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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.

Keywords: subaquatic landscapes, natural-technical system, thermal power plants, geoecological situation, benthic
invertebrates, Kenon Lake, geoinformation systems

For citation: Shoydokov A.B., Matafonov P.V. Subaquatic landscapes of Kenon Lake — the cooling reservoir of Chita TPP-1 //
Limnology and Freshwater Biology. 2025. - No 2. - P. 187-204. DOI: 10.31951/2658-3518-2025-A-2-187

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, 5 and 6).

Russia

Trans-Baikal territory

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).

the boundary between a shallow and deep-water landscapes
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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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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-

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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MoaBoaHble naHAWaDTHI 03epa KeHOH -
BOAOeMa-oxnapuTena Uutunuckon TILU-1

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

HHcmumym npupodHsix pecypcos, sKoJtoeull u kpuostoeuu Cubupckozo omdesteHus Poccutickoti akademuu Hayk, ys. Hedope3osa, 16a,
2. Quma, 672014, Poccua

AHHOTAILHA. Vi3MeHeHNe NPpUPOAHO-TEXHUYECKNX CHCTEM IOJ BIMSAHKWEM KJIMMAaTa U aHTPOIOreH-
HOU JleATeIbHOCTH 00ycJIaBinBaeT He0OXOAUMOCTh TOHNMaHUA 0cO0eHHOCTel uX GyHKINMOHUPOBaHUA
JJ1A AaJibHeHIero IporHo3upoOBaHUsA UX Pa3BUTHUS, a TaKXKe yIIpaBjeHus. BogoéMel-oxaaguTenu — npu-
POAHO-TeXHUYeCcKHe CHUCTeMbl, QYHKIMOHNPOBaHUE KOTOPHIX 3aBUCUT OT KJIMMaTUYeCKUX U3MeHEeHUH,
HM3MeHEeHU! YPOBHEHHOrO0 peXuMa U TepMUYecKOro BJIMAHUA cOpoca BOJ C TEIIOdJIEKTPOCTAHIUIL.
[ToHMMaHMEe Te03KOJIOTUYECKON CUTYyaluy B JIOHHOM TOJCHCTEME BOJI0€Ma BO3MOXHO Ha OCHOBE eé
M3y4YyeHUs ¢ MprUMeHeHUeM JIaHAMAadTHOro MOAX0a, KOTOPhIM TOJIbKO HaUWHaeT HCIOJIb30BaThCs IO
OTHOUIEHUI0 K M3YYEHUI0 BONOEMOB. llesblo nccaeqoBaHusA CTaJI0 BhIAEJIeHHEe U KapTorpadupoBaHue
MMOIBOJIHBIX JIAHAIIAa(PTOB OCHOBHOU 4YacTu o3epa KeHoH. B Bomoéme-oxmaautesne YutuHckon TOII-1
BBIABJIEHO IllecTh (paruii, pasjinyaroliuxcsa THUIIOM JOHHBIX OTJIOXEHUH, HaJMuleM PacTUTeIbHOCTH,
BUJOBBIM COCTABOM 3000€HTOCA, MX KOJMYECTBEHHBIMM M KA4YEeCTBEHHBIMHU IOKaszareaamu. darun
CrpyIIMPOBaHEL B IBa THIA YPOUUIL], Pa3JINYa0IIUXCA M0 TJIyOrHe, TUIy JOHHBIX OTJIOXKEHU 1 COCTaBy
JOHHBIX 0ecrno3BOHOYHBIX. DopMUpOBaHKE NOABOJAHBIX JaHAMA(TOB B ceBepo-3alafHON U 3amaf-
HOU 4acTy o3epa KeHOH NponcxXoOuT MoA BJIMAHKEM IOBBIIIEHHON NPUAOHHOU TeMmIepaTyphl cOpo-
cHol Bogel YntuHckor TOLI-1. IlosyuyeHHBle JaHHBIE BIIepBble AAl0T Ipe/CTaBJIeHHE O COBPeMEHHOM
COCTOSAHUN OCHOBHOH YacTU IOJBOJHBIX JIaHAmAa(TOB 03epa KeHOH, chopMUPOBaHHOM IIOJ BIUAHUEM
IIPUPOJHBIX U NPUPOAHO-TEXHUYECKNX (AKTOPOB, a TaKXe OTKPBIBAIOT BO3MOXKHOCTH HCIIOJIb30BAHUS
reoH(OPMAaIOHHBIX CUCTEM IIpY aHaJIM3e UX M3MEHEeHHHN U OlleHKe I'e0dKOJIOTMYEeCcKOl CUTyaluu B
JOHHOU TMOJICICTEME 03€epa.

Kitioyeawie citoda: noaBoiHbIE .T[aHI[IlIa(I)TI)I, NpUPOJHO-TEXHUYECKAA CUCTEMA, TEIJIO3JIEKTPOCTAaHIIVH,
reos3KOoJIornYecKasa curtyanuAa, JOHHbIE 6€CH03BOHO‘IHbIe, 03€epo KeHom, I‘eOI/IH(IJOpMaI_II/IOHHbIe
CHICTEMBI

Jisa nutupoBaHusi: [lloiigokos A.b., Matagonos I1.B. [TogoaHble tanAmad TH 03epa KeHOH — BogoemMa-oxyiaanTesisa UNTUHCKON
TBII-1 // Limnology and Freshwater Biology. 2025. - No 2. - C. 187-204. DOI: 10.31951/2658-3518-2025-A-2-187

1. Beepenne (ITTC), ycroitunBOCTh U (PYHKIMOHUPOBAHUE KOTOPHIX

3aBUCUT KaK OT COCTOSHUA eé HpI/IpO,E[HOfI, TaK U TeX-

®opmypoBaHue, 3BOJIIOLMA U Pa3BUTHE Teo- Huueckon nozcucreM. OyHKIUoHMpoBaHue IITC o0y-

CHUCTEM TPOHCXOJUT OJHOBPEMEHHO TIOJ] BJIUSHUEM
KJIMMaTUYECKUX, MPOCTPAHCTBEHHBIX UM BPEMEHHBIX
ocobeHHocTell  reorpaduveckoii  (JTaHAImadTHOM)
obosiouku 3emutu (XotmHckuii, 1977; CouaBa, 1978;
HuxkosaeB, 1986; CxkppuibHUK, 2018). OpHako, B
HellaBHee BpeMA K KJIMMATHYECKUM H3MEHEHUSIM
nobaBuyiach aHTPOIOTEHHAas [OeATEJIbHOCTh, BJIMSHUE
KOTOPON M3MEHWJIO M3HAYaJIbHO CcHOPMHUPOBABLIHECS
KOMIIOHEHTBI IIPUPO/IHBIX CUCTEM M YCJIOBUA UX (PYHK-
LUOHUPOBAHUA. [IpOUCXOALINE N3MEHEHUS PUBEITU K
MOSIBJIEHUIO CJIOXKHBIX MPUPOAHO-TEXHUYECKUX CHUCTEM
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CJIOBJIMBAET TOSIBJIEHHME OCOOBIX TI'€03KOJIOTMYECKUX
CUTyaluil M yCcJIOBUI (IIPOCTPaHCTBEHHO-BPEMEHHBIX,
cpeoobpasyIuX, HPUPOJHO-AaHTPONOTEHHBIX (hak-
TOPOB U 3KOJIOTUYECKUX MpobJieM) B eé MoAcHUcTeEMAX,
CYIIECTBEHHO BJIMAIIUX Ha XU3Hb U JAEATEJIbHOCTh
HaceJIeHUs.

OHUMU U3 paclpoCTpPaHEHHHBIX THUIIOB MPUPOJI-
HO-TEXHUYECKUX CHCTeM, Hecymx B cebe xuaHeobe-
crieynBamme (QYHKIUHM, ABJAIOTCA BOAOEMBI-OXJIA-
putenu. OHM mpefcTaBssaioT coboit [1TC, moaBoaHbIE
JlaHqmadThl KOTOPHIX (POPMUPYIOTCA NMOJ BJIUAHUEM
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JOTIOJIHUTEJIPHOTO TOCTYIUJIEHUsS TEMJIOBOM SHepruu
U Apyrux GakTopoB, OOYCJIOBJIEHHBIX [eATeJIbHO-
CTBIO TEIJIODJIEKTPOCTAHLIUM, 1 CBA3aHbl MeX]ly COOOM
OOIIM MECTOIIOJIO)KEHEM M OOMEHOM BEIIECTBOM U
SHepruem.

Bopoém-oxmagutenip YutuHckont TOII-1 3aHuU-
MaeT IleHTpaJibHoe MecTo B KeHOHCKOI mpupof-
HO-TEXHUYECKOU CUCTEME U ABJIAETCA OQHUM U3 KJIIO-
YyeBhIX OOBEKTOB B MPOU3BOACTBE Telja U 3HEpPruu
B 3abaiikasibckom Kpae (Mrturunosa u aAp., 1998).
HecmoTps Ha runpo6uosiornyeckue (basaposa, 2012;
Kyxnun, 2017; BazapoBa u Kykmun, 2023), ruapo-
gorudyeckre  (BosorgunH, 1972), 2KOJOruYeckue
(LpibexmutoBa u fp., 2017) u rugpoxuMuieckue
(Tokapesa, 2015; TokapeBa u ap., 2016; Illapanos u
TokapeBa, 2016; YcmanoBa u ap., 2018) uccienosa-
HUS BOJIOEMaA IJIA MTOHMMAaHUS CJIOXKUBIIENCSA T'e03KO-
JIoTUYeCcKOoN cuTyauuu B o3epe KeHOH U ocymiecTBJie-
HUIO MEPONPUATUIN 1O COXPaHEHMUIO, BOCCTAaHOBJIEHUIO
U MOJi/Iep’KaHuI0 ero 3KOCHCTEeMBbl HeJJOCTaTOYHO CBe-
JEeHUN O MPOCTPAHCTBEHHOM paclpe/iejieHU KOMIIO-
HEHTOB JOHHOMU IOJICICTEMBI.

[TpoBefileHNe 3KOJIOTHYECKH OPHEHTHPOBAHHBIX
JIMMHOJIOTUYECKUX UCCJIENOBAHUI C KCII0JIb30BAaHUEM
na"AmadTHOrO NOAXOAA MO3BOJIAET OINpeIeuTh KO-
Jorudeckoe cocTosiHue Bojioéma ([lynakoBa u AHOXUH,
2021). Ha Ham B3rj1s[ Takol Moaxo[ MpUMeHUM U K
OIleHKe re03KO0JIOTUYeCcKo cuTyarnuu B 03. KeHoH, T.K.
OH TI03BOJISIET BBIJIEJIUTD KJII0UeBble (VA3BUMBIE) YacTU
MOJIBOJIHBIX JIaHAMa(dTOB HauboJiee BBICOKOT'O aHTPO-
MOTeHHOT'0 BO3/IeHCTBHUA B U3y4aeMoOU MPUPOAHO-TEX-
HUYECKOU CUCTEME.

Lesb uccieqOBaHUA — BBIIEIUTH IMOJIBOIHbBIE
nasAmadTel OCHOBHOM YacTU BOJOEMA-OXJIaNTesIs
YurtuHckoil TALI-1 mo Tumam JOHHBIX OTJIOKEHUH, C000-
1ecTBaM pPacTUTEJIBHOCTHU U JIOHHBIX 0€CITO3BOHOYHBIX.

2. MaTepuanbl U MEeTOAbI MCCAEAOBaHUA

Ozepo Kenon (52.03915°c.m1., 113.38446°B.1.) —
OVH M3 CaMbIX KPYITHBIX BOJIOEMOB BepxHeaMypcKOro
bacceitHa (Uturmnosa u Ap., 1998), HaxopmsAuuiics
Ha CeBepo-3amafHOM OKpawHe T. UMTH B Mpejesiax
YUTUHCKOU KOTJIOBUHBI HAa BTOPOH 3PO3UOHHO-AKKY-

MYJIATUBHOU HaJNOVIMEeHHON Teppace Ha BbicoTe 650
M (IIumkuH, 1972), B OKPY>XEHUN TOPOJICKUX JKUJIBIX,
IIPOMBIIIJIEHHBIX M TEXHOJOTMYeCKUX IpeanpuATUi
(Puc. 1). B cBoeM ¢pusuko-reorpaduieckoM MoJIOKeHUN
BOZOEM BKJII0YAIOT B UUTUHO-UHIOAMHCKUI OCTeNHeH-
HO-KOTJIOBUHHBIN OKpyr VHroanHo-OHOHCKOHU KOTJIO-
BUHHO-CpPeHeropHoW mnpoBUHIMU HOxHO-CubupcKoin
ropHol obsiactu (Atiac 3abaiikasnbsa, 1967). Kimumat
TeppUTOPUN pe3KO-KOHTHMHEHTaJIbHbIHN. bacceliH Bogo-
éMa, kak 1 YnTuHo-UHroguHCcKas KOTJIOBHHA B 11eJIOM,
OTHOCHUTCA K palioHaM HeJJOCTaTOYHOI'O YBJIAXXKHEHUA.

[To HamuM JaHHBIM Ha OKTAOpb 2022 r. 1IoIaib
o3epa cocrapiisizia 15,2 km?, mymHa — 5,6 KM, MUpUHA
(cpenussn) - 2,9 km. CpenHss riyousHa — 4,8 M, Makcu-
MaJibHas — 6,2 M.

HccneoBaHus BRIOJTHEHBI 21-22 oKTAOpA 2022
I. Ha 32-X MOHUTOPHHIOBBIX CTAHIUAX, PaBHOMEPHO
pacnpefiesieHHBIX 110 03epy KeHoH. MecTtomnosioxeHue
CTaHIMH oNpelesiAnn Mo reorpad@uieckuM KOOpAMHA-
TaM. [TpoObI JOHHBIX OTJIOXKEHUH, JOHHBIX 6€CTII03BOHOY-
HBIX ¥ Makpo®UTOB 0TOOpaHbl B OJHOKPATHON MOBTOP-
HOCTH C HCNOJIb30BaHHeM AHoueprartesa [lerepceHa
(14 0,025) ¢ momansio 3axsaTta 0,025 M2, Tul JOHHBIX
OTJIOKEHUH oIlpefiejieH HelloCpe[CTBEHHO Ha BOAOEMe
B COOTBETCTBUM C PyKOBOJIcTBOM (AbBakymoB, 1983).
[Tpo6s! 3000eHTOCa OTMBITHI OT I'PYHTA Yepe3 MeJIbHUY-
Hoe cUTo ¢ pasMmepoM sAven 0,3 mMm. UaeHTrdukanusa u
KOJIMYeCTBEHHBIH yUéT OpraHn3MOB JOHHBIX 0eCro3BO-
HOYHBIX BBIIIOJIHEH C MCII0JIb30BaHNEM MUKPOCKOIIOB
MBC-10 u MukMen-1. BecoBble XapakTepHUCTUKUA Opra-
HHU3MOB OIlpefeJsieHbl Ha Becax TOpcHOHHBIX BT-500.
[TonBoaHasa doTocbeMKa AOHHBIX JaHAMA(TOB o3epa
KenoH BrinosiHeHa B ¢eBpasie 2024 r.

Jlanama@dTHyYI0 KapTy COCTaBJIsUIM Ha OCHOBe
THUINOB JOHHBIX OTJIOXKEHUH, IIPOCTPaHCTBEHHOI'0 pac-
npefesieHUs MakpopHUTOB, a Takxe JOHHBIX Oecro3Bo-
HOuHBIX. OmubKa cpefHero paccuMraHa B IIporpamMme
Microsoft Excel. Knacrtepusanus craHuuii ucciezo-
BaHUA C IeJIbI0 BBIJEJIEHUA Ccoo0IlecTB 3000eHToca
BHIIIOJTHEHa B mporpamMe Statistica 10 Ha ocHOBe
maTpulsl KoapdunrentoB CepeHceHa-YeKaHOBCKOIO B
BapuaHTe KOJIMYeCTBEeHHBIX IPU3HAKOB, pACCUUTAaHHON
JUIA Tlap CTaHLUWM IO NMPHUCYTCTBUIO BUAA U ero OHo-
Macce. KapTrpoBaHue oJBOAHBIX JJAHAMA(PTOB OCHOB-

Poccus

Jabaiikaabckuii kpai

Puc.1. PacnosioxeHue o3epa KeHoH.
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HOH yacTy o3epa KeHOH U cTaHIUil uccaeqoBaHUA Ha
OCHOBe BHJJOBOT'O CXOJCTBA JOHHBIX 0€CI0O3BOHOYHBIX
BBINIOJIHEHO B mporpamMme ArcGIS 10.8 ¢ ucnosb3oBa-
HHeM UHCTpyMeHTOB Spatial Analyst 6e3 yuéra Gepero-
BOI 30HBI BoZloéMa. JlopaboTka JieTasiell KapThl BBIIOJI-
HeHa B rpaduueckoM pegakrope CorelDraw.

3. Pe3ynabTatbl M 06Ccy)xpeHue

Pe3ysibTaThl BBINOJIHEHHBIX UCCIIEIOBAaHUN MTOKa-
3BIBAIOT HEOJAHOPOJHOCTh paclpefesieHUs JOHHBIX
OTJIOXKEeHUH, MakpodUTOB U OPraHU3MOB 3000eHTOCa
B OCHOBHOU 4YacCTU NOABOAHBIX JIaHAMA(TOB o3epa
Kenon (Puc. 2, 3, 4, 5 u 6).

[TpeobiajamouM Mo IJIOMIAAU TUIIOM JOHHBIX
oTJIOXKeHU B o3epe KeHOH B okTsa6pe 2022 T. ABJIAINCH
TéMHO-cephle (47,7 %) u cepoie (23,6 %) Wb, B COBO-
KyIHOCTH, cocTaBuBiie 71,3 % oT iomaau 6eHTanu
(Puc. 2). OcrasyipHyl0 €€ 4acTh COCTaBUJIA UJIMCTO-TIEC-
yaHble JJOHHBIE 0TJIoXeHMs (12,5 %), mecyaHO-HUINCThHIE
JOHHBIe oTJioxeHMsA (8,8 %), mecuaHsle JJOHHBIE OTJIO-
sxeHus (neckn) (6,5 %) u uepusie usl (0,6 %).

Pazinuns BUAOBOrO cocTaBa M OOMJIMs 3000€eH-
TOCa MO3BOJIMJIM BBIAEJIUTH JIBE OCHOBHBIE TPYTIIIHI CTaH-
uuii Ha ocHoBe MaTpullbl CepeHceHa-UYekaHOBCKOI'O
(Puc. 3, 4). IlepBas rpymnma CTaHI[MIl BKJIIOYaeT Nep-
BBIII 1 BTOpOH KJiacTephl. K mepBomMy KkjlacTepy OTHO-
cATCA JIeBATh NMPEUMYIIeCTBEHHO MPUOPEXHBIX CTaH-
UM HCCJIeJOBaHUA, TJle MOoKasaTeJIl YHCJIeHHOCTU
JTOHHBIX 0ecr0o3BOHOYHBIX 7880 + 2668 3K3./M? U OUo-
maccel 12,8+4,4 r/mM? HaxogATCA HA OTHOCUTEJIHLHO

113°20'0"B 113°22'0"B
1 1

BBICOKOM ypoBHe. KosmuecTBO BUAOB B mpobax 37ech
HaxXoQWJIOCh B uamnasoHe oT BocbMU A0 12. K saTomy
KJIaCcTepy OTHECEHbI CTAHI[UM TEPMUYECKOTO BJIMAHUSA
Yutunckoit TOL[-1 B ceBepo-3amajHON U 3amagHOMN
yacTu o3epa, o603HaueHHble Ha PuicyHke 6 cUMBOJIOM
«t°». BTopoll kyiactep oxBaTbhiBaeT 19 craHIuil uccie-
JIOBaHUsA, OTHOCAIMMXCA NPEeUMyL[eCTBEHHO K TJiy6o-
KOBOJHOW YacTU 03epa. 3/1ech, B yCJIOBUAX HEBBICOKOU
TeMIlepaTypbl U OTCYTCTBUs PACTUTEJIBHOCTU 3000eH-
TOC XapaKTepusyeTcsi HM3KUMU TOKa3aTeJIIMU YUC-
JeHHocTU 2867 + 290 s5k3./M2, 6uomaccs 6,6 + 0,5 r/m?
u pasHooOpasus (oTr Tpex mo 11 BumoB B mpobe).
BTopas rpymma cTaHI[yil BKJIIOYAeT TOJIbKO TPeTUl KJia-
cTep, COCTOSAIINI M3 YeThIpeX CTAHIMI, OTHOCAIUXCA
K MeJIKOBOAHOM 30He no riyouHsl 3,5 m (Puc. 2, 4) ¢
pacTUTeIbHOCThI0. B cpaBHeHHUM € OCTaJIbHBIMU KJa-
cTepaMM 5Ta TPyIa CTAHIUI OTJIMYAeTCsA BBICOKUMU
ImokasaTeJAMU 4HhcJIeHHOCcTu 126707955 3K3./M?,
CyILIECTBEHHO BBICOKOU Gromaccou 29,9 +7 r/m2 noH-
HBIX OECIO3BOHOYHBIX U BBICOKUM OOWMJIIEM BUIOB B
npobax — ot 10 o0 17.

Ananus pacnpefiesieHUsi KOMIIOHEHTOB JOHHOM
MOJICUCTEMBI TTO3BOJIAET BHIAEJIUTH 3HAUUMYIO B O3epe
Kenon rpanuny (3,8 — 4,1 M) B pacnpefejieHUu coo0-
IecTB 3000eHTOCa, PACTUTEIBHOCTA U TUIOB JIOHHBIX
oTJioXeHui 1o riayoune (Puc. 5, 6).

Martepuasibl 0 pacrnpefejieHUM AOHHBIX OTJIO-
XKeHUN U JOHHBIX MakpodUTOB, a TakXke 3000eHTOCa
MO3BOJIAIOT  BHIAEJIUTH TOABOAHBIE JIAHAMA(TH B
OCHOBHOM YacTU BOJOEMA-OXJaguTesii YUTHUHCKOU
TOL-1. B okTsa6Gpe 2022 r. oHU OBUIN Tpe/ICTaBJIEHBI:

113°24'0"B
1

YcaoeHbIe 0003HAYEHHS
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- Chaoboridae
- Chironomidae 3
- Trichoptera
- Odonata

| Ephemeroptera
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| |Wmcro-necuansie 1O
ITecuano-wmictsie JIO
| |Meckn

52“2]'0"C

T
52°2'0"C

0,85 Kunometpbi

T T
113°20'0"B 113°22'0"B

T
113°24'0"B

Puc.2. Kapra-cxeMma pacnpeziesieHUs JOHHBIX OTJI0XKEHHU!, pacTUTEJIbHOCTU 1 61ioMacchl 3006eHToca B OCHOBHOM YacTH MO/I-
BOJIHBIX JaHAmadToB o3epa Kenon, oktsa6pb 2022 r. YcsioBHBle 0003HaUeHUsA: 1 — HOMepa CTaHI[UH 1ccIeJOBaHUsA; 2 — 3HaUeHUs
6uomacchl 3000eHToca, I'/M%; 3 — 3000€HTOC; 4 - TUIBI IPYHTA, rae JO — JOHHbBIE OTJIOKEHHUS; 5 — TPaHUIA MEXY MEJIKOBOHOM
U TJIyOOKOBOTHOU 30HOM 03epa.
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Puc.3. Kitactepusanus cTaHIMH UccjaeqoBaHUA 0 3006eHToCy, OKTAOph 2022 T.

1) mMenkoBoaHBIM ypouuiieM ([0 riayouHsl 4,1 M),
BKJTIOYAOIIMM MEJIKOBOJIHOE Toaypouuiie 6e3 pacTu-
TEeJIbHOCTU, Y MEJIKOBOJITHOE TIOAYPOUHMIIIE C 3apOCIIAMU
pacTUTeJIbHOCTY; 2) TJIyOOKOBOAHBIM ypouuieM (4,1 —
6,2 M) (Puc. 2).

daxTopel OKpyXarolell cpefsl (ryiybuHa, THIbL
JOHHBIX OTJIOXKEHUU U HAJIMYUe PACTUTEIbHOCTU) BJIU-
SIIOT HA MPUYPOYEHHOCTb JOHHBIX GECIO3BOHOYHBIX K
BBIJleJIEHHBIM HaM{ B OCHOBHOM uacTtu o3epa KeHoH
ypouumaMm (Puc. 7).

MenkoBogHoOe ypouulle o3epa KeHoH npenacTas-
JseT co00M HEOAHOPOAHBIN JaHAMADT, BKIIOYAIOIUI
panuy mneckoB, WUJIMUCTO-TIECYAHBIX JOHHBIX OTJIOXe-
HUH, IeCYaHO-UJIMCTHIX JIOHHBIX OTJIOXEHUH U WUJIOB, C

113°2|0'0"B 113°2|2‘0"B

PacTUTEsIBHOCTBIO MU 6e3 TaKOBOM M XapaKTepu3ylo-
mulicsas HaubOoJIbIIMMU [OKa3aTesAMU YMCJIEHHOCTU U
6uomacchl TOHHBIX OECIIO3BOHOYHBIX, Cpeu KOTOPBIX
peobsafaT JUYNHKA aMPUONOTUYECKUX HACEKOMBIX
1 aMbUIoAsL.

MesnkoBoHOe moAypouuiie 6e3 3apocieit
pactuTtesbHOCTH. B Qaunuu neckoB 0XHOUI YacTu
oszepa Kenon Ha riy6une 1,5 M sangmadToobpasyro-
MM BUAOM, AOMMHHUPYIOUIMM B 3000€HTOCE IO YHC-
JIEHHOCTU U 6uomacce, ObUIa GalikaabcKas JINTOPAJIb-
Has ambumnona Gmelinoides fasciatus. OHa IIHMPOKO
pacmpocTpaHWIach U 3acejiijla MHOTHE BOJOEMEI
Poccutickoii denepanuu (Matadonos, 2007; Kyparios
u ap., 2011a). Gm. fasciatus crnoco6eH HpeoOpPa3oBHI-

113°2|4'0"B
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Puc.4. Kapra-cxema Bbl/ieJIEHHBIX KJIacTepoB (coo0iiecTB) 1o 3006eHToCy B o3epe KeHoH, OKTAOpD 2022 T.
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BaTh OOJIMK [OHHBIX JIaHAWA(TOB IyTeM OpraHusa-
Uy TpopUUeCKUX CBA3el, y4acTByeT B HaKOILJIEHUU
Y1 MUTpalliy XMMHUYecKuXx sjeMeHToB (Kypamos u ap.,
2011b), ocymiecTBiAeT CBA3b MEJIKOBOAHOM U TIJIy-
OOKOBOJIHOU 30H O3epa BO BpeMsA CBOUX MHUTrpanuii
(IlotimokoB u ap., 2024). C TOYKU 3peHus1 yIpaBJieHNs
NIPUPOAHBIMU U NPUPOJHO-TEXHUYECKUMHU CHCTeMaMu
MOXeT OBITh MCIOJIb30BaH B KauecTBe OMOMHAMKATOpa
COCTOsIHMA JIOHHBIX MecToobuTanuii (bepesuna, 2016)
1 HM3MEHEeHUs JIMTOPAaJIbHBIX COOOIIeCTB U KJIMMara
peruona (MartadoHos, 2020).

B damuu wmioB k JjasAgmadTooOpasyomuM
OpraHusMaM MOXHO OTHeCTH JIMYMHOK XHPOHOMU[
Tanytarsus bathophilus, Tanypus punctipennis v Procladius
choreus.

MeakoBoqHOe IOAypPOYMINE C 3apOCIAMHU
pacturenbHoctH (Puc. 8). T'eoskosiornueckas poJib

PaCTUTEJIbBHOCTU O6H.IeH3BeCTHa, OHa ocaxJaeT B3Be-
50 MBI, HIHUCTO-NECY., IECYaHO-WINCT. JIOHHBIC
OTJIOKCHHS, C 3apOC/l. pACT-TH HIH oe3
Clp
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Puc.5. PacupenesieHne 41CI€HHOCTH AJOHHBIX 0€CIIO3BOHOYHBIX 10 IyOnHe B 03epe KeHOH, okTAGPh 2022 T.

IIeHHble YaCTHUI[Bl U3 BOAHOI TOJIMMU, CIIOCOOHA aKKy-
MYyJIIpOBaTh Tsxesibie MeTasuisl (Tsybekmitova et al.,
2019), uaMeHseT CBETOBble U KUCJIOPOJHBIE YCJIOBUA
u T.0. B ceBepo-3amaHoll yacTu o3epa, Ha BBIXOJle M3
copocHoro kaHasa YntuHckoi TOLI-1, Ha yepHBIX UIax
B I'yCTBIX 3apocJiAx Stuckenia pectinata Ha riy6use 1,9 m
no Ouomacce OMUHHPOBANN JIMYMHKA XUPOHOMUL
Psectorcladius zetterstedti u Glyptotendipes gripekoveni
(ct. 3). B ceBepo-BocTOouHOU yactu Bomoéma (cT. 1)
Ha cephIX Wjax B 3apociiax Stuckenia pectinata Ha TJiy-
6uHe 3,5 M, JOMHUHUPOBAIN XUpoHOMUIH! Polipedilum
sp. (Chironominae genuiae N3 Lipina) u Glyptotendipes
gripekoveni, pyuerinuku Cyrnus fennicus, a TakXxe cTpe-
ko3bl Ischnura elegans. B 1oxxHOI1 yactu o3epa KeHoH (cT.
29 u 30) Ha neckax B 3apociiax Chara fragilis v Stuckenia
pectinata Ha ryiybuHe 1,7 M 1o 6uomMmacce B 3000eHTOCe
JIOMUHHpoOBaJu pydeiiHuku Cyrnus fennicus, CTPeKO3BI
Ischnura elegans u xupoHomusl Tanytarsus bathophilus.
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Puc.6. Pacnipesiesienne 61iomMacchl JOHHBIX 6€CII03BOHOYHBIX O I'1yOrHe B 03epe KeHoH, okTA6Gps 2022 1. Yci10BHBIE 0603Ha-
yeHUs: C/p — C paCTUTEIBHOCTHIO; t° - CTAaHIUY KCCJIeIOBAHUA B 30HE BJIMAHNA IOAOTPETHIX BOJ.

200



Lllotidokos A.B., MamagpoHos [1.B. / Limnology and Freshwater Biology 2025 (2): 187-204

20
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Tlecuanble JOHHbIE
OTIOKEHHA

Cr. defectus P. nubeculosum

TlecdaHO-HIHCTBIE
JIOHHBIE OTIOKEHHA

1/

[

Ch. plumosus (cyngulatus)
Tanitarsus. sp. (bathophilus:
Mermetidae

31,23, E. orienm

16,6,22

Th. ploenensis

B

Biplot (axes F1 and F2: 41,43 %)
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_ confinis Gm. fasciatus

® _C arctica
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" pigyel,
T. punctipennis //

Pr. akamusi
. hoffmeistéry

F2 (15,28 %)

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

18,28, 11,2, 5,25,

24,26,19,14,27,7,
9,15,21,10

M. tener
Pr. paradoxus

T. bathophilus  Ch. flavicans
Pr: choreus

I'my6una

-20
-20

IlmacTo-necyansie
JIOHHBIE OTJIOKEHHA

\i’ammnyl‘msus sp.
Ps. sordidellus

TnucThie ToHHBIE
OTIOKEHHA

Dicrotendipes sp.
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F1(26,14 %)
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Hydrachnidia
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Puc.7. Pacripefiesienne BUI0B 3000eHTOCAa B OCHOBHOHM 4YacTU MOABOAHBIX JIaHAMAGTOB o3epa KeHOH B 3aBUCUMOCTU OT

dakTopoB OKpyXaromei cpeabl, OKTA0ps 2022 1.

YepenoBaHue BOAHON M Ha3eMHOHN (a3 OHTOre-
He3a y crpeko3 (KereHuues u ap., 2018) oGyciasnu-
BaeT MX re03K0JIOTHYeCKyI0 POJib B IlepeHoce BellecTBa
13 BOAHBIX F€OCUCTEM B Ha3eMHble. AHAJIOTUYHAsA POJIb
B JIMTOPAJIbHOM ypoumuine o3epa KeHOH IpuHaaIexuT
U ApyruM aMGuOHNOTHYeCKUM HaceKOMBIM, HalpuMep,
pyuelHuKaM.

I'my6okoBogHOe ypouumie o3epa KeHOH npef-
CTaBJiieT COOOM OMHOTUMIHBIN MOHHBIN JlaHAmAQT
AuanasoHa riiyouH 4,1 — 6,2 M, BrIIovamumil anumn
CeprlX U TEMHO-CephIX WJIOB 0e3 pacTUTEeJIbHOCTH, U
XapakTepusyeTcs HEBBICOKMMH IIOKasaTeJIAMU YHC-
JIeHHOCTH U Omomaccel 3000eHTOca ¢ IpeobJsafna-
HHEeM JIMYMHOK [ABYKPBUIBIX HacekoMmbix (Puc. 2, 3,
4 u 6). JlanamadToobpasywIMI OpraHU3MaMu
U3 3000eHTOca 3[ech ObUIM JIMYMHKA XHAPOHOMU[
Tanytarsus bathophilus, Procladius choreus u Tanypus
punctipennis, osmroxetrbl Limnodrilus hoffmeisteri u
BeAylle HeKTOOeHTUYeCcKUil o0pa3 Xu3HU Xaobo-
punbsl Chaoborus flavicans. Mukpopenbed TIyOGHHHOTO
ypounuma (Puc. 9) mpexacrassiseT cob60il MHOro4uc-
JIeHHBle AMKU ¢ TpyOkaMu (OMHKaMH) XUPOHOMUJ
poaa Tanytarsus Ha IOBEPXHOCTU AOHHBIX OTJIOXKEHUI.
[TpeanoJsioxuTesIbHO, Ha MNOABOAHBIX JiaHAmadTax
o3epa KeHoH siMku 06pa3yloTcsa Ipu NUTaHUN ca3aHOM
Oopra"HusMaMu 3000eHToca.

UsBecTHO, 4uTO XUPOHOMUJIHl  Propsilocerus
akamusi cBoell WMPPUTAIMOHHON AeATEJIbHOCTBIO CIIO-
COOCTBYIOT NIPOHMKHOBEHHUIO KHCJIOpoAa B OoJiee ITy-
OoKue cI0M JOHHBIX OTJIOXKEHHI, TeM CaMbIM OKa3blBas
BJIMsAHME Ha CHWXeHHe cofepxaHusa B HUX ¢docdopa

201

u xeyie3a (Wenming et al., 2019; Yang et al., 2021).
B o3epe KeHoH B IyIyOOKOBOJHOM ypoumIle JOHHOH
IOACUCTEMBI Takas (PYHKIUA IOMHUMO OOMTAIOUIUX B
Hell xupoHoMmup Propsilocerus akamusi mpuHAAJIEXUAT
oJMroxeTaM-TyonuIuaaM.

B camoounmieHNM TEeXHOT€HHBIX BOJOEMOB
CyLIeCTBeHHas POJIb BBIOJIHAETCA XHUPOHOMHUJAMU
npu ux BeUIeTe. Ilo MaTtepuanam ucciiegoBanuii 2004
r. (Kmumko u np., 2005) B o3epe Kenon Chironomus
plumosus, xak Haubosiee MacCOBBIHI BUJ U3 TpeJCTa-
BUTeJIel XWPOHOMUJ, BHOCHJI 3HAQUWUTEJIbHBI BKJIaJ
B ero camoouunieHve. B oktsaope 2022 r. Haubosee
pacrnpocTpaHeHHBIM IIpeiCTaBUTeJIeM XUPOHOMU/ OBl
Tanytarsus bathophilus, cCOOTBETCTBEHHO, CYIIECTBEH-
Hasd pojib B CaMOOYMINEHUU BOJOEMA-0XJIaAUTeJIA
YuTtuHckoi TOLI-1 BHIMOIHAIACh UM.

HU3MeHeHUsA B  TOABOOHBIX  JiaHAmAad-
Tax BomoéMa-oxjiaauTesisi YutmHckou TIII-1.
3aKOHOMEpPHOCTU M3MEHEHHUI THIOB JOHHBIX OTJIOXe-
HUI B o3epe KeHOH BBIABUTH 3aTPYJHUTEJIBHO B CBA3U
C OTCyTCTBMEM KX KapT. MOXHO IpeanoJIoXUTh, 4TO
B CpaBHEHHHU C MaTepuajlaMH NpeAblAyIINX HCCIefo-
BaHui 1985-1991 rr. (Mturusnosa u ap., 1998) mpo-
CTpaHCTBEHHOE paclpefieieHde JOHHBIX OTJIOXKEeHUN
0CcOOBIX M3MEHeHUI He IpeTepresio. Bmecre ¢ Tem
HECOMHEHHO, 4YTO KoJieOaHusA YPOBHEHHOI'O pexuma
o3epa KenoH noj BiauaHMEM H3MeHeHHI KiuMara U
IIOAKAYKU BOABl M3 p. MHroma B Lesax (QyHKLWOHU-
poBanua TOL-1 BiuseT Ha IUIOWAAL pacIpoCTpaHe-
HUA [1eCKOB, 3aMJICHHBIX [1€CKOB, MJIOB U T.A. Kak u B
Jpyrux Bojoemax 3abarikaibckoro kpas (MatadoHOB,
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Puc.8. MeskoBOgHOE MOAYPOYUIIE C 3aPOCIAMU PaCTUTEJIBHOCTU B I00KHOU yacTH o3epa Kenon, dpespanb 2024 1. 1 — pauun
eckoB ¢ 3apociisimu Chara tomentosa u BeTolbio 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 npousoniio
ocyllleHHe XapaKTepHBIX [JI MeJIKOBOJHBIX Y4acCTKOB
JIOHHBIX OTJIOXeHUH. ITogbeM ypoBHA BOJBL B 03epe K
2022 r. cnoco6CTBOBAJI UX 3aTOILJIEHUIO.

O3epo KeHOH sAByseTcA MEJIKOBOAHBIM BOJOE-
MOM, [IJII KOTOPOT'O XapaKTepHbl 3HaunTeJIbHble 1U3Me-
HEHUA CTeleHW 3apacTtaHusa. B 1986-1991 rr. Gosee
TpeTyu IJIoImaau AHA o3epa ObLIO MOKPHITO Makpodu-
TaM{, IIPeUMYIIeCTBEHHO XapOBHIMU BOJOPOCJIAMU
(AUturunosa u ap., 1998). B okradpe 2022 r. makpo-
UTH IPUCYTCTBOBAJIY JINIID HA MATU U3 32-X CTaHIUN
YCCJIeJIOBAHUSA U TOJIBKO N0 TJIyOMHBI 3,5 M u ObLIa
npejicTaBjeHa MpenuMyllecTBeHHO paectamu (Puc. 2).
CoruytacHO Teopuu (QYHKIIOHMPOBAHUA MEJIKOBOJHBIX
o3ep (Scheffer and Egbert, 2007) n3meHeHUs cTeneHU
3apacTaHus MOTYT OBITh OOYCJIOBJIEHBI COJlepXaHUEeM
OMOTeHHBIX 3JIEMEeHTOB, BJIMAHNEM phI0, M3MeHeHueM
YPOBHA 03epa, BJIUAHNEM KJIMMaTH4YecKuX (pakTopoB U
T.[1.

B cBA3M € orpaHnWYeHHBIM pacIpocTpaHeHueM
JOHHBIX Makpo(UTOB OCHOBHBIM J1aHAmAadTOOOpa3yo-
M KOMIIOHEHTOM B BoJI0éMe-oxJ1aauTesie YNTUHCKON
TOL-1 B okTabpe 2022 r. u3 6eHTOCa OBUIM JOHHBIE
MakpoOeHTOCHbIe 0eCcri03BOHOYHBIE. Kak 1 B OTHOIIEHNU
JOHHBIX MakpopUTOB 3000eHTOC 03epa KeHOH mojiBep-
JKeH 3HAUYUTeJIbHBIM U3MeHEeHUAM. CBUeTesIbCTBYIOT O
B 1985-1991 rT. B cTpyKType 3006eHToca o3epa KeHoH
no Ouomacce [JOMHUHHPOBAJIM XWPOHOMU[BI Ppoja
Chironomus gr. plumosus u Procladius ferrugineus, moJi-
socku Sphaereum corneum u Pisidium inflatum, oyuro-

xetsl Tubifex tubifex n xao6opuasl Chaoborus cristallinus
(Aturnyiosa u ap., 1998). Buomacca xupoHOMyca B
Pa3HBIX YaCTAX 03epa B 9TOT NEPUOJ] COCTABJIAIA OKOJIO
50% oT Macchl BCceX OpraHusMoB 3000eHTOca. B OKTH-
6pe 2022 r. xupoHoMuel pp. Chironomus BcTpevyaanch
eIMHUYHO, MoJuTIocKu Sphaereum corneum wu Pisidum
inflatum, onmuroxetsl Tubifex tubifex He OOGHApYXXEHBI.
W3 npexHero cocraBa AOMHMHAHTOB B 2022 r. B IJIy-
OOKOBOJHOM YpOuUHINe JOMUHUPOBAJIN XUPOHOMHUIBI
pona Procladius x xoTopbM AoGaBuivck Tanytarsus u
Tanypus, a Takxe xaob6opusl. Procladius choreus — onue
13 IATYU BUAOB TAHUIIOANH, BCTPEYAIOIINXCS MAaCCOBO B
runepTpodHbIX BogoéMax (AHukuHa, 2012), B 30HaX,
rae MUHUMAJIbHAs IPO3PavyHOCTb, HU3KOe coAepxka-
HHe Kucjiopoma u OoJbllioe coAepXaHHe OpraHuye-
CKOTO BelllecTBa. B MeJIKOBOJAHOM ypouwuiie Jranamad-
TOOOGPA3yIMINM BUJIOM CTaJla HEJAaBHO BCEJIUBIIASCA
B 03. KeHoH Oatikanbpckas JuTOpajbHas amumona
Gmelinoides fasciatus — Buja, u30eramuUil MeCTOOOU-
TaHUH C TUIMOKCHEN U BO3AENCTBUEM IMOIOTPETHIX BOL
anektpocraHiuil (Bepesuna, 2016).

4. 3aknloueHue

Juia momBoAHBIX JiaHAmWAPTOB, cHOPMUPOBAH-
HBIX B Bojoéme-oxsaauTtesne Yutuackou TOL-1 Beifge-
JIeHHI mecTb (aruii, pa3Inyamnecss TUIOM JOHHBIX
OTJIOXEHUH, MUKpopesibe)OM HA M BUAOBBIM COCTa-
BOM OpPraHmu3MoB 3000eHTOca. Daruu crpynnmupoBaHbI
B JIBa TUMA YPOYUIL, KOTOPHIE PA3JINYAIOTCA 110 MOpdo-

Puc.9. I'tybokoBoiHOE ypouullle B I0)KHOI yacTu o3epa KeHoH, despasib 2024 r.
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MeTpHYecKHUM IoKa3aTeJiAM, HaJM4UI0 pacTUTEJIbHO-
CTH Y COCTaBy JOHHBIX 0eCIO3BOHOYHEIX. B ceBepo-3a-
MaJHO¥ ¥ 3amafgHOM dYacTAX o3epa (opMupoBaHue
MIOABOAHBIX JIAaHAMA(TOB MPOUCXOAUT MOJ TepMuue-
ckuM BiusaHueM YutuHckoi TOII-1. [Ipu oTcyTcTBUU
Ha OOJIBIIMHCTBE CTAHIUN pacTUTEJIbHOCTH, JIaHA-
madTooOpasyonMi OpraHu3MaMu B JIMTOPaJIbHOM
ypouuiie Obutn amumnonsl (Gmelinoides fasciatus),
a B Qauuax IIyOMHHOrO YpouHWIia — XHPOHOMUIBI
(Tanytarsus u fip.), a Takxe oyiuroxetsl Limnodrilus, u
Befylie HEKTOOeHTHUYeCcK1il 06pa3 KU3HU Xa000pHU/IbL.
CocraB jagama@TooOpasyoInx OpraHu3MoB 3000eH-
TOoca onpefeJifeT reoskosiornueckue GyHknuu (BKjian
B reoXUMHYecKre [UKJIbL; OpraHU3aluIo CBA3el MexXAy
BOJHOM M Ha3eMHOH reocucTeMaMy; OcCylllecTBJIeHue
MOHUTOPUHTA 3a KaUeCTBOM BO/IHOM Cpefbl U T.[I.) OeH-
TOCHOI OMOTHI B reocucTeMe BoJioeMa-0XJIaAuTeIs.

[TosiyuenHble pOaHHBIE BIEpBBlEe MAAlOT Ipe.-
CTaBjleHHe O COBPEMEHHOM COCTOSHHU IOABOJHBIX
nagamadToB o3epa KeHOH, chopMUpOBaHHOM MOA
BJIMAAHMEM NIPUPOAHBIX U IPHUPOAHO-TEXHNYECKUX (ak-
TOPOB, a TaKKe OTKPHIBAIOT BO3MOXXHOCTh HCII0JIb30Ba-
HuA 'MC-TexHOJIOrUI IpU aHa/IM3e UX U3MeHeHUH U
OILleHKe re03K0JIOTMYeCKOl CUTyalluu B JOHHOM NoJiCU-
cTeMe o3epa.
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Pa6ora BhimosiHeHa 1o IIporpamme ¢yHAaMeH-
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Scanning microscopy of the oral
appendages of Epischura baikalensis
females (Copepoda,Calanoida)
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ABSTRACT. To date, there are difficulties in understanding the mechanism of capture of small particles,
such as picoplankton, by representatives of Copepoda during feeding. In this regard, the morphology of
oral appendages in Epischura baikalensis Sars 1900 (Copepoda, Calanoida) was studied using scanning
electron microscopy (SEM). We obtained using scanning electron microscopy (SEM) some photographs
of the mouth area of the endemic crustacean from Lake Baikal. Lobes of the labrum and labium, densely
pubescent with long setae were described. The labrum and labium form a chamber around the esopha-
gus, into which some pores open. It is assumed that through these pores, digestive enzymes are released
into the oral cavity, contributing to the formation of a food lump. The article describes the peculiarities
of the method of obtaining SEM preparations of E. baikalensis and discusses the role of the morphology
of all oral appendages in the capture of food particles, including objects 1-4 pum in size.

Keywords: copepoda, feeding mechanism, labral glands, mouthpart, SEM
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1. Introduction

Epischura baikalensis Sars 1900 is an endemic
Copepoda inhabiting the pelagic zone. This species is a
key object of the lake’s trophic networks and the most
widespread representative of crustaceans, accounting
for about 80% of the number and 70% of the biomass of
zooplankton inhabiting the water column (Afanasyeva,
1998). According to some calculations, E. baikalensis can
use about 30% of the total primary production of the
lake in the course of its life activity per year (Votintsev
and Afanasyeva, 1968; Afanasyeva, 1998). The crusta-
cean is a key object in feeding of many fish and larger
crustaceans. Despite large number of studies devoted to
this species, there are differences in the description of
its feeding mechanisms (Afanasyeva, 1998, Naumova
and Zaidykov, 2020) and the taxonomy of the genus
(Smirnov, 1936; Dussart and Defaye, 1983; Borutzky et
al., 1991; Bowman et al., 2019).

In connection with this formulation of the prob-
lem, there is a need to revise and expand sets of mor-
phological data in copepods (Jenner, 2010) to resolve
controversial issues of their phylogeny. This problem
is also relevant for the genus Epischura. Recently,
there has been a growing number of studies devoted
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to the study of cuticle organs (Lerosey-Aubril and
Meyer, 2013) and the morphology of crustacean head
appendages (Ortega-Hernandez et al., 2017), which is
also important for evolutionary constructions. Thus,
in Kolbasov et al. (2022), the description of the exter-
nal structures of the body (including the labrum and
labium) obtained by scanning electron microscopy was
used for taxonomic reconstructions.

In addition to phylogenetic constructions, an
important issue is also the assessment of the orientation
of trophic relationships in ecosystems. It is currently
considered that the energy flow in freshwater reser-
voirs from cyanobacteria is directed through the micro-
bial loop of bacteria and small flagellates, rather than
directly up the food chain to herbivorous zooplankton
(Burkholder and Glibert, 2024). At the same time, the
mechanics of the process of capturing small (up to 4
um) food objects (picophytoplankton) by copepods are
still poorly understood. The most important food items
for E. baikalensis are phytoplankton, bacterioplankton
and autotrophic picoplankton, the number of which
undergoes strong seasonal and interannual fluctua-
tions (Bashenkhaeva et al., 2023). Due to the high role
of picophytoplankton over periods of decrease in the
number of diatoms in Lake Baikal during the annual

© Author(s) 2025. This work is distributed
under the Creative Commons Attribution-
NonCommercial 4.0 International License.
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cycle, the study of this mechanism is especially rele-
vant for E. baikalensis. In the epipelagial of Lake Baikal,
infusoria dominate among the protists (David et al.,
2021), feeding on large mobile objects is difficult for
epischura due to the peculiarities of the hydrodynamics
of the oral extremities (Naumova and Zaidykov, 2020).
Fluctuations in the number of diatoms occur not only
during the year, but also at different years, and during
periods of climatic cooling, there may be a significant
and prolonged decrease in the number of diatoms or
their complete loss from the phytoplankton of the lake,
which is recorded by the paleontological chronicle of
Lake Baikal (Kuzmin et al., 2001).

It is known that, while feeding, Calanoida scan
the water current created by their limbs when moving
(Kigrboe, 2011). They are able to detect hydromechan-
ical and chemical stimuli emanating from food objects
using specialized receptors. It has been established that
chemo- and mechanoreception can be carried out due to
sensitive setae (sensillum) located on the oral extremi-
ties, mainly antennae (antennae I) (Huys and Boxshall,
1991; Kigrboe, 2011; Heuschele and Selander, 2014).
In addition, pores and bristles localized on the surface
of the copepod body may participate in chemorecep-
tion (Elofsson, 1971; Heuschele and Selander, 2014).
It was previously assumed (Afanasyeva, 1998) that E.
baikalensis feeds by filtering food particles from the
water column using mouthparts — I and II maxillae,
and maxillipeds (Fig.1). Recent, more detailed stud-
ies (Naumova and Zaidykov, 2020) have shown that
the structure of the oral appendages and the speeds at
which they work do not allow them to be used for fil-
tering food objects. Instead of filtering, maxillae and
maxillipeds create a current of water and direct it to
the mouth opening, where food particles are retained.
At the same time, picocyanobacteria of about 1-4 um
in size are present in a significant amount in the food
lump of E. baikalensis (Naumova et al., 2001).

Mp Mx2 Mxi

1mm

The aim of the work is to study the ultrastruc-
tural features of the esophagus and labrum as a first
step towards understanding the mechanisms of func-
tioning of the digestive system, as well as the eating
behavior of these animals. In the light of the available
feeding data, it becomes relevant to study the struc-
tures involved in the process of trapping food particles.

2. Materials and methods

For the study, 479 specimens of mature E. bai-
kalensis females were used, caught in Southern Baikal
by Juday net and fixed with 4% formalin for three
weeks. After fixation, the samples were washed in
distilled water and dehydrated with a change of alco-
hols (30%, 50%, 70%, 96%), 3 shifts lasting 5 minutes
for each concentration, and the alcohol residues were
removed using hexamethyldisilazane (Laforsch and
Tollrian, 2000). The samples were dried in the CPD-030
(BALZERS) installation using the “critical point drying”
method. Next, all objects were coated with gold in the
SCD-004 (BALZERS) installation and studied with a
PHILIPS SEM 525 M electron microscope (SEM).

3. Results and discussion

Using scanning electron microscopy (SEM), the
structural features of the mouth opening of females of
the endemic crustacean E. baikalensis from Lake Baikal
were studied.

The resulting photos show the lobes of the labrum
and labium pubescent with setae of different lengths
and thicknesses. The labrum (Fig. 2) consists of three
lobes: the largest middle and two lateral. The length
of the labrum setae varies in the range of 2.1-60.4 pm;
the width of the setae is 0.4-2.6 pm, and the distance
between them is 2.3—5.0 pm (Table 1). The longest
and thickest setae are located on the middle lobe of

Mb  An2

Fig.1. Female of E. baikalensis (SEM). The different groups of oral organs are highlighted in color. Mp — maxillipeds; Mx2 —
II maxillae; Mx1 — I maxillae; Mb — mandibles; An2 — II antennae; Anl — I antennae (antennules); Lr — labrum.
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Anl

Es

Mb

50pm

Lr

St

Fig.2. The area of the mouth opening in a female E. baikalensis (SAM). Lr — labrum, consisting of three lobes — the largest
middle (1) and two lateral (2, 3); St — setae; the longest and thickest setae are located on the middle lobe of the labrum, while
the lateral lobes are pubescent with smaller setae; Es — esophagus; Anl — fragment of the first antennas (antennules); Mb —

fragment of the mandible.

the labrum, while the lateral lobes are pubescent with
smaller setae. The labium (Fig. 3) is presented in the
form of two large lobes, also covered with setae. The
sizes of the setae on the labium have a smaller variation
than on the labrum and are: length — 6.3-14.2 um, and
width — 0.3-1.8 um. The distance between the setae
on the labium comparable to that on the labrum and
is 2.0-4.3 um. The upper and labium form a chamber
around the esophagus, into which pores with a diam-
eter of 0.5 um open (Fig. 3 A and B), three to the left
and right of the esophagus, the distance between which
is 1.5-2 um. The pores are located on the inside of the
lateral lobes of the labrum. We assume that digestive
enzymes are secreted into the oral cavity through these
pores. Studies of the digestive glands and their ducts in
other copepods are described in the literature (Arnaud
et al.,, 1988; Brunet et al., 1994; Bell et al., 2000;
@vergéard et al., 2016), but this is the first time this has
been done for E. baikalensis. It follows from the litera-
ture data (Arnaud et al., 1988; Brunet et al., 1994) that
the outlets of the digestive glands found in Calanoida
are usually multiple, opening into the oral cavity with
several openings. Thus, in Centropages typicus (Arnaud
et al., 1988), three pairs of pores with a diameter of 1
um located on the posterior surface of the labrum and
two pores with a diameter of 5 um located on each of
the lateral lobes are described. It is assumed that the
secret excreted by the digestive glands of Copepoda is
complex, including digestive enzymes of a glycoprotein
nature and mucopolysaccharides that glue food parti-
cles (Arnaud et al., 1988; Brunet et al., 1994).

The nutrition of copepods induces the expression
of digestive enzymes (Freese et al., 2012), although the
mechanism of regulation of this process has not been
described. It is known that copepods detect hydrome-
chanical and chemical stimuli using specialized organs
- chemo- and mechanosensitive setae (sencillas) located
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on the antennae and mouthparts. It is possible that che-
moreception uses small pores and setae on the surface
of the body the processes of nerve cell dendrites come,
to which, as has been found in some other copepods
(Strickler and Bal, 1973; Huys and Boxshall, 1991;
Heuschele and Selander, 2014). It is possible that che-
moreception uses small pores and bristles on the surface
of the body, the processes of nerve cell dendrites come,
to which, as has been found in some other copepods.
Similar spores and bristles on the surface of the body of
E. baikalensis were discovered by us earlier (Naumova
and Zaidykov, 2016).

The obtained data on the structure of the oral
apparatus may indicate the leading role of the labrum
and labium in capturing particles brought by the cur-
rent of water. While the oral limbs (maxillae and max-
illipeds) create bringing streams of water to the mouth,
the lips form a kind of funnel into which the current of
water is directed. The setae massively on the labrum
and labium service to reduce the flow speed of the
water and delay the trapped particles. Extracted by the
pores located on the labrum, the secret may contain
mucopolysaccharides binding particles, which allow
the captured particles to be glued to the setae and form
a food lump from them, which will be swallowed.

Table 1. The size of the setae and distances between them
on the labrum and labium. The dimensions are presented in
micrometers (um).

Labrum | Labium

The length of the setae 2.1-60.4 | 6.3-14.2
Width of the setae 0.4-2.6 | 0.3-1.8

The distance between the setae 2.3-5.0 | 2.0-4.3
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100pm

Fig.3. The area of the oral opening in the female E. baikalensis (SAM). A. Lr — the middle (1) and two lateral (2, 3) lobes
of the labrum, pubescent with setae of different lengths; Es — esophagus; Lb — the lobes of the labium, covered with setae of
different lengths, between which a food chamber is formed. B. Enlarged site the location of the pores on the labrum.

Most studies on the mechanisms of nutrition
cover a small number of crustacean taxa. Although
the description of the structures of the oral apparatus
in Copepoda is found in the literature (Arnaud et al.,
1988; Brunet et al., 1994; Bell et al., 2000; @vergard
et al., 2016), morpho-functional characteristics of such
structures are difficult to compare. A detailed study of
the glands of crustaceans opening into the esophagus
area was carried out only for Mystacocarida — small
crustaceans (0.3-1 mm) feeding on small detritus par-
ticles (Herrera-Alvarez et al., 1996). There are similar
studies for larger crustaceans (Vogt, 2021).

In light of the low level of knowledge of this
issue, the beginning of research on the fine structure of
the digestive system in Copepoda is especially import-
ant. Equally important is the fact that E. baikalensis is
endemic and the most widespread representative of
crustaceans in Lake Baikal, accounting for about 80%
of the number and 70% of the biomass of zooplank-
ton inhabiting the water column (Afanasyeva, 1998).
E. baikalensis is the only representative of Copepoda
found massively, everywhere and year-round in the
pelagial of Lake Baikal. This species was able to adapt
to the unique features of this ancient, oligotrophic and
deepest lake in the world. The structural features of the
oral apparatus of E. baikalensis could have been formed
under the pressure of selection due to the need to feed
in an oligotrophic lake, which gave the species evolu-
tionary advantages.

4. Conclusion

Using scanning electron microscopy in the
endemic Baikal species E. baikalensis, densely pubes-
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cent lips with different-sized setae were found in the
area of the mouth opening, forming a trapping funnel.
Pores open inside this funnel, which, in our opinion,
serve to release digestive secretions. Digestive secrets
can serve to glue food particles to the lip setae and form
a food lump. Thus, a mechanism is being formed here
that allows you to capture even small (about 4 pm)
food particles.
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AHHOTAILIHA. [lo HacToAIero BpeMeH! CyIIeCTBYIOT TPYAHOCTH B IOHMMAHUM MeXaHN3Ma 3axBaTa
MEJIKUX YaCTUI], TAKIX KaK MUKOIJIAHKTOH, IPEACTaBUTEJISIMU BECJIOHOTMX PAKOB [P MUTAHUU. B cBsA3U
C 3THUM C HCIIOJIb30BaHHUEM CKaHUpYIOLel 3JIeKTPOHHON MuKpockonuu (COM) uccienosana MopdoJio-
T'Ysi POTOBBIX IPUAATKOB y Epischura baikalensis Sars 1900 (Copepoda, Calanoida). Msl moayuuiu GoTo-
rpaduu obJ1acTu pra SHAEMHUYHBIX PaKO0Opa3HbIX U3 o3epa baiikas. OnucaHbl JOJIM BepXHel U HUXHel
ryOBl, TYCTO OMyIIEeHHBIE IJIMHHBIMU MIETUHKAMU. BepxHie 1 HUXXHEE TyObl 06pa3yioT KaMepy BOKPYT
IHUIIEeBOAA, B KOTOPYIO OTKPHIBAIOTCS IMOPHL IIpeAmosiaraeTcs, YTO Yepe3 3TU HOPHI OCYIIECTBIIETCS
BBIXOJ] MUIEBAPUTEJIBHBIX (PEPMEHTOB B POTOBYIO MOJIOCTH, CIIOCOOCTBYIOMINX (HDOPMUPOBAHUIO IHIIIE-
BOTO KOMKAa. B cTaThe OMUCHIBAIOTCS 0COOEHHOCTH MeTofa moJiydeHuss COM-npenapaTtoB E. baikalensis
1 o0cyXaaeTcsi pojib MOPGOJIOTHH BCEX POTOBBIX MPUAATKOB B 3aXBaTe YACTUI] MUK, B TOM YHCJIE

00BbeKTOB pa3MepoM 1-4 MKM.
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1. BBeapenue

Epischura baikalensis Sars 1900 — >HaeMUYHBII
BECJIOHOTHMI pavyoK, OOUTAKIINI B mejiaruajiu o3epa
bBatikan. [laHHBI BUJ SABJIAETCA KJIIOUEBBIM OOBEK-
TOM TPOGUUYECKUX CETel 03epa W CaMbIM MACCOBBIM
npeACcTaBUTEJIeM pPaKOOOpa3HBIX, COCTABJIAA OKOJIO
80% unciaenHoct u 70% 6GromMacchl 300IIJIaHKTOHA,
HaceJisIoImero BoaHyto tomy (Afanasyeva, 1998). Ilo
HEKOTOpPHIM pacuetam, E. baikalensis B xo/ie cBOel Ku3-
HeeATeJIbHOCTU 3a TOJ MOXET HCII0JIb30BaTh OKOJIO
30% Bcell mepBUYHON NMpOAyKIMU o3epa (BoTuHieB u
AdanacreBa, 1968; Afanasyeva, 1998). Pauok sBs-
eTcA KJII0OUYeBBIM OOBEKTOM B NUTaHUU PBIO U OoJiee
KPYIHBIX pakooOpa3Hbix. HecMoTpsi Ha 60J1bIIIOE KOJIU-
YeCTBO WCCJIEIOBAaHUMN, TOCBAMIEHHBIX 3TOMY BUY,
VMEIOTCSI PA3HOTJIaCcusl B OMMCAHUU MEXAaHU3MOB €ro
nutanus (Afanasyeva, 1998; HaymoBa u 3alibIKOB,
2020) u takcoHomuu pona (CmupHoB, 1936; Dussart
and Defaye, 1983; Bopyuxkuii u ap., 1991; Bowman et
al., 2019).

B ¢BA3M C Takoll MOCTaHOBKOM NIPOOJIEMBI, BO3-
HUKaeT HeoOXOQWMOCTh B IEPECMOTpPe U pacliupe-
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HUNM HabopoB MOP(OJIOTMYECKUX AAHHBIX y KOMNENOox
(Jenner, 2010) ajiAg pelieHUsA CIIOPHBIX BOIPOCOB UX
¢unoreHun. JTa mpobieMa akTyajbHa W I poAa
Epischura. B nocsiefHee BpeMsi pacTeT YUCIIO UCCIEN0-
BaHUM, IOCBALIEHHBIX N3Y4YEHUI0 OPraHOB KYyTUKYJIBI
(Lerosey-Aubril and Meyer, 2013) u mopdosoruu
IPUAATKOB T'OJIOBE pakooOpasHeix (Ortega-Hernidndez
et al.,, 2017), 4TO TakXe BaXXHO [JIA SBOJIIOI[OHHBIX
moctpoenuii. Tak, B pabote Kolbasov et al. (2022) onu-
caHue BHEIIHUX CTPYKTYp TeJsa (B TOM uucJie BepxHel
1 HUXHeU ry0), NojiydeHHOe C IIOMOIIbI0 CKaHUPYIO-
el 3JIEKTPOHHOM MUWKPOCKOIIMU, WCIOJIb30BaJIN [JIA
TaKCOHOMUYECKUX PEKOHCTPYKIUI.

[TomuMo  dusoreHeTUYeCKUX  MOCTPOEHU,
Ba)XXHBIM BOIIPOCOM ABJIIETCA TaKXe OLleHKa Halpas-
JIEHHOCTH TpoQuUYecKUxX cBA3el B JKocucreMmax. B
HacTosllee BpeMsA CUYUTaeTCs, YTO NOTOK SHepruu B
IIPECHOBOJHBIX BoJloeMax OT IaHOOAaKTepHil Halpas-
JifieTcA 4yepe3 MUKPOOHYIO MeTsI0 O0akTepuil U MeJIKUX
XKT'yTUKOHOCIEB K PACTUTEJIBHOAJHOMY 300IJIaHKTOHY
(Burkholder and Glibert, 2024). IIpu 3ToM MeXaHHKa
mpollecca yJiaBJUBaHUA MeJIKuUX (A0 4MKM) mule-
BBIX OOBEKTOB (MMKOPUTOIJIAHKTOH) KOMEMoqaMu

© Asrop(s1) 2025. DTa padora pacnpocTpaHs-
eTcs o MexXIyHapoJHo! iutieH3uel Creative
Commons Attribution-NonCommercial 4.0.
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emé MasionsyueHHa. Haubosiee BaXXHbBIMU OOBEKTaMU
MUTAHUA [JIA SOHUIIYPHl  ABJATCA (UTOIJIAHKTOH,
0aKTepUOIJIaHKTOH U aBTOTPO(MHBIN MHKOIJIAHKTOH,
YHCJIEHHOCTh KOTOPHIX MpeTepIieBaeT CUJIbHBIE CE30H-
Hble U MeXroJioBble KoJiebanusa (BarieHxaeBa W Ap.,
2023). B cBA3U € BBICOKO! POJIbI0 MTUKOMUTOIJIAHKTOHA
MpY CHWXEHUM YHCJIa JUAaTOMOBBIX B o3epe Baiikas B
TeyeHUe rofoBoro 1ukia, niia E. baikalensis nsy4yenue
JAaHHOTO MeXaHW3Ma OCOOEHHO aKTyasbHO. B anunera-
ruajm o3epa Baiikan cpeu MPOTUCTOB JTOMHUHUPYIOT
nndysopuu (David et al., 2021), HO nTUTaHNE TAaKUMU
KPYITHBIMU TIOABUXHBIMU OOBEKTAMHU [JI SIUIIYPHI
3aTPYyAHUTEJIBHO M3-32 0COOEHHOCTEH r'UIPOAUHAMUKI
poToBbix koHeuHOcTel (HaymoBa u 3atigsikos, 2020).
KosiebaHre 4YMCIEHHOCTH JUATOMOBBIX MPOUCXOAUT
He TOJIBKO B TeYeHHe rojia, HO U B pa3Hbie T'OJbl, a B
MepUObl KJIMMATUYECKUX TOXOJIOJJAHUN MOXET IpO-
HCXOJIUTh 3HAUUTEJIBHOE U MPOJOIKUTEIBHOE CHUXe-
HHe KOJINYeCTBa JUATOMOBBIX MJIM [OJIHOE BhINaJIeHe
UX U3 cocTaBa (PUTOMJIAHKTOHA 03epa, YTO 3adUuKCHU-
pOBaHO IMaJIeOHTOJIOTUYECKON JieTomuchio baiikasa
(Ky3pMmuH u fp., 2001).

HM3BecTHO, 4TO, B mporecce muranus Calanoida
CKaHUPYIOT CO3/1aBaeMbIli UX KOHEYHOCTSAMU MPHU JBU-
xeHnn Tok Boabl (Kigrboe, 2011). OHM crIOCOOHBI
OOHApYyXUBaTh TUAPOMEXaHUYECKHE W XUMUYECKHE
pa3gpaxuTesid, WCXOMAIN[ME OT IHUIIEBBIX OObeK-
TOB, WCIOJIb3Ys CHEUAJM3NPOBAHHBIE PELENTOPHL
YcTaHOBJIEHO, YTO XE€MO- U MeXaHOPEIENUsA MOXeT
OCYIIECTBJIATBCA 32 CUYET YYBCTBUTEJIBHBIX IETUHOK,
PACIIOJIOKEHHBIX HA POTOBBIX KOHEYHOCTAX, B OCHOB-
HOM aHTeHHyJax (aHTeHHol I) (Huys and Boxshall,
1991; Kigrboe, 2011, Heuschele and Selander, 2014).
Kpome TOro, B XeMOpeIeNniruyu MOTyT IPUHUMATh y4Ya-
CTHE TIOPHI U IIETWHKH, JIOKAJIM30BaHHBIE HAa MOBEPX-
Hoctu Tena komenon (Elofsson, 1971; Heuschele and
Selander, 2014). Panee cuurtasoch (Afanasyeva, 1998),
yto E. baikalensis mutaeTcs, OTOUIbTPOBBIBASA MUIIE-

Mp Mx2 Mxi

1mm

Bble YaCTUIIB U3 BOAHOU TOJIIN C IOMOIIbI0 POTOBBIX
yactei — I u II makcuii, u Makcwunen (Puc.1).
HenasHue, GoJsiee feTabHBle HCCIeNOBaHUA NTOKa3aIn
(Haymosa u 3atifipikoB, 2020), 4TO CTpOeHUe POTOBBIX
KOHEYHOCTel U CKOPOCTH, Ha KOTOPBIX OHU paboTaloT,
He II03BOJIAIOT MCIOJIb30BaTh UX [JIA (PUIBTPOBaHUA
IUIIeBbIX 00beKTOB. BMecTo QpuibTpanuy MakCUJIIBL U
MaKCHJIMIeAsl CO34al0T TOK BOABL M HAINpaBJIAIOT ero
K POTOBOMY OTBEPCTHIO, Ille U IPOUCXOOUT YyIepXKU-
BaHUe NUIIeBbIX yacTull. [Ipy 3ToM B NUIEBOM KOMKe
E. baikalensis BcTpevyawTcA B 3HAYMTEJBHOM KOJIMYE-
CTBe MHUKOIMaHOOAKTepuy pasMepoM OKOJIo 1-4 MKM
(Haymosa u ap., 2001).

Llespio paboTH ABJIAETCA U3yUYeHUe YJIbTPACTPYK-
TYPHBIX OCcOOEHHOCTel MNuilleBoAa U BepXHel TryObl B
KayecTBe IIepBOro Imiara K MNOHMMAaHHUI0 MeXaHHU3MOB
(QYHKIIMOHMPOBAaHUA MNUIEBAPUTESIBHON CHUCTEMBI, a
TaKxe MUIEBOr0 MOBeJeHUA 3TUX XUBOTHHIX. B cBeTe
HMMeIONMXCA JAaHHBIX O NMTaHWH, aKTyaJIbHBIM CTaHO-
BUTCA M3y4YeHHe CTPYKTYp BOBJIEYEHHBIX B IIpoliecc
yJlaBJIMBaHUA NUIEBbIX YacTUII.

2. MaTtepuanbl 1 MeTOADI

J1A uccieqoBaHuA MCNOJIb30oBaIu 479 sK3eM-
IJTIAPOB MOJIOBO3peJibix caMok E. baikalensis BbUTIOBJIEH-
HbIxX B FOxxHOM Baiikasie ceTrio [Ixxenu u 3apuKCHUpOBaH-
HbIX 4% dopMarMHOM B TeyeHHe Tpex Henesib. [locie
(¢ukcanum o6pasupl OTMBIBAJIM B JUCTHUJLIMPOBAHHOMN
BOJIe U JlerupaTupoBau cMmeHou cnupTtoB (30%, 50%,
70%, 96%) 1o 3 cMeHHI JIMTEIbHOCTBI0 5 MUHYT AJIA
KaXJOl KOHI[eHTpallu{, a OCTaTKU CIHUpTa yAaJIsaIn
c moMoIbio rekcaMmetrmiaucniaasana (Laforsch and
Tollrian, 2000). Cymka O6BEKTOB MPOU3BOAUIACH B
ycranoBke CPD-030 (BALZERS) meToOM «CYLIKH B
KPUTUYECKON Touke». Jlasee Bce OOBEKTH HANBUIAIA
30;710TOM B ycTaHoBke SCD-004 (BALZERS) u usyuasnu B
aJieKTpoHHOM MuKpockore PHILIPS SEM 525 M (COM).

Mb  An2

Puc.1. Camka E. baikalensis (COM). L[BeToM BbIIeJIEHBI pa3/IMYHbIE TPYMIBl POTOBBIX KOHEYHOH. Mp — MaKCUJLJIAIEH;
Mx2 — BTOpbIe MaKkcUJLIb; Mx1 — mepBble Makcusuibl; Mb — mMaHauOyJsisl; An2 — BTOpBIE aHTEHHBI; Anl — nepBble aHTEHHBI

(a"TeHHyBl); Lr — BepxHAA ryba.
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3. Pe3yAabTaTtbl M 06Ccy)xpeHue

C T1noMOIIbI0 CKaHUPYIOIIEe  3JIeKTPOHHOM
Mukpockonuy (COM) usydeHBl CTPYKTYpHBIE OCOOEH-
HOCTH POTOBOT'0O OTBEPCTHSA CaMKH SHAEMUYHOI'O payka
E. baikalensis u3 o3epa batika.

Ha mnonyuyennbix ¢ororpaduax BUAHBI JONa-
CTU BepxXHel r'yObl, ONyIlIeHHBbIe MIETUHKAMM pPa3HOMN
JJUHHBL U TONMUHBL BepxHsas ry6a (Puc. 2) coctout
U3 Tpex JIomacTel: caMoU KPYIHOU cpefHel U JIBYX
OOKOBBbIX. JlJIMHA MIETUHOK BepXHEN TyObl Bapbu-
pyer B auanasoHe 2.1-60.4 MKM; IMpUHA LETUHOK
cocrasiseT 0.4-2.6 MKM, a pacCTOsSHME MEXJy HUMU
— 2.3-5.0 mxM (Tabmauma 1). Camble JJIMHHBIE U TOJI-
CTble IIeTHMHKMU pacloJIOXKeHbl Ha cpeJHeH JonacTu
BepxHel I'yObl, B TO BpeMs KaKk OOKOBBIE JIOMACTHU OIY-
IleHbl IeTUHKaM{ pa3MepoM IoMeHbile. HukH:AA
ry6a (Puc. 3) npeacTaBjieHa B Buje ABYX KPYNHBIX
Jlomacreli, ToXe IOKPBHITBIX IIeTHHKaMu. Pa3Mepsl
MIETUHOK Ha HIDKHEH rybe MMEIOT MeHbIINi pa3bpoc,
yeM Ha BepxHell ry0e U COCTaBJIAIOT: AJMHHA — 6.3-
14.2 M, a mupuna — 0.3-1.8 mkm. PaccTtosHue Mexay
IeTUHKaMM Ha HIXHel ry0e COIOCTaBHUMO C TaKOBBIM
Ha BepxHel ryoe u cocraniisgeT 2.0-4.3 MkM. Bepxusas
U HUKHAA ryba oOpasyloT kamepy BOKPYT NHIIEBOJA
(a30(paryca), B KOTOPYI0 OTKPBIBAIOTCS IOPHI JLaMe-
TpoM 0.5 mxMm (Puc. 3A u B), 1o Tpu cijieBa u ciipasa OT
a30(aryca, paccTossHUe MeXy KOTOPHIMU COCTaBJIAET
1.5-2 MmxM. [Topsl pacrosioxeHbl Ha BHyTpeHHeH CTo-
pOHe OOKOBBIX JIOTIACTel BepxHel ryosl. Mbl mpefmnosia-
raeM, 4TO 4yepe3 3TU IOPhl OCYLIECTBJIAETCA CeKpelus
NUIeBapUTESIbHEIX (EepMeHTOB B POTOBYIO IIOJIOCTb.
HcciieqoBaHusa nullleBapuTeJIbHBIX XKeJjle3 U UX IIPOTO-
KOB Y OPYT'UX KOIEeIo 1 ONUICAHKI B tuTepartype (Arnaud
et al., 1988; Brunet et al., 1994; Bell et al., 2000;
@vergard et al., 2016), Ho aJis E. baikalensis nogoGHoe
cAenaHo BHepBble. M3 uTepaTypHBIX AaHHBIX (Arnaud
et al., 1988; Brunet et al., 1994) cienyeTt, 4TOo OOHaApY-
JKeHHble Y KaJIAHUJ BBIXO/(bI TMIIleBapUTesIbHBIX XKeJles,

Anl

Es

Mb

S50pm

Ta6suna 1. Pa3mephl IETMHOK U PaCCTOSHUA MeXIy
HUMMU Ha BepxHell U HUXHel ry6ax. Pasmepsl npeicTaBiieHbI
B MUKpoMeTpax (MKM).

BepxHssa ry6a | HuwkxHue ryosl
JIIMHA MEeTHHOK 2.1-60.4 6.3-14.2
[MrprHa METUHOK 0.4-2.6 0.3-1.8
PaccTosiHUe Mexay eTUHKaMU 2.3-5.0 2.0-4.3

KaKk [paBUJIO, MHOXeCTBEHHbIe, OTKpHIBAIOIUecs B
0o671acTh POTOBOU TMOJIOCTU HECKOJBKHUMH OTBEpPCTU-
samu. Tak, y Centropages typicus (Arnaud et al., 1988)
OIKICAHO TPU IApHl HOp JUAMETPOM 1 MKM, pacroJio-
JKEHHBIX Ha 33JlHell CTeHKe BepxXHel T'yObl U 1O JiBe
HOPBL AAMEeTPOM 5 MKM, PACIIOJIOKEHHBIX Ha KaXJOH
n3 OOKOBbIX JionacTei. [Ipenmnosiaraercs, 4To CeKper,
BBIJIeJIAEMbIH MUIIEeBAaPUTEIBHBIMU JKeJIe3aMU  KOTle-
1101 KOMITJIEKCHBIH, BKJTIOYaeT MUIlleBapuTebHble dep-
MEHTBHI IJITUKOIIPOTENHOBOY MPUPOIBI Y MyKOIIOJICAXa-
PpU/IbI, CKJIenBaoIIue nuieBbie yactuibl (Arnaud et al.,
1988; Brunet et al., 1994).

[uTaHye BECJIOHOTUX pPAKOOOPa3HBIX WH/Y-
IIUpYeT OSKCIPECCHUI0 INHIIEBAPUTEIIBHEIX (epMEeHTOB
(Freese et al., 2012), XoTa caM MeXaHU3M PeTyJIALUA
JIAaHHOT'O Tpollecca He omucaH. U3BeCTHO, YTO Kome-
o/l OGHAPYXUBAIOT THAPOMEXaHUYeCKUe U XUMU-
YecKre pas3ApaxuTesy, WCIOJIb3ys CIeUaIn3nupo-
BaHHbIE OPraHBl — XeMO- U MeXaHOYyBCTBUTEJIbHBIE
MIeTUHKY, PACIOJIOXeHHble HAa aHTeHHaX U POTOBBIX
qacTsax. BO3MOXHO, 4TO B XeMOpeIEeNIUy KCIIOIb3Y-
10TCs1 HeOOJIpIINe MOPHl U MIETUHKU Ha MOBEPXHOCTU
Tejla, K KOTOPBEIM, KaK 3TO ObI0O OOHApY>XeHO y HEKO-
TOPBIX APYTHUX KOIEIOoJ, MOAXOIAT OTPOCTKH AeHApU-
TOB HepBHBIX KjeToK (Strickler and Bal, 1973; Huys
and Boxshall, 1991; Heuschele and Selander, 2014).
[Togo6GHBIE NOPHl U IMIETHMHKNA HA IOBEPXHOCTU Teja
E. baikalensis 661711 0GHapy>xeHbI HaMu paHee (HaymoBa
u 3angsikoB, 2016).

Lr

St

Puc.2. PaiioH poToBOro otBepcTus y camku E. baikalensis (COM). Lr — Labrum (BepxHss ry6a), COCTOAILIAsA U3 TPEX JIOMACTEH
— camoi kpymHoH cpeniHet (1) 1 AByx 60KoBbIX (2, 3); St — IMIeTUHKY; caMble JUIMHHBIE U TOJICThIe IeTUHKU PaCIoJIOXeHbl Ha
cpefHell JIoNacTu BepXHel ry0rl, B TO BpeMs Kak G0KOBBIE JIONIACTH OIyIIeHH eTUHKaMU pa3MepoM oMeHblie; Es — nuimieBo/I;
Anl — (parmeHT nepBbIX aHTEHH (aHTeHHYJIB); Mb — ¢dparmMeHT MaHIUOYJIbL.
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100pm

Puc.3. : O6aacts potoBoro otBepctusa y caMku E. baikalensis (COM). A. Lr — Cpeasss (1) u aBe 60koBbie (2, 3) jionmactu
BEpXHeH ry0bl, ONyIIeHHbIE [IETUHKAMU pa3HOU AnHb; Es — numeBoxn; Lb — JlonacTu HUXHEN TyObl, MOKPHITH HETUHKAMU
Pa3HOM JJIMHBI, MEXAY KOTOpBIMU (HOpMHUpYeTcs MuIieBas Kamepa. B. YBeJIW4YeHHBIH y4acTOK MeCTa PacHOJIOXKEHUs Mop Ha

BepxHell rybe.

Hamu nasHbBIe XOpOIIIO COOTHOCATCA C BbICKa3aH-
HBIM IIpeAIoJIoKeHHeM, YTO POJIb XeJjle3 BepXHell I'yObl
y KajasaHuA MoxeT ObITh Bosika (Arnaud et al., 1988):
1) npou3BOACTBO MYKOIOJIMCaXapyoB Ui arrJIloTu-
Hanuy 4vacTul numy (oco6eHHO pacTUTESIbHBIX Kile-
TOK); 2) IpOoAyKIKa HpepMeHTOB, BaXKHbIX B HayaJIbHON
¢daze nuieBapeHusa, KOTopas OCyIllecTBJAeTCS B Bepx-
HUX OTAejlax NUIeBapuTeJIbHOI'O0 TPaKTa, BO3MOXHO,
yXe B Kamepe, 00pa30BaHHO! JIONacTAMU I'y0.

[TosiyueHnHble AaHHblE O CTPOEHHUU POTOBOIO
anmnapaTta MOTYT TOBOPUTbh O Belylleil poji BepxHeH
U HUXHeH ry0 B yJaBJMBaHUN IPHUHOCHMBIX TOKOM
BOJBl 4acTull. B To BpeMsa Kak, pOTOBble KOHEYHOCTHU
(MakcWJUTBI ¥ MaKCUJIMTEBI) CO3AAIT IPUHOCHIIINE
NIOTOKU BOABI K POTOBOMY OTBEpCTUIO, I'yOHl (dopMu-
PYIOT nofobrie BOPOHKH, B KOTOPYIO HalpaBJIAeTcs TOK
BOJIbl. MaccoBoO onyaoliye BEPXHIO 1 HIXHIOI I'yObl
MIeTUHKU CJIy’KaT [JIA CHUXXeHHs CKOPOCTH IOTOKa
BO/JIbI U 3a/IepKKU yJIaBJIMBaeMBbIX YacTULl. BriesigeMblit
pacroJioXXeHHBIMH Ha BepxHell rybe mopamMu cekper
MOXeT cojepXaTb CBA3bIBaIOIIe YacTHUIBl MYKOIIO-
Jmcaxapuipl, [03BOJIAIIIE IPUKJIENBATh yJlaBJMBa-
eMble YacTUIlBl K IIeTMHKaM U GOpMUpOBaTh U3 HUX
MUIIEBON KOMOK, KOTOPBIHM Oy/IeT MpOTrJIoueH.

BonpImMHCTBO — HCCJIeOBaHUM,  Kacaloluuxcs
MeXaHM3MOB MUTaHUA, OXBAThIBAIOT HeOOJIbIIOEe KOJIU-
YecTBO TaKCOHOB pakooOpa3HbiX. XOTA oOlucaHue
CTPYKTYp POTOBOTO ammapara y KoIleloJ BCTpeda-
ercs B siureparype (Arnaud et al., 1988; Brunet et al.,
1994; Bell et al., 2000; @vergard et al., 2016), mop-
(o-pyHKIMOHAIbHBIE XapaKTEPHUCTUKU TaKUX CTPYK-
Typ TPYAHO comnocTasiAThk. [logpobHOe ncciiefoBaHue
JKeJie3 pakooOpa3HbIX, OTKPHIBAIOIMXCA B 06J1aCTh 330-
¢daryca, mpoBezieHO TOJIBKO a1 Mystacocarida — met-
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kux padkoB (0,3-1 MM), MUTAIOIIUXCA MEJIKUMHU YaCTHU-
ramu fetputa (Herrera-Alvarez et al., 1996). UmetoTcs
rccyieioBanuA U [UiA OoJiee KpynHBIX pakoB (Vogt,
2021). B cBeTe MaJioil M3y4eHHOCTU JAHHOTO BOIIPOCA,
HayaJi0o WCCJIE[JOBAHUN TOHKOTO CTPOEHUs IMHUIeBa-
PUTEIbHOM CHUCTEeMBI y Kollernof] ocoO0eHHO BaxkHo. He
MeHee BaXXHbIM OcCTaeTcs U TOo, uTo E. baikalensis aBJis-
eTCs1 SHJIEMUKOM U CaMbIM MaCCOBBIM IMPECTaBUTEIEM
paxkooOpa3HbIX B 03epe Batika, cocrasias okoso 80%
ypcjaeHHocTU 1 70% 6roMacchl 300ILJIaHKTOHA, HaceJIs-
1omero BogHyo Toty (Afanasyeva, 1998). E. baikalensis
SIBJIIETCSI €IMHCTBEHHBIM MAacCOBO, ITOBCEMECTHO WU
KPYTJIOTOAWYHO BCTPEYAIOIIMMCS B Tejiaruaayd o3epa
Barikan mpejcTaBUTEIeM BECJOHOTUX PAKOOOPA3HBIX.
OTOT BUJ CMOT MPUCIOCOOUTHCA K YHUKAJIBHBIM OCO-
OGEHHOCTSIM JJAaHHOTO JIPEBHEro CaMoro TJIyOOKOro B
Mupe oauroTpodHoro osepa. OCOGEHHOCTU CTPOEHUS
poTtoBoro anmapata E. baikalensis moriu chopmupo-
BaThCA MOJ AaBJieHHeM 0Tb6opa, 00yCJI0BJIEHHOTO He00-
XOAUMOCTBI0 THUTATHCA B OJUTOTPODHOM O3epe, UYTO
J1aJI0 JAHHOMY BHJy 3BOJIIOI[IOHHBIE TIPENMYIIECTBA.

4. 3aknioueHue

C T1DoMOIIbI0 CKaHUPYIOIIEeH  3JeKTPOHHOMU
MHKPOCKOIIMK y 3HAEMUYHOro 6aliKajibCKOro BHAA
E. baikalensis B palioHe POTOBOTO OTBEPCTUs OOHApY-
XKEeHBl I'YCTO OINylIeHHble pasHOpPa3MepHBIMM IeTUH-
Kamu ryObl, GopMUpYIOIIMe yJIaBJINBAIYI0 BOPOHKY.
BHyTph 3TOI1 BOPOHKH OTKPBIBAIOTCS TOPHI, KOTOPHIE,
[I0 HalleMy MHEHUIO, CJIyaT [JIg BBIAeJIeHUA MHullle-
BapuUTeJIbHOTO cekpeTa. I[lulieBapuTesIbHBIN CeKpeT
MOXeT CJIYXKHUTb JJI NPUKJIeUBaHUA MUIIEBBIX YaCTUI]
K IeTUHKaM I'y0 u (GopMHUpOBaHUA NMUILEBOIO KOMKA.
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ABSTRACT. The length-weight relationship and condition factor of the ten most abundant Mormyridae
species in the Niger River at Niamey were examined from August to November 2023. The species assessed
were Mormyrus rume, Campylomormyrus tamandua, Pollimyrus isidori, Brienomyrus niger, Hyperopisus bebe,
Mormyrus macrophthalmus, Mormyrops anguilloides, Brevimyrus niger, Mormyrops oudoti, Cyphomyrus
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ranging from 2.08 to 2.87, suggesting negative allometric growth across all species. Condition factor
(k) values varied from 1.22 + 0.31 for H. bebe to 10.48 = 2.83 for M. cyprinoides, with no significant
differences in average condition factors among the species. These findings highlight the potential vul-
nerability of Mormyridae species to environmental changes and anthropogenic pressures, emphasizing
the need for targeted conservation measures. The results underscore the importance of sustainable fish-
eries management practices to preserve biodiversity and ensure the long-term productivity of the Niger
River ecosystem. The observed negative allometric growth patterns indicate that environmental condi-
tions may be suboptimal for these species, potentially due to factors such as habitat degradation, water
quality issues, or overfishing. Addressing these challenges through habitat restoration and regulatory
measures could enhance the resilience of fish populations and support sustainable fisheries.

Keywords: Mormyridae, length-weight analysis, condition factor, the Niger River, sustainable fisheries
management
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1. Introduction communication (Hopkins, 1986; Nelson et al., 2016).

Their unique electrogenic and electrosensory systems,
critical for navigation and social behavior, necessitate
targeted conservation strategies to address habitat deg-
radation and anthropogenic threats (Hopkins, 1986).
Understanding their biological processes is essential for
effective management and conservation.

The Mormyridae family (Teleostei:
Osteoglossiformes), indigenous to Africa, flourishes in
nearly all freshwater habitats throughout sub-Saharan
Africa. These species are extensively found across the
river systems of the Afro-tropical zone (Lowe-McConnel,
1972) Thgir environments vary widely, from bottom A crucial tool in studying fish populations is the
dwellers in murky, low-oxygen swamps to surface length-weight relationship (LWR), which is fundamen-
feeders in swift rapids (Hopkins, 1986). Despite these tal in biology, physiology, ecology, and fisheries man-
diverse habitats, they often inhabit waters laden with agement (Bolognini et al., 2013). The LWR is used to
suspended particles (Moyle and Cech, 2000). They are evaluate the condition and health of fish populations
characterized by small, terminal or elongated snout-like within aquatic ecosystems, providing vital information
mouths, reduced eyes (adaptations to turbid habitats), for managing fishery resources (Bagenal and Tesch,
and weak electric organ discharges for electrosensory 1978; Hossain et al,, 2006). It allows researchers to
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estimate a fish’s weight based on its length, which is
critical for assessing fishery yields (Froese, 2006; Froese
et al., 2014). The condition factor, another important
metric, indicates the fatness or overall health of fish
and is used to compare the physiological well-being
of populations across different environments and sea-
sons (Le Cren, 1951; Lizama and Ambrosia, 2002). This
metric also serves as an indicator of ecosystem distur-
bances, influenced by both biotic and abiotic factors
(Baby et al., 2011).

Despite the importance of LWR and condition
factors in ecological and fisheries research, there are
few studies on these relationships in the Niger River,
particularly in the Niamey region where human activ-
ities significantly impact the environment. The lack
of comprehensive research on fish populations in this
area hampers effective conservation efforts. To address
this gap, more detailed studies on the diversity, biol-
ogy, and ecology of fish in the Niger River are needed
(Laleye, 2006). This study aims to bridge this knowl-
edge gap by analysing the LWR of the ten most com-
mon Mormyridae species in the Niger River, providing
essential data to support better management and con-
servation of the aquatic ecosystem.

2. Materials and Methods

Study location and selection of stations.
The research was conducted in Niamey town, located
in South-West Niger, at coordinates 13°30°49” N
and 2°6’35.3” E. With assistance from the National
Fisheries and Aquaculture Directorate, three stations
were chosen: Tondibia (13°33’52.0” N, 2°00’33.8” E)
and Barrage Yantalla (13°31’9” N, 2°4’18” E) (Fig. 1).
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93.000°N
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N
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+
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The selection criteria included accessibility during the
sampling period, the presence of Mormyridae species
in local fishermen’s catches, ease of collaboration with
local fishermen and fishmongers, and sufficient dis-
tance between stations to ensure representative sector
coverage.

Fish collection. Each station was visited twice
a month between 7 a.m. and 10 a.m. to inspect the
catches. Mormyridae samples were gathered from 34
fishermen and 9 fishmongers. The fishing gear, their
characteristics, catches, and the numerical abundance
of Mormyridae were documented. Various types of fish-
ing gear (including shape, size, mesh size, and tech-
niques) were examined to ensure the collection of spec-
imens of all sizes (Laleye, 1995).

In total, 382 individuals of M. rume, 192 M. cypri-
noides, 165 of C. tamandua, 144 of P. isidori, 142 of B.
niger, 99 of H. bebe, 54 of M. macrophthalmus, 51 of M.
anguilloides, 23 of B. niger, 13 of M. oudoti, and 10 of C.
psittacus were sampled.

After identification, the following morphometric
characteristics of the species were measured:

» Total length (TL): Distance from the mouth to the
end of the caudal fin.

+ Standard length (SL): Distance from the mouth to
the base of the tail fin.

+ Total weight (W) of each fish.

Data. Fish length-weight relationships typically
exhibit an allometric growth pattern (Palomares et al.,
1996). These relationships are represented by regres-
sion equations of the form (W = g7I’), where (W) is
the total weight of the fish in grams, (TL) is the total
length in centimetres, (a) is the initial growth coeffi-

103.000°E 143.000°E 177.000°W

53.000°N 93.000°N 133.000°N 173.000°N

13.000°N

103.000°E 143.000°E 177.000°W

Fig.1. Study area.
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cient, and (b) is the slope of the regression line. When
(b) equals 3, the growth is isometric, but deviations
from this value (b=3) indicate allometric growth.
Specifically, positive allometric growth occurs when
(b>3), and negative allometric growth occurs when
(b<3) (Shingleton, 2010). The 95% confidence inter-
vals for (b) were calculated using Statview software
(SAS Institute INC, 1992-1998).

To assess the condition factor of fish in the Niger
River, the individual condition factor for each speci-
men was calculated using the equation (K = 100%)
(Bagenal and Tesch, 1978), where (W) is the fish’s
weight in grams and (TL) is the total length in centi-
meters. This study included only species with at least
10 specimens, as recommended by previous research
(Laleye, 2006; Konan et al., 2007; Tah et al., 2012;
Lederoun et al., 2012).

3. Results
3.1. Morphometric variables

During the survey, 14 species of the Mormyridae
family were recorded. Table 1 details the morpho-
metric variables of the Mormyridae species collected
during the study. A total of 1279 individuals from 15
different species were measured. The number of indi-
viduals per species ranged from a single specimen
(Marcusenius senegalensis and Petrocephalus bovei) to
382 specimens (Mormyrus rume). The total length of
the fish varied from 6.7 cm (Pollimyrus isidori) to 118.5
cm (Marcusenius cyprinoides), while the standard length
ranged from 5 cm (Pollimyrus isidori) to 61 cm (Mormyrus

rume). The total weight of the specimens ranged from
3 g (Brevimyrus niger and Pollimyrus. isidori) to 5001 g
(Mormyrops anguilloides).

3.2. Weight-length relationships of certain
Mormyridae species

Figure 2 illustrates the length-weight relation-
ships for Mormyridae species with sample sizes =10
individuals. The regression equations between total
length and total weight, along with the coefficient of
determination (R?), are also shown. All relationships
were highly significant (p < 0.001), with R* values
ranging from 0.59 for M. cyprinoides to 0.97 for M.
rume. The intercept values (‘a’), representing the scal-
ing coefficient of LWRs, ranged from 0.009 (P. isidori)
to 0.09 (M. cyprinoides), with a mean of 0.031 + 0.021.
Lower values (P. isidori) suggest lighter body mass per
unit length compared to species with higher a (M. cypri-
noides), which may correlate with differences in body
shape, density, or ecological niche.

The slope values (‘b’) ranged from 2.08 (M. mac-
rophthalmus) to 2.87 (P. isidori), averaging 2.86 with a
standard deviation of 0.25. For all species, the ‘b’ values
were statistically less than 3 (b < 3), indicating nega-
tive allometric growth. These results align with typical
patterns observed in teleost fishes, where mass often
increases slower than the cube of length due to meta-
bolic or ecological constraints.

The condition factor (K) values averaged 3.63
with a standard deviation of 0.71, ranging from 0.99
for P. isidori to 10.48 for M. cyprinoides. Three species
(27.27%) had K values between 0.5 and 1.3, while

Table 1. Morphometric variables of Mormyridae species from the River Niger

Species N, ind. TL, cm SL, cm W, g
Max Avg Min Max Avg Min Max Avg Min
Mormyrus rume 382 68 26.08 61 23.04 10.5 1691 | 154.08 12
(Valenciennes, 1847)
Marcusenius cyprinoides 192 118.5 | 23.97 12.5 57 20.68 11 1500 | 118.09 15
(Linnaeus, 1758)
Campylomormyrus tamandua 165 55 28.99 47 25.14 9 1800 | 182.08 11
(Giinther, 1864)
Pollimyrus isidori 144 27 9.44 6.7 24 8.10 5 122 9.69 3
(Valenciennes, 1847)
Brienomyrus niger 142 11 8.91 9 7.34 6 14 8.20 4
(Giinther, 1866)
Hyperopisus bebe 99 48 32.83 43 29.47 11 700 | 240.96 24
(Lacepéde, 1803)
Mormyrus macrophthalmus 54 31 22.81 25 19.21 11 164 67.31 20
(Giinther, 1866)
Mormyrops anguilloides 51 63.5 30.42 16.5 57 27.58 15 5001 | 304.86 20
(Linnaeus, 1758)
Brevimyrus niger 23 28 14.80 23 12.24 6 128 38.52 3
(Steindachner, 1870)
Mormyrops oudoti 13 33 22.7 30 20.82 10 185 82.08 13
(Daget, 1954)
Cyphomyrus psittacus 10 14 12.65 12 10.65 9.5 29 22.1 14
(Boulenger, 1897)
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the remaining nine species (72.73%) had values sig-
nificantly higher than 1.5. The highest K value was
observed in M. cyprinoides (10.48 = 2.83).

Table 2 provides a detailed summary of the spe-
cies-specific LWR parameters, including the number
of individuals per species (N), regression statistics (a,
b, R?), the type of growth type, and the condition fac-
tor (K). This table offers a clear and concise overview,
making it easier to understand the key aspects of the
research and the health status of the fish populations
studied.

4. Discussion

The length-weight relationship in fish is a cru-
cial metric for assessing various biological factors such
as fat reserves, overall health, and reproductive matu-
rity. Generally, fish that are heavier for a given length
are considered to be in better condition (Nwani et al.,
2008). The parameter (b), which ranges between 2 and
4 (Hile, 1936), is used to evaluate the predominance of
length or weight. A fish with perfect dimensional bal-
ance would have an isometric (b) value of 3 (Thomas et
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Fig.2. Weight-length relationship of some species of Mormyridae from the River Niger.
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Table 2. Length-weight relationship parameters and growth types of Mormyridae fish in the Niger River

Species N R? a b (CI a 95%) K Type of growth
Mormyrus rume 382 0.97 0.01 2.83(2.78-2.88) 1.05x0.12 Negative
allometry
Marcusenius cyprinoides 192 0.59 0.09 2.14(1.89-2.39) 10.48 +2.83 Negative
allometry
Campylomormyrus tamandua 165 0.84 0.02 2.61(2.44-2.80) 2.33+0.60 Negative
allometry
Pollimyrus isidori 144 0.94 0.009 2.87(2.75-2.99) 0.99+0.16 Negative
allometry
Brienomyrus niger 142 0.73 0.03 2.57(2.31-2.84) 2.92+0.32 Negative
allometry
Hyperopisus bebe 99 0.80 0.01 2.81(2.53-3.09) 1.22+0.31 Negative
allometry
Mormyrus macrophthalmus 54 0.79 0.09 2.08(1.77-2.38) 9.81+1.19 Negative
allometry
Mormyrops anguiloides 51 0.77 0.02 2.61(2.21-3.02) 2.59+1.001 Negative
allometry
Brevimyrus niger 23 0.92 0.03 2.40(2.09-2.70) 4.04+0.82 Negative
allometry
Mormyrops oudoti 13 0.96 0.03 2.49(2.16-2.80) 2.92+0.38 Negative
allometry
Cyphomyrus pssittacus 10 0.95 0.01 2.85(2.33-2.37) 1.57+0.07 Negative
allometry

al., 2003). In this study, the correlation coefficients (R?)
between total length and total weight (W) were posi-
tive and very high for all species (0.84 * 0.09), indi-
cating that the fish grew in both length and weight. The
(b) values obtained in this research ranged from 2.08 to
2.87, with an average of 2.57 = 0.21, which aligns with
values reported in other studies, such as Largler et al.
(1977) at 2.998, King (1996) at 2.912, Anibeze (2000)
at 2.153, Stergiou and Moutopoulos (2001) at 2.989,
Ezenwaji and Inyang (1998) at 2.970, and Nwani et al.
(2008) at 2.905. The average (b) value of 2.57 suggests
a pattern of positive allometric growth. According to
Carlander (1969), the (b) exponent should typically be
between 2.5 and 3.5. The (b) values of 2.4 for B. niger,
M. macrophthalmus, and M. cyprinoides indicate strong
negative allometric growth, with very high condition
factors (K) (4.04, 9.81, and 10.48, respectively).

Evaluating the condition factor (K) is essential
for understanding the optimal environmental condi-
tions, feeding habits, and stocking densities for fish
(Tsadu and Adebisi, 1997). In this study, H. bebe had
the highest condition factor (1.22 = 0.31), followed by
C. pssittacus and C. tamandua. These results differ from
Nwani et al. (2008), who found M. rume to have the
best condition in the Anambara River, Nigeria.

All species exhibited negative allometric growth,
which could be attributed to the sampling period. As
Paugy and Lévéque (2006) noted, most fish species in
the Sudan-Sahelian regions reproduce during the flood
season, leading to increased energy expenditure at the
expense of weight growth. This phenomenon has also
been observed by Hamani (2015) and Oumarou (2018)
in the ichthyological communities of the S6au River in
southern Benin and the Mormyridae communities in
the Niger River.
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The condition factor (K) values for fish in the
Niger River during the study period were generally
low, indicating suboptimal living conditions. Zerbo
(2004) reported that runoff water could affect the phys-
ico-chemical parameters of the water body, impacting
the physiological conditions of the fish.

5. Conclusion

This study provides essential insights into the
length-weight relationships and condition factors of 14
Mormyridae species in the Niger River near Niamey. As
one of the pioneering studies on the biology of these
species, it lays a crucial groundwork for future research.
The results offer valuable data that can aid researchers
and policymakers in formulating effective strategies for
the management and conservation of Mormyridae pop-
ulations in this area. This foundational information will
be key in promoting sustainable fisheries practices and
ensuring the long-term preservation of these species.

The findings highlight the importance of under-
standing the biological and ecological characteristics
of Mormyridae, which are vital for maintaining the
health and stability of aquatic ecosystems. By estab-
lishing baseline data on the length-weight relation-
ships and condition factors, this study contributes to
a deeper comprehension of the growth patterns and
overall health of these fish. Such knowledge is indis-
pensable for developing targeted conservation efforts
and mitigating the impacts of environmental changes
and human activities on these species.

Moreover, this research underscores the need
for continuous monitoring and further studies to track
the changes in Mormyridae populations over time.
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Future research should focus on exploring the effects
of seasonal variations, habitat conditions, and anthro-
pogenic pressures on the growth and health of these
fish. By building on the foundation laid by this study,
subsequent research can provide more comprehensive
insights and support the development of adaptive man-
agement strategies that ensure the sustainability of
Mormyridae populations in the Niger River.
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Genetic diversity of members of the genus
Acinetobacter (Proteobacteria) from
the intestine of Baikal omul Coregonus
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ABSTRACT. For the first time, we analyzed genetic diversity of members of the genus Acinetobacter
(Moraxellaceae, Pseudomonadales, and Gammaproteobacteria) in the intestinal microbial communities
of Baikal omul from the Selenga population. The entire data array obtained through high-throughput
sequencing contained 2.9% of the 16S rRNA gene sequences (18 amplicon sequence variants) belong-
ing to the genus Acinetobacter. Phylogenetic analysis revealed that the used 16S rRNA gene fragment
did not resolve the taxonomic identification to species level. Despite the formation of stable clusters,
they contained different species of the genus. The presence of opportunistic species, such as A. woffii,
A. johnsonii, and A. pittii, among the detected Acinetobacter and the absence of signs of disease in fish
indicates favorable environmental parameters of the Baikal omul habitat on the wintering grounds in

the pelagic zone of Lake Baikal.
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1. Introduction

The gastrointestinal (GI) microbiota is a highly
specialized microbial community with a complex
composition, which depends on multiple interactions
between microorganisms, the host and its pray as
well as the environment (Kers et al., 2019; Cui et al.,
2022). Moreover, ecological parameters of the habitat,
seasonal dynamics, host genetic characteristics and
developmental stages, feeding intensity, and diet com-
position determine the diversity of GI microbial com-
munities (Kim et al., 2021). The GI microbiota of fish
mainly consists of aerobic or facultative anaerobic, as
well as facultative and obligate anaerobic microorgan-
isms. Among them, bacteria of the phyla Bacteroidetes,
Firmicutes, and Proteobacteria can account for up to
90% of the gut microbiome of most fish species (Johny

et al., 2021).

Rod shaped, gram negative, and strictly
aerobic  heterotrophic  bacteria represent the
genus Acinetobacter (Gammaproteobacteria:

Pseudomonadales). Acinetobacter spp. show universal
metabolic activity, using mainly simple sugars and
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amino acids as a source of nutrition. Acinetobacter
species contain several pathogenetically significant
enzymes, such as serine proteinase, aminopeptidase,
urease, acid phosphatase. Bacteria exhibit high lipolytic
activity, possessing a set of lipases, some of which can
act as pathogenicity factors. Many lipases are active in
a wide temperature range, including low temperatures.

Members of the genus Acinetobacter are ubiqui-
tous (soil, water, and dust) and colonize various surfaces
and materials indoors. Acinetobacter spp. are the most
common causative agents of severe hospital-acquired
infections worldwide and are among the most danger-
ous nosocomial pathogens with multiple antimicrobial
resistance. These free-living and widespread bacteria
are often found in microbiomes of the outer skin and
internal organs of fish (Austin, 2006; Sevellec et al.,
2014; Lu et al., 2022; Bell et al., 2024). Some strains
are fish pathogens (Gonzélez et al., 2000; Coz-Rakovac
et al., 2002; Yonar et al., 2010; Malick et al., 2020)
resistant to antibiotics due to numerous antimicrobial
resistance genes (Manchanda et al., 2010; Koziniska et
al., 2014; Pekala-Safinska, 2018; Ali et al., 2022).

© Author(s) 2025. This work is distributed
under the Creative Commons Attribution-
NonCommercial 4.0 International License.
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A study of biodiversity and distribution of poten-
tially pathogenic bacteria indicated that bacteria of
the genera Acinetobacter, Citrobacter, Enterobacter, and
Pseudomonas were common in the littoral zone of Lake
Baikal. Notably, their numbers were small compared
to the total number of bacteria, so was their contribu-
tion to the diversity of the lake’s microbial community,
and species richness correlated with anthropogenic
load (Drucker and Panasyuk, 2006). A study of the
taxonomic structure of water microbiocenoses via tar-
geted high-throughput sequencing revealed the dom-
inance of the genus Acinetobacter (4-38% of the total
diversity) in the coastal shallow areas of Lake Baikal in
2021 and 2022 (Zaytseva et al., 2023). An assessment
of the diversity and antibiotic sensitivity of opportu-
nistic bacteria isolated from plankton and biofilms also
revealed that bacteria identified in biotopes belonged
mainly to the genera Acinetobacter, Bacillus, Citrobacter,
Enterobacter, Enterococcus, Escherichia, Hafnia, Serratia,
Shigella, Yersinia, Pseudomonas, and Staphylococcus
and are polyresistant to broad-spectrum antibiotics
(Shtykova et al., 2020).

Baikal omul Coregonus migratorius (Georgi,
1775), is a sufficiently well-studied commercial species:
its high ecological and economic importance explains
a constant attention to its biology. This is a highly
migratory species with a complex spatial organization.
Hydroacoustic surveys indicated its ubiquitous pres-
ence in the upper layers of epipelagic zone to depths
of 350-400 m throughout the entire water area of Lake
Baikal (Melnik et al., 2009). The number of rivers, in
which Baikal omul reproduces, determines the num-
ber of its populations (Smirnov and Shumilov, 1984;
Smirnov, 1992). The decline in the stocks of this spe-
cies led to the introduction of a ban in 2017 on its com-
mercial fishing and restrictions on recreational fishing.
Mortality due to predation, parasites, and diseases is
one of the factors that determine the natural loss of
fish. More accurate predictions about the dynamics
of Baikal omul stocks require adjustment of coeffi-
cients of its natural mortality (Anoshko et al., 2024).
Members of the genus Acinetobacter were detected in
the digestive system of whitefish, Coregonus clupea-
formis (Mitchill, 1818), from North American lakes
(Sevellec et al., 2014; Sevellec et al., 2019). Previously,
molecular genetic analysis of bacteria associated with
the outer skin of Baikal whitefish Coregonus baicalen-
sis Dybowski, 1874, bream Abramis brama (Linnaeus,
1758), and yellowfin sculpins Cottocomephorus grewin-
gkii (Dybowski, 1874), from aquariums also identified
members of this genus (Belkova et al., 2010; 2016). In
this regard, and because of the need to assess mortality
from diseases, it is important to conduct the primary
screening of potentially pathogenic microorganisms
in fish from Lake Baikal. Therefore, the aim of this
study was to analyze genetic diversity of members of
the genus Acinetobacter in the intestines of Baikal omul
from the Selenga population.

2. Materials and methods

Sampling was carried out on 26 May 2022 in
the Selenga shallows of Lake Baikal from the board

of the research vessel “G.Yu. Vereshchagin” (Fig. 1).
Fish was caught for this study as part of the scien-
tific research of Limnological Institute SB RAS under
Permit for the catch of aquatic biological resources
No. 382022031302 dated 2022 issued by the Angara-
Baikal territorial administration of the Federal Agency
for Fisheries.

The fish were caught with a multi-level trawl (ver-
tical opening 10 m and opening along the ground rope
17.5 and 26.0 m) from depths of 110-130 m. Overall,
five trawls were performed. Primary and laboratory
processing of 930 specimens of Baikal omul were car-
ried out according to generally accepted ichthyological
methods (Chugunova, 1939; Pravdin, 1966). A system
of morphological characters was used to determine the
membership of the Baikal omul individuals in a certain
population (Smirnov et al., 1987). Genetic diversity of
potentially pathogenic microorganisms was analyzed
on five immature individuals from the Selenga popu-
lation (one specimen from each trawl) with no visual
signs of disease (Table 1).

Immediately after catching, fragments of fish
hindgut were taken in the laboratory under asep-
tic conditions. The total DNA was extracted from all
specimens using the DNA-sorb-B kit (InterLabService,
Russia). The extracted total DNA was dissolved in
water; the obtained samples were pooled. Primers 343F
and 806R flanking the V3-V4 region of the 16S rRNA
gene were used for amplification. Nucleotide sequences
were determined on a Miseq genome sequencer
(Illumina, USA). Sequencing was performed at SB RAS
Genomics Core Facility (Institute of Chemical Biology
and Fundamental Medicine SB RAS, Russia).

The quality of sequences was checked using
FastQC v. 0.11.8 (https://www.bioinformatics.babra-
ham.ac.uk/projects/fastqc/) and TrimGalore v. 0.6.10
(https://github.com/FelixKrueger/TrimGalore). = The
DADAZ2 v. 1.26 package (Callahan et al., 2016) for the

Table 1. Biological characteristics of fish.

No | Weight, g | Total length, mm | Sex | Age, years
1 95.9 228 d 2
2 161.2 274 o 4
3 35.3 174 d 2
4 79.5 220 * 3
5 76.4 215 d 3
- 106°)0E 106°25'E A 106°%j
500 Trawl_5
JTrawl_
Trawl 3 7/
(<}
S Trawl_4 50 100
v
z z
Y / /ey %
5 Trawl 1/Du1 ) { / )
/ / |10 0 10 20 ka/
Trawl 2 106°10°E 106°25°E| | | (106%40E

Fig.1. Map of the sampling area in the Selenga shallows;
red lines indicate trawling trajectories.
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R programming language was used for further process- 3. Results and discussion

ing, including filtering out non-target and chimeric
sequences as well as clustering into ASVs (amplicon
sequence variants). The taxonomic classification of
bacteria is given according to the Silva v.138.1 data-
base (https://www.arb-silva.de). In the case of uniden-
tified sequences, additional searches were performed
using BLAST analysis (http://blast.ncbi.nlm.nih.gov). : > -
Individual sequences were deposited in GenBank under using BLAST, yielded the following results.
the following accession numbers: PQ560058-PQ560062; The most numerous sequences of members of
PQ560066-PQ571968; PQ560072; PQ560073; the genus Acinetobacter (63.89%) were 100% identi-
PQ560107; PQ560108; PQ571972; PQ571990; cal to the Acinetobacter johnsonii sequences (Fig. 2).
PQ571992; PQ571994; PQ571997, and PQ573330. Strain A. johnsonii DBP-3 from a eutrophic water body
Subsequent analysis of the 431 bp long can grow at 10-30°C and Perform. .denitriﬁcgtion both
sequences, including the selection of nucleotide sub- under aerobic and anaerobic conditions, and its growth
stitution models according to the BIC criterion, was was also f)bserve.d at 5°C (Li et ?‘1" 2013). A. ]ohn.sm.m
carried out using the IQ-TREE2 program (Minh et al., was preylously isolated from different organs of dis-
2020). Phylogenetic reconstruction of the evolution- eased rainbow trout Oncorhynchus mykiss (Walbaum,
ary history was performed by the maximum likelihood 1792). Autopsy of the infected fish revealed a septic
method using the K2P+R2 nucleotide substitution form of mfeCUO_n (Bi et al., 2023). Strains A. JOh”S‘?”ll
model (Kimura, 1980; Soubrier et al., 2012). Bootstrap isolated from diseased trout and carp caused infection
support was calculated from 1000 replicates. Sequences of these species, demonstrating pathogenic properties.
from the GenBank database were used in the analysis, Experimentally infected individuals and fish naturally
with Moraxella lacunata NRO36825 as the outgroup. infected with these bacteria had similar disease symp-
toms (Kozinska et al., 2014).

The entire data array contained 2.9% of sequences
belonging to the genus Acinetobacter (Moraxellaceae,
Gammaproteobacteria, and Proteobacteria). At the
same time, they were clustered into 18 ASVs, demon-
strating their significant genetic diversity. The bioin-
formatic analysis, followed by sequences identification

MNB818734 Acinetobacter pittii
PP141350 Acinetobacter rhizosphaerae
gg| MW580689 Acinetobacter calcoaceticus
MW165431 Acinetobacter calcoaceticus
67 MT250913 Acinetobacter rudis
PQ571992 Acinetobacter sp. ASV362
MF407327 Prolinoborus fasciculus
PQ118666 Acinetobacter Iwoffii
PQ571990 Acinetobacter sp. ASV062
83 |PQ571967 Acinetobacter sp. ASV050
MW467785 Acinetobacter Iwoffii
44 |MG871217 Acinetobacter Iwoffii
MK402066 Acinetobacter harbinensis
OP263606 Acinetobacter albensis
OK481116 Acinetobacter albensis
MT760228 Acinetobacter pseudolwoffii
KX379193 Acinetobacter haemolyticus
MN330384 Acinetobacter johnsonii
55 |0K147821 Acinetobacter bouvetii
94 | MN006563 Acinetobacter johnsonii
94||- PQ560066 Acinetobacter sp. ASV215
95 |1PQ560108 Acinetobacter sp. ASV264
MN208160 Acinetobacter bouvetii
48 || PQ560062 Acinetobacter sp. ASV208
PP494107 Acinetobacter johnsonii
MNB826149 Acinetobacter johnsonii
95 |PQ560058 Acinetobacter sp. ASV094
PQ560072 Acinetobacter sp. ASV247
PQ560073 Acinetobacter sp. ASV240
PQ560107 Acinetobacter sp. ASV301
PQ560059 Acinetobacter sp. ASV076
PQ560061 Acinetobacter sp. ASV114
OP271706 Acinetobacter johnsonii
ON936063 Acinetobacter johnsonii
MN826586 Acinetobacter johnsonii
PQ560060 Acinetobacter sp. ASV104
ON745136 Acinetobacter johnsonii
KX817287 Acinetobacter haemolyticus
MN216267 Acinetobacter johnsonii
PQ573330 Acinetobacter sp. ASV063
PQ571968 Acinetobacter sp. ASV057
ON247418 Acinetobacter johnsonii
MK182754 Acinetobacter guillouiae
PQ571972 Acinetobacter sp. ASV060
MH712936 Acinetobacter oryzae
PQ571994 Acinetobacter sp. ASV260
MN197761 Acinetobacter junii
ON606299 Acinetobacter baumannii
MT367859 Acinetobacter junii
LC506133 Acinetobacter radioresistens
MZ203640 Acinetobacter radioresistens
PQ571997 Acinetobacter sp. ASV132
MT140297 Acinetobacter lanii
28l g4 JF935054 Bacillus weihenstephanensis
ONO056156 Acinetobacter shaoyimingii
NR_036825 Moraxella lacunata

79

62

9)
100

67
67

0.04

Fig.2. Phylogenetic tree of members of the genus Acinetobacter constructed by maximum likelihood method based on the
sequences of fragments of the small subunit rRNA gene. Moraxella lacunata was chosen as an outgroup. Sequences obtained in

this study are highlighted in bold.
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Sequences of the second most represented
(26.11%) genotype were homologous (100%) to the
Acinetobacter lwoffii sequences. A. lwoffii is the most
common causative agent of severe nosocomial infec-
tions in humans (Ku et al., 2000; Regalado et al.,
2009). Some studies mention A. lwoffii as a pathogenic
microorganism causing diseases of fish of the genus
Schizothorax Heckel 1838. Experiments confirmed
its pathogenicity, and it was identified that infection
with A. Iwoffii can lead to pathological changes in
many organs and tissues of fish (Cao et al., 2018). A.
lwoffii was detected in diseased and dead Nile tilapia
Oreochromis niloticus (Linnaeus, 1758), indicating that
infection with A. lwoffii caused their mortality (Ali et
al., 2022). However, A. lwoffii was also detected in fish
without signs of disease, for example, in the gut micro-
biome of the icefish Chionodraco hamatus (Lonnberg,
1905) (Lu et al., 2022).

Sequences identical (99.77%) to the
Acinetobacter radioresistens sequences were less rep-
resented (3.65%). A. radioresistens is rarely mentioned
in the scientific literature as a human pathogen due to
its misidentification (Wang et al., 2019). A. radioresis-
tens was reported in human skin microbiota (Seifert et
al., 1997) and in chicken feces samples (Ngaiganam et
al., 2019). A. radioresistens A154 isolate was obtained
from Antarctic ornithogenic soil (Opazo-Capurro et al.,
2019), and, subsequently, this opportunistic microor-
ganism from the digestive system of birds was shown
to cause secondary bacterial infection and lead to their
mass mortality (Yildyrym et al., 2021). Whole genome
sequencing of A. radioresistens isolated from the intes-
tines of birds indicated a significant number of viru-
lence-associated proteins in the genome of this species
(Crippen et al., 2018).

Sequences closely  related (100%) to
Acinetobacter bouvetii were also minor (3.60%). The
type strain was isolated from a wastewater treatment
plant. Strain Acinetobacter bouvetii UAM25 was identi-
fied as producer of surfactant and emulsifying mole-
cules (bioemulsifiers) (Ortega-de la Rosa et al., 2018).

Additionally, there was a small number (1.22%)
of sequences homologous (100%) to Acinetobacter
haemolyticus. A. haemolyticus is widespread in nature,
often found in soils and water (Doughari et al., 2011),
and is also pathogenic for humans (Grotiuz et al., 2006;
Silva and Lipinski, 2014; Elhosseiny and Attia, 2018;
Bai et al., 2020).

Gut microbial communities contained 1.18% of
sequences identical (100%) to Acinetobacter oryzae,
a nitrogen-fixing endophytic species isolated from rice
leaves and stems (Chaudhary et al., 2012).

We obtained trace amounts (0.35%) of sequences
closely related (99.08%) to the Acinetobacter pittii
sequences. A. pittii is an opportunistic pathogen that
can cause fatal infections in immunocompromised
patients. Multidrug-resistant A. pittii was characterized
as a novel fish pathogen for fish causing mortality in
catla Labeo catla (Hamilton, 1822), and silver carps
Hypophthalmichthys molitrix (Valenciennes, 1844), in
China (Li et al., 2017).

Phylogenetic analysis revealed that the 16S rRNA
gene fragment used did not resolve the taxonomic iden-
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tification to species level. Despite the formation of sta-
ble clusters, they contained a set of different species of
the genus Acinetobacter (Fig. 2).

In May and early June, Baikal omul inhab-
its near-bottom water layers and feeds on zooplank-
ton (Epishura baikalensis Sars, 1900, Cyclops kolen-
sis Lilljeborg, 1901, Daphnia longispina (O.F. Miiller,
1776), etc.), macrohectopus Macrohectopus branickii
(Dybowsky 1874), juvenile fish (mainly golomyankas,
Comephoridae), benthic amphipods, and imago (adult)
insects belonging to various orders (Gurova and
Pastukhov, 1974; Volerman and Kontorin, 1983; Melnik
et al., 2009). Zooplankton is the main food source of the
young Baikal omul. From the age of 1 + and 2 +, the pro-
portion of macrohectopus and fish gradually increases
in its diet (Gurova and Pastukhov, 1974). Species of the
genus Acinetobacter were detected in the main taxa of
invertebrates (Ciliophora, Copepoda, Amphipoda, and
Insecta) that were also observed in the food spectrum
of Baikal omul. Members of the genera Acidovorax,
Acinetobacter, Pseudomonas, etc. were identified in
more than 20 species of ciliates (Ciliophora) (Zhang et
al., 2024). Studies of microorganisms associated with
microscopic marine invertebrates often indicate mem-
bers of pathogenic genera (Wardeh et al., 2015). Studies
of bacterial communities in Lake Biwa zooplankton
identified Acinetobacter in Daphnia pulicaria Forbes,
1893, Eodiaptomus japonicas (Burckhardt, 1913), and
Cyclopoida spp. (Tuhin et al., 2023). Members of the
genus Acinetobacter were detected in Eurytemora affinis
(Poppe, 1880), suggesting that an increase in the pro-
portion of these microorganisms in response to copper
exposure may contribute to host defense against toxic
substances (Colin et al., 2023). Acinetobacter demon-
strated bacterial colonization of exoskeletons of cope-
pods of the genus Diaptomus (Holland and Hergenrader,
1981). A study of insect bacterial diversity revealed the
predominance of Acinetobacter in Lepidéptera (Naveed
et al., 2024). Symbiotic bacteria of insects are involved
in the metabolism of insecticides and herbicides (Zhao
et al., 2022), plant toxins (Zhang et al., 2020), phe-
nolic glycosides (Mason et al., 2016), and organochlo-
rine pesticides (Ozdal et al., 2016). Unfortunately,
information about members of the genus Acinetobacter
associated with invertebrates of Lake Baikal is scarce.
They were detected in freshwater sponges of the gen-
era Baicalospongia, Lubomirskia, and Swartschewskia
(Parfenova et al., 2008), and these bacteria predom-
inated in amphipods, Eulimnogammarus verrucosus
(Gerstfeldt, 1858) (Shchapova et al., 2023). Taking into
account the virulence factors of Acinetobacter, namely,
cell surface hydrophobicity and the composition of
enzymes (urease, esterase, phosphatase, and lipase),
bacteria of this genus can successfully adhere to host
cells and colonize its outer skin and intestines.

In the coastal-bay zone, where juvenile Baikal
omul feeds, fish mortality may be associated with pre-
dation by fish-eating birds. The decline in Baikal omul
stocks coincides with a catastrophic increase in the num-
ber of great cormorants, Phalacrocorax carbo (Linnaeus,
1758) (Yelayev et al., 2021). The rapid pace of natural
reintroduction of this species was due to its mass migra-
tion from other habitats caused by long-term drought
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in Northeast China and Eastern Mongolia (Yelayev et
al., 2024). In the ecosystem of Lake Baikal, the great
cormorant is gradually mastering the ecological niche
that it once occupied, forming new biocenotic links and
relationships within biogeocenoses. Great cormorants
can contribute to the emergence and spread of ornitho-
ses and helminthiases in their habitat (Yelayev et al.,
2024). Moreover, huge colonies of birds are a source of
numerous bacteria entering the lake water along with
excrement. Studies of the cormorant gut microbiota
indicated among the observed genotypes the genera
with potential pathogenicity for humans and/or birds,
such as Campylobacter, Corynebacterium, Clostridium,
Mycobacterium, Yersinia, etc. Members of the genus
Acinetobacter were also detected in the gut microbial
community of this bird species (Laviad-Shitrit et al.,
2017). Furthermore, antimicrobial-resistant bacteria
were often identified in the gut of the great cormorant
(Dias et al., 2012; Gross et al., 2022), including fish
pathogens (Odoi et al., 2021). The stomach tempera-
ture, an indicator of the core body temperature, in great
cormorants during foraging, varies dramatically, from
31 to 42°C (Grémillet et al., 1998). Because the growth
temperature of natural Acinetobacter species and strains
ranges from 33 to 35°C, and that of opportunistic iso-
lates is 37°C, we can assume that intensive growth of
strains in the intestines of birds is possible. Members of
the genus Acinetobacter were also detected in the gut
microbial communities of black-headed gulls Larus ridi-
bundus Linnaeus, 1766 (Liao et al., 2019), and herring
gulls Larus argentatus Pontoppidan, 1763 (Merkeviciene
et al., 2017), which are common nesting species in the
Selenga shallows (Popov, 2004). However, to date,
there is no data on the participation of colonial birds in
the circulation of pathogenic and opportunistic bacte-
ria of fish in the ecosystem of Lake Baikal.

Sampling of Baikal omul was carried out in late
May, immediately after the ice melted. During this
period, bacteria of the genus Acinetobacter are among
the dominant bacterial and microeukaryotic com-
munities in the pelagic zone of the lake (Mikhailov
et al., 2022). In view of the above, we can state that
the detected microorganisms entered the intestines of
Baikal omul from water and with food objects because
they are strictly aerobic heterotrophs. Our detection of
these opportunistic bacteria and the absence of signs
of disease in fish indicate favorable environmental
parameters of the Baikal omul habitat on the wintering
grounds in the pelagic zone of Lake Baikal.

4. Conclusion

As part of the primary screening of potentially
pathogenic microorganisms in fish of Lake Baikal using
high-throughput sequencing of 16S rRNA gene ampli-
cons, we identified the Acinetobacter spp. sequences (18
ASVs) in the intestines of Baikal omul from the Selenga
population. Members of this genus are strictly aerobic
heterotrophic bacteria. They are widespread in fresh-
water bodies, so they can enter the digestive tract of
fish with water and/or food objects. The presence of
the species A. lwoffii, A. johnsonii, and A. pittii known
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as opportunistic bacteria among the detected ASVs and
the absence of signs of disease in fish indicate favorable
environmental parameters of the Baikal omul habitat
on the wintering grounds in the pelagic zone of the
lake. Our study also revealed a poor understanding of
associations of members of the genus Acinetobacter with
invertebrates of Lake Baikal and a complete lack of data
on the participation of colonial birds in the circulation
of pathogenic and opportunistic bacteria of fish in the
lake ecosystem.
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AHHOTAILIMA. Bnepsole IpoBefeH aHalW3 IeHeTUYECKOro pa3HOooOpasus IpeAcTaBUTesel poAda
Acinetobacter (Moraxellaceae, Pseudomonadales, Gammaproteobacteria) B MUKPOOHBIX COOOIIECTBaX
KHUIIeYHUKa OalikaJbCKOrO OMYyJi CEeJIeHIMHCKOY IOoNMysAnuy. Bech MaccuB AaHHBIX, IOJIyYeHHBIX
C HCIIOJIb30BaHMEM BBICOKOIIPOU3BOAUTEIBHOTO CeKBEeHHMpOBaHUA, coAepxkay 2,9% mocjenoBaTesib-
HocTtel reHa 16S pPHK (18 ASV), npuHamiexammux poxy Acinetobacter. ®UaoreHeTUYECKUNA aHAIN3
[I0KAa3aJI, YTO MCIIOJIb3yeMblli pparMeHT reHa 16S pPHK He mo3BosinJl pa3pemuTh TaKCOHOMUYECKYIO
naeHTuukanuio o Buga. He cMoTpsA Ha ¢opmupoBaHUE YCTONMYMBBEIX KJIaCTepOB, OHHU cojepXasd
HabOp pa3/IMYHBIX BUIOB poda. Hammume cpenu oGHapyXeHHBIX Acinetobacter yCIOBHO MATOT€HHBIX
BUJIOB, TaKUX Kak A. lwoffii, A. johnsonii u A. pittii © OTCyTCTBHE y PBIO MPU3HAKOB 3a00JIEBaHUI CBU/IE-
TeJIbCTBYeT O 0JIaronpHATHBIX 5KOJIOTHYECKUX IIapaMeTpax cpeAbl o0uMTaHusA 0aliKkabCcKOoro oMyJid Ha

MeCTaxX 3UMOBKHU B Iejarvuajan o3epa Batikau.
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1. BBeapenue

MukpobuoTa XeJIyJOYHO-KHIIEYHOIo TpaKTa
(PKKT) — aTO BBICOKOCIEUAJIM3UPOBAHHOE MUKPOOHOE
COO00IIeCTBO CO CJIOXKHBIM COCTaBOM, KOTOPO€ 3aBUCHUT
OT MHOXeCTBAa B3aUMOJIEHCTBUN MeXAy MUKpPOOpra-
HU3MaMH, X035 MHOM U ero0 KOPMOBBIMHU OpraHHU3MaMmHu,
okpyxaromeii cpemoii (Kers et al., 2019; Cui et al.,
2022) Kpome Ttoro, pasHoobpasrie MUKPOOHBIX CO00-
mectB KKT omnpenesnsercsa 5KOJIOrMYECKMMH MapaMe-
TpaMu cpeflbl OOMTaHUsA, CE30HHOU AWHAMHKOH, TeHe-
TUYECKUMU OCOOEHHOCTAMU U CTaJusAMU pa3BUTHUA
X03s1Ha, MHTEHCUBHOCTY NUTAHUA U COCTaBa pallioHa
(Kim et al., 2021). Mukpo6uota XXKT psi6 B OCHOBHOM
COCTOUT U3 ad3pOoOHBIX WU (GaKyJIbTaTUBHO-aHA3POO-
HBIX, a TakXe PaKyJIbTaTUBHBIX U 00JIUTaTHO-aHA3POO-
HBIX MHKpOOpranmusMoB. Cpeau HuUxX Oaktepuu puiiy-
MoB Bacteroidetes, Firmicutes u Proteobacteria moryt
cocTaByiATh [0 90% MukpobroMa KullleYHUKa 00Jib-
IIMHCTBA BUI0B pei0 (Johny et al., 2021).

* ABTOP [JIsI IEPEIHCKH.
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Pox Acinetobacter (Gammaproteobacteria:
Pseudomonadales) mpezicTaBiieH MaJIOYKOBUIHBIMU
rpaMOTPHULIATEIBHBIMU CTPOT'O a3pOOHBIMU T€TEPOTPO-
duBIMU GakTepusaMu. Acinetobacter spp. XapaKTepusy-
I0TCSI YHUBEPCaJIbHON MeTaboInyeckoil aKTUBHOCTBIO,
B KaueCTBe MCTOYHMKA MUTAHUA OHU UCIIOJIb3YIOT MPEn-
MYIIECTBEHHO MMPOCTHIE caxapa U aMHUHOKUCJIOTHIL. BUIbI
Acinetobacter comepXaT HECKOJIbKO MaTOreHEeTUYeCKU
3HAYMMBIX (PEPMEHTOB: CEpUHOBYIO IIPOTEMHA3Y, aMU-
HOIeNnTUaasy, ypeasy, Kuciayw docdarady. bakrepuu
MPOSIBJIAIOT BBICOKYIO JIUITOJIUTUYECKYI0 aKTHUBHOCTH,
pacrmoJsiaras HabOpOM JIMIA3, HEKOTOPhle U3 KOTOPHIX
MOTYT BBICTYIIaTh B KauecTBe (aKTOPOB MAaTOTE€HHOCTH.
MHor#ue JUmasbl aKTUBHAL B IIUPOKOM TEMITEPATYPHOM
Jana3oHe, BKJIFOYas HU3KUE TEMITEPATYPHI.

[peacraButenu poja Acinetobacter pacmpocrpa-
HeHBI ITIOBCEMECTHO (B IIOYBe, BOE, IIbLIN), B IIOMEIIle-
HUAX OHU KOJIOHM3WPYIOT Pa3/IMYHBIE MOBEPXHOCTU U
MaTtepuasibl. Acinetobacter spp. SABJAIOTCA HauboJiee

© Asrop(s1) 2025. DTa padora pacnpocTpaHs-
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YacTHIMU BO3OYAUTEAMU TSXKEJIBIX T'OCHUTAJIBHBIX
nHOEKINIT 0 BceMy MUPY U BXOJAT B YKCJIO Haubo-
Jlee OMACHBIX BHYTPUOOJIBHUYHBEIX IATOI'€HOB C MHO-
’)KeCTBEHHOU aHTUMUKPOOHON pPe3UCTEHTHOCThI0. DTU
CBOOO/THOXHMBYII[ME U IIMPOKO PacIpoCTpaHEHHbIe Oak-
TepUH YacTO BCTPEYalnTCs B MHUKPOOHOMAax BHENIHUX
MOKPOBOB U BHYTPEHHMX OpraHoB phrib (Austin, 2006;
Sevellec et al., 2014; Lu et al., 2022; Bell et al., 2024).
HekoTopEele MTaMMBI ABJIAIOTCA BO30YIUTESAME 3260-
neBanuii pei6 (Gonzdlez et al., 2000; Coz-Rakovac et
al., 2002; Yonar et al., 2010; Malick et al., 2020) u
MIPOSABJIAIOT Pe3UCTEHTHOCTh K aHTHUOMOTHKAM 3a CUeT
HaJIMYMsA MHOTOYMCJIEHHBIX TEeHOB YCTOHYMBOCTH K
MPOTUBOMUKPOOHBIM Tpenapatam (Manchanda et al.,
2010; Koziniska et al., 2014; Pekala-Safinska, 2018; Ali
et al., 2022).

UccenoBanue 61opazHoo6pasys U pacupocTpa-
HEeHUs IIOTeHI[HaJIbHO MNATOTeHHBIX OaKTepuil IOKa-
3ayy, yTo GakTepum ponoB Acinetobacter, Citrobacter,
Enterobacter u Pseudomonas 4acTo BCTpe4arTcs B JIUTO-
paJIbHOH 30He o3epa Baiikas. Beuto oTMeueHo, YTO UX
YHMCJIEHHOCTh HeBeJIMKa [0 CPaBHEHUI0 ¢ oOuiel urc-
JIeHHOCTBI0O OaKkTepuii, Kak M BKJIAJ B pasHooOpasue
MUKPOOHBIX COOOIECTB 03epa, a BUJIOBOe GOraTcTBO
KOppeJIUpyeT ¢ aHTpOmoreHHoW Harpyskoul (Drucker
and Panasyuk, 2006). HccienoBaHue TaKCOHOMHYE-
CKOH CTPYKTypbl MUKPOOHOILIEHO30B BOJIBI C IIOMOIIIBIO
TApreTHOro BBICOKOIPOM3BOUTEJIBHOTO CEKBEHUPO-
BaHMA BBIABWJIO JIOMUHUpOBaHHe pona Acinetobacter
(4-38% ot obuero pa3HooOpasusA) B NPUOPEXHBIX
MeJIKOBOJAHBIX y4acTkax o03. Baiikan B mepuop 2021-
2022 rr. (3atiueBa u np., 2023). Ouenka pa3Hoobpa-
3Ui M aHTUOMOTHUKOUYYBCTBUTEJILHOCTH YCJIOBHO-IIA-
TOTeHHBIX OaKTepuii, BbIIEJIEHHBIX W3 IUJITAHKTOHA U
Ou1oIJIeHOK NpUuOpexHOU 30HBI o3epa bBaiikas, Takxe
[IO3BOJIMJIA YCTAHOBUTh, UYTO OaKTepuu, BbIABJIEH-
Hble B OHOTOIIAX, OTHOCATCA IPEHNMYIIeCTBEHHO K
ponawm Acinetobacter, Bacillus, Citrobacter, Enterobacter,
Enterococcus, Escherichia, Hafnia, Serratia, Shigella,
Yersinia, Pseudomonas, Staphylococcus w ob6iagamT
[IOJIMPE3UCTEHTHOCTBI0 K AHTUOMOTHKAM IINPOKOTO
cnektpa Aericteus (Shtykova et al., 2020).

batikaneckuii  omysib  Coregonus migratorius
(Georgi, 1775) sBasgeTcs OOCTAaTOYHO XOPOILIO HU3Y-
YeHHBIM IIPOMBICJIOBBIM BUJIOM: BBICOKAsl JKOJIOTHYe-
CKasg U KOHOMMYECKas 3HAYUMOCTh KOTOPOIro 00b-
SICHSIET TIOCTOSTHHOEe BHHMAHMe K ero OHOJIOTUU. DTO
aKTUBHO MUIPUPYIOIINI U CJIOXKHOOPTAaHM30BAHHBIN B
mpocTpaHcTBe BUA. [I0 JaHHBIM THUIAPOAKYCTUYECKHUX
ChbeMOK OBLJIO YCTaHOBJIEHO, YTO OH IPUCYTCTBYET
[IOBCEMECTHO B BEpPXHUX CJIOAX OIUIeJIaruaayd 10
riry6uH 350-400 M mo Bceil akBaTopuu o3epa batikan
(MenbHUK U fp., 2009). KonnuecTBo nomysAnuil 6aii-
KaJIbCKOTO OMYJIA OllpefiesifAeTcsA KOJINYeCTBOM pekK, B
KOTOPHIX OH pa3MHoxaercsa (CmupHOB U IllyMuios,
1984; Smirnov, 1992). CHMXeH1e 3anacoB 3TOr0 BHUAA
npusesio B 2017 r. Kk BBeJEHUIO 3allpeTa Ha ero mpo-
MBIIIJIEHHBIN BBLJIOB U OTpaHUYeHUH Ha JIIOOUTeJIbCKU.
CMepTHOCTh OT BO3LEHCTBUA XUITHUKOB, MApa3nUTOB U
60J1e3Hel ABJIAeTCA OJHUM U3 (PaKTOPOB, OIpemdesIsio-
MUX eCTeCTBeHHYI yObUIh peIO. [ dbopmupoBaHUA
0oJiee TOYHBIX MPOTHO30B O JUHAMUKe 3amacoB Oaii-
KaJIbCKOTO OMYJIA Heo0XouMa KOPPEKTHPOBKA KO3(-
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(UIIEeHTOB ero ecTecTBeHHOII CMepTHOCTH (AHOUIKO
u 1ap., 2024). IlpexcraButenu poaa Acinetobacter 6b11H
JIeTeKTUPOBAHBHI B [TUITIeBAPUTEIBHON CHCTEMe CUTOBBIX
pei6 Coregonus clupeaformis (Mitchill, 1818) u3 o3zep
CeBepHoii AmMepuku (Sevellec et al., 2014; Sevellec et
al., 2019). Panee MOJIEKYJIAPHO-TEHETUYECKUH aHAJIU3
6aKTepuii, aCCOIMMPOBAHHBIX C BHEITHUMU OKPOBAMU
Gatikasibckoro cura Coregonus baicalensis Dybowski,
1874, nema Abramis brama (Linnaeus, 1758) u xeJ-
TOKPBUION MMUPOKOJI06KkU Cottocomephorus grewingkii
(Dybowski, 1874) wu3 axkBapMyMHOH 3KCHO3WULUHA
TaKke I0Ka3aJl HajJuuue MpefcTaBUTesIel 3TOro poaa
(benbkoBa u ap., 2010; 2016). B cBA3uU ¢ 3TUM, a Takxe
HeoOXOAMMOCTBI0 OIeHKH CMEePTHOCTH OT OoJjie3Hel
aKTyaJIbHBIM CTAQHOBHUTCS IIpOBeJIeHNe IIEePBUYHOTO
CKPMHUHTA IOTEHIMAJIbPHO IaTOre€HHBIX MHKPOOpra-
HU3MOB B phifax o3epa DBaiikai. Ilesib HacTosImero
HcCcyIeJOBAaHNA — aHAJIN3 TeHeTHYeCKOro pPa3Hoo0pasus
npefcTaBuTesell poga Acinetobacter B KUIIEYHUKe Oaii-
KaJIbCKOT'O OMYJIA CEJIEHTMHCKOM MOy JIALUN.

2. MaTepuan U MeToAbl MICCAEAOBaAHUA

C6op mpob6 mpoBomuiau 26 mas 2022 r. Ha
CeJIeHTMHCKOM MeJIKOoBoJbe o3epa balikan c¢ OopTta
HUC «I.10. Bepemarun» (Puc. 1). BpuioB peid AjA
9TOro HCCaeoBaHuA IMpoBoauica B pamkax HHP
JlumHoJIOrMYecKkoro MHcTuTyTa CHOMpPCKOro oTAese-
HuA Poccuiickoll akagemMuu Hayk no PaspemieHuio Ha
J00bIuy (BBUJIOB) BOIHBIX OMOJIOTMYECKUX PeCcypcoB
No 382022031302 ot 2022 r., BEIJaHHOMY AHrapo-
balikabCkUM ~ TeppUTOPUAJIBHBIM  yIpaBJieHHEM
®epnepasibHOro AreHTcTBa 110 PrIO0JIOBCTBY.

Ppi6 oTJaBiMBa/JM Pa3HOIJIyOMHHBIM TpaJjioM
(BepTHKasibHOe packpbiThe 10 M, pacKpbIThe IO HUX-
Helil noabope 17,5 u 26,0 M) ¢ riry6un 110-130 m. Beero
BBINOJIHWIN NATH TpajieHul. [lepBUYHYI0 U KaMepaJlb-
HyI0 06paboTky 930 5k3. 6aiikajibCKOTO OMYJif IIPOBO-
JWIN 10 OOLIENIPUHATEIM B MXTHUOJIOTMU MeTOAUKaM
(UyrynoBa, 1939; IIpaBaun, 1966). [na ompefeie-
HHUA TpUHAJJIEXXHOCTU ocobell 6alikajbCKOro OMYJIs
K KOHKPETHOH NONyJIALUM MCIOJIb30BAJIM CUCTEMY
MopdoJiornueckux npusHakoB (CMuUpHOB u Ap., 1987).
AHay3 reHeTUYecKOoro pasHooOpasusA NOTEeHIUMaJIbHO
[IaTOreHHBIX MHKPOOPraHM3MOB NPOBOAWIN Ha MATU
HeII0JIOBO3peJIbIX 0CO0AX CeJIeHTMHCKON IOIMyJIAUN
(mo omHOMYy 5K3eMIUIApYy M3 KaxJoro Tpaja), BU3Y-
anpHO 6e3 mpu3HaKkoB 3abosieBanuii (Tabauna 1).
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Puc.1. Kapra patioHa pa6otr Ha CeJIeHTMHCKOM MeJI-
KOBOJIb€, KDACHBIMU JIMHUAMH O00O3HAYeHBl TpPaeKTOpUU
TpajleHuH.
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HenocpencrtBeHHO Imocjie OTJIOBa, B Jiabopa-
TOPUU B aceNTHYecKUX YCJIOBUAX Opaau (pparMeHTHl
3aJiHero otjesa kKuileyHuka pelo. Cymmapnyio JHK u3
Bcex 00pasLoB BbIEJIATN ¢ MoMouibio Habopa «IHK-
Cop6 B» (HMurepJlabCepBuc», Poccus). BeineneHHyI0
cymmapayio JTHK pacTtBopsnu B BoJe, NOJIyYeHHBIE
poObl 00beuHANU. [J1a aMIIn@uKanuyu HCI0JIb30-
Basiu npaiimMepsl 343F u 806R, ¢rankupyomme yya-
cTok V3-V4 rena 16S pPHK. Onpefenenne HyKJIeOTU -
HBIX I0CJIeJOBaTeJIbHOCTEel NMPOBOAWJIN Ha FeHOMHOM
cekBeHatope Miseq (Illumina, CIIIA), cekBeHUpOBaHUE
BoinoyiHeHO B IIKII «'eHomuka» (MXB®M CO PAH,
Poccus).

KauectBoO nocjieoBaTeIbHOCTeN IIpoBe-
pssm ¢ momomipio FastQC v. 0.11.8 (https://www.
bioinformatics.babraham.ac.uk/projects/fastqc/)
u TrimGalore v. 0.6.10 (https://github.com/
FelixKrueger/TrimGalore). Ilaker DADA2 v. 1.26
(Callahan et al., 2016) a1 sA3bIKa MPOrpaMMHUPOBAHUS
R ucnosp3oBanu AaA AajibHeleil o6paboTKy, BKJIIO-
yaromel B ce0sa GuiabTpaIyio HelleJIeBbIX U XMMepPHBIX
nocjaefoBaTeJbHOCTEH, a Takke KJlacTepusaluio B
ASVs (Amplicon Sequence Variants — BapuaHTHI mocJie-
J0BaTeJIbHOCTYM  aMIUIMKOHOB).  TakcoHoMuueckas
kaccudukanusa O0akTepuil JaHa corjlacHO 6a3e aH-
veix  Silva v.138.1 (https://www.arb-silva.de). B
ciydyae HeuAeHTUOULIUPOBAHHBIX IOCJIeJ0BaTelb-
HOCTe/ OCyL[eCTBJIAIN [ONOJHUTEJbHBINI IOUCK C
nomonipio BLAST-ananusa (http://blast.ncbi.nlm.nih.
gov). MHauBuyasbHble II0CJIeJ0BaTeJIbHOCTU 3aperu-
ctpupoBanbl B GenBank: NoNe PQ560058-PQ560062;
PQ560066-PQ571968; PQ560072; PQ560073;
PQ560107; PQ560108; PQ571972; PQ571990;
PQ571992; PQ571994; PQ571997; PQ573330.

JlampHeHmU aHaau3 TocJieqoBaTeIbHOCTEN
AnvHou 431 mH, BKJIIOYass BHIOOpP Mojesieil HyKJIeo-
TUAHBIX 3aMeH corJiacHo BIC-kpuTtepuio, IpoBOAWUIN C
ucnosib3oBaHueM nporpammbl IQ-TREE2 (Minh et al.,
2020). DumoreHeTUYECKyI0 PEKOHCTPYKIIMIO 3BOJIIO-
LIOHHOM KMCTOPHUU NMPOBOAWJIA METOAOM MaKCHMaJlb-
Horo mpaBnonoao6usa (Maximum-Likelihood) ucnosis-
3ys MoJesib HykjeoTuaHbx 3aMeH K2P+R2 (Kimura,
1980; Soubrier et al., 2012). ByTcTpen moaAep>XKu pac-
cuntanbel u3 1000 pernsuk. B aHanm3e Mcnosb3oBaiu
mocJiefoBaTesibHOCTU U3 6a3el GenBank, B kauecTBe
ayT-rpymmsl — Moraxella lacunata NR036825.

3. Pe3ynabTatbl M 06Ccy)xpeHue

Becr MaccuB NOJTyuYeHHBIX JAHHBIX cOfepxkaJl
2,9% mocJiefoBaTeIbHOCTEH, MpUHAJIEXAUUX POAY
Acinetobacter (Moraxellaceae, Gammaproteobacteria,
Proteobacteria). I[Ipu 3ToM OHU OBUTH CIPYIITHPOBAHBI
B 18 ASV, uTO AeMOHCTpUpYyeT UX 3HaulTeJIbHOe TeHe-
TU4Yeckoe pasHooOpasue. CorjacHO MNPOBeAeHHOMY
6uonHdopMaTUUYeCKOMy aHaju3y ¢ [ocJeayomen
uaeHTUUKaLUUel mocjefoBaTeIbHOCTEN C MOMOIIbIO
BLAST noJsiydeHsl cieAyooliye pe3yJbTaThl.

Camble MHOTOYUCJIEHHBIE ITIOCJIEIOBATEJIHHO-
cTU TpeAcTaBuTesiei poda Acinetobacter (63,89%)
umenaun 100% cxXonacTBO ¢ IIocJieOBaTeJIbHOCTAMU
Acinetobacter johnsonii (Puc. 2). Illtamm A. johnsonii
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Ta6suna 1. Buonornyeckuie XapaKTepUCTHUKYU PHIO.

Ne [Macca, r| O6masn giuHa, MM | ITos | Bo3pacr, Jjier
1| 959 228 d 2
2 | 161,2 274 ot 4
3| 353 174 d 2
4| 795 220 * 3
5 | 764 215 d 3

DBP-3 wu3 »3BTpodHOro BOAOEMA CIOCOOEH pacTu
mpu 10-30°C u BBINOJHATHD AeHUTPUGUKALUIO Kak
B adpOOHBIX, TaK U B AHA’POOHBIX YCJIOBUAX, KpoMe
TOro, oTMeueH ero poct npu 5°C (Li et al., 2013). A.
johnsonii paHee BbiJleJIeH U3 pa3HBIX OPraHOB 60JIb-
HBIX ocobell pamyxHo# dopenu Oncorhynchus mykiss
(Walbaum, 1792). Ilpyu BCKpPBITUU 3apaX€HHBIX PHIO
perucTpupoBaayd cenTudeckyr ¢GopMy HHOEKIn
(Bi et al., 2023). IItammbr A. johnsonii, U30J1POBaH-
Hble 13 OOJIBHBIX (popesy M Kapla, BHI3BIBAJIM 3apa-
JXKeHue 3TUX BUJIOB, IEeMOHCTPUPYs NaTOTeHHbIE CBOM-
CTBa. DKCIIEpUMEHTAJIbHO MHOUIMPOBAHHBIE 0COOU U
PBIOBI, 3apaXXeHHbIe 3TUMU 0aKTepUAMU eCTeCTBEHHBIM
MyTeM, UMeJIU CXOXue cuMnToMbl 6oJiesnu (Kozinska
et al., 2014).

[TocniemoBaTesIbHOCTH BTOPOTrO IO IPeACTaB-
aeHHoctu (26,11%) reHorumna romoJjorudsbel (100%)
nocJiefoBaTeJIbHOCTAM Acinetobacter woffii. A. woffii
ABJIAeTcA HauboJiee 4acTBIM BO30yAUTEJIEM TsKEJIbIX
BHYTpUOOJBHIYHBIX HH(peKuil desoBeka (Ku et al.,
2000; Regalado et al., 2009). B HEKOTOPHBIX HCCIEA0BA-
HuAX A. lwoffii ynoMuHaeTcs Kak NaTOTeHHBIH MUKPO-
OpraHu3M, BHI3BHIBAOIIMK 3a0ojieBaHUs PBIO  pofa
Schizothorax Heckel 1838. DxcriepuMeHTaIbHBIM Iy TEM
NOATBEPXJeHa ero MaTOreHHOCTbh U yCTaHOBJIEHO, YTO
3apaxeHue A. lwoffii MoXeT NMPUBOAUTH K IATOJIOTU-
YeCKMM HU3MEHEHUsM BO MHOTUX OpraHaX M TKaHIX
pei6 (Cao et al.,, 2018). A. lwoffii 6s11 0OOHapyXeH y
OOJIPHBIX U TOTMOMUX ocobell TusAmuu Oreochromis
niloticus (Linnaeus, 1758), yka3biBasi Ha TO, YTO 3apa-
xenue A. woffii crano npuunHoi nx cMmeptHocTH (Al
et al., 2022). Omnaxko, A. Iwoffii Taxxe OBUI OETEKTU-
poBaH y prIO 0e3 IpU3HAKOB 3a00JeBaHNsA, HaIpuMep,
B MHMKpOOMOME KUIIeYHHKa IIUIOBATON OeJIOKPOBKHU
Chionodraco hamatus (Lonnberg, 1905) (Lu et al., 2022).

B wmeHbmiell creneHu B MUKpoOOHMOMAax phHIO
(3,65%) mpencTaBjeHbl MOCJIEIOBATEIBHOCTUA, WMe-
omye cxonctso (99,77%) ¢ mocjieqoBaTeIbHOCTIMU
Acinetobacter radioresistens. A. radioresistens pemako
YIOMHHAETCA B HAy4YHOU JINTepaType Kak Bo30yauTelb
3aboJieBaHUI YesI0BeKa [0 IPUYMHE ero HellpaBUJIbHOMN
nnentudukanun (Wang et al., 2019). A. radioresistens
ObUT OTMeYeH B MUKPOOHOTE KOXU desioBeka (Seifert et
al., 1997) u B o6pasuax skckpeMeHTOB Kyp (Ngaiganam
et al., 2019). UzossaT A. radioresistens A154 GbLT MOJTy-
YeH W3 OPHUTOTeHHOH mnouBnl AHTapkTuku (Opazo-
Capurro et al., 2019), a mo3Hee MOKa3aHO, YTO ITOT
YCJIOBHO-TIATOTE€HHBII MWKPOOPTraHW3M U3 IMHUIIeBa-
PUTEIbHOM CUCTEMBI ITUI] MOXeT ABJIATHCA BO30yAu-
TeJieM BTOPUYHON OakTepuasibHOM MHGpEKIUU U Npu-
BOOUTh K MX MAacCOBOI Trubesu (ﬁbm}:[blpblM a ap.,
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MN818734 Acinetobacter pittii

PP141350 Acinetobacter rhizosphaerae
9g|MW580689 Acinetobacter calcoaceticus

MW165431 Acinetobacter calcoaceticus

67

79

67
67

79
19

62

100

MT250913 Acinetobacter rudis
PQ571992 Acinetobacter sp. ASV362
MF407327 Prolinoborus fasciculus
PQ118666 Acinetobacter Iwoffii
PQ571990 Acinetobacter sp. ASV062
83 | PQ571967 Acinetobacter sp. ASV050
MW467785 Acinetobacter Iwoffii
44 |MG871217 Acinetobacter Iwoffii
MK402066 Acinetobacter harbinensis
OP263606 Acinetobacter albensis
OK481116 Acinetobacter albensis
MT760228 Acinetobacter pseudolwoffii
K

X379193 Acinetobacter haemolyticus
MN330384 Acinetobacter johnsonii
OK147821 Acinetobacter bouvetii
MNQO06563 Acinetobacter johnsonii
PQ560066 Acinetobacter sp. ASV215
PQ560108 Acinetobacter sp. ASV264
MN208160 Acinetobacter bouvetii
48 PQ560062 Acinetobacter sp. ASV208
PP494107 Acinetobacter johnsonii
MNB826149 Acinetobacter johnsonii
95 |PQ560058 Acinetobacter sp. ASV094
PQ560072 Acinetobacter sp. ASV247
PQ560073 Acinetobacter sp. ASV240
PQ560107 Acinetobacter sp. ASV301
86 [|PQ560059 Acinetobacter sp. ASV076

PQ560061 Acinetobacter sp. ASV114
53| | 0P271706 Acinetobacter Jjohnsonii
ON936063 Acinetobacter johnsonii
MNB826586 Acinetobacter johnsonii
56| | PQ560060 Acinetobacter sp. ASV104
79 ON745136 Acinetobacter johnsonii
KX817287 Acinetobacter haemolyticus
MN216267 Acinetobacter johnsonii
PQ573330 Acinetobacter sp. ASV063
PQ571968 Acinetobacter sp. ASV057
ON247418 Acinetobacter johnsonii
MK182754 Acinetobacter guillouiae
PQ571972 Acinetobacter sp. ASV060
MH712936 Acinetobacter oryzae
PQ571994 Acinetobacter sp. ASV260
MN197761 Acinetobacter junii

9|

71 | ON606299 Acinetobacter baumannii

MT367859 Acinetobacter junii

LC506133 Acinetobacter radioresistens

MZ203640 Acinetobacter radioresistens

PQ571997 Acinetobacter sp. ASV132
MT140297 Acinetobacter lanii

28U 94 JF935054 Bacillus weihenstephanensis

ONO056156 Acinetobacter shaoyimingii

NR_036825 Moraxella lacunata

0.04

Puc.2. ®duoreHeTnyeckoe ApeBO NpejcTaBuTesieil poaa Acinetobacter, nocTpoeHHOe MeTOJOM MAaKCUMaJbHOTO IpaBio-
nofnoOusa Ha OCHOBAHUU IOCJIeIoBaTeJIbHOCTeN ¢pparMeHTOB reHa Majol cyobequuauIsl pPHK. B kauecTBe ayT-rpynnsl BeIOpaHa
Moraxella lacunata. XKXupHbiM mprudTOM BBIJEJIEHBI [TOCJIEJOBATEIbHOCTH, ITOJTyYeHHbIE B JAHHO! pabore.

2021). Pe3ysnbTaThl IOJTHOT€HOMHOTO CEKBEHUPOBaHUA
A. radioresistens, BBIAEJIEHHOTO M3 KHIINEYHMKA IITHII,
MOKa3aJjii, 4YTO B reHOMe JJaHHOTO BUJa IPUCYTCTBYeT
3HAYMTEJIbHOE KOJIMYECTBO OEJIKOB, CBSI3AHHBIX C BUPY-
nenTtHOcThIO (Crippen et al., 2018).

ITocJieqoBaTeILHOCTH, 0JIM3KOPO/ICTBEHHEIE
(100%) Acinetobacter bouvetii Oblii TakXe HEMHO-
rouricjieHHbl (3,60%). TumnoBoii mTaMM OBLJI BBIfe-
JIeH M3 OYMCTHHIX coopyxeHuil. IlItamm Acinetobacter
bouvetii UAM25 upneHTHPUIIMPOBAH KaK MPOU3BOMA-
IUH TOBEPXHOCTHO-aKTHUBHBIE U 3MYJBTUPYIOL[HE
MoJiekyabl (6uosmyseratopsl) (Ortega-de la Rosa et
al., 2018).

Takxe TMOJIlydeHO HeOOJIbIIOE KOJUYECTBO
(1,22%) nmocyiegoBaTesIbHOCTEHN roMosorunyHbIX (100%)
Acinetobacter haemolyticus. A. haemolyticus IMPoOKO
pacrnpocTpaHeH B IMpUpPOAE, YacTO BCTpPEYAEeTCA B
nouBax u Bofie (Doughari et al., 2011), Takxe ABsAeTCA
nmaToreHHbIM 1A yesioBeka (Grotiuz et al., 2006; Silva
and Lipinski, 2014; Elhosseiny and Attia, 2018; Bai et
al., 2020).

MukpoOHBIe coofLjecTBa KUIIEYHHKA CoJep-
xxanu 1,18% nocnenoBaTesibHOCTEN, KOTOPblE CXOJIHBI
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(100%) c Acinetobacter oryzae — a30TPUKCUPYIOIAM
SHAO(PUTHBIM BUIOM, M30JIMPOBAHHBIM U3 JIUCTHEB U
crebselt puca (Chaudhary et al., 2012).

B cnemoBeix kosmmuectBax (0,35%) moJtyueHBI
IocJieIoBaTeIbHOCTU OJin3kopoAcTBeHHble (99,08%)
nocjiefjoBaTeJibHOCTAM Acinetobacter pittii. A. pittii —
yCJIOBHO-TIAaTOTeHHasA GaKTepus, cocoOHas BBHI3BIBATH
CcMepTesIbHYI0 HMHGEKIHI0 y MalueHTOB C ocJiabJieH-
HBIM MMMyHUTeTOM. [lompe3ncTeHTHBIN A. pittii ObLI
oXapaKTepr30BaH KaK HOBBIN MATOT€HHBIN MUKPOOP-
raHU3M [Jis PhIO, BHI3BIBAIOIINE CMEPTHOCTb Y KaTJIBI
Labeo catla (Hamilton, 1822) u 6eJ10ro TOJICTOJIOOMKA
Hypophthalmichthys molitrix (Valenciennes, 1844) B
Kurae (Li et al., 2017).

OUJIOTeHEeTUYECKUI  aHaJIu3 [oKasajl, dYTo
Hcrnosb3yeMblil pparmeHT reHa 16S pPHK He mosBo-
JINJT pa3pelInTh TaKCOHOMUYECKYIO HIOeHTU(HUKALNIO
o Bujga. He cmoTpsa Ha opMupoBaHHe yCTONYMBBIX
KJIaCTepOB, OHU coAepXayii Habop pas3jIMYHBIX BUJOB
pona Acinetobacter (Puc. 2).

B Mae u Havasile uOHA OaliKaJIbCKUII OMYJIb
obuTaeT B NPUAOHHBIX CJIOAX BOABI U MUTAETCA 300-
miaHkToHoM (Epishura baikalensis Sars, 1900, Cyclops
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kolensis Lilljeborg, 1901, Daphnia longispina (O.F.
Miiller, 1776) u nip.), MakporekTomycom Macrohectopus
branickii (Dybowsky 1874), mosiofnpio pei6 (IIpeumy-
IecTBeHHO roJioMsaHok Comephoridae), goHHBIMU
aMmdunonaMy, UMaro HaceKOMBIX, NPUHAIJIEXAIINX
k pasnmuHeiM oTpsagam (I'ypoa u Ilactyxos, 1974;
Bonepman u Konrtopus, 1983; MenpHuk u fp., 2009).
OCHOBY IUTaHUA MOJIOY GalKaIbCKOT'O OMYJIA CeJieH-
THHCKOMH TOMYyJIAIMN COCTAaBJIsET 300IUIaHKTOH. C BO3-
pacra 1+, 2+ B ero paiuoHe NoCTeeHHO BO3pacTaeT
JoJi1 Makporekronyca u peioel (I'ypoBa u IlacTyxos,
1974). Buasl poma Acinetobacter GbUIM OOHAPYXKEHBI
B OCHOBHBIX TaKCOHaX OeClI0O3BOHOYHBIX >XMBOTHBIX
(Ciliophora, Copepoda, Amphipoda u Insecta), koTo-
pBle TakXe OTMeueHBl M B IHIIEBOM CcIleKTpe 6aii-
Kajckoro omyJiA. IIpencraButenu ponoB Acidovorax,
Acinetobacter, Pseudomonas u [p. ObUIM BBIABJIEHH y
6oJiee yem 20 BumoB uHy3opuii (Ciliophora) (Zhang
et al., 2024). TIpu uccaeJOBaHUH MUKPOOPTAaHU3MOB,
acCOLMUPOBAHHBIX C MUKPOCKOIMYECKUMHU MOPCKUMU
6eCII03BOHOYHBIMY, YacTO [1eTeKTUPYIOTCA IpeJcTa-
BUTENIM MaToreHHbIx pomoB (Wardeh et al.,, 2015).
HccrneoBaHusa GaKTepHasIbHBIX COOOIIECTB 300ILIAH-
KTOHa o3epa BuBa nokasanu, uyto Acinetobacter mpucyT-
ctByeT v Daphnia pulicaria Forbes, 1893, Eodiaptomus
japonicas (Burckhardt, 1913) u Cyclopoida spp. (Tuhin
et al., 2023). IlpeacraButenu poaa Acinetobacter 6bLTH
netektupoBaHsl y Eurytemora affinis (Poppe, 1880),
[IpeArnoyarajgock, 9YTO yBeJIndeHUe J0JIN 3TUX MHUKPO-
OpraHM3MOB B OTBET Ha BO3AEHCTBHE MeOU MOXeT CIIO-
cOOCTBOBATH 3ALTUTE XO3AUHA OT AEHCTBUA TOKCUYHBIX
BergectB (Colin et al., 2023). [TokazaHa 6GakTepuabHasA
KoJioHu3anus Acinetobacter 5K30CKeJIeTOB BEeCJIOHOTHX
paukoB poma Diaptomus (Holland and Hergenrader,
1981). MUzyueHue OakTepuajpbHOro pa3HoOOpa3us
HAaceKOMBIX II0Kaszajio IpeobsafgaHue Acinetobacter
y demryekpwuUibix oTpsfga Lepiddptera (Naveed et al.,
2024). CumbuoTtuueckre 6aKTepUM HACEKOMBIX yda-
CTBYIOT B MeTaboJin3Me NHCEKTHUIMAOB U repOuIioB
(Zhao et al., 2022), pacTUTeJIbHBIX TOKCUHOB (Zhang
et al., 2020), deHospHBIX TyIMKO3uA0B (Mason et al.,
2016) u xymopopranuyecknx necturugos (Ozdal et al.,
2016). K coxaseHuio, cBeJieHUs O IMpeJICTaBUTEJISAX
pona Acinetobacter, accounMpOBaHHHIX ¢ 6ecro3BO-
HOYHBIMM XMBOTHBIMU O3epa Bafikas MasiounciieHHBI.
W3BecTHO 00 MX [eTeKIMU y INPEeCHOBOIHBIX TyOOK
ponoB Baicalospongia, Lubomirskia u Swartschewskia
(Parfenova et al., 2008) u noka3aHO JOMUHHPOBaHUE
aTuX 6akTepuii y ambunon Eulimnogammarus verrucosus
(Gerstfeldt, 1858) (IlfamoBa u Ap., 2023). C yvyeTom
dakTopoB BuUpyJeHTHOCTU Acinetobacter, a WMEHHO,
ruapodo6HOCTH KJIETOUHOH IOBEPXHOCTU U COCTABY
dpepmeHTOB (ypeasa, acTepasbl, ¢ocdaTasbl, JHUMIA3HL),
6aKTepuy 3TOTO pojia MOTYT YCIIEIIHO IPHJIMIATh K
KJIeTKaM XO03sMHa U KOJIOHU3WPOBAaTh €ro BHeIIHHe
[TOKPOBHI U KUIIEYHUK.

B mpubpexHO-cOpOBOil 30He, rIe IPONCXOAUT
HaryJ MoJjionu OaliKaJbCKOro OMYJiA, CMEPTHOCTh
pBIO MOXeT OBITh CBf3aHa € XUIHUYECTBOM PpHIOOAM-
HbIX nTull. CoKkpalleHue 3anacoB 6alKaabCKOro OMYyJIA
COBIIAJIaeT C KaTtacTpodUUYeCKUM YyBeJINYeHHEeM YIC-
JjenHocty OGosbiioro 6axiaHa Phalacrocorax carbo
(Linnaeus, 1758) (EnaeB u Ap., 2021). BeicTpble TeMIIbI
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€CTECTBEHHO! PEeMHTPOAYKINH JaHHOTO BH/1a 00y CJI0B-
JIeHbl MacCCOBBIM IlepecejieHueM ero M3 APYTUX peru-
OHOB OOUTaHWsA, BbI3BaHHBIE MHOTOJIETHEN 3acyXoun
B ceBepO-BOCTOYHOM Kurtae u BOCTOYHOU MOHrosmu
(EmaeB u np., 2024). B sxocucreme o3. batikan 60b-
1m0 6aKJIaH MOCTeeHHO OCBAaNBAET TY SKOJIOTUYECKYI0
HUIIY, KOTOPYIO KOTJa-TO 3aHUMaJI, GOpMUPYs HOBBEIE
OUOI[eHOTHYeCKYe CBA3M U OTHOIIEHUs BHYTpHU OHO-
reoleHo30B. ITokazaHo, uTo Gosblre 6akIaHbl MOTYT
CII0COOCTBOBATh BO3HMKHOBEHUIO U PACIPOCTPaHEHUIO
OPHUTO30B U T'eJIbMUHTO30B Ha TEPPUTOPHUU CBOETO
oburtanus (Enaes u gp., 2024). Kpome storo, orpom-
Hble KOJIOHHU ITHI] ABJIAITCA UCTOYHUKOM IOCTYILIe-
HHA B BOJy O3epa OOJIBIIOrO KOJinuecTBa OGaKTepuil
BMecTe C 3KCKpeMeHTaMHU. MccesiefoBaHsA MUKPOOHOTH
KHIIeYHNKa 6akjaHa IoKasaiy, 9To cpenu Habsomae-
MBIX F€HOTUIIOB OBLIN OOHApYXeHbI pojia C MOTEHIU-
aJIbHON NaTOreHHOCTHIO MJIs YeJloBeKa U/WJIM IITHI,
Takue kak Campylobacter, Corynebacterium, Clostridium,
Mycobacterium, Yersinia u papyrue. IlpencraButenu
pona Acinetobacter Taxxe ObUIN JeTEKTUPOBAaHHI B
cocTaBe MHMKPOOHOrO cOODIIecTBa KHUIIEYHUKA 3TOTO
Bupa nrur (Laviad-Shitrit et al., 2017). Kpome 3Toro, B
KHIIeYHHKe GOJIBIIOro 6aKjiaHa YacTo BRIABIIIN OaKTe-
puH, YCTOMYMBBIE K IPOTUBOMUKPOOHBEIM IIpernapaTam
(Dias et al., 2012; Gross et al., 2022), B ToM u4ucJie 1
naroreHHsie Ui poid (Odoi et al., 2021). Temmnepartypa
Xeyqyaka (Tokasaresb TeMIEpATypsl sApa Teja) y
60pIINX 0AKJIAHOB BO BpeMs JOOBIYM MHUIHA CUJIBHO
Bapbupyer, coctabisas oT 31 Ao 42°C (Grémillet et al.,
1998). BeyieacTBUe TOrO, UTO TEMIlEpaTypa pocTa Mpu-
POIHBIX BUAOB U INTaMMOB Acinetobacter Haxomurcsa
B quana3oHe 33-35°C, a yCJIOBHO MAaTOTeHHBIX U30JIs-
ToB mpu 37°C, MOXHO IPEeINOJIOXUTh BO3MOXHOCTh
MHTEHCHBHOI'O POCTa IMITAMMOB B KHUIIEYHUKe IITHUII.
[pencraBurenu pona Acinetobacter Takxe ObLIH JETEK-
THPOBAHHEl B COCTaBe MHUKPOOHBIX COOOIIECTB KHIIeY-
HHUKa 03epHbIX 4aek Larus ridibundus Linnaeus, 1766
(Liao et al.,, 2019) u cepebpucroii Larus argentatus
Pontoppidan, 1763 (Merkeviciene et al., 2017), koTo-
pBle ABJIAIOTCA OOBIYHBIMU THE3AAMMMUCA BUJAMU Ha
CeneHruHckoM MeJikoBojibe (ITormo, 2004). OaHako, K
HacTosAIleMy BpeMeHH JJaHHble 00 y4acTUU KOJIOHUATIb-
HBIX [ITUIL] B IIUPKYJIANNY TAaTOTeHHBIX U YCJIOBHO IIATO-
reHHBIX OakTepuili pei6 B sKocucTteMe o3epa barikan
OTCYTCTBYIOT.

OT6op mpo6 6alKaJabCKOTO OMYJIA IPOBO-
JWIN B KOHIle Masd, cpasy Iocjie TasHUA JIeJOBOTO
OKpoBa. I3BECTHO, UTO B 3TOT Nepuof 6akTepuu poaa
Acinetobacter ABNAIOTCA OAHUMHU W3 JTOMUHUPYIOMINX
B cocTaBe GaKTepHAJIbHBIX M MHKPO3YKapHOTHYECKUX
coollIlecTB B meJjlarnyeckoi 3oHe o3zepa (Mikhailov et
al., 2022). C yueToM BHIIIIECKA3aHHOTO, MOXHO YTBEP-
XJ1aTh, YTO JJeTEKTUPOBAHHbIE HAMU MUKPOOPTraHU3MBI
HOCTYTIVJIA B KUIIEYHUK GaliKaJIbCKOro OMYJIS U3 BOIBI
1 C KOPMOBBIMU OOBEKTaMU, IIOCKOJIBKY SBJIAIOTCS
CTPOro a’pobHBIMU reTepoTpodamMu. JleTeKTHPOBaHIE
HaMH 3THX YCJIOBHO NATOTeHHBIX OAaKTEPUIH U OTCYT-
cTBUe y PHIO IIPH3HAKOB 3a00J1eBaHNIT CBU/IETEIbCTBYET
0 6JIaroNpHATHBIX 3KOJIOTMYECKUX IapamMeTpax Cpeisl
obuTaHusa 6alikaJibCKOro OMYJIsI HA MecTax 3UMOBKU B
nejarvainy osepa Baiikair.
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4. 3aknioueHue

B pamkax npoBefeHus NepBUYHOIO CKPUHUHTA
[IOTeHI[aJIbHO TIaTOTeHHBIX MUKPOOPraHU3MOB B ppiOax
o3epa baiikay ¢ NoMoIbI0 BEICOKOIIPOU3BOAUTEIBHOTO
CEeKBEHNPOBAHUA aMIUINKOHOB 16S pPHK B kuieyHnke
6aliKaIbCKOTO OMYJIS CEJIEHTMHCKOM IOy JIALNN BBISB-
JieHsl ocsiegoBatesHOCTH (18 ASV) Acinetobacter spp.
[IpeacraBuTes poja ABJAIOTCA CTPOro a’3pOOHBIMU
rerepoTpo@HeIMU G6akTepusaMy. OHU MIUPOKO paclpo-
CTpaHeHBH! B [IPEeCHBIX BOJOEMaX, I03TOMY MOTYT IIOCTY-
MaTh B MUIIEBAPUTEIbHBIN TPAKT PHIO C BOAOU U/WJIU
KOpMOBEIMHU oObekTamu. IIpucyrcTBue cpeau oOHapy-
)keHHbIX ASV mocJiemoBaTesibHOCTEN BUAOB A. lwoffii,
A. johnsonii u A. pittii — U3BeCTHBIX YCJIOBHO MaTOT€H-
HBIX OaKTepuil U OTCYTCTBUE y PBIO MpPU3HAKOB 3a60-
JleBaHUN CBUJETeJIbCTBYeT O OJIaronpUATHBIX 3KOJIO-
ruyecKux rnapamMeTpax cpepl o0uTaHusA 6aNKaIbCKOT0
OMyJi Ha MecTaxX 3UMOBKHU B Ilejiaruanu ozepa. Hamre
rccilefloBaHue TakXe IoKasasao cjlabyl M3yueHHOCTb
acconuanui TpeacTaBUTeNell poja Acinetobacter ¢
06ecro3BOHOYHBIMM JKMBOTHBIMHU bBaiikajia “ mOJIHOe
OTCYTCTBME JAHHBIX 00 y4acTU KOJIOHWAJIbHBIX IITUIL] B
LUPKYJIALNUY IaTOTeHHBIX U YCJIOBHO MATOTeHHBIX Oak-
Tepuil prIb B 3KOCHCTEMeE O3epa.
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ABSTRACT. Surveys conducted between 2019 and 2023 identified six out of the eight known amphipod
species in Lake Ladoga, including two native (Monoporeia affinis and Pallaseopsis quadrispinosa) and four
invasive taxa (Gmelinoides fasciatus, Micruropus possolskii, Pontogammarus robustoides, and Chelicorophium
curvispinum). Two additional species (Gammaracanthus lacustris and Gammarus lacustris) remain rare in
the lake and were not recorded in our samples during the study period. Spatial analysis highlighted dis-
tinct distribution patterns: native relict amphipods exhibited lower abundance in northern deep-water
areas compared to southern regions, while invasive species dominated the littoral zone in terms of bio-
mass. Monoporeia affinis reached densities of up to 21.26 g/m? in open waters, whereas Gmelinoides fas-
ciatus prevailed in littoral habitats (31.32 g/m?). The Ponto-Caspian invaders Pontogammarus robustoides
and Chelicorophium curvispinum remained restricted to Volkhov Bay, though C. curvispinum expanded
its range within the bay. Notably, Micruropus possolskii demonstrated active northward and southward
dispersal, with maximum biomass recorded along the western coast and Petrokrepost Bay (18.39 g/m?).
These findings suggest that M. possolskii is likely to colonize the entire littoral zone of Lake Ladoga —
Europe’s largest lake — and potentially spread to connected water bodies.
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1. Introduction Prior to the 1980s, Lake Ladoga’s amphipod

fauna comprised only four species: the three relicts
mentioned above and the Holarctic Gammarus lacus-
tris Sars, 1863. In recent decades, amphipod diversity
has increased due to the range expansion of Baikal and
Ponto-Caspian species, facilitated by human activities
and natural dispersal mechanisms.

Amphipods are one of the dominant groups of
higher crustaceans in terms of both species diversity
and abundance, inhabiting diverse aquatic environ-
ments, including marine, freshwater, and groundwater
ecosystems (Takhteev et al., 2015). They play a signifi-

cant role in shaping benthic communities in lakes, serv-
ing as a key food source for fish and facilitating organic
matter transformation and energy transfer.

Lake Ladoga, the largest freshwater body in
Europe, hosts a unique fauna distinguished by gla-
cial relict crustaceans. It is the only waterbody in
Russia where the full complex of glacial relict organ-
isms is preserved (Gerd, 1949). This complex includes
three cold-water amphipod species: Monoporeia affinis
(Lindstrom, 1855), Pallaseopsis quadrispinosa (Sars,
1867), and Gammaracanthus lacustris (Sars, 1867),
which inhabit the profundal zone of the lake.
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To date, four invasive amphipod species have
been recorded in the lake. The first newcomer was the
Baikal amphipod Gmelinoides fasciatus (Stebbing, 1899),
intentionally introduced into the lakes of the Karelian
Isthmus in the 1980s (Panov, 1994). G. fasciatus
became a dominant component of the littoral benthos
(Panov, 1996), leading to significant transformations
in these ecosystems (Berezina et al., 2009; Kurashov
et al.,, 2012). Another Baikal species, Micruropus pos-
solskii (Sowinsky, 1915), was accidentally introduced
alongside G. fasciatus and first detected in Shchuchiy
Bay in 2003 (Kurashov et al., 2020). Ponto-Caspian

© Author(s) 2025. This work is distributed
under the Creative Commons Attribution-
NonCommercial 4.0 International License.
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invaders, Pontogammarus robustoides (Sars, 1894) and
Chelicorophium curvispinum (Sars, 1895), were dis-
covered in Volkhov Bay in 2006 and 2009, respec-
tively (Kurashov and Barbashova, 2008; Kurashov et
al., 2010). Concurrently, the formerly widespread
Gammarus lacustris has become rare in the lake (Littoral
zone..., 2011).

The ongoing invasion and spread of non-native
species in Lake Ladoga are driving changes in mac-
rozoobenthic communities (Kurashov et al., 2018).
Amphipods, particularly invasive taxa, play a cen-
tral role in reshaping the lake’s littoral ecosystems
(Kurashov et al., 2021).

This work aims to present data on the species
composition, quantitative development, and distribu-
tion patterns of amphipods in open areas and littoral
zone of the lake and determine the current distribution
boundaries of invasive amphipod species.

2. Materials and methods
2.1. Study area

Lake Ladoga is located in northwestern Russia
between 59°54’ and 61°47’ north latitude and 29°48’
and 32°58’ east longitude, within the Leningrad Oblast
and the Republic of Karelia. With a surface area of
17765 km? and an average long-term water level of 5.1
meters, the lake stretches 219 km in length with a max-
imum width of 125 km. The maximum depth reaches
230 meters, while the average depth stands at 47.8
meters, containing a total water volume of 847.8 km?
(Naumenko, 2013). The coastline measures 1570 km
when excluding the more than 500 islands within the
lake (Chernyaeva, 1966).

The lake’s bathymetric features and tributary dis-
tribution create distinct regions characterized by vari-
ations in depth, bottom sediment composition, thermal
regime, stratification patterns, and productivity levels.
A clear division exists between the northern deep-wa-
ter section and the southern shallow-water areas,
with transitional zones of intermediate depth between
them. The southern portion includes extensive shallow
regions comprising open coastal areas and several bays
(Petrokrepost Bay, Volkhov Bay and Svir Bay), making
this section notably warmer than the northern reaches.

Bottom sediments throughout Lake Ladoga
exhibit considerable diversity, ranging from fine clays
to boulders, with distribution patterns strongly influ-
enced by basin topography and hydrodynamic pro-
cesses. Silts predominate in the central and northern
deep-water parts at depths from 30 to 230 m, cover-
ing 70% of the bottom area. In the southern shallow
part and coastal zones, silty clays are replaced by silts,
sands of various grain sizes, gravel, pebbles and boul-
ders (Subetto, 2002).

The lake’s chemical properties are primarily
determined by riverine inputs, which account for over
95% of the total chemical balance. The Volkhov River
serves as the dominant source of dissolved substances
entering the lake. Key chemical characteristics include
low mineralization levels (60-65 mg/L), a bicarbon-
ate-calcium chemical composition, and slightly elevated
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sulfate concentrations relative to chloride ions. Oxygen
dynamics show consistent saturation throughout the
water column, with surface layers typically maintain-
ing 93-110% saturation during periods of phytoplank-
ton activity, while deeper hypolimnetic waters exhibit
slightly lower values ranging from 86-96% saturation
(Ladoga, 2013).

2.2. Sampling and laboratory procedures

This study uses macrozoobenthos samples col-
lected during monitoring surveys of Lake Ladoga’s open
waters from June to October 2019-2023 at 34 stations
covering depths from 6 to 230 m (Fig. 1). We collected
176 quantitative samples including 128 samples con-
taining amphipods.

Results from the July-August 2019 survey in
the littoral zone (35 stations) are also presented, with
samples collected in macrophyte beds at 0.20-1.00 m
depths around the entire lake perimeter. Of the 35 sam-
ples collected, 33 contained amphipods. Location plan
and description of stations are provided in the article
(Barbashova et al., 2024).

Additional sampling was conducted in August
2022 (8 quantitative stations) and August 2024 (10
qualitative stations) in selected northern and southern
littoral areas to assess the distribution limits of invasive
amphipods.

Benthic macroinvertebrates were collected using
different gear depending on substrate type: a Petersen
grab for sandy sediments, an Ekman-Birge grab for silty
substrates (both with a capture area of 1/40 m? and
duplicate samples per station), and a Panov-Pavlov
tube sampler (0.125 m? cross-section) for macrophyte
habitats (Panov and Pavlov, 1986). Qualitative sam-
ples were taken using a hand net with scraper. Samples

Fig.1. Locations of macrozobenthos sampling stations
(1-222, P1, G, 93A) in the open waters of Lake Ladoga in
2019-2023.



Barbashova M.A., Trifonova M.S. / Limnology and Freshwater Biology 2025 (2): 238-258

were washed through 125 microns nylon gas and either
sorted live with fixation in 70% ethanol or preserved
in bulk with 4% formaldehyde (final concentration).
In the laboratory, samples were sorted, selected organ-
isms were grouped by taxa and species, counted, and
refixed with 70% ethanol. Blot-dried wet biomass was
measured using a Sartorius CPA225D analytical scales.
Species of amphipods were identified using stereo-
scopic microscope Zeiss STEMI — 2000S according to
the identification keys (Zooplankton and zoobenthos,
2016) and the monograph of A.Ya. Bazikalova (1945).
The World Register of Marine Species database was
used to determine the taxonomic position of individual
species (https://www.marinespecies.org/).

When summarizing and analyzing data for the
study period, the zonation of the lake into six limnetic
regions was taken into account (Naumenko, 1995):
depressions (depths over 140 m), deep-water region
(100-140 m), slope region (70-100 m), lake scarp
area (50-70 m), transitional region (18-50 m), and
nearshore shallow region (0-18 m). In the nearshore
shallow region, separate areas were identified: western
shore (WC), Petrokrepost Bay (PB), Volkhov Bay (VB),
Svir Bay (SB) and eastern shore (EC).

3. Results and discussion
3.1. Species composition and ecological
features of amphipods

Lake Ladoga is inhabited by 8 amphipod spe-
cies (Table 1), including 4 native species (Monoporeia

Table 1. List of amphipod species in Lake Ladoga.

affinis, Pallaseopsis quadrispinosa, Gammaracanthus
lacustris and Gammarus lacustris) and 4 invasive spe-
cies (Gmelinoides fasciatus, Micruropus possolskii,
Pontogammarus robustoides and Chelicorophium curvispi-
num). The native fauna consists of one Holarctic species
(Gammarus lacustris), two emigrants from the Arctic
Ocean (M. affinis, Gammaracanthus lacustris), and one
emigrant from Lake Baikal (P. quadrispinosa). The post-
glacial migrant P. quadrispinosa along with the relict
species of late Cenozoic marine transgressions (M. affi-
nis, Gammaracanthus lacustris) are traditionally referred
to as “glacial relicts” in the literature. Although this
term is not entirely precise, we retain it in this study
for consistency. The invasive species have two distinct
origins: Baikal (G. fasciatus, M. possolskii) and Ponto-
Caspian (P. robustoides and C. curvispinum).

Amphipods are divided into two habitat groups in
the lake: profundal and littoral. M. affinis, P. quadrispi-
nosa and Gammaracanthus lacustris inhabit the deep-wa-
ter zone from the lower littoral through sublittoral to
profundal depths.

Monoporeia affinis is the most abundant and
widespread relict amphipod. These crustaceans show
dynamic distribution patterns that change daily and
seasonally due to their active migrations (Nikolaev,
1975). They occupy all sediment types over a wide
range of depths (from 1 m to the maximum), becoming
the sole amphipod present below 120 m. They prefer
soft silty-sandy sediments rich in organic matter where
they form dense aggregations. Although cold-adapted
(optimal temperatures: 10-13 °C in summer, 2-4 °C in
winter), they tolerate warming to 20-20.5 °C. Optimal

Species Origin

Open areas of the lake

Macrophyte
thickets

Depth (m)

141-230 | 101-140

71-100 | 51-70 18-50 0-17 0-1

Class Malacostraca
Order Amphipoda
Fam. Corophiidae
Chelicorophium curvispinum PC
Fam. Micruropodidae
Gmelinoides fasciatus
Micruropus possolskii B

Fam. Pontoporeiidae

Fam. Gammaracanthidae
Gammaracanthus lacustris * AO

Fam. Pallaseidae

Fam. Pontogammaridae
Pontogammarus robustoides PC

Fam. Gammaridae

Gammarus lacustris * H

Monoporeia affinis AO + +

Pallaseopsis quadrispinosa B +

+ +

Note: * — according to the authors’ archival data, PC — Ponto-Caspian species, B — Baikal species, AO — Arctic Ocean species,

H - Holarctic species.
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oxygen saturation is 95-97%, though in Karelian lakes
they survive at 50-60% saturation (Gordeev, 1965).
Remarkably, they can persist at very low oxygen lev-
els (1-2 mg/1) (Sushchenya et al., 1986; Maksimov,
2000). This euryhaline species withstands wide salin-
ity fluctuations (1-20%o) (Filippov, 2006). While pri-
marily detritivorous, adults display predatory behavior
(Kurashov, 1994; Berezina and Maksimov, 2016).

Pallaseopsis quadrispinosa shows greater tempera-
ture tolerance and survives at lower oxygen saturation
(down to 60%). In Karelian lakes it inhabits shallows,
preferring 7-12 °C but enduring up to 22.5 °C (Gordeev,
1965). This omnivorous crustacean mainly consumes
zooplankton but also eats diatoms, detritus, mineral
particles and chironomid larvae, occurring from 2.5 m
depth (Hill et al., 1990).

Gammaracanthus lacustris requires colder condi-
tions (6-7 °C) with bottom oxygen saturation =90%
(Gordeev, 1965). Adults are predominantly predators.
The species prefers depths greater than 30 m (Hill et al.,
1990). Currently, Gammaracanthus lacustris is consid-
ered an endangered species and is listed in the Red Book
of Karelia (2020). At the same time, according to Z.S.
Kaufman (2011), the degree of osmoregulation develop-
ment in the freshwater form of G. lacustris is very close
to the marine one, indicating its relatively recent intro-
duction into freshwater bodies and insufficient adap-
tation to living conditions in there. This explains their
low numbers and rare occurrence. In Lake Ladoga, this
amphipod has been recorded extremely rarely, mainly
at depths of 30-50 m, where its abundance ranged from
20 to 40 ind./m? and biomass from 0.2 to 0.6 g/m?. It
was last recorded by us in 2000 at a depth of 47 m in
the northeastern part of the lake. According to litera-
ture data, it was found in 2011-2012 on the rocky litto-
ral of Valaam Island (Zuyev and Zuyeva, 2013). In the
2019-2023 collections Gammaracanthus lacustris was
not detected. The rare occurrence of Gammaracanthus
lacustris may be related to methodological difficulties
in studying mobile crustaceans. Benthic sampling was
conducted using a grab sampler, which poorly captures
these amphipods.

Gmelinoides fasciatus is the most widespread
species in the lake’s littoral zone. It typically inhabits
depths of up to 5 m, extending to the water’s edge. This
species favors sandy littoral areas with varying degrees
of siltation and vegetation, as well as stony substrates
overlying sand. Occasionally, it is found in open lake
areas at depths of up to 17 m. These crustaceans can
survive in water bodies with salinity levels up to 5%o,
but stable populations only form where salinity does
not exceed 2%o (Berezina et al., 2001). They are omniv-
orous with detritus predominating their diet, though
adults are active predators (Berezina, 2007; Berezina
and Maksimov, 2016).

Micruropus possolskii inhabits both macrophyte
thickets and open sandy areas of the lake’s littoral zone.
It has colonized sandy biotopes in the central part of
Petrokrepost Bay at depths of up to 7 m. Primarily a
burrowing species, adults can occasionally be observed
swimming near the bottom in shallow waters. M. pos-
solskii is euryphagous, preferring well-warmed biotopes
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and low-salinity waters. In its native range, it occurs at
depths of up to 5 m. During winter, it can tolerate oxy-
gen saturation levels as low as 40% (Beckman, 1962).

Pontogammarus robustoides lives on various sub-
strates and is frequently found in macrophyte thickets,
demonstrating a high adaptability to stagnant water
conditions (Burkovsky and Sudnik, 2018). It inhabits
depths of up to 3 m in waters with salinities ranging
from 0.2 to 5%eo. It is omnivorous, with adults being the
most active predators (Berezina and Maksimov, 2016).

Chelicorophium curvispinum is a sediment filter
feeder but also consumes detritus and biofilms, includ-
ing filamentous algae. It inhabits depths of up to 3
m in waters with salinities below 5%o (Berezina and
Maksimov, 2016) and can adapt to lower salinity condi-
tions (Harris and Bayliss, 1990). This species constructs
mud tubes on hard substrates, often colonizing macro-
phyte stems and submerged objects. As an edificatory
species, dense aggregations of C. curvispinum can alter
benthic communities by modifying bottom topogra-
phy through the construction of silt and detritus tubes
(Malyavin et al., 2008).

Gammarus lacustris is a euryhaline, cold-tolerant
species that can survive low temperatures but sensitive
to temperatures above 20 °C (Burkovsky and Sudnik,
2018). It is omnivorous, with detritus comprising the
bulk of its diet, though adults exhibit predatory behav-
ior (Berezina, 2007; Salonen et al., 2019). Historically
widespread in the lake’s littoral zone (Kuzmenko, 1964;
Stalmakova, 1968), its population declined sharply—
and in some areas disappeared entirely—following the
introduction of the Baikal endemic Gmelinoides fascia-
tus (Panov and Berezina, 2002; Kurashov et al., 2006).
Recent records indicate that only isolated individu-
als persist in stony and boulder low-surf zones in the
northern skerries of the lake and around Valaam Island
(Zuyev and Zuyeva, 2013; Dudakova et al., 2023).
Gammarus lacustris was absent from our 2019-2023
samples.

Overall, the taxonomic composition and rich-
ness of Lake Ladoga’s amphipod fauna are compara-
ble to other large lakes in Northwestern Russia. Lake
Onega hosts three relict profundal species (M. affinis,
P. quadrispinosa and Gammaracanthus lacustris) and two
littoral species (the Holarctic Gammarus lacustris and
the invasive Baikal species G. fasciatus) (Ryabinkin and
Polyakova, 2008). Lake Pskov-Peipsi typically contains
three species (P. quadrispinosa, Gammarus lacustris, and
G. fasciatus) (Timm et al., 2001).

3.2. The level of quantitative development
of amphipods in open areas of the lake

Lake Ladoga is a large water body where depth
serves as a key factor determining biotope character-
istics and the structure of bottom biocenoses. Depth-
related environmental factors such as hydrological and
temperature regimes, substrate characteristics, and sed-
imentation of suspended matter directly influence the
organisms. The diversity of natural conditions leads to
heterogeneity in the quantitative development and dis-
tribution of zoobenthos throughout the lake. In the open
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areas of the lake, the macroinvertebrate fauna consists
mainly primarily consists of four taxonomic groups:
Oligochaeta, Chironomidae, Amphipoda and Bivalvia.
Other groups of invertebrates are recorded sporadi-
cally and show insignificant quantitative development.
The most productive zone is the transitional area of
the lake (depths of 18-50 m), where relict amphipods
(mainly M. affinis) developed en masse. Species diver-
sity decreases in deeper areas, where the structure of
benthic biocenoses becomes simplified. The proportion
of oligochaetes increases with depth, while the share of
amphipods declines (Current state..., 2021).

During 2019-2023 surveys in open lake areas,
amphipods were represented by the relict crustaceans
Monoporeia affinis, Pallaseopsis quadrispinosa, as well as
Baikal invaders Gmelinoides fasciatus and Micruropus
possolskii. Among these, M. affinis was the most abun-
dant. The frequency of occurrence in samples was 60%

for M. affinis, 19% for P. quadrispinosa, 8% for G. fascia-
tus, and 6% for M. possolskii.

The distribution of abundance and biomass
among amphipod species varied significantly across
different depths and areas of the lake. M. affinis pre-
dominated in large areas of the profundal zone, which
is characterized by minimal anthropogenic impact and
low bottom temperatures. This amphipod was recorded
at depths ranging from 6 to 230 m, with quantitative
parameters showing wide variation: abundance from 20
to 10000 ind./m? and biomass from 0.01 to 21.26 g/m?
(Table 2). In northern open waters on muddy sediments
at depths exceeding 70 m, M. affinis showed low pop-
ulation density (20-1060 ind./m?) and biomass (0.02-
2.14 g/m?). This crustacean accounted for 10-29% of
the total abundance and 7-24% of the macrozooben-
thos biomass. Amphipods played a significant role in
the benthofauna in the in the lake scarp area (50-70

Table 2. Density (ind./m?) and biomass (g/m?) of amphipods and their ranges (min-max) in open lake areas at 6-230 m

depths (2019-2023).

Species Density Biomass
Region n X SE min | max X SE min | max
Monoporeia affinis
Depressions 3 40 0 40 40 0.08 0.08 0.02 0.21
Deep-water 10 298 136 20 1280 | 0.47 0.18 0.04 1.64
Slope 9 222 115 20 1060 | 0.54 0.25 0.02 2.14
Lake scarp area 13 474 182 40 2380 | 1.38 0.42 0.07 4.84
Transitional 41 985 362 20 10000 | 2.60 0.90 0.01 | 21.26
Nearshore shallow* 30 203 46 20 880 0.42 | 0.11 0.01 2.04
WC 6 500 160 80 880 1.17 0.40 0.05 2.04
PB 4 25 20 40 0.09 0.04 0.02 0.18
VB 6 27 20 40 0.06 0.02 0.01 0.12
SB 4 25 20 40 0.05 0.02 0.03 0.08
EC 10 272 43 60 480 0.46 | 0.08 | 0.14 | 0.90
Pallaseopsis quadrispinosa
Deep-water 1 20 1.84
Lake scarp area 2 20 20 0.03 | 0.07
Transitional 15 39 6 20 100 0.29 | 0.07 | 0.01 | 0.86
Nearshore shallow* 15 55 10 20 120 0.45 | 0.12 | 0.04 | 1.32
WC 5 52 21 20 120 0.39 | 0.26 | 0.08 | 1.32
PB 1 40 0.56
VB 1 60 0.60
EC 8 58 17 20 120 0.46 0.19 0.04 1.24
Gmelinoides fasciatus
Nearshore shallow* 14 567 152 20 1660 | 0.83 | 0.33 | 0.03 | 4.64
WC 1 40 0.04
PB 11 713 168 20 1660 | 1.04 0.40 0.04 4.64
VB 2 20 40 0.03 0.06
Micruropus possolskii
Nearshore shallow *(PB) 11 1009 | 360 40 3600 | 2.60 | 0.62 | 0.46 | 6.40

Note:

n — number of samples containing the species; X — average; SE — standard error; min -minimum value; max — maximum value.
* — shallow water areas of the lake: WC — western coast, PB — Petrokrepost Bay, VB — Volhov Bay, SB — Svir Bay, EC - estern coast.
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m depth) on gray silts with ore crusts and layers, com-
prising on average 65% of abundance and 62% of bio-
mass (Fig. 2). Among amphipods in this zone, M. affinis
was particularly common. The highest abundance of M.
affinis was recorded in the transitional area at depths
of 18-50 m. The maximum biomass of M. affinis at an
abundance of 7100 ind./m?was recorded in the south-
ern part of the lake at a depth of 29 m.

The crustacean P. quadirispinosa was typically
found at depths of 5-54 m along the western and east-
ern shores, as well as in the central and southern parts
of the lake. While observed less frequently than M.
affinis, P. quadrispinosa contributed significantly to bio-
mass. In 2019, it was first recorded at 114 m depth in
the northeastern lake region, where biomass reached
1.84 g/m? at an abundance of 20 ind./m2 The high-
est concentrations of this species occurred at depths of
11-17 m along open shores.

G. fasciatus occurred along the western coast,
central Petrokrepost Bay, and Volkhov Bay at 6-11
m depths, with abundance ranging 20-1660 ind./m?
and biomass 0.03-4.64 g/m? M. possolskii was exclu-
sively recorded in Petrokrepost Bay. First observed in
the bay’s central region in 2017 after dispersing from
coastal biotopes, this species exhibited population
growth by 2019. During the study period, its biomass
reached 6.40 g/m?, and it is now emerging as a domi-
nant component of the bay’s benthic communities.

Amphipods were absent in the southern part of
Volkhov Bay near the estuaries of the Volkhov and Syas
Rivers. In central bay areas closer to open waters, they
occurred in low numbers, represented by three species
(M. affinis, P. quadrispinosa, G. fasciatus) with limited
quantitative development. In the Svir Bay, M. affinis

3.3. Distribution and quantitative
characteristics of invasive amphipods in
the littoral zone

Quantitative indicators of macrozoobenthos in
different areas of the lake's littoral zone exhibit sig-
nificant variability. Anthropogenic impact often serves
as a determining factor in benthic community succes-
sion, while fluctuations in zoobenthos biomass and
abundance are associated with high habitat diversity
and heterogeneous distribution of benthic invertebrates
(Littoral zone..., 2011).

The distribution patterns of invasive amphipods
are based on 2019 survey data, partially published in
Barbashova et al. (2024). According to these results,
amphipods dominated many littoral biotopes. These
crustaceans were particularly abundant along the west-
ern coast and in Shchuchiy Bay, where they comprised
74-82% of total abundance and 77-80% of total ben-
thic biomass on average (Fig. 3).

Most invasive species inhabited macrophyte
thickets at depths <1 m. Gmelinoides fasciatus showed
the widest distribution (occurrence (f) — 94%). Low pop-
ulation densities of G. fasciatus were recorded in north-
ern lake areas and Uksunlahti Bay (eastern part of lake).
The species was either absent (Yakkimvar Bay) or mini-
mally represented (0.7-1.5% of total biomass) in skerry
bay heads and other shallow, wave-protected areas
with silty sediments containing undecomposed plant
remains. In Svir Bay’s open sandy littoral (exposed to
wave action), amphipod biomass remained low (0.01-
0.22 g/m?). A single specimen of the relict amphipod M.
affinis (48 ind./m?; 0.10 g/m?) was found here alongside
G. fasciatus. Peak G. fasciatus densities (23220 ind./m?)

was observed only sporadically. occurred near Kobona village (Petrokrepost
@ B B. %
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1850 1850
50-70 50-70
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Fig.2. Biomass distribution (B, g/m?) of macrozoobenthos and its major taxonomic groups; proportional biomass contribu-
tion (B, %) of amphipod species in open lake areas (2019-2023, averaged data); (a) by depth (H, m); (b) by shallow water areas
(WC - western cost, PB — Petrokrepost Bay, VB — Volkhov Bay, SB — Svir Bay, EC — eastern cost).
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cost, PB — Petrokrepost Bay, VB — Volkhov Bay, SB — Svir Bay, EC — eastern cost.

Bay), while maximum biomass (31.32 g/m?)
was recorded in Taipol Bay (western coast) (Table 3).

Other invasive species showed significant but
spatially limited development. Micruropus possolskii
occurred in 29% of samples, distributed from sker-
ries near Koyeonsari Island along the western shore to
Nazia village (Petrokrepost Bay). Maximum biomass
(18.39 g/m2) was observed near Morozov settlement,
where M. possolskii constituted 71% of amphipod abun-
dance and 84% of their biomass. The highest recorded
density (3136 ind./m?) occurred in Dalekaya Bay.

Following its initial discovery in Shchuchiy Bay
in 2003, the amphipod Micruropus possolskii began to
actively spread southward along the western coast. By
2014 it reached Dalekaya Bay, by 2017 it was recorded
near Cape Osinovets and in central Petrokrepost Bay,
and by 2019 it was documented near Nazia village
(Barbashova et al., 2024). In August 2022, we contin-
ued monitoring the invasion process in littoral zone,
focusing on the northern and southern distribution lim-
its of M. possolskii and the habitats of Ponto-Caspian
amphipod species.

In 2022, amphipods dominated the benthic
community in Tervu Bay (northern part of the lake),
reaching 18.79 g/m? and comprising 93% of the total
zoobenthos biomass. Compared to 2019 data, the pro-
portion of M. possolskii increased from 1% to 11%, with
its biomass reaching 2.15 g/m? In Yakkimvara Bay,
only G. fasciatus was found among amphipods inhab-
iting muddy sediments. Its quantitative indicators
remained low, with biomass values ranging between
0.74-0.83 g/m?.

New M. possolskii populations were discov-
ered in southern Petrokrepost Bay near Kobona vil-
lage (1420 ind./m? 4.82 g/m?), representing 10% of
amphipod abundance and 49% of biomass. By 2022,
this species had colonized remaining Petrokrepost
Bay areas and entered Volkhov Bay (2 stations). Near
the Volkhov River mouth (2 km west), M. possolskii
(760 ind./m?% 1.21 g/m?) co-occurred with G. fas-
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ciatus and Pontogammarus robustoides (380 ind./m?;
1.91 g/m?), while Chelicorophium curvispinum was
absent. Near Zaostrovye village, amphipod communities
comprised G. fasciatus and M. possolskii (2480 ind./m?;
1.57 g/m?), with the latter representing only 1%
of abundance/biomass, suggesting recent coloniza-
tion. Qualitative 2024 sampling in Shuryagskaya Bay
(60°2023.7313” N, 32°35’59.9350” E) confirmed con-
tinued southward expansion (Fig.4).

During the 2006-2019, Ponto-Caspian species
(P. robustoides and C. curvispinum) were restricted
to Volkhov Bay (11-13% occurrence). Following
introduction, both species showed initial population
growth, with P. robustoides reaching maximum biomass
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» » Valaam
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2007, mouth of Vuoksa River
Olonka
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2017, Petrokrepost Bay . Syas
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Fig.4. Dynamics of Micruropus possolskii distribution in
Lake Ladoga.
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Table 3. Density (ind./m?) and biomass (g/m?) of amphipods and their ranges (min-max) in different areas of the littoral

zone within macrophyte thickets at 0.2-1 m depths (2019 data)

Species Density Biomass
Region n X SE min max X SE min max
Monoporeia affinis
Svir Bay 1 48+ 0.10*
Gmelinoides fasciatus
Northen skkeries 11 1249 803 32 8344 2.84 1.88 0.04 19.54
Shchuchiy Bay 2 4780 9100 16.16 | 26.04
Western coast 4 7336 3022 1528 | 12976 | 18.91 6.67 3.79 | 31.32*
Petrokrepost Bay 5 6297 4823 320 |23220*| 9.00 4.31 0.70 20.36
Volhov Bay 6 898 499 60 2960 1.30 0.84 0.21 5.08
Svir Bay 2 40 23 24 56 0.11 0.14 0.01* 0.22
Estern coast 3 3107 1980 8* 5456 5.89 3.80 0.03 10.60
Micruropus possolskii
Northen skkeries 1 48 0.21*
Shchuchiy Bay 2 280 1520 1.01 4.55
Western coast 4 950 845 40* 3136* | 3.71 2.56 0.54 10.17
Petrokrepost Bay 3 1320 | 1081 60 3020 7.91 6.50 1.26 | 18.39*
Pontogammarus robustoides
Volhov Bay 4 1887 | 1242 80* | 4880* | 9.16 4.66 | 0.68* | 19.58*
Chelicorophium curvispinum
Volhov Bay 4 3598 3051 20* [11293*| 4.00 3.35 0.02* | 12.43*

Note:

n — number of samples containing the species; X —average; SE — standard error; min — minimum value; max —-maximum value.

* — according to Barbashova et al. (2024).

(82.56 g/m?) in 2014 (Barbashova et al., 2021).
However, 2014-2019 comparisons revealed a > 6-fold
biomass decrease (Barbashova et al., 2024). By 2022,
P. robustoides biomass never exceeded 13.75 g/m?2
with current distribution limited to a several-kilometer
stretch between the Volkhov and Syas river mouths.

C. curvispinum showed stable biomass (12.21-
12.43 g/m?* between 2014-2019, but declined to
0.11 g/m? near the Syas River estuary by 2022. While
historically sharing P. robustoides distribution, a sin-
gle specimen (20 ind./m? 0.02 g/m?) was found near
Zaostrovye village in 2019. 2024 collections revealed
established populations (various age classes) near
Kirikovo village, indicating successful naturalization.

4. Conclusion

During the 2019-2023 study period, six amphi-
pod species were identified in Lake Ladoga, including
two glacial relicts (Monoporeia affinis and Pallaseopsis
quadrispinosa) and four invasive species (Gmelinoides
fasciatus, Micruropus possolskii, Pontogammarus robus-
toides and Chelicorophium curvispinum). The profundal
species Gammaracanthus lacustris and littoral Gammarus
lacustris remain rare and were not detected during our
surveys. These species exhibit distinct spatial segrega-
tion: relict crustaceans primarily inhabit lower sublitto-
ral and profundal zones, while invasive species domi-

nate littoral areas. While the amphipod community in
open waters has remained stable since the mid-20th
century, littoral diversity has increased through inva-
sions of Baikal and Ponto-Caspian species.

Relict amphipods showed lower abundance
in northern deep-water areas compared to southern
regions. Monoporeia affinis emerged as the most wide-
spread relict species, reaching maximum biomass
(21.26 g/m?) in southern transitional zones (18-50
m depth). P. quadirispinosa concentrations peaked at
11-17 m depths along the open coast.

Invasive amphipods dominate littoral benthic
communities by biomass. The Baikal invader G. fas-
ciatus prevails in most littoral biotopes, particularly in
macrophyte thickets (up to 31.32 g/m?). Ponto-Caspian
species (P. robustoides and C. curvispinum) remain con-
fined to Volkhov Bay, likely limited by the lake’s low
salinity, though C. curvispinum has expanded within
this bay.

Our research confirms the ongoing northward
and southward expansion of Micruropus possolskii,
which has now colonized Petrokrepost Bay entirely
and reached Volkhov Bay. Northern range extension
to Tervu Bay (north of Shchuchiy Bay) was verified.
High biomass concentrations (up to 18.39 g/m?) along
western coasts and in Petrokrepost Bay establish M.
possolskii as a dominant littoral species, significantly
influencing energy flow and trophic dynamics. Current

245



Barbashova M.A., Trifonova M.S. / Limnology and Freshwater Biology 2025 (2): 238-258

colonization patterns suggest imminent occupation of
the entire littoral zone, with probable future dispersal
into the Neva River system, Neva Bay, and Lake Onega.
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HHcmumym o3epogedeHua Poccutickoil akademuu Hayk — Cankm-ITemepOypeckuii ¢pedepastbHblil ucciedo8amesrbcKuil yeHmp
Poccutickoti akademuu Hayk, yJi. CedacmbvaHoaa, 9, Carkm-Ilemepbype, 196105, Poccua

AHHOTAILIHUS. TTo pe3ysasTataMm ucciegoBanuili 2019-2023 rr. u3 8 BuoB aMpuUIIOA, OOUTAIOINX B
JlaziosxcKoM 03epe, BBIABJIEHO 6 BU/IOB, CPeill KOTOPHIX /IBa IpeicTaBUTe 1A HaTUBHOU ¢ayHsl (Monoporeia
affinis n Pallaseopsis quadrispinosa) u ueTwhipe BuAa-BcesieHIeB (Gmelinoides fasciatus, Micruropus
possolskii, Pontogammarus robustoides u Chelicorophium curvispinum). [IBa Buga, Gammaracanthus lacustris
u Gammarus lacustris, B 03epe pefKy W B HAUX cOOpaxX B UCCIEAYEMBIN MEPUOJ HE BCTPEYAJIUCH.
PaccMoTpeHa IPOCTPAHCTBEHHAs AWMHAMUKA Pa3HBIX BUOOB aM@uNona. B OTKpHITHIX palioHax o3epa
IOKa3aTeJn KOJMYECTBEHHOI'0 PasBUTHUs PEJIMKTOBBIX aM(UIION HU3KU B CEBEPHBIX IIyOOKOBOIHBIX
1 Ha NOpAOK BhIIIe B I0XKHBIX palioHax o3epa. B jimTopasnu B cocTaBe Makpo3oobeHToca o 6uomacce
npeo0OJiafay NHBa3uBHEIE BUAB aMdumnof. KoanyecTBeHHO B OTKPBITHIX palioHax 03epa JOMUHUPOBAJI
M. affinis (mo 21,26 r/m?), B uTOpasibHOM 30He — G. fasciatus (mo 31,32 r/m?). Apeas pacmpocTpaHe-
HUSI IOHTO-KacIUicKux BuhoB ampunon (P. robustoides, C. curvispinum) mo-npexHeMy OrpaHUYEH rpa-
HuIlaMu BoJixoBckoli I'y0Obl, IpHU 3TOM paclivpusiach 30Ha ooutanua C. curvispinum B mpefejiaXx 3TOro
3asmBa. OTMeUYeHO aKTHUBHOE pacrnpocTpaHeHue M. possolskii kak B 10)KHOM, TaK U B CEBEPHOM Halpas-
JieHnn. Han6osibiero ypoBHs pa3Butus M. possolskii mocTura BAOJIb 3aMaHOTO TOOEPEXbs U B OyXTe
[Terpokpenocts (o 18,39 r/m?). B gaspHelieM BEPOATHO 3TOT BUJ KOJIOHU3UPYET BCIO JINTOPAJIBHYIO
30HY KpyIHeHIiero o3epa EBpomsl 1 paccesinTcs B CBSI3aHHBIE C HUM BOJIOEMBI U BOJOTOKU.

Kiiouegeie ciioga: Jlagoxckoe 03epo, aMOUIOABI, PeJIMKTOBble paKoOOpa3Hble, Uy>XepoAHble BU/IbI, YMCJIEHHOCTb,
6roMacca, pacrnpocTpaHeHe, MaKpo3000eHTOC

Jlina muruposanua: Bap6amosa M.A., Tpudonosa M.C. Ambunoas! (Crustacea: Amphipoda) Jlagoxckoro o3epa // Limnology
and Freshwater Biology. 2025. - Ne 2. - C. 238-258. DOIL: 10.31951/2658-3518-2025-A-2-238

1. Beepenue pesIuKTOBbIX opranusMoB (I'epn, 1949). B xowmmekc

PEJIMKTOBBIX pakooOpa3HBIX BXOAAT TpU BUAa ampu-
nox: Monoporeia affinis (Lindstrom, 1855), Pallaseopsis
quadrispinosa (Sars, 1867) u Gammaracanthus lacustris
Sars, 1867. OTu BUIBI OTHOCATCA K XOJIOIOJIIOOMBOM
(dayHe u 3acenAanT npopyHIAIb 03€p.

Jo 1980-x romoB B 03epe 0O6UTAJIO YeThIpe BUAA
ambunon: TpU JIeAHUKOBBIX peJIUKTa IepevyrcJieH-
HBIX BBIIlle M OJUH TOoJIapKTUuYecKuil Buj — Gammarus
lacustris Sars, 1863. B mocjieqHme AecATUIETUsA HAGJIIO-
JlaeTcs yBeJMYeHHe BHJOBOrO pasHooOpasus ampu-
o[, B OCHOBHOM H3-3a pacIIMpeHUs apeajioB BUJOB
6aliKaJIbCKOr'0 U MMOHTO-KaCIMNCKOr0 MMPONCXOXEeHUA.
[IpoHrKHOBeHMI0 aM@uIog B 03epo CIOCOOCTBOBAJIN
(dakTopsl, B TOM MU WHOU CTeleHU CBA3aHHEIE C Jies-
TeJIBHOCTBIO YeJIOBeKa, a TakXe CIIOCOOHOCTh BUAOB K

Amdumnoas — ogHa M3 JOMUHUPYIOIMNX B BUJIO-
BOM U KOJIMYECTBEHHOM OTHOIIEHUSX T'PYIMI BBICIIAX
PaKoOOpa3HBIX, OCBOUBIIMX CAMBbIE PA3JINYHBIE MOP-
CKUe, KOHTUHEHTaJIbHbIe U ofj3eMHbie BojIbl (Takhteev
et al., 2015). B o3epHBIX dKOcHUcTeMax aMQUITOIbI
UTpalOT CYIIECTBEHHYIO pOJIb B (OPMHPOBAHUU U
(QYHKIMOHMPOBAHUM [AOHHBIX OWOLIEHO30B, ABJIAACH
BaXXHBIM KOPMOBBIM 3JIEMEHTOM [Jisi PhIO U y4aCTBYs
B TpaHchOpMaIM OPraHUYeCKUX BEIIECTB U Tiepe/iave
SHEpPrum.

Jlagoxckoe 03epo — KPYHNHEHIINII IpecHOBO-
aueiii BogoeM EBpombl. CBoeoOpasue (¢ayHe o3epa
NpUAaeT HaJWYMe PEJIUKTOBBIX PAKOOOpa3HBIX. OJTO
eIMHCTBEHHBINI BogoeM B Poccuu, B KOTOPOM B TIOJI-
HOM COCTaBe TIPEJICTaBJIEH KOMILIEKC JIeJHUKOBBIX

caMopaccCeJIEHHUIO.
*ABTOp [JIsA [IEPEIUCKU.
Anpec e-mail: mbarba@mail.ru (M.A. Bap6amosa)
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K nHactosmemy BpeMeHu B dayHe o3epa npuba-
BIJIOCHh 4 Brja ambumno. ITepBEIM HOBBHIM BUIOM CTaJl
Gatikasbckuii 6okomnsiaB Gmelinoides fasciatus (Stebbing,
1899), koTopsiii mosiBUJica B o3epe B 1980-e rr. XX
Beka IocJie NpeJHaMepeHHON WHTPOAYKLUUU B o3epa
Kapesnbckoro nepemeiika (ITaHoB, 1994). G. fasciatus
CTaJl JOMUHUPYIOUIMM KOMIIOHEHTOM 6eHTOca B 60JIb-
MIMHCTBE JINTOPAJIbHBIX OHOIeHo30B o3epa (Panov,
1996) 1 npuBes K 3HaUYUTEJIbHOU TpaHCchOpMaIiU KO-
cuctemsl Jutopaysu (Berezina et al., 2009; Kurashov
et al.,, 2012). [pyro# 6aiikaibckuil Bup Micruropus
possolskii Sowinsky, 1915 6su1 06HapyxeH B 2003 1. B
saynuBe llyunii. B pesynbrare ciy4ailHON MHTPOAYK-
uuu M. possolskii 6171 3aHeceH B 6acceiiH JIaj0XCKOro
o3epa BMecTe ¢ G. fasciatus 1 B JajibHeHIIeM IIPOHUK B
o3epo (Kurashov et al., 2020). [ToHTO-KaCUIICKHE BUIBI
amdunon ObBUIM BIEpBble BBIABJIEHBl B BOJIXOBCKOH
ry6e: B 2006 r. — Pontogammarus robustoides (Sars,
1894) (Kurashov and Barbashova, 2008), B 2009 r. —
Chelicorophium curvispinum (Sars, 1895) (Kurashov et
al., 2010). BmecTe c TeMm B 03epe cTajl peAok Gammarus
lacustris, xOTOpPBII paHee GBI IKUPOKO PACIPOCTPAHEH
B sutopainu (JlutopasbHas 30Ha..., 2011).

B JlagoXcKOM O3epe aKTHBHO HIYT IIPOILECCH,
CBsA3aHHBIE C [IPOHUKHOBEHHEM U paclpoCTpaHeHUeM
B HEM BUIOB-BCEJIEHIIEB, UTO NMPHUBOAUT K U3MeHEeHUAM
coobiecTB Makpo3zoobeHToca (Kypamos u ap., 2018).
Bosbinyio posib B TpaHchopManuy 3KOCUCTEMBI 03€pa,
0COOEeHHO B JINTOPAJIM, UT'PAIOT PaKooOpasHble, cpeau
KOTOPBIX IEpPBOEe MeECTO NPUHAMJIEKHUT amdbunogam
(Kypamos u gp., 2021).

Llests HacToOsAMElN pAaGOTHI — IPEJICTABUTD JaHHBIE
10 BUJIOBOMY COCTaBY, KOJIMYeCTBEHHOMY Pa3BUTHIO U
ocobeHHOCTAM pactpefeseHusas aMbUIION B OTKPHITHIX
palioHax UM JIMTOPAJbHOI 30HE 03epa; OINpelesUuTh
COBpeMeHHble TPaHMUIBl PACIpPOCTPAaHEHUs WHBA3MB-
HBIX amdunon.

2. MaTepuanbl U METOAbDI
2.1. PaioH ucchnepoBaHunA

Jlagoxxckoe 03epo paclojio)keHO Ha ceBe-
po-3amazie Poccun (mexnay 59°54” u 61°47’ ceBepHOIl
mupoThl U 29°48” u 32°58’ BOCTOUYHOI [IOJITOTHI) Ha
Tepputopun JleHUHrpaackoil obsactu u PecnyGiuku
Kapenmuu. Ilnmomanps 3epkajia o03epa COCTaBJIsAeT
17765 xm? ipu cpefHEM MHOTOJIETHEM YpoBHe 5,1 M,
AnvHa ero — 219 kM, a MakcuMajbHas LIWpUHA —
125 kM. Hawubosbmas riyouna — 230 M, cpegHsasa —
47,8 M. O6beM Bojibl B 03epe — 847,8 km® (HaymeHKO,
2013). [JnuHa Geperosoii JuHUU (063 OCTPOBOB, KOTO-
pbix HacumuThiBaetrcs Oosiee 500) paBHsAeTcaA 1570 KM
(YepHsesa, 1966).

BaTumeTtpus o3epa U paclojio)keHre OCHOBHBIX
MPUTOKOB CO3JAI0T MPEANOChUIKU AJiA 00pa3oBaHUs
B ero akBaTOPMU HEOAHOPOAHBIX PaliOHOB, OTJIMYAIO-
LIMXCA MO TJTyOuHe, JOHHBIM OTJIOXKEHUAM, AUHAMUKe
TeMIIepaTypHOTO peXuma, CcTpaTupukauuyd u Mpo-
AyktuBHOCTU. O3epo OTYETJIMBO pasfieJIeHO Ha ceBep-
HYyI0 TJIyOOKOBOJIHYI0 U I0OKHYI0 MEJIKOBOJHYIO 4acTH,
MeX/y KOTOPBIMU PacIioJIoXKeHbl y9acTKHU JIHa CO Cpefi-
HUMM riybuHamu. Ha tore oszepa HaxoAsTcs oOMIMp-
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Hble OTHOCHUTEJIbHO MEJIKOBOAHBIE YYaCTKH, OXBaThIBa-
IoIIKe OTKPBIThle NMpHUOpeXHble 30Hbl U 3ajIuBHl (OyxTa
[TeTpokpenocts, ryosl BosxoBckasa u CBupckas), OJia-
rojaps ueMy I0XHas 4acTb Oo3epa OKa3sblBaeTcsA OoJiee
TeIJIOBOAHOMH 10 CPaBHEHUIO C CEBEPHOM.

[ToBepxHOCTHBIE JOHHBIE OTJIOXKEHUA 03epa NpeJi-
CTaBjleHbl BCEMU OCHOBHBIMH I'DaHyJIOMeTPUYeCKUMU
THUNIaMU OT TJIMH A0 BaJIyHOB, paclpejejieHre KOTOPBIX
omnpepesseTrcs 0COOeHHOCTAMU pejbeda KOTJIOBUHEBI
1 XapaKTepoM TI'MApOJAWHaMHUYecKHX Iporeccos. Wbl
pacrnpocTpaHeHbl IPeMMYyIIeCTBEHHO B IeHTpaJIbHOMU
U ceBepHOU ryIyDOKOBOIHBIX YACTSAX 03epa, Ha riyou-
Hax oT 30 go 230 M u 3aHuMarloT 70% monjaau gHa.
B 10XHOI1 MeJIKOBOJHOW YacTH 03epa U NPUOPEXHBIX
30Hax aJIeBPUTO-TJIMHUCTEIE UJIbl 3aMellaloTcs ajleBpu-
TaMy, IlecCKamMy pas3jM4YHOM KPYNHOCTH, I'paBUIHO-Ta-
JIeuHBIM MaTepuasioM u BasiyHamu (Cy6erTto, 2002).

I'naBHasA posib B GOpPMHPOBAaHUM XMMUYECKOI'O
cocTtaBa BoAbl JIafoXCKOIro o3epa IPUHAAJIEXUT ped-
HOMY CTOKY, Ha [0JII0 KOTOPOIrO NPUXOAUTHCA CBHIIIE
95% xumuueckoro 6ajyaHca oszepa. JJoMuHUpylomas
poJib B BBIHOCE OOJIBIIMHCTBA XMMHYECKUX BelleCTB
¢ BomocOopa NpUHAIJIEKUT peke BosxoB. O3epHas
BOJla XapaKTepusyeTcsa HU3KON MuHepanusanueil (60—
65 Mr/i), ruApokapOOHATHO-KaJIbIIEeBBIM COCTAaBOM,
He3HAUUTeJIbHBIM IIpeBBbIIIeHHEeM COAepKaHUA CyJib-
(aTHBIX MOHOB Hajd XJIOPUAHBIMH. Jlamo’kckoe 03epo
ABJIAETCA HOPMAJIbHO aspUpPOBAHHBIM BOJOEMOM C
cojlepkaHUeM pacTBOPEHHOIro KUCJIOpoAa, OJIM3KUM K
HAaCBIIIeHUI0 B TeueHue Bcero roga. Jlaxe mpu akTUB-
HOM (oTocrHTe3e GUTOINIAHKTOHA HackIIleHe KHUCJIO-
POAOM ITOBEPXHOCTHBIX CJIOEB BOABI Ilejlarkajaiy OObI9YHO
coctaBiaAgeT 93-110%, mnpu 3TOM OTHOCUTEJIBHOE
cojlepxaHue KUCJIOpoJa B IMIOJIMMHHOHE HECKOJIBKO
HIKe — 86-96% (JIamora, 2013).

2.2. 0OT60p NPo6 ¥ NnepeuuHan obpaborka

B nacrosmeln my0JMKaluy UCIIOJIb30BaHbl MaTe-
pHuaJisl 10 Makpo3006eHTocy, cOOpaHHbIe B X0/ie MOHHU-
TOPUHIOBBIX MCCJIeJOBAHUN OTKPBITOM aKBaTOPUU
o3epa ¢ UIoHA Mo OKTAOPh B 2019-2023 rr. Ha riyou-
Hax 6-230 M (34 crannum). Cxema cTaHI[UN IOKa3aHa
Ha Pucynke 1. Beuto cobpaHo 176 KOJIMYeCTBEHHBIX
npo6 u nostyueHo 128 mpob, comepxamux aMmpuIos.

B pabore Takxe IpeAcTaBJIeHB pe3yJbTaThl
HCCJIeIOBAaHUI B JIMTOPAJIbHOM 30HE B HIOJIe-aBIycTe
2019 r. (35 cranuuii). IIpo6sl oTOMpaUCh Ha CTaH-
I[1AX, pacloJIOXKEHHBIX II0 BCceMy IlepuMeTpy o3epa B
3apociAax Makpodurtos Ha riayounax 0,20-1,00 m. U3
35 npob, 33 mpobel comepxanu amdumnoq. Cxema u
omucaHue CTaHIUII IpuBeleHHl B craTtbe (Barbashova
et al., 2024).

J7A olleHKM TIpaHul] pacnpocTpaHeHHusA dyxe-
poaHbIX amduro/; ObIM 0TOOpaHbl TPOOHI HA OTAEJNb-
HBIX y4acTKaX JIMTOPaJIbHOM 30HBI B CEBEPHO! U I0)KHOM
yacTax o3epa: B aBrycre 2022 r. — kojimyecTBeHHbIe (8
cTaHIuil), a B aBrycte 2024 r. — kauecTBeHHbIE TIPOOHI
(10 cTanImi).

Hdna  cbopa 1npob6  MakpoOecrno3BOHOUYHBIX
Ha I[lecyaHbIX TIpyHTaxX MNpUMEHsJIM [AHouepraresib
[TeTrepceHa, Ha WINCTHIX — DKMaHa-bepka (momans
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3axBata 1/40 M?% 1o 2 BHIEMKM B KaXIoi TOYKe). B
3apocCJIeBbIX OMOTOMAX MCIIOJIb30BaIM TPyOUaThIil Mpo-
6oot6opHUK [laHoBa-IlaBjoBa C MJIOMAAbBI0 CeyeHU:A
0,125 m? (ITaHoB u ITaBsioB, 1986). [Ipy KayecTBEHHBIX
cbopax MpUMeHsIN cadyoK co ckpeOkoMm. IIpo6el rpyHTa
MpOMBIBAJIM 4Yepe3 KaNpOHOBBIN Tra3 ¢ AuUaMeTpoM
sAyen 125 MxM U 1100 pa3bupaniy B MOJIEBBIX YCJIO-
BusAXx (6ecno3BoHOuHBlEe (ukcupoBanuch 70% cnup-
TOM), 1160 pukcuposanu 4% GopmMaanHoM (KOHeUHass
KOHI[eHTpalus). B mabopaTopuu mpobsl paszdupanu,
BBIOpaHHBIE OPraHU3Mbl COPTUPOBAJIM IO Tpynnam u
BUJlaM, MOACUYUTHIBAJIM U (MMOBTOPHO) (PUKCHUPOBAIIU
70% STUJIOBBIM cnupToM. Maccy oOHapyXeHHBIX
’)KUBOTHBIX OIpeJle/IAIM Ha aHaJIMTUYeCKHUX Becax
Sartorius CPA225D, nepep B3BemuBaHUEeM 0ecCrO3BO-
HOYHBIX OOCymMBajM Ha (QUIbTPOBaJIbHON OyMare.
WnenTtudurkanuio BUAOBON NPUHAAJIEKHOCTHA aMbUnoq
npoBo vy 1o (OnpeieInTesb 300IJIaHKTOHA. .., 2016)
u MoHorpaduu A.fl. bazukanosoii (1945) c ucnosb3o-
BaHMEM CTEPEOCKOIMNYecKoro Mukpockona Zeiss STEMI
— 2000C. ina ompefesieHNA CUCTEMAaTU4YeCKOro moJio-
’)KeHWs OTHAeJIbHBIX BHJIOB MCIOJIB30BaJM 0a3y MAaH-
Hbix World Register of Marine Species (https://www.
marinespecies.org/).

[Tpu 06o6IIeHnn U aHaJiu3e NaHHBIX 3a HcCcJle-
AyeMblil 1epuoJ] YUYMTHIBAJI0Ch pallOHUpPOBaHNeEe 03epa
Ha IIecTh JUMHUYecKux parioHoB (Haymenko, 1995):
BOaguHbl (ry1youHbl Gosiee 140 M), T1yOOKOBOAHBIN
(100-140 ™), ckioHoBhIl (70-100 M), paiioH 03epHOTO
ycryna (50-70 M), nepexonansiii (18-50 M) 1 MesKoOBO-
aueiil (0-18 m). B MenkoBoHOM palioHe ObLTU BBIJlE-
JIeHbI OT/leJIbHbIe yUacTKU: 3anaiHbii 6eper (3B), Oyxta
ITetpokpenocts (BIT), Bomxosckas ryba (BI'), CBupckas
ry6a (CI') u BocTounbiii 6eper (BB).

3. Pe3ynabTatbl M 06Ccy)xpeHue
3.1. BupoBom coctaB amPpHUNOA U UX
3KOAOrHuUecKHue ocobeHHocTH

B JlapgoxckoMm o3epe oburaer 8 BuAoB aMbu-
nopx (Tabnuma 1), cpeau HUX 4 mnpencraButens abo-
purenHoii (QayHsl (Monoporeia affinis, Pallaseopsis
quadrispinosa, Gammaracanthus lacustris 1 Gammarus
lacustris) u 4 Bupa BceseHueB (Gmelinoides fasciatus,
Micruropus possolskii, Pontogammarus robustoides u
Chelicorophium curvispinum). IlpexacraBurenn abopu-
reHHON ayHBl TNpefCTaBJIeHBl OJHUM TOJIApKTHYe-
ckuM BugoM (Gammarus lacustris), AByMs >MHTpaH-
tamu u3 CeBepHoro JlemoButoro okeaHa (M. affinis,
Gammaracanthus lacustris), ¥ OAHUM 3MUTPAHTOM
u3 Barikana (P. quadrispinosa). IlociiejieJTHUKOBOTO
murpanra P. quadrispinosa v peJMKTOBBIE BUIBI NO3M-
HUX KaltHO30HMCKUX MOpPCKUX TpaHcrpeccust (M. affinis,
Gammaracanthus lacustris) B TuTepaType IPUHATO Ha3bl-
BaTh «JIEAHUKOBBIMU PEJIUKTAMU» U, XOTA 3TOT TEPMUH
He COBCeM TOYeH, B JaHHOH paboTe oH OyJeT Tpaau-
I[IOHHO HCIIOJIb30BaThCA. BUibl BcesieHIBl UMeEIOT 6aii-
kasibckoe (G. fasciatus, M. possolskii) ¥ TOHTO-KaCIIHH-
ckoe nipoucxoxenue (P. robustoides u C. curvispinum).

I[To MecToO6UTAHHIO B 03epe aM(DUITOH AeJIATCS
Ha JBe rpynnsl: NpodyHAAIBHYI0 U JIMTOPAJIBHYIO.
I'my6OKOBOAHYI0 30HY HAUMHASA C HIDKHEN JINTOPAJH,
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Puc.1. Cxema pacmoJioXeHUsA CTaHIUil oTrbopa mnpob
makposoobeHToca (1-222, P1, G, 93A) B OTKPBITON aKBaTO-
puu Jlagoxckoro ozepa B 2019-2023 rr.

cybnmutopasip u mpodyHAanb HacesawT M. affinis, P.
quadrispinosa n Gammaracanthus lacustris.

Monoporeia affinis sBnseTcs camMbiM MacCCOBBIM
U IMPOKO paciHpoCTpaHEHHBIM BUJOM Cpedu pesvK-
TOBhIX am@umnoj. PacnpeseneHue 3TUX pakooOpa3HBIX
UMeeT JUHAMUYECKUI XapaKTep, M3MeHAsCh B Teue-
HHEe CyTOK U IO Ce30HaM B CBfI3M C XapaKTepHBIMU
JJ11 HUX aKTUBHBIMM Murpanusamu (Hukonaes, 1975).
ObuTaeT Ha Bcex THUIAX I'PYHTOB B IIMPOKOM [uarna-
30He r1youH (oT 1 M [0 MakcuUMaJsbHbIX), Ha TJIyOu-
Hax O0oJsiee 120 M OOBIYHO OKa3bIBAETCA €JUHCTBEHHBIM
npencraButesieM amoumnof. IlpeanounTaer wmsArkue
WJIMCTO-TIECUaHHble T'PYHTHI, 3aceJisisd IOBEPXHOCTHBIE
CJIOU OTJIOXKeHUI GoraThle OpraHNYecKUM BelllecTBOM,
rfe MoXxeT oOpa30BBIBATh 3HAUUTEJIbHBIE CKOILJIEHUS.
M. affinis — X0JIOHOJIOOWBBIN BHJI, XOTS IMEPEHOCUT
nporpesanue BoAwsl 0 20-20,5 °C. TemnepaTypHbII
ontuMmyM M. affinis — 10-13 °C sietom u 2—4 °C 3uMO¥i.
OnTuMasibHble KUCJIO0POAHbIe ycJioBUA 95-97% Hachl-
meHus. B ozepax Kapenuu oburaer npu cojepxaHuu
kucjaoposia He Huxe 50-60% naceienus (I'oppaees,
1965). OgHako mMMeeTcs psAf CBeleHHI, MOKa3bIBalo-
IINX, YTO 3TU PEJIMKTHI CIIOCOOHBI CYIIECTBOBATh U MpU
HHU3KOM COJepXKaHUM pacTBOPEHHOr0 KHCJIOpoAa
1-2 mr/n (Cyuens u fp.,1986; Makcumos, 2000). 3To
SBpUTAJIMHHBII BUJ, CIOCOOHBIN MEepeHOCUTh pe3Kue
KoJieOaHMsA COJIEHOCTH BOBI B OOJIBIIIOM qUama3oHe (OT
1 mo 20%o) (Filippov, 2006). M. affinis — netputodar,
B3pocJible 0cobu crocobHBI K xulHuYecTBy (Kypartuos,
1994; Berezina and Maximov, 2016).

Pallaseopsis  quadrispinosa 1mupe aganTUPO-
BaH K TeMIlepaTypHBIM YCJIOBUAM, MOXET XHUTb IpHU
MeHbIIIeM Hachlll[eHU:d BOJbl kucjiopofoM (o 60%).
B ozepax Kapesnuu obutaer B MeJIKOBOJbe Jlaxxe IMpHU
TeMmmepaTtype Ao 22,5 °C, mpeamnouyuras TeMIepaTypy
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Ta6suna 1. Crucok BuoB ambunon Jlagoxckoro osepa.

ITpouc- OTKpBITHIE PAaOHBI 03epa 3apocyi MakpoduTOB
Bun Xoxne- Tny6una (m)
HUe

141-230 ( 101-140 | 71-100 | 51-70 | 18-50 | 0-17 0-1
Kitace Malacostraca
Otp. Amphipoda
Cewm. Corophiidae
Chelicorophium curvispinum IK + +
CeMm. Micruropodidae
Gmelinoides fasciatus b s +
Micruropus possolskii B + +
Cem. Pontoporeiidae
Monoporeia affinis CJI + + + + + +
Cem. Gammaracanthidae
Gammaracanthus lacustris * CJI +
Cem. Pallaseidae
Pallaseopsis quadrispinosa B + + + + +
CeMm. Pontogammaridae
Pontogammarus robustoides IK + +
CeM. Gammaridae
Gammarus lacustris * r + +
IIpumeuanue: * — 1o apXUBHBIM MaTepuaiaM aBTOPoOB, I1IK — moHTO-Kacmuiickue Buabl, b — Gatikanbckue Bugel, CJI — BUIbI

n3 CeBepHoOro JleJoBUTOr0 oKeaHa, I' — roJlapKTu4YecKre BU/bL.

Boanl B 7-12 °C (T'opmees, 1965). 3TOT pauok BcesfieH,
norpebJisieT B OCHOBHOM 300IIJIAHKTOH, HO TaKXe NUTa-
eTcs AUATOMOBBIMHU BOJOPOCJIAMU, AETPUTOM, MUHe-
PJIBHBIMUA 4YacTUI[AMH W JIMYMHKAMU XUPOHOMHUJ.
Bcrpeuaercs Ha riy6uHax ot 2,5 M (Hill et al., 1990).

Jna Gammaracanthus lacustris onTUMaJibHbIE
ycaoBusA — TeMmieparypa 6-7 °C u HacblllleHue IIpH-
JOHHBIX TOPMU30HTOB BOBI KUCJIOpOAOM He MeHee 90%
(Topaees, 1965). B3pocisibie ocobu G. lacustris mpeu-
MyIecTBeHHO XWUIHUKU. Bua npeanounTaeT IyyOHHBL
6osiee 30 m (Hill et al., 1990). B Hacrosmee BpeMs
Gammaracanthus lacustris paccMaTpuBaeTcs, Kak ncyue-
3aomuil Bua U 3aHeceH B Kpachyio xuury Kapenum
(2020). B To xe Bpewms, mo MHeHuio 3.C. Kaybmana
(2011) creneHp pa3BUTUA OCMOPETYJIAIUU TPECHO-
BoJiHOU ¢opmnl G. lacustris oueHb GJIM3KAa K MOPCKOH,
YTO CBUJETEJIbCTBYeT O ero CPaBHUTEJIbHO HeJaBHEM
BCeJIEHMU B IIpecHble BOJOEMBl M ellle HeAoCTaTou-
HOM ajanTanuy K YCJIOBUAM CYIIeCTBOBAaHMUA B HUX.
HiMeHHO 3TO onpefeisfeT UX MaJOUYNCJIeHHOCTh U pell-
Kyl0 BcTpedaeMocTb. B JlafjoxckoM o3epe 3TOT OOKO-
IJIaB perucTpupoBajICsA KpailHe peaKo, Npeumylie-
CcTBeHHO Ha riyouHax 30-50 M, rje ero 4ncJIeHHOCTb
BapbupoBasa ot 20 mo 40 3k3./M2, a 6Guomacca ot 0,2
no 0,6 /M2 B mociieHuit pa3 oH OBLJI OTMeueH HaMU
B 2000 r. Ha ryiy6uHe 47 M B CeBEPO-BOCTOYHOU YaCTU
o3epa. B To e BpeMsa 1o JmTepaTypHBIM AAHHBIM OH
6b11 BcTpeueH B 2011-2012 rr. Ha KaMeHUCTOMN JINTO-
panu o. Bamaam (3yes u 3yeBa, 2013). B c6opax 2019-
2023 rr. Gammaracanthus lacustris He ObUT OOHapy-
xeH. Penkas Bcrpeuaemocts Gammaracanthus lacustris
BO3MOXHO CBfi3aHa C MeTOJMYEeCKHMMU CJIOXKHOCTAMU
rccieJoBaHusA MOABIXXHBIX pakooOpasHbIX. OT6op OeH-
TOCHBIX IIPOO IIPOBOAWJICA AHOYepraresieM, KOTOPBI
IIJIOXO yJIaBJIUBaeT dTUX aMUIIO.
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B sutopanu o3zepa camMbIM IIKMPOKO pacipocTpa-
HEHHBIM BHUIOM sBJisieTcsa Gmelinoides fasciatus, KoTo-
PbIi 06BIYHO OOMTaeT OT ype3a BoJbl 40 IJIyOMH 5 M Ha
[ecYaHoOM JINTOPAJIM C Pa3JIMYHON CTeleHbI0 3aujIeHUsA
1 3apacTaHus, a Takke Ha KaMEeHUCTHIX IPYHTax C [oA-
CTIWJIAIONMMM HX IleckaMy. EAMHNYHO BCTpedaeTcs B
OTKPHITHIX palioHaxX o3epa Ha riayOuHax fo 17 m. OTu
PauKy CIOCOOHBI IPOHUKATh B BOJOEMBI C COJIEHOCTBIO
[0 5 %o, HO A1 GOPMUPOBAHNUA YCTOMYMBLIX MOIYJIA-
I[Ml OHa He JOJDKHA IpeBbmaTh 2 %o (bepesnna u ap.,
2001). BcesaaHsl ¢ npeobJiafjlaHrieM B paljioHe JeTPUTa,
B3pocJjible ocobu — akTuBHBle xuIIHUKK (Berezina,
2007; Berezina and Maximov, 2016).

Micruropus possolskii o6uTaer Kak B 3apOCJIsAX
Makpo(dUTOB Tak U Ha OTKPBHITON IIeCYaHOU JIMTOpasn
o3epa. OcBou1 necyaHble GMOTOIBI [IeHTPaJIbHON 4acTu
6yxTel [lerpokpenocts (ryiy6uHsl o 7 M). Bener npe-
HMMYIIeCTBEHHO POIOIINE 00pa3 *KU3HU, B3POCJIBIX OCO-
06ell MOXHO YBHAETb Ha MeJIKOBOJbe IIJIaBaIOIUMU
HaJ MOBEpPXHOCTbI0 IpyHTa. OBpudar, npeanoyuTaer
XOpOIlIO IIporpeBaeMble OMOTOIBI W BOABI C HU3KOU
MHHepa/m3anuell. B HaTuUBHOM apeasie BcTpedaeTcs A0
rIyOrHB! 5 M. 3UMOI IIepeHOCUT MajieHre HachlIleHus
kucyoposioM Ao 40 % (Bekman, 1962).

Pontogammarus robustoides xyBeT Ha pa3JINYHbBIX
rpyHTaX, 4acTO BCTpevyaeTcs Cpeay 3apocjell Makpo-
(uTOB, XOpOIIO NEpeHOCUT yCJIOBHUA CYLIeCTBOBaHUA
B crosunx Bojoemax (BypkoBckuili u CynHuk, 2018).
ObuTaet Ha rirybuHax 7o 3 M npu cojeHocTu 0,2-5 %o.
BcespeH, B3pociible ocobu — HauboJjiee akTUBHbIE XHUIII-
Huku (Berezina and Maximov, 2016).

Chelicorophium curvispinum OTHOCUTCA K (HJIb-
TpaTropaM-ce¥MeHTaTopaM, HO criocobeH noTpebJiaATh
TaKxke JAeTPUT U oOpacTaHusA, BKJII0Yasd HUTYATBHe
Bojiopocyii. ObuTtaeT Ha rjaybuHax o 3 M IpHU coJie-
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HocTU He Bbiie 5 %o (Berezina and Maximov, 2016).
ObGJiagaeT BO3MOXHOCTBIO afanTali K IMOHKEHHBIM
KoHHeHTpanuaM coselr (Harris and Bayliss, 1990).
C. curvispinum CTPOUT WJIUCTbIE JOMHUKU Ha TBEpPAOM
cyOcTpare, IO3TOMY 4YacTO BCTpeyaeTcsa Ha CTebJIAX
Makpo(dUTOB U Ha 3aTOIJIEHHBIX IIpeMeTax. fBjAaAch
BUAOM 3AU(PHUKATOPOM, IPpU OOJIBIINX CKOIJIEHUAX 3TU
pauky CIIOCOOHBI BJIMATH Ha COCTAaB OEHTOCHBIX COOO-
IlecTB, MeHAA pesjbed AHA U3-3a CTPOUTEJIBCTBA CETU
TpyOoUeKk M3 Wja U JeTpuTa Ha TBepJblx cybcTparax
(MansaBuH u fp., 2008).

Gammarus lacustris 3BpUTQJIMHHBIN, XOJIOAO-
cTOMKUI BuA. MoxeT IepeHOCUTb HU3KHe TeMIlepa-
Typhl, BOCIPUMMYMB K Temneparypam Bbiie 20 °C
(BypxoBckuii u Cynuuk, 2018). Bcesnen, ¢ npeobJia-
JaHueM B palloOHe JeTpuTa. B3pocible ocobu xuil-
Huku (Berezina, 2007; Salonen et al., 2019). Panee G.
lacustris 6bL1 ITPOKO PACTPOCTPAHEH B JIUTOPAJIM 03€Pa
(KyspmeHko, 1964; CranbmakoBa, 1968). [Tocie Bxox-
JIeHUs B cocTaB coo0IiecTB 3000eHTOCa 03epa Oatikaib-
ckoro 3Hjaemuka Gmelinoides fasciatus 6bLI0 OTMEYEHO
3HAUYMTeJIbHOE CHIDKeHHEe YHCJIEHHOCTH abOpPUIeHHOTo
G. lacustris (Panov and Berezina, 2002; Kypatos u Jip.,
2006). B HacTos1Iee BpeMs 3TOT HOKOILIIaB OTMeUYaeTcs
TOJIBKO B eUHUYHBIX 3K3eMIUIApax Ha KaMeHHCTOH U
BaJIYHHOU cJ1abonpuboOvHON JIMTOpaId B CEBEPHOM
IIXepHOM palioHe o3epa U Ha 0. Basaam (3yes u 3yesa,
2013; Aynaxosa u fp., 2023). B namux c6opax 2019-
2023 rr. Gammarus lacustris He GbLJT OOHAPYXKEH.

B 1mesoM MOXHO OTMETHUTb, YTO TaKCOHO-
MHYeckuil coctaB U OorarcTBo (ayHb ambunon
Jlajmoxckoro osepa CONOCTaBUMO C APYTUMH 00Jib-
muMu o3zepamu Cesepo-3anagHoro perroHa Poccun.
B OnexckoM o3epe B npodyHAanayd BceTpedawTcsa 3
BHUA PeJTUKTOBBIX amdumon: M. affinis, P. quadrispinosa
u Gammaracanthus lacustris; B qutopaiu — 2 BUAa —
rojapkTuieckuii Gammarus lacustris n GaliKaJIbCKU
BcesieHel| G. fasciatus (PabunkuH u I[osskosa, 2008).
B TlIckoBcko-UyackoM o3epe oObluHBL 3 BHUpa — P.
quadrispinosa, Gammarus lacustris v G. fasciatus (Timm
et al., 2001).

3.2. YpoBeHb KOAMYECTBEHHOro pa3BuTua
am@dunoA B OTKPLITLIX paoOHaxX o3epa

Jlazmoxckoe 03epo — KpYIHBIH BOJI0EM, B KOTOPOM
rayOuHa SBJIAETCA MOLIHBIM HHTETrpaJibHBIM (hakTo-
POM, oIpeJiesII0NNM XapaKTep 6MOTOIOB U CTPYKTYPY
JIOHHBIX OMOIeH030B. [Ipy 3TOM HemocpeACTBeHHOe
BJINSIHME HAa OpPraHU3MBl OKAa3bIBAIOT TaKHe 3KOJIOTH-
yeckue (HaKTOphl, CBA3AHHBEIE ¢ TJIyOWHOHN, KaK TMApO-
JIOTUYECKUI U TeMIEePaTypPHBIN peXHMBbI, XapaKTepH-
CTUKU TPYHTA, CeAUMEHTAIls B3BeIIeHHBIX BeleCTB
U3 BOJIHOM Tomu. PasHooOpa3uie NpupOgHbIX YCI0BUIL
00yCJIOBJINBAeT HEOAHOPOJHOCTh B KOJINYECTBEHHOM
Pa3BUTHN U paclpefiejleHNN 3000eHToca B o3epe. B
OTKPHITEIX palioHax o3epa OCHOBY ¢ayHsl Makpobecmo-
3BOHOYHBIX COCTABJIAIOT MPEeJICTABUTENIN YETHIPEX TaK-
COHOMUYECKUX TPYIII OJIUTOXETH, XUPOHOMHUJIHI,
aMmdunonasl ¥ ABYCTBOpYaThle MOJUIIOCKU. OcTasbHBIE
rpymIsl 6eCcri03BOHOYHBIX OTMEYalTCs eJUHUYHO U UX
KOJINYECTBEHHOEe pa3BUTHe He3HauuTesbHO. Haubosiee
MPOAYKTUBHOUN 30HOU ABJIAETCS IepexXOfHbIN palioH
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o3epa (ryyounsl 18-50 M), rfie B Macce pa3BUBAIOTCA
pesiukToBbie amunoabl (mpexnae Bcero M. affinis). C
yBeJIMueHNeM TIJIyOMHBl CHIKaeTCs BHUOBOE Pa3HOo-
Opasue, ynpollaeTcsa CTPyKTypa [OHHBIX OHOLIEHO30B,
B HUX COCTaBe coKpamaeTcsa fojiA amunon U yBesu-
yuBaeTcsa AoJiA oauroxer (CoBpeMeHHOe COCTOSHUE...,
2021).

B 2019-2023 rr. B OTKpHITHIX palioHaX o03epa
ambunonsl ObUIM  IpeACTaBJIeHBl  PeJIMKTOBBIMU
pakoo6pa3HeiMu  Monoporeia  affinis,  Pallaseopsis
quadrispinosa, a Takxe OalKaJbCKUMU BCeJIeHI[AMU
Gmelinoides fasciatus n Micruropus possolskii. TlepBbIii
UX HUX OblI Oosiee MaccoBBIM. HacToTa BCTpedaemo-
CTU B Ipobax B I[eJIOM I10 o3epy BumoB M. affinis, P.
quadrispinosa, G. fasciatus u M. possolskii coctaBuia 60,
19, 8 1 6% COOTBETCTBEHHO.

PacnpefiesieHne 1o 4KCJIEHHOCTHM U Ouomacce
BU0B aM(UIOA Ha pas/IMYHBIX IJIyOMHAxX U B Pa3HBIX
palioHax o3epa ObUIO HepaBHOMepHBIM. Ha 3Haum-
TeJIbHBIX IUJIOIAAsaX IPo@QyHAATIBHON 30HBI, KOTOpas
XapakTepusyeTcs B I[eJIOM MHHHUMAaJbHBIM aHTPOIIO-
reHHBIM BO3JeliCTBHeM M HU3KUMU IPUAOHHBIMU TeM-
neparypamu, u3 amdumnoy mpeobiamaetr M. affinis.
BokomtaB M. affinis peructpupoBajcs Ha IJIyOMHaX
or 6 o 230 M, rIe ero KoJiM4eCTBeHHBIEe IOKa3a-
TeJM WU3MEHANNCh B HIMPOKUX Ipedesiax — YHCJIeH-
HocTh oT 20 mo 10000 sk3./M2, 6uomacca — ot 0,01 1o
21,26 r/m? (Tabsmma 2). B ceBepHBIX palioHaX OTKPHI-
TOI aKBaTOPUU O3epa Ha WJIMCTHIX 'PyHTax Ha IJTyOrnHax
6oJiee 70 M IOTHOCTH momyasanuu (20-1060 3k3./M2)
u 6uomacca (0,02-2,14 r/m?) M. affinis HeBbicOKU. Ha
JIOJII0 3TOTO0 pakoobpa3Horo mnpuxoguyioch 10-29%
o6111ei1 YrcIeHHOCTU U 7—24% 6ruomMacchl Makpo30006eH-
Toca. B patioHe o3epHoro ycryna (riayounsl 50-70 m)
Ha CephiX Wiax C pPyAHBIMM KOpPKaMU CyIleCTBEHHYIO
posib B OeHTOodayHe urpaju am@UIOIbl, COCTaBJIAIO-
mue B cpeqHeM 65% uncaeHHOCTH U 62% GromMacchl
(Puc. 2). U3 ampunon o6eryabl M. affinis. Hanbopime
KOJINYECTBEHHBIE MoKa3aTesu M. affinis peructpupo-
BaJIMCh B MlepeXOJHOM palioHe Ha riaybuHax 18-50 M.
MakcumaspHas 6uomacca M. affinis npy 4UC/IEHHOCTH
7100 23Kk3./mM? oTMeyasiach B I0)KHOM YacTU O3epa Ha
rjiyouHe 29 M.

Pauok P. quadirispinosa 0OBIYHO BCTpeYasIcsA Ha
riayOnHax oT 5 70 54 M BA0JIb 3allaJHOTO ¥ BOCTOYHOI'O
Oeperos, B I[eHTPaJIbHON M I0XHOM yacTAx ozepa. P.
quadirispinosa oTMeuaJsics 3HaYUTeJIbHO pexe M. affinis,
HO ero BkJj1aJ B OrioMaccy ObIBaeT JOBOJIBHO BBHICOK. Tak,
B 2019 r. oH OB BHIepBble OTMeUeH Ha riiyouHe 114 m
B CeBepO-BOCTOYHOM 4YacTH o03epa, re ero ouomacca
nocrurasia 1,84 rv/m? mpu umciaeHHOCTH 20 3K3./M2
Bricokas KOHIleHTpalnuA pauykoB Habuoasach Ha IIy-
6uHax 11-17 M BIOJIb OTKPHITHIX Oeperos o3epa.

G. fasciatus BcTpedasicsi y 3amajgHoro Oepera,
B IleHTpaJIbHOM uacTu OyxThl IleTpokpemnocTs u B
BousixoBckoii rybe Ha riybuHax 6-11 M, rae ero umc-
JIEHHOCTh M3MeHssach oT 20 go 1660 sk3./m?, 6uo-
macca — ot 0,03 o 4,64 r/m2.

M. possolskii OpL1 OOHApyXXeH TOJIBKO B OyxTe
[TeTpokpenocTs. B 1leHTpaIbHyI0 4acTh 3ajI1Ba OH MIPO-
HUK U3 pUOpexHbIX O1oTomnos o3epa B 2017 r., a yxe B
2019 r. HabJI01aJIOCh YBeJINYeHNe YUCJIEHHOCTH 3TOT0
6okorutaBa. B uccieqyemelil nepuo ero KOJn4ecTBeH-
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Ta6smmna 2. [MokasaTenu yucjaeHHOCTU (3K3./M?) u 6uomacch (r/m?) amduIIoA U Npejesibl X u3MeHeHusA (min-max) B
OTKPHITHIX pailioHax o3epa Ha riiy6uHax oT 6 0 230 m B 2019-2023 1.

Bupg YucJIeHHOCTh buomMmacca
Lt n X SE min | max X SE min | max
Monoporeia affinis
BriaguHbl 3 40 0 40 40 0,08 | 0,08 | 0,02 | 0,21
I'1y0OKOBOAHBIN 10 298 136 20 1280 0,47 | 0,18 | 0,04 1,64
CKJIOHOBBII 9 222 115 20 1060 0,54 | 0,25 | 0,02 | 2,14
OsepHoro ycryna 13 474 182 40 2380 1,38 0,42 | 0,07 4,84
[TepexoAHBII 41 985 362 20 | 10000 | 2,60 | 0,90 | 0,01 | 21,26
MeIKOBOAHBIHA * 30 203 46 20 880 0,42 | 0,11 | 0,01 | 2,04
3b 6 500 160 80 880 1,17 | 0,40 | 0,05 | 2,04
BIT 4 25 6 20 40 0,09 | 0,04 | 0,02 | 0,18
Bl 6 27 5 20 40 0,06 | 0,02 | 0,01 | 0,12
cr 4 25 6 20 40 0,05 | 0,02 | 0,03 [ 0,08
BB 10 272 43 60 480 0,46 | 0,08 | 0,14 | 0,90
Pallaseopsis quadrispinosa
I'1y6GOKOBOAHBIN 1 20 1,84
OszepHoro ycryna 2 20 20 0,03 | 0,07
[TepexogHBIi 15 39 6 20 100 0,29 | 0,07 | 0,01 | 0,86
MeJiKOBOOHBI * 15 55 10 20 120 0,45 | 0,12 | 0,04 | 1,32
3b 5 52 21 20 120 0,39 | 0,26 | 0,08 | 1,32
BIT 1 40 0,56
Bl 1 60 0,60
BB 8 58 17 20 120 0,46 | 0,19 | 0,04 | 1,24
Gmelinoides fasciatus
MeJIKOBOAHBII* 14 567 152 20 1660 0,83 | 0,33 | 0,03 | 4,64
3b 1 40 0,04
BI1 11 713 168 20 1660 1,04 | 0,40 | 0,04 | 4,64
Bl 20 40 0,03 | 0,06
Micruropus possolskii
MeJsikoBoAHbIH *(BII) 11 1009 | 360 40 3600 2,60 | 0,62 | 0,46 | 6,40

I[IpumeuaHnue:

N — KOJIMYECTBO MPOO, B KOTOPHIX BcTpeueH BuA; X — cpenaHee; SE — craHmapTHas omubka; min — MUHIMAJIbHOE 3HAUYEHUE,;

max — MakCHuMaJIbHO€ 3HaY€HUeE.

* — y4aCTKU MeJIKOBOJHOTO palioHa: 3B — 3anaHeii1 6eper, BIT — 6yxta [Tlerpokpenocts, BI' — BosixoBckas ryba, CI' — CBupckas

ry6a, BB — BocTO4HBIH Geper.

HBIe TTOKa3aTeJI JOBOJIbHO BBICOKM (o 6,40 r/M2). B
HacTosllee BpeMs 6aifikasibCcKuil BcesieHen M. possolskii
CTAaHOBUTCA OJHUM U3 AOMUHUPYIOIINX BUJIOB B JOH-
HBIX OMOLIeHO3aX 3aJIMBa.

B 105xHO11 yacTu BOJIXOBCKOU I'yOBI B TIPUYCThEBBIX
yuyacTkax pek BosxoB u Csack amM@uIoisl OTCYyTCTBO-
Basii. B 1jeHTpe 5TOro 3aimBa U OJIMKE K OTKPHITOMY
03epy OHM MaJIOUMCJIeHHBl U OBUIM IpeJiCTaBJIEHBIMU
Tpems Bugamu (M. affinis, P. quadrispinosa, G. fasciatus),
KOJIMYeCTBEHHOE pa3BUTHE KOTOPBIX HeBeJnKo. B
CBupckoil rybe eOUHMYHO OTMedasack Monoporeia

affinis.

3.3. PacnpocrpaHeHue UHBAa3UBHbIX
amdunoA B AMTOPaAU o3epa M UxX
KOAMUYECTBEHHbIE XapaKTepUCTUKH

J7iA  KOJIMYeCTBEHHBIX IIOKasaTesJell Makpo-
3000€HTOCAa B PpA3JMYHBIX palioHaxX JMTOPaJIbHOMN

30HBI O3epa XapakTepHa OoJibIIasg W3MEHYHUBOCTD.
AHTpOTNIOTEHHOE BJIUSTHUE YacTO ObIBAeT pemarIyuM
(akTOpOM IS CYKIIECCHUIT JOHHBIX COOOITIECTB, a KoJIe-
6aHusa 6roMacChl M YKMCJIEHHOCTU 3000€HTOCA CBSI3aHbBI
C BBICOKMM pa3HOooOpa3ueM MeCTOOOUTaHUN 1 HEOQHO-
POZIHOCTBIO pacmpefiesieH!s] JOHHBIX 0eCITO3BOHOYHBIX
(JIutopanbHas 30Ha..., 2011).

PacnpefiejieHie WHBa3WBHBIX aMGUIOM TIpe-
crasjieHo 1o MarepuasiaM 2019 r., KoTopble YaCTUYHO
ony6ankoBaubl (Barbashova et al., 2024). Kak moka-
3aJI1 HaIllW MccjieJoBaHUs Ha MHOTHX OMOTOMAax JIUTO-
pajsbHOU 30HHI mpeobJafaiu amMPuIoAbl. DTU pako-
obpa3Hble Hanbosiee OOWJIBHBI W MHOTOYHCJIEHHHI B
[lyuypeM 3ayiMBe M Ha 3amagHOM IOOepexbe, TAe Ha
J0J11I0 aMm(puIioq B cpefHeM Npuxoauioch 74-82% uuc-
JeHHocTu u 77-80% 6romacchl Bcero 6eHroca (Puc. 3).

B 3apocyiax makpoduToB Ha rjiyouHax 10 1 M
oburaetr OOJIBIIMHCTBO BHUIOB BceJjieHIleB. HawmbOoJiee
MIUPOKO TpejcTaBiieH Gmelinoides fasciatus (BcTpeua-
emocTh (f)-94%). Huskuil ypoBeHb KOJIMYECTBEHHOTO
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Puc.2. Pacnpenenenue 6uomaccsi (B, r/mM?) Makpo3006eHTOCa U €10 OCHOBHBIX TPYII; COOTHOIIeHUe 6ruomacce (B, %) pa3HbIX
BUI0B aM@UIOJ B OTKPHITHIX paiioHax o3zepa B 2019-2023 rr. (ycpefHeHHbIe AaHHbIE); a) 1o riayouHam (I'JI, m); 6) yyactkam
MeJIKOBOJIHOTo paiioHa (3B — 3anannsbiil 6eper, BIT — 6yxrta Ilerpokpenocts, BI' — BosxoBckas ry6a, CI' — CBupckas ryba, Bb —

BOCTOYHBIN Geper).

pasButua G. fasciatus perucTpupoBajICsi B CEBEPHON
YacTH 03epa, a TakXke B 3ajiuBe YKCYHJIAXTU B BOC-
TOYHOU 4YacTU O3epa. B BepmInHax 3aJIMBOB IIXEPHOT'O
palioHa W Ha [APYTUX MEJIKOBOAHBIX, 3aIUIeHHBIX
OT BOJIHEHUSI Y4YaCTKaX YacTO BCTPEYAIOTCSA WJIMICTHIE
OTJIOXKEHUS, COAEepXallre HepasJIOoXUBIIUECS PACTHU-
TeJibHBIe ocTaTKU. Ha Takux 6uoronax G. fasciatus wmu
oTcyTcTBOBas (FIKKMMBApCKUE 3aJIUB), WJIN €0 JI0JIs
obuta MuHuMasibHa (0,7-1,5% ot o6Ieli 6rmoMacch).
B CBupckoii rybe Ha OTKPBITOM IeCYaHOH JIMTOpPAay,
KOTOpasl IMoJiBeEpXeHa BO3AENCTBUI0 BOJIHOBOHW IUHA-
MUKy, 6uomacca 6oxoriasa (0,01-0,22 r/m?) Takxe

B
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B OnmuroxeTsl @ XHpoHOMHIB! EAMOHIOIE

B [Maasku B [13omoasl
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O PyueitHHKH

ObuTa Masia. B aTom 3asmBe coBMecTHO ¢ G. fasciatus 6b11
oOHapyXeH eJVHUYHBII 5K3eMILIAP PeJIUKTOBBIX aMbu-
non M. affinis (48 3x3./M2 0,10 r/M?). MakcuMaibHOe
ckomienue G. fasciatus (23220 3k3./m?) HaGIomaIn B
oyxrte IleTpokpenocts B paiioHe f. KoboHa, a Makcu-
MaJstbHyI0 6romaccy (31,32 r/m?) — Ha 3amagHoOM nobe-
pexsne B TarnosoBckom 3aiuBe (Tabsuma 3).
KosimuecTBeHHOe pas3BuTue Micruropus possolskii
TaKXe 3HAUUTEJIbHO, HO OH ObLI MeHee paclpoCTpaHeH
B JmTopasiu o3epa. Berpeuancsa (f-29%) ot ydactka
B IIXepax B 3aJiuBe HampoTus 0. KolieoHcapu, BIOJIb
3amagHOro mobepexbs M OO ydyacTKa B palioHe MOC.

B. %
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CT

[ [ [ |
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BB

0%

O Gmelinoides fasciatus B Micruropus possolski
B Monoporeia dffinis B Chelicorophium curvispimm

O Pontogammearis robustoides

Puc.3. — Buomacca (B, r/mM?) Makpo3006€eHTOCa U ero OCHOBHBIX T'PYIII; COOTHOIIeHue 6ruomace (B, %) pa3HbIX BUAOB ambu-
0[] B Pa3/IMYHBIX palioHaX JINTOPAJIbHOM 30HHE 03epa B 2019 r. Ha riybunax ot 0,2 mo 1,00 m (IIIP — mxepHsiii pation; 13 —
Olyuuit 3anuB; 3B — 3anaansiii 6eper; BII — 6yxra IleTrpokpenocts; BI' — BosxoBckas ry6a; CI' — CBupckas ry6a; Bb — BocTouHBIH

Geper).
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Ta6smna 3. [TokaszaTenu uncyieHHOCTH (9K3./M2) u 6uomaccs (r/m?) amdunos v mpeaesbl UX U3MeHeHUs (min-max) Ha
PAa3JIMYHBIX yYacTKax JINTOPAJIbHOM 30HHI 03epa B 3apociisax MakpoduToB Ha riryouHax oT 0,2 no 1 M B 2019 1.

Bun YucjieHHOCTh Bbuomacca
L n X SE min max X SE min max
Monoporeia affinis
CBupckas ryba 1 48* 0,10*
Gmelinoides fasciatus
CeBepHbIe IIXephI 11 1249 803 32 8344 2,84 1,88 0,04 19,54
[Tyywii 3auB 2 4780 | 9100 16,16 | 26,04
3amafHsIl Geper 4 7336 | 3022 | 1528 | 12976 | 18,91 | 6,67 | 3,79 | 31,32*
Byxta IleTpokpenocTts 5 6297 | 4823 | 320 | 23220* | 9,00 | 4,31 | 0,70 20,36
BosxoBckas ry6a 6 898 499 60 2960 1,30 | 0,84 | 0,21 5,08
CBupckas ryba 2 40 23 24 56 0,11 0,14 | 0,01* 0,22
BocTouHsIi1 Geper 3 3107 | 1980 8* 5456 5,89 | 3,80 | 0,03 10,60
Micruropus possolskii
CeBepHbIe IIXephl 1 48 0,21*
[lyunii 3a1uB 2 280 1520 1,01 4,55
3amafHsIi Geper 4 950 845 40* 3136* 3,71 | 2,56 | 0,54 10,17
Byxta [leTpokpenocTtsb 3 1320 | 1081 60 3020 7,91 | 6,50 | 1,26 | 18,39*
Pontogammarus robustoides
BousixoBckas ryba 4 1887 | 1242 80* 4880* 9,16 4,66 | 0,68* | 19,58*
Chelicorophium curvispinum
BosxoBckas ry6a 4 3598 | 3051 | 20* | 11293* | 4,00 | 3,35 | 0,02* | 12,43*

I[IpumeuaHue:

n — KOJINYECTBO l'Ip06, B KOTOPbBIX BCTPEYEH BUM; X - cpeaHee; SE - CTaHAapTHasA OIJ.II/I6Ka; min — MUHHUMaJIbHOE 3HaA4Y€HUE,

max — MakCUMaJIbHOe 3HayeHue.,
* — mo maTtepuasiaMm crateu (Barbashova et al., 2024).

Hazusa B Oyxre Ilerpokpenocts. Haubosbmias 6uo-
macca (o 18,39 r/m?) otmedeHa y noc. uM. Mopo3oBa.
3nech mosiss M. possolskii mocturasna 71% 4ucIeHHOCTH
amounon u 84% ux 6momaccel. Haubosbiiee ckoruie-
Hue (3136 sk3./M?) Habmogamm B OyxTe Jlanekas.

[Tocnie nosiByieHuA 3Toro Gokomsasa B Illyubem
sasmBe B 2003 I., OH CTaJl aKTUBHO paccejATbCA B
I0)KHOM HallpaBjIeHUM BJOJIb 3alaJHOro nobepexbs U
B 2014 r. 611 BcTpeueH B 6yxTe Jlanekas, a B 2017 T.
— B paiioHe MbIca OCHHOBeI| U B I[eHTpaJIbHOH 4acTu
oyxtel Ilerpokpenocts. B 2019 r. M. possolskii GBI
3aperucTpupoBaH B paiioHe moc. Hasus (Barbashova
et al.,, 2024). B aBrycre 2022 r. 6bUIM MPOAOJIKEHBI
paboTHI IO U3yYEeHUI0 MHBA3WOHHOIO IIpoliecca B JIUTO-
pasIbHOI 30He 03epa Ha yyacTKaX CeBEPHON U I0XKHOM
I'PaHUI] U3BECTHOT'0 pacrnpocTtpaHenusa M. possolskii i B
30He 00MTaHNA IOHTO-KACIUICKUX BUJOB Yy>K€POJHBIX
amdunon.

B 2022 r. B ceBepHOI1 yacTtu o3epa B 6yxte TepBy
JovuHUpoBasM ambunonsl (18,79 r/m? 93% 6uo-
Macchl Bcero 6eHroca). [To cpaBHenuio ¢ 2019 r. yBenu-
ymsack oA M. possolskii c 1 o 11 %, 6Guomacca KoTo-
poro gocrurana 2,15 r/m? B SIKKMMBapcKoM 3ajiriBe Ha
WJIMCTOM I'pyHTe U3 aM@unop O6b11 0OHapyXeH TOJIBKO
G. fasciatus. Ero xojiiuecTBEeHHBle XapaKTepHCTUKU
HM3KH, Npejessl U3MeHeHUsA OMOMacChl COCTaBJIAIA
0,74-0,83 r/m>

B 1o’xHOM palioHe o3epa ObLIM BBHISBJICHBI HOBBIE
MecToobuTaHua M. possolski, o 6bU1 OOHaApyXeH B
oyxte [leTpokpenocts B paiioHe pAep. Kobona. Ero
YHCJIEHHOCTh paBHsIach 1420 3k3./m?%, a 6uomacca —
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4,82 /M2, uTo cocTtaiiaio 10% YncieHHOCTH aMUIIOf
1 49% ux 6uomaccel. B 2022 r. M. possolskii 3acenu
OCTaBIIYIOCA YacTh OYXTHI [IeTpoKpenocTs U MPOHUK B
BousixoBckyio ry0y, rAe oH ObLI HaiijleH Ha BYX CTaH-
nuax. B 2 kM 3anagHee ycTbA p. BoixoB M. possolskii
(760 3x3./M% 1,21 r/mM?) BcTpeyasicsi COBMECTHO ¢ G.
fasciatus u c P. robustoides. TIpy 3TOM TUIWYHBIA JJIS
JaHHoro MecrtoobutaHus C. curvispinum OTCyTCTBO-
BaJI, a KOJIM4ecTBeHHoe pasputue P. robustoides 6bLI0
He BeicokuM (380 2k3./M?% 1,91 r/m?). B paiioHe moc.
3aocTpoBbe amMdumoAbl ObUIN IMpefCTaBIeHH 2 HNHBA-
3UBHBIMU BuAaMu: G. fasciatus u M. possolskii. Vx
YUCJIEHHOCTh cocTaByaaa 2480 sk3./m?, a 6uomacca
—-1,57 r/m2 Ha oo M. possolskii npuxoancsa 1% uuc-
JeHHocTu amunon u 1% ux 6uomaccel. OOHapy>KeHbI
eIVHIYHBIE 3K3eMIUIApE M. possolskii, 4TO rOBOPUT O
HeJlaBHEM ero IPOHUKHOBEHHU B 3Ty 4YacTh 3aJIMBa.
KauectBeHHsle cOopel 2024 r. B Oyxre Illypsarckas
(60°2023.7313” c.m1., 32°35’59.9350” B.1.) mOKasaju
JlaJibHelilllee pacnpocTpaHEeHNH 3TOrO BHJA B I0XKHOM
yactu Jlagoxckoro ozepa (Puc. 4).

3a nepuopn uccienosanusa 2006-2019 rr. nos-
To-Kacruiickue Bunbl Pontogammarus robustoides u
Chelicorophium curvispinum perucTpupoBajid TOJIBKO B
BousixoBckoii rybe. B pasubie rogel (2014 r., 2019 r.)
BCTpeuaeMocTh 06oux BHIOB cocTaBaia 11-13%.
[Tocne BxOXJeHUs 3TUX aMuUIION B COCTaB COO06-
IIIecTB MaKpo3000eHToca Habroascs pocT UX KOJIU-
YeCTBEHHBIX IIOKasaresieil. MakcumaspHas Gromacca
P. robustoides (82,56 r/M?) ObUta 3aUKCUPOBAHHA
B 2014 r. (Barbashova et al., 2021). B 2019 r. mioT-
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HocThb momyJisanuu (go 4880 3k3./M2) u 6uomacca (Ho
19,58 r/m?) P. robustoides ObLI [JOBOJIBHO BBICOKH.
Hawubospinyto 6momaccy P. robustoides pukcupoBaiu y
BeIxoAa u3 p. Bonxos B Jlagory, a C. curvispinum — B
yeTelpex KM JieBee ycTbA p. Bosxos. CpaBHeHue cpef-
HUX BeJINUMH o6uus P. robustoides 3a 2014 r. 1 2019 T.
[I0Ka3ajio AOCTOBEpHOe yMeHbllleHre ero O1oMacchl B
>6 pa3 (Barbashova et al., 2024). B 2022 r. 6uomacca
P. robustoides He mpeBbimana 13,75 r/m2 B Hacros-
Ilee BpeMs 30Ha obutaHus P. robustoides orpaHuyeHa
HECKOJIbKUMHU KWJIOMeTpaMM OT yCThsA p. BojixoB Ao
ycTbA p. CACh.

KosmmuecTBeHHbIe XapaKTepUCTUKU JPYTOro MOH-
To-Kacnuiickoro Buja C. curvispinum B 2019 r. o cpas-
HeHuio ¢ 2014 r. He uameHmwauch (12,21-12,43 r/m?).
B 2022 r. 6uomacca 3TOro pavka B IPUYCTHEBOM
ydactke p. Csace cHusmwiack 1o 0,11 r/m2 o 2019 r.
C. curvispinum umMen cxoxee c¢ P. robustoides pacrpo-
cTpaHeHUe Ha JjuTopaau osepa. OgHako B 2019 r.
eIMHUYHBIN 3K3eMIUTAP 3Toro 6okoruiasa (20 3K3./M?;
0,02 r/m?) 6b1T 0OHapYXeH B BOCTOYHOM YacTH 3aJuBa
y mep. 3aoctpoBbe. B 2024 r. B kauecTBeHHBIX cOOpax
OH OBbLI HalifleH ceBepHee B palioHe Aep. Kupukoso.
BerpeueHbl pa3HoBo3pacTHble ocodu C. curvispinum,
YTO FOBOPUT O HATypaJMU3alyu MONyJIANUN B JaHHOM
6uoToIle 1 0 pacluIpeHNU 30HBI ero 0OMTaHuA B IIpejie-
J1ax BoyxoBcKoOI I'yGHL.

4. 3aknioueHue

B 2019-2023 rr. B JlagoxckoMm o3epe ob6Hapy-
)XeHo 6 BHIOB pakooOpasHHIX oTpsna Amphipoda.
JBa Buma u3 HuX, Monoporeia affinis u Pallaseopsis
quadrispinosa OTHOCATCA K  PEJIUKTOBBIM  PaKo-
obpasubiM. OctasibHble Bufbl, Gmelinoides fasciatus,
Micruropus possolskii, Pontogammarus robustoides u
Chelicorophium curvispinum, OTHOCATCS K BHUJaM-Bce-
nennaMm. O6urtatenu npodyHmanu Gammaracanthus
lacustris v uTopanu Gammarus lacustris B o3epe peKu
Y B Hamux cOopax B HCCJeQyeMblll IepuoJ He BCTpe-
yanuch. [lonmyAnumy pasjvyHBIX BHAOB B O3epe Ipo-
CTPaHCTBEHHO pa3/iejIeHbl: peJINKTOBble paKkooOpa3Hble
BCTpevalnTcsA NMPeuMyLeCTBEHHO B HIDKHEN CyOJInTO-
paym U npodyHAaaIy, a BUABI-BCEJIEHIBl B JIMTOPAJib-
HO 30He o3epa. BuioBoii coctaB ambunof ¢ cepeAuHbI
XX Beka He IpeTepliesl CyIeCTBEHHBIX M3MeHEeHUH B
OTKPHITHIX palioHaxX o3epa U o0OraTujicA B JINTOPAJib-
HOU 30He 3a CcUeT MHBa3uU U pa3ButuA amdpumno 6aii-
KaJIbCKOI'0 ¥ IOHTO-KAaCIUICKOIo MPONCXOXCHUA.

B OTKpHITHIX palioHax o3epa IOKa3aTesu KOJIU-
YeCTBEHHOI'0 Pa3BUTHSA PEJIMKTOBBIX aM(UIIO HU3KU B
CeBepHBIX INTyOOKOBOJHBIX y4acTKax o3epa M Ha Iops-
JIOK BbIIlIe B I0KHBIX. CaMBIM MacCOBBIM U IIKPOKOpac-
IIPOCTPaHEHHBIM BUOM Cpely PeJIMKTOBHIX ampunon
saBJiAeTcss Monoporeia affinis. OH qocTUrasa CBOero Hau-
6oJibmero pasputus (o 21,26 r/M?) B I0KHOW YacTH
nepexofqHoro patioHa (riy6unsl 18-50 M). Beicokas
KOHIIeHTpalus pavykoB P. quadirispinosa Habroaasach
Ha rirybuHax 11-17 M BOOJIb OTKPBITHIX Heperos o3epa.

B nuTopasibHON 30He 03epa WHBA3WBHBIE BB
ambunoJ BecbMa 3HAQUYUMBl B JOHHBIX OHOIIEHO3aX,
re OHM JOMHUHHpOBaJU IO0 Oromacce. Baiikayibckuil
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p. Bonxos
2019, Ha3us

Puc.4. - lunamuka pacceyieHuss Micruropus possolskii B
Jlagoxckom osepe.

BcesieHel] G. fasciatus mpeo6yajjaeT Ha MHOTUX JIUTO-
pajibHBIX OUWOTOMNAaX, BBICOKUII YPOBEHb €ro pa3BUTHUA
MpUYpPOYEH K 3apocyiaM Makpodurtos (o 31,32 r/m32).
3oHa oOUTaHUA NOHTO-KACIUNCKUX BUAOB ampurof P.
robustoides u C. curvispinum mo-npexHeMy OrpaHUYeHa
rpanunamMu BosixoBckoii ry6sl. Ux manpHelnemMy pac-
CeJIeHUI0, BePOATHO, IIpenATCTByeT HU3KasA MUHepau-
3amus BoJ B o3epe. OHAKO B IIpefiesiax 5TOro 3ajuBa
pacupuicsa apead C. curvispinum.

Hamm wuccienoBaHua mokaszanu AajibHelillee
pacnpocTtpaHenune Micruropus possolskii kak B 10KHOM,
TaKk 4 B CeBepHOM HallpaBjleHHU. Bun paccenusca no
Bcell OyxTe [leTpokpernocTs 1 OCTUT BOJIXOBCKOI I'yOHbI.
Kpome Toro, moATBepxaeHO pacliupeHue apeaia M.
possolskii x ceBepy ot Illyupero 3asmBa B 6yxte TepBy.
Bosbime 3HaveHus O6uomacc M. possolskii HaGiona-
Juch y 3amafgHoro Oepera u B OyxTe IleTpokpenocTb
(mo 18,39 r/m?). BeICOKUI YPOBEHDb PAa3BUTHA OaliKaJib-
cKoro BceJteHIa Micruropus possolskii nesaet ero ofHUM
13 JOMUHUPYIOIINX BUJOB B JINTOPAJIbHBIX OMOIIEHO-
3axX 03epa, Cepbe3HO BJIMAIINM Ha TpaHchopMalrio
BellleCTBA U 3HEpPruM, Ha TpoduyecKkre B3alMOCBA3M.
B Hacrosmiee BpemMsa M. possolskii akTUBHO OCBavBaeT
npubpexHsie 6uoTomnsl Jlajjoxckoro o3epa. B nanpHei-
IeM 3TOT BUJ KOJIOHMU3UPYeT BCI0 JINTOPAJIbHYIO 30HY.
He uckiioueHa BepOATHOCTb paccesneHuss M. possolskii
BHU3 1o TeueHU0 p. HeBrl 1 B HeBckylo ryby, a Takxe
IIpOHHKHOBeHUe B OHeXCcKoe 03epo.

BbaaropapHocTH

ABTOpPHI BhIpaxaloT GjarogapHocth 4.0.H. E.A.
KypamoBy 3a opranusalijyio 1 poBeJieHre SKCIieJULN-
OHHBIX PabOoT B JIMTOPAJIbHOMN 30He JIajoKCKOro 03epa
B 2019 u 2022 rr.

PaboTa BbINIOJIHEHAa B paMKaX rocyapCTBEHHOIO
3aganua WHctutyta o3epoBedeHus PAH, o6ocobJieH-
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Horo nofpasfenenusa CI16 ®UL] PAH, no teme FFZF-
2024-0001 «Oxocucrems! JIamoxkKCKOro o3epa, BOJO-
eMoOB ero 6acceliHa W MNpUJIEralOIINX TEPPUTOPUI B
YCJIOBUSAIX BO3/IEHCTBHSA NMPUPOAHBIX U aHTPOMOTeHHBIX
(dakTopoB Ha poHe KITUMATUIECKUX U3MEHEHUI»

KoHpAUKT UHTEpecoB

ABTOpBI 3asBJIAIOT 00 OTCYTCTBUM KOHQJIMKTA
HMHTEPECOB.
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