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ABSTRACT. In Mustalakhti Bay of Lake Ladoga, which is used for placing trout farms, a study was
conducted on the structure of bottom landscapes and the transformation of the lakebed surface under
the influence of aquaculture activities. Field data for mapping bottom landscapes were collected using
hydroacoustic surveys with the SOLIX 10 SI MEGA CHIRP side-scan sonar and underwater photography
with the Limnoscout ROV. Standard sedimentological and biological studies of the lakebed were also
carried out. The identification of distinct facies elements was based on morphometric features (depth
zones, bottom slopes in different parts of the bay, and terrain elements), characteristics of bottom sedi-
ments (sediment type, fluid mud composition), surface appearance, and benthic biological communities
(dominant benthic groups, presence/absence of macrophytes). The study resulted in bathymetric and
landscape maps of the investigated bay, highlighting the characteristic features of individual landscape
facies. A total of 8 facies were identified. The study demonstrated a significant negative impact of
trout farms on the bay’s bottom. This is confirmed by: 1. substantial changes in the lakebed appear-
ance detected through video footage; 2. visual changes in the surface observed in acoustic images
(sonograms) from the side-scan sonar; and 3. increased sediment thickness and higher accumulation of
organic matter, evidenced by sonar data and previously conducted chemical analyses of sediments in
the farm areas. The data indicates that the features of the bay’s basin, specifically its steep slopes and the
extensive shallow area with relatively large depths (20-35 m), create conditions for the accumulation of
anthropogenically transformed sediments within the farm area and extending outwards by several tens
of metres (a 100 m diameter zone around each farm). Conclusion: The use of a landscape approach
with modern research tools, including acoustic and underwater photography, has provided a spatial
assessment of the impact of trout farming on the condition of the studied section of the freshwater body.
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1. Introduction ture activities (Kalantzi and Karakassis, 2006; Rooney

L . and Podemski, 2009; Villnés et al., 2011; Farabi et al.,
Currently, one of the significant issues related to 2022; Elvines et al., 2024).

negative environmental changes, particularly concern-
ing aquaculture facilities, is the pollution of freshwater
bodies with organic matter and trace elements, which
can affect the trophic state of the water body, nega-
tively impact biological communities, and cause eco-
system alterations (Ryzhkov et al., 2011; Milyanchuk
et al., 2019; Dudakova et al., 2024; Guzeva et al., 2024;
Lapenkov et al., 2023; Zaripova et al., 2024). The study
of this issue is much more advanced for marine aquacul-

The methods used to study such impacts typically
rely on standard approaches in hydrochemical, hydro-
biological, and sedimentological research (Carroll et
al., 2003; Lapenkov et al., 2023). However, for pur-
poses such as mapping benthic habitats, quantitatively
assessing biological resource stocks, studying benthic
landscapes, and identifying anthropogenic transforma-
tions of the substrate and spatially assessing ongoing
changes, remote sensing methods are now widely used
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alongside traditional methods (Fish and Carr, 1990;
Cochrane and Lafferty, 2002; Quintino, 2003; Harris
and Baker, 2012; Foster et al., 2009; Che Hasan et
al., 2014). Among the latest methods, one of the most
effective is hydroacoustic technology, which involves
the use of classical single-beam and multi-beam echo-
sounders as well as side-scan sonar (SSS). Overall,
the use of multi-beam echosounders and side-scan
sonar in the field of aquaculture is primarily focused
on monitoring fish in cages and assessing their stocks
(Kristmundsson et al., 2023; Ridgway et al., 2024). The
application of these methods for assessing changes in
the condition of the substrate beneath the cages has not
been sufficiently developed (Dougall and Black, 2001;
Andrés, 2011).

Objective of the study: To assess the impact of
cage aquaculture facilities on the condition of under-
water landscapes in a large freshwater body using mod-
ern remote sensing methods.

2. Material and methods
2.1. Study area

The research was conducted in the Mustalahti
Bay (in the skerries of the Yakimvarsky Bay) of Lake
Ladoga, near the town of Lahdenpohja (Fig. 1). The bay
covers an area of approximately 2.2 km?, is elongated
in a submeridional direction, and has a total length of
2.4 km.

In this bay, fish farming facilities are operated by
«Akulovka» LLC. According to satellite images, the first
fish cages appeared in the bay in 2011. On average,
the fish farm produces 1000 tons of fish per year. A
distinctive feature of trout farming is the seasonal vari-
ation in feeding intensity, which is influenced by water
temperature. In winter, when temperatures are low, the
amount of feed is minimal. With the onset of spring and
throughout the summer, it increases, and by the end of
autumn, it gradually decreases. In August, during the
peak feeding season, the total feed input into the cages
ranges between 6 and 10 tons per day (Dudakova et
al., 2024).

The research was conducted on 1 March 2023, 6
July 2023, and 24-25 July 2024.

2.2. Research methods

The landscape studies of the bay’s lakebed were
based on echo sounding, underwater video recording,
and acoustic scanning of the bottom using side-scan
sonar (SSS), as well as bottom sampling to examine the
sediments and biota of this area.

For the purpose of identifying the structure of
the underwater terrain, echo sounding was conducted.
The Hummingbird SOLIX 10 SI MEGA CHIRP sonar was
used. During the series of passes, digital depth record-
ings were made. The creation of a digital bathymetric
model from the obtained digital data was carried out
using Surfer 9 and ArcMap 10.5 software. Depth mea-
surement points with coordinate references in the WGS-
84 system were recorded in Excel tables from the sonar
readings. To extract coordinates of zero depths for con-
structing the bathymetric map, the shoreline contours
were traced in Google Earth Pro, converted via a KMZ
file to a shapefile, and then extracted into Excel tables
in ArcMap. For a clearer representation in the map con-
struction, additional land points with positive elevation
values were included. The total dataset was analyzed
to identify and exclude sonar measurement points that
did not conform to the overall distribution patterns;
these outliers were likely due to anomalous conditions
affecting the instrument. The digital terrain model was
created in raster format using the Natural Neighbor
method. Based on the digital raster terrain model, var-
ious morphometric maps were generated using GIS
tools: slope angle (Slope), azimuth of maximum slope
(Aspect), and cross-sections of the lake bed profiles.
For a clearer representation, the maps were created in
the rectangular coordinate system Pulkovo 1942, zone
6, which required converting degree geographic coor-
dinates (x, y WGS-84) into meter coordinates. Three-
dimensional terrain models were constructed using
Surfer 9 software.
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Fig.1. Location of the study area (Mustalahti Bay) in Lake Ladoga.
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For underwater video recording, a remotely oper-
ated underwater vehicle (ROV) Limnoscout was used,
developed for the conditions of Lake Ladoga (Dudakova
et al., 2021). Its application in the study of underwater
landscapes in Lake Ladoga involved video profiling of
the lake bed over sections up to 1 km long, with paral-
lel depth and track reference. The ROV was passively
towed close to the lakebed surface (10-20 cm) using the
screen effect. The resulting images had a bed coverage
width of approximately 50-100 cm per frame. Video
recording in areas where fish farming components are
located was challenging due to numerous lines, ropes,
and anchoring elements (concrete blocks) used for
securing the cages. Consequently, the approach used
under normal video profiling conditions with direct
profile passes was modified to involve recording short
segments in different parts of the bay. In the cage areas,
filming was conducted directly from the cages, with the
camera passing over the lakebed and controlled from
the cage platforms.

For large-area surveys of the lakebed, acous-
tic scanning was conducted using a side-scan sonar
(Hummingbird SOLIX 10 SI MEGA CHIRP). The acous-
tic surveys produced a series of sonograms showing
images of different types of the lakebed and individ-
ual objects on it. Analysis of parallel strips of sonogram
mosaics (acoustic profiles) allows for the identification
of elements on various types of lakebed with spatial ref-
erence and helps delineate boundaries between distinct
landscape units. The sonograms used for mosaic con-
struction were obtained in a mode that displayed the
water column, allowing for simultaneous assessment
of changes in the lakebed characteristics with varying
depths. Data on changes in the surface layer of sedi-
ments, obtained through hydroacoustic scanning with
a lower beam sonar in low-frequency mode (455 MHz),
were also used.

The main criteria for delineating facies bound-
aries within the study bay were geomorphological and
sedimentary. Geomorphological features were ana-
lyzed based on data from the digital bathymetric model
obtained during the bathymetric survey. Parameters
such as lakebed slope and aspect were calculated. The
type of soft bottom sediments was determined by sam-
pling them using a DAC250 bottom grab. During the
2023-2024 period, 25 sites were studied (Fig. 2). Visual
surveys were conducted, along with the description and
assessment of the thickness of various layers of bottom
sediments, as well as their classification based on the
proportion of different grain size fractions through
visual and organoleptic evaluation (Instructions...,
1995). Special attention was given to the thickness of
the organic layer observed in the cage impact zone. The
biological data on the bottom landscapes are based on
the assessment of the state of macrozoobenthos from
bottom sampling conducted on July 24, 2024 (Fig. 2:
sites B24_1 to B24_21), as well as seasonal sampling
conducted at four sites in 2023 (Fig. 2: sites Koko 3, 4’,
5, and 6’). Standard methods accepted in hydrobiology
were applied in the collection and processing of ben-
thos (Methodological Recommendations..., 1983). The
bottom sediment samples for the study of zoobenthos
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Fig.2. Locations of sampling sites.

were collected using a DAC-250 box-type grab sampler
(Ekman-Birge modification with a sampling area of
1/40 m?). To assess the role of individual taxa in bottom
landscapes, the community structure and composition
of the dominant complex were evaluated. Acoustic data
on the occurrence and number of fish acoustic signals
obtained from the echo sounder were used to assess the
distribution of ichthyofauna during the study period.
Since the activity and density of ichthyofauna influence
the nature of the bottom surface, these characteristics
were also considered when evaluating the condition of
bottom landscapes according to biological criteria.

In the analysis of the feature set, distinct facies
were identified within the landscape structure of the
studied part of the water body, and as a result, a digital
model of the bottom landscapes of the bay was created.
Using this model, the areas occupied by different facies
were assessed, and the proportion of anthropogenically
altered water areas was calculated.

3. Results and discussion
3.1. Features of the bay basin

Based on the constructed digital elevation model,
the characteristics of Mustalakhti Bay have been calcu-
lated. The average depth is 12.9 meters, with a max-
imum depth of 36 metres. As shown in the obtained
bathymetric map, the maximum depths are shifted
towards the southern open part of the bay (Fig. 3: A).
Although the bay generally extends in a sublatitudinal
direction, there are several complicating features in
the terrain, including elevations in the perpendicular
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Fig.3. Bathymetric map of Mustalahti Bay based on echo sounding data: A — Two-dimensional bathymetric map; B — Cross-
sectional profiles of the bottom terrain; C — Three-dimensional model of the bottom terrain; D — Bottom slope map.

direction. This is related to the geological character-
istics of the area (Fig. 4). In geological terms, the area
is composed of the Ikkulsk and Kukhmin formations
of the Lahdenpohja metamorphic complex (State geo-
logical map..., 2015). In the western part of the bay,
the Tkhal Formation of graphite-biotite gneisses and
diopside skarns is located. This development area is
marked by a positive Ta anomaly based on magneto-
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metric data (Zuikova and Shilova, 2000), which is asso-
ciated with the presence of pyrrhotite and magnetite.
The magnetic susceptibility of the rocks in the Ikhal
Formation is noticeably higher than that of the rocks
in the Kukhmin Formation. To the east of the bay, the
Kukhmin Formation primarily consists of stigmatised
garnet-biotite gneisses, and the contacts between met-
amorphic rocks of different formations are tectonized.

Fig.4. Geological map of the area and anomalous magnetic field map (nT) (digitized from data: State Geological Map, 2015;

Zuikova and Shilova, 2000).

Note: 1. — Kukhkin Formation — migmatized garnet-biotite gneisses; 2. — Ikhal Formation — graphite-biotite gneisses; 3. —

Faults; 4. — Isobaths.
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Carbon-bearing gneisses exhibit a copper-polymetal-
lic specialisation, which may explain the presence
of anomalies in copper and zinc in the bay’s bottom
sediments, as identified during an investigation of the
sediments in the area of the trout farming facility in
Mustalakti Bay (Guzeva et al., 2024). Faulting defines
the fine block structure of different parts of the bay
and is highlighted by steep slopes with submeridional
and northeast orientations (Fig. 4). Overall, the bay
features a trough-like basin with steep slopes along its
sides and a relatively flat, level bottom in the center
(Fig. 3B). The western rim is more gently sloping com-
pared to the eastern rim (Fig. 3C). An important feature
is the uplift of the bottom in a submeridional direction
in the southern part, which hampers water exchange
with the southern portion of the water body and affects
sediment distribution. The eastern and western rims
of the bay’s basin have significant bottom uplifts that
hinder water mixing within the bay and the movement
of bottom sediments. These underwater uplifts obstruct
sediment exchange between individual basins, making
them distinctive sedimentary reservoirs for local pollu-
tion sources.

3.2. Bottom sediments and underwater
landscapes of Mustalakhti Bay

In Mustalahti Bay, five types of natural loose
bottom sediments have been identified: fine-grained
sand, aleuritic silt, clayey silt, clayey silt with an aleu-
rite admixture, and an additional type formed due to
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anthropogenic activity—intense organic matter accu-
mulation: clayey silt with an aleurite admixture, with
a thick layer of silt contaminated with organic matter
(Fig. 5). The bedrock forms the walls of the basin and
island elevations, extending down to depths of 15-20
meters. The majority of the bay’s bottom is composed
of clayey silts with an aleurite admixture (aleuripelites),
both natural and with an increased sediment layer rich
in organic matter.

Most of the bottom in the bay (as well as through-
out Lake Ladoga) is covered with what is known as a
fluid mud layer — a surface layer of highly water-satu-
rated sediment with a fluid consistency, with a thickness
of 2-4 cm. This fluid mud layer is typically composed of
silt with a significant amount of sand particles. The silt
admixture constitutes 10-30%. It usually contains up
to 5% of fine-grained sand. The layer is in the aeration
zone and represents the most active area of benthic life.
To some extent, the fluid mud layer can be compared
to the soil layer on land. In the skerry part of Lake
Ladoga, the age of fluid mud does not exceed 10 years,
as the sedimentation rate varies from 1 to 2 mm per
year (Semenovich, 1966; Subetto et al., 2002). Under
fishery cages and at some distance from them, abnor-
mally large thicknesses of fluid mud (up to 18 cm) are
observed, often enriched with organic matter. Beneath
the fluid mud layer, the majority of the bay’s bottom
is covered with clayey silts, with some silt admixture.
Typically, this sediment is gray with a yellowish tint,
soft, viscous, with some compaction downward, often
with dark streaks of organic matter.
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Fig.5. Distribution of bottom sediment types based on the composition of fluid mud (A) and the main sediment beneath the

fluid mud (B) in Mustalahti Bay at the studied sites.
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A sandy bottom is not typical for the studied
area of the water body. In samples from depths up to
3 meters, fine-grained sand was identified only at two
sites in the southwestern and southeastern parts (Fig.
5: sites B24_15 and B24_17). Acoustic survey data also
confirmed the absence of extensive areas composed
of sandy soil. Colluvium at the base of rock outcrops
was also virtually absent. The coverage of intact rocky
ledges by loose sediments is a characteristic feature of
all coastal areas along the shoreline (Fig. 6). Colluvium
was noted only in the area of the southwestern uplift at
the foot of two small islands.

Acoustic survey (Fig. 7) revealed that in areas
with unaltered bottom sediments, primarily composed
of clayey silts with an aleurite admixture, two zones
were distinguished based on depth and the presence
of woody debris on the surface: one zone, down to a
depth of 5 meters, where submerged tree trunks were
consistently observed (additional biotope elements that
increase spatial complexity and biological diversity),
and a second zone, below these depths, characterized
by a levelled and «empty» bottom (Fig. 8A).

A distinct type of lakebed surface was character-
ised by an increased layer of organic matter, distributed
in patches. Low-frequency acoustic profiles indicated
an increase in the thickness of soft sediments due to
the enhanced accumulation of fluid mud, as previously
mentioned. The cores of these «patches» were located
beneath the fish cages. Acoustic surveys allowed for an
assessment of the extent of such sediment distribution.
In the sonograms, these areas appeared in a lighter tone
(Fig. 9). The diameter of these patches extended up to
100 metres from the centre of the fish cage.

The comprehensive analysis of the collected
data enabled the creation of a landscape map (Fig. 10).
Eight landscape facies have been identified within the
studied bay.

420°520 kHz

0-0 kHz

Fig.6. Boundary between bedrock and loose sediments based on acoustic images from

echosounder with a DTL function.

30 0-0 kHz
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The overgrowth of shallow areas in the bay by
macrophytes (Facies 1) is very minimal and is only
noted on a relatively significant scale in the southern
corner of the bay. Macrophyte-dominated habitats
are characterized by more intensive development of
benthic biota and greater species diversity compared
to areas without vascular aquatic plants. Overall, this
facies covers no more than 4.5% of the bay’s bottom
area.

The slopes of the lake basin with the steepest
inclines (mainly in the eastern part of the bay) repre-
sent a distinct element of the landscapes of the stud-
ied water area (Facies 2). These slopes are composed
of bedrock with a thin layer of soft sediments in the
depressions. This facies is characterized not only by
eurytopic benthic groups found in shallow areas (such
as oligochaetes, chironomids, water mites, isopods, and
amphipods), but also by the presence of zooperiphyton
groups of benthic invertebrates, particularly sponges
and bryozoans, which are associated with hard sub-
strates; the presence of gastropods. The estimated pro-
portion of Facies 2 is 15% of the total area.

In the shallow areas up to 5 meters deep in the
western, more gently sloping part of the bay (Facies 3),
the bottom is composed of various types of sediments
(sand, silty aleurite, clayey silt, clayey silt with an aleu-
rite admixture), which increases the mosaic nature of
the biotopes forming within this facies. The spatial
complexity of the bottom surface is enhanced by sub-
merged tree trunks at these depths. The development
of the benthic biota is characterised by relatively high
quantitative indicators. Dominant taxa include groups
associated with the littoral zone (large bivalves, caddis-
flies), as well as eurytopic taxa (oligochaetes, chirono-
mid larvae). Facies 3 covers approximately 10% of the
total area of the bay.

30

a high-frequency downward beam



Dudakova D.S. et al. / Limnology and Freshwater Biology 2024 (6)

1 15603-1524

30°1530°8

61°310°C

61731 0°C

61°:030°C

51030C

51°300°C

S— | T
bottom surface
4 100

Fig.7. Zonation of the lakebed according to acoustic profiles: from the lower low-frequency beam (1) and from the mosaic

of side-scan sonar (2).

Note: w - flooded wood, m — macrophyte thickets, s — isolated stone fragments, t — talus, r — underwater rock outcrops.

The lower part of the basin, with more gentle
slopes that flatten out into a plain at depths of 20-30
meters below the 5-metre depth, composed of clayey
silt with an aleurite admixture, exhibited a more homo-
geneous bottom surface and less mosaic variability in
conditions. However, due to trout farming activities
and differences in the input and accumulation of addi-
tional flows of increased organic matter (from settling
feed and fish faeces), the substrate beneath the cages
and in their immediate vicinity differed significantly
from the substrate outside the cages. As a result, two
distinct facies were identified: the untransformed
substrate of the deep-water part of the bay (Facies 4)

Fig.8. Typical

1509

and the anthropogenically transformed substrate with
increased sediment accumulation and organic matter
content (Facies 5). The biota at depths closer to 20-30
meters is mainly represented by oligochaetes, chiron-
omids, amphipods, and mysids. Beneath the cages,
in certain seasons, bacterial biofilm development has
been observed, which hinders the formation of the ben-
thic community. Notably, during periods of intense bio-
film development, there was either a complete absence
of benthic organisms or their presence was extremely
sparse. Overall, for the facies of anthropogenically
altered substrate, the biota has shown a simplifica-
tion in community structure and a reduction in species

appearance of an aleuropelitic bottom at depths below 5 metres: A - unaltered (1); B - with a thick layer of
«organic» fluid mud (3) and bacterial film (2).
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diversity. According to our data, the number of meio-
benthos species beneath the cages (Facies 5) was more
than three times lower compared to the bottom unaf-
fected by the direct influence of the cages (5 and 17
species, respectively). For macrobenthos, the situation
was even more critical: while 11 species of macroben-
thos belonging to four taxonomic groups (Oligochaeta,
Chironomidae, Crustacea, and Ceratopogonidae) were
recorded on untransformed substrates at depths of
5-30 m (Facies 4), no macrobenthic organisms were
found beneath the cages during the study period.

It is also worth noting a decline in the abundance
and biomass of benthic organisms. For meiobenthos,
these indicators decreased by 4.4 and 1.6 times, respec-
tively, in the area near the cages compared to facies
with undisturbed substrates. When compared with the
shallow zone up to the 5-meter isobath, the changes
were even more significant: abundance was 37.7 times
lower, and biomass was 7.7 times lower

It has also been noted that the concentration of
natural ichthyofauna, according to acoustic survey data,
increases specifically near the cages. During daylight
hours in July 2024, the highest concentration of fish
was observed in the layer at a depth of 12-20 meters.
Overall, Facies 4 occupies the largest area—58%, while
the anthropogenically altered substrate (Facies 5) cov-
ers about 9.5%. And it is likely that the localization
and area of the latter may change depending on the
position of the cages, their movement, and be related to
the intensity of the load and the rate of organic matter
dispersion when fresh pollution input ceases after the
cages are relocated. The negative impact of pollutants
from farming activities affects the entire aquatic eco-
system due to the presence of trophic links between
its various components. Similar effects have been con-
firmed for marine ecosystems (Elvines et al., 2024).The
negative impact of pollutants from farming activities
affects the entire aquatic ecosystem due to the pres-
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ence of trophic links between its various components.
Similar effects have been confirmed for marine eco-
systems (Elvines et al., 2024). It has been found that
the impact on the benthos leads to the accumulation
of organic nutrients from uneaten feed and fish waste
on the bottom of the water body, where they decom-
pose too slowly for biodegradation and transformation
to occur within the ecosystem. This results in a toxic
effect on the biota and its suppression. In cage farms
located in areas with high water flow, waste accumu-
lation is unlikely. Under such conditions, waste from
farming activities disperses beyond the area adjacent
to the farm, undergoes aerobic decomposition, and is
assimilated by benthic organisms. Conversely, in low-
flow areas, waste tends to accumulate (Brooks et al.,
2003). The situation in the freshwater area we studied
closely resembles the latter scenario.

In addition to the main facies, three other types
of landscape units of the same level have been identi-
fied, occupying a small area but differing from other
facies in terms of surface characteristics, sediment type,
or the role of hydrodynamic impact. Acoustic surveying
revealed two areas with distinct bottom characteristics
(collectively covering no more than 1.8% of the bay’s
total area), where cages were presumably located in
the past (Facies 6—transitional between Facies 4 and
5). This is reflected in the condition of the substrate
surface, as evidenced by the increased thickness of the
upper substrate layer in acoustic images, changes in the
shape of surface objects, and color intensity on side-
scan sonar images.

The complexity of the bay’s relief has led to the
presence of areas with narrow straits, where hydrody-
namic activity is higher. In these areas, acoustic surveys
have shown an increase in the roughness of the bottom
surface, and video footage also indicated increased tur-
bidity near the bottom. Consequently, the bottom of
the strait in the southwestern part of Mustalakhti Bay



Dudakova D.S. et al. / Limnology and Freshwater Biology 2024 (6): 1503-1524

was classified as a separate landscape facies (Facies 7),
occupying a small area (1.6%). At the base of the bed-
rock uplift in the western part of the bay, colluvium
was identified. The increased spatial complexity due
to debris of varying sizes and the infilling of spaces
between them with soft sediments creates a complex
that differs from other locations. This small area (0.1%
of the total area) has also been classified as a separate
facies (Facies 8).

In discussing the obtained data, it is important
to note the following. Traditionally, various monitor-
ing methods are employed to study the environmen-
tal impact of aquaculture facilities, which vary in cost
and required expertise: (1) visual surveys by divers,
(2) fauna analysis, (3) chemical analysis of bottom
sediments, and (4) Sediment Profile Imagery (SPI).
The results indicate that all methods are consistent
in identifying the general «impact zone» beneath the
cages and immediately adjacent to them. However,
each method differed in its sensitivity to detecting
more subtle impacts at greater distances from the cages
(Carroll et al., 2003). In our case, an additional signif-
icant method from the landscape approach toolkit was
the hydroacoustic survey of the bottom and its surface
characteristics using «side» scanning. For spatial assess-
ments, this method, in our view, shows great promise
and accuracy. This hypothesis requires verification and
further research.

4. Conclusion

The use of a landscape approach, with its range
of studies, allowed us to comprehensively combine sev-
eral methods and utilize remote sensing data, which
overall represents a novel approach to studying the
impact of fish farming on the condition of freshwater
bodies — a method that has been scarcely used previ-
ously for freshwater environments.

The data obtained demonstrated that the appli-
cation of a landscape approach, along with a full suite
of modern remote methods, offers a new perspective on
the issue of anthropogenic impact on the environment
due to aquaculture activities. Research conducted in
the impact zone of the trout farm revealed that the farm
significantly contributes to changes in the composition
of bottom landscapes. In the case of the studied area,
the bottom area occupied by anthropogenically altered
landscapes can cover a substantial portion of the water
body where the cages are located. Considering the
structural and material-energy interconnections, the
potential transformative influence of this landscape ele-
ment on the entire bay should be taken into account.
This issue requires further investigation.
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OpuruHanbHan craTbf

U3meHeHHe o6nuKa NOABOAHBIX [ IMNOLOGY
AaHAWadTOB NPHOEPEIKHON 30HBI KPYNMHOIO 1 nor 1 ATER
NPEecHOBOAHOIO BOAOEMA NOA BAUAHHEM BIOLOGY
ACATEeAbHOCTH jopeneBoro Xo3aucTea Ha - —
npumepe 3an. MyctanaxTtu AapoXxckoro

o3epa

Hynaxosa [I.C., Jlanenkos A.E., AHoxuH B.M., I'yzeBa A.B., 3apumnosa K.M.

Hrcmumym o3epogedeHua Poccutickoii akademuu Hayk — 060cobyieHHoe cmpykmypHoe nodpasdesterue DedepabHOCO
2ocydapcmaeHHo20 6:00cemHoeo yupedxcdeHua Hayku «CaHkm-IlemepOypeckuti @edepatbHlil ucc/1edo8amestbekull yeHmp
Poccutickoti akademuu Hayk», yi1. CegdacmesaHoaa, 9, Carkm-Ilemepoype, 196105, Poccua

AHHOTAIIHAA. B 3anuBe Mycrtanaxtu JIagoxcKoro osepa, UCIOJIb3yeMOM [JIA pasMelieHus ¢opee-
BBIX CAJKOB, IPOBEJEHO HCCJIeJoBaHNe CTPYKTYpPHl AOHHBIX JIaHAMAMTOB U TpaHchopMaluy MoBepX-
HOCTH JHA [OJ BJMAHNEM PBIOOBOJHOIO X03slcTBa. B LesfAxX moJiydeHus I0J€BOr0 Marepuasia g
KapTHpOBaHUA JOHHBIX JlaHAMA(TOB MPOBOAWIIMCH TMAPOAKyCTHUYECKHe UCCIeA0BaHUs C FUApPOJIOKa-
Topa 6okoBoro o63opa (I'JIBO) SOLIX 10 ST MEGA CHIRP u ¢oToBHUe0ChEMKA C MTOABOJHOTO ammapaTa
Limnoscout. Takxe ocyIlecTB/IAIUCH CTaHAAPTHEIE CeAUMEHTOJIorndecKre 1 61oJioruieckre uccaeno-
BaHUA AHA. BeigeseHne oTAe IbHBIX (haliajibHbIX 3J1IEMEHTOB IIPOBOAMJIOCEH C UCHOJIb30BaHKEM MOp(do-
MeTPUYeCKUX MPU3HAKOB (30HBI MNIyOMHHON AuddepeHnany, YKJIOHb AHA B pa3HBIX YacTAX 3auBa
U 3JIeMeHTH pesbeda), CBeleHNII O XapakTepe IOHHBIX OTJIOXEHUU (TUI JOHHOTO OCajJika, COCTaB
HaWjKa), MO0 XapaKTepHOMY OOJIMKY IOBEPXHOCTH AHA U MO JOHHBIM OHOJIOTMYECKUM COO0OIecTBaM
(moMmuHUpyloLYe Tpynnbl 6eHToca, Hajauuyne/0TCyTCTBHe Makpo@uToB). B pe3ysibTaTe NpoBeJeHHBIX
paboT ObLIM MOJIyYeHbl 6aTHMeTpryeckas U JjaHamadTHas KapThl HMCCJIeyeMOoro 3ajiBa, BbIAEJIEHbB
XapaKTepHble 0COOEHHOCTU OTJeJIbHBIX JIaHAma@THRIX daruil. Bcero BeigesneHo 8 ¢ganuii. Beuio noka-
3aHO 3HauYMTeJIbHOe HeraTUBHOeE BiIMAHME (opeJieBbIX CaJKOB Ha AHO 3aJiMBa. JTO NOATBepXkaaercs: 1.
3HauYMTeJIbHBIMU N3MeHeHNUAMHU BO BHelIHeM 00JIMKe JHA, 0OHapyXuBaeMble 10 JaHHBIM BUAEOChEMKY;
2. BU3yaJIbHBIMU M3MEHEeHUAMY [I0OBEPXHOCTH Ha aKyCTUYeCKUX U300pakeHNAX (coHorpamMmax) c I'JIBO;
3. yBesIm4eHreM MOLIHOCTH JOHHBIX OCAAKOB 1 NOBBIIIEHHBIM HAKOILJIEHHEeM OpraHUYecKoro BellecTBa,
JOKa3aHHBIX CbeMKaMH C 3X0JIOTa U paHee NPOBeJEeHHBIMU Halllell IPYIION HCCJIeJOBaHUAMU XUMU-
YeCcKOro cocTaBa I'PyHTOB B 30He cafgkoB. COrjlacHO MOJIy4YeHHBIM JAaHHBIM, 0COOEHHOCTU KOTJIOBHUHBI
rcciiefyeMoro 3ajiiBa, B YaCTHOCTH, JOCTaTOYHO KpyThle OOpTa M 3HauuTeJbHaA IJIOMaAb I10JIOroro
ydacTKa C OTHOCUTEJIbHO OospmmMu riayouHamu (20-35 M), IpUBOAAT K BO3HUKHOBEHUIO YCJIOBUIA
HaKOIUJIEHWsI aHTPOIIOreHHO TpaHC(pOpMHPOBAaHHOIO OcajKa Ha y4acTKe, COOTBETCTBYIOMEM ILJIOMAN
MO/ICaIKOBOT'O MPOCTPAHCTBA, U Ha y[aJeHUM OT Hero Ha nepBble AecATKU MeTpoB (3oHa o 100 M B
JAuaMeTpe BOKPYT KaxAoro cagka). 3akjodeHue: Vcnosb3oBaHue JIaHAMAGTHOIO MOAX0AA C MCIO0JIb-
30BaHHEM COBpPeMEHHBIX HMHCTPYMEHTOB HCCJIE[OBAHMUI, B YaCTHOCTH aKyCTHMYeCKOW M IIOJBOJHOM
doToBUAEOCHEMKH, [TO3BOJIUJIO AaTh NPOCTPAHCTBEHHYI OLIEHKY BJIMAHKA (OpesieBOro xo3sAicTBa Ha
COCTOsIHME HCCJIeAyeMOU YacTy IIPECHOBOJHOIO BoJgoeMa.

Kitiouegsie cioga: noHHbe TaHAmadThI, Jlamoxckoe 03epo, caKOBbIe X03AHCTBa, KApTUPOBaHNe, TUAPOJIOKATOPD
6okoBoro o63opa (I'JIBO), TesreynpaBisgeMblii HEOOUTaeMBbI TOABOAHBIH ammapat THITA
Limnoscout
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1. BBeapenue

B Hacrosiee BpeMs OTHON M3 CyI€CTBEHHBIX
npo6JieM, CBS3aHHBIX C HETaTUBHBIMUA HU3MEHEHUSAMU
COCTOSIHUS OKPY’KAIOIIEeH cpefbl, B YaCTHOCTH, CO CTO-
POHBI OOBEKTOB aKBaKyJIbTYPHI, SABJIAETCA 3arps3HEHNE
MPECHOBOAHBIX BOJIOEMOB OPraHUYECKUM BELIECTBOM U
MUKPO3JIEMEHTaMH, YTO MOXXET BBI3BIBATh M3MEHEHUE
yPOBHA TpodHU BOIJOEMOB, OTPULIATETHLHO BJIMATH Ha
O6uosiornueckrie CooOIlecTBa, WHUIMUPOBATH Iepe-
crpotiku skocucteM (PppxkoB u ap., 2011; MusiaHuyK
u ap., 2019; Lapenkov et al., 2023; JymakoBa u Ap.,
2024; Guzeva et al., 2024; Zaripova et al., 2024).
W3y4eHHOCTh [AHHOTO BOMpOCA TOPa3fO BHIIIE [JIA
MOpCKMX 00OBbekTOB akBakyJibTypsl (Kalantzi and
Karakassis, 2006; Rooney and Podemski, 2009; Villnas
et al., 2011; Farabi et al., 2022; Elvines et al., 2024).

[IpuMeHsieMble METOABl H3Y4YEHUsS MOJ0OHOTO
BJIMSIHUSA, KaK MPAaBUJIO, OMUPAKTCA Ha CTAaHAAPTHBIE
METOABl TUAPOXUMUYECKUX, T'HUIPOOHOJIOTUYECKUX,
ceuMeHTOJIornuyeckux wuccaemosannii  (Carroll et
al., 2003; Lapenkov et al., 2023). OgHako B HacCTOS-
mee BpeMs IS IieJiell KapTUPOBaHWA JOHHBIX OHO-
TOIOB, KOJIMYECTBEHHOM OILIEHKM 3aIlacoB OHOJIOrHye-
CKUX DECypCOB W M3yYeHHsA AOHHBIX JIaHAMadToB, a
TaKXe BBIABJIEHUS AaHTPOMOTeHHON TpaHcdopMaluu
JHA BOJHBIX OOBEKTOB M NPOCTPAHCTBEHHOM OLIEHKU
MPOUCXOJANINX H3MEHEHUH, IIMPOKO WCIOJIb3YIOTCA
METOMBl IUCTAHI[MOHHOTO 30HAMPOBAHUS, TOMOJIHSAIO-
mue tpamunuoHHble (Fish and Carr, 1990; Quintino,
2003; Foster et al., 2009; Cochrane and Lafferty, 2002;
Harris and Baker, 2012; Che Hasan et al., 2014). Cpequ
MocJieJHUX OJHUM U3 HauboJsee 3¢ PeKTUBHBIX METO-
OB sIBJIIeTCSL TUAPOAKyCTUYECKH, OCHOBAaHHBI Ha
KICIIOJIb30BAaHUM KJIACCUYECKUX OHOJIYYEBBIX, & TAKKE
MHOTOJTyY€EBBIX 3XOJI0OTOB U THIPOJIOKATOPOB GHOKOBOTO
o63opa (I'JIBO). B nesiom, Hcroib30BaHLE MHOT'OJIyYe-
BbIX 3X0J10TOB U ['JIBO B obyiacTu m3yuyeHUs 0OBbEKTOB
aKBaKyJIbTYphl OOJIbIIIE HalleJIeHO Ha HaOJIofeHue 3a
pBIOOI B cazikax U oleHKy ee 3amacoB (Kristmundsson
et al., 2023; Ridgway et al., 2024). Bonpoc ero mpu-
MeHEeHUs IJIs OLIeHKU M3MeHEeHHs COCTOSHUA JHA IO

30°30'0"B

camkamu paspaboraH HepocratoyHo (Dougall and
Black, 2001; Andrés, 2011).

Llesis paGoOTHL: OIlEHKA BJIUSAHUA OOBEKTOB Cajl-
KOBO¥1 aKBaKyJIbTYPhl Ha COCTOSIHHE TOABOIHBIX JIAHM-
madToB B KPYIHOM NPECHOBOJHOM BOJOEME C UCIIOJIb-
30BaHUEM COBPEMEHHBIX METOJOB OUCTAHIHOHHOTO
30HANPOBAHU.

2. MaTtepuanbl U MEeTOADI
2.1. PanoH uccnepoBaHmunA

HccrenoBaHus  IPOBOOWJIMCH B 3ajuBe
Mycranaxtn (B mxepax fKMMBapcKoro 3ajuBa)
Jlagoxckoro osepa Hedajleko OT TI. JlaxOeHIOXbA
(Puc. 1). Ilnomaap 3aiuBa cocTaBjAeT MOPAAKa
2.2 KM?, OH BHITSIHYT B CyOMepUILOHAJIBHOM Harpas-
JieHnH, o61as NpOTAXKEHHOCTh COCTaBJIAET 2.4 KM.

B nmanHOM 3asmBe pacnosioXeHbl 0ObeKTHl caj-
koBoro d¢openeBoro xoszsiictBa OO0 «AKyJIOBKa».
CorjlacHO CHYTHHKOBBIM CHHMKAaM, IIlepBble CaJKu
B Oyxte mossuiauchk B 2011 r. B cpennem wusyuvae-
Moe X03:aKcTBO mpou3BoguT 1000 TOHH phHIOH B rof.
OcobeHHOCTBI0O  (QYHKIMOHUPOBAHUA  (oOpesieBhIX
XO3AVCTB ABJIAETCA CE30HHOEe N3MeHeHle NHTeHCUBHO-
CTH pexuMa KOpPMJIeHUs, CBA3aHHOe C TeMIlepaTypoi
BOABlL. 3MMOM IIpM HU3KUX TeMmIepaTypax o0beM BHO-
CHMOr'0 KOpMa MHHUMAaJIeH, ¢ HacTyIJIeHHeM BeCHBl U
B TeueHUe JieTa yBeJIMYMBaeTcs, K KOHI[y OCeHM IocTe-
[IEHHO CHWXaeTcA. B aBrycre Bo BpeMs caMOro aKTHB-
HOI'O Ce30Ha KOpMJIeHHA oflllee NOCTyIJIeHre KopMa B
caaxku cocrapisieT 6 — 10 ToHH B cyTku ([ymakoBa u
ap., 2024).

Hatsl npoBefeHus uccienosanuii: 01.03.2023,
06.07.2023 u 24-25.07.2024.

2.2. MeToabl MCCAEAOBaAHMA

.HaH,E[IIIa(I)THbIe nccjeoBaHrA OHa aKBaTOpPUU
3a/iMBa OBLIM OCHOBAHBI Ha 9X0JIOTUPOBAHWM, VICIIOJIb-
30BaHNU HOJIBOI[HOIZ BUACOCHEMKN W aKyCTHU4YE€CKOI'O
CKaHMpOBaHWA JHA C NPUMEHEHMEM TI'HMApOoJIoKaTopa
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Puc.1. PacnosioxeHue paiioHa npoBeJieHNs nccjeqoBaHuil (3an. MycranaxTtu) B JIagoxcKkoM o3epe.
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6okoBoro o63opa (I'JIBO), a Takxke NOHHOM HPOOOOT-
6opa [ U3yvueHus JJOHHBIX OTJIOXXeHU! 1 OUOTH JaH-
HOI'O y4acTKa aKkBaTOPHU.

Jl1a nesiell BBIABJIEHUA CTPYKTYPH IOJBOLHOTO
peJibeda IPOBOANIIOCH 3X0JI0THpOBaHue. VcnoJsib3oBaH
axosi0T Hummingbird SOLIX 10 SI MEGA CHIRP. I[Ipu
MIPOXO’KAEHUM CepuU TajicoB Mpou3BoAMJIach Hudpo-
Bas 3anuch r1ybuH. Co3maHue nudpoBoil 6aTuMeTpu-
YecKo! Mofesiyd IO MOJIyYeHHBIM HU(GPOBBIM JaHHBIM
IIPOBOAMJIOCH € HCIOJIb30BaHWEM mporpamm Surfer 9
u Arc Map 10.5. Touku 3amepoB rjIyOHMH C KOOpAU-
HaTHOU mnpuBsa3koil B cucremMe WGS-84 cHumanuch B
tabsuisl Excel ¢ mokasanuii axosora. [ u3BJieyeHus
KOOpAVHAT HyJIeBbIX I'JIyOMH IPU NOCTPOeHuu OaTu-
MeTPHYeCKOlN KapThl OTPUCOBHIBAJINCh KOHTYpPH Oepe-
ropoil siuHuM B Google Earth Pro, koHBepTUpPOBAINChH
yepe3 paityi-KMZ B shp-daiin u B ArcMAP u3Biiekaivch
B Tabsuisl Excel koopauHatel Tovek. [{ia GoJiee 4eT-
KOU KapTHUHBI [IPU [TOCTPOEHUH KapT A00aBjieHbl TOYKU
Ha cylle C IOJIOXUTEJbHBIMU T'HMIICOMEeTPUYECKUMU
oTMeTkaMmu. CymMMapHasA BeIOOpKa MoABeprajach aHa-
JIU3y C LeJIbl0 BBIABJIEHUS U OTOPaKOBKU TOYEeK 3aMe-
POB 3X0JI0Ta, He COIJIACYIOIMXCA C OOMUMH 3aKOHO-
MEpHOCTAMH paclipefieJieHNs, 3T0 eUHUYHbIe TOYKHU,
KOTOpHle, IO-BUANMOMY, CBA3aHBI C AaHOMAaJIbHBIMU
yciaoBusAMH paboTel mnpubopa. LudpoBasa Mofaesb
pesibeda cosnaBajlach B BHAE pacTpa, IPUMEHANICA
Meton Natural neighbor. Ha ocHoBe 1iugpoBoii pactpo-
BOI MoJesii peJibeda ¢ noMoinbio nHcTpymeHToB I'IC
MOJIyuyeHbl pasjuuHble MopdoMeTpuyecKue CXeMBI:
yron HakJioHa (Slope), HampaBiieHue (a3uMyT) Mak-
CHUMaJIbHOTO yKJIOHA (Aspect), IOCTpOeHBl pa3peshl 10
npoduiaM AHa. [ 6osiee HarIAAHONM KApTUHBI CXEMBI
CO3[1aBaJICh B INPAMOYIOJIBHOH cHucCTeMe KOOpAWHAT
[TynkoBo, 1942, 30Ha 6, AJA 4ero rpagycHble reorpa-
¢uueckue koopauHatel Touek (X,y WGS-84) mnepe-
CUUTBHIBAJIMCh B METpPOBble KOOPAMHATHL. TpexMepHbIe
Mojiesii pesibeda cTponsuch B mporpamme Surfer 9.

Jid noABOOHOM BHUOEOCHEMKH NPUMEHSICA
TejleynpaBisAeMblil HeoOUTaeMblil NOJBOAHBIN anna-
par Limnoscout, pa3paboTaHHBIII [J YCJIOBUIl
Jlagoxckoro o3epa ([dynmakosa u ap., 2021). Ero npu-
MeHeHUe B KCCJIe[JIOBaHUAX MOABOAHBIX JaHAMAdTOB
Jlamoxckoro osepa OCHOBAaHO Ha NPOBeeHUU BHUEO-
npodWINpOBaHNA Ha y4yacTKax AHA AJMHON A0 1 KM
¢ mapaJiiesibHOM MPUBA3KON K I'TyOWHAaM U MPOXOJU-
MoOMy Tpeky. OCyIlecTBJIAJIOCh TaCCUBHOE MPOTATHBa-
HUe IIOJIBOJJHOIO annapara 0JIM3K0 K IOBepXHOCTU AHA
(10-20 cMm) c ucrnosp3oBaHueM (pusnyeckoro sdpdexra
napenus. [lomyuyaemble n300paskeHNUA MMeJU LIUPUHY
3axBaTa uzo0paxkeHUsA AHA B Kagpax nopsaaka 50-100
cM. BupeocreMka Ha yyacTkax, Iie pacriosIoXXeHbl KOM-
MIOHEHTHI CaAKOBBIX YCTAaHOBOK, 3aTpPyJAHEHa B CBA3U C
O0JIBIIMM YMCJIOM paCTSXeK, TPOCOB U AKOPHBIX dJie-
MeHTOB (6eTOHHBIe OJIOKM) Ui (UKcalUU CaIKOB.
COOTBETCTBEHHO, MOAXOM, MCIIOJIb3yeMbIH MpPU OOBIY-
HBIX YCJIOBUAX BHAEONpOPUIMpPOBAHUA IPU MPAMBIX
npoxofdax npodusei, O0b1 MoANGUIIMPOBaH Ha BHe-
OCbeMKy Ha OTJeJIbHBIX KOPOTKHX OTpe3kax Ha pas-
HBIX 4acTAX 3ajlMBa. B 30He caJkoB chbeMKa NPOBOAU-
Jlach HeNOCpeJICTBEHHO C HUX NPOXOXJeHreM KaMephl
HajJ JHOM C yIpaBJjieHHeM C IIPOXOAHBIX IIOAJOK Ha
cajiKax.
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Puc.2. PacnosioxeHune craHiuii or6opa mpob.

J1A ntoma HeIX CbeMOK JHA PUMEHAIOCh aKy-
CTHYeCKoe CKaHMpPOBaHHE C HCIOJIb30BaHHEM TIHJIpo-
Jiokatopa 6okoBoro o63opa (Hummingbird SOLIX 10
SI MEGA CHIRP). 1o faHHBIM aKyCTHYeCKHUX CheMOK
[IOJIy4eHBbl CepUMr COHOTpaMM, Ha KOTOPHIX OToOpaxa-
eTca n3obpakeHre TUIOB JHA U OTAEJIbHBIX 00bEeKTOB
Ha HeM. AHaiW3 napajijlesIbHBIX [10JIOC MO3auK COHO-
rpaMM (aKycTHYecKHUX Ipoduseli) NO3BOJIAET Bbife-
JIATh 3JIeMEHTH Ha pasHBIX TUMNAX [JHA C I[IPOCTpaH-
CTBEHHOM NPUBA3KOHN U JaeT BO3MOXHOCTb IPOBOAUTH
rpaHULbl MeXJy OTHAeJbHBIMU JiaHAma@THBIMU edu-
HunaMy. CoOHOrpaMMBI I TOCTPOEHUA MO3auK I0JIy-
YeHBl B peXXuMe ¢ oToOpakeHHeM TOJIIU BOJBI, COOT-
BETCTBEHHO, 3TO [103BOJIAJIO IPOU3BOAUTH CUHXPOHHYIO
OIleHKy M3MeHeHNs XapakTepa JHa CO CMeHOM IJIyOuH.
Hcnosp3oBaiuch Takke OaHHBle 00 M3MEeHEHWM MOII-
HOCTH [TIOBEPXHOCTHOTI'O CJI0S1 AOHHOTI'O 0CajiKa, IoJIyya-
eMble C IIOMOIIbI0 TUAPOaKyCTUYECKON ChbeMKH C HUX-
Hero Jjiyya 3X0JI0Ta Ha HU3KOYaCTOTHOM pexume (455
mI').

OCHOBHBIMM KpUTEpPHUsAMH BbAeJIeHUsa daru-
aJIbHBIX TpaHUI] B MacmTabax uccjaefyeMoro 3ajinBa
O6bUI TeoMOp(dOJIOTHUUeCKUl U CceAUMeHTAI[MOHHBIM.
T'eomopdonornueckne INpU3HAKU aHAJIU3HPOBAJIKCh
Ha OCHOBAaHMU [aHHBIX C IOJIyYeHHOH INpu OaTuMme-
TpHUYecKoll chbeMke IU(POBOM Mojeau pesbeda AHA.
PaccuuthiBasich napaMeTphl: YKJIOH [HA, OSKCIO3U-
1ya. Tun MArkux AOHHBIX OCAJAKOB OnpeAdesiayics Ipu
oTOOpe UX € UCIoJIb30BaHNeM JHouepmaTesisa JAK250.
B nepuog 2023-2024 rr. 6s1710 UccaefoBaHO 25 cTaH-
nuii (Puc. 2). IlpoBoausiock BU3yasibHOe 00cje/loBa-
HMe, ONMCaHKWe U OIleHKa MOIIHOCTU pPa3HBIX CJIOEB
JIOHHBIX OCaJIKOB, a TaKXe TUIIHMPOBaHHE UX IO COOT-
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HollleHWIo (pakuuil pasHOW KPYMHOCTHU IpU BU3Y-
aJbHOM U opraHoJientuyeckoi oneHke (MHcTpykuus
no..., 1995). Ocoboe BHUMaHUe YIeJsJIOCh MOIHO-
CTU OPraHUYECKOro cJjIosl, HabJIlIoJaeMoro B 30He BO3-
neyicTBuA cagkoB. J[aHHbBIe MO OMOJIOTUYECKOM YacTU
JOHHBIX JIaHAIa(TOB OCHOBaHHBI Ha OIleHKe COCTOSHUSA
MakKpo3000eHTOoca Mo AaHHBIM JOHHOTO MpobooTbopa,
npoBeAeHHOro 24.07.2024 (Puc. 2: crannum ¢ b24_1
no B24 21), a Takxe ce30HHOro npo6oorbopa, Mpo-
BeleHHOro Ha ueThipex crtaHmuax B 2023 r. (Puc.2:
Crannuu Koko 3, 4°, 5 u 6°). Ilpu cbope u obpaboTke
OeHToca TNPUMEHsUIMCh CTaHOApTHBIE NPUHATHIE B
ruapobuosiorun Mertofsl (Metoauueckue peKOMeH-
Januu..., 1983). Otr6op npob AOHHBIX OTJIOXEHWI Ha
uccie/joBaHue 3000eHTOCAa MPOBOAUJICA C ITOMOIIbIO
kopobuartoro gHouepmnatessa JAK-250 (mogudukarys
OxMaHa-Bepmxu miomaneio 3axpata 1/40 m2). s
OIleHK! POJIM OTJAEJIbHBIX TaKCOHOB B JIOHHBIX JIAHA-
madTax olleHUBajach CTPYKTypa coOoO0IIecTBa U COCTaB
JOMHUHaAHTHOT'O KOMILIeKca. AKyCTUYecKre JaHHbIe 0
BCTPEYaeMOCTH U YMCJIy aKyCTUUYEeCKUX CUTHAJIOB OT
PBIOBI, TOJIyYeHHBIE 3X0JIOTOM, KCIOJIb30BAaJIUCh MJIf
OIleHKU pacnpefiesieHus1 UXTUO(ayHbl B Tepuo/ MpoBe-
JAeHus ucciiefgopaHus. I10ckoabKy akKTUBHOCTD U ILJIOT-
HOCTh UXTHO(AYHBI OKa3blBaeT BJIMAHUE HAa XapakTep
MOBEPXHOCTU [IHA, 5TU XapaKTePUCTUKU TaKXe yUUTHI-
BaJIUCh NPU OLIEHKE COCTOSHUA AOHHBIX JaHAmAadTOB
1o 61oJIOrnYeckKM KpUTepUusM.

[Ipu aHanu3e KOMILJIeKcAa MPU3HAKOB BhHIJEJISA-
Juch OTHenbHble (daluu B CTPyKType JaHAmadToB
U3yyaeMoOl 4YacTU akBaTOpPWUM, UM, KaK WUTOr, CO3[1aHa
uudpoBada Mopesb AOHHBIX jgaHAamadTos 3anusBa. C
MOMOII[BI0 3TOUW MOJieIM TpOBefleHa OlleHKa ILIolia-
JAel, 3aHATHIX MO Pa3JINYHBIMU (palusaMH, pacculuTaHa
J0J11 aHTPOIIOTeHHO U3MeHeHHOU aKBaTOPUU.

3. Pe3yAabTatbl M 06Ccy)xpeHue
3.1. 0co6eHHOCTH KOTAOBHMHbI 3aAUBa

[To moctpoeHHo! HUPPOBOIN Momenu pebeda
paccunTaHbl XapaKTepuCTHKU 3anuBa MycTanaxTu.
CpenHsasa riyOumHa ero cocrasiader 12.9 M, Makcu-
MasibHasA — 36 M. Kak MOXHO BHeTh M3 MOJyYeHHOMH
6aTUMeTpHUYeCKON KapThl, MaKCUMAaJIbHbIE TJTyOUHBI
CMelleHbl K I0KHOM OTKphITOM dactu 3aimBa (Puc. 3:
A). U, HecMOTps Ha TO, YTO B I[€JIOM 3aJIUB UMEET Cy0-
HIMPOTHOE MPOCTHpaHue, UMeeTcs P OCJIOXKHAIMINX
ocobeHHOCTel peJibeda, BEIPaXXEHHBIX B HAJTUYUU MTO-
HATUY B NepHeHAVKYJIIPDHOM HanpaBJjieHuu. JTO CBf-
3aHO ¢ ocobeHHOCTsAMU reoJiornu ydactka (Puc. 4). B
reojIornyeckoM OTHOIIEHWM y4acTOK CJIOXeH obpaszo-
BAHUSIMU UXOJIbCKON M KyXMHHCKOHN TOJII JIaX{eHIOX-
ckoro Meramop@duueckoro komiiekca (I'ocreosnkapra,
2015). B 3amagHO¥M yacTH 3a/IMBa 3aJjieraeT UxajbcKas
ToJIAa TpaduUT-OMOTOBBIX THENMCOB U OUOICHUIOBBIX
CKapHOB, Y4aCTOK ee pa3BUTHsA BbIAeJIAETCA IOJIOXKU-
TeJIbHON aHoOMaJsvel Ta 1Mo JaHHBIM MarHUTOpa3Be KU
(3yiikoBa u IllusoBa, 2000), 4TO cBA3aHO C BKpaILieH-
HOCTbI0 NHPPOTMHA U MarHeTura. MarHuTHas BOC-
IIPUUMYKBOCTD NIOPOJ], BXOAAMNX B UXaJIbCKYIO TOJIITY
3aMeTHO BBhIllle, YeM y IOopoj KyXMMHCKON Tojm. Ha
BOCTOKe 3ajliBa B COCTaBe KyXKHWHCKOH TOJIIY IIpe-
o0JyiafaloT MUTrMaTH3WpOBaHHBIE I'PaHAT-OMOTUTOBBIE
THelicbl, KOHTAaKTH MeTamMop@uyecKux IOpoA pas-
HBIX TOJII TEeKTOHU3WPOBaHHL. YTIJlepojcoepxalire
rHelicbl 00HaApyXHBAlOT MeAHO-IOJIMMeTaJLIINYeCcKyI0
crenuaan3aluio, 4yTo, Hapsagy c (akTopoM 3arpssHe-
HUA OT O0BEKTOB PHIOOBOAYECKUX CAKOB, BO3MOXHO,
00BbsACHAET HaJIN4Me aHOMaJIM{ Mey, IMHKA B JOHHBIX
OTJIOKEHUAX 3aJI1Ba, BBIABJIEHHBIX IIpU 00CJIeJOBAaHUU
JOHHBIX OTJIOXKEHUU B paiioHe ¢GopeJieBOro X03sKHCTBa

A
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Puc.4. l'eonoruyeckas cxema y4acTKa U KapTa aHOMaJIbHOTO MarHUTHOro noJis (HTi) (onudpoBaHo no gaHHEM: 3yHKOBa U

MIumnosa, 2000; I'ocreosikapra, 2015)

IMIpumeuanme: 1. — KyxkrHcKas ToJIa — MUTMau3pOBaHHbIE TPaHAT-ONMOTUTOBBIE THelchl; 2 — Mxanbckas ToJma — rpa-

dut-6uoTUTOBHIE THElickH; 3. — Passiomer; 4. — 306aThL.

oyxtel Mycranaxtu (Guzeva et al., 2024). Pa3pbsiBHBIE
HapyLeHUs ONpeaesIIoT MEJIKYI0 6JIOKMPOBKY Pa3HBIX
YJacTel 3aJIMBa U OJYepKUBAIOTCS KPYTHIMU CKJIOHAMU
cyOMepHUNOHAaIbPHOM U CeBepO-BOCTOYHON OpUEHTU-
poBku (Puc. 4). B 1jesiom 3a11B MMeeT KOPHITOOOpas-
HYI0 KOTJIOBHHY € KPYTHIMH YKJIOHaMmu 1o 6oprtam u
JIOCTAaTOYHO BHIPOBHEHHBIM ILJIOCKUM JHOM IO HEHTPY
(Puc. 3: B). 3anagnsiii 60pT GoJiee MOJIOTUII MO CpaB-
HeHuio ¢ BocToyHBIM (Puc. 3: B). BaxHbBIM 3JIeMeH-
TOM SBJIAETCA IOHATHE IHA CyOMepUANOHAJIBHOTO
HalpaBJIeHUs B I0XXKHOH YacTU. DTO OIpeiesisieT 3aTpyd-
HeHUe BOJI0OOMeHa C I0)KHee pacHoJIOXKeHHOH 4acThio
aKBaTOPUU U BJIMSET Ha paclpejiesieHre JOHHBIX 0cal-
KOB. BocTOuHBIl U 3amaHbIl 60pTa KOTJIOBUHBI 3aJI1Ba
MMeIOT 3HaYUTeJIbHBIE TIOAbeMbI JHA, [IPEMSATCTBYIONe
IepeMellBaHuUI0 BOABl B OyXTe U IepeMelleHUI0 JOH-
HBIX ocaakoB. [TogBoAHBIE MOAHATHUA NPENATCTBYIOT
00MeHy OCA[JOYHBIM MaTepHUaIoM MeX[y OTIeJIbHbIMU
KOTJIOBUHAaMHM, KOTOpBIe TakUM 00pa3oM IpeicTaB-
JIII0T cBoeoOpa3Hble KOHEYHBIE CeqUMeHTAlVOHHbIe
6acceliHbl 1A JIOKAJIbHBIX NCTOYHHUKOB 3arps3HeHus.

3.2. AOHHbIE OTAOXXEHMA U NMOABOAHbDbIE
AanpwadThl 3aanuBa MycranaxTu

B 3amuBe MycTrasnaxTu BBIABJIEHO [ATH PasHO-
BUAHOCTEIl eCTeCTBEHHBIX PBIXJIBIX JOHHBIX OTJIOXe-
HUI: TIECOK MEeJIKO3ePHUCTBIN, WJI aJleBPUTOBBIM, WJI
TJIMHUCTBIN, WJI TJIMHUCTBHINA C MPUMEChIO ajIeBpUTa, a
TaKkXxe elle OJUH TUIl, 0Opasymluiici B pe3yJibTare
aHTPOIIOTeHHOM aKTUBHOCTY — YCUJIEHHOI'O IToNafaHus
OpraHn4ecKkoro BellecTBa: WJI IJIMHUCTHIN C IPUMECHI0
ajleBpUTa, C MOLIHBIM CJIOEM HaWKa, 3arps3HEHHOro
opraHudeckum BeiectBoM (Puc. 5). KopeHHble nopoist
cjaraloT 60opTa KOTJIOBUHBL U OCTPOBHBIE MOJHATHA U
NpoABIAITCA A0 riybuH 15-20 M. OcHOBHaA IIoMAaab
JHa 3aJIMBa CJIOKeHA MJIMHUCTBIMU MJIaMU C IPUMEChI0
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aneBputa (ajieBpomnesiMTamMu), KaK eCcTeCTBeHHBIMU,
TaK U C yBeJINUYEeHHBIM CJIOeM 0CaJiKa C BBICOKHMM COAep-
JXKaHKeM OpraHu4ecKoro BellecTBa.

Bosnpmas vacth OHa B 3ajuBe (Kak U BO BCEM
JlajoxckoM 03epe) MOKphITa TaK Ha3blBaeMBIM HauJl-
KOM — NOBEPXHOCTHBIM CJIOEM CHJIBHO OOBOAHEHHOI'O
ocajika TeKky4yell KOHCHUCTEHI[UM MOIIHOCTBI0 2-4 cM.
OOBIYHO S5TOT HaWJIOK IIpeACTaBJieH aJjleBPUTOBHIM
0CaJIKOM C CyIlleCTBEHHO! IIPHUMEeChIO lTIeCUaHbIX YacTHll.
[Ipumecy aneBputra cocrabisgeT 10-30%. OOGBYHO
comepxuT Ao 5 % wmenkosepHucToro mnecka. Crioi
HauJIKa HaxOJUTCA B 30HE a’paliuy U ABJIAETCA 30HOU
HauboJiee aKTUBHOHN XU3HeOeATEeJbHOCTH OMOTHL. B
IIPUHIMIIE CJIOM HaujKa MOXHO CONOCTaBUTh C IOY-
BEHHBIM CJIOeM cylIu. B mixepHoil yactu JlaoxcKoro
o3epa BO3pacT Hawika He mpessimaeT 10 JieT, Tak Kak
CKOPOCTb OCaJJKOHAKOILJIEeHUs BapbupyeT oT 1 A0 2 MM
B rofi (CemenoBuu, 1966; Cyberto u np., 2002). Ilox
caZikaMu peIOHOTO XO35ICTBa U HA HEKOTOPOM yzajie-
HUU OT HUX HaOJII0JAI0TCS aHOMAaJIbHO OOJIbIIIE MOIII-
HocTH Hauiaka (go 18 cwm), 3avyacTyio HachIIIEHHOTO
opraHuyeckuM BemecTBoM. Ilon cjioeM Hawika Ha
OoJibllleli IUIOMIAU 3ajiMBa paclpOCTPaHEeHbl TJIMHU-
CThble WJIBI C IIpuMechio ajieBpyuTa. OOBIYHO 3TO OCAZOK
ceporo I[BeTa C XeJIThIM OTTeHKOM, MATKUHN, BA3KUMH, C
HEKOTOPHIM YILUIOTHeHHEeM KHH3Y, YacTO — C TeMHBIMU
IIpuMa3kaMM OpraHnu4ecKoro BellecTBa.

[lecuanoe AHO He XapakTepHO IJiA HCCiefdy-
eMOoro ydacTka akBaTopuu. B mpobax c riy6usn go 3
M IIeCOK MeJIKO3epHHCTHIN BBIABJIEH TOJIBKO Ha JBYX
CTAQHI[UAX B IOro-3amajHoOM M I0ro- BOCTOYHOH YacTU
(Puc.4: Cr. b24_15 u B24_17). laHHble aKyCTHYeCKOM
CbeMKHU MOATBEpAWIM OTCYTCTBUE OOLIMPHBIX ydacT-
KOB, CJIO)KEHHBIX IlecYaHbIM I'PyHTOM. Takoke pakTuye-
CKM OTCYTCTBOBaJl KOJUIIOBUI B OCHOBAHUHU CKaJIbHBIX
obHaxeHul. IlepekpbiTe Hepa3pyIIeHHBIX CKaJIbHBIX
YCTYIIOB PHIXJIBIMU OCaJKaMH fABJIAETCA XapaKTepHOM
4epTON BceX NMPUOPEXHBIX y4acTKOB B0JIb OeperoBoi
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Puc.5. Pacripe/iesieHre TUIIOB JOHHBIX OCAJIKOB IO cOCTaBy HawKka (A) 1 OCHOBHOro ocajika noj HauiakoM (B) mo akBatopuu

3aJiiBa MyCTaJ'IaXTI/I Ha HMCCJIEJOBAaHHBIX CTaHIUAX.

nauaun (Puc. 6). KosutioBuil oTMedeH JIMIIb B pailioHe
I0ro-3aMnaJHoro MOAHATUA Y HOAHOXUA ABYX MeJIKHUX
OCTPOBOB.

Axycrtuueckas cbemka (Puc.7) mokasasna, 4To Ha
ydacTkax ¢ HeTpaHCOOPMHPOBAHHBIM AOHHBIM OCaf-
KOM, CJIO)K€HHBIX B OCHOBHOM TIJIMHHUCTHIMH HJIaMU
C IpHUMechbl0 ajleBpuUTa, MO TJIyOMHe M HaJUYMUI0 Ha
MOBEPXHOCTU [IpEBECHOr0 ONajia BHIAEJIAIINCH JBe
30HBLI: OAHA - A0 IJTyOMHBI 5 M C MOBCEMECTHO OTMe-

0-0 kHz

30 0-0 kHz

JaeMBIMU 3aTOHYBIIMMU CTBOJIaMU JepeBbeB (HOMOJI-
HUTeJIbHBle 3JIeMeHTH OMOTONOB, yBeJINYUBaloliyie
IIPOCTPAHCTBEHHYIO CJIOXKHOCTh 1 OHOJIOrHyeckoe pas-
HooOpa3sue), BTOpas — HUXXe 3TUX IJIyOMH C BBIDOBHEH-
HBIM U «IIyCTHIM» JHOM (Purc.8A).

OTpenbHON  Pa3HOBHUIIHOCTBIO  IIOBEPXHOCTU
JTHA BbI/IeJIsAsIach MMOBEPXHOCTh C YBEeJIMYEHHBIM CJIOEM
opraHudeckoro BelnjecTBa. Ha HM3KOYacCTOTHBIX aKy-
CTHUYeCcKUX Mpoduisax oTMeyaeTcs yBeJMueHHe MOII-

30

Puc.6. I'panna KOpeHHBIX MOPOJ] U PHIXJIBIX OTJIOXKEHUH MO aKyCcTU4YecKUM HN300pakeHUsIM C BRICOKOYACTOTHOT'O HIXHEro

Jy4a sxoJsiota ¢ dyukuueit ['JIBO.
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Puc.7. 30HajIbHOCTH JHA 10 AKyCTUYE€CKUM HpO(I)I/IJIHMZ C HUXXHETro HU3KO4YaCTOTHOI'O Jiy4da (1) u o mo3auke c TuaApoJIOKa-

Topa 6okoBoro o63opa (2)

IIpumeuanue: w — 3aTomieHHbie AepeBbs (flooded wood), m — 3apociu makpoduToB (macrophytes), s — oTesibHbIE KaMe-
HHCTBIEe 006JI0MKH (stones), t — ocbinu (talus), r — mogBogHbIe cKaJibHbIe 0OHaXeHus (rocks).

HOCTU MATKOTO TpPyHTa 3a CYeT IOBHIIIEHHOTO HAaKo-
IJIeHUs Haujika, 0 yeM OBbLJIO CKa3aHO BhIlIe. Snpamu
TaKuX «IATeH» OBLJI0 IIPOCTPAHCTBO IOA CaJKaMM.
AxycTuueckas cbeMKa I0O3BOJIAJIA OLIEHUTh MaciiTab
pacripefiejieHUsA Takoro Tuma IpyHTOB. Ha coHorpawm-
Max mn3obpaxeHre nMeso 6oJiee cBeTsIbl TOH (Puc. 9).
JluameTp oxBaTa AHa AJIA TaKUX IIATEH COCTAaBJIAI OO
100 M ot yeHTpa cagka.

Kommiiekc  mpoaHa/IM3UPOBaHHBIX  JaHHBIX
MO3BOJIUJI TOCTPOUTD JlaHAmadTHyI0 Kapty (Puc. 10).
BeigesieHO BoceMb JiaHAMAaGTHHIX (pauuil B Impenesax
uccJieqyeMoro 3ajiuBa.

3apacTtanue MeJIKOBOAUU OyXThl MakpoduTamu
(darusa 1) Belpa’keHO OYeHb HE3HAYMTEJIbHO U OTMe-
YeHO B OTHOCHTEJIbHO 3HAaYMMOM Macuitabe JUIIb B
KyTOBOH I0)KHOM 4YacTu OyxThl. [IA 3apociieBBIX OHO-
TOIIOB XapaKTepHO 0ojiee MHTEHCUBHOE pa3BUTHE JOH-
HOI OMOTHI U NOBHIIEHNE BUOBOTO pa3HO0Opa3usA 1o
CpaBHEHMIO C He3apoCUIMMHU y4yacTKaMu akBaTopuu. B
1[eJIoM o[ JaHHOM darueli HaxoauTca He 6oJiee 4,5%
IJIONIaay JHA 3aJIUBa.

Bopra KOTJIOBUHBE, HMelomue Haubosiee Kpy-
Thle YKJIOHHI (B OCHOBHOM B BOCTOYHOMH YacTH 3aJIUBa),
MIpeJICTaBJIAIT OTAEJIbHEBIN 5J1eMeHT JaHAmadToB U3y-

Puc.8. XapakTtepHsili 061K ajIeBpOIeJINTOBOro AHA Ha IiyOrHax Huxe 5 M: A — HeTpaHcdopMupoBaHHEIi (1); B — ¢ Beico-
KOU MOIIIHOCTBIO «OpPraHnu4eckoro» Hawika (3) u 6akTepuasibHOU IIeHKOH (2).
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Puc.9. AkycTtuueckre mpoduiiv ¢ y4aCcTKOB B paiioHe CagKoB (30HBI pa3MellleHHs CaJKOB MMOKa3aHbl KPACHBIM KPYTOM)
IIpuMeuanue: u — HeHapyieHHbie Wbl (undisturbed silts), b — wsl ¢ 6akTepuansHoil mieHkoi (bacterial films), ¢ — ase-

MEHTHI CaIKOB B TOJIIIe BOJEI (cages).

yaemMoro yvactka akBatopuu (@amusa 2). CioXeHbI
KOPEHHBIMM TMOpPOAaMH C HeOOJIBIINMU IePEeKPHITH-
MM MATKUMU OCafKaMH B TOHMXeHUsX. {11 JaHHOH
danum ToOMUMO 3BPUTOITHEIX TPYIIT OEHTOCA, BCTpeYa-
IOIUXCSI HAa MEJIKOBOJIbe (OJIUTOXETH, XUPOHOMHU/IbI,
BOJIHBIE KJIEIW, U30MOABl U aM(PUIIObI), XapaKTePHO
HaJIn4uie 3001epuGUTOHHBIX TPYIII JOHHBIX 6eCIo3BO-
HOYHBIX, B YACTHOCTU I'yOOK U MIIAHOK, ACCOIIMHUPOBAH-
HBIX C TBEPABIM CyOCTpPaTOM; MPUCYTCTBHE TaCTPOIOA,.
PacuetHas goss ®aruu 2 — 15% oO1el miommaau.

Jl1a MenkoBOAbA 0 5 M TJIyOMHBI B 3amaHOU
6oJiee moJsioroil vactu 3ajuBa (PDanysg 3) BBIABIECHO
JHO, CJIOXKEHHOE Pa3HOTUITHBIMU IPyHTAMU (TIeCKU, I
aJIeBPUTOBBIM, WJI TJIMHUCTBIM, WJI TJIMHUCTBIN C IpU-
MEeChIO aJIEBPUTA), YTO YBEJIMYMBAET MO3aUYHOCTh OHO-
TOMOB, GOPMUPYIOIIUXCA B IpejesiaXx JaHHON (daluu.
[IpocTpaHCTBEHHAs CJIOXKHOCThH TTOBEPXHOCTH JIHA yBe-
JIMYeHa 3a CYeT APEBECHBIX CTBOJIOB, 3aTOIIEHHBIX Ha
3THUX IJIyOMHax. PazBuTre MOHHOU OMOTHI XapakTepu-
3yeTcsA OTHOCUTEJIBHO BBICOKMMM KOJIMTYECTBEHHBIMU
rnokazarejiAMu. B cocTaB JOMHHUDPYIOIIUX TaKCOHOB
BXOAT T'PYIIbI, IPUYPOYEHHBIE K JINTOPAJIBHON 30HE
(KpymHBIE [OBYCTBOpYAThie MOJLUTIOCKHM, PYYEHHUKH),
a TakXXe DBPUTOIHBIE TAKCOHHBI (OJIMTOXETHI, JIMTYMHKU
xupoHomun). Hosis panuu 3 cocrassiseT mopsaaka 10%
oT o0IIel nJIomaau 3aJI1Ba.

IToHMXeHHasA 4YacTh KOTJIOBMHBI ¢ 0oJiee I0JIO-
TMMH YKJIOHAaMH U BBINOJIQXKUBAOMIASACA B PaBHUHY Ha
riybuHax 20-30 M HUXe rJIyOrH 5 M, CJI0XeHHas UJIOM
TJIMHUCTHIM C IIPUMECHI0 ajleBpuTa, nMmesia 6ojiee 0JHO-
POZIHOE COCTOSIHME IOHHOHN MOBEPXHOCTH, MEHBIIYIO
MO3auvYHOCTh ycj0oBUi. OQHAKO B CBA3U C JeATeJIbHO-
CThI0 hopesieBOro X03:ANCTBA U PA3IUUUAX B IOCTYILIIe-
HUM U HaKOIUIEHUM MOIOJIHHUTEJIbHBIX IOTOKOB ITOBHI-
IIEHHOTO OPraHWMYecKOoro BelecTBa (C OcemaromuMu
KopMamMu U (pekaysuAMHU phib) HO IMOJ] cagKkaMul U B
HeIocpeACTBEHHON OJIM30CTU OT HUX MO CPaBHEHUIO
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C JTHOM BHE CaJKOB MMeEJIO 3HAUMTEJIbHBIE PA3JINYMsL.
B wuTore OBUIO BBHIJAETIEHO JBE OT/HebHbIE Garuu —
HeTpaHCHOPMHUPOBAHHOTO AHA TJTyOOKOBOAHON YaCTU
sasmBa (Darua 4) u AHO, TpaHCHOPMHUPOBAHHOE
AHTPONOTEHHO, C yBEJIMYEHHBIM OCAaAKOHAKOILJIEHUEM
U coAepxaHreM OpraHmdeckoro BemectBa (darmus 5).
buora Ha riaybunHax Omixe Kk 20-30 M mpefacTasiieHa,
TJIaBHBIM 00pa3oM, OJINTOXeTaMU, XHUPOHOMHIAMU,
améurnogamu, musugaMmu. Ilog cagkaMy B HEKOTOPBIE
Ce30Hbl rofja OTMeYaeTcsi pa3BUTHE OAKTePUAIbHON
IJIEHKH, YTO CJIYXKUT IPENATCTBUEM IJis (POpMHUPOBa-
HHUA OEHTOCHOrO coobufecTBa. XapaKTepHO, 4TO IpU
WHTEHCUBHOM €€ Pa3BUTHU OTMEYaJIOCh OTCYTCTBHE
OEHTOCHBIX OPraHU3MOB WJIM WX YPE3BBIYAMHO CKY[I-
HOe MpucyTcTBue. B nesom ajia ¢panuy aHTPOTIOTeHHO
U3MEHEHHOT0 JHA I OMOTHl OTMEYEHO YIpOIleHHe
CTPYKTYPHI COOOIIEeCTBA M COKpallleHWe BUIOBOTO pas3-
HooOpa3usi. Tak, corjiacHO NoJIyYeHHBIM HaMU JaHHBIM,
YHCJIO BUJIOB Mero30006eHTOca mon cagkamu (Danus
V) 6puUto Goslee yeM B 3 pa3a MeHbIlle 10 CPaBHEHUIO
C OHOM, HE3aTPOHYTHIM MPAMBIM BJIUSTHUEM CaKOB
(17 u 5 BUIOB, COOTBETCTBEHHO). /1A MaKpo30006eH-
TOCa cuTyanus Obuia emfe 60Jjlee KPUTUYHOM: €CJIU Ha
HeTpaHCHOPMUPOBaHHBIX TPyHTaxX Ha riaybomHax 5-30
M (®anus IV) BctpeueHo 11 BHIOB Makpo3000eHTOCA
13 dveThipex TakcoHoMmuueckux rpymm (Oligochaeta,
Chironomidae, Crustacea u Ceratopogonidae), To mox
caZikaMu B IepUOJ MPOBENEHUs KCCJIeIOBAaHUS Opra-
HU3MBI MaKp0O3000eHTOCa OTCYTCTBOBAJIH.

Takxe cJjieqyer OTMETUTh, YTO IPOUCXOIUIIO
CHIXKEeHHeE YHCJIEHHOCTH U GroMacchl 6€HTOCHBIX Opra-
Hu3MoOB. Tak, i1 MelHoOeHToca OTMeYeHO COOTBET-
CTByIOIllee CHIKeHHe 3TUX mokasaresieil B 4,4 u B 1,6
pasa B palioHe CaJKOB 10 CpaBHEHUIO ¢ (aluell HeHa-
PYIIEHHBIX TPYHTOB. A ecJiid MPOBOJUTH CPaBHEHUE C
MEJIKOBOOHOI 30HOU OO0 5 MeTpoBOi uM300aTsl, TO 3TU
U3MeHeHUs ObUIM elle OoJiee CyIIeCTBEHHBIMU: YHC-
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JleHHOoCTh Oblyia Huxe B 37,7, 6uomacca — B 7,7 pasa.
[Ipu 3TOM OTMeYeHO, YTO KOHIIeHTpauus NnpeacTaBu-
Tejlell ecTeCTBEHHON MXTUo(ayHBI, COIJIaCHO AaHHBIM
aKyCTHYeCKON CheMKH, B 3aJI1Be MOBHIIIAETCS UMEHHO
BOJIM3U caAKoB. B qHeBHOe BpeMs B utosie 2024 r. Hau-
OoJiblllee KOHI[EHTPHUPOBaHUE PhIObI OBLJIO IPUYPOUYEHO
K ciioro Ha 12-20 m riny6uHe. B nesom ®auusa 4 3aHu-
MaeT HaubOJIBIIYI0 YacTh Iiom@aau — 58%, aHTporo-
reHHo u3MeHeHHoe AHO (Panus 5) — nopsaxa 9,5%.
U, BeposATHO, JIOKanu3alys U IUIONIA[b MOcCJieqHeil
MOXeT U3MEHAThCA B 3aBUCHMMOCTHU OT PacHoJIOXKeHUs
Ca/IKOB, UX TepeMellleHls, U ObITh CBSI3aHHOU C UHTEH-
CHUBHOCTBIO Harpy3ku 1 CKOpPOCTBIO paccerBaHUs opra-
HUYECKOro BellleCTBa MPU NCUYe3HOBEHUM MOCTYILJIEHUS
CBeXero 3arpsisHeHHs IpPU MlepeHoce CaJKOB B Jpyroe
Mecto. OTpulaTesibHOE BJIUSHME 3arpsA3HUTEsIell OT
depMepckux XO03AHCTB CKa3bIBaeTCs Ha BCell 3KOCU-
cTeMe BoJijoeMa B CBSI3U ¢ HaJnyrieM TPpoOUUecKuX CBs-
3ell MeX/ly OTAeJIbHBIMU ee KoMIIoHeHTaMU. [1ojo6HbIe
3ddexTs MOATBEPXIEHBl [J1 MOPCKUX 3KOCHUCTEM
(Elvines et al., 2024). ;i1 HUX OBLIO BBISBJIEHO, YTO
BO3/elicTBUe Ha GEHTOC MPUBOJUT K TOMY, YTO Opra-
HUYecKre MUTaTesIbHble BellecTBa, cojepXaluecs B
Heche[leHHBIX KOpMaX U PBIOHBIX OTXOJaX, CKaIllJHiBa-
I0TCS Ha JHe BoJ0eMa U paszjaramTcs HeJoCTaTOYHO
OBICTPO, YTOOBI MPOUCXOAWJIO UX OuopassiokeHUE U
TpaHcopMalyisg BHYTPU 3KOCHUCTEMBI. DTO NMPUBOLUT
K TMOSIBJIEHUIO TOKcuYeckoro 3¢ dekra 1 6UOTH U ee
yrHeteHuo. Ha depmax, pacnosiokeHHBIX HaJl JHOM
B palioHax C BBICOKOH IPOTOYHOCTBIO, HaKOILIeHHe
OTXOJIOB MaJIOBEPOATHO. B Takux ycJIOBHAX IMOMaaalo-
e B BOJOEM OTXOJbl AeATeJIbHOCTU XO3sIHCTBa pac-
CceMnBaloTCs 3a NpefeslaMyd TePPUTOPUH, NpUJIeramolei
Kk (depMe, moaBepraioTcs a3pobHOMY pa3JIOKeHUI0 U
yCBauBalOTCsA JOHHBIMU opraHusmamu. Y, HaobopoT, B
MecTax cJIabOMpOTOYHBIX, KaK NMPaBUJIO, OTXOABI CKa-
wmBatoTca (Brooks et al., 2003). Curyauus Ha ucce-
JOBaHHOM HaMM YyuacTKe IPEeCHOBOJHOrO BojoeMa
61M3Ka KO BTOPOMY BapHaHTYy.

[ToMuMo OCHOBHBIX anuil BHIJEJIEHO ellfe
TPU Pa3HOBUJHOCTU JIAaHAMA(PTHBIX €QUHUI[ TOTO Xe
YPOBHs, 3aHUMAI[le He3HAUYUTeJIbHYI0 ILIOL[a/lb,
OJHAKO OTJINYaloluecs oT Apyrux daluii o xapakrepy
MOBEPXHOCTU, TUIy OCaJKa WA POJIU THAPOAUHAMU-
YecKoro Bo3JielicTBUA. AKycTHUYecKas CheMKa BhIABUJIA
JBa yyacTKa C OTJIMYAIIIMMMCA XapaKTepHUCTUKaMU
aHa (cymMMapHO 3aHMMaloT He 6osee 1,8% oOrielt nio-
maau 3ajuBa), rAe, MpeArnoJoXUTeIbHO, paHee ObLIN
pacnosioxeHsl cafgku (darusa 6 — nepexogHas MeXIy
@anusavu 4 u 5). [locienHee oTpaxaeTcs Ha COCTOS-
HUU [OBEPXHOCTU [HA, YTO, B YACTHOCTHU, JOKa3bIBa-
eTcs yBeJIMYeHHeM MOITHOCTU BepXHero cJios JHa Ha
aKyCcThYeckux u300paxeHUAX, HU3MeHeHUeM (POpMbI
TOBEPXHOCTHBIX OOBEKTOB U IIBETOBOI HACHIIIEHHOCTU
Ha COHOI'paMMax c JlokaTopa 60KoBOro oo63opa.

CroxHOCTh pesibeda 3ajiiBa ompefensia Hajlu-
Yye Y4YacTKOB C Y3KUMU IpOJIMBaMH, rfie TUAPOAU-
HaMu4eckasd aKTUBHOCTh Bhile. Ha 3TuUx yvacTkax
OTMEYeHO IOBhIllIeHe HEPOBHOCTU MOBEPXHOCTU JHA
Ha aKyCTHYeCKHUX CheMKaX, BUAeOoCheMKa TaKXke yKa-
3aJia Ha TMOBBIIIEHHYI0 MyTHOCTh BOABI Y AHA. B cBA3u
C 3TUM [JHO TIPOJIMBa B I0r0o-3amaJHON 4acTU 3ajiiBa
Mycrasaxtu OBUIO BBIAEJIEHO B OT/JEJbHYI0 JIaH[-
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Puc.10. JlanamadTtHele daruu 6yxTel Mycracaapu
IIpumeuanmue:

. 3apociiu MakpodUTOB — 10 3 M;

. CKaJIbHble BBIXOZBI, OTKPHIThIe B MUHMMAJIBHBIX IJIyOU-
HaX, 3aHeCeHHble TOHKUM CJIoeM HaHOCOB Ha IJIyOuHe OT
0 go 15 m);

. [IpubpexHble yyacTKy A0 TJIyOUH OKOJIO 5 M ¢ MATKUMU
WiaM{d U 4YacTO BCTPevalIMMMCA APEBECHBIMH CTBO-
JlaMH{ Ha ITOBE€PXHOCTY;

. Henapymensnsie uisl oT 5 10 30 M;

. J1HO B 30He BJIMAHUA CAJKOB C Y4acTKaMM HOKPBITHIMHU
6akTepuabHOI IeHkoit; h ot 20 1o 27 Mm;

. YyacTKu JHa ¢ UI3MEeHEeHHO! I0BEPXHOCTHI0 OT (PaKTOPOB
HEMOHATHOIO NPOMCXOXAeHUA (BO3MOXHO, MecTa, rie
JIOKaJIM30BaJIMCh cTapbie cagku) ¢ h 19-20 u 32-33 m;

. B3pbixjileHHOe [OHO B TNpOJMBE MeXJy OCTPOBaMH Ha
21-22 m;

. KosutioBuii B OCHOBaHMU OTKPBITHIX CKaJIbHBIX BBIXOJIOB
Ha 5-9 u 21-22 m.

—

N

madTHyo Qauuio (Darusa 7), 3aHUMANYI0 HeGOIb-
myto momans (1,6%). B ocHoBaHMU KOpPeHHOTO MOA-
HATWA B 3amafHON YaCTU 3aJIMBa BHIABJIEH KOJLIIOBUMH.
[ToBeiIeHNE CJIOXKHOCTHU MMPOCTPAHCTBA 3a cUeT 06JI0M-
KOB pa3HOU KPYIMHOCTU U 3aloJIHEHUe MPOCTPaHCTBA
MeXAy HUMMU MATKUMHU OTJIOXKEHUSMH CO3JaeT KOM-
IJIEKC, OTJIMYAIUIUICA OT APYTrUxX MecT. DTOT HebGOoIb-
moi yvactok (0,1% oT obmieil miom@aau) BbeIeH
Takxe B oTAesibHyI0 pauuio (Darus 8).

Ob6cyxaas MoJiyuieHHble AaHHBIE, CTOUT OTMe-
TUTH cJiefyoilee. Kiaccuuecku AA ucciieOBaHUN
BJIMAHUSA 00bEKTOB aKBAKyJIbTYPBI UCIIOIB3YIOT Pa3Iny-
HBle MeTOAbl MOHUTOPUWHIA IpHU BbHIIBJIEHUN BO3JAeH-
CTBUA Ha OKPYXaloIIyl0 Cpeqly, KOTOpble pa3yIn4yaloTcs
[0 CTOUMOCTU U TpebyemMbiM 3HaHUAM: (1) BU3yab-
HBle UCCJle/IoBaHUA aaliBepoB, (2) aHanu3 ¢ayHsl, (3)
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aHaIM3 XUMMYECKOI'O0 COCTaBa JOHHBIX OTJIOXKEHUH
u (4) dorodukcanusa npoduiaA HOHHBIX OTJIOXKEHUI
(Sediment Profile Imagery SPI). Pe3ysbTaThl MOKAa3bI-
BalOT, YTO BCe METOJ[bl COIJIaCOBAHBI B 0OOIIel “30He
BO3AeNCTBUA” MO CaIkaMU U HEMTOCPEICTBEHHO PAIOM
¢ HuMu. OHAKO KaXIbIil 3 METOIOB OTJINYAJICSA CBOEH
YYBCTBUTEJIBHOCTBIO TIPY OOHApYyXeHUH 60Jiee TOHKUX
BO3/leficTBUII Ha OOJIBIINX PACCTOSHUAX OT CAOKOB
(Carroll et al., 2003). B Hamem ciy4yae JOTOJHUTEJIb-
HBIM 3HAYUMBIM METOJIOM M3 apceHasia JIaHAmadTHBIX
METO/IOB OBLJT METO/] TUAPOAKYCTUYECKON CHEMKH JHA
U XapakTepa ero MOBEPXHOCTU MPU «OOKOBOM» CKAHHU-
poBaHMU. [J1 MPOCTPAaHCTBEHHBIX OLIEHOK, TOT METO/I,
Kak Tpe/CTaBJIAETCA HaMU, MOKa3bIBaeT cebs OuYeHb
MepPCIEKTUBHBIM M TOYHBIM. DTO MPEATOJIOXKEHHE Tpe-
OyeT BepudUKaIMU U NIpoBefeHNs NaJIbHENIX paboT.

4. 3aknioueHue

Hcnosp3oBaHue JIAHAMAGTHOTO MOAX0JA C €ro
CIEKTPOM HCCJIEJOBAHUI TO3BOJIUIIO KOMILIEKCHO 00b-
€IMHUTh HECKOJIbKO METOJIOB U KCIIOJIb30BaTh JAaHHbIE
JUCTAaHLMIOHHOTO 30HVUPOBAHUA, YTO B LIEJIOM Mpe[-
cTaBJisieT co00I HOBBIU NMOAXOJ K U3YUEHUIO0 BJIUSAHUA
PBIOOBOJTHBIX XO3AKMCTB HA COCTOSHUE BOAOEMa, MpaK-
TUYECKH He KCIOJIb30BaBUIMICA paHee IJiA MPeCHOBO-
JHBIX BOJOEMOB.

[MoyiyueHHBIE JJAHHBIE TIOKA3aJIk, YTO MpUMEHe-
HUe JIaHAIAGTHOrO MOAX0Ja CO BCEM KOMILJIEKCOM
COBPEMEHHBIX JIUCTAHI[MOHHBIX METO/IOB, IO3BOJIAET
MMO-HOBOMY B3TJIAHYTH Ha MPOOGJIEMY aHTPONOTeHHOTO
BJIMAHUA Ha OKPYXaIIIyI0 Cpefy AeATeJIbHOCTU 00b-
€KTOB aKBaKyJIbTyphl. McciieqoBaHus, TpoBeJeHHbIE B
30He BO3JeHCTBUA (PopesieBOoro Xo3sHCTBa, MOKA3AJIH,
YTO MOCJeJHee BHOCUT CBOM 3HAUMTEJIBHBIM BKJIAL B
“3MeHeHUe COCTaBa JOHHBIX JJaHamadToB. Ha mpumepe
U3y4YeHHOro 00beKTa, IUIOMAAh AHA, 3aHATasA aHTPOIIO-
reHHO-U3MEHEHHBIM JIaHAmadTOM, MOXET 3aHUMAaTb
JIOCTaTOYHO OOIIMPHYIO JOJIIO0 TUIOUIAX Y9acTKa BOAO-
eMa, TAe pacrojaranTtci cagku. C yIYeTOM CTPYKTYp-
HBIX YW MaTepUAJIbHO-D)HEPTeTUYECKUX B3aNMMOCBA3EN
cJlelyeT YYUTHIBATh BO3MOXHOCTh TPaHCHOPMUPYIO-
IIero BJIMSAHUSA JAaHHOTO 3JIeMeHTa JIaHmadTa Ha Bech
3aJIMB B 1eJIOM. [ToqHUMaeMbIi Bompoc TpebyeT naib-
HEHIIero u3y4eHus.

bAaaropapHoCTH

ABTOpBI BBIpAXalT KCKPEHHIO IIpU3HAaTeJb-
HocTh nupektopy CaHkrT-IletepOyprckoro HayuHoro
uentpa PAH M.U. Opnosoii u CII6GHI] PAH 3a mpe-
JocTaBjeHHOe 000py0oBaHNA, UCIOJIb30BAHHOIO INpHU
MpoBeJIeHNM JaHHBIX paboT (ruaposiokaTop GOKOBOIO
o63opa I'JIBO SOLIX 10), Bemymemy reosory OOO
«Kususapsu» C.H. IOauHy 3a cocraBjieHUe reoJiormuie-
CKOH cxeMbl yyacTka, onu(pOBKYy M HWHTepIpeTalyio
reoJIOTUYeCKUX U reoPu3nyecKMx MaHHBIX, a TaKxe
BeayuieMy wuHxeHepy Jla6. ruapobuonornu HMHO3
PAH-CII6®UL] PAH M.O. [lygakoBy 3a HeOl[eHHMOe
cofelicTBHe B IIPOBe[leHMH II0JIEBOIO 3Tala HacTos-
IIero MccjIeJoBaHusA, B T.4. [IOMOIIb B IIOArOTOBKe 000-
pyAoBaHus, 0TO0pe AOHHBIX OTJIOXKEHU! 1 IIPOBeIeHU !
BUI€OCbEMKHU AHA.
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