbeM ypoBHA BOJBL B 03epe K
2022 r. cnoco6CcTBOBAJI UX 3aTOILIEHUIO.

Osepo KeHOH sABisAeTcAa MEJIKOBOAHBIM BOJOE-
MOM, [IJI1 KOTOPOT'O XapaKTepHbl 3HauuTeJIbHble 13Me-
HEHUA CTeleHW 3apacTtaHusa. B 1986-1991 rr. Gosee
TpeTyu IJIoImaau AHA o3epa ObUIO MOKPHITO Makpodu-
TaMH{, IpeUMYyILIeCTBEHHO XapOBHIMU BOJOPOCJIAMU
(Uturunosa u gp., 1998). B okrabpe 2022 r. makpo-
uUTH IPUCYTCTBOBAJIY JINIID HA ATU U3 32-X CTaHIUN
UCCJIeIOBAaHUS U TOJIBKO N0 TJIyOMHBI 3,5 M u ObljIa
npejicTaBjeHa MpeuMyllecTBeHHO paectamu (Puc. 2).
CoriyiacHO Teopyuu (QYHKIIOHMPOBAHUA MEJIKOBOJHBIX
o3ep (Scheffer and Egbert, 2007) n3meHeHUs cTeneHU
3apacTaHus MOTYT ObITh OOYCJIOBJIEHBI COJepXaHUeM
OMOTeHHBIX 3JIEMEHTOB, BJIMAHNEM pbIO, M3MeHeHHeM
YPOBHA 03epa, BJIUAHWEM KJIMMaTHYecKuX GpakTopoB U
T.[O.

B cBA3M € orpaHuWYeHHBIM pacIpocTpaHeHueM
JOHHBIX Makpo(dUTOB OCHOBHBIM JiaHAmAadTOOOpa3yo-
M KOMIIOHEHTOM B BOoJI0éMe-oxJ1aauTesie YUTUHCKOMN
TOL-1 B okTabpe 2022 r. u3 6eHToca ObUIM JOHHBIE
MakpobeHTOCHbIe 6ecri03BOHOYHBIE. Kak 1 B OTHOIIEHNU
JOHHBIX MakpoUTOB 3000eHTOC 03epa KeHOH mojiBep-
JKeH 3HAUYUTeJIbHBIM U3MeHEeHUAM. CBUeTesIbCTBYIOT O
B 1985-1991 rT. B cTpyKType 3006eHTOCca o3epa KeHoH
no Ouomacce [OOMUHHPOBAJIM XWPOHOMUJBI poAa
Chironomus gr. plumosus u Procladius ferrugineus, moJi-
smocku Sphaereum corneum u Pisidium inflatum, osyuro-

xetsl Tubifex tubifex u xao6opunsl Chaoborus cristallinus
(Aturnnosa u aAp., 1998). Buomacca xupoHOMyca B
Pa3HBIX YaCTAX 03epa B 3TOT NEPUOJ] COCTABJIIIA OKOJIO
50% oT macchl Bcex OpraHuM3MOB 3000eHToca. B okTsa-
6pe 2022 r. xupoHoMuze! pp. Chironomus BcTpevyaanuch
eUHUYHO, MoJutiocku Sphaereum corneum wu Pisidum
inflatum, onmuroxetsl Tubifex tubifex He OOHApyXXEHBI.
W3 npexHero coctaBa AOMHUHAHTOB B 2022 r. B IJy-
OOKOBOAHOM YpOuMIlle JOMUHHUPOBAJIN XUPOHOMUIBI
pona Procladius x xoTopbiM AoGaBuinck Tanytarsus u
Tanypus, a Takxe xaobopusl. Procladius choreus — onuH
13 IATU BUAOB TAHUIIOAWH, BCTPEYAIONINXCA MacCOBO B
runepTpodHbIX BogoéMax (AHukuHa, 2012), B 30HaX,
rge MUHHUMAJIbHAas IPO3PavyHOCTb, HU3KOe coAepxka-
HUe Kucjopoma u OoJblioe coAepXaHue OpraHuye-
CKOTO BelllecTBa. B MeJIKOBOJHOM ypoumile Jranamad-
TOOOGPA3yIIINM BUJIOM CTaJla HEJAaBHO BCEJIMBIIASCA
B 03. KeHoH O0aiikajyibckass juTopajibHas amuioa
Gmelinoides fasciatus — Bua, “30eramUil MeCTOOOU-
TaHUH C TUIIOKCHEN U BO3AelCTBHEM IMOLOTPETHIX BOM
anextpocraHiuil (Bepesuna, 2016).

4. 3aKknioueHue

Juia nmopBoAHbIX JaHAmAdTOB, cHOPMUPOBAH-
HBIX B BojioéMme-oxJiaauTtesne Yutudckou TOL-1 Beifge-
JIeHH miecTh (aruii, pa3UyamlIlecs TUIOM JOHHBIX
OTJIOXEHUH, MUKpopesibed)OM Ha U BUAOBBIM COCTa-
BOM OpraHu3MoB 3000eHTOca. Daruu crpynnrupoBaHbl
B JIBa TUMA YPOYUIL, KOTOPhIE Pa3JIN4aloTcsA o Mopdo-

Puc.9. I'tybokoBoiHOE ypouullle B 10XKHOI yacTu o3epa KeHoH, deBpasib 2024 r.
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MeTpPHUYeCKHUM IoKa3aTeJiAM, HaJN4UI0 pacTUTEJIbHO-
CTH Y COCTaBy JOHHBHIX 0ecriO3BOHOYHEIX. B ceBepo-3a-
MaJHO¥ ¥ 3amafgHOM dYacTAx o3epa (opMupoBaHue
MIOABOAHBIX JIaHAMA(TOB MPOUCXOAUT MOJ TepMuue-
ckuM BiusHueM YutuHckoi TOII-1. [Ipu oTcyTcTBUU
Ha OOJIBIIMHCTBE CTAHIUN PpacTUTEJIbHOCTH, JIaHA-
madToobpasyonMu OpraHu3MaMu B JIMTOPaJIbHOM
ypoumnine Obutn ambumnonsl (Gmelinoides fasciatus),
a B (Qauuax IIyOMHHOrO YpouHuIia — XHPOHOMUIBI
(Tanytarsus u fip.), a Takxe oyiuroxetsl Limnodrilus, u
Beylie HEKTOOeHTHUYeCcK1i1 06pa3 KU3HU Xa000pHU/IbI.
CocraB jagama@TooOpas3yoIux OpraHu3MoB 3000eH-
TOoca onpefeJisfeT reoskosiorndeckue GyHknuu (BKIang
B reoXHMHYecKre [UKJIbL; OpraHU3aluio CBA3el MexXAy
BOJHOM M Ha3eMHOH reocucTeMaMy; OcCyIlecTBJIeHHe
MOHUTOPUHTA 3a KaUeCTBOM BOJIHOM cpefsl U T.[I.) OeH-
TOCHOI OMOTHI B reocrcTeMe BoJjoeMa-0XJIaAuTeIs.

[losiyuenHble OaHHBIE BIEpBBle MAAlOT Mpe.-
CTaBjleHHe O COBPEMEHHOM COCTOSHHU IOABOJHBIX
nagamadToB o3epa KeHoH, chopMUpOBaHHOM MOA
BJIsAAHMEM NIPUPOAHBIX U IPUPOAHO-TEXHNYECKUX (ak-
TOPOB, a TaKKe OTKPHIBAIOT BO3MOXHOCTb HCIIOJIb30Ba-
HuA 'MC-TexHOJIOrUI NpU aHa/IM3e UX U3MeHeHHH U
OILleHKe Ire03K0JIOTMYeCKO CUTyalluu B JOHHOM NoJACH-
cTeMe o3epa.
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