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Black carbon as a factor in deglaciation
in polar and mountain ecosystems: A Review

Black carbon is considered a product of the incomplete combustion of fossil fuels
and materials that originated from volcanic eruptions or were emitted during wildfires.
It is a strong light-absorbing component that has many atmospheric and surface
effects in terrestrial and glacial ecosystems. Normally, black carbon is presented as
a solid particle, consisting mainly of pure carbon, which absorbs solar radiation at
all wavelengths. Some black carbon particles are amended by a mineral compound,
though black carbon substances are normally dark or greyish dark. Black carbon is
the most active part of suspended particles in the atmosphere and on glacial surfaces,
absorbing solar radiation, the main component of ash, which consists of carbon
particles with impurities in the form of mineral particles and also contains carbon of
biogenic origin. In this paper, we have analyzed the literature on black carbon and its
effect on deglaciation processes in the Earth’s polar and mountainous regions. The
physical, chemical, and microbiological composition of black carbon accumulations
were studied using the examples of the Arctic, the Antarctic, and the Central Caucasus.
Potential sources and conditions of the transportation of black carbon into the polar
zone and their effect on ice and snow have also been discussed.

The paper contains 7 Figures, 3 Tables and 110 References.

Key words: Organic carbon; Climate crisis; Central Caucasus; Arctic; Antarctic.

Funding: This work was supported by the Grant of the Russian Foundation for
Basic Research (Project No 19-05-50107).

Introduction

The Arctic polar biome is a native and the most vulnerable environment in
the world. At the end of the 19th century, unconfirmed evidence was obtained,
indicating that the Arctic is contaminated by particles transported from boreal
and subboreal latitudes [1]. In the 1950s, US military pilots observed layers of
pollutants in Arctic ecosystems [2]. Later, it was discovered that this was the so-
called “Arctic haze,” which consists of ash, dust, and sulfate-containing com-
pounds emitted by industrial complexes located in Eurasia and transported to the
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Arctic [3-4]. In the 1980s, a gas and aerosol sampling program was conducted in
the Arctic [5-6] and showed high concentrations of light-absorbing aerosols in
the upper atmosphere. Studies conducted during the second Arctic stratospheric
aero-expedition in 1992 showed an accumulation of ash-containing aerosols at an
altitude of 1.5 km [7]. Many authors consider light-absorbing aerosols to be the
most important factor leading to the rapid melting of Arctic snow and ice [8-11]. In
studies of light-absorbing aerosols that cause changes in the Arctic climate, black
carbon (BC) is most often mentioned. Clarke and Noone (1985) [11] believe that the
deposition of black carbon causes a darkening of the surface, which, in turn, begins
to absorb more solar radiation. This leads to the heating of the lower atmosphere
and the melting of snow and ice. Other studies indicate a decrease in Arctic sea
ice, which they explain by the deposits of black carbon on ice and snow [9, 12-13].
Flanner et al. (2007) [9] indicated that the darkening of snow and ice surfaces as a
result of the deposition of black carbon could lead to warming from 0.5 to 1°C at the
surface in the Arctic. In their opinion, this was due to the earlier melting of snow or
ice, which leads to a warming of the atmosphere due to a decrease in albedo.

Black carbon (BC) is the most strongly light-absorbing component of par-
ticulate matter (PM) and is formed by the incomplete combustion of fossil fuels,
biofuels, and biomass [14]. This term refers to climate-forming substances that
are located in the atmosphere for a short amount of time - from several days to
several years [15-19]. According to authors [20-22], black carbon is the second
largest artificial contributor to global warming (after carbon dioxide) and has
sped up the melting of glaciers. Because carbon dioxide is chemically passive, its
life expectancy in the atmosphere is relatively long - about 100 years. Therefore,
actions taken to reduce anthropogenic carbon dioxide emissions, even if they are
very successful, will not have an effect until decades have passed. In this regard,
the idea of reducing emissions of other gases and aerosols, including black car-
bon, which also have a significant impact on the radiation regime and climate,
but that remain in the atmosphere for a shorter period of time, is considered an
alternative [23-24]. It has been established that black carbon traps several hun-
dred times more heat than carbon dioxide does. Therefore, worldwide, taking
into account melting glaciers, rising sea levels, shrinking polar ice caps, and their
associated negative effects, reducing emissions is one of the main tasks for ad-
dressing climate change [14, 25]. Black carbon, when it falls on the snow and ice
cover, causes it to heat, thereby increasing the amount of absorbed solar energy
and reducing its albedo, which, in turn, leads to melting. Changes in surface albe-
do due to atmospheric deposition, and especially black carbon, are an important
factor in the acceleration of glacier deglaciation. It is extremely important for
polar regions and mountainous regions, as the albedo value on snowy surfaces in
uncontaminated conditions is 98%. When these surfaces are contaminated, only
90 to 97% is reflected. It would seem that this is not a big change, but even this
increase in the amount of absorbed solar energy will accelerate the melting of ice
and snow [16-26].
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(a) The main sources of Black Carbon

Stratosphere

Volcano Wildfire Emissions

(b) Long-Range transport of aerosols into the Arctic

Fig. 1. (@) The main source of black carbon in the atmosphere; (b) Long-range
transport of aerosols by the wind. The primary high- and low-pressure centers are
indicated and designated as follows: Siberian High (SH), Aleutian Low (AL), Beaufort
Anticyclone (BA), North American High (NAH), Icelandic Low (IL), Central
Arctic Low (CAL), and Greenland High (GH). Source: Stone et al. (2014) [30]

Black carbon is formed as a result of the incomplete combustion of fossil fu-
els, biomass, bio sediments and other organic compounds. Mainly, these are emis-
sions from diesel engines for transport and industrial purposes; emissions from



Black carbon as a factor in deglaciation in polar and mountain ecosystems 9

the combustion of wood and coal; emissions from industrial production processes
(metallurgy and petrochemicals); emissions from oil and gas production; and for-
est fires and the burning of agricultural waste (Figure 1, a) [27-29].

According to meteorological observations in the Arctic since the 1990s, an av-
erage increase by 3 °C has occurred in the winter temperature [31]. Changes tak-
ing place in the Arctic have a strong impact on the climate of the entire Northern
Hemisphere [31-32]. In recent decades, the area of distribution and the volume of
Arctic ice has been steadily declining [33]. Studies show that the current decline
in glaciers is unprecedented in the Arctic and that their degradation rates are very
high. Many studies have shown that Arctic snow and ice covers began to thaw
very quickly, as did sea ice [34-37], while a decrease in snow cover [38-40] and
black carbon is one of the many factors that has influenced the Arctic. Figure 1b
presents the long-range transport of aerosols by wind in the Arctic region.

Numerous international and intergovernmental bodies and agencies, including
the United Nations Environment Programme (UNEP), the World Meteorological
Organization (WMO), the Convention on Long-Range Transboundary Air Pollu-
tion (CLRTAP), and the Arctic Council, have identified BC as a potentially im-
portant influence on climate change. Each of these bodies recently prepared an
assessment of black carbon that included a consideration of the impacts of BC
on climate, the potential benefits to the climate of reducing BC emissions, and/or
the mitigation opportunities that appear to be most promising. These assessments
have identified several additional actions - from improvements in inventories to the
evaluation of specific mitigation opportunities - that could be taken to help gather
more information about BC and address emissions from key sectors [14, 41].

Thus, the main aim of this study was to characterize the direct effect, ice/snow
albedo effect and chemical pollution effect of black carbon in polar and mountain
regions.

Materials and methods

The study sites

The samples of cryoconites were collected during the 65th Russian Antarc-
tic Expedition in 2020. We investigated cryoconites from Livingston and King
George Islands (Figure 2). The studied cryoconites are of volcanic origin. Orga-
no-mineral substances accumulate in ice cracks and wind shelters and form cryo-
conites. During thawing, cryoconite substances become located deeper in relation
to the initial surface, which results in the additional accumulation of organic mat-
ter in microdepressions. They become wider and deeper. The spatial web of cryo-
conite became more developed, which resulted in the degradation of the glacier
surface. This cryoconite formation results in the degradation of upper layers of ice
and increases deglaciation rates [42]. Samples were taken from the ice, delivered
to the field laboratory, dried and transported by ship to the Department of Applied
Ecology of St. Petersburg State University, St. Petersburg.
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The studied cryoconites of West Antarctica were formed in various climat-
ic conditions. The average annual air temperature at Bellingsagusen station is
2.8 °C (King George Island).

King-George Island

Livingstone Island

Y

South
America |

Study area

Antarctic
Peninsula

Fig. 2. Study area. Livingstone Isl. (62°34'49.1"S 60°13'11.5"W)
and King-George Isl. (62°00'49.5"S 58°19'19.5"W)

The average annual rainfall is 729 mm. A characteristic feature of this region
of Antarctica is precipitation in liquid form, in contrast to the eastern part of Ant-
arctica. King George Island is composed of volcanic rocks, mainly Paleogene-
Neogene andesites, basalts, and various tuffs. Most of the coastline is steep, in
some places sheer and even overhanging an abrasion cliff. The height of the cliff
is 30 m and more. The relief of the peninsula is a typical hummock with absolute
heights of up to 150 m. The outlines of large relief forms are evidently determined
by faults and tectonically weakened zones. Along them, the hills are grouped
into several elongated chains with a sublatitudinal direction, and are separated
by through depressions of the same strike that cross the entire peninsula [43].
Livingston Island is a part of the South Shetland Islands archipelago and is fun-
damentally different from King George Island we studied earlier. Therefore, the
differences in elevation and the dissection of the relief are much bigger here and
play a significant role in soil formation in comparison with the Fildes Peninsula.
Soil formation is spatially concentrated in the coastal parts of the island, on rocky
and sea terraces. The investigated cryoconites are shown in Figure 3.
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There are several ways to select BC, they depend on the source from which
they are taken (snow, ice and water). Small drills are used to extract BC from ice,
it is important to use mechanical or electrical devices in order to eliminate an
additional source of exhaust gases that could affect the study results. After col-
lection, such samples are defrosted, the water is filtered and the filter residue is
analyzed. Snow and water analysis is also similar to ice analysis. A standard BC
isolation method is described by Hegg et al. [44].

RO
B

Fig. 3. Cryoconites of the western part of Antarctica:
A - Livingstone Isl.; B - King George Isl. Photos by Evgeny Abakumov

The chemical methods of black carbon determination

A total of 10 cryocanite samples were taken from King George and Living-
stone isl., Antarctica. The contents of heavy metals and nutrients were deter-
mined. The content of heavy metals was determined according to the standard
ISO method [45] at AAS Kvant 2M (Moscow, Russia). The content of nitrate and
ammonium nitrogen took place according to the method [46] using potassium
chloride solution. The content of mobile potassium and phosphorus was deter-
mined by the Kirsanov method [47].

Results and discussion

The study of black carbon in the Arctic zone using the example of the
Svalbard archipelago
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In recent years, along with an increase in interest in the Arctic sector, there has
been an increase in interest in Arctic aerosols, associated with a rapid reduction of
ice in the Arctic Ocean since 1979. Until the 1970s, practically no measurements
were taken of the content and properties of black carbon in the Arctic zone. De-
cades after the creation of observatories in various areas of the Arctic, monitoring
carried out by aviation, and the operation of satellite-based observation systems,
reliable information about the accumulation of black carbon was obtained [48-
50]. Moreover, to the present day, the issue of the influence of aerosols in the
Arctic on deglaciation has not been sufficiently studied. The temporal and spatial
distribution of aerosols in the atmosphere varies quite a bit based on the systemat-
ics of emissions and the air mass circulation patterns that determine the transfer
of microparticles from source regions [50].

Studies in the Arctic show that at the current level of temperature increase, the
Arctic Ocean may be ice-free throughout the summer within the next 30-40 years
[48-50]. This will have a significant effect on sources and atmospheric aerosols,
as well as on the properties and distribution of clouds in the Arctic. Aerosols are
key components of the atmosphere and belong to a group of trace elements called
short-lived pollutants (SLPs). The concentration of aerosols in the Arctic varies
greatly throughout the year [51]. The period with the maximum concentration of
aerosols in the atmosphere occurs in the spring, when elevated levels of aerosols
and trace gases largely determine the matrix of the components of atmospheric
trace elements. Microparticles consist mainly of sulfates and organic components,
as well as ash and other trace elements resulting from anthropogenic impact. The
high spring concentration of aerosols in the Arctic sector is the result of biomass
burning, mainly in Russia and Kazakhstan [52].

The distribution of the mass, size, and specific surface area of aerosols is high-
ly dependent on the season, and this seasonality is repeated annually. During the
Arctic haze period (late winter and spring), particles prevail that are transported
there from low latitudes, while there are no particles that form locally above Sval-
bard. The highest concentration of aerosols is transported from Central Europe
and Russia. Throughout the year (except for June through August), most of the
transported aerosols travel to the Arctic at a vector of 120 degrees, then stretch
eastward to Alaska and west to the north of Siberia [1]. Only a small fraction of
aerosols entering the Arctic is associated with East and Central Asia. During the
summer months (June through August), a much larger fraction of aerosol-saturat-
ed airflows forms over the Atlantic Ocean; the summer season is characterized by
a larger proportion of small particles [49].

The air mass transportation saturated with aerosols during periods of Arctic
haze is accompanied by a low amount of precipitation (2-3 mm in 10 days), while
in the summer there is a greater amount of precipitation (on average 7-8 mm in 10
days) [49]. There is a relationship between the mass of aerosols and the estimated
amount of precipitation; the fall of wet precipitation largely controls the properties
of the aerosol and the size of the microparticles falling on Svalbard. In the winter,
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precipitation gradually reduces the accumulation of microparticles. In the summer,
the amount of the increase in rainfall also affects the decrease in aerosol volume
and promotes the formation and growth of new microparticles. Photochemical re-
actions play a key role in the formation of microparticles; the formation of new
particles occurs only when the balance between the formation and removal of new
particles is favorable (high photochemical activity at a low level of condensation).

During the Arctic haze, the amount of precipitation is minimal, which leads
to the efficient transfer of aerosols and microparticles to the Arctic system. At
this time, photochemical reactions are rather low and a large volume of previ-
ously formed aerosols prevents the formation of new particles [49, 53]. Annual
and average black carbon concentrations at Svalbard in the Zeppelin station area
from 1998-2010 were 39 and 27 ng*m?, respectively [49, 53], while the monthly
average fluctuated from a maximum of 80 ng*m? in February/March (the Arctic
haze period) to a minimum of 0-10 ng*m? from June to September (a period with
high rainfall). Continuous data, available since 2001, indicate a trend toward a de-
crease in CD concentration (9.5 ng*m?® per decade) until mid-2007 [53]. The verti-
cal distribution of aerosols in the Arctic varies greatly depending on their sources.

The work of Hegg et al. [54] also shows higher concentrations of BC particles
in the spring. In the North Pole area (542 ng*m?), in Arctic Canada (8+3 ng*m?),
as well as in Greenland (4+2 ng*m?®), these concentrations are noticeably lower
than those obtained in the area of the Spitsbergen archipelago. Hegg et al. [54]
also notes that the highest concentrations were obtained from the Arctic sector of
Eastern Eurasia (21+£30 ng*m?®), which correlates with the data from the Spitsber-
gen archipelago and confirms the idea that one of the global sources of BC in the
Arctic is the consequences of the wildfires in Asia.

Investigation of black carbon in Antarctica

Intensive investigation of Antarctica in terms of the ice sheet began in the
early 1950s. In 1956-1958, active research resulted in new information about the
regime of the Antarctic ice sheet. According to some results, it was clear that there
is an excess of snow accumulation on the Antarctic ice sheet over its discharge
[55, 56]. Thus, the first snow accumulation map in Antarctica, compiled in 1961,
convincingly showed the excess of snow arrival over ice consumption [55]. The
work of Kotlyakov et al. [57] showed that in the 1960s and the 1970s, the total ice
accumulation in Antarctica was 823.3 km?/year, while in the 1990s it was already
997.1 km?/year. Thus, it increased by 173.8 km?/year. The authors of this research
indicated that in the period under review in East Antarctica, the mass balance re-
mained positive and the positive component even increased by the end of the cen-
tury. The work shows that the situation in West Antarctica is different. Thus, over
the past 25-30 years, the balance of masses in Pine Island and Thwaite ice basins
changed from a positive (54.2 km®/year) to a negative (—27 km?/year). Thus, from
this work, it can be seen that the general regimes of the eastern and western parts
of the Antarctic ice sheet are far from identical.
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Other researchers have agreed that the Antarctic ice sheet is increasing. For
example, in Zwally et al. [58], analysis using NASA satellite data from 1992-
2008 showed that net growth was 112 billion tons of ice per year from 1992-2001.
Subsequently, this net increase slowed down from 2003-2008 and amounted to 82
billion tons of ice per year. The authors estimated that the mass increase in East
Antarctica remained stable from 1992-2008 and amounted to 200 billion tons per
year, while ice losses in the coastal areas of Western Antarctica and the Antarc-
tic Peninsula increased by only 65 billion tons per year. The authors say that in
the eastern part of Antarctica and inland regions in the west, ice growth exceeds
losses in other parts. However, this data contradict the official conclusions of
the assessment reports of the Intergovernmental Panel on Climate Change at the
United Nations (IPCC), which states that the average rate of decrease in ice mass
of the Antarctic ice sheet increased from 30 Gt*year!' in 1992-2001 and went up
to 147 Gt* year! in 2002-2011 [31].

A group of authors in Shepherd et al. [59] also disagreed with the findings of
Zwally et al. [58]. The co-authors noted that between 19922011, the ice sheets
of Greenland, East Antarctica, West Antarctica, and the Antarctic Peninsula
changed in mass by —142, +14, —65, and —20 Gt*year!, respectively. Thus, the
authors argued that Antarctica’s ice sheet is experiencing, in general, a constant
and accelerating loss of ice. Other authors have claimed the same [59-62]. Satel-
lite observations of the changing volume of ice balance showed that ice sheet
lost 2.720 billion tons of ice between 1992-2017. During this period, ice loss in
West Antarctica increased from 53 billion to 159 billion tons per year. The col-
lapse of the ice shelf led to an increase in the rate of ice loss on the Antarctic
Peninsula from 7 to 33 billion tons per year. Other works have also indicated the
accelerated melting of the glaciers of West Antarctica [63-64]. Thus, the Pine Is-
land Glacier and Thwaites glaciers are currently the largest contributors to global
sea-level rise. From the mid-1990s through 2010, the mass ice balance in these
territories decreased from 33.5 to 98.8 Gt*year!, almost tripling its imbalance
[65]. Work on the ice sheets of Greenland and Antarctica showed that in 2006
they lost 475 Gt*year! in total, which is equivalent to a 1.3 mm*year! increase
in sea level. It is noteworthy that the acceleration of ice cover losses over the
past 18 years amounted to 21.9 Gt*year' for Greenland and 14.5 Gt*year! for
Antarctica, which totaled 36.3 Gt*year'. This acceleration is three times greater
than that for mountain glaciers and ice caps (12 Gt*year!') [61]. Thus, although
there are contradictions in the issue of reducing or increasing the ice mass balance
in Antarctica, most scientists believe that Antarctica is melting. However, if the
temperature rise is less than 2°C relative to pre-industrial values, glaciers continue
to lose mass [66]. After all, as mentioned above, the melting of snow and ice oc-
curs not only due to a temperature increase but also due to various light-absorbing
substances on the surface.

Currently, there are more than 800 active volcanoes on Earth; most of them
are located in the Northern Hemisphere [67]. Volcanic ash falling on snow and
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ice-covered areas, including Antarctica, increases the absorption of solar radiation
by reducing reflectivity, which in turn, as mentioned above, contributes to inten-
sive snow melting. The eruption of Chaitén volcano in Chile, which was its first
major eruption, characterized by significant destruction of the dome, occurred on
February 19, 2009. At the same time, a significant amount of black carbon was
observed in the atmosphere above the coast near Maitri station in East Antarctica
[68]. Based on this, the authors [69] suggested that the eruption of Mount Chaitén
was a source of black carbon that moved from the volcanic front to the border of
East Antarctica along with the near-polar current. In general, the primary sources
of black carbon in the Southern Hemisphere are biomass burning in Australia,
South America and Africa [70].

Many authors have studied black carbon in Antarctica. Mukunda et al. [71]
examined the role of black carbon deposition in the darkening of polar snow in
different seasons and estimated the coefficient of black carbon purification in the
Arctic and Antarctic based on simultaneous measurements of its concentrations
in the atmosphere and on the snow. The study revealed a distinct spatial and tem-
poral variability of black carbon in the snow, although concentrations were gener-
ally low. It was found that during the summer seasons, black carbon in snow in
the Arctic was higher than it was in Antarctica. At the same time, the absorption
coefficient was calculated, which also showed great variability in the compared
territories. The relatively higher values of the absorption coefficient over Antarc-
tica as compared to the values over the Arctic, according to the authors, clearly
indicate the difference in the mechanisms of the removal of black carbon from the
atmosphere in different polar environments. A measurement of the spectral input
and reflected radiation revealed albedo values that varied from 0.64 to 0.79.

The work of Khan et al. [72] showed that black carbon brought to Antarctica
from other parts of the world does not significantly affect the melting of glaciers.
The authors of the article studied the influence of black carbon—both brought
by the wind from other continents and produced by stations and the transport of
polar explorers—on the melting of ice in Antarctica. Scientists were particularly
interested in how air pollution affects the conservation of the Dry Valleys—areas
in the territory of Victoria Land, in which there is almost no snow or ice due to
strong winds. The Dry valleys are separated by glaciers. Samples taken from one
of these glaciers showed that the content of black carbon brought from other con-
tinents is too low to significantly reduce the ice-albedo. Researchers noted that
local sources of black carbon pose a significant danger, as its concentration in the
air near the stations reaches quite high values in strong winds.

The fact that human activity in Antarctica itself makes a significant contri-
bution to black carbon pollution is indicated in a study on eight sections along
a 1.7-km-long transect from Palmer Station, Antarctica [73]. Concentrations of
black carbon increased from 1.2 to 16.5 mg due to the proximity to Palmer Station
and were higher, than the concentrations in other studies of black carbon in snow,
for example, in the dry McMurdo valleys. Elevated concentrations of red blood
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cells around the station, according to the authors of the work, show that the local
effect of the station extends for at least 1 km, similar to detection in the wind from
the South Pole Station [74-75].

The fact that black carbon is present in ice and snow in Antarctica is also con-
firmed by the studies listed above. The fact that the content of black carbon on the
snowy and icy surfaces of Antarctica affects the change in albedo and the degla-
ciation of the cover is noted in Casey et al. [74]. Their work presents a quantitative
dataset of the in situ reflectivity of snow and measured and modeled albedo, as
well as concentrations of black carbon and trace elements from natural to heavily
polluted by snow emissions on Antarctica. More than 380 snow reflection spectra
and 28 surface snow samples were collected at seven sites during the 2014-2015
summer season. The data obtained showed a variation in the concentration of
black carbon in snow, from 0.14 to 7000 ppb. Albedo ranged from 0.85 in pristine
snow to 0.62 in contaminated snow. The authors found that light-absorbing par-
ticles enhance surface absorption due to black carbon and trace elements, from 1
W*m? for pure snow to 70 W*m™2 for snow with a high content of black carbon
and trace elements, and that there is intensive melting of snow and ice.

The impact of black carbon on mountain systems using the example of
the Caucasus

The Caucasus is the only mountain system in Russia, information about the
glaciers of which are available from the 19th, beginning of the 20th and the end
of the 20th century, i.e. almost during one century. In the Caucasus, as in other
mountain-glacial regions, stable deglaciation has been observed over the last few
thousand years, resulting in a change in the number, area, and volume of glaciers.

Elbrus, the largest mountain-glacial massif of Russia, includes 16 major glacial
streams. The glaciers on the southern slope are Big Azau, Small Azau, Garabashi,
Terskol, Irik, and Irikchat. The northern slopes include Ulluchiran, Karachaul,
Ullumalgenderk, Ullukol, Mikelchiran, Berjalychiran, and Chungurchatchiran.
Three glaciers are on the western slopes: Byutk-tyube, Kyukyurtlu, and Ulluk.
According to 2007 data, the total ice sheet area was 120 km?; the largest gla-
cier - Big Azau, 9.35 km long and 20.2 km? in area - are located on the southern
slope. The vast Dzhikiugankez ice field, formed by the Birjalychiran and Chun-
gurchatchiran glaciers, with a total area of 23.4 km?, is located on the northern
slope. The Elbrus ice cap extends over a huge range of heights—from the peaks
(5642 m) to the end of the Bolshoi Azau glacier (2542 m) [76].

The glaciers of the Caucasus reached their maximum borders in the middle of
the 19th century. Then the volume of glaciation of Elbrus was only 20% less than
it was at the height of the small ice age in the middle of the 17th century [76].
Then began a constant reduction of glaciers. Although this process was uneven,
its rate as a whole gradually decreased. The first instrumental survey of the entire
Elbrus glaciation was carried out in 1887-1890. It produced a topographic map
compiled at a scale of 1:42,000 [77]; this map became the basis for the study of
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the dynamics of glaciation in this region. Over these 50 years, the glacier area of
Elbrus decreased by 12.5 km?, or an average of 0.25 km? per year. In general, for
the entire period from 1887-2007, the area of the Elbrus glaciers decreased from
147.5 km? to 120 km? and amounted to 27.5 km?; the average reduction in inten-
sity was 0.23 km? per year [77].

Over the past 20 years, the mass balance of the glacier on the southern slope
of Elbrus was two times lower than the norm for the entire observation period and
amounted to 63 cm CE. For eight years, since 2010, its average value was already
90.4 cm CE. Currently, the reserves of ice and perennial ferns that accumulated in
the second half of the 20th century are melting at an unprecedented speed. They
are almost exhausted over a considerable area in the zone of 3.700-4.000 m. The
cumulative mass balance has reached its minimum value over the past 50 years
[78]. Degradation of the glaciation of the Caucasus is noted over the entire obser-
vation period by almost all authors [76, 79].

Basically, modeling is used to estimate the concentration of aerosols in snow
mass and pollution sources [21, 80-81]. However, in addition to this, ice cores are
used in studies that store information about the content of various contaminants
in them, both now and in the past [82-83]. Aerosols, transported by air masses to
the polar regions and in the highlands form layers with an increased concentration
on the surface of the glaciers. As a result, information about the level of aerosol
content is stored in the glacial core. This information can be used to identify pol-
lution sources and atmospheric circulation features and to estimate the change in
emissions over time.

For the high mountain glaciers of the Caucasus, data on the content of mic-
roparticles were first published by Davitaya [84]. From the 1970s to the 1990s,
on the glaciers of the Central Caucasus and Elbrus, studies were conducted on the
concentration of anthropogenic and natural aerosols, chemical compounds, and
trace elements. The content of microparticles and trace elements was determined
in snow, fern, and ice [85-87]. Most of this work was carried out on samples
obtained from snow pits and ice cores. Kutuzov et al. [88] studied samples from
snow pits on Elbrus in 2009, 2012 and 2013, in which it was found that contami-
nated horizons form on the glaciers of the Caucasus due to the transfer of mineral
particles. Dust transfer sources were identified by using satellite images. It was
found that dust was brought to the glaciers of Elbrus from the Middle East and
North Africa. Dust also determined that the amount of solid matter falling from
the atmosphere to the surface at high altitudes was 264 pg/cm? per year. The
chemical analysis, carried out in their work with snow samples from contami-
nated horizons, showed a high content of nitrates, ammonium and sulfates, which
was associated with the influx of dust from agricultural areas into Mesopotamia.
An increased content of Cu, Zn, and Cd was found in comparison to the natural
background; this fact was associated with an increased regional background of
these elements in North Africa and the Middle East, as well as the probable con-
tribution of anthropogenic aerosols. Analysis of the content of trace elements in
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snow on the southern slope of Elbrus in the altitude range of 3700-5621 meters
showed that snowfall in the summer enriches snow with trace elements two to
three times more than winter and spring snowfalls do. In this case, the impurity
of anthropogenic metals in the near-surface region increases due to long-distance
transport.

During black carbon studies on the glaciers of the Caucasus, Lim et al.’s [89]
obtained data from ice cores drilled at the high altitude (5115 meters above sea
level) of Elbrus. The paper presents data, showing changes in the mass concentra-
tions and sizes of black carbon, covering the period from 1825-2013. It was found
that the greatest impact on the amount of black carbon was emissions in Eastern
Europe. The work shows that in the first half of the 20th century, anthropogenic
emissions from Europe led to an increase in the concentration of black carbon on
Elbrus 1.5 times in relation to its level in the pre-industrial era (until 1850). Large
temporal variability of mass concentrations of size particles was observed both
seasonally and annually. Studies showed that summer concentrations increased
five times, while winter concentrations increased 3.3 times between 1960 and
1980. There was a recession through 2000, and then a slight increase occurred
again after 2000. Interesting data were obtained from the core layer for 2003; they
showed the presence of the maximum concentration and larger particles of black
carbon that year. In turn, other researchers [90], who also worked with this core,
noted that snow melted in 2003. Based on this fact, it can be assumed that other
authors agree [9, 91] that information about particle concentrations and sizes can
provide important data needed to determine the melting of ice and snow on gla-
ciers under the influence of black carbon.

The role of black carbon in deglaciation of terrestrial environments

Air pollution, caused by human activity normally contributes significantly to
the intensive deglaciation process, as well as speeds up the process of climate
change and leads to environmental degradation. Members of the UN Economic
Commission for Europe adopted the “Protocol to Combat Acidification,
Eutrophication and Ground-level Ozone,” known as the Gothenburg Protocol.
It sets emission limits for four pollutants: sulfur, nitrogen oxides, polyaromatic
organic compounds and ammonia. Amendments to the Protocol indicated which
countries in the region should correct their national levels of emissions of harmful
substances. As part of these amendments, on October 7, 2019, international
standards limited national emissions of black carbon. Additional measures are
being taken to reduce black carbon emissions. For example, the Coalition for
the Conservation of Climate and Air Cleanliness takes measures to improve air
quality and mitigate the effects of climate change, in particular, by limiting black
carbon emissions. Also, the Arctic Contaminants Action Program (ACAP) under
the Arctic Council has created local projects to reduce black carbon emissions
[92]. Much attention has been paid to the role of black carbon in global climate
change over the past 10 years [10, 20, 93].
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Fig. 4. (@) Global emission of black carbon; (5) Open biomass
burning particles. Source: Long et al. (2013) [95]

Shindell et al. [94] researched the status of various source regions in terms of
the total mass of black carbon deposits on the surface of various regions of the
Arctic. This work revealed that, with the exception of Greenland, most of the
black carbon throughout the year comes to the Arctic from Europe.

Of the total amount of black carbon that settles on the surface of the Arctic,
pollution from Europe contributes 68%, followed by emissions from Asia,
which account for 22%. As for Greenland, in contrast to other regions of the
Arctic, the main role is played by pollution from North America. However,
the share of Arctic pollution in different regions depends on the time of year.
Flanner et al. (2007) [9] revealed that the sedimentation of black carbon on
island surfaces in the spring leads to the greatest change in the albedo of snowy
and icy surfaces. Shindell et al. [94] showed that the black carbon deposited in
Greenland in the spring is brought in mainly by emissions from North America
and East Asia.
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According to the estimates of some experts, in Russia, there are two main
sources of black carbon emissions: forest wildfires and the burning of firewood,
coal, and liquid fuels by individuals and small plants. These two sources account
for about two-thirds of ash emissions (Figure 4) [25].
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Fig. 5. Content of carbon in harbor sediments from Norway (a); PAH content in total
organic carbon (organic carbon + black carbon) from harbor sediments (Norway) (b).
Source: Oen et al. [103]. Nap, naphthalene; Any, acenaphthylene; Ana, acenaphthene;
Flu, fluorene; Phe, phenanthrene; Ant, anthracene; FluoA, fluoranthene; Pyr, pyrene; BaA,
benzo[a]anthracene; Chr, chrysene; BbkF, benzo[b,k]-fluoranthene; BaP, benzo[a]pyrene;
Ind, indeno[1,2,3-cd]pyrene; DBA, dibenz[a,h]anthracene; BgP, benzo[ghi]perylene
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Black carbon concentrations on the snowy and icy surfaces of Arctic environ-
ments vary greatly [96] depending on the distance to the regions from which they
came and on the time of year. Warren and Wiscombe [75] estimated that when
concentrations reached 15 ng*g!, the albedo is reduced by 1%. In the work that
Dobherty et al. [96] conducted in 1998 and from 2005-2009 in different regions of
the Arctic, it was shown that according to the average values in the central Arctic,
the concentration of black carbon was much lower than it was in areas close to
emission sources in Russia. The lowest concentrations were measured in Greenland
at an altitude of over 2000 m. Therefore, it can be argued that the farther an Arctic
location is from human activity, the lower the concentration of black carbon there
is, which is confirmed by several other authors [9, 97]. Regarding the influence of
the season on the concentration of black carbon, it was found that in winter-spring
time, a higher level of pollution in the Arctic is observed [98-100]. However, some
researchers claim that the concentration is still higher in the summer [101-102].

Black carbon is also a sorbent and can accumulate various pollutants, such as
trace elements and polycyclic aromatic hydrocarbons (PAH) (Figure 5).

As it was mentioned above, black carbon is obtained as a result of industrial
activities, as well as of wildfire, which determines its chemical composition. Ac-
cording to Oen et al. [103], black carbon, unlike elementary or organic carbon,
can accumulate high levels of PAH. The data, also confirm the pyrogenic origin
of PAHs in the studied sediments. From the diagram in Figure 3b, we can also ob-
serve the content of 15 priority PAHs in the composition of the pyrogenic organic
matter. Thus, black carbon may form as a result of fires and industrial activity and
may be a priority toxicant entering the soil or surface water.

As a result of industrial activity, trace elements also enter the atmosphere and
can bind to black carbon (Figure 6).

According to Vinogradova and Kotova [104], black carbon as an aerosol can
transfer trace elements to the Arctic region. The largest amount is observed near
industrial centers (Kola Peninsula, Yamal-Nenets Autonomous Area). Throughout
the year, aerosol concentrations change; the peak occurs at the beginning of the
year (January-February) while the minimum values are observed in the summer.
The transfer process is associated with the sedimentation and absorption of the
aerosol molecules of black carbon and trace elements. Aerosols can accumulate
together with dust in ice and snow, and form cryoconites. The dark color of black
carbon and dust absorbs sunlight and go to melting of ice and snow. When ice and
snow melt, there is an increase in the size of cryoconites, which become a wind
shelter for soil particles and black carbon, which is carried by the wind. Thus, cryo-
conites are a place of accumulation of trace elements and nutrients, and specific
soil-like bodies with their bacterial community are formed here. Volcanic cryoco-
nites from King George and Livingston Islands have been analyzed (Table 1).

From the data obtained from King George and Livingstone Islands (Western
Antarctica) (Table 2), one can note that mainly copper and zinc accumulate in
black carbon particles.
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(a) Annual percentage content of trace elements into the Arctic
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Fig. 6. Content of trace elements in the Arctic: a - Annual percentage;
b - Annual trace elements fluxes in the Arctic. Source: Vinogradova and Kotova [104]

Table 1

Description of the study area in King George and Livingston Islands

Sample |Coordinates Description of sites

é 62°9.2°S King-George Island, cryoconites from the dome of the volcano

S 58°47.9W ghicore ey
62°39.2'S .. . .

4 60° 36.4' W Livingstone Island, glacier of Walker Bay (Hanna Point)

62°9.2'S . .

5 58947 O'W King-George Island, cryoconites from the dome of the volcano
62°38.3'S .. . .

6 60°21.8'' W Livingstone Island, glacier of Walker Bay (Hanna Point)
62°39.2'S - . .

7 60° 36.4' W Livingstone Island, glacier of Walker Bay (Hanna Point)
62°37.9’S .. .

8 60°20.2° W Livingstone Island, cryoconite from the pebble beach
62°38.5'S - . .

9 60° 36.4' W Livingstone Island, glacier of Walker Bay (Hanna Point)

10 62°38.3'S Livingstone Island, glacier of Walker Bay (Hanna Point)
60°21.8' W vingstone Island, glacier of Walker Bay (Hanna Po
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The main source of black carbon in this part of the Antarctic is emissions from
volcanic eruptions. Taking into account, the high scatter of values in the studied
data sample, we can conclude that there is turbulent mixing of aerosols in the
atmosphere from various sources (volcanoes, human activity, wildfires), which

affects their qualitative composition.

Content of trace elements of black carbon from cryoconite
of Livingstone and King George Islands (Samples correspond to Table 1)

Table 2

N Cu, Pb, Zn, Cd, Ni, Cr,
0 mg*kg! mg*kg! mg*kg! mg*kg! mg*kg! mg*kg!
1 20.30 7.55 27.50 <0.005 9.34 4.5
2 21.00 7.05 28.90 <0.005 9.61 3.89
3 7.31 <0.01 11.70 <0.005 5.33 1.89
4 13.60 8.61 47.40 <0.005 24.2 10.60
5 9.59 2.00 17.40 <0.005 7.08 3.67
6 6.20 3.95 30.80 0.009 5.99 5.05
7 12.90 10.30 63.40 0.028 12.30 10.40
8 6.35 0.98 11.40 <0.005 4.01 1.10
9 6.28 0.19 13.00 0.024 5.17 <0.005
10 8.04 4.83 27.50 0.032 7.25 4.88
Soil from Ferraz
station (King- 44 12 52 - 5.1 40
George isl.)?
Soils from
Robert is] b 47.8 7.3 439 <0.2 40.4 52

aSantos et al. [105].

"De Lima Neto et al. [106].

From the data on trace elements from the Antarctic snow cover, we can conclude
that the composition of the prevailing toxicants is similar to the data we obtained: Zinc,
copper, and chromium predominate [107-108], as does nickel in some areas [109].

We analyzed the amount of nutrients of black carbon (Table 3).

Table 3
Amount of nutrients of black carbon from cryoconite
from Livingstone and King George Islands
Ne PO, mg*kg"' | K,O, mg*kg' |N-NH,, mg*kg'|N-NO,, mg*kg"
1 22 450 122 0.3
2 21 450 147 0.3
3 27 147 23 0.1
4 552 360 45 32.7
5 38 221 74 0.3
6 143 90 44 182
7 280 82 2 0.3
8 160 147 0.5 2.3
9 145 147 13 2.1
10 235 172 0.2 0.1
Leptosols from 2336 1848 461.1 155.6
King-George isl.*
Technic Cryosol from 435 465 36.2 9.4
King-George isl.*

*Abakumov [43].
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It should be noted that mobile forms of potassium accumulate, and high
concentrations of potassium may be associated with the presence of potassium in
feldspars and mica; oases of eastern Antarctica are comprised of these minerals.
During wind erosion, mica and feldspars can release potassium, which is a
chemically active element and which, when interacting with aerosols, can move
to the western part of Antarctica.

The source of phosphorus and nitrogen compounds may be associated with
the aviaofauna of the island part of Antarctica. Birds are the main source of
nutrients in Antarctica. An increase in the nutrient content of soil-like bodies can
lead to the formation of a green vegetation cover, which absorbs fewer sun rays
than black particles and reduce the rate of deglaciation. According to previous
studies of ornithogenic soils, the content of mobile forms of nutrients is much
higher, which is associated with the direct accumulation of nutrients and low rates
of microbiological activity in Antarctic soils [43]. In terms of the background
nutrient content in soils from King George Island, there is a high nutrient content
compared to cryoconite samples. This distribution of nutrients is associated with
the atmospheric accumulation of organo-mineral substances in cryoconite from
the local soil region. The most similar nutrient content of cryoconite is found
in the technogenic soils from the same area. Based on this, it can be concluded
that the organo-mineral substances that accumulate in cryoconite are the least
suitable ones for the development of plants and soil microbiota. The low content
of nutrients in cryoconite is due to the fact that birds (the main source of nutrients
in this region) prefer to nest on rock baths and natural soils.

The main problem associated with PAHs and trace elements is that, when
the albedo and deglaciation take place, the contaminated black carbon enters the
soil. In glacier regions, this solution of black carbon in water can damage fragile
Arctic aquatic ecosystems. The cryoconites, where black carbon accumulates,
are soil-like bodies and the threshold concentrations of trace elements and PAHs
do not apply to them. Also, depending on the region, the background values of
the concentrations change. Cross-border transport between continents is another
problem in terms of limiting emissions. Therefore, at the moment, there is another
problem in determining the status of black carbon as an environmental pollutant.

In the polar zone, black carbon, together with dust, can accumulate in cryoconite;
in such a place, similar to soil-like bodies, a specific microbial community can
form. Figure 7 shows the microbial community forming in cryoconite in Antarctica.
According to Lutz et al. [110], bacterial communities form in cryoconite depending
on objects that are at some distance (soil cover, lakes, snow). Bacteria do not die but
can exist for years in an isolated state and sustain their community.

Black carbon harms not only the Arctic ice but also mountain glaciers. The
effect of warming due to the pollution of snow and ice is manifested more in
mountainous areas such as the Himalayas, Tibet, and other regions with a large
area of glaciers. This is stated by the United Nations Environment Program and
the World Meteorological Organization [93].
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(a) The relative contributions of lake, soil and snow habitats as potential
sources for the composition of the bacterial community in the cryoconite hole samples, as well as the

proportion from other (unknown) sources.
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(b) The bacterial community composition of all cryoconite hole samples with the nine most
abundant bacterial classes
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Fig. 7. Bacterial community in North Antarctica. (a) The relative contributions of
lake, snow and soil habitats as potential sources of the composition of the bacterial
community in the cryoconite hole samples, as well as the proportion from other
(unknown) sources; (b) The bacterial community composition of all cryoconite hole
samples with the nine most abundant bacterial classes. Source: Lutz et al. [110].
The relative contributions of lake, snow and soil habitats as potential sources.

Conclusions

Black carbon plays a key role in deglaciation in particular, and climate change,
in general. Thus, its comprehensive study is necessary, especially in the Arctic,
the Antarctic and mountain regions. Black carbon in the Arctic accumulates main-
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ly in the spring (February-March); its concentration in the air can reach 80 ng*m?.
Black carbon is a short-lived climatic factor, determined mainly by natural activi-
ties (volcanic eruptions, fires), and can contribute to the deglaciation of ice and
snow in polar regions. During the transfer of microparticles, BC to aerosol mac-
romolecules are capable of being transported tens of thousands of kilometers from
their source. It was noted that most of the Arctic BC is transferred there from Eu-
rope, Russia and Kazakhstan. In the Antarctic, black carbon arises from the activi-
ties of research stations located around the continent’s perimeter, while the wind
stream from New Zealand and Australia transfers BC here from low latitudes. In
mountainous regions, for example, the Central Caucasus, it is rather difficult to
assess the sources of pollution. Mountains are a barrier through which air masses
practically do not pass, and most precipitation falls at the foot. It is also rather dif-
ficult to predict the effect of black carbon on deglaciation, as this depends on sev-
eral factors (climatic parameters, emissions from industrial centers, the activity
of volcanoes, fires, etc.). Currently, it is not possible to create reliable models of
the accumulation of black carbon on the surface of ice and snow. A further study
of the qualitative and quantitative composition of BC in the atmosphere and on
glaciers will contribute to the parameterization of the global carbon cycle, as well
as will prevent the pollution of the water and soil of the polar regions. Together
with black carbon, PAHs and trace elements, which can get into the waters and
soils of the polar systems during the melting of snow and ice, fall into the Arctic.
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Diversity and characterization of lactic acid
bacteria from Common Carp (Cyprinus carpio L.)
intestine in winter (Northern Kazakhstan)

Currently, in Kazakhstan, chemical agents and antibiotics are widely used for
treatment and prevention of fish diseases at fish farms. The use of probiotics as an
alternative to antibiotics can help reduce the spread of antibiotic resistance in this
area. The aim of the present study was to isolate the intestinal lactic acid bacteria
of wintering carps. We assume that such bacteria can have more adaptive properties
and can be used as probiotics for growing carp juveniles at fish farms. A probiotic
characteristic of 22 lactic acid bacteria isolated from Common carp intestines was
studied. Universal primers were used to determine the sequence of 16S rRNA gene
fragments of lactic acid bacteria (LAB). Phylogenetic relationships of the isolates were
estimated using the neighbor-joining (NJ) method in Mega 6,0. All identified isolates
can grow in temperature range from 10° C to 37° C and in presence of bile salt. The
isolated bacteria were screened for antibacterial activity, resistance to bile, resistance
to antibiotics and growth at low temperatures. All isolates were tested in vitro for their
ability to inhibit the growth of Shewanella xiamenensis, Pseudomonas taiwanensis, Ps.
aeruginosa and Aeromonas punctata. As a result, 7 isolates with strong antagonistic
activity were selected. 16S rDNA gene sequencing identified 4 isolates as Lactobacillus
fermentum, 2 - as L. casei/paracasei and 1 - as Pediococcus pentosaceus. Antibiotic
resistance profile of selected strains was studied, too. This study is the first attempt for
Kazakhstan to isolate and study the representatives of the normal intestinal microflora
of commercial fish species. Selective strains could be potential probiotics for freshwater
aquaculture practices in Kazakhstan.
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Introduction

Potential probiotic bacteria for use in aquaculture should exert antimicrobial
activity and be regarded as safe not only for their hosts, but also for aquatic
environment [1-3]. However, there is still no consensus on the species and generic
composition of probiotic for aquaculture. Wu S. et al studied the taxonomic
composition of intestine bacterial community of grass carp, based on OTU-s
analysis [4]. As a result, they supposed that using the members of Lactobacillus
genera in creation of a new probiotic for aquaculture is not rational, because
Lactobacillus species have low abundance in the intestinal microbiota of carps.
Their research shows that a better candidate can be antagonistic strains of
Pseudomonas genera, which were highly abundant in the intestinal community.
However, the authors did not deny that Pseudomonas spp. could be potential
pathogens [4]. Therefore, most probiotics proposed for aquaculture now as
biocontrollers and bioremediators belong to safe lactic acid bacteria (LAB)
group [5-7]. Antagonistic strains of LAB can be good defense against infectious
fish diseases and, probably, can replace antibiotics and chemotherapeutics in
aquaculture [8-12]. Picchietti (2009) showed that the effectiveness of probiotics
in fish is higher if the strains were previously isolated from the host belonging to
the same species [13].

The basis of freshwater fisheries in Kazakhstan consists of various commercial
species of carp family (Cyprinidae). The Caspian Sea in the west of Kazakhstan
is the only location where carps loose commercial importance in comparison
with valuable sturgeon species. Most of freshwater reservoirs of Northern and
Central Kazakhstan are landlocked and shallow, and during cold seasons, fish
have low survival rate. In order to maintain fisheries on these reservoirs, various
measures must be taken, one of them is fish stocking. Common carp due to its
good adaptability and high growth rate is a preferred species for stocking. There
are several fish farms focused on the cultivation and maintenance of Common
carp broodstock in Kazakhstan.

The aim of the research was to study the probiotic potential of LAB from the
intestines of carps at the end of wintering period.

Materials and methods

Maybalyk farm, located on the Nura, tributary of the Ishim river, uses only
natural feeding base of the river for fish growing without any commercial feed
and additives. Therefore, the presence of LAB in carp intestines is original and
not associated with feed additives and any human activity.

Fish and isolation of lactic acid bacteria

22 males of Common carp (Cyprinus carpio L.) from Maybalyk farm, weighing
from 850 grams to 1.2 kilograms, were transferred to the laboratory in 20-liter
containers with river water in March 2019. After transporting, the fish were placed
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in the freezer (-20° C) for a night, and we started isolation of LAB from the in-
testine next day. To do this, three segments of the intestine with a length of one
centimeter from each fish were placed in saline solution and thoroughly shaken;
after this, decimal dilutions were made. Next, 100 pl of the serial 10-delution
of homogenate were spread on Man, Rogosa, Sharp (MRS, HiMedia) agar, a
medium selective for Lactobacillus spp. The plates were incubated at 37 °C for
2 days. Pure cultures were obtained after following streaking technique again on
plates with MRS agar and incubation. As a result, gram-positive bacteria, in the
form of sticks and cocci, which gave circular colonies of white and cream colors,
did not grow on meat-peptone agar, and did not produce catalase. These gram-
positive bacteria were selected and stored in 25 % glycerol at -80 °C.

Test of Antagonistic activity of LAB

Agar well diffusion assay was used to determine the antagonistic activity of pu-
tative probiotic bacteria against the four indicator bacteria Shewanella xiamenensis
AU 2R-1 B-RKM 0724, Pseudomonas taiwanensis CB 2R-1 B-RKM 0726,
Pseudomonas aeruginosa G13 B-RKM 0427 and Aeromonas punctata G30 B-RKM
0287 which were deposited in the Republican Collection of Microorganisms, Min-
istry of Education and Science of the Republic of Kazakhstan (Astana, Kazakhstan).
Culture density was determined using the colony-forming unit (CFU) method. After
24 hours of incubation in Nutrient Broth (NB, HiMedia, Mumbai, India) at 37 °C,
1 ml of indicator culture (108 CFU/ml) (McFarland standard set, HiMedia) was add-
ed to 15 ml of melted MRS agar (HiMedia) cooled to 43-44 °C. After solidification
and drying for 15-20 min, wells were punched (diameter, 3 mm) and 50 pl of MRS-
broth, containing a 2-day-old supposed probiotic culture, were added to wells in trip-
licates. Plates were incubated at 37 °C for 48 hours. After incubation, all plates were
examined for the presence of the zone of inhibition around the wells [11, 14].

Bacteriocin-producing activity of LAB

The antimicrobial activity of supernatants of isolated lactic acid bacteria grown
in MRS broth at 37 °C for 24 hours was determined also by an agar well-diffusion
test as previously described with the same indicator strains. After cultivation, cell-
free supernatants were obtained by centrifugation 4000xg at 4 °C for 5 min (Eppen-
dorf Centrifuge 5810 R, Germany). Following this, the supernatants were passed
through 0.22 um filters (Millipore corp., USA). Approximately 35 pl of supernatant
was placed into the first well of 3 mm in diameter cut into plates with cooled agar,
previously seeded with pathogenic bacteria 0.1 ml (108 CFU/ml) (McFarland stan-
dard set, HiMedia). To eliminate inhibitory activity due to organic acids, the pH of
the supernatant was adjusted to pH 6.0 with 1 M NaOH and that solution was added
to the second well in the same volume. The plates were incubated for 1 day [15].
A positive result confirming the presence of bacteriocin in the supernatant was the
appearance of inhibition zone of the target strain around the second well.

Identification of LAB and phylogenetic analysis

DNA was isolated from the 24-h cultures incubated at 37 °C on the MRS
medium with reagent kit for DNA extraction “DNA-sorb-AM” (AmpliSens,
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Russia) following the recommendations of the manufacturer (DNA-sorb-AM
Manual). DNA concentration in the resulting samples was measured via Nano-
Drop 2000 (Thermo Scientific, USA). Sequence analysis was performed in the
Laboratory of Applied Genetics (National Center for Biotechnology, Astana, Ka-
zakhstan). Briefly, the sequencing reaction was performed by using Big Dye® v
3.1 and primers. Universal primers 5’-AGAGTTTGATCCTGGCTCAG-3’ (10F)
and 5’ GGACTACCAGGGTATCTAAT3’ (806R) were used to determine the se-
quence of 16S rRNA gene fragments of antagonistic LAB. The obtained sequenc-
es were compared with the previously published data in GenBank and aligned
with previously characterized sequences of closely related members of the genus,
using ClustalW in Mega 6.0 multiple sequence alignments [16]. Phylogenetic re-
lationships of the isolates were estimated using the neighbor-joining (NJ) method
in Mega 6.0. Confidence in the NJ trees was determined by analyzing 1.000 boot-
strap replicates using the Mega program.

Assessment of antibiotic susceptibility

Antibiotic resistance of the isolated LAB was studied by agar disk diffusion
method according to the CLSI[17-18]. Antibiotic resistance profiles were obtained
using amoxicillin (AMO, 10 mg), ampicillin (AM, 10 mg), cefazolin (CF, 30 mg),
kanamycin (K, 30 mg), gentamycin (GE, 10 mg), vancomycin (VA, 30 mg) and
tetracycline (TE, 30 mg). The bacterial suspension (10’ CFU/ml) was inoculated
into MRS agar (HiMedia, India) plates using swabbing technique. Then, antibiot-
ics disks were deposited on the plates. To check the quality of the disks, 2 refer-
ence microorganisms E.coli ATCC 25922 and S. aureus ATCC 25923 were tested
for susceptibility to the respective antibiotics.

Bile Tolerance

The modified method of Arihara et al. (1998) method, described by Buntin et
al. (2008) was used to determine bile tolerance of LAB. Before testing for bile
tolerance, LAB strains were grown at 37 °C for 24 hours in MRS broth [19-20].
After this, 1 ml of the culture broth was poured onto MRS agar with bile salt (Hi-
Media, India) concentrations of 2000, 3000 and 4000 ppm. Bacterial growth was
determined after incubation at 37 °C for 48 hours [20].

Growth tests

Antagonistic active isolates were inoculated into 10 ml of MRS liquid me-
dium, and then incubated for 24 hours at 37 °C. One hundred microliters of the
culture (about 10°-107 CFU/ml) was then inoculated into 10 ml fresh MRS liquid
medium and incubated at 10, 15, 20, 30 and 37 °C. The growth was monitored by
measuring optical density (OD) 600 nm after 24 hours of incubation [21].

Statistical analysis

Experiments of this study were performed in triplicate and the results devel-
oped as mean + standard deviation (M£SD). Statistical significance was assessed
by Student’s % s ¢ test. Results are considered significant at p < 0.05.
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Results and Discussion

Isolation and identification of antagonistic LAB strains

The intestinal microbiome of fish has a great scientific interest now. In several
reviews based on metagenome analysis, the composition, features and formation
of intestinal microflora of various commercial fish species of North America, East
and Southeast Asia and Europe have been presented. The results of all these stud-
ies showed that lactic acid bacteria (LAB) are a common microbial group of in-
testinal microbiota of fish [24-30]. Earlier studies, based on isolation of LAB from
the intestines of fish, did not give a complete picture of their appearance and role
in this ecosystem [31, 32].

For the isolation of potential probiotic bacteria, the basic and common selec-
tion methods and medium were used. It was essential for us to obtain strains,
whose cultivation and production will not require excessive efforts and costs in
the future. A total number of bacterial isolates obtained from the intestines of
carps was 22. All isolates presumptively corresponded to LAB based on phe-
notypic characteristics. It is known that LAB can produce several antimicrobial
compounds, such as organic acids, diacetyl, hydrogen peroxide, ethanol, reuterin
and other bacteriocins [22]. By the investigation of total antagonistic activity
of 22 isolates, seven were tolerant for two (Ps. aeruginosa G13 B-RKM 0427,
A. punctata G30 B-RKM 0287) of four test microorganisms and eight isolates
showed a low level of antagonistic activity (diameter of the zone < 10 mm). Only
seven isolates had a high ability to inhibit all indicator bacteria (clear zones around
the wells were larger than 10 mm). Bacteriocin-producing activity of cell-free cul-
ture supernatants of seven active antagonistic isolates was studied next. For this
experiment, the same test microorganisms were used. As a result, bacteriocins
providing inhibitor activity of cell-free supernatants of all tested isolates against
3 (Sh. xiamenensis AU 2R-1 B-RKM 0724, Ps. taiwanensis CB 2R-1 B-RKM
0726, Ps. aeruginosa G13 B-RKM 0427) out of 4 indicator bacteria were proven.
The results of the experiments are shown in Table 1.

Several researchers mentioned that the isolation of LAB from various organs
of fish was linked with some difficulties: from preparation of composite mediums
to prolongation of the primary cultivation period to seven or even more days
[29]. In our studies, we used simple techniques and commercial mediums MRS
(agar and broth) which are selective for lactobacilli (solid and liquid), and the
cultivation period did not exceed 48 hours. According to our observations, when
the cultivation period was up to 96 hours on broth, the species diversity of LAB
was poor due to the elimination of one type of microorganisms by another, and
coccal lactobacteria were dominant in this case.

Strong antagonistic properties of LAB allow them to be considered as an alter-
native to antibiotics and chemotherapeutic agents of disease control. The patho-
genic inhibitory effect of LAB, in general, is due to the action of either acid or
bacteriocins, as well as their combination.
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The absence of the antibacterial activity of hydrogen peroxide produced by
LAB has been confirmed experimentally in some studies [20, 31]. We selected
seven isolates because of the data of total antagonistic activity against fish patho-
gens, as well as the antibacterial activity of cell-free culture supernatants of iso-
lates. The detection of the antibacterial activity of cell-free supernatants showed
inhibitory effect of three out four test strains. Inhibitory activity of cell-free super-
natants of 7 selected isolates both pure and neutralized by NaOH against Aeromo-
nas punctata G30 B-RKM 0287 were not detected. On the contrary, live cultures
of isolates showed good inhibition of growth of 4. punctata G30 B-RKM 0287.
Neutralization of the acid with NaOH in the supernatants removes its antibiotic
ability; however we cannot explain the ineffectiveness of the pure supernatant in
this case (Table 1).

Based on analysis of the 16S rRNA gene sequence, six of active LAB strains
were assigned to the genus Lactobacillus (2¢, 9c, 12-2¢, 13-1c, 22-1 c, 24c)
(Fig.1) and one to Pediococcus (10-9k) (Fig. 2).

@221c
@ 24c
@ 13-1c
10| | @ 2¢

AJ575812.1 Lactobacillus fermentum
JN175331.1 Lactobacillus fermentum
5 L AB904716.1 Lactobacillus gorillae

. _: AY253658.1 Lactobacillus gastricus

— 96 AB288050.1 Lactobacillus equigenerosi
AM113776.1 Lactobacillus coleohominis

_w:}\WTQ”I 50.1 Lactobacillus secaliphilus
KT343143.1 Lactobacillus caviae
X76329.1 L.pontis
X94230.1 L panis
AF243177.1 Lactobacillus vaginalis
AY253659.1 Lactobacillus antri

99 X94229.1 L.oris
AB257864.1 Lactobacillus camelliae

67

100

an

76 HQ022861.1 Lactobacillus brantae
— 1'_:.«3602559.1 Lactobacillus saniviri
AF000162.1 Lactobacillus manihotivorans
91 D16552.1 Lactobacillus rhamnosus
D16548.1 Lactobacillus casei

100 AB181950.1 Lactobacillus paracasei subsp. tolerans
% | @ 9c
@®12-2c

on

Fig. 1. Neighbor-joining Tree based on 16S rRNA Gene Sequences of Strains
22-1c, 24c, 13-1c and 2c¢ (Lactobacillus fermentum), 9c and 12-2c¢ (L. casei)
and Other Related Taxa. (Bar, 0.01 substitutions per nucleotide position)

The 16S rRNA gene sequence from isolates 22-1c, 24¢, 13-1c and 2¢ showed
>99.9% sequence similarity with Lactobacillus fermentum (GenBank acc
#AJ5758121, IN1753311), isolates 9c and 12-2¢ showed 100% similarity with
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Lactobacillus casei/paracasei (GenBank acc #D165481, AB1819501), and iso-
late 10-9k showed 100% similarity with Pediococcus pentosaceus (GenBank acc
#KP1198191) (Fig. 1 and 2)

100) KP119819.1 Pediococcus pentosaceus
sl Tl 10-9%

& AJ973157.1 Pediococcus stilesii

AB362985.1 Pediococcus lolii
AM709786.1 Pediococcus argentinicus

AJ621555.1 Pediococcus claussenii

AY956788.1 Pediococcus cellicola

AB258357.1 Pediococcus siamensis

AY956789.2 Pediococcus ethanolidurans

D88528.1 Pediococcus parvulus

AJ318414.1 Pediococcus damnosus

89k AJ271383.1 Pediococcus inopinatus

D87679.1 Lactobacillus dextrinicus

D88668.1 Tetragenococcus halophilus subsp. halophilus

D87677.1 Pediococcus urinaeequi

0.02

Fig. 2. Neighbor-joining Tree based on 16S rRNA Gene Sequences of Strain 10-9k
(Pediococcus pentosaceus) and Other Related Taxa.
(Bar, 0.02 substitutions per nucleotide position)

In earlier studies, LAB of the genera Lactobacillus, Lactococcus,
Streptococcus, Enterococcus, Pediococcus and Carnobacterium were isolated
from carp intestines [14, 28, 30]. The genetic identification of our isolates has
determined that they belong to three species of L. fermentum, L. casei/paracasei
and P, pentosaceus. 1t is low rate for species diversity. Perhaps, it is due to the fact
that we made isolation of LAB in winter and used only MRS-broth and MRS-agar
for bacteria isolation.

Assessment of antibiotic susceptibility

All test microorganisms showed resistance to glicopeptide vancomycin and to
aminoglycoside antibiotic kanamycin. Lactobacilli strains were resistant to ami-
noglycoside gentamycin. P. pentosaceus 10/9x were susceptible to this antibi-
otic. All strains showed susceptibility to B-lactam group (amoxicillin, ampicillin,
carbenicillin and cefazolin) and tetracycline. The pictures of susceptibility and
resistance of all lactobacilli strains to examined antibiotics are the same. They
are resistant to three of eight checked antibiotics. One strain P. pentosaceus 10/9k
have resistance to two of eight antibiotics (Table 2).

Recent studies have revealed the presence and expression of antibiotic resistant
genes in the probiotics used in food and aquaculture [33-36]. It is accepted that the
possibility of transfer is related to the genetic basis of the resistance mechanism,
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whether the resistance is acquired as a result of chromosomal mutations (intrinsic)
or by horizontal gene transfer. The good example of intrinsic mechanisms is
vancomycin resistance of LAB. In addition, it was shown that 70% of LAB were
intrinsically resistant to gentamycin when the Minimal Inhibition Concentration
(MIC) breakpoints of the Scientific Committee of Animal Nutrition (SCAN) were
used [34].

Table 2

The assessment of antibiotic susceptibility in LAB

Antibiotic

LAB strain
Lactobacillus
fermentum 22-1c

L. fermentum 24 c

L. fermentum 13-1c

L. fermentum 2c

L. casei 9¢

L. casei 12-2¢

Pediococcus

S S S S R S
pentosaceus 10-9k
Note. Antibiotics: AMO - Amoxicillin (10 mg), AM - Ampicillin (10 mg), CB - Carbenicillin

(25 mg), CF - Cefazolin (30 mg), GE - Gentamycin (10 mg), K - Kanamycin (30 mg), VA - Van-
comycin (30 mg), TE - Tetracycline (30 mg). S - Susceptible, diameter of the zone of inhibition
> 17 mm; R - Resistant, diameter of the zone of inhibition < 13; Intermediate, diameter of the
zone of inhibition 13-17 mm.

n|lnln|lvn| |l n
n|ln|ln|ln| | n| n
n|ln|ln|ln| | n| n
Al |RB|IR|IA| A
AR B|IBR|A|R|A
nlnln|ln| vl wn

n lnlnlnl n|n|wn
AR IA IR AR

Opposite, tet genes responsible for resistance of lactobacilli to tetracycline
have a high transfer risk, which can be carried within plasmids. In the present
study intrinsic susceptibility of all tested LAB toward the inhibitors of cell wall
synthesis, such as ampicillin, amoxicillin, cefazolin and inhibitors of protein
synthesis, such as tetracycline was in accordance with bibliographic data [35, 36].
Vancomycin, kanamycin, gentamycin resistant phenotype had been obtained for
all tested lactobacilli. It was mentioned that commercial feed additives that may
contain antibiotics are not used at Maybalyk fish farm. This strategy allowed to
limit the spectrum of antibiotic resistance in representatives of normal microflora
of fish intestines.

Bile tolerance and growth temperature

Potential probiotic strains for using in aquaculture should possess certain
characteristics such as bile tolerance and ability to grow in a wide range of
temperatures. To select bile-tolerant strains, antagonistic active isolates 2c, 9c, 12-
2c, 13-1c, 22-1 ¢, 24c, 10-9k were tested for their abilities to grow at the bile salt
levels of 2000, 3000 and 4000 ppm. All of them were able to grow in the presence
of bile salt in concentration 2000 ppm and 3000 ppm, too. Only one isolate 10-9k
(P. pentosaceus) was able to grow in 4000 ppm bile salt concentration (Table 3).
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Table 3
Bile salt tolerance of LAB isolated from Common Carp
Bile Salt. Lac.to— L fer- L. fer- L fer- | L casei | L. casei Pediococ-
Concentration | bacillus mentum cus pen-
mentum mentum 9¢ 12-2¢
(ppm) fermen- 24 13-1c e tosaceus
tum 22-1c 10-9k
2000 ++ ++ ++ ++ ++ ++ ++
3000 + + + + + + ++
4000 - - - - - - +
Note. ++ Good growth; + Visible growth; - No growth.

In addition, all isolates were able to grow in temperature range from 10 °C to
37 °C. Better growth was observed in all isolates beginning from 20 °C to 37 °C
(Fig. 3). It should be noted that spring in Northern Kazakhstan can be cold, even
in May, and water temperature can be lower than 10 °C.

600nm)

Optical density (A

22-1c¢ 24¢ 13-1¢ 2¢ 9¢ 12-2¢ 10-9k
m 10°C m15°C 20°C 30°C m 37°C

Fig. 3. Growth of lactic acid bacteria strains at different
temperatures after 24h of incubation (M + SD)

The selection of different types of LAB depending on different seasons
was well shown in the works of Hagi et al. (2004, 2009) on carps from Ibaraki
Fisheries Station on Kasumigaura lake. Authors showed that such species as
Lactococus lactis and Lactobacillus fuchuensis dominate during the summer
period, while Lactobacillus raffinolactis, Lactobacillus sakei, Leuconostoc
gelidum are dominant in winter. They also revealed that not only the composition
of predominant LAB but also the composition of cholic acid-resistant LAB
changed seasonally [21, 32]. The climate of Central and Northern Kazakhstan is
severe and it is characterized by a cold winter lasting 5.5-6 months, sometimes
rivers are covered with ice until the end of April. Long wintering is a stress for
the whole organism of an animal, including its microflora. During the wintering
period, Common Carp does not feed; the composition of their intestinal microflora
becomes poorer. The dominance of the species L. fermentum, L. casei/paracasei
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and P, pentosaceus among intestinal LAB during this period should be due to their
specific characteristics, such as resistance to low temperatures and unfavorable
environmental factors.

Conclusion

In this work, the composition and probiotic characteristics of representatives
of lactic acid bacteria from the intestines of cultured carps in winter were studied.
Despite the extremely adverse environmental conditions in winter in Northern
Kazakhstan, lactic acid bacteria in the intestines of carps show high viability and
retain most of their properties. The study showed the dominance of three species
of lactic acid bacteria in this period: Lactobacillus fermentum, L. casei/paracasei
and Pediococcus pentosaceus. The profiles of antibiotic resistance, resistance to
bile and various temperatures of cultivation were studied in seven strains with
high antagonistic activity. All strains showed growth at 10 °C and on the mediums
with high concentrations of bile salt. These factors make them optimal candidates
for use as probiotics in aquaculture of Kazakhstan.
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N.I. bospckux, JI.P. BoikoBa

Llenmpanvuoiii cubupckuti 6omanuveckuii cao CO PAH, e. Hosocubupck, Poccus

N3MeHYnBOCTH PeNpPOAYKTHUBHOM CIIOCOOHOCTH
Lonicera caerulea (Caprifoliaceae) B ceiicMOAaKTUBHOM 30He
TI'opuoro Aaras (CeBepo-Yyiickuii xp., p. KeI3bLI-ApbIK)

Pabora BbInonHEeHa B paMKax rocygapcrBeHHoro 3azanus Ne AAAA-A17-117012610053-9.

IIposederno usyuenue cemepoeHHOCMU NPUPOOHOU NONYIAYUU  HCUMOLOCIU
cuHell NO KOMNIEKCY Xapakmepucmuk penpooyKmugHol cghepvl pacmenull 8
JIOKANbHOU ceticMoakmugHotll 30He opHoeo Anmas. Buioenenvi 5 mukpononyiayuil
Lonicera caerulea subsp. altaica 6 donune p. Kvizvin-Apwix (Cesepo-Yyiickuii xp.) na
VUACMKAX, PA3TULAIOWUXCA N0 0ObeMHOU AKMUBHOCHIU IMAHAYUOHHOO NOISA PAOOHA
(262—1162 Bx/m). Ilonyuenvl dannvie 0 6LUAHUU MECMA NPOUSPACIIAHUSL PACMEHU
Ha moppomempuueckue npusnaku niooog (p < 0,05 u p < 0,01) u ux cemennyro
npooykmusrocmys (p < 0,01). B muxpononyiayuax, Haxo0auwuxcsa noo eo3oelucmeuem
bornee 8bICOKO20 YPOBHSA 00LEMHOU AKMUBHOCMU NHOONOYUBEHHO20 PAOOHA, YBENUUUBANOC
pasHoobpasue opmvl nI0008 U UX BKYCOBLIX 6apuayuli, 8 MoM HUCLe NPOsAGLEHUe
peyeccusHozo npusHaxka — 6eseopeunocmu nnooog (p < 0,05). Cemena, cobpantvie 6
MUKPONORYIAYUU C CAMBIM HUSKUM YPOBHEM 00BEMHOU AKMUSHOCHU IMAHAYUOHHO2O
nois padona, OMAUYanIUcy Haumenvuell ecxooxcecmoio (p < 0,05 u p < 0,01) u camvim
KOPOMKUM NepuooOoM Npopacmanust. YcmanoeieHHas 2emepoceHHOCmb NORYAAYUU
L. caerulea subsp. altaica no xomniexcy npusnakos eeHepamueHoll cgepuvl no3eonsem
npeononodcumy e1usAHUe HeOUPHePeHYUPOBAHHO20 KOMNIEKCA (PAKMOPO8, CEA3AHHbIX
C AKMUBHbIMU MEKMOHUYECKUMU NPOYeccamu, Ha Gopmuposanue u paszsumue
PENnPOOYKMUBHBIX OP2AHOS8 PACIIEHU.

KuroueBsble cnoBa: Lonicera caerulea subsp. altaica; MopdomeTpus; ceMeHHas
NPOLYKTUBHOCTb; PAaJIOH; aKTUBHBII TEKTOHMYECKUIT Pa3JIOM.

BBenenue

Nzydenue penpoayKTUBHON CIIOCOOHOCTH PACTCHUN CUMTACTCS OTHUM U3 ITy-
TEH OLIEHKH COCTOSTHUA OuocucTeM [1], MOCKOIBKY CTPECCOBOE COCTOSHHE pac-
TCHHH, BRI3BaHHOE U3MECHEHHEM YCIIOBUI IPOU3pacTaHus, IPUBOINT K (PYHKIIHO-
HaJIbHBIM PacCTPOMCTBaM M HapyIIEHHUSM T'€HEpaTUBHBIX IpoleccoB. M3BecTHO,
910 HanboJee CyImeCTBEHHBIM YCIOBAEM CTAOMIIEHOCTH MIPUPOTHBIX MOMYIISIIHIA
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SIBIICTCS] yCTOMYMBOCTE BO BPEMEHH TaKOTO IapaMeTpa, Kak CeMEHHOEe BOCIIPO-
u3BOACTBO [2]. OAHAKO MPOTHBOPEUMBHIE PE3YNbTaThl UCCIICAOBAHUM HE JAOT
BO3MO)KHOCTH B TIOJTHOM OOBEME OICHUTH BIHMSHUC 3arpPs3HCHUI OKpPY Karomen
CpeZibl Ha PEMPOLyKTHBHYIO ClTIOCOOHOCTH pacTenuii [3]. Hanpumep, E.A. MasHas
u WU.B. Jlsary3oBa [4] ycTaHOBHIHM, YTO B YCIOBHUSX a3POTEXHOTEHHOTO 3arpsi3-
HEHHMs y TpeJcTaBuTenei poga Vaccinium He IPOUCXOAUIO JIMHEHHOTO CHIDKE-
HUS WIN YBEIUYEHHUS CEMEHHON MPOAYKTHBHOCTH, MAaCCHl M BCXOXKECTH CEMSH B
rpaJleHTe a3pPOTEXHOTEHHOTO 3arps3HeHus. OIHAKO M APYTUX AUKOPACTYIIHUX
BHIOB C YBEIWICHUEM MH/CKCA TEXHOTCHHON HAarpy3KH HAOIIONanoCh CHIYKECHIE
WY yBeIUUEHHE MOKa3aTeNel penpoayKTUBHOM criocobHocTu [5—8]. B 0030pe,
MTOCBSIILIEHHOM OLIEHKE BIMSHUA TSKEJbIX METAJUIOB Ha IIpopacTaHue ceMsH [9],
MOKa3aHO WHTHOMpYIOIee BIMAHWE CBUHIIA, HUKENS, KaaMUs, MeIu, Kobasbra,
XpoMa M pTYTH Ha BCXOXKECTh CEMSH Pa3IMIHBIX BUIOB pacTeHuH. Pazmmaws B pe-
aKLUU PENPOAYKTUBHON chepbl pacTeHUIl Ha 3arpsA3HEHUE OKpYKaloliel cpe/bl
MOTYT OBITH CBSI3aHBI HE TOJBKO C X BUIOBBIMH OCOOCHHOCTSMH, HO U ¢ (POPMH-
pOBaHMEM YCTOMYMBBIX momyssiuuii [10].

HecMoTps Ha BEICOKMI HHTEPEC UCCIEA0BATENICH K H3yUYCHHIO BIIMSIHUS BHEII-
HUX (PaKTOPOB Ha OMOTY Ha pa3HBIX YPOBHAX €€ OpraHu3alu, MPAKTUIECKH OT-
CYTCTBYIOT HCCIICIOBAaHISI PEaKIUH PEIPOLYKTHBHOM C(ephl paCTeHHI Ha TpH-
poaHble reo(pU3NYECKUe U TEOXUMHUYECKUE aHOMAJIHU. B MPUPOTHBIX yCIOBHIX
9KOJIOTO-KIIMMATHYECKHE, TEOXUMHYESCKUE U Teodu3nueckue GakTopbl GopMu-
PYIOT HEKOTOPYIO SKOJIOTUYECKYIO MO3aUKy Cpe/bl OOMTAaHUs PACTUTENbHBIX O-
YIS, ONPEeNeNsisi TEM CaMBbIM HX CTPYKTYpy. KOHTpacTHBIMU O KOMITIEKCY
re0JIOT0-re0(pU3NIECKIX XapaKTEPUCTUK MOTYT OBITh YCIOBHUS POU3PACTAHUS B
30HaX aKTHBHBIX TEKTOHUIECKHUX Pa3JIOMOB. AKTHBHEIE TITyOMHHBIC PA3JIOMBI JIH-
TOoC(epsl MPEACTABISAIOT CO00I CUCTEMBI, MPOBOIAIINE K TOBEPXHOCTH MOTOKH
BEIIECTBA M PHEPTHH, B TOM YHCIIE 0OYCIOBIMBAIOT MOCTYIUICHHE PaJIdOHYKIIH-
JIOB U TSKETIBIX METAIJIOB B OKPY)KAIOIIYIO CPEAy M CIOCOOHBI BO3/ICHCTBOBATh
Ha OMOJIOTUYECKHE IPUPOIHBIC KOMITOHEHTHI [11].

B pesynbrate CpaBHUTENBHOW OIIEHKH H3MEHYMBOCTH MPHU3HAKOB PENpo-
JIYKTHBHOW cdepbl )KUMOIOCTH cuHEel — Lonicera caerulea s.l. L. (cemeiicTBO
Caprifoliaceae Juss.) B pa3IUuUHBIX IO TE€O3KOJIOTMYECKUM XapaKTCPUCTHKAM
pationax Toproro Antas (mommabl pexk Ak-Typy um J[>kazarop), B JOKaIbHBIX
30HaX aKTUBHBIX TEKTOHHYECKHX Pa3jOMOB OTMEYaId YBEIUYEHHE TUCTIEPCUH
HauOoJiee CTAOMIIBHBIX MPU3HAKOB ATOTO BHa [12—14]. B mpenenax momHoxust
Katynckoro xpe0Ta BbIsIBIICHA MOMYJISIMS aNTalcKoro noasuaa L. caerulea, rae
HaOTIOAIN 3HAYUTEIFHOE YBEITUYCHUE IMTOTUMOphH3Ma MOP(HOTOTHIESCKHX TIPH-
3HAKOB IIBETKOB, a TaKXe HapylleHHe MX (YHKIHOHAJIBHOTO cocTosHus [15],
3[1eCh OTMEYAIM PACTEHUS C PA3MHUYHBIME THIAMU (DaCIIMUPOBAHHBIX IIBETKOB,
HEeXapaKTEePHBIM PACIIONOKEHUEM aHAPOLIes U THHEIEs], AHOMAJIUSIMH B CTPOSHUH
MBUTGHUKOB U MBUIBLIEBBIX 3€peH. Y OTIEIBHBIX 00pa3lloB BBISIBICHB AHOMAJIHH
B MUKPOCIIOpPOTeHEe3€e, BIEPBbIE Y 3TOT0 BUAa OTMEUYEH IIUTOMUKCHUC. [1odydeHbl
JaHHBIE O 3HAYNMOM BIMSHUH HeIudhepeHIHPOBAaHHOTO KOMILIEKCA T€0IKOIO0-
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FMYECKHX aHOMAJIMH, CBA3aHHBIX C aKTHBHBIMU TEKTOHHYECKHUMH IPOLECCAMH,
Ha MaccCy IUIOJOB, UX CEMEHHYIO NPOJYKTUBHOCTb, BCXOXKECTh U YHEPTHUIO IIPO-
pactanus cemsH [16].

Ienp maHHOI paboThl — U3ydeHHE TeTEPOreHHOCTH MOMy/siuuu L. caerulea
0 XapaKTePUCTHUKAM PEIPOLYKTHBHON C(ephl Ha JIOKAIFHOM y4acTKe OTHOHN 13
ceiicMoakTHBHBIX 30H ['opHoro Anras B fonuse p. Keisul-SApsik (Ceepo-Uyii-
CKHUi Xpeber).

Marepuajbl 1 METOAUKH HCCJIET0BAHUS

OOBEKT MUCCHEIOBAHNN — AJITAMCKUNA ITOABUL KUMOJIOCTH cuHell — Lonicera
caerulea subsp. altaica Pall., mupoko pacnpocTpaHEHHBIH B TOPHBIX paioHaX
LEeHTpaJIbHOW EBpa3uym kak TOMUHHPYIOIIUMN NOJIBHJ B KYCTAPHUKOBOM JIECHOM
spyce.

HUccnenosanus nposenensl B 2017 1. B gonmHe p. Kei3pii-SApeik (Pecybinka
Adraii, Kom-Arauckuii p-on, 50°05' c.u., 87°57'8.4., 1 976-2 030 M Hag yp. M.),
c(OPMUPOBABIICHCS B 30HE COWICHEHUS aKTUBHBIX B TOJIOLCHE CEHCMOTECHEPH-
pyumx pasnomoB — rpanull Cesepo-Uyiickoro xpe6ta, Kypaiickoli MexropHoi
BraauHbl 1 Yaran-Y3yHcKoro maccuBa, pazaenstoniero Kypatickyio un Uykckyio
BriaauHeI [17].

Ha manHOM yuyacTke, Ha OCHOBaHWH JaHHBIX PaJOHOBOW CHEMKH, BEIOPAHO
5 mukpononyasinuit L. caerulea subsp. altaica Ha 1,5-KuoMeTpoBOM Ipodu-
ne B posmHe p. Kb3put-SApeik (puc. 1). PamoHoBas cheMka — HaJCKHBIA Me-
TOJI BBIABIICHUS PA3JIOMHBIX 30H, X KapTUPOBAHHS U ONpEACIIEHUSI pa3MEpOB,
MTOCKOJIBKY TI0 30HaM TPEIIMHOBATOCTH M PA3JIOMHEIM 30HaM OCYIIECTBISACTCS
SMaHUPOBAaHHUE pajioHa U3 NIyOUH, aKTUBHOCTh 3MAHAIIMOHHOTO IOJIA pajoHa
OTYCTIIMBO OTOOPa)KaeT PACIIOIOKEHHE Pa3IOMHBIX 30H U HU3MCHEHHE Celic-
MUYECKOH aKTHBHOCTH Ha AaHHOM Tepputopuu [18]. Peructpanus o0beMHON
aKTUBHOCTH pPaJOHA IPOBENEHAa C IOMOIIBI0 NETEKTOpa-MHINKATOpa paxoHa
SIRAD M106N (OO0 «CHHMOP», Poccus). [Tockonabky BpeMeHHbIE BapHa-
MK 00bEMHOM aKTHBHOCTH PajioHa HMEIOT IEPUOIUIHOCTD ~12, 24 a4 u ~14 cyT
[18], mast cpaBHUTENBHOTO aHAIN3a UCIONb30BATH MAKCUMAJIBHOE IOKa3aHUE
CYTOYHBIX H3MEPCHUH. YPOBEHb aKTHBHOCTH IOATIOYBEHHOTO PaloHa Ha yJacT-
K€ MCCIEOBAaHUS JOCTATOUHO BBICOKHM IO CPaBHEHUIO C BEpXHEH IpaHHUICH
nopmsl (50 Br/mM*) u u3mensiercs B mpenenax 262—1162 bx/m®. Mukpomnomysisi-
LUU 7151 IPOBENICHUSI CPaBHUTEIBLHOTO aHaIN3a U3MEHYUBOCTH IIPU3HAKOB pe-
MPOJAYKTHBHBIX OpraHOB L. caerulea subsp. altaica BRIOpaHbI Ha MJIOMIAJKAX C
Pa3IUYHBIM YPOBHEM dMaHALMK pagoHa. Mukpononynauus 3 (M3) BoigeneHa B
30HE TOBBIIICHNs aKTUBHOCTH TOAMIOYBEHHOI0 pafgona A0 1168 Bk/m®, mukpo-
nomymsist 1 (M1) — no 707 Br/m3, mukpomnonymsiust 5 (M5) — 1o 646 Br/m>,
mukporonyisitust 4 (M4) — 1o 391 bk/mM3, camble HU3KHME SMaHALUK pagoHa
PETHCTPUPOBATKCH B MEKponomyssiuun 2 (M2) — 262 Bk/M?, KOTOPYIO MBI TIpH-
HSUTH KaK YCIIOBHBIN KOHTPOJb.
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Pecry6uka Araii
Altay Republic]

Cesepo-Usi
[Severo-Chuisky ra

p. Kespiasipsic [Kyzyl-Yaryk River]

oM2

M1 °

oM3

Puc. 1. Yyactok npoBeZieHUs HCCIeNOBaHHA JOMUHA p. KbI3pmI-Sphik:
M1-MS5 — mukpomnonynsiunu Lonicera caerulea subsp. altaica B 30HaX ¢ pa3In4HBI-
MypOBHEM dMaHanuit panona, 50°05' c. m., 87°57' B. 1., 1 976-2 030 M Hag yp. M.
[Fig. 1. The study site in the valley of the Kyzyl-Yaryk River: M1-MS5-micropopu-
lations of Lonicera caerulea subsp. altaica in the zones characterized by
a different radon emanation level, 50°05'N, 87°57'E, 1976-2030 m a.s.l.]

B xaxnoi mukpononynsiuu ¢ 20-24 pacteruid orobpano no 50 Hopmalib-
HO Pa3BUTHIX 3PEIBIX COIUIOANH (TIONOB) [T aHAN3a NOMYIIIIHOHHOW H3MEH-
YUBOCTH XapaKTEPUCTHK T€HEPAaTUBHBIX CTPYKTYp [19]. ¥V 00pa3uoB oneHuBamn
MopQoMeTpHIEeCKHIEe IPU3HAKH U BKYCOBEIC KaueCTBa IUIOAOB, YHCIIO BHIIOIHEH-
HBIX CEMsIH B TUIOJIE, HEPAa3BUBIIMECS CEMA3auaTKH U CEMSHOIIeHHE (OTHOILIEHHE
YHCITa BRIIOMHEHHBIX CEMSTH K CYMMapHOMY YHCITYy CEMSTH M CeMs13auaTkoB). Bkyc
IJI0/I0B OLEHUBAIN OPraHONENTHYECKUM METOJIOM 1O 5-0aJUIbHOM HIKasie BKYCO-
BBIX Bapualnii, OCHOBAHHOW Ha CTETIeHU ropeud B mioaax [20]. Onmcanue op-
MBI 110108 npoBoawiu mo M.H. ITnexanosoit [21] (puc. 2). PeanbHyto cemeH-
HyrnpoaykTuBHOCTH (PCII) onpenensiy Kak KOJTUIEeCTBO HOPMAIEHO Pa3BUTHIX
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ceMsH Ha ofHO corutogue [22]. 13 kakmaoro 1mio1a u3BjIeKald BRIITOTHECHHBIC Ce-
MEHa M HePa3BHUBIIHUECS CEeMA3a4aTKU.

Puc. 2. dopma nnonos Lonicera caerulea no M.H. I1nexanosoii [21]: I — kpyras;
2 — oBanpHas; 3 — yIIMHEHHO-OBalIbHAS; 4 — IIUIMHIPUYECKast; 5 — sileBUHAS;
6 — oOpatHo siineBuaHAs; 7 — KalUIEeBUAHAS; § — KyBIIMHOBHU/IHAS;

9 — IMPOKO-KyBIIMHOBHUHAS; /() — KooKonpdaTasi; // — BepeTeHOBUIHAS,

12 — mmpoko-BepeTeHOBUIHAS; /3 — CTPyUKOBUAHAS
[Fig. 2. Typical shapes of Lonicera caerulea fruits according to Plekhanova [21]:

1 - Round; 2 - Oval; 3 - Elongated oval; 4 - Cylinder; 5 - Obovoid; 6 - Obovate;

7 - Drop-shaped; & - Pitcher-shaped; 9 - Wide pitcher-shaped; /0 - Bell-shaped;

11 - Spindle-shaped; /2 - Wide spindle-shaped; /3 - Pod-like]

Onpeznenenne 1ab6OPaTOPHON BCXOKECTH W DHEPIUU IMPOPACTAHUS CEMSH
L. caerulea subsp. altaica npoBonunu B aBrycte 2017 r. IIpopamuBanue mpo-
BoAwIM B yamkax Ilerpu npu temneparype 25 °C, no 30 cemsiH B yaIike, B IBYX
MIOBTOPHOCTAX C Ka)XI0ro pacTeHus, 1no 20 pacTeHuil U3 Kakaod MHUKPOIIOIY-
nmsmuu. Beero uccnenosano 6 000 cemsiH. CeMeHa cUMTaIM IPOPOCHIMMH TIPH
(opMHpOBaHMH KOpEHIKa pazMepoM ¢ ceMs. [Ipu 3aKiIajKe OMBITOB YIUTHIBAIN
tpeboBanus ['OCT 13056.6-97 [23] u pe3ynbraTsl HCCIEAOBAHUHN IO HKOPU3HO-
JIOTUH TIpopacTaHusl ceMsH L. caerulea [24]. B Xome uccienoBaHNs YIUTHIBAIN
SHepruto npopactanus ceMsH (% Ha 5-e cyT) u BcxoxecTs (% Ha 30-e cyT).

IIpn n3ydeHNM M3MEHYMBOCTH PENPONYKTUBHBIX XapaKTEPUCTHK BBICUUTHIBAIN
cpeaHee 3HaueHHe, OLIMOKY CpeIHero 3Ha4eHWs, MHHHUMAJIbHOE U MaKCUMAaJbHOE
3Ha4YeHHe U Koahduirent Bapuarwy (CV). s Kax 10l MEKPOITOITYIISIAY IIPOBEICH
AHAJIM3 JaHHBIX Ha BHYTPUTPYIIIOBYIO TOMOI'€HHOCTh MeTOAOM ¥2 [25]. [l nposep-
K{ CTaTUCTUYECKOH 3HAYMMOCTH pazinauid (p < 0,05) mpu3HAKOB peNpOnyKTHBHOM
cepbl, a TaKKe OLEHKH KOPPESIMOHHON 3aBUCUMOCTH MEXTy HUMH HCIIONb30BAIIH
kputepun CrbroneHTa, Ourrepa n ogHodakTopHbIi aHamin3 ANOVA [25].

PesyabTarsl Hccaeq0BaHNS U 00CYKIeHIE

Juig n3ydeHus M3MEHEHUH, MTPOUCXOAAIINX B PACTUTEIILHOM OpPTaHU3ME IOJ
BO3/IeiicTBHEM HEOIATONPHUATHEIX (PAKTOPOB CPEIBI, B OCHOBHOM HCIIOIB3YIOTCS
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MHOTOYHCICHHBIE MOP(OIOTHYECKIE XapaKTePUCTHKH. AHAIN3 W3MCHUMBOCTH
MO3BOJISICT Y3HaTh HEKOTOPBIE 3aKOHOMEPHOCTH B PACHpPEAENEHHM NPHU3HAKOB
cpenu 0co0eH, pacTyIINX B ONPEAETICHHBIX YCIOBUIX, U TIOKa3bIBAaCT CTENICHD MX
aJlanTanuy K 5THM YCIIOBHAM. B mureparype yacto oTMedaeTcsi, 4To yBeJIHYEeHHEe
BaprabebHOCTH, JIAOMIIEHOCTH MOP(HOIOTHIECKIX CBOWCTB SIBISCTCS pe3yiibTa-
TOM aJIalTHBHBIX PEAKIUI OMONOTrMYECKHX CUCTEM HA M3MCHHBIIHECS YCIOBHS
cymectBoBanus [19, 26].

Pactenus B Mukpononymsiuusx L. caerulea subsp. altaica B nonune p. Kel-
3BUI-SIPBIK XapaKTepH30BAINCH BBEICOKHM ITOJIMMOPGHU3MOM 10 (hopMe ILIONOB.
HanbGonpmmM pasnooOpazueM (GopMbl IUIOAOB OTIMYAIACH MHUKPOHOIMYJISLIU
M1, HauMEHBIIUM — MHUKPOIIOMYJISIIAN C CAMBIM HHA3KHM YPOBHEM SMaHAIHH
panona M2 u M4 (puc. 3). Yactora BCTpe4aeMOCTH PaCTEHHUH ¢ TUI0JaMH OBaJIb-
HOU (pOpMBI M3MEHsTACh B mpeaenax oT 10 mo 30%, 3To 3HAYNTEIHHO HIDKE, YEM
B nomynmsusax L. caerulea subsp. altaica Ha apyrux yudactkax l'opHoro Asras.
UzBectHO, 4TO Ha Tepputopuu [opHOTO AnTasi OBajbHAs (DIUIMIICOMIATBHAS)
(dhopma 1I00B sBIsiETCs Mpeobianatomen (1o 60%) mnsa L. caerulea subsp. al-
taica [20]. CornmacHO paHee MPOBEIECHHBIM HAMHU WCCIECIOBAHUSIM, yBEIHMUECHUE
BapbUPOBAHUS ()OPMBI ITOJIOB U CHIDKEHHE 32 CUET ITOTO YaCTOTHI BCTPEUaeMOCTH
pacTeHHii ¢ MpaBUILHON OBaNbHON (opMmoit mwromoB 1o 20-25% oTMedanocs B
30HaX F€OMAarHUTHBIX aHOMAJIMH, CBA3aHHBIX C CEHCMOTEKTOHNYECKOH aKTHBHO-
CThiO Tepputopuu [12—-14]. Yeenuuenne GopMoBOro pasHooOpasusi IIOJOB HA
y4YacTKax C MOBBIIICHHBIM YPOBHEM dMaHAIUU PajoHa B ojiuHe p. Ke3bui-Speik
COTTIAaCyeTcs C MOTYICHHBIMH PaHee Pe3yIbTaTaMH.

[NomyyenHsle Mop(hoMeTpHUYEcKHe JaHHBIE M CEMEHHYIO MPOJYKTHBHOCTB
IUTOZIOB CPAaBHUBAIHM MEXIy COOOH C TOMOIIBIO IBYX CTATHCTHUECKHUX METO-
noB: t-kputepust CTbIofieHTa U aucnepcuonHoro anaauza ANOVA. C nomoIsio
{-KpUTEePpUS KaXKast U3 MUKPOIIOMYIISIIIFA CPaBHUBAIACH C MUKPOTOIyIsiineit M2
(YCIIOBHBIN KOHTPOJIb). AHAJNN3 JaHHBIX HAa BHYTPUTPYIIIOBYIO FOMOTEHHOCTBH
MOKa3ajJ OTCYTCTBHE CTAaTUCTHYECKH 3HAUYUMBIX OTIMYUN 10 aHAJIH3HPYEeMbIM
MPU3HAKAM MEXIy PAacTEHHSMH W3 OIHON MHKPONOMY/ISIUH. DTO MO3BOJMIO
OTPENIEITUTh CTATUCTHYECKYIO 3HAYMMOCTh pasznuunit (p < 0,01) Mmopdhomerpuue-
CKHMX XapaKTepHCTHK M CEMEHHOW MPOAYKTUBHOCTH IIJIOJIOB PACTEHHH U3 TECTO-
BBIX MUKPOIIOIYJISLHN [0 CPABHEHUIO ¢ KOHTPOJIBHON MUKPOIIOMYJISILIAEH.

IMo Bcem MopdoMeTpriIecKUM IPH3HAKAM II0I0B M4 cTaTUCTHYECKH 3HAYH-
Mo (p < 0,01) oTmuvaeTcs OT ycJIoBHOTO KOHTpods (M2) (puc. 4). Y pacreHuii u3
M3 u M5 ommmuust cymectseHHs! (p < 0,05) ToNbKO IO MKpPUHE MIOAOB. [uHa
U MIApHHA TUIOAOB C HU3KUM YpOBHEM M3MeHunBocTH. KoaddummenT Bapuarm
B OTIENBHBIX MUKPOIOMYIIAIUSX IS JUTUHBI TUI0J0B u3Mensercs ot 11% B M4
1o 14% (M2 u MS5), mst mmpuas! mwionos — ot 8% (M1 u MS5) mo 10% B M3.
CornacHo uccnenoBanusMm M.A. Illlem6epr u E.H. Illem6epr [27], cpenu 13 mop-
(hoJOTNIEeCKHUX ¥ XUMIUECKUX ITPU3HAKOB KIMOJIOCTH CHHEH B 3 MPUPOTHBIX I10-
nynsnusx KpacHospckoro kpas pa3Mepsl IUI0I0B — Hanbosee CTabuIbHbIE MpH-
3HAKH.
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Puc. 3. Pactipenenenue pacTeHuii B MUKpOTIOMy sInusX Lonicera caerulea subsp.
altaica nomuabl p. Ke3pU1-SIpEIK 10 9acTOTE BCTpedaeMOCTH (HOPMBI IUIOOB.
Mo ocwu abermce — MUKPOMOMYIAINHI; IO OCH OpPANHAT — YaCcTOTa BCTPEYaeMOCTH IPU3HAKA, Yo!
1 — oBanpHas; 2 — Kpymias; 3 — MUJIMHAPUUYECKAST;, 4 — SHICBUIHAS;
5 — KyBIIMHOBHIHAS; 6 — BEPETCHOBHIHAS
[Fig. 2. The distribution of plants in micropopulations of Lonicera caerulea subsp. altaica
in the valley of the Kyzyl-Yaryk River according to the frequency of fruit shape occurrence.
On the X-axis - Micropopulations; on the Y-axis - The frequency of the trait occurrence, %.
1 - Oval, 2 - Round, 3 - Cylinder, 4 - Ovoid, 5 - Pitcher-shaped, 6 - Spindle-shaped]

M3meHunBOCTh MOKa3aTesel AJIMHBI U IIMPUHBI IUI0/Ia BHYTPU HOMYJISINN
KoJnebagach MEXIy pa3HbIMH YIAJICHHBIMH JPYT OT Jpyra y4acTKaMH B Ipele-
nax 9,8—14,0 u 8,8-10,4% coorBercTtBeHHO. 1o manaeiM H.JO. Teriok ¢ coapT.
[28], mvHA ¥ MIUPHHA TUI0/IA TAKXKE XapaKTePU30BAIICH OYeHb HU3KUMHU HU3KHM
YpOBHAMH U3MeHUMBOCTH. KoaduuneHT Bapraluy 3THX NPU3HAKOB HA Pa3iiu-
YAIONIUXCS TI0 DKOJIOTHH yJacTKax M3MeHsuics ot 5,6 g0 12,9 u ot 4,1 mo 8,6%,
COOTBETCTBEHHO. Ha OCHOBaHMM 3THX NTAHHBIX aBTOPHI JEJAIH BBIBOABI O TOM,
YTO 3T TIOKa3aTelId HE 3aBHCAT OT DKOJIOTO-TeorpauuecKkor XapaKTepUCTHKH
pailoHOB MpoM3pacTaHHs, YTO TMOATBEPKIAIOT U PE3YJbTaThl JTaHHOH PabOTHI
OnHako paHee HAMH Ha TeppuTOopuH [opHOTO AnNTast HAOMIOAANOCh YBEIHUCHHUE
BapradenbHOCTH MOP(HOMETPUH TUIONOB L. caerulea 10 04eHb BHICOKOTO YPOBHS
(41%) B mepuop ceiicMUIeCKOi aKTHBHOCTH B 30HE MAarHUTHOW aHOMAITHH, a TaK-
e JI0 TIOBBIIEHHOTO YpoBHs (21%) Ha BepXHe# rpaHulle apeasa pacupocTpaHe-
HUA (B BepTHKAIBHOM Tpaauente) [12, 13].

C nomomrsio nucnepcuonHoro anann3za ANOVA cpaBHUBaNIU BCE UCCIEye-
MBIE MUKPOTIOMYISIAA ApYyT ¢ aApyroM. [lo pe3ynbraTram aHammsa yCTaHOBJIEHO,
YTO MECTO MPOU3PACTaHUsl CYLIECTBEHHO BIUSET Ha JUIMHY IUIONOB KpUTEpUU
Oumepa F(4, 1034) = 22,225; p = 0,0000, Ha mmpuny — F(4, 1033) = 5,5614;
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p = 0,00020 u Ha uanexc F(4, 1033) = 7,9264; p = 0,0000 (cMm. puc. 4). Cran-
JnapTHoe 3HadeHue kputepus F Ha 1%-HOM ypoBHE 3HauMMoOcTH paBHO 13,5, Ha
5%-HOM ypoBHE — 5,6.
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Puc. 4. Biusinne Mecra npou3pacTaHus pacTeHUH Ha g — JUTMHY, MM; b — IIUPHHY, MM;
¢ — MHJIEKC TIJIOJ0B (Mﬂ:mM). 1-M1;2-M2;3-M3;4—-M4; 5 -M5
[Fig. 4. The influence of the plant habitat on a - The length of fruits, b - The width of fruits
and ¢ - The fruit index. On the X-axis — Micropopulations: 1 - M1,2-M2,3 -M3, 4 - M4, 5 - M5;
on the Y-axis: a - The length of fruits, mm; b - The width of fruits, mm;
c - The fruit index (M+m, )]
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[Toxme1, coOpaHHBIE B KOHTPOIBHOW MHKPOIIOYIIAINHN, CYIIECTBEHHO (KpoMe
MS5) oTauyanuch OT OCTANbHBIX HAaUMEHBINEH Maccoil U HaMMEHBIINM YHCIOM
MOJHOIEHHBIX ceMsH (puc. 5). 1o gmcty BBIIOTHEHHBIX CEMSH OTIMYHS CTAaTH-
ctudecku 3HauuMslI (p < 0,01), kpome M3. PacTeHus ¢ caMbIMH KPYIHBIMH ILIO-
namu (o 1,1 1) (puc. 5, @) 1 HauboIBIIeH HX CEMEHHOH TPOTYKTUBHOCTHIO (110
27 wt.) (puc. 5, b) ormedensl B M4.
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Puc. 5. Bausinue mecTa npouspacTaHus pacTeHUH Ha: @ — Maccy IUIOJIOB, T;
b — 9MCII0 MOTHOLUEHHBIX CeMsH, WT. (M+m,,). / —M1; 2 -M2; 3 - M3; 4 - M4; 5 - M5
[Fig. 5. The influence of the plant habitat on a) the weight of fruits and b) the number of full seeds.
On the X-axis - Micropopulations: 1 - M1,2-M2,3 -M3,4-M4, 5 - MS5;
on the Y-axis: a - The weight of ftuits, g; b - The number of seeds, psc. (M+m,,)]

Pesynprarer anammza ANOVA nokazanu, 4to 3HaueHus Kputepus Oumepa s
Maccol oo F(4, 1034) = 18,850; p = 0,0000, yucna MOJIHOIEHHBIX CEMSIH —
F(4, 1034) = 49,881; p = 0,0000 3Ha4MTEIBHO MPEBHIIIAIOT KPUTHYECKHUE, UTO TO-
BOPUT O 3HAYMMOM BIIUSTHUM MECTA MIPOU3PACTAHMS PACTECHUM Ha 3THU MPU3HAKH.
CrannaprHoe 3HaueHue kputepus F Ha 1%-HoM ypoBHE 3Ha4MMOCTH paBHO 13,5.
AHanu3 4acTOThl BCTPEYAEMOCTH PAaCTEHUH € pa3iIM4HON Maccoil IIONOB U
CEMEHHOU MPOIYKTUBHOCTHIO TTOKA3aJl CMEIIEHUE PacCTpeieNIEHuUs] dTUX mapame-
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TPOB B CTOPOHY OOJBIINX 3HAYCHHUH 110 CPABHEHUIO ¢ KOHTPOIBEHOH MHUKPOIIOITYIISI-
mueil. Tak, HanpuMep, B MUKponomyssinusix M1 u M5 yarie Bcero (22-28%) Betpe-
yarotcs oAbl ¢ Maccoit 0,5-0,6 r, 8 M3 — 0,5 1, B Mukpomnomyssitmi M4 — 0,6-0,7 1,
a B KOHTPONBHOM Mukponomysimu (1o 28%) — 0,4 u 0,5 r (puc. 6, a). Ilo yactotHO-
MY PacCIIPEIeNICHUIO CEMEHHOM MPOXYKTHBHOCTH: B KOHTPOJIBHOH MUKPOIIOIYIISILIIH
Yalle BCTPEYaroTCsl IUIOJIBI C CAMBIM HI3KUM YHCIIOM BBITIOJTHEHHBIX CEMSIH B ILIOJIE
(0-3 cemsH), B MEKpononyIsmusax M4 1 M5 HanOoIIbIIIas IO TI0I0B HMEET COOT-
BeTCTBEHHO 2224 1 16—18 cemsiH, 4TO OOJBIIIE, YEM BO BCEX OCTAIBHBIX MUKPOIIO-
MyJSUSX (pHc. 6, b). BRICOKO# 4acTOTOI BCTPEYaeMOCTH IUIOJIOB C HU3KUM YUCIIOM
CEeMSH XapaKTepU30BaJlach U MUKPONOMyIsnust M3, npu 3ToM 37ech OTMevancs u
CaMBbIil BBICOKHI YPOBEHb BAPBUPOBAHUSA 110 ITOMY IPHU3HAKY.

B mukpononymsmuax M1, M2 u M5 ycraHoBIeHa cpefHss KOPPEISIMOHHAS
3aBHCHMOCTD MKy MacCOH IJIOZOB U YHCIIOM BEITIOTHEHHBIX CEMSTH, paBHAs CO-
otBercTBeHHO 0,5; 0,6 1 0,3, cratnuctudecku 3Haunmas (p <0,01), B M3 ormeuena
tecHas (0,7) 3aBUCHMOCTh MEXIy 3TUMU Npu3Hakamu. B M4 koppensiroHHast
3aBUCUMOCTbD MEXJIy Maccoil IJIOJJOB M YKHCIIOM BBITIOTHEHHBIX CEMSH CTaTHCTH-
YEeCKH HE 3HAUYNMA.

H3BecTHO, YTO MpOLECCHl Pa3BUTHS CEMSH M OKOJIOIIOJHUKA TECHO CBS3aHBI
U CHHXPOHHM3HMPOBAHBI, HAXOIATCS MOJA KOHTPOJEM (PUTOTOPMOHOB — ayKCHHA,
rubOepeuHa ¥ NUTOKWHKUHA. Hadano pa3BHUTHSA IUIONOB M3 3aBS3W MPOUCXOAUT
MOCJIe OIUIONOTBOPEHHSI CEMATIOUEK M KOOPAMHHUPYETCS CHTHAIaMH OT Pa3BHBa-
fomuxcst cemsizadatkos [29]. ContacHO paHee NMPOBEICHHBIM HCCIECIOBaHUAM, B
(hOHOBBIX yCIOBUAX Y L. caerulea s.l. oTMeUeHO HaJIM4YHe TECHOW KOPPEINSAIIHOH-
HO¥ 3aBHCUMOCTH MEX]ly Maccoi IUIOJIOB U YHMCIIOM BBINOJHEHHBIX ceMsH (0,73—
0,98%, p <0,001) [30]. OTcyTCcTBHE TECHOH KOPPEIIIAI MEXK Ty MACCOU IUTOJIOB U
YHCIIOM 3aBSA3aBIINXCS CEMSH YCTAHOBJICHO HAMU PaHEE B 30HE Te0Ioro-reohusu-
yeckort anomanmu [ 16]. [Ipeanonaranock, 4To HapynIieHNUE U3BECTHOM 3aKOHOMED-
HOCTH MOXXET TOBOPHUTH O HAJIMYUH SK30T€HHOTO BIMSHUS Ha (POPMHUPOBaHHE TLIO-
I0B. M3BeCTHO, UTO IO BO3IEHCTBHEM BHEIIHUX (PAKTOPOB MOKET MIPOUCXOIUTD
U3MEHEHHE YPOBHS (PUTOrOPMOHOB B OpraHax pacteHuii [31]. BosmoxHo, pa3Hble
KOMITJICKCHI TE0AKOJIOTMIECKUX aHOMAITMI MOTYT OKA3bIBaTh BIIMSAHIC Ha HapyIle-
HHE CHI'HAJIBHO-CHHXPOHM3MpYOIIel QyHKIMU GuToropmMoHoB. B HanbGombeit
CTEIICHH 3TO BO3AEHCTBHUE IPOSBIIETCS HA yIaCTKE MUKPOTIOMY/LSIIUH M4, re oT-
CYTCTBYET JIMHEHHast 3aBUCUMOCTb MEXIy MacCOH IIJIOJIOB U YHCIIOM CEMSH.

B mpomecce n3ydeHns: BKyCOBBIX KaueCTB IUIOOB BBIIBICHO IIONHOE OTCYT-
CTBUE XMHHO-TOPBKHX IUIONOB B HCCIEAYEMBIX MUKpONONYISIUUsIX L. caerulea
subsp. altaica. HanGonpmuM BKYCOBBIM pa3HOOOpa3ueM IUIOJOB XapaKTepH3Y-
ercss M3 — MHUKpOIONYJISNUS C caMbIM BBICOKUM YPOBHEM 3MaHAIlMH pajoHa
(puc. 7), B TOM YHCIIEe YaCTOTa BCTPEYaEMOCTH Oe3ropedHbix (1-2 Oaria ropeun)
00pasnoB 31eck coctaBigeT 20% u cratuctudeckd 3Ha4umo (p < 0,05) monoxu-
TENFHO KOPPETHPYET ¢ O0BEMHOM aKTHBHOCTHIO PafoHa. 3HAYMMAs OTPHUIIATEIIhb-
Hasl THHeiHas 3aBucuMocTs (p < 0,01) ycTaHOBIEHA MeX Ty 00bEMHOI aKTHBHO-
CTBIO paZioHa M YaCTOTOH BCTPEIaEMOCTH 00Pa3IOB C TOPEKUMH IUIOAMH.
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Puc. 6. YactoTHOe pacrpe/eeHre Macchl IJI0A0B (@) U UX CEMEHHOM MPOAYKTUBHOCTH (D)
B MUKpornonyisiusix Lonicera caerulea subsp. altaica B nonnue p. Kei3pui-Spbik.
ITo ocu abcuuce: a — Macca IIOAOB, T; b — YKHCIIO BHITIOJHEHHBIX CEMsH B IJIO/E, IIIT.;
110 OCH OPJIMHAT — YacTOTa BCTPEUaeMOCTH TpU3HaKa, %
[Fig. 6. Frequency distribution of the weight of fruits (a) and their seed production
(b) in Lonicera caerulea subsp. altaica micropopulations in the Kyzyl-Yaryk river
valley. On the X-axis: a - Weight of fruits, g; b - Number of developed seeds
in the fruit, pcs.; on the Y-axis - The frequency of the trait occurrence, %)
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N3BecTHO, YTO TOPHKOIUIONHOCTh — JIOMHHAHTHBIN Npu3HaK L. caerulea, B
Oonpleil yactu e€ apeana BKyC IUIOOB FOPbKUIA U OHH He CheloOHBL. B TO ke
Bpems nonyisinuu Kamuarku, Kypun, Caxanmaa, OxXoTckoro modepexsns, [Ipu-
amypbsi U 3abaiikanbs XapaKTepPH3YIOTCS HU3KHM TMPOLIEHTOM BCTPEYaEMOCTH
ropsKoroaHbIX pacteruit [20]. CornacHo HaIUM HCCIIEA0BAHUSM, BEICOKHHA T10-
TUMOP(HU3M BKYCOBBIX BapHallHii TJIOJJOB OTMEYAJICA B 30HaX MATHUTHBIX aHOMa-
JUH, CBS3aHHBIX C AKTUBHBIMH TEKTOHUYECKHUMH TPOIIECCAMH, BCICICTBHUE YErO
4acTOTa BCTPEYaEMOCTH PACTEHHI ¢ OE3rOPEUHBIMHU TJI0OIaMU YBEIMYUBAIACH JIO
59 1 91% B pasHbIxX paiionax uccrnenoBanni [ 12—14]. Comocrasienne 3Tux 1aH-
HBIX C MPUYPOUEHHOCTHIO MOMYJSIMi L. caerulea ¢ 6e3ropeduHbIMU TUIOJAMH K
CeHCMHYECKH aKTUBHBIM pailoHaM JaéT OCHOBAHHUE MPETIOIOKUTH O BO3MOXKHOM
BIUSIHUU (DPAKTOPOB, CBSI3aHHBIX C AKTHBHBIMHI TEKTOHUYECKHUMH MTPOIIECCaMHt, Ha
MacCOBO€ MPOSBICHUE PEIECCUBHOTO NMPU3HAKA JKUMOJIOCTH CHHEH.
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Puc. 7. Pactipenenenue pacTeHuii B MUKponionyssinusx Lonicera caerulea subsp. altaica
B toimHe p. Kb3pu1-SphIk o BKyCOBBIM (hopMaM mrozoB (110 6asmty ropeun). ITo ocu
a6CHI/ICC — MUKPOIIOITYJIAINHA; 110 OCU OpIUHAT — YaCTOTa BCTPEHAaCMOCTHU IMPpU3HAKa, %

[Fig. 7. Fruit taste variation at different sites (bitterness point). On the X-axis - Micropopula-
tions; on the Y-axis - The frequency of the trait occurrence, %. 1-4 Bitterness point]

O1eHKy TeTepOreHHOCTH CEMEHHOrO IMOTOMCTBAa PAaCTEHUN W3 BBIJEIICHHBIX
MUKPOTIOIYJISIHN TPOBOIIIIH IT0 KPUTEPHSAM: JTab0paTopHast BCXOXKECTh U YHEP-
rusi mpopactanus cemsH. JlabopaTopHash BCXOKECTh CeMsiH, COOpaHHBIX B JIO-
nuHe p. Ke3but-Spsik, cocraBmia 87-97% (puc. §). HauMeHbIel BCXOXECTbIO
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(87%) ormuuanucek ceMeHa, coOpaHHBIE B KOHTPOJIBHOW MUKpomomysun (M2)
U B MHKPOIIOIYJISAIUH OJ BO3ICHCTBUEM CaMOTO BBICOKOTO YPOBHS OOBEMHOM
aKTHBHOCTH pazioHa — M3, Hanbonbmiel BexoxkecThio (97%) OTIiIaimch ceMeHa,
cobpannsie B M1. Jlist M1 xapakTepHa U camasi BBICOKAsi SHEPTHUsl IPOPACTAHUS
cemsH (86%), camast Hu3Kast (55%) — st MS.

g ——
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qu
Mlq
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B Dueprust npopactanus [Seed germination readiness)
@ BexoxkecTh [Seed germination capacity]

Puc. 8. BcxoxecTb u dHEprust NpopacTaHus CEMsIH B MUKPOTIOITYJISILIUSX
Lonicera caerulea subsp. altaica nonvrsl p. Kei3pui-Spsik. [To ocu aberuce —
% MPOPOCUINX CEMSIH, IO OCH OPJUHAT — MUKPOTOYJISIIH
[Fig. 8. Seed germination capacity and germination readiness in Lonicera caerulea subsp.
altaica micropopulations in the Kyzyl-Yaryk river valley. On the X-axis - Seed germina-
tion capacity and germination readiness, %; on the Y-axis - Micropopulations]

B n3y4yaemMbIx MUKpPOIIOMYIISILUSIX MacCOBOE IPOPACTaHNE CEMSH HaOJII0alIoCch B
M1 u M2 na 11-i gens nmocne nocesa, B M3 —na 11-12-i1, M5 —Ha 13-iiu B M4 — Ha
14-ii nens (puc. 9). YcnoBus npouspacTaHus pacTeHUH, BEPOSITHO, OKa3bIBaIN BIIUS-
HHUE ¥ Ha JJIUTEIHHOCTH IpopacTanus ceMsH. CamMbIM KOpOTKUM (17 mHEH) 3TOT 1e-
PHOJl OTMEYEH Y CEMSIH, COOPaHHBIX B KOHTPOIBbHON Mukpornomnymsiiun (M2). Cemena
13 OCTAJIbHBIX MUKPOIOMYJISIINAI BCXOAMIN B TeueHne 20 THew.

U3sBecTHO, YTO TSI TPUCTIOCOONIEHHS KUBBIX OPTaHU3MOB K CTPECCOBBIM BO3-
JEeHCTBUSAM cpesbl Ype3BhIYaiiHO BaXKHa M3MEHUMBOCTDH ITOKa3arenel penporyk-
TUBHOW cIOCOOHOCTH. IMEHHO BOCTIPOM3BOACTBO ABJSETCS OJJHUM U3 OCHOBHBIX
(aKTOpPOB, ONPEHCIAIOMNX CTAOMIFHOCT IPHPOAHBIX IOMYJIIINANA PACTEHUH U
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*UBOTHBIX [2]. TlokazaHo ycuieHHe BapHaOSIIEHOCTH MOPQOIOTHISCKUX TPH-
3HAKOB, CHIDKEHHE CEMEHHOU MPOAYKTUBHOCTU U (OPMHUPOBaHUE OoJee KUu3He-

CIIOCOOHOT0 CEMEHHOTO MOTOMCTBA O] BO3ACHCTBHEM TEXHOI'€HHOTO 3arpsi3He-
Hus [32].
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Puc. 9. [lunamuka npopactanus cemsis Lonicera caerulea subsp. altaica
W3 MUKPOIIOMYJISILK B 30HE TE0JI0r0-re0(pr3nIecKoil HEOTHOPOJHOCTH B 1oiuHe . KbI3buI-
Speik. ITo ocu abcuunce — qHUA IPOpacTaHus, 10 OCH OPIUHAT — YHCIIO MPOPOCIIUX CEMSH, LIT.
[Fig. 9. Dynamics of seed germination from Lonicera caerulea subsp. altaica micropopu-
lations in the area of geological heterogeneity in the Kyzyl-Yaryk river valley. On the X-
axis - Seed germination, days; on the Y-axis - Number of germinated seeds, pcs.]

V pactenuii, HACENAIOMNX YYACTKHU C MOBBIMIEHHOW KOHIICHTpAIMEH paauo-
HYKJIUJI0B, (PUKCUPOBAJIOCH CHIDKCHME KadecTBa ceMsH [33]. IIpu coBmecTHOM
BO3/IEHCTBUN PAagUOHYKIHIOB M HEPAJANOAKTUBHBIX TOKCHYHBIX JJIEMCHTOB Ha
6uonorudeckue 0ObEKTHl BOZMOXKHO BO3HUKHOBEHUE CHHEPreTUYECKUX 3 dek-
ToB [34, 35]. Onenka BiausSHUSA (HAKTOPOB HEpaJUAITUOHHON ((PH3MKO-XUMHUE-
CKHE XapaKTEePUCTUKH TOYB U COJIEpKaHNE B HUX HEPaIHOAKTHBHBIX JIEMEHTOB)
U panuanuoHHOHN (ymenbHas aKTHBHOCTB TSDKENBIX €CTECTBEHHBIX paJnOHYKITH-
JIOB B [I0YBE) IPUPO/IBI HA CHIDKEHUE PEIIPOLYKTUBHOM CIIOCOOHOCTH TUKOPACTY-
IIeTO BHIA PAacTeHHH IMOKasana, 4To OTICIbHBIC HEpaIuOaKTHBHBIC DJIEMCHTHI
Hapsy ¢ paJHOHYKIUAaMU 3HAYUMO BIIMSIOT Ha PENIPOAYKTUBHYIO CIOCOOHOCTD
pacteHuii. JIpyrue pazHOHAINPaBICHHO (HUBEIUPYIOT WM YCHIIMBAIOT) MOAH(DH-
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OUPYIOT OHosornueckue 3G deKTrr, 00yCIOBICHHbBIC BO3IEHCTBHEM (DAaKTOPOB pa-
JTUALMOHHON PpUpos! [36].

Hawm He ymanocs 06HapyXHTE CBSI3H MOP(HOMETPUIECKUX IPHU3HAKOB TUIOJIOB,
CEMEHHOH MPOAYKTUBHOCTHU, BCXOXKECTH M SHEPTUH MPOPACTAHUS CEMSH C YPOB-
HEM DMaHalli{ PallOHA, BCIEACTBHE YETr0 JOTUIHO MPEAIOIOKUTh, YTO HAOMII0-
JaeMasi HAMH W3MEHYMBOCTD U3YUYCHHBIX MApaMETPOB OMPEACISCTCS BIMSHUCM
Ipyrux ¢paxTopoB. [10CKOIBKY MUKPOIIOMYIIAINH PACIIONOKEHB! Ha 1,5-Kimome-
TPOBOM IIPOQIIIC HA OTHOM MAKPOCKIIOHE, B CXOIHBIX YCIOBHUSIX TEILIO- U BJIaro-
obecrieyeHus, TO, BEPOSATHO, 3TH (PAKTOPHI MOTYT OBITh CBA3aHBI C CEHCMO-TEKTO-
HUYECKOH aKTHBHOCTBIO TEPPUTOPHUH.

TexToHMYECKHE MPOIIECCH 00YCIOBIMBAIOT JACTa3alliio 3eMITH, KOTopas oCy-
HIECTBISICTCS HENPEPHIBHO B MpeesiaX 30H MOBHINICHHONW MpoHHIaeMocTu. Ha
WHTEHCHBHYIO BOCXOISIIYI0 MUTpannio (IIOWAOB W HSMaHAIMIO Ta30B B 30HAX
AKTHBHBIX TEKTOHMYECKHX PAa3JIOMOB YKAa3bIBAIOT JIOKATBHBIC TCOXUMHYCCKHE
AQHOMaJIMY, OKAa3bIBAIOIINE BHIPAKEHHOE BIISIHUEC HA pACIpelelieHHe XUMHJe-
CKHUX DJIEMEHTOB B MOYBE, BO3AyXe U pacteHusx [37]. K myOMHHBIM TeKTOHMYE-
CKUM pa3jioMaM IPUYPOUCHBI TAKKE AaHOMAINU TPABUTAIIMOHHOTO, MATHUTHOTO,
3NEKTPOMAarHUTHOIO, 3JIEKTPOCTATHUECKOTO U aKycTHdeckoro mojuei [38]. B 3o0-
HaX TIPOSBICHHS TPEUIMHOOOPa30BaHMS W JPOOIEHUS MOPOI BBIIEISCTCS 3Ha-
YHUTENbHAS ICKTPUUYCCKAst SHEPTHs, KOTOPas 00yCIOBIUBAET ra30BbIC Pa3psibl,
BO3pACTaHUE MOBEPXHOCTHOW IPOBOIMMOCTH W DMHUCCHIO dIEKTpOHOB. C 3TH-
MU MPOIIECCAaMH CBS3aHO (POPMHUPOBAHUE KAK JOKAIBHBIX, TAK U PETHOHAIBHBIX
reopu3nIecKux aHoManui. [1OBBIIEHHOH (J1aXke 10 OTHOIIICHUIO K Pa3IOMHOM
30HE) TPEIIMHOBATOCTHIO M IPOHUIIAEMOCTHIO TOPHBIX MOPOJ] XapaKTePUIYIOT-
Csl CTPYKTYPHBIE Y3JIbI — YIaCTKH COWICHCHHUS Pa3HOHAIPABICHHBIX Pa3JIOMHBIX
30H Pa3IMYHOTO HEPAPXUYECKOr0 YPOBHS, KOTOPHIE CO3JAIOT CICHUPHUCCKHE
HEOIHOPOAHBIE YCIOBHSI OOWTaHHS PACTHUTENBHBIX IOMYJSIIUH, OMPENess TeM
CaMbIM HX CTPYKTYpy. BoIpoc 0 BIUSHHH aKTHBHBIX TEKTOHHYECKUX IPOIEC-
COB Ha OMONOTNIecKrue 0OBEKTHI IMOJHUMAIICS UCCIEIOBATEIIMI HEOTHOKPATHO
[39-42]. ITockonbKy BBIACTEHHBIHN I UCCIEIOBAHUN Y4aCTOK HAXOAUTCS B 30HE
COUWICHEHHS aKTUBHBIX B TOJIOIIEHE CEHCMOTEHEPHUPYIIUX pa3aoMoB [17], Hapsimy
C PaJIOHOM BO3MOXKHO BIIUSTHHE HA PACTCHUSI PAa3IMIHBIX KOMILICKCOB T€OXUMHIUE-
CKHUX U Teo(hn3nIecKux (paxTopoB. /s MpOBEPKU STOTO MPEAIOIOKEHHUS B Tajlb-
HEHIIeM TIIaHUPYETCs MPOBEICHUE MCCIICAOBAHUS COJCPIKAHUS PAUOHYKIIUIOB,
MHUKPO- H MaKpOdJIEMEHTOB B CHCTEME II0YBA — PACTCHHE, a TAaKKe JeTalbHas
reoMop(OIOruIecKas OIeHKa TEPPUTOPHH.

3akirouenune

HccnenoBanus, MpOBENEHHBIC B JIOKAIBHON CEHCMUYECKH aKTHBHOW 30HE
Topaoro Axras B posiuHe p. Kb3bui-SIpbik, OKa3ain reTepOreHHOCTh MOMyJisi-
uuu L. caerulea subsp. altaica o penpoayKTUBHBIM XapaKTEePUCTHKAM PACTEHUH.
MHEKpOIOMyIAIHY, HAXOASAIINECS Ha YIaCTKaX C Pa3IMIHbIM YPOBHEM 00BEMHOI
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AKTMBHOCTH MOAMOYBEHHOr0 pamona (262—1162 Bx/m*), 3HaYMMO pa3IMyainch
0 JJIMHE, Macce, MIUPUHE U UHIEKCY I00B, YUCITY BBITIOJHEHHBIX CEMSH, Jia-
00paTOpHOI BCXOXKECTH M YHEPTUH NIPOPACTAHUS PACTEHHMH, a TAKKe UMETH pa3-
HYIO CTENIeHb KoppensauuoHHoi 3aBucumoctu (0,3-0,7) Mexay Maccoii Ii1oJ0B 1
YHCJIOM BBIIIOJHEHHBIX CEMsH. AHaJIU3 YaCTOThI BCTPEYaeMOCTH PACTEHUM C pas-
JINYHOW Maccoi TUIO/I0B M CEMEHHOM MPOyKTUBHOCTBIO IIOKa3aJl CMELIEHUE pac-
MIPEACICHUS STHX MapaMeTPOB B CTOPOHY OONBIINX 3HAYCHUH 110 CPAaBHEHUIO C
KOHTPOJIBHON MUKpOMOMy/siue. BbICOKoI 4acTOTON BCTpEuaeMOCTH PACTEHUN
C HU3KHUM YHUCJIOM CEMSIH B IUIOJIAX XapaKTePU30BAIMCh MUKPOIOMYJISLUHU KaK C
CaMbIM BBICOKMM 5MaHAIMOHHBIM mojieM panoHa (1162 Bk/m3), Tak u ¢ cambiM
HU3KuM (262 Bx/M?). B MEKpOMIOMy AKX ¢ CAMBIM BBICOKMM YPOBHEM 00BEM-
HOU aKTHBHOCTH MOJIMOYBEHHOTO PajioHa YBEIMYUBAIOCH Pa3HOOOpa3ne GpopMel
IJIO0B, UX CEMEHHOW NPONYKTHBHOCTH M BKYCOBBIX BapHalUid, B TOM 4YHCIE
MPOSIBIICHUE PELIECCHBHOIO IMpU3HAKA — OE3rOpeYHOCTH IIOAOB. YCTaHOBIICHA
3aBHCHMOCTh MEXJy YPOBHEM 3MaHallMM pajioHa U 4acTOTOW BCTPEYaeMOCTH
pacTeHuil ¢ 6e3ropeuHbIMU (TOPHKUMH) TUIOAaMU. BinsHue ypoBHA 0O0BEeMHOMN
AKTUBHOCTH PaJOHA Ha M3MEHUYUBOCTh APYruX IOKa3arejed penpoayKTUBHOU
CIOCOOHOCTH OBLIO HEeCylIeCTBEeHHBIM. Bo3mMokHO BiusiHHE HennuddepeHuupo-
BaHHOTO KOMILIEKca (DaKTOPOB, CBA3aHHBIX C aKTHUBHBIMHU TEKTOHIMUYECKIUMH TIPO-
eccamu, Ha (POPMHUPOBAHUE U PA3BUTHE PEIIPOAYKTUBHBIX OPraHOB PACTCHUH.
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Variability of the reproductive ability of Lonicera caerulea
(Caprifoliaceae) in the seismically active zone
of the Altai Mountains (Severo-Chuisky range, Kyzyl-Yaryk valley)

Seismically active areas of tectonic faults create specific inhomogeneous living
conditions of plant populations and can thereby determine their structure. Studies of
the reaction of plant reproductive structures to geoecological anomalies associated with
active tectonic processes are practically absent. The aim of this work was to study the
variability of the reproductive characteristics of Lonicera caerulea subsp. altaica plants
in the local seismic zone of the Altai Mountains.

We carried out studies in 2017 in the valley of the Kyzyl-Yaryk river (Altai
Republic, Kosh-Agachsky district) (See Fig. 1), which was formed in the junction zone
of seismic-generating faults active in the Holocene that are the boundaries of the North
Chuy Range, Kurai intermountain basin and Chagan-Uzun massif and separating the
Kurai and Chuysky depressions. We isolated 5 micropopulations of the Altai subspecies
of blue honeysuckle - L. caerulea subsp. altaica in areas differing in volumetric activity
of the radon emanation field (262-1162 Bq / m3) for research. Fifty fruits were selected
in each micropopulation of L. caerulea subsp. altaica from 20 plants. We examined
the morphometric characteristics and taste of the fruits, the number of full seeds
and immature ovules in the fruits, the ratio of the number of full seeds to the total
number of seeds and ovules, the correlation between the characters, as well as the seed
germination capacity and germination readiness. The taste of the fruits was evaluated
by the organoleptic method on a 5-point scale of taste variations based on the degree
of bitterness in the fruits. To determine seed germinating capacity and germination
readiness, germination was performed in Petri dishes at room temperature. We evaluated
germination readiness on the Sth day, where n is the number of seeds and N is the
number of seeds germinated during this period. For each micropopulation, we analyzed
data for intragroup homogeneity using the 2 method. Student’s t-test, Fisher’s exact
test and one-way ANOVA analysis were used to test statistically significant differences
in reproductive characteristics, as well as to assess the correlation between them.

The analysis of variance (ANOVA) showed that the values of the Fisher criterion
for the length, width, index, weight of the fruit and the number of seeds in them
considerably exceed the critical value, which indicates a reliable effect of the place
of plant growth on all these parameters at a 95-99% probability level. For individual test
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micropopulations, significant differences were found in the morphometric characteristics
and seed productivity of plant fruits in comparison to the control micropopulation (the area
with the lowest level of radon emanation field) (See Fig. 2, 3, 4 and 5). An analysis of the
frequency of occurrence of plants with different weight and seed productivity of the fruits
from the studied micropopulations showed a shift in the distribution of these parameters
towards larger values, compared to the control micropopulation (See Fig. 6). The seeds
collected in the control micropopulation were characterized by the least germination (See
Fig. 8) and the shortest germination period (See Fig. 9). In the studied population, the average
and close degree of correlation between the weight of the fruit and the number of full seeds
was established; the reliability of the correlation varied depending on the place of plant
growth. Plants in the L. caerulea subsp. altaica in the valley of the Kyzyl-Yaryk river were
characterized by high polymorphism of the fruit shape. The frequency of occurrence of plants
with oval fruits was significantly lower than in populations of L. caerulea subsp. altaica in
other areas of the Altai Mountains. In micropopulations under the influence of a higher level
of volumetric activity of subsoil radon, the variety of fruit shapes (See Fig. 3) and their taste
variations (See Fig. 7) increased, including an increase in the expression of the recessive trait
L. caerulea, the absence of bitter fruits (bitter-free fruits). The correlation between the level
of radon emanation and the frequency of occurrence of plants with bitter fruits was significant
at p <0.01. The influence of the level of radon emanation on the variability of morphometric
characteristics of the fruit, seed productivity, germination and germination energy of the seeds
was not significant. The heterogeneity of the population of the L. caerulea subsp. altaica,
according to the features of the generative sphere, suggests a possible influence of a complex
of factors associated with active tectonic processes on the formation and development of
plant reproductive organs.

The paper contains 9 Figures and 42 References.

Key words: Lonicera caerulea subsp. altaica; morphometry; seed productivity;
germination capacity and readiness; radon; active tectonic fault.
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M.E. KonoBanona, JI.C. Cobaukun

Hnemumym neca um. B.H. Cykauesa CO PAH — obocobnennoe
noopasoenenue ®PUIL] KHI] CO PAH, 2. Kpachosapck, Poccua

CTpykTypa neHononyJasiiuii KJio4eBbIX BUI0B
TOPHO-TAaeKHbIX KeAPOBHUKOB BocTounoro Casina

Pabora BbinonHeHa B paMkax rocygapcrsenHoro 3azanus ®UIL KHL] CO PAH
Ne 0356-2019-0024 u 0356-2019-0027, a Taxke npu (PUHAHCOBOH MOIIEPIKKE

Poccuiickoro douna GpynnamentaabHbIx uccnenoBanuii (18—05-00781 A).

H3yuenvr 0emocpaguueckue cmpykmypul yenononynayuii Pinus sibirica Du Tour u
Abies sibirica Ledeb. — knouegvix U008 20pHO-MAEHCHBIX YEPHUUHO-3€]IeHOMOUHBIX
KeOpoeHUK08. [Ipoanarusuposansl 0COGEHHOCMU UX OHMOLEHEMUYECKO20 PA3BUMUSA
6 JlecopacmumenbHbix yciosuax (onosoco muna jeca Bocmounocasnckou 2ophoil
Jlecopacmumenvol  nposunyuu  Keoposvlx Jnecos. P sibirica Odemoncmpupyem
6ce NPUSHAKU KOHKYPEHMHOU NONYIAYUOHHOU cmpameeuy. YCcmanonieHo, umo
yenononynayua P. sibirica umeem wupoxyio eospacmmuyto amnaumyoy (om 1 0o
200 nem) u abcontomHO-pasHOBOPACMHYIO CIMPYKMYPY, MACCO80€ B80300HO8IEHUe
(60nee 3 500 wm./2a™), kpynuvle pasmepul 3penvix 0cobetl (MakcuMaibHbie Ouamemp —
58 cm, svicoma — 21,5 m), domunupyem no uucinennocmu (70% om obweii eycmomoi
opesocmos) u 3anacy (95%). Onmoecenemuueckuii cnekmp P. sibirica omnecen x
HopmansHomy muny. Beisieneno, umo yenononynayus A. sibirica nposagisiem npusHaku
dumoyeHomuyeckoll MONEPAHMHOCY, He OKA3bI6Asl CYWeCBEHHO20 BIUAHUA
Ha oumamuxy yewononyriayuu P. sibirica. A. sibirica ycmynaem no uuciennocmu
60300n061enust (1500 wm./2a™), npodonscumensnocmu dcuznu (0o 110 nem) u
docmuzaemviM pasmepam oepesves (MaKcumanvHvle ouamemp — 22,7 cm, evicoma —
16 m). Iloxazano, umo P. sibirica ¢hopmupyem ycmoiiuuevie n1ecHvie IKOCUCHEMbI 8
OMHOCUMENLHO CYPOBLIX YCIOBUAX 2OPHO-MAEHCHO20 IECHO20 NOSACA NPU OTNCYMCMBUU
AHMPONOSEHHBIX HAPYUWEHUI.

KuroueBsble cnoBa: Pinus sibirica; Abies sibirica; OHTOT€HETUYECKUE CIIEKTPBI;
BO3pACTHAs CTPYKTYpa; YSPHUYHO-3EICHOMOILIHBIC KEIPOBHHUKH.

BBenenune

Ha rore Cubupu ropHO-TaeKHbIE KEAPOBHUKH MPEACTABISAIOT cO00I Hanbo-
Jiee pacIpoCTPaHEHHBIH BapUaHT MPOAYKTHBHEIX KEPOBEIX JIECOB, 3aHIMAs BHI-
coTHbI ananazoH ot 600900 no 1 400-1 500 m Hax yp. M. [1]. MaciutabHele
JIeCO3aroTOBKH JI0 BBEJCHHS 3arpeTa Ha pyOKy Pinus sibirica Du Tour B 1989 1.,
a TaKKe KPYyIHbIE JIECHBIE MOXKaphl HAPYIIWIN 3HAYUTENIbHYIO YaCTh ATUX TOPHO-
TaeXHBIX JiecoB [2, 3]. YcTolunBOE Be/leHNE JIECHOTO XO3SIIICTBA W COXPAaHEHUE
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Oropa3sHooOpas3us TPEOYIOT pa3pabOTKH KPUTEPHEB OLIEHKU COCTOSHHS U TPO-
TrHO3a AMHAMUKU HApYUIEHHBIX 3KocucTeM [4, 5]. OHO TOMKHO OCHOBBIBATHCS Ha
W3yYEHUH CTPYKTYpHI (BO3PACTHOU, pa3MepHOH, OHTOTCHETUIECKOM, BUTATUTET-
HOW M T.J.) UEHOMOMYJISIMNA KIFOYEeBbIX BUJOB MO3IHECYKIIECCHOHHBIX JIECHBIX
COOOIIECTB, PAa3BUBAIONINXCSI B CXOMHBIX JIECOPACTUTEIBHBIX YCIOBUAX [6—10].
Tak, Bce Oonbliiee BHUMaHUE HCCIIE0BaTeNel yenseTcsl BhIBICHHIO CTPYKTYP-
HOW OpraHH3aIiy EHOMOMYJISINHA KITFOYEBBIX BUIOB OOpeallbHBIX JiecoB [11-14].
OpHako MoJO00HBIE UCCIIENOBAHMS 10 HACTOSIIETO BPEMEHH HE MPOBOAUIIKCH B
TOPHO-TAEKHBIX KeIPOBHUKAX. DTAJOHHEIC U BIAKHON KIIMMaTHIeCcKon (artim
Adnrae-CasHCKON TOpHOIN 00JacT KeAPOBHHKH, MOINAECPKUBAIOIINE THHAMHYE-
CKU PaBHOBECHOE COCTOSIHUE B YCJIOBHSAX MUHUMAJIbHOM aHTPOIIOI€HHON Harpy3-
KH, OOHapYKeHbl HAMU Ha TEPPUTOPHH KOMIIEKCHOTO 3aKka3HuKa KpacHosapckoro
kpas « TaliOMHCKMIT», OpraHu30BaHHOTO B 1987 1.

Lenp uccnenoBanus — aHaIU3 IeMOrpaduIecKoi CTPYKTYphI LIEHOIOMYJIALU N
BHIOB-IIEHO3000pa30oBareleil HO3AHECYKIIECCHOHHOTO YePHIIHO-3€JICHOMOIITHO-
r'O KeJIpOBHUKA.

MaTepnam,I U METOAHUKH HCCJICT0BAHUSA

OO6cnenoBaHbl LIEHONOMYNALUU BUAOB P. sibirica u Abies sibirica Ledeb. B
YePHUIHO-3€JICHOMOITHOM KEJPOBHUKE TOPHO-TACKHOTO BBICOTHO-TIOSICHOTO
kxomiuiekca tunoB Jeca (BITIK) Mancko-Kanckoro oxpyra [15]. Takue keqpos-
HUKHA OOpa3yloT THUIOJOTMYecKud (GoH Bceil BocToyHOcasHCKON TOpHOH Jie-
COpacTUTENBHON MPOBUHIMHM KeIPOBHIX JecoB. lMccienoBaHus NpOBEIEHBI B
CPEIHETOPHOM pellbehe CeBepo-BOCTOUHOM YacTh XpebTa Muapckoe Gemorophe
(Bocrounstit Casan). Kinumar paiioHa pe3ko KOHTHHEHTAIbHBIH.

B xome monesbix pador 2018 T. 3anokeHa MOCTOSHHAS MPOOHAS ILIONIAH
(53%60 M) B cpeqHel 4acTH CKJIOHA 3alafHOM SKCIO3UIMHU, KPyTU3HON 2°, Ha
BeicoTe 1000 M Hanm yp. M. (54°44' c.m., 96°07' B.1.). Hacaxxnenue umeno xa-
paKTepHYIO JUIsl TOPHO-TACKHBIX KeAPOBHUKOB BocrouHoro CasHa [16] HU3KYIO
poAyKTUBHOCTH (V Kitacc OOHHUTETa), BRICOKYI0 COMKHYTOCTh KpoH (0koj0 1,0)
U OTHOCHUTEJIbHYIO TOMHOTY (1,1), CIOXKHYIO BEpTHKATIBHYIO CTPYKTYPY M CMe-
ImIaHHBIN cocTaB (Tabmuma). B HIOKHEM sipyce pacTUTEIBHOCTH MpeodamaroT
3eneHble Mxu (Rhytidiadelphus triquetrus (Hedw.) Warnst., Hylocomium splen-
dens (Hedw.) Schimp. in B. S. G., Pleurozium schreberi (Brid.) Mitt., Dicra-
num scoparium Hedw.), yepuuxa (Vaccinium myrtillus L.) u B MeHbIIeH cTere-
HU ocouka (Carex iljinii V.I. Krecz). [lomnecok pa3pexennsiii (Sorbus sibirica
Hedl., Lonicera altaica Pall.). Pacnipenenenue pacTUTENbHBIX TPYIIHUPOBOK HO-
cut nuddy3HBIN XapakTep, OBTOPSISI MUKpOpeibed, 00pa30BaHHBIA BETPOBAIb-
HBIMU KOMILIEKCaMH pa3HbIX JieT. CMeIIeHre IPEBECHBIX MOPOJT ¥ UX TOKOJICHHIA
PaBHOMEPHO IO TUTOIITA .

Ha nipoOHoit o111 11 BEINOIHEHO 00111ee Te000TaHNYeCKOoe OIIMCaHUE 110 Me-
tonuke B.H. Cykauea [17]. Homenkmarypa coCyauCThIX pacCTeHUI 1 MXOB TIPH-
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BezZieHa B cooTBeTcTBHH co cBogkamu C.K. Uepenanosa [18] u M.S. Ignatov et al.
[19]. ¥V xaxnmoro nepeBa (BUPTHHUWIBHOTO, MOJIOJIOTO, 3PENIOr0, CTApOro reHepa-
THBHOTO ¥ CEHWJIBHOTO COCTOSTHUH) M3MEPEHBI JUaMETp CTBOJIA Ha BbIcoTe 1,3 M
(c TounocTriO 110 0,5 ¢cM) U BeIcOTA (¢ TOUHOCTHIO 70 0,5 M). OcoOU FOBEHUIBHO-
TO ¥ UMMaTYPHOTO COCTOSTHUHM ToJicunTanbl Ha 30 y4eTHBIX TUTOMIAIKax (KaXKast
pazMepoM 4 M?). YueTHBIE IUIOMIAAKA Pa3MeleHbl PABHOMEPHO I10 BCel MPoOHOi
Ionau. YucneHHOCTh 0co0ei paccunTana Ha euHuIly Turomann (1 ra).

OcHOBHbIE TAKCALMOHHBIE IOKA3aTEJH IPEeBOCTOS
[Basic mensuration forest stand parameters] (M+m )

JIOMUHHPYIOIINE IPEBECHbIE BHIBI
Tlokazarenu [Dominant tree species]
[Parameters] Pinus sibirica Abies sibirica Betula
Du Tour Ledeb. pubescens Roth.

Yucno frepeBbes, MIT./ra”!
[Stem density, n./ha'] 217 94 25
AGcComoTHas onHoTa, M>/ra”!
[Basal area, m*/ha’'] 16,9 L1 1,0
Cpennuii Bo3pacrt, jeT
[Stand age, years] 165+4,3 62:+3,9 46+5,2
CpenHuii 1uaMerp, cM 30413 11408 2249 1
[Stem diameter, cm] ’ ’ >
Cpenusist BEICOTa, M
[Stand height, m] 15+0,4 12+0,6 16+0,6

OHTOTCHETHYECKOE COCTOSTHHE 0co0ell APEBECHBIX BHIOB YCTAHOBICHO IO
KayeCTBEHHBIM IPU3HAKaM, YTOYHEHHBIM i P, sibirica mo C.A. Huxonaesoii ¢
coasT. [20], a s A. sibirica — o U.J1. MaxarkoBy [21]. OtieHKa OHTOT€HEeTHYe-
CKOW CTPYKTYpPBI IEHOIIOMYJISAIMH KIIIOYEBBIX BHUIOB BBINOJIHEHA 110 COOTHOIIIE-
HUIO 0CO0e! pa3IMIHOTo COCTOSTHUS [22].

Bo3spacr nepeBbeB yCTaHOBIEH Ha OCHOBAHUM KEPHOB, B3SATHIX BO3PACTHBIM
OypaBOM y KaXJIOTO JiepeBa Ha MpoOHOH momanu (69 wr. P. sibirica n 30 mrT.
A. sibirica). Bo3pacT MOIOABIX 0c0o0€H IPEeBECHBIX BUIOB OMPEJIENICH 110 MyTOB-
KaM (P. sibirica — 45 mT.) ¥ cnviiaM MOJICNBHBIX 0cobeit (A. sibirica — 18 mrt.).
Tun Bo3pacTHOW CTPYKTYpPBI APEBOCTOS BHISIBIEH HA OCHOBaHUH aHaIN3a (GopMBI
pacmpeneneHus Bo3pacTHoro psiaa [23].

OreHKa CaHMTapHOTO COCTOSIHUS 0coOel JpeBEeCHBIX BUIOB IPOBEJCHA IO
mkane B.A. AnekceeBa [24]: 1-1 kareropusi — 3M0pOBBIE AEPEBbs; 2-1 — OCHa-
O1eHHbIe; 3-1 — CUIBHO OcalieHHbIe; 4-51 — yChIXAIOIUeE; 5-51 — CBEXUH CyXo-
CTOM; 6-51 — CTapbIil CyXOCTOH.

Craructyeckass o0paboTka JaHHBIX TOJIEBBIX MCCIIEJOBAaHUH BKIFOYaia
pacder mokasareneil (GOpMBI pacHpeneeHus BO3PACTHRIX W OHTOT€HETHICCKUX
psnos [25. C. 187] B cpene StatSoft STATISTICA 10. PacdeTs! BBIIONHEHBI Ha
OOIIETPHUHATOM B OHOJIOTHYECKUX HAayKaX yPOBHE CTATHCTUUECKOH 3HAYMMOCTH
(6=0,05).
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Pe3ynbTarsl Hcciieq0BaHus U 00CyKIeHIe

TopHo-TaexHbIe Jeca ¢ ydactueM P. sibirica, Kak TIPaBHIIO, MPEICTABIISIOT
cO0O0Ii ATArbI MOCIENOXKAPHBIX BOCCTAHOBUTEIHHO-BO3PACTHBIX cMeH [1]. B cBs-
3M C pSKHMOM 0C000¥ OXpaHbI 3amoBeqHUKa « TaHOMHCKMIT» U KaK CIICICTBHE
CHIDKEHHOW MUPOTEHHOW HArpy3KOW Ha ero TeppUTOpHH CHOPMHPOBAIUCH Ke-
JIPOBHUKH, 00JIaJafOIIIEe BCEMHU MPU3HAKAMH MTO3JHECYKIIECCHOHHBIX YKOCUCTEM.
B o0cnenoBanHOM (pUTOIIEHO3€ HANUYKE B IOYBEHHOM pa3pese CJIEA0B MOXKapoB
MPONUIBIX JIeT (YD Ha TiryouHe 17-20 ¢M) yka3pIBaJIO Ha €ro MAPOTEHHOE TPO-
ucxoxxaeHue. O MO3IHECYKIIECCHOHHOM COCTOSIHUH CBUAETEILCTBOBATIN abCo-
JIIOTHASI Pa3HOBO3PACTHOCTH JIPEBOCTOS, CIIOKHAS MO3aMKa KITIOUEBBIX W IIOMI-
YMHEHHBIX BHUJIOB, MHOTOYMCJICHHBIM BaJeX Pa3IMYHON CTETEeHU PasiOKEHHS,
OTCYTCTBHE CJIEJOB IIUPOTEHHBIX IIOBPEXKICHUI HA IPEBOCTOE U BaJIEXKeE.

JpeBecHslit 11eH03 cnarancs P. sibirica n A. sibirica ¢ He3HAUUTENBHBIM y4a-
ctueM Betula pubescens Roth. [1o urciIeHHOCTH U 3amacy ApeBECUHBI TOMUHU-
pyoliee MOJOKEHUE B HEM 3aHUMaja IeHomomyssiuust P. sibirica ¢ rycToToil
npesoctost 460 mt./ra”! u 3amacom apesecunsl 200 m3/ra!. A. sibirica nmena Bro-
pocrenennble mo3uimu (rycrora — 200 mwit./ra™'; 3amac — 11 m/ra™), npoHukas B
(hOHOBEIC KEPOBHUKH 3€JICHOMOITHOH TPYIIITHI TUIIOB JIECa C BOTHYTHIX yJacTKOB
MOJIOTUX CKJIOHOB, T/I€ POU3PACTAIOT KPYITHOTPABHO-MATIOPOTHUKOBBIE KEAPOBO-
MMIXTOBBIC HacaxaeHus [ 15].

Henononynsmusa P. sibirica Bkitouana 0coOM IOJHOTO OHTOI€HETHYECKOTO
CIIEKTpa ¢ BapbUpOBaHHEM abCOOTHOTO Bo3pacta oT 1 1o 220 siet. OHTOreHeTH-
yeckasl CTPyKTypa neHonomynsuu P, sibirica (puc. 1) xapakrepusoBaiack HOp-
MaJIbHBIM COCTOSIHHEM, OCTPOBEPIIMHHBIM pacIipeAeieHHEeM C JICBOCTOPOHHEH
acummeTpuen (koagduuueHt acummerpuu — 2,0; skcrecc — 4,1). B yncnenno-
ctr mpeobanan nmMMatypHsie (60%) u roBeHmIbHBIE (24%) ocobu. CymmapHas
YUCIEHHOCTh MOJIOABIX, 3PEJbIX U CTapbIX T€HePaTUBHBIX 0c00ei cocTaBsa 7%
OT OOIIeH YHUCICHHOCTH 0co0el IeHOonmomy s, HanMeHbIyr0 YHCICHHOCTh
uMenu ocodbu ceHmIbHOTO (2,4%) 1 BuprunuibHoro (1,6%) coctosHuii.

BospacTHas CTpyKTypa I0BEHWIIBHBIX 1 IMMATypHBIX 0cobell P. sibirica nme-
Jla BOJIHOBOU XapakTep pacipeneneHus (puc. 2, a, b), uto oObsICHIAETCS UKINY-
HOCTBIO OOMIIBHOTO ceMeHoIIeHu . [1o TaHHBIM yueTa yposKaifHOCTH «KEeIPOBOTO
opexay, nposoaumoro KI'BY «Mp6eiickoe necHruuecTBo» (MUHHCTEPCTBO JieC-
HOTO X03s1ficTBa KpacHOSIpCKOTO Kpasi) Ha IIOCTOSTHHOM JIECOCEMEHHOM YYacTKe
B HEMOCPEACTBEHHON OJIM30CTH OT O0BEKTa UCCIENOBAHUA, YPOXKAWHBIE TONBI
P, sibirica nponoymkairnchk, Kak MPaBHIIO, B TEUYSHHE 3 JIET, TOBTOPSIONINXCS Yepe3
5 net. Bce ocobu roBenmnpHOro coctostaus (750 mT. ra') B Bo3pacte ot 1 10
8 et mMenu 3M0pOBOE COCTOSIHUE MITH HE3HAYNTEFHBIC TIPU3HAKH OCITA0ICHUS U
JIOBOJILHO PAaBHOMEPHO paclpeAessUIMCh MO0 IUIoMaau (GuroneHo3a. AMILTUTYAa
BO3pacTa IMMAaTYpHBIX ocobeii mmpe: oT 6 1o 50 snet. 13 HUX 67% OTHOCIIIICE
K 310poBoMy coctosiHuo (2000 mt./ra™), 25% uMenu npu3Haky CHIBHOTO OCJia-
Onenus win ycbixanus (750 wr./ra™') u 8% — nmorubmue.



CmpyKmypa yenononynayuii Kniouegvix 61006 20pHo-maelCHvIX KeOPOGHUKOS 75

00

1000 | oo

100 71| AT I

jv | im | v g, 18 181s jv

Pinus sibirica Du Tour Abies sibirica Ledeb.

Ol m2 @3

Puc. 1. OHTOreHeTHYECKUE CIIEKTPHI LICHOMOIYJISIIIMN KITFOUEBbIX BU/IOB
B YEpHUYHO-3eJIEHOMOIITHOM KenipoBHUKe. [1o ocn X — oHTOreHeTnueckoe
COCTOSIHHE: jV — FOBEHUIIBHOE; i/m — UMMAaTYPHOE; V — BUPTHHUIIBHOE; g, — MOJIOZI0€
TEeHEPATHBHOE; g, — 3peJoe FeHEPAaTUBHOE; g, — CTApOC TCHEPATHBHOE; § — CEHUJILHOE,
1Mo ocu Y — YHUCIIO AePeBbeB, MIT./Ta. CAHUTApHOE COCTOSIHUE 0CO0EH: / — 3M0pOBbIC
u ocnabneHHble; 2 — CUIIBHO OCIa0eHHbIE M YChIXaloIne; 3 — CBEeXHUI M CTapblid CyXOCTOIA.
[Fig. 1. Ontogenetic spectra of the key species cenopopulations in the Siberian pine forest
with Vaccinium myrtillus and green hypnum mosses. On the X-axis - Ontogenetic states:
Jv - juvenile; im - immature; v - virginile; g, - young reproductive; g, - mature reproductive;
g, - old reproductive; s - senile; on the Y-axis - Numbers per hectare. Sanitary state of plants:
I - Healthy and weakened; 2 - Strongly weakened and drying; 3 - Fresh and old dead-standing]

OcnabieHre CAaHUTAPHOTO COCTOSHUS HMMATYPHBIX 0CO0OCH C BO3PAacTOM IO
MIOJIOTOM JIOBOJIBHO PABHOMEPHO COMKHYTOTO IPEBOCTOS CBSA3aHO CO CHMYKEHUEM
TEHEBBIHOCIUBOCTH P, sibirica x Bo3pacty 60 neT [26]. DTUM ke OOBICHACTCS U
MaJias YUCIEHHOCTh BUPTUHMIBHBIX 0co0eit (3% OT YMCIEHHOCTH UMMATYPHBIX )
B Bo3pacte ot 60 no 150 et (puc. 2, ¢). Buenpenue Mononsix ocobeit P. sibirica
B IPEBOCTOM Ha MEPEX0/Ie U3 UMMATypHOTO B BUPTMHUIIBHOE COCTOSIHUE TPOUCXO-
IIFJIO B MECTaX 00pa30BaHUsI CBETOBBIX «OKOH» IIPH YACTHYHOM (IUTPECCHBHOM)
pacmajne monora ApeBocTos. B ganmpHeimeM TeMIbl M3PEKUBAHUS CHUKAIUCH
U B BHPTHHWIBHOM cocTosHHH yke 90% ocoOell nMenu 3710poBOE COCTOSIHHE,
ocTalibHbIe — OcJabneHHoe (CyXOCTOHHBIX HeT). CaHUTapHOE COCTOSIHUE Jepe-
BbEB T'€HEPATHBHOTO NEPHOIa HEMHOTO YXYAIIAIOCh Ha (POHE IMIMPOKOTO BaphH-
POBaHMS BO3PACTa JEPEBbEB KAXKJIOTO OHTOTCHETHUECKOTO COCTOSIHUS (pUC. 2, d,
e, f). I3 MonmoapIx reHepaTuBHBIX JiepeBbeB (1,7% OT YHCICHHOCTH IEHOIOIYJIs-
uuu) B Bozpacte 110-183 net Tonbko 45% OTHOCWIKCH K 37I0pOBBIM U 45% — K
ocnabneHHbM. W3 3pensix reHepaTtiBHEIX (1,6% OT YHCIEHHOCTH IEHOIIOIYJIs-
uuu) B Bo3pacte 120-190 et 60% oTHOCMIKCH K 340poBbIM U 40% — K ocna-
6ienHbIM. U3 cTaprix reHepaTuBHBIX (3,6% OT YHMCIICHHOCTH IICHOTIONYISIIAH) B
Bo3pacte 164213 net 52% OTHOCUINCH K 310pPOBBIM U 43% — K 0CJIabIEeHHBIM.
Takum 00pazoM, HEOONBIIOE YBEINIEHHE CYMMAapHOTO YHCa IePEBbEB HA CTa-
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IVISIX OHTOTEHETUIECKOTO pa3BUTHS TE€HEPAaTUBHOTO TIeproa (CM. puc. 1) cBs3aHo
C IOCTAaTOYHO HIMPOKOW aMITUTYAO0N UX abconoTHOTrO Bo3zpacTta (okoso 100 ser).
Bce nmepeBbs mocTreHeparuBHOTO Teproaa yceixanmu B Bodpacte 170-220 mer
(puc. 2, g). PactipenencHue BO3pacTHOTO psijia BOIIEAIIAX B IPEBOCTON ocoOei
(BUPTHHUIIBHOTO, MOJIOIOTO, 3pEJIOro, CTaporo TCHEPAaTHBHOIO W CEHHIHHOTO
COCTOSTHHI) OTJIIMYANIOCh OT OHTOTCHETHYECKOTO CIEKTPa BCEH EHOMOMYIISAIIH
MPaBOCTOPOHHEH acHMMETpPHEH | IJIOCKOW BEpIIUHON (KOAPPHUIIMESHT acuMMe-
tpuu — —0,7; skcuecc — —0,6; menuana — 180) BcieacTBre HEOOMBIIOTO yBETH-
YeHHSs YMCIia iepeBbeB B Bozpacte 160200 ser (puc. 2, #). Bo3pacTHas cTpyk-
Typa ApeBocTos P. sibirica OTHOCHIIACH K a0COIIOTHO Pa3HOBO3PACTHOMY THILY,
C(OPMUPOBAHHOMY CITA0OIIKIMIHEIM BOCCTaHOBUTEIHHBIM IIPOIIECCOM. JTO CO-
OTBETCTBYET MPECTABICHUAM O HEIIPEPBIBHOM JI€COOOPA30BaTEIEHOM MPOIECCe
U YCTOWYMBOCTH JPEBECHBIX BUIOB HA KIIMMAKCOBOW CTAIMH PAa3BUTHSA JIECHBIX
coobmects [11].
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Puc. 2. Bo3pactHas cTpykTypa nenonomysiuuu Pinus sibirica Du Tour:
a — FOBEHWIBHBIX 0c00€if; b — UMMaTypHBIX; ¢ — BAPTUHWIBHBIX; d — MOJIOABIX
TEHEPATUBHBIX; € — 3PENIbIX TeHEPATHBHBIX; f — CTAPBIX T€HEPATUBHBIX; g — CCHUIIb-
HBIX; h — Bcero apesoctos. [1o ocu X — Bo3pact, sieT; mo ocu Y — YHCICHHOCTh, %
[Fig. 2. Age and ontogenetic structure of stands of P, sibirica Du Tour cenopopulations: a - juvenile;
b - immature; ¢ - virginile; d - young reproductive; e - mature reproductive; f - old reproductive;
g - senile; h - total stand; on the X-axis - Age, years; on the Y-axis - Relative numbers, %]
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Henomonynsmus A. sibirica umena 6osee y3Kuii B cpaBHeHWH ¢ P. sibirica Bo3-
pactHoit psix (ot 1 1o 110 net), HO HhopMUpOBaa MOTHOWIECHHBIH OHTOreHETHYe-
CKHH cTIeKTp (cM. puc. 1), XapaKTepU3yIOIIHHACS BRIPaKEHHBIM OCTPOBEPIINHHBIM
pacrpesieIeHueM C JIEBOCTOPOHHEH acuMMmeTpHelt (KO3 QUIIUEHT aCUMMETPUH —
2,2; akenece — 5,1). B uncnenHocTH Takke mpeodimanany mMMarypHeie (69%) u
1oBeHWIbHBIE (21%) ocobu. [To Mepe mepexoaa MeXIy CTaAUIMU OHTOT€HETHYE-
CKOTO pa3BUTHS YHCIEHHOCTh 0COOEH ITOCTENICHHO CHM)KAIach: BUPTHHUIBHOE
coctostHMe uMenu 7% ocobeill, Monoaoe, 3penoe U cTapoe reneparuBHoe — 1,8;
1,5 1 0,4% cootBercTBeHHO. OCOOH CEHIIIFHOTO COCTOSIHUSI HE OOHAPYKCHBL.

AOCONIOTHAas Pa3HOBO3PACTHOCTb IOBEHWJIBHBIX M HMMATYpHBIX 0cCO0eit
A. sibirica (ot 1 1o 40 neT) moaTBEepKIaeT H3BSCTHBIC IAHHBIC O TOM, YTO €€ Ce-
MEHHas IPOIYKTHBHOCTb B TOPHO-TaexkHbIX Jecax FOxHoit Cubupu MoxeT nepu-
OIMYECKHU CHIDKATHCS, HO HUKOT/Aa He TIpeKparaeTcs morHocThio [27]. [Ipumeua-
TEJBHO, YTO, HECMOTPS Ha 3TO, IPEUMYIIECTBO B IIUKJINYHOCTH MHCIIEPMAlUY, B
YHCIICHHOCTH BO300HOBJICHUS A. sibirica yctynana P. sibirica. B ieHOIOTyIAIUN
A. sibirica nHacunTbIBaz0Ch Beero 1 500 mT./ra™! ®HU3HECTIOCOOHBIX FOBEHUITBHBIX
1 UIMMaTypHBIX ocobeli B cpaBHeHuu ¢ P. sibirica — 3 750 wr./ra”!. CanurapHoe
COCTOSIHME MMMATypHBIX U IOBEHWIBHBIX 0c00eit A. sibirica ynoBIETBOPUTEIH-
Hoe (80% Tex u IpyruxX HaXOAWIOCH B 37I0POBOM M HE3HAYUTEIIHLHO OCIa0IICHHOM
COCTOSTHUU U TOJIBKO 4% MMMAaTYpHBIX 0C00eil — B CyXOCTOHHOM). Buprunums-
HbIe 0cO0M B Bo3pacte oT 40 10 65 et uMenu (puc. 3, ¢) aHaJOrHYHOE CaHUTAp-
Hoe cocTosiHue (79% — B 3M0pOBOM M HE3HAUUTENFHO OCIAa0IEHHOM COCTOSIHUH,
OCTaJIbHBIC UMEJH 3HAUYUTEIbHBIC MPU3HAKH OCTAONCHHS, CYyXOCTOHHBIX HET).
C nanpHeWUM yBEIMYCHUEM «OHOJIOTMYECKOro» (OHTOTEHETHYECKOI0) BO3pac-
Ta CHIDKAJIACch HE TOJHKO YHCIICHHOCTE 0CO0CH, HO M YXYNIIAIOCh UX CAHUTApPHOE
coctostHue. Tonbpko 60% MOMOABIX FeHepaTHUBHBIX AepPEBLEB B Bo3pacte 70—76 aer
OTHOCIJINCH K 3710poBEIM U 40% — K 3HaUnUTEIbHO ocnmabieHHBIM, 50% 3perpIx
reHepaTuBHbIX B Bo3zpacTe 86—100 nmet — k 310poBbIM U 50% — K 3HAYUTENBHO
ocnabneHHpM U yke 100% crappix TeHepaTHBHBIX B Bo3pacte 105-110 mer —
3HAUUTENFHO OocllabneHHbIM. B 1iesom Bo3pacTHOil psia (puc. 3, g) BOLIEALINX B
JpeBOCTOi 0cobelt A. sibirica (BUPTHHHIBHOTO, MOJIOJIOTO, 3pPEJIOr0 U CTaporo
TEHEPaTUBHOTO COCTOSIHUIT), KAK U OHTOI€HETHUCCKHH CHEKTp BCEH ILICHOMOIIY-
TSN, COXPAHAET JIEBOCTOPOHHIO ACHMMETPHIO, HO MMEET IUIOCKYIO BEpIIH-
Hy (ko3ddurment acummerpuu — 0,5; sxcuecc — —0,8). OTCyTCTBUE «BCILIECKa»
YHCIEHHOCTH 0cOo0el TeHepaTHBHOTO MEpHOIa Pa3BUTHSA M O0COOCH CEHMIIBHOTO
COCTOSIHUS, a TAaKXK€ CHIXKEHHE CAHUTapHOTO COCTOSHUS 110 MEPe OHTOr€HEeTHUe-
CKOTO Pa3BUTHS AEPEBHEB OOBICHICTCS TOBOJIHHO HU3KOM MPOIOIKUTEIEHOCTRIO
XKU3HU JiepeBbeB A. sibirica (10 120 neT) B HeOMAronpusITHBIX ISl HEE YCIOBUSIX
OTHOCHTEJIFHO OSHBIX ITOYB U PE3KOH KOHTHHEHTATBHOCTH KIIUMATa.

B 1enoM OHTOT€HETHUECKUE CHEKTPhl KIFOYEBBIX BHJIOB KIMMAKCOBBIX TOp-
HO-TAEXHBIX UYCPHUYHO-3EICHOMOIIHBIX KeIpoBHUKOB Bocrounoro Casna
(P, sibirica n A. sibirica) OTHOCUIUCH K THUIy C «HOPMAJBbHBIM COCTOSHHEM,
CIIOCOOHBIX K CIIOHTAHHOMY BOCCTAHOBIJICHHIO [ICHOTIOMYJIISIIHHA.
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Puc. 3. Bo3pactHas cTpyKTypa HEHOTOMYISIUN KITIOYEBHIX BUIOB Abies sibirica Ledeb.:
a — FOBEHIITBHBIX 0c00eif; b — UMMaTypHBIX; ¢ — BAPTUHIJIBHBIX; d — MOJIOBIX
TCHEPATHBHBIX; € — 3PEJIbIX TeHEPATHBHBIX; f — CTAPBIX TeHEPATUBHBIX;

g — Bcero apeBocToii. [To ocu X — Bo3pacr, j1eT; o ocu Y — YHCISHHOCTD, %

[Fig. 3. Age and ontogenetic structure of stands of Abies sibirica Ledeb. cenopopulations:

a - juvenile; b - immature; ¢ - virginile; d - young reproductive; e - mature reproductive;

f- old reproductive; g - total stand; on the X-axis -Age, years; on the Y-axis - Relative numbers, %]

OpHaKo ¢ TO3ULUHU JeMOTrpaduuecKoro Moaxofa CTPYKTypa LEHOMOMYIS UK
P. sibirica oneHeHa kak OoJiee yCTOWYHBas, TaK KaK HMeeT 0oJiee MacCOBOE BO3-
oOHOBNIEHHE, OONBIIYI0 MPOAOIKUTENBFHOCTh JKU3HU OCO0EH, JOCTUTAIONIUX
OOJIBITMX pa3MEpHBIX ToKa3areneld (MaKkCHMalbHBIN AuaMeTp — 58 cM, Makcu-
MajbHas BeIcOTa — 21,3 M), TOMUHUPYSA B APEBOCTOE KaK MO YHUCIEHHOCTH, TaK
u 1o 3amacy. [IpumeyarensHO, YTO MO TPEACIbHBEIM JOCTHTAEMBIM pa3MepaM
CTBOJIA U MPOAOIDKUTEIHLHOCTH XKU3HU JIepeBbsi P. sibirica B CypOBBIX NPHUPOI-
HO-KJIMMAaTUYECKAX YCIIOBUSX TOPHO-TACKHBIX JIECOB CYIIECTBEHHO YCTYyMalln
AQHAJIOTUYHBIM TI0Ka3aTelsiM, JOCTUTaeMbIM JIEpEeBbAMU P. sibirica B paBHUHHBIX
FOKHO-TaeKHBIX [20] 1 HU3KOTOPHBIX YEPHEBBIX Jiecax [28]. DTO CBUACTENHCTBY-
€T 0 CYLIECTBEHHOM JINMUTHUPOBAHHUY pa3BUTH P. sibirica 1ecopacTUTENbHBIMU
YCIIOBUSIMH U3y4eHHOTO paiioHa. OnHako P. sibirica B THATMYHBIX TOPHO-TASKHBIX
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YCJIOBUSIX UMEET BBIPAXKEHHYI0 KOHKYPEHTHYIO IONYJIALUOHHYIO CTPATETUI0, BO
MHOTOM (hOpMUPYS Cpely TOPHO-TAEKHBIX KEAPOBHHUKOB.

[Ipu 3TOoM cTpyKTYpa teHOnomyasmid P. sibirica B N3y4eHHBIX YCIOBHAX B
OoJbIlell CTENEeHH CXOXKa C TaKOBOM, ONMCAaHHONW Ha MpUMEPE CEeBEPO-TaCKHBIX
npeBoctoeB [11], eM co cTpyKTypoii 3eIEHOMOIITHBIX KEAPOBHUKOB 3aIaHOCH-
Oupckoit Taiiru [29] nnu yepHeBbIX KeApoBHUKOB 3anagHoro CasHa [28]. B mo-
CJICJIHEM CITydae YCTOWYUBOCTh IEHONONYNISAWH P. sibirica BO MHOTOM 3aBUCHT
OT JIMHAMMKM LeHomomynsiui A. sibirica, oO6pa3oBaHUsl BETPOBAJIBHBIX KOM-
IJIEKCOB U, KaK CJIEACTBUE, UMEET BBIPAKEHHYIO LHKINYHO-Pa3HOBO3PACTHYIO
BO3PACTHYI0 CTPYKTYpYy M OMMOAaibHYIO (popMy pacnpeneseHUss OHTOTCHETH-
yeckoro cniektpa [28]. HanmpoTuBs, B TOpHO-TA€KHBIX Y€PHUIHO-3ETI€HOMOIITHBIX
keipoBHHUKAX Boctounoro CasiHa, HECMOTPsI Ha CYILECTBEHHO MEHBIIYIO U HETIO-
CTOSIHHYIO YPOXXKalHOCTh CEMSIH 10 CPAaBHEHUIO C YePHEBBIMH KEeAPOBHUKaMH [ 1],
HeHononysius P, sibirica AeMOHCTPUPYET YCTONUUBYIO CTPYKTYPY «HEHPEPhIB-
HOTO TIOTOKA MOKOJICHUI» [0 22], He 3aBHCSIIYI0 OT TUHAMUKHA JPYTHX IEHO-
3NIEMEHTOB. A. sibirica B GonblIeil CTENEHN MPOSIBISIET IPU3HAKU KOHKYPEHTHO-
TOJICPAHTHOTO BHUJIA, ycTymas P, sibirica 0 YMCICHHOCTH TIOIPOCTa U JICPEBhEB,
3amacy ApEeBECUHBI, POAODKUTEIBHOCTH KU3HU U JOCTUTaeMbIM pa3MepaM Jie-
pPEeBbEB (MaKCUMAITLHBINA auaMeTp — 22,7 ¢M, MakCUMallbHas BbIcoTa — 16 M).

3akirouenne

OHTOTreHEeTHYECKAsh W BO3pACTHAS CTPYKTYPHI IEHONONYJsAui P. sibirica B
(hoHOBOM J1J1s1 TOPHO-TaeXXHOTo nosica Boctounoro CasiH YepHUYHO-3€JIEHOMOIII-
HOM THIIC JIeCa XapaKTEepPHU3yIOT CTAOMIBLHOCTh KEAPOBOU (POPMAIMH B yCIOBH-
SIX MUHUMAJbHBIX aHTPOIIOI€HHBIX HApyIIEHWH. YCTOMUYMBOE CYIIECTBOBAHME
HeHononysiuu P. sibirica TOPHO-TaeKHBIX KEAPOBHUKOB B JOBOJIHHO CYPOBBIX
MIPUPOAHO-KIMMATUYECKUX YCIOBUAX 00€CIIeUnBaETCsl MAaCCOBBIM, MTOYTH HETpe-
PBIBHBEIM BO30OHOBJICHHEM M TaKOH e TIEpMaHEHTHOW CMEHOM BO3PACTHBIX T10-
xonenuid. Llenononynsauus A. sibirica He OKa3bIBaeT CYIIECTBEHHOTO BIHMSHUS Ha
JTUHAMHUKY IIeHOonyIsuuu P. sibirica.
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Cenopopulation structure of the key species in Siberian Pine

mountain-taiga forests of the East Sayan mountains

Understanding of the key species coenopopulations structure of late-successional
forest communities serve as a model of the forest ecosystems state and stability in the
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organization of sustainable forest management and conservation of biological diversity.
The ontogenetic and age structures of cenopopulations of the key species, Pinus sibirica
DuTour and Abies sibirica Ledeb., were studied in a climax S Siberian pine forest with
Vaccinium myrtillus L. and green hypnum mosses (the most common forest type among
taiga forests of the East Sayan mountains). The permanent sample plot (50x50 m) was
located in the northeastern part of the Idarskoe Belogorye ridge of the East Sayan in
the middle part of a westerly slope with a steepness of 2 degrees, at an elevation of
1000 m a.s.l. (54°44'N, 96°07'E). The forest stand had low productivity (quality class
V), high closeness of crowns (about 1.0) and mixed composition with predominance of
P, sibirica, which are characteristic of the mountain-taiga cedar forests of the Eastern
Sayan (See Table.). We performed general geobotanical description, measurement of
size and age, assessment of ontogenetic and sanitary states of each tree, as well as
assessment of reforestation on the sample plot.

P, sibirica coenopopopulation had a wide age amplitude (from 1 to 200 years) and
absolutely uneven-aged structure, mass reforestation (more than 3000 ind./ha), large
sizes of mature individuals (maximum diameter - 58 cm, height - 21.3 m), predominance
of the number (70% of the total density of the forest stand) and timber stock (95%).
The ontogenetic structure of P. sibirica cenopopulation was characterized by a normal
state (See Fig. I and 2) with a sharp peak of the distribution and distinct left-handed
skewness (coefficient of asymmetry - 2.0; kurtosis - 4.1). This corresponds with the
concept of consistent self-reproduction and stability of forest ecosystems. A. sibirica
was inferior in terms of the reforestation number (1575 ind./ha), life expectancy (up
to 110 years) and the size of mature trees (maximum diameter - 22.7 cm, height -
16 m). The ontogenetic structure of 4. sibirica cenopopulation (See Fig. 1 and 3) is
characterized by a complete spectrum and more distinct left-handed skewness.

Thus, P, sibirica had a clearly expressed competitive population strategy. 4. sibirica
showed indications of phytocenotic tolerance. It is obvious that sustainable forest
ecosystems in the absence of anthropogenic pressure in the mountain-taiga forest belt
conditions is formed in the process of continuous change of P. sibirica age generations.

The paper contains 3 Figures, 1 Table and 29 References.

Key words: Pinus sibirica;, Abies sibirica; ontogenetic spectra; age structure;
Siberian pine forests with Vaccinium myrtillus and green hypnum mosses.
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! Unemumym obweit u sxcnepumenmanvnoi 6uonoeuu CO PAH, 2. Ynan-Y0s, Poccus
2 Bypsimckuil 20cydapcmeennslil yuusepcumen, 2. Yian-Y0s, Poccust
3 Henmpanvnwiii cubupcrkuti b6omanuueckuii cad CO PAH, 2. Hosocubupck, Poccus

MopgesupoBaHue pacupocTpaHeHusi BUJA0OB ceKlluu Xerobia
Bunge pona Oxytropis DC. na treppuropuu LlenTpanbHoii A3un
NPH KJIMMATHYECKUX U3MEHEHHUSX B MPOULIOM U Oy1yLieM

Pabora BbinonHeHa npu noguepxke rpanra PODU (npoexr Ne19-54-53014)
U 4YacTHUYHO 1o Oro/pxeTHOM Teme Ne AAAA-A17-117011810036-3.

Ha ocnose paspabomannoii 6asel oannwix nokarumemos oas 19 euodos Oxytropis
cexyuu Xerobia nposedeno MmoOenuposanue 2eoepapuyueckozo pacnpocmpaHeHus
cexyuu Xerobia u ee omoenvHuix 8ud06. Ycemarnoeneno, umo nepemennvie ENVIREM
npoeoosm 6onee Koppekmuoe MOOenuposanue pacnpoCmpanHeHus Usyuaemvlx U008
Oxytropis 6 cpasnenuu ¢ nepemennvimu BIOCLIM. /[na 6u0oé yenmpanbHoasuamckou
npuypouennocmu 0Oonee 3HAUUMbI NOKA3AMeNU MeMnepamypvl, moz20d Kax O
MaHbuICYpo-0aypcKux —6u008 6adcHvl napamempul yenagicnenus. Knrouesvimu
Gaxmopamu, OnpeOENAOUWUMU  COBPEMEHHOE PACNPOCMPAHEHUe U008  CeKYul,
AGNAIOMCA  noKasamenyu  NOMEHYUANbHOU  I6ANOMPAHCAUPAYUU — CAMOU  CYXOUl
uemeepmu 2004, UHOEKC KOHMUHEHMANbHOCMU U Mempuka OmMHOCUMENbHOU
enadxcHocmu U apuoHocmu. Omu nepemenHble AGIAIOMCA OemepMUHUPYIOWUMU
Gaxkmopamu 051 ycioguil cpeone2o 2010YeHa u NOCLeOHe20 TIeOHUKOB020 MAKCUMYMA,
umo  ceuoemenvcmeyem 006 OMHOCUMENbHOU —CMAOUTLHOCMU — IKOIOSUYECKUX
yenoguti 6 usyuaemom pezuone. Ilo pezynomamam mooenuposanusi cocmagienvl
npozHO3Hble Kapmbl apeanos 0N PANUYHbIX KIUMAMUYECKUX CyeHapues, Komopovle
OdeMoHCmpupylom He3HauumenbHble UMeHeHus apeanos 6uooe cekyuu Xerobia,
oadice npu HaubonvuwieM nomenienuu Kaumama. Moowcno npeononazams, wmo npu
NPOCHO3UPYEeMbIX KAUMAMUYECKUX USMEHEHUAX 8 OYOyujem nosaeamcs nomeHyuaibHole
9KONO2UYeCKUe HUWMU HA 1020-3anale u cegepo-6ocmoxe apeana cexkyuu Xerobia u
Hebonvbuioe cokpawyenue ee apedand Ha 1020-60CMoKe.

KuroueBble ciioBa: Oxytropis;, molenuposanue apeana 8uod;, 3KON02UHECKUe
nepemennvie; Maxent, Llenmpansuasn Asus.

BBenenue

CoBpeMeHHBIE HCCIIEIOBAaHMs B OOTaHUKE, BBISBILIONINE OCOOCHHOCTH pac-
MPOCTPaHEHUs BUIOB PACTEHUH, OCHOBBIBAIOTCS Ha aHaUu3e OOJBIINX MaCCUBOB
IaHHBIX. MMeromascss nHPOpManys 110 PaclpOoCTPAHEHHIO BHAOB, PAa3IHIHBIX
TPy pacTeHUH U PACTUTEIBHBIX COOOLIECTB B OCHOBHOM 0OpabaThIBaeTcs C uc-
TIOJIb30BAHUEM PA3IMIHBIX METO0B MofenupoBanus [ 1]. Ha coBpemenHnoMm atare
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HCCIICZIOBAaHUN KapTorpadupoBanue 6MOpa3HOOOPa3usl BHIIIIO HA HOBBIH BUTOK
Pa3sBUTHUS B CBSI3H C METOJONOTUYECKUM U TEXHONOTHYECKUM MEPEOCHAICHUEM
[2]. HecMoTpst HA MHOXXECTBO OITyOJIMKOBAHHBIX KapT MO Pa3HOOOPAa3HIO0 U BH-
JIOBOMY OOTaTCTBY pacTeHHUH Ha IT0OATbHOM YPOBHE M JUIA psijia KPYIHBIX pe-
ruoHOB Mupa, Teppuropun CeepHoil u LlenTpansHON A3uu BCe ele OCTaloTCs
cnabo u3yueHHbIMU. [ToMumo 00mIel oleHKU (IOPUCTHUECKOTO pa3HO0Opa3us
aKTyaJIbHBIMH SIBIISIFOTCSL aCHEKTHI M3YYEHUsI PAacIpOCTPAaHCHHS IIEHHBIX BHIOB
(penkue u ucyesarolue, 3HACMUKY, JEKAPCTBEHHbIE PACTCHUS U T.J.), @ TaKXKe
HEKOTOPHIX ITOJUMOP(HHBIX POAOB, MMEIOMNX MOICIBFHOE 3HAYCHUE IS IIeTe
¢uToreorpaduu. B yrcne nocneaHUK MOKXHO YIOMSHYTh PO OCTPOJIOAKA (MM
octpononounuk) — Oxytropis DC. (cem. Fabaceae), Tak kak XOpOJIOTHYECKHE
LEHTPHI BUAOB POZia COOTBETCTBYIOT CXeMaM OOTaHMKO-Teorpapuueckoro paio-
aupoBanust CeBepHoit u LlenTpansroit A3uu [3]. Buasl pona B ocCHOBHOM TOp-
HBIE PacTEHHs], BEChMa Pa3HOOOPA3HbIE B TAKCOHOMUYECKOM OTHOIIEHUH, UX Ha-
cunthiBaeTcs He MeHee 400 BumoB. B Poccnu n comnpenenbHbBIX rocynapcTBax (B
npenenax osiBiero CCCP) BersiBieHo 375 BuaoB, Toraa kak B EBpone meHee 30,
a B CeBepHoii Amepuke — Heckosibko Oonee 30 BuIoB. Bricokoe pazHooOpasue
Bua0B p. Oxytropis (153 Buna) ormedaetcs B LlenTpansHoit Asun [4]. A.B. Ilo-
JIOXHUH [5] oTMedaeT, 4To 3TOT PETHOH SBISETCS KPYIHBIM BTOPUYHBIM [IEHTPOM
BUA00Opa3oBanus B poae Oxytropis. Ha Teppuropun llenTpansHoil A3uu Hau-
OoJiee TIPeJCTABICHHOM SABIIAETCS CeKIUs Xerobia Bunge, ojHa U3 TPEeBHUX CEK-
Ui pona, kotopas BkiouaeT 19 BugoB B Asuarckoil Poccuu, BkiTtouast HeiaBHO
onucanHbIi I Pecrryonuku TeiBa Oxytropis sobolevskajae Pyak [6, 7]. Cekumro
00pa3yIoT CTEPKHEKOPHEBBIC KayJJeKCOBBIE TPABSIHUCTHIC MHOTOJICTHUKY C ITOJTH-
KapIH4eCKUMH ToOeraMH PO3eTOYHOTo ThTa [8].

B nocnennue roasl A BUAOB ceKH Xerobia BHISIBIEHO MHOTO HOBBIX Me-
cToHaxoxeHu# [9-11], mpoBeneHa reonpuBs3Ka pacpoOCTpaHEHUs PEAKUX BU-
J0B Ha Tepputopuu bypsartuu [12]. Ota undopmaius B COBOKYITHOCTH C paHee
W3BECTHBIMHU JTaHHBIMH COCTABIISIET OCHOBY HACTOSIIETO UCCIICIOBAHMS.

Lenp uccaenoBaHus — MOJEIHUPOBAHUE PACIPOCTPAHEHUS BUAOB CEKIUU Xe-
robia 1Sl OIIEHKH BIVSIHUS IPOIIIOTO KIIMMaTa Ha COBPEMEHHBIE apeajbl U Mpo-
THOBUPOBAHUS MX IWHAMHKH MPH OYIyIINX KIMMaTHUYECKUX U3MEHEHUSIX.

MaTepnam,l U METOAHUKHU HCCJICT0BAHUSA

Hamu paspaborana crenuanu3upoBaHHas 0a3a JAHHBIX, BKJIIOYAOIIAS HH-
(hopMarmo 1o pacipoCTpaHeHHIO BUAOB cekimu Xerobia (1 353 KOHKpPETHBIX
MecToHaxoxaeHuii 19 BumoB). ba3a nmaHHbBIX pa3paboTaHa TOJIBKO JJIs BHIOB
CEKIIMH, KOTOpBIE BCTpeualoTcs Ha teppuropun Asmarckoirt Poccum. st Bcex
M3YYCHHBIX BUJIOB MPOAHAIM3UPOBAHBI MX IOJHBIC apealibl, BKIIIOYAs Paclpo-
CTpaHEHHE BHIOB Ha TEPPUTOPHSX CoNpenenbHbIX cTpaH (Ka3zaxcran, MoHromms,
Kurait). OcTamuch HEOXBa4eHHBIMH 13 IIEHTPaNbHOA3MATCKUX BUIOB CEKIIUH,
pacrpocTpaHeHHe KOTOPBIX HanOoliee IMOJHO MPHUBEICHO JHIIL B cBoake «Pac-



Mooenupoeanue pacnpocmpanenus 6udoe cekyuu Xerobia Bunge ]7

tenus LlenTpanbHoit A3un» [4] n yactnaHo B MoHOTpaduu H. Yisuiixyrara [13].
BonbmmacTBO M3 3THX BUAOB (KpoMme O. ciliata Turcz. u O. stracheyana Benth.
ex Baker) — sHIeMHKH ¥ BCTpeyaroTcs B HEOOJBIINX U30JIMPOBAHHBIX MECTOOOH-
TaHusx. [epbapHbie cOOPBI 3THX BUIOB (KaK U MECTOHAXOKACHUS B cBOjIKe «Pac-
TeHns LleHTpansHoit A3um») IMEIOT CITHUIIKOM OOIINe MPUBSI3KH, YTO HE TI03BO-
JISIET C OINPEACTICHHON CTENEHbIO TOYHOCTH 0003HAYUTH TeOrpapuICCKIe TOUKU
ux pacnpoctpaneHus. OpUTrHHAIBHEIE CBEICHUS IO PACIIPOCTPAHEHUIO JPYTUX
BUOB cekimu (duaeMukoB Kuras u Bunos u3 bmmkaero Bocroka) TpymHOmO-
CTYIIHBI ¥ B JAaHHOU pa0OTe HaMH HE aHAJM3UPOBANUCH. [laHHBIE O pacmpocTpa-
HEHHH THX BUIOB, KOTOPBIE JIUIIH YaCTHYHO TOCTYITHBI Ha mopTajie [J1o6anpHoi
nH(POPMAIIMOHHOH crcTeMBbl 0 OnopaszHoobpasuu (GBIF), HyxxnaroTcst B KOppek-
TUPOBKE U yTouHeHun. [103TOMy Hamu u3yueHsl 19 BUIIOB U3 TaHHO# ceKiuu (Ko-
TOpPBIE BCTPEUAIOTCS HA TEPPUTOPHH A3naTckoit Poccun), Ui KOTOPBIX MMEETCs
noApoOHas HHGOPMAIHSI IO UX PaCTIPOCTpaHEeHUto. JIs BBISIBICHUS JIOKAIHUTE-
TOB BHIOB CEKIMH Xerobia OBUIM WCIONB30BAaHBI JaHHBIC OCHOBHBIX 3apyOex-
HBIX U poccuiickux repbapubix komekuuid (PE, UB, LE, MW, TK, NS, NSK,
KRAS, ALTB, HGU, IRK, IRKU, UUH, UUDE). I1Ipu nocemennu repdapres
06pasirsl pororpadupoBan, 1 H(GPOBEIX TepOapUEB MPOAHATUIUPOBAHBI CKa-
HUpOBaHHBIE 00pa3isl. MHDopMaImio ¢ repOapHbIX THKETOK (reorpaduieckoe
MOJIOKEHUE TYHKTa cO0pa, XapaKTepUCTHKa MECTOOOMTaHHMS, KOJUIEKTOP, JaTa)
BHOCWJIM B 0a3y JJaHHBIX. BOJbIIyIO YacTh TOUEeK cOopa repOapus NPUBS3BIBAIIN C
HCTIONIb30BaHMUEM MMEIOIIUXCSI CIIOBECHBIX omucanuii. TOUku HaXOmOK, KOTOPhIE
HE yJIaBaJIOCh NPUBA3aTh, HCKIIFOYEHBI. Beero o6padoTano 559 nzo0pakeHHi.

IIpoananu3upoBaHHbIe repbapHble cOOpHI faTupoBaHbl ¢ 1869 mo 2018 . Oc-
HOBHOH 00beM repOapHOro marepuaia cobpan B nepuoa 1960 mo 1990 r. Jlis
MPUBSA3KKA 00pa3IOB HMCIONB30BaHbI KapThl B mporpamme SAS.Planet, Slumekc.
Kapter u Google [Tnanera 3emisi, OHJIaH-peCcypc CTapblX U COBPEMEHHBIX KapT
(c 1600 mo 2015 r.) «dtoMecto» (http://www.etomesto.ru/), caT «KapTsl Bcero
MHpPa» ¢ OTHBIM HabopoM Tonorpapudeckux kapt ['enmrada CCCP u Tomnorpa-
¢uueckux kapt I'TL (http://loadmap.net/). JlonoTHUTENBHO HCIIOIB30BAHbI OH-
naiiHOBBIe 0a3bl MaHHBIX: BupTyanbHsnii rux mo ¢graope Monronmu Virtual Guide
to the flora of Mongolia (http://floragreif.uni-greifswald.de), [Tmantapuym (http://
www.plantarium.ru/), TaHHBIE TIOJEBBIX HAOIIOJCHHHA aBTOPOB M HH(OpMAITHS
13 reo00TaHUYECKUX OMHCAaHUM, mo0e3Ho npencrasieHHble H .M. MakyHuHO 1
A.10. KopomokoMm (IICBC CO PAH, 1. HoBocubupck). KapTsl pacnpocTpaneHust
M3y4YaeMbIX BHJIOB Ha TEPPUTOPHU MOHIOIUH BPYUHYIO OIU()POBAHBI IO CBOJIKE
H. Ymswuiixyrara [13]. B umeromemcs Bune 6a3a JaHHBIX COACPKUT JIETATBHYIO
HHPOPMAIIMIO 10 PACIPOCTPAHCHHUIO BHJOB, BKJIIOYAs KOHKPETHHIE MECTOHA-
xoxneHus, norxydeHasie ¢ GPS-naBuraropos (ux noms cocrasmser 50,3%). OTH
JIAHHBIE TIPE/ICTABNISIOT HAJIKHYIO OCHOBY JIJISl MOJICIIUPOBAHUS, UTO U SIBIIACTCS
TIEPBOOYEPENHON LENBI0 HAIIUX UCCIECIOBaHHM.

PaznooOpasue 9KoNorn4eckux U OHOKIMMATHICCKUX TTApaMeTPOB MECTOOOH-
TaHui BUIOB Oxyfropis U ceKuu Xerobia W3ydeHO C WCIONB30BAHUEM COBpE-
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MEHHBIX METOZOB. MoIenpoBaHue TeorpaguIecKoro pactpoCTpaHSHUS BHIOB
MIPOBEICHO C UCIONb30BaHKWEM IporpamMMbl Maxent 3.3.3k [14], Tak kak B HaJu-
YUY UMEJIUCH TOJIBKO aHHBIE 110 IPUCYTCTBUIO BUJOB. B MccinenoBaHnu UCIosb-
30BaHa KJIMMaTHuYecKast UpKynaiuonHas Mozens MIROC-ESM c pasperenuem
2,5 arc-minutes WK ~5 KM Ha TIHKcelb. [[puMeHeHNe JaHHOW IUPKYISIIHOHHON
MOJZIeTH AaeT Oonee pealuCcTUUHbIE IPOTHO3BI Il TEPPUTOPUN A3HU 110 CPaBHE-
HUIO C MUPOKO uctonbzyemon moaensio CCSM [15-16]. Ananu3 pa3HbIX IUPKY-
JISIMUOHHBIX Moesel mokaszai, 4to Monenb MIROC-ESM MoxeT KOppeKTHO Hc-
TIOJTB30BATHCS JIJISI BCEX a3MaTCKUX PEeruoHoB, kpome FOro-Bocrounoit Azun [17].
ITpu mpoBeneHny aHanu3a B mporpamMMme Maxent 3aaHbl CIEAyIOIINE HACTPOMKH:
JUIS CTaTUCTUYECKOIO aHaJlu3a TOYHOCTH I10JyYEHHBIE MOJEINIU IIPOBEPEHBI CIIy-
qaiiHON BBIOOpKOH 25% MECTOHAXOXJACHUN BUIOB, /IS MOITYyYEHHS ONTUMAIIb-
HOW Mojeny ucmoib3oBabl 1 500 maro (utepammii), Ha OCHOBE aHAIIN3a Pa3HbIX
Mojenel BpIOpaH mapamerp cioxHocTu (regularization multiplier), pasusrit 0.9,
CITyJaifHbIe TTOABHIOOPKH BBIICIICHEI HA OCHOBE KPOCCBAJIHIALINH, OIS OIIHOOK
OLICHEHA [0 BEJIMYMHAM [TOPOTOBBIX 3HAYEHUH 110 MOKA3aTeNl0 maximum training
sensitivity plus specificity, mpoBefeH TeCT JUIsi U3MEPEHUS BAXKHOCTH MEpPEeMEH-
Holt «jackknifey, Ha kaXayr0 MEPEMEHHYIO TIOCTPOEHBI KPUBBIE OTKJIMKA, BBIXO-
HBIE KapThl C()OPMHUPOBAHEI B JIOTUCTHIECKOH mikaine ot 0 mo 1.

IIpoBenen anamu3 19 Ouoxmumarudeckux nepemenHslx BIOCLIM, ycpen-
HEHHBIX 3a BpeMeHHoi nHTepBan 1960-1990 rr. (www.worldclim.org) [18] u 18
nepemeHHbIXx ENVIREM [19]. Mcnonb30BaHbl pa3nuyHble KINMAaTUYECKHE CLIE-
HApWH COMIACHO 5-MYy JOKJIaay MeXNpaBUTENbCTBEHHON KOMHCCHH 10 H3MEHE-
nuto knmumara — [PCC ARS: RCP8.5 — BapuanT, nmpenycMarpuBaromuii B Oyayiem
HauOOJIBIIYI0 KOHIICHTpAIMI0 JTuokcuaa yriepona, RCP2.6 — BapuanTt, npeayc-
MaTpHBarOMmuil B OyayIieM HaHMMEHbBIIYI0 KOHLEHTPALUI0 JUOKCHIA YINeposa,
RCP6.0 — ymepennsiii Bapuant. [[s1 OlleHKH BIUSHUS KaXKIOTO BapHaHTa KIIH-
MaTH4ECKOro CIIEHapHUs Ha PacIpOCTPaHEHUE BUJOB HCIIOIb30BaHbI IPOTHO3HEIE
nanabie Ha 2070 1., T1e HaOMI0Iar0TCs MAKCHMATBHBIC TIOTCHIIHATIBHBIE Pa3THYHs
B KOHIIEHTpAIUU JUOKCHA yriiepoaa. IIpornosHoe MoaenupoBaHue IPOBEAECHO
Tonbko it iepeMeHHbIx BIOCLIM BBUIy OTCYTCTBHS pacCTpPOBBIX JaHHBIX Oy-
gymero kaumara it nepemenHslx ENVIREM. IIpocTpaHCTBEHHO-BpEMEHHEBIE
W3MEHEHMSI OIEHEHBI PU TIOMOIIH MPOTHO3HBIX AaHHBIX Ha 2050 u 2070 rT. mpu
KkIuMatrdeckoM crieHapuu RCPS.S. JlanHbIe IO IPONLIOMY KIMMATY OLICHEHbI Ha
ocHoBe nepeMeHHbIX ENVIREM niis 1ByX NEpHOIOB: MOCIEIHETO JIEAHUKOBOTO
Makcumyma (~22 000 siet Hazan) u cpeanero rojoueHa (~6 000 ner Ha3anm).

Pe3yabTarsl Hccaeq0BaHus U 00CYKIeHIE

Apeall U3yuyeHHBIX BUJIOB CEKLUU Xerobia B OCHOBHOM OXBaTBIBAET TEPPHU-
toputo LlentrpanbHoit A3um (puc. 1). Jlumpe HeOonpmas 4acTh BHUIOB, TAKUX
kak Oxytropis grandiflora (Pall.) DC. u O. leptophylla (Pall.) DC., B 6onbiieit
CTEIeH! BCTPEYAIOTCS Ha BOCTOUHBIX pyOexkax apeaya ceknuu (3abaiikanbCKuid
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kpaii, Boctounsrit aiimak MoHronuu, npoBuHius BuyTtpennss Monromus Ku-
tasn). B cBoake «Pactenusa LlentpansHoit Asun» [4] O. grandiflora oTHeceH k
cexuu Orobia Bunge, mo3naee JI.J. Manbiies [6] BKIIFOYHI 3TOT BU B CEKITHIO
Xerobia. M.T. Tlonos [20] oTMedaeT, 4TO 3TOT BUA MOP(OIOTHUECKH OIU30K K
O. nitens Turcz. u3 cexuuu Xerobia.

o} B9, 4
o Ulaanbaatars
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Puc. 1. Pacnpoctpanenue BunoB cekiun Xerobia Bunge pona Oxytropis DC.
[Fig. 1. Species distribution of the section Xerobia Bunge of the genus Oxytropis DC.]

BonbIIMHCTBO U3YYEHHBIX BUIIOB CEKIMU Xerobia UMEIOT OrPAaHUYIECHHOE pac-
MIPOCTPaHEHHE U YacTO NMPUYPOUEHHI K Crieri(riIeckuM dKoToraM. B atom ciry-
Yae MOJCIUPOBAHUE PACIPOCTPAHEHHS Y3KOJOKAIBHBIX JHICMUYHBIX BUIOB C
HCTIONIE30BaHMEM TOJBKO OMOKIMMATHIECKUX JaHHBIX SBIIETCS Helenecooopas-
HbIM. [To3TOMY HaMu BBIOpaHBI BUJIBI IICHTpaIbHOA3UATCKON — OXxytropis ampul-
lata (Pall.) Pers. (puc. 2) 1 MaHBYKYpPO-IaypcKoi mpuypoueHHocTH — O. gran-
diflora (puc. 3, A). BoiOpaHHble BHIBI TaKXKe Pa3IMYalOTCAd U IO JKOJOTHH
Mecroobutanuit: O. ampullata — TOPHBINA BHJ, TOTJa KakK OOJbIIas 4acTh Me-
ctoHaxoxneHuit O. grandiflora npuypoyeHa K paBHHHAM U cpeaneroppro. Cra-
TUCTUYECKUH aHaIN3 MOKA3aJl BBICOKYIO TOYHOCTh MOAEIEH Al IByX HabOpoB
nmepeMeHHBIX. Benmmunna mokaszarens «mwiommas nox kpusoin» (AUC) s TpeHu-
POBOYHBIX IaHHBIX BO BCeX ciydasx Beime 0,9 (tadim. 1).

dakTopaMu, JETEPMUHHUPYIOIUMHU pacnpocTpanenue O. ampullata, ABASIOT-
Csl IOKa3aTeNH TeMIepaTyphl (CPpeIHerooBasi TeMIIepaTypa U N30TEPMIIHOCTD)
U MOTCHIUALHON 3BAallOTPAHCIUPAIMA B CaAMBIC CYXHE M XOJOIHBIC TEPHOIBI
rona (cm. Ta6mn. 1). [Tokazareiap M30TEPMUYHOCTH OIICHUBACT YPOBEHBb (IIYKTY-
allMy MEX/Ty THEBHBIMU M HOYHBIMU TEMIIEPaTypaMu OTHOCUTEIBHO €XKETOHBIX
¢GIyKTyaruii JeTHHX ¥ 3UMHHX Temreparyp. Hampumep, 3HadeHue mokaszareis
pasuoro 100, mOKa3bIBaeT, YTO THEBHOW TUANA30H TEMIIEPATYp SBISCTCS SKBHBA-
JICHTHBIM CPEIHET0JOBOMY IHaIa30Hy TeMIeparyp.
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B — monenuposanue ¢ nepeMeHHbIMU ENVIREM [Modeling with ENVIREM variables]

Puc. 2. Ilotennuansuelii apean Oxytropis ampullata o pe3yasraraM MOAETUPOBAHUS
B Maxent Ha ocHoBe nepemeHHbIX BIOCLIM n ENVIREM. LipeTom 0o603HaueHa
MIPUTOHOCTh MECTOOOUTAHHI COMTaCHO JIorHcTHYeckoil mkane ot 0 1o 1. bosjee TeMHBIM
I[BETOM TTOKa3aHbI 00JIaCTH ¢ OOJIBIIEH IPUTOTHOCTHIO MECTOOOUTAHUH
[Fig. 2. Potential distribution of Oxytropis ampullata under Maxent modeling
with BIOCLIM and ENVIREM variables. Colors show habitat suitability in logistic
scale from 0 to 1. More dark colors show more suitable habitats]

Bce 3naueHus HUKE JAHHOTO MOKA3aTeNs SBIAIOTCA HHIUKATOpOM Ooliee HU3-
KOTO YPOBHSI BapraOeIbHOCTH TEMIIEPaTyPhl B CPEIHEM 32 MECSI] OTHOCHTEIHEHO
BapHaleNbHOCTH 3a TOJl. 3HAYEHHs STOW MEepeMeHHON MpU MOAETUPOBAHUU Ba-
ppupytot B mpenenax ot 20 mo 40, 9TO CBUAECTENHCTBYET O BHICOKOW KOHTPACT-
HOCTH MEXJY THEBHBIM U €KETOJAHBIM JHANa30HOM TEMIIEpaTryp B U3y4aeMOM
peruoHe. DTO MOATBEPKAACTCS PA3NTUUMSIMH B ITOTEHINANEHON IBANIOTPAHCIIH-
pauuu B paszHble epuozbl roaa. [lokazaTenn MOoTEeHIMaIbHON 3BaloTPaHCIIUpa-
UM B CyXH€ W XOJIOAHBIE IEPHOIBI TO/Ia UMEIOT KITIOUeBOE 3HAYCHME, TaK KaK B
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ApUIHBIX YCIOBUSAX PACTEHUS IMOJyYar0T OCHOBHBIEC 3amachl BJard B XOJOJHBIN
MepUol, KOTJa HET MHTEHCUBHOTO UCTIAPEHMs], TAK)KE BasKHA COXPAHHOCTH BIIaru
B HauOoJlee 3aCyILINBBINA CE30H TO/Ia.

for the studied species of Oxytropis DC.|

Tabauna 1 [Table 1]
Bki1ag ki1104eBbIX IKOJIOTHYECKHX NepeMeHHbIX B MO/1e/Ib IOTEeHIIHAIbHOI0

pacnpocTpaHeHHs: U3y4eHHbIX BUAOB Oxytropis DC.

[Contribution of the key environmental variables to the predictive model of distribution

Oxytropis ampullata

Oxytropis grandiflora

KitroueBrlie mepeMeHHBIE Koadduru- Koao-
[Key variables] Bxnan eHT Iep- Bxnan ¢bunueHT
[Contribu- MyTaIuu [Contribu- nepMyTaIuu
BIOCLIM tion], % | [Permutation | tion],% | [Permutation
coefficient] coefficient]

CpenHeronoBasi TeM-
neparypa (Biol) 33,8 61,2 0,1 0,7
[Average annual temperature]
MzorepmuunOCcTh (Bio3)
[Isothermality] 19,5 9,0 2,1 31
CyMMa 0caJikoB B caMOi XOJIO/I-
HOU yetBepTH rofa (Biol9) 15,6 1,3 11,9 1,4
[Precipitation of the coldest quarter]
Ce30HHOCTB TeMIIepaTy bl (Bio4) 13,9 17.5 5. 64.1
[Temperature seasonality]
Ce3QH§o§TL 0CaJIkoB (Biol5) 0.0 0.0 332 0,4
[Precipitation seasonality]
TonoBas amnnuTyna rem-
nepatypsl (Bio7) 0,5 0,4 20,3 0,1
[Annual Temperature Range]

ENVIREM
II9T camoro cyxoro nepuopaa roaa
[PET of the driest quarter] 25,5 0.9 19,0 0,0
II9T camoro xonogHoro
rnepuoja rojga 24,8 50,5 3,0 0,0
[PET of the coldest quarter]
MNHupexc HepoBHOCTH
3eMHOI TTOBEPXHOCTH 20,7 2.3 7,6 0,2
[Terrain Roughness Index]
MHaekc KOHTUHEHTAIBHOCTH
[Continentality Index] 11,3 0,0 9.9 16,1
Cezonnocts [10T
[PET seasonality] 17 2,6 20,8 0,1
MeTtpuka OTHOCUTEIBHOM
BIQKHOCTH U apUIHOCTH 6,4 0,0 10,5 49,6
[Climatic Moisture Index]
AUC BIOCLIM 0,992 0,994
AUC ENVIREM 0,995 0,994

Ipumeuanue. AHanu3 IpoBeIEH OTAENBHO M KaXkA0ro Habopa nepemenHbix. [19T — moren-
1uagbHas 3Banorpancnupanys. [lomyxupHeM mpudToM BBIIENCH BKIIa] HanOo1ee 3Ha9INMbIX

TICPEMECHHBIX.

[Note. Analysis has been done separately for each group of variables. PET - Potential evapotranspiration.
Contribution of more significant variables is in bold].
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Pacnipoctpanenue O. grandiflora mamutapyeTcs K03(GUITMCHTOM BapHaluu
0CaJIKOB, TOJIOBOM aMIUTUTYJIOH TeMIlepaTypbl, CE30HHOCTBbIO MOTEHLUAIbHOM
3BANOTPaHCIMpPALMY U €€ II0Ka3aTesIMU B caMblii cyxoi nepuoa roga. Otmeruwm,
YTO KOA(P(HUIMEHT BapHalliu OCaJIKOB B OCHOBHOM OTOOpa)kaeT KOHTHHEHTAaIb-
HOCTh KJIMMaTa, HHJAEKC KoToporo B nepemMeHHbIX ENVIREM Takke nMeer BbI-
COKHE TMOKa3aTeNu BKJIaaa dTod mepeMeHHOH (cM. Taba. 1). MOXKHO OTMETHUTH,
4yT0 U1l pactupoctpanenus O. ampullata 6oiee 3HAYMMBI TTOKa3aTeH TeMIIepa-
TypHl, Toraa Kak g O. grandiflora BaxxHbl mapaMeTpbl yBnaxkHeHus. [Ipu aTom
IUISL pacTipoCTpaHeHUs] 000NX BHAOB HEMAJIOBA)KHOE 3HAYCHUE MMEIOT CXOIHEIE
NepeMeHHbIe, TaKhe Kak CyMMa OCaJKOB B CaMO#l XOJIOMHON YeTBEPTH rojia  Io-
TEHIMAIIbHAs ABAITOTPAHCIIMPANASA B CaMblil Cyx0il mepuon roga (cM. tadm. 1).
3T0, O-BUUMOMY, CBA3aHO C TEM, YTO MECTOOOUTAHUS U3yYaeMbIX BHJIOB B LI€H-
TPaJBHON YaCTH A3HHU XapaKTEePU3yIOTCs Je(PUIIUTOM YBIaKHEHHS, TI03TOMY IS
pacTeHuit BaKHOE 3HaU€HUE UMEIOT O0CaJIKU B 3SUMHUN TIEpUOJ] U BBICOKAs MOTEH-
UabHAS YBAOTPAHCIIMPALINS JIETOM (T.€. KOTAa YBIAKHEHHE B JIETHHU TIEPUOJ
MIPHU UMEIOIIEMCS peKUME TeMIepaTyphl U BIAKHOCTH SIBJIETCS U30BITOYHBIM H
MOJKET NOTEHIMAJIbHO MCHAPSTHCA C MOYBBI M PacTUTENbHOCTH). Briaa kitoue-
BBIX MIEPEMEHHBIX 715 6osiee apuaHON yacTu A3uu [21] oiMyaeTcsa OT TaKOBBIX
IUTSL BUJJOB BOCTOYHOA3MATCKOM MPUYPOUEHHOCTH, Te OONBINEH YacThio Ipeol-
JIaIajy TeMIepaTypHble okaszarenu [22].

AHanu3 pe3ylnbTUPYIOIUX KapT MOTEHIUAIBHOTO apeaja U3y4aeMbIX BUIOB
BBISIBUJI JIy4IINE pe3yabTaTsl At Habopa nepemeHHbIx ENVIREM (puc. 2). Kap-
THI IOTEHIIMAIFHOTO apeana Ha ocHoBe AaHHbIX BIOCLIM mporao3upyroT BO3-
MOXHbIe Haxonku O. ampullata B TOBOIBHO MIMPOKUX MpeeaX MECTOOOUTaHHH
Ha OoJpieii vactu L{eHTpanbHO# A3WH, 4TO B IIEJIOM HE COOTBETCTBYET 3KOJIOTHH
n3ydaemoro Buna. Moznenuposanue Ha ocHoBe nepemeHHbIX ENVIREM xapak-
Tepu3yeTcs 0oiree KOPPEKTHBIMH Pe3yAbTaTaMH. JTO, ITO-BUANMOMY, CBSI3aHO C
TeM, uTo nepeMeHHbsle ENVIREM noaroToBieHsl Ha 0CHOBE IOTIOJIHUTENBHO 00-
pabotansbIx nepeMeHHbIXx BIOCLIM, a Takke BKIIOYAIOT pa3iIMyHbIe HHICKCHI
(MHOEKC apUIHOCTH, MHJEKC KOHTUHEHTAJIBHOCTH | T.J1.) U TIepEMEHHBIE, CBI3aH-
HEBIE C penbedoM (MHIEKC HEPOBHOCTH 36MHOH ITOBEPXHOCTH, TOMOTparIeCKIi
uHAekc BnaxkHocTu). Pazpaborunku ENVIREM oTMmeuarot, 4To JAaHHBIA MakeT
MIEPEMEHHBIX B OOJBINEH CTENEHU CBS3aH C dKO(U3NOIOTHEH BUAOB U IIOITOMY
MOXKET BBIAABATh JIyUIllMe Pe3yJIbTaThl MOJEIUPOBAHUS TI0 CPaBHEHHUIO ¢ 0000-
IMEHHBIMA KJIMMATHYeCKUMH TToKa3aresamu [ 19].

[IpoBenennslii aHanu3 pacrpoctpanenus Oxytropis ampullata Ha OCHOBE
nepemeHHbIX ENVIREM mnoxasan, 4ro CyHIeCTBYET HECKOJBKO TEPPUTOPHU,
9KOJIOTMYECKU TMOAXOASIIUX I MPOU3pACTaHUs BUA. B OCHOBHOM 3TO rOpHBIE
MacCCHBBI, Takie Kak XaHrai, MOHTOJIbCKUI AnTaid, Topsl [)kyHrapuu, XxpedeT
Tapbararait u Anrait. Usydaemblii BUJ paHee ObLI OTMEUEH B TJAHHBIX MECTOOOU-
TaHUsX. JIONOJIHUTENBHO MOAEIUPOBAHKE CIPOTHO3UPOBAJIO BBICOKYIO BEpOSAT-
HOCTh HaX0AOK Buja B nonune p. Cenenra (cM. puc. 2). [Toatromy OyneT uaTepec-
HO IPOBECTH PEKOTHOCLIUPOBOYHBIE UCCIIEAOBAHUS U TOUCKOBBIE HCCIIEAOBaHMS
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Ha 3ToM Tepputopuu. [To MaTepraiam Haiei 0a3bl TaHHBIX BUI BCTPEYaeTcsl B rop-
HBIX CTEILIX (B TOM YHCNIE U KPUO(UTHBIX) B BEICOTHBIX npenenax oT 500 1o 2 800 m
HaJ y. M. MecToHaxoX IeHns 3Toro Bua B Kazaxcrane 1 MOHIOJIMM OTMEYAIOTCS Ha
OOJBIIMX BBICOTAX, HYYKHUM Tpesies BRICOT HauuHaeTcs oT 1 200 M Hag y. M.

( w@/ﬁ ‘\ij’
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Puc. 3. INotennmanbueiii apean Oxytropis grandiflora (4) u cexuuu Xerobia (B)
1o pe3ynbraraMm MojienupoBanus B Maxent Ha ocHoBe nepemeHHbIXx ENVIREM.
[{BeTOBBIC 0003HAUCHHMS T€ XK€, YTO U HA PUC. 2
[Fig. 3. Potential distribution of Oxytropis grandiflora (A) and the section Xerobia (B)
under Maxent modeling with ENVIREM variables. Figure captures are the same as in Fig. 2]

Corpemennslii apean O. grandiflora n3y4eH AOBOIBHO TOAPOOHO, MOIXOs-
IIME 3KOJOTMYCCKUE YCIIOBHS ISl MPOU3PACTAHUS BHJA, TIC BOZMOXKHBI HOBBIC
HAaXOJIKH, BBISABISIOTCS TOJIBKO Ha X3HTAe (pHc. 3, A). M3yuaemblii B BCTpe-
yaercsa B auanazone BbIcOT oT 200 mo 1 800 M Hax y. M., OoniblIas 4acTe Me-
CTOHaxXOXJIeHWH BuAa orMmedeHa Ha Beicotax 600—1 000 M Han y. M. BricoTHbIE
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XapaKTepUCTHKH XpeOTa XIHT3H B OCHOBHOM BapbUPYIOT B Iipezenax oT 1 200 mo
1 800 M Haj y. M., MOATOMY YacTb MECTOOOUTAaHUI AEWCTBUTEIHLHO MOXKET OBITH
OIarompHUATHON TSI IPOU3pACcTaHMs JAHHOTO BHA.

[Mockonbky apean cexuuu Xerobia (COBOKYITHOCTb apeajioB BUIOB CEKIIMU)
SIBIIICTCS IOBOJIBHO IIENIOCTHBIM (pHC. 1; 3, B) 1 XapakTepu3yeTcs psioM 00X
JETEPMUHUPYIOMNX (HaKTOPOB AJISi BUAOB PAa3HBIX apealoTHUeCKUX rpymnn (CM.
Tabn. 1), JampHEHIUI aHaU3 MPOBOMWIIM ISl BCeH ceKiuu. JlaHHBINA MOIX0M
MO3BOJISIET OLIEHUTh OTKIMK TOPHBIX KCEPOPHUTHBIX BUIAOB OXytropis B LIEHTpE
A3WH Ha TTapaMeTpsI POIIIOro M Oymymiero KiuMara. B coBpeMeHHBIH mepuon
KITFOUYEBBIMH (DAKTOpaMU PacIpOCTpaHEHUs BUAOB CEKUUU Xerobia 1O epeMeH-
HeIM ENVIREM sBis10TCS MOTEHOHANBHAS 3BalOTPAHCIHPALHS CAMOU CyXOH
YEeTBEPTH rofia, MHJIEKC KOHTUHEHTAJIbHOCTH M METPHUKAa OTHOCUTEIHHON BIIaX-
HOCTH M apuIHOCTH (Tabm. 2). JlaHHBIe TIepeMeHHBIEe TaK)Ke UMEITH Ba)KHOE 3Ha-
YeHHE B YCJIOBUAX CPEAHETO TOJIOIIEHA U MOCIEIHETO JIEIHUKOBOTO MaKCUMyMa.
OTO CBUIETENLCTBYET O TOM, YTO 3KOJOTHMYECKHE YCIIOBHS Ha M3ydaeMoil Tep-
PUTOPUU OCTABAIUCh JAOCTAaTOYHO CTAOWJIBHBIMHU M B IPOIUIbIE I€OJOTHYECKUE
snoxu. Tepputopus IleHTpanbHON A3uu ObUTa B MEHBIICH CTEIICHU 3aTPOHYTa
OJIEZICHEHHEM 110 CPaBHEHHIO ¢ OoJiee ceBepHBIMU pernoHaMu. OnHaKo OojblIne
TUTOIAIN OJIEACHEHNS HaOIIOMATNCh B €€ CEBEPHON YaCTH B PA3IHMYHBIX TOPHBIX
MaccuBax. PekoHcTpykius oneneHeHust MmaccuBa MoHryH-Taiira (ceBepo-3amnan
BHyTpenHe# A3um) B MAaKCUMyM MAJIOH JISAHUKOBOH 3TIOXHM ITOKa3aa, 4To IUIo-
IIaJb OJIEJCHEHHs B 3TOT MEPHOA MPEBOCXOANNA COBPEMEHHYIO MouTH Ha 50%.
Ha n3ygaemoii TeppuTopun B roiomeHe Habmonanach akTHBA3ALNS BOCXOISIINX
JIBWOKEHUH B OonbIIMHCTBE paiioHoB Antas u CasH. [Ipu 3ToM npeamnonaraercs,
9TO Ha CeBepo-3armane BHyTpeHHeH A3UH KOIMIECTBO OCAIKOB OBLIO HE OOIBIIE,
4yeM B MakCUMyM oJeneHeHus [23]. Bropoil kmuMaTuyeckuii ONTUMYM TOJIOIe-
Ha (ONTHUMAaJIBHOE COYETaHHE TEIT000ECIIedeHHOCTH M yBIAXKHEHHOCTH, 00e-
CIIEYMBAIOIIEe MAaKCHMAaJbHYI OHONOTHYECKYI0 MPOIYKTUBHOCTH U BHJIIOBOE
pazHooOpa3ue pacTUTEIBHOCTH) HAOMONANCS B POMEKYyTKe 6,2—5,3 ThiC. JI.H.
1 0oJiee OTUETIMBO BBHIPA3WICS B MpHATIAHTHUYECKUX paiioHax [24]. K cepenune
TOJIOIIEHA KOJIMYECTBO OCAIKOB CHIBHO COKPATHIOCH, HO YCIOBHSI OBLTH JOCTa-
TOYHO TeIUIBIMH. Paznuuus nokazateneil JeTHel TeMiiepaTyphl Ha 1ore 3anajaHoi
Cubupu u Ha AnTae B ONTUMYM TOJIONIEHAa B CPAaBHEHUH C COBPEMEHHEBIM KITH-
MaTtoM ObuTu HeGonmpmMMU U B cpenHeMm coctaBwin 0,5 °C [25]. [lomyuyeHHble
HaMH pe3yNBTaThl COMIACYIOTCS C BBIMIEYKa3aHHBIMHU MalieoreorpaduuecKuMu
WCCIICZIOBAaHMSIMHA U OTMEYAIOT, YTO B M3y4aeMOM PETHOHE PasziNyuusi OCHOBHBIX
KIIMMAaTHIEeCKHUX TIOKa3aTeNiei Ha JOBOJBHO OONBIIOM BPEMEHHOM IIPOMEKYTKE
OCTaBaJIUCh JJOCTaTOYHO CTAOMIBLHBIMHU.

Kapts! morernmansHOTO apeana cexmu Xerobia TIOKa3bIBAIOT OOJIbIIEE pac-
MPOCTpaHEHHE BHUJOB Ha CEBEPO-3alajic B MEPHON IMOCIEIHETO JIETHUKOBOTO
MaKCUMyMa 1 COKpAalLlEHUE UX apeajioB CO CPEIHErO rOJIOLeHa U 0 HaCTOSILETO
BpeMeHH (puc. 4).
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Tab6numa 2 [Table 2]
Bkiag ki104eBbIX IKOJIOrHYeCKUX NepeMeHHbIX B MOAe/b OTEeHIHAIbHOI0
pacnpocTpaHeHusi cekuuu Xerobia B ycJ0BUAX NPOULIBIX KIMMATHYECKHUX 10X
[Contribution of the key environmental variables to the predictive model
of distribution for Xerobia section in conditions of the past climate]

. . Tlocnennuit negHu-
CoBpemeHHblIi kiumar | CpeqHuii royioneH y
[Current climate] [Mid-Holocene] KOBBIM MaKCHMYM
Ilepemennsie [Last Glacial Maximum]
ENVIREM Kosdu- Koagpdu- Koagdu-
[ENVIREM Bxnan | nmenr mep- | Brnax | muent mep- | Bkman | muent mep-
variables] [Contribu- MyTaIuu [Contribu- MyTaIuu [Contribu- MyTalluu
tion], % | [Permutation | tion], % | [Permutation | tion], % | [Permutation
coefficient] coefficient] coefficient]
[I2T camoro cyxo-
ro Iepuoja roja
[PET of the driest 28,4 8,8 25,7 6,7 14,9 6,3
quarter]
Wnaexc KOHTH-
HCEHTATIBHOCTH 12,9 10,2 9,2 8,4 12,5 58
[Continentality
Index]
Mertpuka oTHOCH-
TEIBHOHN BIAXKHO-
CTH ¥ aPUHOCTH 10,4 41,3 9,7 12,9 6 7,1
[Climatic
Moisture Index]
Cezonnocts [19T
[PET Seasonality] 9,7 0,3 23,7 3,2 17,5 2
WNupnexc Hepos-
HOCTH 3€MHOI
HOBEPXHOCTH 9,6 1,4 7 2,6 8,7 4,1
[Terrain
Roughness Index]
II9T camoro Biax-
HOTO MEepUoJa roaa
[PET of the wet- 7,2 2,1 10,5 6,3 10,7 3,5
test quarter]

Ipumeuanue. O003HaUEHHS, KaK U B Ta0M. 1.
[Note. Symbols are the same as in Table 1].

Ha Bocroke apeaia cexuuu HabIOqaeTCA paclIupeHe PacpoCTpaHeHs BU-
JI0B, KOTOPOE B COBPEMEHHBIM NEpUOJ] OXBAaTUIIO U €€ CEBEPO-BOCTOUYHYIO YaCTb
(3abaiikanbe U YaCTUYHO LEHTpaJbHYIO YacTh Cubupu). Pacnpocrpanenue Bu-
IOB B OOJNBIICH CTENECHH NMPHYPOUYCHO K TOPHBIM MacCHBaM, KOTOPHIC SBILUIICH
pedyruymamu ans BUJOB CeKIUM Xerobia. B mepuoa mocnenHero JeJHUKOBOTO
MakCUMyMa apeajl BUJIOB ObUI OoJiee IEJOCTHBIM, B MOCIEAyIoIee BpeMs 00-
pa3oBanuch IU3bIOHKIUH. [lomydeHHBIE pe3ysibTaThl COMNMACYIOTCA ¢ MHEHHUEM
A.B. Ilonoxwuii [S5] 0 TOM, 9YTO HEHTPOM TPOUCXOXKACHUS pona Oxytropis sBIIs-
etcst FOxnas Cubups, a nmocie oneneHeHH HAOIIOIAIOCh paccelieHHue BUIOB Ha
tepputoputo LleHTpanbHOi A3uu. DTO TakKe MOATBEPKIAETCS BRICOKUM BHIO-
BBIM OOTaTCTBOM POJia B U3y4aeMOM PErHoHe, sl KOTOPOTO XapaKTepHO HAIUYHe
OOJIBIIIOTO YKCIIA YHJIEMUKOB BTOPUIHOTO MTPOUCXOXKICHHYS [4].
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Heo0xonuMo OTMETHTH, UTO [UIS MPOIUIBIX T€OJIOTUIECKHX JI0X ITOBBIIIACT-
Cs 3HAUUMOCTbD TaKO# ePEeMEHHO, KaK CE30HHOCTb TTOTCHIMAIBHOM 3BANOTPaH-
cnupanuu (cMm. Tabm. 2). JlaHHBI (akT KOCBEHHO TOATBEPKIACTCS aHATU30M
PA3IUYHBIX KIMMATHYSCKUX CIICHAPUECB B MAKCHMYM MAJIOW JICTHUKOBOH SIIOXH,
KOTJIa Ha IOTO-BOCTOKEe BHyTpeHHe! A3nH B 3TOT HEPHON MPEATIONOKUTEIHHO Ha-
OroaIoCch pe3Koe MajeHrue KOJIMYecTBa 0caakoB [24]. B coBpeMeHHbIi neproa
9Ta YacTh apeaya CeKIUH XapaKTePH3yeTCsl HAWIYIINMHI yCIOBUAMH YBIIAKHE-
HUS 32 CYET BIMSHUS TUXOOKEAHCKOTO MYCCOHA, MIO3TOMY 3[I6Ch OTMEUACTCs He-
KOTOPOE paclIpeHue pacupoCcTpaneHust BUAOB Oxytropis.

CocraBiieHbl IPOrHO3HBIC KAPTHI apealia CeKIHH s Pa3TUYHbIX KIMMaTH4ie-
CKUX creHapueB. [ ycIIOBHH COBPEMEHHOTO KIMMara 3HAYMMBIMH SIBIISIOTCS
CIICYIOIIE MEPEMEHHBIC: CPENHsl TeMIeparypa caMoi CyXOd YeTBepTU roja,
CpenmHss CyTOUHAs aMIDIUTY/IA TEMIIEPaTypHl 38 KasKABIH MeCsI, H30TCPMUIHOCTD
(22,5; 18,7; 15,3, % BkIaja nepeMeHHBIX COOTBETCTBEHHO).

YcnoBHble o6o3HavyeHus / Legend

ENVIREM nocneaHuii NneaHNKOBbI MakcUMyMm
ENVIREM The Last Glacial Maximum
ENVIREM cpeanui ronoueH
ENVIREM Mid-Holocene

— ENVIREM coBpemeHHblit knumat
ENVIREM modern climate

7 Pervionbl Poccun
egions of Russia
0CY[1apCTBEHHbIE rPaHMLib!
State bord
ot 550 275 0

Puc. 4. IloTeHIanbpHEIC apeallbl BUIOB CEKIUH Xerobia TIO pe3ylibTaTaM MOJICIUPOBAHUS
B Maxent Ha ocHoBe nepeMeHHbIXx ENVIREM. CpaBHeHHe apeasioB IpOBOIUTCS
npy 3Ha49eHUsIX BeposiTHOCTH 0,54 Ha JorucTryeckoi mkaine Maxent (cpenHee 3HaYCHUE,
XapaKTepHOE /IS YCIOBUH, CXOMHBIX C COBPEMEHHBIM PacIpOCTPaHEHHUEM BUJIOB)
[Fig. 4. Potential distribution of species of the section Xerobia under Maxent modeling
with ENVIREM variables. Comparison of distribution is done according to 0.54 meaning of logistic
scale of Maxent (average meaning for conditions close to modern distribution of species)]

IIpu ananmu3e pa3nIuUHBIX KINMAaTHYECKUX cueHapues Ha 2050 u 2070 rr. Ha-
00p KIIFOUEBBIX IIEPEMCHHBIX OCTAETCS TAKMM K€, K HUM JIMIIb JOOaBIsIeTCs ce-
30HHOCTh TeMIlepaTyphl. DTa NMepeMeHHas OllEHHBAeT U3MEHEHHs TeMIlepaTyp-
HBIX IIOKa3arejedl B TeYeHHE Iojia, T.e. CTAaHAAPTHOE OTKIOHCHUE TEMIIEPaTyp.
Bce paspaboranHble crieHapuu MeXIIpaBUTEILCTBEHHON KOMHCCHH IO H3Me-
HEHHIO KJIMMaTa IPEeIloaraioT B OyayIeM pocT TeMIIepaTypHBIX IToKa3areseit
B OOJbLIEH WIN MEHBLIEH CTEIeHH, TOITOMY BapHaOeIbHOCTh TEMITEPaTypHBIX
rmokasareJjeil Oymner Hen30exHO pacTH. BeiencTBue Toro, 4to U3ydaeMblil peru-
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OH XapaKTePU3yeTCsl BbIPAXKEHHOH KOHTUHEHTAIBHOCTBIO KJIMMaTa U apUIHBIMU
YCIIOBUSIMHM, apeajibl BUJIOB CEKIUU Xerobia 1o pe3yabraraM MOJCTUPOBAHUS B
OyyIneM MOTYT U3MEHHThCS B HE3HAYNUTENBHOM CTETIeHH JaXke ITPU HanOOIIbIIOM
noremueHuy knumata (cueHapuit RCP8.5). Ilpu noremienun knumara mosiBisi-
IOTCSl HOBbIE MOTEHLUANILHBIE DKOJIOTHYECKUE HUINM Ha ceBepo-3anaje (CuHI-
3siH- YHIrypckuit aBTOHOMHBIN paifoH) U ceBepo-BocToke Kuras (mposuniuu Bay-
TpeHHsE MOHTroMs U X3MIYHII3SH), @ TAKXKE B IICHTPAJILHOW ¥ BOCTOUHOM YaCTH
3abaiikanabckoro Kpas U Ha roro-Boctoke Mpkyrtckoit obmactu (puc. 5). Taxxe
MIPOTHO3HUPYETCS HE3HAYNTENbHOE COKPAIleHNE apeana CeKInu Xerobia B ee 10To-
BOCTOYHOI uacTu. B 11e;10M xapaktep nporao3upyeMsix uzmenenuit k 2070 r. npu
Hanbornee HeOIaronpUsATHOM KIMMAaTHIECKOM CIICHAPHH ABIIAETCSA OTHOCHTEIBHO
HEBBICOKUM, U PacIpoOCTPaHEHHE U3y4yaeMbIX BHJIOB OyJeT OTMEUAThCs B TPaHU-
[[ax apeaio, OIM3KUX K COBPEMEHHBIM.

YcnoBHble o603HaveHus / Legend

Cuenapwit rcp8_5 2070 | i PernoHsl Poccn
Scenario rcp8_5 2070 ! Regions of Russia

— Cuenapwii rcp8_5 2050 | | [ocynapcTBeHHbIe rpaHuLb!
Scenario rcp8_5 2050  |———-I State borders
CoBpemeHHbIi knumat
Modern climate

Puc. 5. IIporao3Hplie MOTCHIMAIBHBIE apealbl BUIOB CEKINU Xerobia
110 pe3yibraTaM MoJeIMpoBaHus B Maxent Ha OCHOBE IIEpEMEHHBIX
BIOCLIM. HMcnons30BaHb! 3HAUSHUS, KaK U Ha puc. 4
[Fig. 5. Forecast potential distribution of species of the section Xerobia
under Maxent modeling with BIOCLIM variables. Figure captures are the same as in Fig. 4]

PesynbraTsl MonenupoBaHUs PAacHpOCTPAHEHUs W3y4yaeMbIX BHUIOB CEKLUHU
MOKa3bIBAlOT OTHOCUTENBHO HEOOJBIINE H3MEHEHHUS X apeajioB B MPOILIOM, a
TaKKe TIPH IPOTHOZUPYEMBIX KIIMMATHICCKIX H3MEHEHHUX B OyIyIeM Jaxke IIpH
BO3MOXHOCTH pean3alii CaMOro HEraTUBHOTO KIIMMAaTHYECKOTO CLIEHAPHSI.

3akr0uenune

OneHka MOTEHLIMATIBHOTO PACIPOCTPaHEHHs] BUAOB ceKuuu Xerobia B mpo-
rpaMMHOM Mmakete Maxent mokazana, yto nepemeHHsle ENVIREM npoBoasT
Oosee KOppEeKTHOE MOJACIHPOBAaHUE B CpaBHEHUHU c NepeMeHHbIMH BIOCLIM.
OCHOBHEIMH (haKTOpaMH, OTIPEIEISIONINMH PaclpOCTPaHEHIE BUIOB IICHTPAIIh-
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HOa3MaTCKOW MPUYPOYCHHOCTH, SBIISIOTCS TIOKa3aTelld TeMIIeparypsl (CpeaHero-
JIOBasi TeMIeparypa U U30TEPMUYHOCTh) U MOTEHIUAIBHOM 9BallOTPAHCIUPALIUT
B camble CyXH€ W XOJIOAHBIE TEpHUOAbI Tona. PacmpocTpaneHne MaHBIKYpPO-/aa-
YPCKHUX BHUJIOB JIMMUTHPYETCS KOA(P(HUIMEHTOM BapUalMi OCAIKOB, TOJOBOM
aMIUIUTY0W TEMIEPATYPHI, CE30HHOCTHIO TOTEHIINATHHON IBAIOTPAHCIIHPAIIUN
U ee MOKa3aTeNsIMU B CaMblid CyX0H nepuoj roaa. Jis pacnpocTpaHeHUs! BUIOB
ATUX apealOTHYECKUX TPYII BAKHOE 3HAYCHHE TAK)KE MMEIOT CyMMa OCaJKOB B
caMoil X0JI0HOM YE€TBEPTH rofia U MOTEHIMAIbHAs 3BAIOTPAHCIINPALVs B CAMbIH
CyXO# mepuoz roja

B coBpemeHHBIIi meproa KIIOYEBBIMU (DaKTOpaMH pacipOCTPaHEHHS BUIOB
cexuu Xerobia no nepemMeHHbIM ENVIREM sBISIOTCS TOTCHIMATBHAS SBa-
MOTPaHCIIUpAIUsl CaMON CyXOH UYeTBEpPTH Ioja, MHAEKC KOHTHUHEHTAJbHOCTH U
METpPUKa OTHOCHTEIFHOM BIAQXXHOCTH M APUAHOCTH. DTH TIEPEMEHHBIE TaKKe
SIBIISIFOTCSL IETEPMUHHUPYIOIIMMH (haKTOpaMH IJisl YCIOBUH CpEeIHEro rojioleHa
7 TIOCJIEHETO JISAHUKOBOTO MAaKCHUMyMa. JTO MOXET CBHUJETEIIHCTBOBATH O TOM,
YTO 3KOJIOTHUECKHUE YCIIOBUS Ha N3y4aeMOM TEPPUTOPUN OCTABAIUCH JOCTATOYHO
CTaOWJIBHBIMU U B TIPOIIUIBIC TEOJIOTHICCKUE DTTOXH.

AHanu3 NpOTHO3HBIX KapT apeanoB JUIsl pa3IuYHbIX KIMMATHYECKUX CIICHA-
pueB Ha ocHoBe niepeMeHHBIX BIOCLIM BBISIBIIT HE3HAYUTEIHHYIO CTENIEHD H3-
MEHEHHIi apeasioB BUI0B CEKIUU Xerobia IpU pa3MTUYHBIX BEPOSTHBIX KIUMAaTH-
YECKUX CIICHApUAX B OyAyIIeM, B TOM YHCIIE U TIPU MAaKCUMAIILHOM MOTEIUICHUH
KJIuMara.
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Species distribution modeling for the section Xerobia Bunge of the genus
Oxytropis DC. on the territory of Central Asia under past
and future climate change

Modern botanical studies revealing patterns of plant species distribution are based
on analysis of big datasets. Despite publishing many maps of diversity and species
richness on the global scale and for huge biogeographic regions of the world, the
territories of Northern and Central Asia remain poorly studied.

We elaborated a special database, including distribution of 19 Oxytropis species
of the section Xerobia with 1353 localitites (See Fig. I). For all species, we analyzed
their whole distribution range, including data from Kazakhstan, Mongolia and China.
Species distribution was detected according to the main foreign and Russian herbaria,
online databases, field data and relevés. Species distribution modeling was performed
using Maxent 3.3.3k with MIROC-ESM model in resolution of 2.5 arc-minutes.
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19 BIOCLIM and 18 ENVIREM variables were analyzed. Past climate change was
evaluated using ENVIREM variables for the Mid-Holocene (ca. 6.000 yr. BP) and the
Last Glacial Maximum (ca. 22.000 yr. BP). Future distribution modeling was carried
out basing on different climatic scenarios, according to IPCC ARS: RCP8.5, RCP2.6
and RCP6.0.

Species distribution from the section Xerobia mostly occupied the territory of
Central Asia (See Fig. 1). Few species, such as Oxytropis grandifiora (Pall.) DC. and
O. leptophylla (Pall.) DC., were mostly found in the western part of Xerobia section
distribution on the territory of Zabaykal’skiy region of Russia, Eastern province of
Mongolia and Inner Mongolia province of China. The most part of Xerobia species have
isolated distribution and often occupy specific habitats. In such case, using SDM with
only bioclimatic variables for local endemic species is pointless. So, we chose species
Oxytropis ampullata (Pall.) Pers. (See Fig. 2) with Central Asian distribution and
O. grandiflora with Manchuro-Dahurian distribution for modeling (See Fig. 34). The
selected species differ in their ecology: O. ampullata is a mountainous species, whereas
most habitats for O. grandiflora are river valleys and mid-mountainous regions. Our
analysis showed that ENVIREM variables provide more correct modeling results than
BIOCLIM variables (See Fig. 2). Predictive maps on the basis of BIOCLIM variables
showed wide potential distribution for O. ampullata, which does not correspond
well to the species ecology. The main habitats for this species are such mountainous
regions as the Khangai mountains, the Russian and the Mongolian Altai mountains,
the Dzhungarian mountains, and the Tarbagatai ridge. Additionally, modeling showed
potential distribution for the species in the Selenga river valley. Modern distribution
of O. grandiflora was studied quite well; suitable habitats with new localities for the
species can be found in the Khentii mountains (See Fig. 34).

The determinants for O. ampullata are mean annual temperature, isothermality and
potential evapotranspiration (PET) of the driest and coldest quarter (See Tuble I). PET
parameters in the driest and the coldest time of the year have the key meaning because
in arid conditions plants receive the main portion of moisture in the colder period when
the evaporation is not intense, also it is important to conserve the moisture during the
dry season. Distribution of O. grandiflora is limited by temperature and precipitation
seasonality, temperature annual range, PET seasonality, and PET of the driest quarter
(See Table I). Determinants for the species with Central-Asian distribution O. ampullata
are connected with temperature variables, whereas for Manchuro-Daurian species
O. grandiflora precipitation matters (See Table 1 and Fig. 34).

The key factors for modern distribution of the studied Xerobia species are mean
monthly potential evapotranspiration of the driest quarter, continentality index and
climatic moisture index (See Fig. 3B). All these variables were determinants for the
mid-Holocene and the Last Glacial Maximum (See Table 2 and Fig. 4), which might
give evidence of relatively stable environmental conditions in the studied region.
Central Asia has not been severely affected by glaciation as more northern latitudes and
climate conditions on that territory were relatively stable during a long period.

Modeling for the past climate showed a wider distribution for Xerobia species
in the north-west during the Last Glacial Maximum and future shrinking during
the Mid-Holocene till modern time (See Fig. 4). The north-eastern territories, such
as Zabaykal’skiy region of Russia and, partially, the central part of Siberia, are
characterized by a wider distribution under modern climate conditions. Species habitats
of that territory are mostly confined with mountains. It is consistent with previous
studies that described Southern Siberia as one of the centers of speciation for the genus
Oxytropis. This region has now high Oxytropis species richness with a great number of
endemics.
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Predictive maps for different climate scenarios reveal insignificant changes in
distribution of the section Xerobia, even for the maximum climate warming (RCP8.5
scenario) (See Fig.5). Under predicted climate change, potential habitats in the south-
west and in the north-east of Xerobia distribution, as well as a slight shrinking in the
south-east can be observed in the future.

The paper contains 5 Figures, 2 Tables and 25 References.

Key words: Oxytropis; species distribution modeling; environmental variables;
Maxent; Central Asia.
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Pacturenbnsbie coodmectBa ¢ Ulmus japonica (Ulmaceae)
B 3anagnom 3abaiikaabe: pacnpocTpaHeHue, 3HAYEHH e
JJIsl COXpaHeHHus1 0MOPa3HO00pa3us U MePCHeKTHBBI OXPAHBI

PaGora BBINONHEHA B paMKaX rOCyAapCTBEHHBIX 3a1anHuit IHCcTUTYTA reorpadun
uM. B.B. CouaBel CO PAH (per. Ne AAAA-A17-117041910172-4), NucTtutyTa 00IIeH 1
skcnepuMeHTanbHoi 6uonornn CO PAH (per. Ne AAAA-A17-117011810036-3)
u 3oonornyeckoro nactutyta PAH (per. Ne AAAA-A19-119020690101-6) mpu moiepxke
PODU (mpoexrsr 18-05-00557, 19-54-53014 u 19-04-00565), a Taxxke MpH YaCTHIHOH
noxaepxxke PO®U n npasutenscrsa Mpkyrckoit obmactu (mpoekr 20-45-380009).

Bo ¢nope 3anaonoeo 3abaiixanvs 653 anonckuil (Ulmus japonica (Rehder) Sarg.) —
HEeMOPANbHbII PENUKM € BOCMOYHOA3UAMCKUM pacnpocmpanenuem. B pecuone 6uo
eécmpeyaemcs Ha HebOIbWUX yuacmKkax 6 nuzoevsax p. Cenenea (vuacmox «F0z2060»)
u Ha p. Yuxou («Kumnoo»), omopseannvix om ocHosHozo apeana. B pesynomame
uccneoosanus ymouHenvl ceedenusi o pacnpocmpanenuu U. japonica 6 3anaonom
3abaiixanve, visignensl psio HOBLIX MeCMOHAX0AHCOeHUll 8 Hu308bsx p. Cenenea u Hogoe
MecmonaxosicoeHue (yuacmok « Mypouuy) na p. Yuxoii. Coobujenue o npouspacmarnuu
6s13a 6au3 c. [loononamku Ha p. Xunok ne noomeepounocs. B bapeysunckoti donune,
omKyoaumeemcs cepbaprulil 06pazey 3mo2o uoa, obuapyscums U, japonicaneyoanocs.
H3yuen cocmae coobwecms, 6 komopuix U. japonica evicmynaem 0OMUHAHMOM 1U60
COOOMUHAHIMOM, U ONUCAHBI UX OCHOBHbLLE YePMbl U OMAUYUMENbHbIE 0COOEHHOCU.
Yemanoesneno, umo coobwecmsa ¢ U. japonica na yuacmrke «FO2060» omauuaiomes
om «Kunooy» u «Mypouuy He moavbko OOIGWUM YEHOMUUECKUM DPA3ZHOObpasuem,
HO U COCMABOM XAPAKMEPHuIX U008 cocyoucmuix pacmenui. Ilo numepamyproim
OGHHBIM U Pe3VIbMAamam OPUSUHATLHBIX UCCIeO008AHULL 8 COOOUECMBAax BbIsIGLEHO
16 6udos cocyoucmoix pacmeHuil, JUXEHUSUPOBAHHBIX 2PUbOB, IHCECMKOKPLLIbIX U
YEULYEKPBLILIX HACEKOMbIX, KOMOpble GKIIOYCHbl 8 PecUOHANbHble UTU (hedepanbHyo
Kpacnvie knueu. Obnapyocen ewge 31 6u0 peokux u perukmosvix U008 pacmeHull,
2pu606 u Hacexomwix. B obweil cnosxcrnocmu 19 6u006 opeanuzmos npugedeHuvl snepevie
0Nl 651306HUKOG UNU PESUOHA 8 YeloM. Dmu GUObl MO2ym Oblmb PEKOMEHOOBAHbBL K
BKIIOYEHUIO 8 pecuoHanbhyio Kpacuyio knuzy unu 6 «GUOHAO30pHbLIL CNUCOK» U008,
mpebylowux 0co6020 6HUMAaHUs. B kauecmee nepcnekmugHbIX mMep no OpeaHu3ayuu
oxpanvl coobugecms ¢ U. japonica npeonosiceno 6kaoueHue ux 8 popmame Kiacmepos
6 yoice cywecmsylowue oxpausiemvle meppumopuu (baiikaneckuil 3ano6edHux u
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Hayuonanvhvuii napx «Yukoiiy), a marxoice 8 NpedsiojCeHHYI0 PaHee POCCULCKO-
MOH2OMLCKYIO  MPAHCSPAHUYHYIO  0CO00 OXPAHAEMYIO NPUPOOHYIO  MepPUmopuro
rkaacmepnozo muna « Ceneneay.

KawueBbie caoBa: Coleoptera; Heteroptera; Lepidoptera;, 6sa3 snouckuil;
HeMOPAnbHble PeNUKmbl;, HYHCOAIWUECs 8 OXpaHe Guobl, OXpausemvle NpupooHbie
meppumopuu.

BBenenue

Wnbm, wim B3 smouckuit (Ulmus japonica (Rehder) Sarg.), — mumpokonu-
CTBEHHOE JiepeBo BrIcoTOH 710 30 M (puc. 1). Apeai atoro Buaa B Poccun oxBaTsl-
BaeT 1or Pecrybnuku Bypsitusa u 3abaiikanbckoro kpas, AMypcKyto 001acTh, 10T
Xabaposckoro kpasi, [Ipumopckuii kpait n 0. Caxanus [1]. 3a pyOesxoM 3TOT BUJ
npouspactaeT B Anonun (oTkyaa onucan) [2], Ha Kopeiickom momnyoctpose [3],
B BocTOoYHOW MoHTONMmMu [4], BOCTOYHBIX U IOTO-BOCTOYHBIX MPOBHHIMSIX KuTas
[5]. B Kutae Taxke BcTpeuaeTcs MEHEE pPaclpOCTPaHEHHBIA OJIM3KOPOJCTBEH-
we1id BUA B3 dasuna (Ulmus davidiana Planch.), pa3HOBUIHOCTBIO KOTOPOTO He-
KOTOpBIE UCCIIEIOBATENN CUNTAIOT B3 AnoHckuid (Ulmus davidiana var. japonica
(Rehder) Nakai). Ota Touka 3peHus, B YaCTHOCTH, IPUHATA B TIIOOATBHBIX Oa3ax
JaHHBIX 110 OMopa3zHooOpasuto, Takux kak Catalogue of Life (CoL) [6] u Plants
of the World Online (POWO) [7]. [TockoibKy MBI He KacaeMcsi BOIIPOCOB TaK-
COHOMMH, B IaHHOU cTaThe OyleT UCIOJIb30BaHO Ha3BaHHUE B paHre Buna Ulmus
Jjaponica (B3 ATIOHCKHN).

Apean U. japonica B A3un o0pa3yeT CeBEpHYIO 4acTh €CTECTBEHHOTO apeaa
HE TOJILKO 3TOTO BUJIA, HO (BMECTE ¢ apeayioM Bsiza puseMuctoro (U. pumila L.))
u poaa Ulmus L. B nenom [8]. B 3abaiikanbe, reorpaguaeckoM peruoHe, KOTo-
phIii oxBaThiBaeT Pecnyonuky bypsitus u 3abalikanbckuii Kpaid, 6oJiee WM MEHee
LeNbHas 4acTh apeana U. japonica orpaHnueHa 6acceiiHoM p. AMyp (BorocOop-
HBIA OacceliH TUXoro okeaHa) M 3aKaHYMBACTCS HA 3allajie HU30BbsIMH p. HTOMA
[9, 10]; 3anaguee S6nmoHOBOTO XpedTa (BogocOopHbIi Oacceitn CeBepHoro Jle-
JIOBUTOTO OKeaHa) OBLIO M3BECTHO HECKOJIBKO (pparMeHToB apeana U. japonica.
JlBa 13 HUX pacnoJoxeHbI B 6acceiine p. Cenenra. Ilepsblil, 6onee KpynHbIi, Ha-
XOIUTCs B HM30BhAX CelICHTH HeJaJeKo OT e¢ BIajaeHus B 03. batikain [9, 11, 12].
YcnoBHO 0003HaYKUM 3TOT y4acToK «FOroBo» mo omHOMY U3 ONMU3JIeKalIMX Hace-
JICHHBIX YHKTOB. BTOpoi HeOOobIOH yaacTok (MaccuB «KuHm0») pacnonoxeH
Ha p. Yukoil (mpaBslii mputok p. Cenenra) Heaaneko oT ¢. JKHH0 yke B Ipesenax
3abalikanbCcKOro Kpasi y rocyaapCTBeHHOM IpaHuibl ¢ MoHTonbsckoit HapomHoit
Pecniyonukoii [13]. B okpecTHOCTsIX C. JKMHIO M3BECTHBI TakXKe yAaleHHBIE OT
OCHOBHOTO MaccuBa oTAenbHbIe ocodu U. japonica [10]. B apxuBe UHcTHTyTA
obeit u sxcniepumentansHoit 6uonoruu CO PAH (r. Ynan-Yns, Pecn. Bypsrus,
Poccust) nmeercs pykomnmck HaydHOTo oT4yeTa 32 1969 1. M. A. Penukosa [14], rne
U. japonica npuBoauics s okpectHocTei c. [lomionarku (HUKHEE TeueHHUe
p. Xwiok) Ha 1ore Bypsituun. s Baprysunckoit qonmuast (CeBepHoe [Ipubaiika-
nbe, BypsaTHs) TaKkke yKa3bIBalOCh H30JUPOBAHHOE MECTOHAXOXK/ICHUE B OKPECT-
HOCTAX ¢. Jlymenan [15]; repbapnsrit oopaser 1911 1. xpanutcs B borannmdeckom
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nuctutyte uM. B.JI. Komaposa PAH — BUUH PAH, LE, 1. Cankr-IlerepOypr, Poc-
cusi).

Puc. 1. Ulmus japonica B TOIMEHHOM JIeCy B JIOJINHE HUX-
Hero teuenus p. Cenenra (¢poro A. Codponosa)
[Fig. 1. Ulmus japonica in the floodplain forest in the lower reaches
of the Selenga River. Photo by Aleksandr Sofronov]

Ha Ouoreorpaduueckoe 3HaueHue pparmentos apeana U. japonica B 3anan-
HOM 3abaiikanbe BriepBbie oOparui BHuMaHue A.C. [Inernranos [16]. OH oTMeTHIT
penukToByt0 npupoay U. japonica B pernoHe, oqHON U3 HEMHOTUX IIUPOKOJIU-
CTBEHHBIX TOPOJ JIepeBheB BO ¢uope baiikansckoir Cubupu [17, 18]. Pasep-
uHythie A.C. [lnemaHoBsIM HCCIIEIOBaHKS BI30BBIX polll B HU30BbAX p. CeneH-
ra MOKa3ajH, 9TO IO MX ITOJIOTOM BCTPEUAETCS LENbIH KOMIUIEKC PETHKTOBBIX
BHUJI0B Opranu3MoB [19, 20], uTo mo3Bonusao 0603HaYUTh pailoH pacnpocTpaHe-
HUS BSA30BBIX COOOIIECTB Kak KOMILIEKCHBIH pedyruym [21]. Kak BBISICHHIOCH
nosjHee, yuyacTok «HOrosoy», pacrnoiaokeHHbIH BOMU3UM BOCTOYHOTO OKOHYAHHUS
xp. Xamap-/labaH, BXomuT B pepyruaibsHyIo 30Hy CEBEPHOTO MaKpOCKIOHA ATO-
ro xpe0Ta [22]. AHanu3 TPyNNbl HEMOPANbHBIX PEIMKTOBBIX BHJOB PacTEHHM
xamap-nabaHckoro pedyruyma ToOKa3all cBoeoOpa3ue PEMKTOB BOCTOYHOTO
y4acTKa, 4TO CBSI3aHO C 0COOBIMH UCTOPUKO-OMOTe0rpapuueCcKUMHU CBSI3IMH CO-
obmiects U. japonica [22].

PenuxroBast npupozaa camoro U. japonica v IpUCYTCTBUE psiia APYTUX PEIUK-
TOBBIX PACTCHHH 1 )KUBOTHBIX, B YACTHOCTH HACEKOMBIX, OOUTAOIIIX COBMECTHO
C BSI30M SIIOHCKUM, TTOJIBUIIN HAac Ha Oosee MoApoOHOE U3yUEeHUE PACIIPOCTpaHe-
Hus U. japonica v ero cooOmecTB B 3amagHoM 3abaiKkaibe.

Lenp uccnaenoBaHus — yTOUHEHUE CBEACHUH O pacpOCTPaHEHUH U SKOTOIH-
yeckoit nmpuypodeHHoctd U. japonica B 3anajgHoM 3abaiikaiibe, BBISBICHUE CO-
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CTaBa COOOIIECTB € y4acTHEM 3TOr0 BHJIA, OLICHKA 3HAUEHHSI ATOHCKOBSI30BHUKOB
JUIA cCOXpaHeHus Onopa3HooOpasust baiikanbckoro pernoHa u npejiokeHue cTpa-
TETUH COXpaHEeHUs 00pa3yeMbIx U. japonica yHUKATBHBIX KocucTeM. C yueToM
TPAHCTPAaHUYHOTO pachoiokeHus: O6acceitna p. CeneHra ¥ HaJIUYUS SITTOHCKOBS-
30BBIX POI Ha IPUIPAHUYHBIX TEPPUTOPUSIX Kak B Poccuu, Tak 1 B MoHrommu
paccMOTpeHbl BapUaHThl OpraHu3alul 0000 OXpaHIEeMbIX TEPPUTOPHIA B TPaHU-
YJanmx paioHax 000X roCyJapCTB.

Marepuajbl 1 METOAUKH HCCJIET0BAHUS

i yTouHeHus JaHHBIX O pacnpocTpaHeHuu U. japonica B 3anagHoMm 3a-
Oaiikaiibe M3BECTHBIE MECTOHAXOXKIEHUS ObUTM HaHECEHBI Ha TOMOorpaduyecKyro
OCHOBY. B Xoz1e aHanu3a oceHHUX JaHHBIX AUCTAaHIIMOHHOI'O 30HAMPOBAaHUS 3eM-
JI1 Ha OCHOBAHUHU I[BETOBBIX XapaKTEPUCTHUK TOCTOBEPHO M3BECTHBIX MECTOHA-
XOXKIEHUH OOIIMPHBIX MAacCHBOB BSI30BHUKOB OBUIM JOTOJTHUTEIHHO HAMEUCHBI
YYaCTKH, T€ NPEANONOKEHO HAIWYHE paHee He 3aperUCTPUPOBAHHBIX COO00-
mectB U. japonica. B panHenetHut (utonb) nepuos 2018 u 2019 rT. mpoBeaeHbBI
MTOMCKOBBIE PA0OTHI 110 MOATBEPIKICHUIO U3BECTHBIX M BepU(DUKAIIUHN TPeArnoia-
raeMbIX MecToHaxoxaeHuid U. japonica. B Goiiee MO3AHUNA TIEpUOA — B HIOJIC U
aBrycte 2018 u 2019 1. COOTBETCTBEHHO — COBEPIICHBI IOBTOPHBIE SKCIIEAUIIHU-
OHHBIE BBIC3IIBI IJIS1 T€000TAaHNIECKOTO UCCIIECIOBAHNS BI30BHUKOB H JIECOB C yda-
ctueM U. japonica. B pe3ynbrare Ha Bcex yyacTkax npouspactanus U. japonica
cliesiaHo 67 MOMHBIX OIMMCAHUM co00IecTB. B I0MOMHEHE K HUM UCIIOIb30BaHbI
26 re000TaHMYECKUX OMHCAHMM, BBITONHCHHBIX B.B. Uenmaoroit u E.M. I'man-
kux Ha yuacTtke «lOroBoy» B xonte utons 2014 u xonue utonst 2015 . Bee ommca-
HUS COCTABJIEHBI COITIACHO CTaHJapTHON MeTonuke [23]. B Teuenue psna et Ha
Bcex o0cnenoBaHHBIX ydactkax U. japonica («HOroBoy, «Kuamo», «Mypodm»)
MIPOBEICHBI TaKXkKe COOPBI CHIEIIMAaTN3UPOBAHHBIX PACTUTEIBHOSIHBIX HACEKOMBIX
— JKECTKOKPBUIBIX HajcemelicTBa Curculionoidea (ONTOHOCHKH), TIONTYKECTKO-
KPBUIBIX M YCIIYeKPbUIBIX — OOLIETIPUHATHIMU MeTofaMu [24]. [yt yTouHeHus
TpaHMIl ¥ TOXPOOHOTO aHaIH3a MIPOCTPAHCTBEHHON CTPYKTYPHI OTHEIBHBIX Mac-
CHBOB BI30BHUKOB BBIIOJTHEHA oTocheMKa ¢ kBaapokontepa (DJI Mavic 2 Pro).
Kpome toro, aBaknbel nmpoBenensl nmoucku U. japonica B bapry3uHCcKo# monvHe
(Pecmybnuka Bypsartus) st mpoBepKu MECTOHAXOXKACHNUS, YKa3aHHOTO Ha repoap-
HOM JtHcTe: «3abalikanbek. o0, baprysuHckuit yesn, okoino c¢. Jlymenana. 1911,
M. Koportkuii u I1. Huxonaes» (LE). Taxoke npeanpunsartel noucku U. japonica B
MECTOHAXOXKACHHUH, ykazaHHOM M.A. PemukoBeim [14]: «B mputeppacHoi qactu
noiMBbI p. XUNOK /IeBoOepexbe / B OKpeCTHOCTAX c. Ilommonarkuy». Paiion uc-
CJICIOBAaHUS ¢ U3BECTHBIMU paHee (KpoMe yKazaHUS Uil bapry3nHCKON JOTMHEL)
1 OOHapyXEHHBIMH HaMH MECTOHAXOXAeHUusAMU U. japonica oKa3aH Ha puc. 2.

[Ipu onenke 3HaYCHUS BI30BHUKOB ISl COXpaHEHHSI OMOPa3HO0Opas3 st peruo-
Ha MOMUMO COOCTBEHHBIX JaHHBIX U OYOJIMKOBAHHBIX CBEACHUHN JPYTUX aBTOPOB
WCTIOJIb30BaHbl Marepualibl KpacHbIX KHUT Pecnyonuku Bypstus [25] u 3abaii-
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KaJIbCKOTO Kpast [26]. DTO MO3BOIMIIO YUECTh PEAKNE U OTIIMYAIOITNECS KOPOTKAM
MEPUOJIOM BereTally BUbl PACTEHHIA, HE MOMAaBIINE B re000TaHMUECKHE OIUCa-
HUS ¥ repOapHbIe COOPHI.
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Puc 2. Pactipocrpanenue Ulmus japonica Ha tore 3anaanoro 3abaiikanbs. [Ips-
MOYTOJIBHHKOM BBbIZIeTIeH ydacTok «HOroso» (cM. puc. 3). YenoBHble 0003Haue-
HUSI MECTOHAXOXKIEHUN BUA: | — M3BECTHBIE 110 TUTEPATypHBIM HCTOYHUKAM;

II — o6napysxennbie B 2018 u 2019 rr; Il — nanubie 13 HOHIOBBIX MaTePHUAIIOB;

IV — rpanuna Poccuiickoii ®denepanun; V — rpanuiibl Mexay cyosekramu Oeneparun
[Fig. 2. Distribution of Ulmus japonica in the south of Western Transbaikalia. The rectangle shows
Yugovo site (See Fig. 3). Symbols designating species locations: I - According to the literature
sources; II - Revealed in 2018 and 2019 (this paper); III - Data from unpublished archives;

IV - Border of the Russian Federation; V - Borders between Russian administrative regions]
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CoOpanHblil TepOapuil XpaHUTCS B repOapusx MpKyTCKoro rocynapCcTBEHHO-
ro yausepcutera (IRKU) u MHCcTHTYTa 0011 M 3KCIIEpUMEHTAIBHOI OHonoruu
CO PAH (UUH). Yacth coOpaHHBIX HACEKOMBIX (KECTKOKpPBUIbIC) TIOMEIIECHA B
KoJuIeKIMOHHbIE (oH b1 300morndeckoro uHctutyta PAH (1. Cankt-IletepOypr).

Ha3Banms TakCOHOB COCYIMCTHIX pacTeHHI NpuBeAeHH! o KoHcnekry ¢mo-
PHL... [27], TUXEeHU3UPOBAHHBIX IPpHUOOB — 10 Ypbanasuutocy [28]. Ha3Banus Ha-
CEKOMBIX TIPUBENCHBI IO CHEIHAANTN3UPOBAHHBIM HCTOYHUKAM: YKECTKOKPBUIBIX —
o Alonso-Zarazaga et al. [29], momy»KeCTKOKPBUIBIX — 10 BUHOKYPOBY C COaBT.
[30], yemryekpruteix — mo Karamory gemryekpsiisix Poccuu [31]. HazBanus mo-
X000pa3HbIX, IPUOOB U MEPENOHYATOKPBIIBIX HACEKOMBIX NIPUBEAEHBI IO paboTe
A.C. Iremmanora u I'U. ITnenranoBoii [17], B KOTOpO# ObUIH OITyOIIMKOBAaHEI CO-
OTBETCTBYIOIIUE HAXOAKH.

Pe3ysbTarhl Hcciieq0BaHNus U 00CY:KIeHIe

Hoevte mecmonaxoscoenusn Ulmus japonica

B pesynerare moneBbIx uccienoaHuil B mpenenax Kabanckoro u Ilpubaii-
KaJIbCKOTO paiioHOB PecmyOmuku Bypatus oOHapykeHO HO MeHbIIEH Mepe
16 HOBBIX MecT mpouspactanus U. japonica Ha ydacTke JUIMHOI okoso 40 kM
Baoib p. Cenenra ot okpectHocTel ¢. KabaHck o okpectHocTel ¢. TaraypoBo
(yugacrok «tOroBoy) (puc. 3).
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Puc. 3. Pactipoctpanenue Ulmus japonica Ha ydactke «HOToBOY; MOJNOKEHHIE y4acTKa
B 3anagHoM 3abaiikanbe U yCIOBHBIC 0003HAYCHUS — CM. PHC. 2
[Fig. 3. Distribution of Ulmus japonica at Yugovo site; for location
of the site and the legend see Fig. 2]

Hosrie mecTtonaxoxaeHus [New localities]: / —52°03'35"'N, 106°41'17"E; 2 — 52°01'53"N,
106°4524"E; 3 — 52°01'38"N, 106°46"21"E; 4 — 52°01'15"N, 106°47'13"E;
5—52°01'58"N, 106°49'13"E; 6 — 52°01'56"'N, 106°49'53"E; 7 — 52°02'05"N,
106°50'41"E; 8 — 52°03'07"N, 106°47'52"E; 9 — 52°02'55"N, 106°48'29"E;
10—-52°02'40""N, 106°49'38"E; 11 — 52°05'12""N, 106°57"26"E; 12 — 52°05'23"'N,
106°57'40"E; 13 — 52°07'49"'N, 107°02'04"E; 14 — 52°08'30"N, 107°06'29"E,
15—-52°08"25"N, 107°06'50"E; 16 — 52°08'30""N, 107°07"25"E
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Panee Ha »TOM y4acTke BsI3 OBUT M3BECTEH U3 MIPUMEPHO IECTH MECTOHAXOXK-
JneHuid. B mpenenax ydacTka BA3 4acTO MPEACTABIEH HE OMMHOYHBIMH JEPEBBSI-
MH, a HeOOJIBIIIMMH BS30BBIMHU C IPUMeEChI0 uepeMyxu (Padus avium Mill.) mu6o
BA30BO-YEPEMYXOBBIMU MacCHUBaMH IUIomabpio 10 10-15 ra, pacmonokeHHBIMU
B Ipe/ieNiaX y3KO# MooCkH B IOWMeE U Ha IepBoi Teppace nonuusl p. Cenenra.

Jpyroif 1enoCTHBIM MaccHUB IUIOMAABI0 OKoyo 20 ra ¢ AOMHUHHPOBAaHHEM
U. japonica naxonutes B 4 KM K 3anaay oT ¢. JKuHIO0 (CM. puc. 2, MECTOHAXO0X/Ie-
Hue /7) no npasoMy Oepery p. Hukoii [13]. Ilo HaIMM AaHHBIM €T0 MECTOIIOJO-
xerne — 49°5624"N, 107°54'50"E. Cromutenus U. japonica 1eTko OOHAPYKHTH C
MOMOIIIbI0 OMHOKJIS TaKKe Ha MPOTHUBOMONOKHOM Oepery p. Uukoi Ha MOHTOJIb-
CKOH TeppuTopuH. JIuTepaTypHBIX NaHHBIX O pacnpocTtpaneHun U. japonica Ha
neBoOepexbe Ynkost (B MOHronuu) Mbl He HalUTi. [loATBEpAUTh HaTUYKE B Ha-
CTOsITIIee BPEMS OTMHOYHBIX IepeBheB, YkazaHHbIX H.A. Bytunotii [13] mist ygact-
Ka peKU BBIIIIE 110 TEYCHUIO, HE YAaIO0Ch.

Hogoe, panee He ynmomuHaBIIeecss B IUTeparype (cM. puc. 2) MECTOHAXOX-
nenue U. japonica BbIABIEHO B 75 KM Ha ceBepo-3amaj-3anaja ot c. JKuHuo, B
5 KM K 10T0-BOCTOKY OT ¢. Ynkoii (61113 HaceaeHHOTo IMyHKTa Bepxaue Mypoun)
(50°14'03"N, 106°58'47"E). OtoT yuactok («Mypoum») pactonoxeH Ha o. Hux-
Hul Moroii (MeX Ty OCHOBHBIM PYCJIOM p. YUUKOH U OTHUM M3 €€ PyKaBOB) U ITpe/I-
CTaBJIEH HECKOIBKIUMH Pa3pO3HEHHBIMU ATIOHCKOBI30BBIMH coob1iecTBaMu. Cyast
0 XapakTepy pacIpeesieHUs APEBOCTOS 10 OCTPOBY (00mas ruromans 114 ra),
BSI3 SIOHCKHM PaHBIIE 3aHUMAJ €ro OOJBIIYI0 4acTbh, ONHAKO B pe3yibTaTe pe-
TYISIPHBIX TIOXKapoB (IO-BHINMOMY, BECEHHHX ITaJOB) IPEBOCTOM H3PEIMIICS H
CMEHMJICS TTOCNETIECHBIMHU CyXOAOJIBHBIMU JIyTaMu ¢ KypTUHamu Rosa davurica
Pall., pa3posaennsiMu coobmectBamu U. pumila, TH00 4epeMyXOBBIMH M HBO-
BBIMHU 3apocisiMU. B Hacrosiee BpeMst coOOIIecTBa ¢ COMKHYTBIM JAPEBOCTOEM
U. japonica pa300mIeHs U HE 3aHUMAIOT 3HAYUTENBHBIX IUIomaneit. OocmenoBa-
HHUE OKPECTHOCTEH MpH MOMOIIHM KBaJAPOKONITEpa MOKa3ajl0 HaJNune OTACIbHBIX
IepeBbeB MO0 HeOONMpIMX cKomwieHnd U. japonica Ha COCETHMX OCTPOBaX H
y4acTKax oMbl pekd. O4eBUIHO, YTO B3 pacpOCTpaHeH no aoinHe Yukos 3a-
METHO IIUpe, 4YeM OBLTO U3BECTHO paHee. Kpome Toro, HOCKONBEKY Ha TEPPUTOPHH
Mexny yuactkamu «Mypoum» u «KHHIO» rocygapcTBeHHas T'paHHUIA MEXIY
Poccueit 1 MoHTronuen npoxoauT HEMOCPEACTBEHHO BJIOJIb pycia p. Uukoil, Mox-
HO OXKHJaTh, uTo U. japonica BcTpedaeTcs 37€Ch Yallle, YeM U3BECTHO Ha JaHHBIN
MOMEHT, U COXPAaHHOCTb €ro HNOMYJISIIUN B PEKUMHBIX YCIOBHUSIX MIPUTPAHUYHOMN
MOJIOCHI IOJKHA OBITH 3aMETHO JyYILE.

Ceenenus o npowspactanuu U. japonica B nonuse p. Xwiok 6mm3 c. [Tomro-
HaTky (CM. puc. 2) He MOATBEPAMINCE. B OKPECTHOCTSX cella Ha y4acTKe MpoTs-
YKEHHOCTbIO He MeHee 10 KM BJI0JIb PEKH BbILLE U HUXKE 10 TEYEHHUIO PEKH OT cejia
OTMeUEeHBI TUILb 3apociiu uB (Salix dasyclados Wimm., S. microstachya Turcz. ex
Trautv., S. schwerinii E.L. Wolf u np.).

B bapry3uHckoil nonuHe HaMu OOCIEOBaHbI BCE BU3YalbHO MOAXOASIINE
g U. japonica 5KOTOIBL B OKPECTHOCTSAX . [lymenan Boiab BOAOTOKOB IO Ma-
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nsim Kenposast ([xuropaa) u Anra, a Takke 1mo 6€3BOIHBIM pacmaakam, OJHAKO
U. japonica He HaliJieH.

Ocnognbie uepmul cooouiecme Ulmus japonica

Ulmus japonica 3aperucTpupoBat B 93 reo00TaHUUECKUX OMMCAHUSIX JIECHBIX
1 KyCTapHUKOBBIX COOOIIECTB; B 89 M3 HHUX B3 SIMOHCKHUH BBICTYTIANT IIEHO3000pa-
30BarelieM, T.€. HTPall POJib JOMHHAHTA WIN CYOJOMHHAHTA B IPEBECHOM SIPYCE.
Lenodaopa Takux cooOriecTB HacyUThIBaeT 193 BHIA COCYIUCTBIX PACTCHHUHU.
Bonee uem B 20% onucanuii (II-V ki1accel nocTosHCTBa) BCTpedaeTcs 41 Bux co-
CYIUCTBIX pacTeHuil, a 21 BUI XapaKTepu3yeTcsi BLICOKUM TIOCTOSHCTBOM (0Oomee
40% onucanuii, unu [11-V ki1accel MOCTOSHCTBA).

PacturensHble coobmectsa ¢ yuactuem U. japonica 3aHUMAIOT IPSHUPOBAH-
HBIC YYaCTKU BBICOKOM MOMMBI, 0OBIYHO TPUIIOTHSITHIC HA 1—2 M HaJl pyCIIOM PEKH
1 00pa30BaHHBIC AJUTIOBHANEHBIME oTiIoXkeHUsIMH. ComoMunanToM U. japonica B
JPEBECHOM SIpyCe 4acTo BBICTyIaeT Padus avium, 4be akTHBHOE ydacTHe B CO-
00IIIeCTBaX CBS3aHO C aHTPOIIOTCHHBIM (pEeKpearoHHBIM) Bo3neiicTBueM. B pe-
3yJBTaTe 00pPa3yIOTCS YEPEMYXOBO-BS30BBIE U BSI30BO-4epeMyXOBbIe poinu. Ha
YYacTKax, IJe depeMyxa He CO3[JaeT W30BITOYHOTO 3aTE€HEHHS, B COOOIIECTBAaX
XOpOIIO Pa3BUT KYCTAPHHUKOBBINA SPYC, COCTABJICHHBIN B pa3HbIX KOMOWHAIUAX
u3 Malus baccata (L.) Borkh., Rhamnus davurica Pall., Ribes spicatum E. Rob-
son, Rosa acicularis Lindl., R. davurica, Swida alba (L.) Opiz u np. TpassHoii
sIpyc OOBIYHO XOPOIIO BBIPAXKEH, C MPOSKTUBHBIM MOKPHITHEM 35-80% 1 BBICO-
toir 10 100-140 cM. B ero cocraBe 3aMeTHYIO pOJb UTPAIOT PACTEHUS C Tpe-
UMYIIECTBEHHO BOCTOYHOA3MATCKIM WM MaHBDKYPO-IaypCKUM paclpocTpa-
nenuem: Elymus pendulinus (Nevski) Tzvelev, Festuca extremiorientalis Ohwi,
Filipendula palmata (Pall.) Maxim., Lamium album subsp. orientale Kamelin &
A.L. Budantzev, Thalictrum baicalense Turcz. ex Ledeb.

CoobmiectBa Bs30BHUKOB B HH30BbsX Cenenru («lOroBo») m Ha Ywmkoe
(«XKunmo», «Mypoum») HECKOIBKO pa3nudaroTcs. [IJis CeNeHTHHCKUX COO0IIECTB
xapakTepHbI Takue BUIbI, Kak Carex arnellii Christ ex Scheutz, Circaea lutetia-
na L., Elymus pendulinus, Festuca extremiorientalis, Filipendula palmata, Hes-
peris sibirica L., Lamium album subsp. orientale, a nnst cooOmecTB Ha Ynkoe —
Anemonidium dichotomum (L.) Holub, Carex sordida Van Heurck & Miill. Arg.,
Menispermum dauricum DC., Rhamnus davurica, Rubia cordifolia L.

Kpome 4uCThIX MAaCCHBOB M IICHO30B C y4acTHEM 4YepeMyxH B HH30Bbix Ce-
nenru («kOrosoy), U. japonica u3penka oOpa3yeT KCepoMe30(pHUTHBIC pa3pex eH-
HBIE COO0IIECTBA ¢ OONBIINM WIIM MEHBILIUM y4acTueM COCHBI (Pinus sylvestris L.)
u Oepessl (Betula platyphylla Sukaczev) mubo GopMUpyeT TOJIECOK B COCTaBE
COCHOBBIX JecoB. Takue coobuiecTBa oOHapykeHbl Hamu Onu3 ¢. Hukonbck u
moc. BpsHCK Ha He3aramMBaeMBIX Teppacax WM KpaifHe PeAKo 3aTaruinBa-
€MBIX yYacTKaX BBICOKHX IOWM B YCIOBHSX JUIMTEIBHOW, HO HE WHTCHCHBHOW
AQHTPONOTeHHOI Harpy3ku. PUTOIEHO3HI BKIIOYAIOT ME30KCEPO(IIIHLHEIC BHIIBI
(Agrostis gigantea Roth, Elytrigia repens (L.) Nevski, Linaria acutiloba Fisch. ex
Rchb., Medicago falcata L., Poa angustifolia L., Ranunculus polyanthemos L.,
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Thalictrum simplex L.), XapakTepHBIC A1 COCHOBBIX JIECOB M CYXOIOJIBHBIX Jy-
roB OacceiiHa CeneHru.

IIpupooooxpannoe 3nauenue necoe ¢ Ulmus japonica

[pupomooxpaHHOe 3HAYCHUE SMOHCKOBSI30BHHKOB HUMEET TpPU AaCICKTa:
1) cam U. japonica — oxpaHseMbIid BU, 3aHeceHHBIH B KpacHyro kHury Pecmy-
omuku Bypsitus [12] ¢ kareropueit u crarycom «3 (NT) — peaxwuii Buz. Penukr
TPETHYHBIX ITMPOKOIUCTBEHHBIX JECOB C TUILIOHKTHBHEIM apeaioM, HaXOIUTCS
Ha ero 3amajJHoi TrpaHuley», a Takke B KpacHyro kuury 3abailkambckoro Kpas
[10] c xareropueit u crarycoM «2. Bun, Haxonsmmiics BOJU3U CeBEpO-3armafHon
TPaHHMIBl PACIIPOCTPAHEHHSI, YHCICHHOCTh KOTOPOTO COKPAIIAeTCs B Pe3ysbTa-
T€ U3MECHEHUS YCIIOBUH CYIIECTBOBAHUS U Pa3pyIICHUs MECTOOOUTaHUN. PeukT
TPETHYHOTO MEPUOAa»; ii) B SIMOHCKOBA30BBIX cOOOIIECTBaX obutaer 16 BUIOB
OpPTraHWU3MOB, 3aHeCeHHBIX B KpacHple kHUTH (Tabi. 1); iii) ATOHCKOBA30BBIC CO-
00IIECTBA COCTABIISIIOT YaCTh MOWMEHHOW PACTHUTEINEHOCTH, KOTOPAsK BBIMOIHSIET
PAI BaXHBIX THIPOIOTO-TeoMopdoorndeckux GyHkmmi [32].

BrisiBienne HOBBIX MecToHaxoxaeHuil U. japonica B 3anagnoM 3abaiikanbe
HE M3MEHSET KaTerOPHHU €T0 PEAKOCTH, TOCKOIBKY HAXOIKH JIHOO PaCIONOKCHBI
B IpeJieNiax palioHa ¢ paHee N3BECTHBIMU MECTOHAXOKIeHUsIMHE (yuaacTok «HOro-
BO»), THOO MPEACTABILIIOT COO0M MaJeHBKUE pa3pO3HEHHBIC POLIUIIEI U OTICIIh-
HBIC JICPEBhs HA HEOObIOM yaacTke («Mypouun»). COOTBETCTBEHHO, MOSBICHIE
JaHHBIX O HOBBIX HaXOIKaX HE MOXKET BIUATH HA OLEHKH KaTeTOPHH M CTAaTyCOB
3TOTO BUJIAa B PETHOHAIBHBIX KpacHBIX KHHUTaX.

[o mpuHATEIM HOpMATHBaM OXpaHE MOIJIEkKAT He COOOIIecTBa U 3aHNMaeMBbIe
UMH YYaCTKH, a JIUIIb COOCTBEHHO BUJIbI PACTCHUIA, IPUOOB U )KUBOTHBIX, 3aHE-
ceHHble B KpacHble KHUTH B 0OOHTalOMKe B TeX ke OuoTonax, 4ro u U. japonica.
XoTs OMOLIEHOTHYECKHE CBSA3U BUAOB, cocylecTBytomux ¢ U. japonica, moka He
W3y4YeHBI, MOXXHO IPEIIONAaraTh, YTO B3 BEICTYIIAET KAK MHHUMYM B POJIH KOH-
copta nmubo maxe nerepmunanta [34]. Ilostomy U. japonica MOXHO paccMaTpu-
BaTh KaK «BUI-30HTHK» [35], coxpaHEeHHE KOTOPOTO Oy/IeT CiocoOCTBOBATh TAKKE
COXPaHEHHIO YaCTH WIIM BCEX COCYILIECTBYIOIIMX C HUM BUIOB, B TOM YHCIIC Pe-
KHX W PEITUKTOBBIX (Ta0I. 2).

Kak BuiHO 13 Tabm. 1 1 2, COMCOK PENKUX U PEIUKTOBBIX OPraHU3MOB BKIIIO-
yaeT 47 BUIOB, U3 KOTOPHIX 19 mpuBeAeHBI MO0 HAIIMM JaHHBIM BIepBBIe. BKiTio-
YCHHBIE B TaOJI. 2 BUJIBI OPraHU3MOB OOHAPYKEHBI IJTABHBIM 00pa30M Ha y4acTKe
«IOroBo» kak Hamboiee N3yYCHHOM, a TaKKe HanOoiee KPYIHOM H SKOTOIIOJNO-
THYECKH pa3HO0Opa3sHOM. BUbI pa3nuyaroTcst Kak 1Mo CTENEHH PENKOCTH, TaK U
10 OTHOIICHHIO K CTAaTyCy PEIMKTOBOCTH. Hampumep, Takue BHIIBI )KyKOB-I0JITO-
HOCHKOB, Kak Phymatapoderus latipennis u Teretriorhynchites icosandriae subsp.
ussuriensis, BEpOSTHO, MOTYT OBITh OTHECEHBI K YHUCITy HEMOPAIBHBIX PEITUKTOB B
bacceiine Cenenru. Apeasnsl 000MX TAKCOHOB PACIIOJIOKEHBI IPEUMYILECTBEHHO
Ha fore JlansHero BocToka M 3aXBaTHIBAIOT JIMIIE HEMIUPOKYIO HOIOCY TEPPUTO-
pun tora Boctounoii Cubupu [38, 39]. Peakue nomyxecTKOKpPBLIbIE HACEKOMbBIE
n3BeCTHHI U3 bypsaTin mo ennHnYHBIM Haxonkam [36, 40, 41].
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Tabnuna 1 [Table 1]
Bujabl pacrenuii, rpu6oB H HaCEKOMBIX, BKJII0YeHHbIe B KpacHble kHUrH,
M3 YMCJIA OTMeYeHHBIX B coobmecTBax ¢ Ulmus japonica B 3anagnom 3adaiikaibe
[Red Data Book-listed species of plants, fungi and insects recorded
in communities with Ulmus japonica in Western Transbaikalia]

Vuactku ¢ U. japonica | Kareropus peakoctu
Hassanve sia [Sites with U. japonica] [Rarity category]
Ne Speci IOroso | Mypouu |Kunmo | KKP® | KK PB | KK 3K
[Species] [Yugovo] | [Murochi] |[Zhindo] | [RB RF]|[RB RB] |[RB ZK]
(68)* (7H* (18)* [(2008)|(2013)[(2017)
Cocymuctsie pactenus (Trachacophyta)
1 |Circaea lutetiana L. 26 . . . 1 1
2 |Festuca extremiorientalis Ohwi 46 2 4 .
3 |Gagea terraccianoana Pascher** + . . . 1 .
4 |Lonicera chrysantha Turcz. ex Ledeb. 1 . . 3
5 |Menispermum dauricum DC. . 2 8 . 3 3
6 |Mertensia sibirica (L.) G. Don** + . . . 1 .
7 |Neottianthe cucullata (L.) Schlecht. . . 1 360 7 3
8 |Rhamnus davurica Pall. 2 . 18 . . 3
9 |Ulmus japonica (Rehder) Sarg. 68 7 18 . 3 2
JluxenusupoBanHbie rpuObI (Ascomycota)
10 [Inonotus hispidus (Bull.) P. Karst.** + 2
1 Heliocybe sulcata (Berk.) N 3
Redhead & Ginns**
12 |Pleurotus dryinus (Pers.) P. Kumm.** + 3
13 |Trametes conchifer (Schwein.) Pilat** + . . 2
Kecrrokpeuisie Hacekomble (Coleoptera)
14 Carabus smaragdinus Fischer 4 4
von Waldheim, 1823** i i )
Yemyekpolible HacekoMble (Lepidoptera)
15 |Apatura metis Freyer, 1829%** + . . 4
16 Callambulyx tatarinovi Bremer . 3
et Grey, [1852] 1853*** ) )
HWroro BuaoB [Species in total] 13 3 6 1 13 7

Ipumeuanue. * — aucio re0OOTaHMYECKUX OMMCAHMH, BBIIOHEHHBIX HA YY9aCTKe, IS YaCTH COCY-
JICTBIX paCTEHUN YKa3aHO YHMCIIO ONMCAHUM, B KOTOPBIX BUJIbl OTMEUEHBI; Ul IPOYMX PACTEHUH U
HACEKOMBIX 3HAKOM «+» OTMEYEHO HAIMYKE Ha yJacTke; ** — nanHble o Kpacuoii kaure Pecryonm-
ku bypstus [25]; *** — opurunansasie nanasre. Kareropun oxpansl. KK P® — Kpacnas xaura Poc-
cuiickoit deneparm [31]: 30 — penkuii BUI, NMEIOLINI 3HAYMTENBHBIN apea, B Ipeieax KOToporo
BCTPEYAETCsI CIIOPAANUECKH U ¢ HeOonmbIol uncieHHocThio nomymsinuid. KK Pb — KpacHas xaura
PecnyOnmuxu Bypsitus [25]: 1 — Bz, HaXOQSIIMIACS IO YTPO30H UCUE3HOBEHHS; 2 — yA3BUMBIN BUI,
COKpAIAIOIIHIACS B YHCICHHOCTH; 3 — PenKuii BUA; 4 — BUI HEOMPEIEJIEHHOTO CTaTyca, OUOJIOTUst
KOTOPOTO M3ydYeHa HeOCTaTo4YHO; 7 — BUI, Haxoxsumiics B PecyOnuke Bypstus BHe omacHOCTH,
Ho BHeceHHbIH B KpacHyro kaury P®. KK 3K — Kpacnas kaura 3abaiikanbckoro kpas [26]: 1 —Bur,
HaXOMSIIMICS MO]] yTPO301 NCUE3HOBEHUS; 2 — BUJI HAa TPaHMIIE apeata; 3 — peaKuil BU.

[Note. * - Number of relevés sampled at the site; for several vascular plants, the number of registrations
within the pool of relevés is given; for other plants and insects the occurrence within the site is designated
by “+”; ** - data from the Red Data Book of the Republic of Buryatia [25]; *** - original data. Protec-
tion categories. RB RF - Red Data Book of the Russian Federation [31]: 36 - rare species embracing wide
distribution range and sporadically occurring as small-sized populations. RB RB - Red Data Book of the
Republic of Buryatia [25]: 1 - endangered species; 2 - vulnerable species; 3 - rare species; 4 - status is
uncertain as the biology of the species is poorly known; 7 - species included in the Red Data Book of the
Russian Federation but in Buryatia it is out of concern; RB ZK - Red Data Book of Zabaikalskii Krai [26]:
1 - endangered species; 2 - species at the edge of its distribution area; 3 - rare species].
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Tabnuna 2 [Table 2]
Penxue n peTnKTOBBIE OPraHU3MBI, OTMedeHHBIe B coodmecTBax ¢ Ulmus japonica*
[Relict and rare species of plants, fungi and insects revealed in communities with Ulmus japonica*)

Vyactku ¢ U. japonica | Wctou-
N Hassanue Buza [Sites with U. japonica] HUKHA
- [Species] I0roBo | Mypouu | Kunmo | AaHHBIX
[Yugovo] | [Murochi] | [Zhindo]| ~ [Pata
sources]
Cocynuctsie pacrenus (Trachaecophyta)
1 [Carex sordida Van Heurck & Miill. Arg. . + + 4
2 |Cinna latifolia (Trevir.) Griseb. + 4
3 |Crataegus maximowiczii C.K. Schneid. + 4
4 |Elymus caninus (L.) L. + . 4
5 |Elymus pendulinus (Nevski) Tzvelev + . + 4
6 |Thalictrum baicalense Turcz. ex Ledeb. + + + 4
Moxoo6pasubie (Bryophyta)
7 Pylaisiella selwynii (Kindb.) H.A. N 1
Crum, Steere & L.E. Anderson
T'pu6s! (Basidiomycota)
8 |Crepidotus aff. submollis Murrill + 1
9 |Pleurotus citrinopileatus Singer + . 1
JluxenusupoBaHHbie rpubbl (Ascomycota)
10 |Anisomeridium biforme (Borrer) R.C. Harris + 3
11 |Bacidia circumspecta (Nyl. ex Vain.) Malme + 3
12 |Caloplaca ahtii Sechting + 3
13 [Lecania koerberiana J. Lahm + 3
14 Oxneria fallax (Hepp ex Arnol) 4 1
S.Y. Kondr. & Kirnefelt**
15 [Parmelia cf. pseudolaevior Asahina + 3
16 |Physcia aipolia (Ehrh. ex Humb.) Fiirnr. ** + 1
17 |Physcia caesia (Hoffm.) Fiirnr.** + 1
18 |Sclerophora pallida (Pers.) Y.J. Jao & Spooner + . 3
Ilepenonuarokpslisie Hacekomble (Hymenoptera)
19 [Vespa crabro Linnaeus, 1758 + 1
JKectrokpsuibie Hacekomble (Coleoptera)
20 |Anthonomus maculatus Ter-Minassian, 1972 + 4
21 Corigetus marmoratus Desbrochers 4 4
des Loges, 1873
22 |Orchestes mutabilis Boheman, 1843 + 4
23 [Phymatapoderus latipennis (Jekel, 1860) + 4
24 Teretriorhynchites icosandriae subsp. N 4
ussuriensis (Voss, 1930)
TTonyxecTkokpalable HacekoMble (Heteroptera)
25 |Drymus parvulus Jakovlev, 1881 + 4
26 |Pilophorus mongolicus Kerzhner, 1984 + 2
27 |Plinthisus lativentris G. Horvath, 1906 + 4
Yemyekpolisie HacekoMble (Lepidoptera)
28 |Caligula boisduvalii Eversmann, 1864 + 4
29 [Catocala helena Eversmann, 1856 + 4
30 |Eudia pavonia (Linnaeus, 1758) + 4
31 |Fixsenia pruni (Linnaeus, 1758) + . . 4
HWroro BugoB [Species in total] 30 2 3

Ipumeuanue. Victounnku nanueix: 1 — [lnemanos, Ilnemanosa [17]; 2 — Bunokypos u ap.
[36]; 3 — Maxpsrit [37]; 4 — opurnHaNbHBIE JaHHBIE. * — BUJBI, BKIIOYEHHBIE B Tabl. 1, He
npuseneHsl. ** — T.B. Makpstiii [37] ocriopuia omnpesiesieHue 3THX BUIOB, OHAKO, IT0 YCTHOMY
coobmenuro A.B. Jlnmrssl, eto ObuIa poBepeHa XoTs 1 66mbmIas yacts coopoB A.C. ITnemra-
HOBa, HO HE BCs KOJUIEKI[HS, U 9aCTh 00pa3IOB 0CTANIACh HEIPOBEPEHHOM, T0OITOMY MBI IIPHBO-
JIM M3HaYaIbHO yKa3aHHEIE B pabote [17] Ha3BaHUS TAKCOHOB.
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[Note. Data sources: 1 - Pleshanov & Pleshanova [17]; 2 - Vinokurov et al. [36]; 3 - Makryi [37]; 4 - Origi-
nal data. * - Species included in the Table 1 are not shown. ** - T.V. Makryi [37] questioned the determina-
tion of these species, however, according to the personal comment by A.V. Lishtva, a part of the collection
was not available to T.V. Makryi and some specimens were not examined. For this reason, we give the
names of the taxa originally reported by Pleshanov & Pleshanova [17].

OcCHOBHAas 4acTh apeajoB BKIIOUYCHHBIX B TaON. 1 ¥ 2 BUOB JICKUT FOXKHEES
U / uiu BocToyHee paiioHa uccienopanus [30]. YpoBeHb peAKOCTH U BaKHOCTH
JUI COXpaHEeHHUs OmopaszHooOpasus 3amamHoro 3adalkambs, O KpaiHeH Mmepe
YacTW BHUJIOB, BKJIIOYEHHBIX B Ta0M. 2, 3aCIyKMBaeT TOTO, YTOOBI PAacCCMOTPETh
BOIIPOC O BKJIIOYEHUH WX B PETMOHANBHBINA CITMCOK Kak ITOUICKAIIAX OXpaHe
160, Kak MUHUMYM, B «OMOHA30pHBIN CIIMCOK» aHAJIOTHYHO TakoBoMy B Kpac-
HoW kHUTe PecryOnuku Bypsatus [25], Kyna yxe BXOAST NPUBEACHHBIC B TAOIHUIIC
BHJIBI YELTYEKPBUIBIX. J{JIs1 OXpaHbl Ha perHOHAIILHOM YPOBHE TaKKe MOTYT OBITh
pexomennoBanbl Cinna latifolia, Crataegus maximowiczii, Pylaisiella selwynii,
Corigetus marmoratus, Phymatapoderus latipennis, Teretriorhynchites icosan-
driae subsp. ussuriensis, Pilophorus mongolicus.

Ilepcnexkmuewt opzanuzayuu oxpaust cooduecme ¢ Ulmus japonica

[NonHomenHas oxpaHa OTAENBHBIX BUIOB JOJDKHA 0a3MpOBATHCS Ha COXpaHe-
HUU SKOCHUCTEM, B COCTaB KOTOPHIX OHH BXomaT [40]. OOmenpunsToit B Poccun
OpTaHU3alMOHHON (OPMOH OXpaHBI SABISIOTCS 0CO00 OXpaHSIEeMBIE TPHUPOIHEIC
tepputopun (OOIIT): HauMOHaNBHBIE MTAPKH, 3alIOBETHUKH, 3aKa3HUKHU, TTaMsT-
HUKH npuponsl. s coxpanenus U. japonica 1o CUX TOp HU OIHA M3 ITUX Ka-
teropuiit OOIIT He mpuMeHeHa: HU OHO U3 MECTOOOWTaHMI BUAA HE BXOIUT B
cOCTaB KakoH-ubOo oxpanseMoll Teppuropun. OTHAKO C YIETOM MPHUBEICHHBIX
BBIIIIE JaHHBIX (cM. Tabid. 1, 2) 0 mojyekalmx oXpaHe BUAAaX OPraHU3MOB MbI
CUUTaeM HEOOXOMUMBIM NpetoxkuTh opranuzamiro OOIIT ams coxpaneHns kak
camoro U. japonica, Tak 1 BCET0 KOMILJIEKCAa BUJIOB, BXOSIINX B COCTaB 00pasy-
€MBIX IM COOOIIECTB, UISI KOTOPHIX OH BBICTYIIAET B POJIH «30HTHKAY. B cioxkuB-
meiics cutyanuu TpedyeTcst paccMoTpeTh Bompoc o kareropusax OOIIT, coorser-
CTBYIOIINX 3a/[a4e COXPAHEHHS ITUX YHUKAIBHBIX AKOCHCTEM.

Panee BpaBHTranocks mnpemioxeHue o0 oxpane coobmectB ¢ U. japonica B
Hm30BbsiX Cenenrn mytem opranmzanuu OOIIT B panre maMsTHUKOB HpUPO-
Isl y cén MocroBka u Tarayposo [12, 43] onHako OHO He OBUIO PeaIM30BaHO.
ANBTepHATHBHBIM OBLTO HEaBHEE MPEATIOKEHHE O CO3IaHUU TOCYIapCTBEHHOTO
MIPUPOJHOTO 3aKa3HUKa (heJepaNbHOrO MM PETHOHAIBHOTO 3HAYEHUS: IS OI-
THMaJbHOU OXpaHbl npemiokeHo co3nars OOIIT kareropun «3aka3HUK» B BHJIE
TpEX KJIacTepoB ¢ coobiecTBaMu U. japonica mo Oeperam uinu Ha ocTpoBax Ce-
JIEHTU ¢ MAaKCHMAaJIbHbIM KOJIMYECTBOM PEJIMKTOBBIX BHIIOB B MX cocTaBe [44].
JeiicTBuTensHO, nMeHHO KnacTepHas gopma OOIIT mpeacrasnsiercss Haubomee
MOAXOMAIICH [T OXpaHbl TEPPUTOPHATBEHO Pa3pO3HEHHBIX 00BEKTOB. Peamm3a-
nust npegtoxerus 06 OOIIT u3 Tpéx kmactepoB B HU30BbsIX p. Cenenra [44],
HECOMHEHHO, OyZieT CrIoco0CTBOBATh COXpaHeHHI0 camoro U. japonica n Ipyrux
MOJIeKAIIUX OXPaHe BUAOB, OOUTAIOIIMX Ha yuacTke «FOroso». OmHaKo B 3TOM
Cllydae OCTaHeTCs 0e3 perIeHusI IpodiieMa OXpaHbl IPYTHX YIAaCTKOB — « KuHIO»
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u «Mypoun», B KOTOPBIX TaKK€ €CTh HY)KIAIOIIUECsH B oXpaHe BUAbl. Bmecte
C T€M IIPH OPraHU3aIMU OXPaHbl ITUX JBYX yUaCTKOB HEH30EKHBI OCIOXKHE-
Hus. Bo-nepBbix, «Mypoun» u «KuHno» HaxooaTcss Ha 3HAUUTENBLHOM yaale-
HuM (IEepBBII U3 HUX — Ha paccTosHUU okojo 300 kM oT ydactka «tOroBo», a
BTOpoi — emni€ mouty Ha 130 KM Aanblie), ¥ Mo ATOH NPUYNHE BKIIOYCHHE WX B
enunyto kiaactepHyto OOIIT Bmecte ¢ yuactkoMm «FOroBoy» mpencTapisieTcs: He-
paLMOHAIBHBIM; BO-BTOPBIX, Y4acTOK <« KHHI0» pacrionaraercs Ha TEPPUTOPUU
uHoro cyobekta Denepannu (3adaiikanbckuit kpait — 3K), B oTIH4Me 0T y4acTKOB
«tOroBo» u «Mypoun» (pacronoxensl B Pecriyomnuke Bypstus — PB), uto Oyner
MPENSTCTBUEM K OPTaHU3aLUOHHOMN LIETOCTHOCTH, €CIH CO3/IaBaTh OJHY OT/EIb-
Hyto OOIIT mist oxpaHbl pa3HbIX KIIaCTEPOB — MaccuBOB U. japonica i KOMIIOHEH-
TOB €ro coobuiecTB. Takum 00pa3oM, HECMOTpPS Ha IPUBIIEKATEILHOCTh OXPAHBI
pa3HBIX YYaCTKOB npouspactanus U. japonica mOI 3THION €IUHOW KIACTEPHOU
OOIIT, npuxoanuTCst MPU3HATh HEPALUOHAIBHOCTH TAKOTO MOAXO/A.

B cBsi3u ¢ 9THM HEOOXOIMMO PACCMOTPEHHE MHBIX BOSMOXKHBIX BapHaHTOB. B
HEPBYIO OYEpeib, BAXKHO COOTHECTH MMEIOLIUECS YYACTKU (MOTEHIMAIBHbIE KJla-
cTepbl) ¢ yxke cymectytonieit cetbio OOIIT. Ha tepputopun PB Gmmkaiimmim k
yuacTKy «HOroBoy siBisieTcs rocynapCTBEHHBII MpupoaHblii 3aka3Huk (I'T13) «Ka-
OaHckuit» B nenbre p. Cenenra, Haxonsmuiics mox yrpasienueM OI'BY «batikais-
CKHH TrOCyIapCTBEHHBINM OHOC(EpHBIil 3al0BEIHUKY (Aanee — balkanbckuil 3armo-
BenHUK). Kpome Toro, mox ympaBieHneM baikambCKOro 3alOBEIHMKA HAXOIUTCS
eme oquH I'TI3 «Anrauelickuity (B Myxopimubupckom paiione PB). Ilo namemy
MHEHHIO, ISl OXpaHbl paCIIONaralouxcs B HU30BbsIX p. CereHra OHOIIEHO30B 13
U. japonica n ApyTuX CBSI3aHHBIX C HUM BUJIOB OPraHU3MOB, MOUIEKAIIUX OXpaHe,
MOKHO TIpeIIokuTh co3nanue kiaacteproro ['T13 «HOrosckuit»y. OyHKIME yIipaB-
nerust HoBbIM ['TI3 BO3MOXKHO BO3TIOXKHUTH Ha baiikallbCKuii 3alI0BETHHK, Y KOTOPO-
IO YK€ UMEETCS aHAJIOTUYHBIN MTOJIOKUTEBHBIN OIBIT C APYTHMH 3aKa3HUKaMHU.

PaccMoTpuM nepcrieKTUBBI OpraHnu3allii OXPaHbl y4acTKOB «OKuumo» u «My-
poum». B Kpacnoii kaure 3K npeioxkeHo opraHn30BaTh MaMATHUK MPUPOJIEI B
okpecTHOCTAX c. KuHAO /Ui oxpaHbl penukroBoro cooduiectsa [10]. Ha nHam
B3JISL, IPYI'MM BO3MOXHBIM pELIEHHEM I OpPraHM3allUU OXpaHbl ydacTKa
«Kunno» moxet ObITh co3nanue I'T13, ynpapiaeHue KOTOPbIM BO3JIOXKUTh Ha CO3-
nauaeni B 2014 1. B8 KpacHounkoiickom paitone 3K Harmmonaneuerii mapk «Ym-
Koif» (amMuHHCTpanusa HaxoquTcs B ¢. KpacHbiid Ynkoii — mpumepHo B 90 kKM OT
yaacTka «Kunmoy»). Hame mpeanokeHre XOpOIIo COIIacyeTcsl ¢ BEIIBUHYTHIM
000cHOBaHMEM co3/aHus IBycTopoHHeH TpaHcrpannyHoi OOIIT «X3HTHii-Yu-
KOMCKOE Haropbe», B KOTOPYIO € POCCHIICKOM CTOPOHBI MPEIaraeTcs BKIOYUTh
Hammonaneneiil mapk «Hukoit» [45]. Peanuzaius Takoro pemieHus co3aacT BO3-
MOXHOCTH COXPAHEHHUSI SITTOHCKOBSA30BBIX COOOIIECTB, PACTIONOKEHHBIX HE TOJIb-
KO B OKPECTHOCTAX c. JKMHJ0, HO U Ha JIeBoOepexkbe p. UNKOit — Ha TePPUTOPUU
Monromuu. Xotsa U. japonica He BKJIIOYEH B CIHCOK BHIIOB PACTEHUH, MOAJIE-
KalUX OXpaHe Ha TeppuTopuu MoHromauu [46], oH BCE ke AOCTaTOUHO PENoK,
VSI3BIM M MOXKET OBITH PEKOMEH/IOBAH K OXpaHEe U B 3TOH CTpaHe.
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B cnydae Bxirouenus ydactka «Kunmo» B cocraB HamuonanpHOro mapka
«Hukoi» ydacTok « Mypodm», O4eBHIHO, MOXKET OBITH MPEJIOKEH K OXpaHE B
Buje camoctoarenbHor OOIIT. Ognako 3THM penieHrneM BO3MOKHOCTH Opra-
HU3AIMH OXPaHBI ITOHCKOBSI30BHUKOB yuacTka « Mypoum» He OrpaHUYHBAIOTCS.
Oxomo 40 net Ha3zag M.A. lllapraes BrIcka3an MHEHHE O HEOOXOAMMOCTH CO3/a-
HUS MEXTyHApOJHOTO 3aMoBeJHIKA B Oacceitne p. Uukoii [47], a I A. Ilemkosa
[48] BHeca mpenIoKEHNE O CO3/IaHWH CTEITHOTO 3alOBEIHHKA Ha fore byps-
TuU Ha CeJIeHrHHCKO-UHKOMCKOM y4YacTKe, «PacloIOKEHHOM MEXIy CeleHUs-
mu Yerb-Ksixta u Yerb-Kupan (Bypsitckas ACCP)». Cpa3y Tpu BapuaHTa IS
CO3/IaHHA CTEIHOTO 3amoBeHUKa ObUTH BELABUHYTH A.b. IMeTxeHOBBIM [49]:
Boproilickas crens, B Mexaypeube Xuika U Unukos u B TYrHYHCKOW TOJNHUHE.
Bcenen 3a yka3aHHBIMU aBTOpaMU O HEOOXOIUMOCTU COXPAHEHUs LIEIOCTHOCTH
KOMIIOHEHTOB CTEIHOTO KOMIIJIEKCA IyTEM CO3[JaHUSl CTEIHOIO 3allOBEJHUKA,
HECKOJBKUX 3aKa3HUKOB U MaMSATHUKOB mpupoas! nucan T.I. boiikos [50, 51],
YIIOMSIHYB CPEJIH ITPOYKX TEPPUTOPHIO «B OacceliHe p. Unkoil Ha rpanuiie byps-
U, YUTHHCKON 00acTi 1 MOHTOMUUY, TJe UM ObLITIO PEKOMEHJOBAHO «CO3/a-
HUE MEXIYHAPOTHOTO POCCHUHCKO-MOHTOIBCKOTO OMOC(EpHOTo 3armoBeIHuKa
[51]. BiocienctBuu ObLIN MPUBEAECHBI apTyMEHTHI B TIOJIb3Y CO3JaHUS CTEITHO-
ro 3anoBeqHuka Ha 6a3e ['TI3 «AnTaueiickuii» ¢ ero 3HAYUTEIBHBIM pacIIupe-
HUEM BIUIOTH JI0 BKJIIOUEHHA toro-3anamgHoil yactu ['TI3 «Tyrayiickuii» [52].
Kpowme toro, K.I11. IIlarxnueBsIM ¢ COABT. OBLIO MPEIOKEHO 000CHOBAHHE CO3-
JaHWUS TOCYJapCTBEHHOTO CTEMHOTO 3anoBenHuKa «CeneHrunckas laypus» Ha
0ase I'TI3 «boproiickuii», B KOTOPOM MOAYEPKHYTO, YTO TAKOH 3aIIOBEITHUK MO-
XKeT ObITh YacThIO TpaHCTpaHUYHON MexayHapogHoit OOIIT, rae co cTOpoHBI
Momuronmiu OyaeT MPUMBIKATh 3aII0BEAHMK (HAMOHAJIBHEIN napk) « CeleHrut-
ckuii» [53]. [Ipennoxenue u KpaTkoe 0O0CHOBaHUE JABYCTOPOHHEW TpaHCTpa-
anaHoit OOIIT «Cenenray npeactasnensl T.I1. Kanuxman (CaBenkoBoit) [45,
54], npennararomeit co31aTh ¢ pOCCUMCKON CTOPOHBI KIACTEPHBIN 3aI10BEIHUK
«/KunuHCKMIDy (MM HallMOHANBHEIN mapk «CeneHra»), B COCTaB KOTOPOTO
MOXKET BOUTH LIeTBbIN psiji kitacTepoB. [Ipu peanuzanuu Takoro rjiaHa Mbl Ipe-
JlaraeM B KaueCTBE JOMOJIHUTEIBHOTO KilacTepa Takke y4acToK «Mypoun» 1is
oxpansbl U. japonica u Jpyrux BUJOB.

BrinBunyTHIe TIpemioxkeHns o oxpaHe U. japonica M o0pa3yeMBIX UM CO-
OOIIECTB BBIXOIAT HA MEXIYHAPOIHBIA YPOBEHb, ITOCKOJIBKY KacalOTCs MEKIO-
CyapCTBEHHBIX OTHOIIeHUH Poccun 1 Monronmu. Heo0xomuMocTh coXxpaHeHHS
cooOmectB U. japonica CIy>KUT AOTIOJHUTENbHBIM apI'yMEHTOM B IOJIB3Y CO3/a-
Hus kinactepHbix Tpancrpannaabix OOIIT B compenensHbIX patioHax Poccnn n
MoHronuu, THUIUKMPOBAHHOTO emie B 1994 1. myTeM opraHuzauu TPeXCTOPOH-
Hett (Poccus, Monronus, Kurait) kimactepHo# TpaHCTpaHUYHOM 3aI10BETHOU TEP-
putopuu «Jlaypus» (mpencrasieHHoi ¢ Poccuiickoil cropors! [ ocygapcTBeHHBIM
MIPUPOAHBIM OHochepHbIM 3armoBemHUKOM «Jlaypckuii»). BaxkHOCTH co3maHwMsI
tpancrpannunbix OOIIT ans pa3BUTHS COTpyAHUYECTBA B cepe OXpaHbl MpH-
poIbI He BBI3bIBaeT coMHeHUH [45, 55]. Peanu3zanusi BEIABUHYTHIX HAMH TPE-
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JIO)KEHU, HECOMHEHHO, OTBEYAET PEUICHUIO III00ATBHOM MPOOIEMBI COXpaHEHHUS
6uopa3zHO00pa3us BHE 3aBUCUMOCTH OT T'OCYAapPCTBEHHBIX TPAHMUIL.

BriBoabI

1. K HacTodIeMy BpeMEHH K JOCTOBEPHO U3BECTHBIM MECTOHAXO0XKICHUSIM CO-
obmectB U. japonica Ha TeppuUTOpUH 3armagHoro 3abaiikaiibss OTHOCATCS: 1) sl
myHKTOB (y4yacTok «lOroso») B HumxHeM TedeHuu p. Cenenra B KabaHCkoM u
[IpubaiikanbckoM parionax PecryOmuku BypsTas; ii) yaacTok « Mypodmn» B HHXK-
HeM TeueHud p. Yukoil B KsaxTuHckoM paitone Bypsituy; iii) ydactok « Kungo» B
HWKHEM TeueHuHd p. Yukol B KpacHoumkoiickoM paiione 3a0aiikaibcKoro Kpas.

2. Ulmus japonica BKIIIOUEH B perHOHaNIbHbIE KpacHbIe KHUTH, U yKE Ha 3TOM
OCHOBaHHH €ro cOo00IIecTBa MOAJIeKaT OXpaHe, BAKHOCTb KOTOPOH BO3pPAacTacT B
CBSI3U C HAJIMYHEM B MX COCTaBE PAAa APYTHX PEAKHX U PEIUKTOBBIX BUAOB Op-
TaHU3MOB, 3aHeceHHBIX B KpacHble kaurH cyonexToB denepanun u B KpacHyio
kHUTYy POD.

3. Jns oxpaHbl coobmectB U. japonica mpenjararmTcs: 1) CO3JIaHHE 3a-
Ka3HMKa MOJ yIpaBieHHEeM balikalbCKOro 3aloBefHMKAa B pailoHe ydacTka
«IOroBoy; ii) co3manme 3aka3HHKa IIOX yIpaBlIeHHeM HammoHaibHOTO mmap-
ka «YUuKoil» Ha TeppuUTOpPHH ydacTKa «KuHmO»; iii) co3maHue IByCTOPOHHEH
tpancrpanndHorr OOIIT «CeneHra» KIacTepHOTO THIIA, B COCTABE KOTOPOU
MBI pEKOMEHAYEM MPEeAYCMOTPETh TAKXKE OpraHU3aIUIo KiIacTepa A OXPaHBbI
coobmiects U. japonica Ha ydacTke «Mypodmy.

Aemopbl  Onazooapuvl  cmyoenmke HPpKymcrkozo  20cyoapcmeeHHozo  yHugepcumema
E.M. I'taoxux 3a yuacmue 8 noievlx uccied08anusx u 6bINOIHeHUe 6 2e000MaHUYeCcKUx Onu-
canuil 8 Hu306vax p. Cenenea 6 2015 e., xano. ouon. nayx A.I" Qumumosy (MODF CO PAH,
2. Ynan-Yos, Pecn. Bypamus, Poccus), npedocmasusuiemy pomoepaghuu eepbaprozo obpasya
Ulmus japonica uz eepbapus BUH PAH (LE) u coobwuswemy ceedenus 06 s3mom euoe 8 ma-
mepuanax M.A. Pewuxosa.
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Ulmus japonica (Ulmaceae) communities in Western Transbaikalia:
Distribution, value for biodiversity conservation and perspectives of protection

The East Asian tree Ulmus japonica (Rehder) Sarg. is a nemoral relict species for
Western Transbaikalia (See Fig. ). A few localities of this tree are known in the region,
those in the lower reaches of the Selenga River (Yugovo site; Republic of Buryatia) and
the Chikoy River (Zhindo site; Zabaikalskii Krai), remote from the main distribution
area (See Fig. 2). The study aimed to verify the distribution of U. japonica and to
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estimate the value of U. japonica communities for biodiversity conservation in the
region. Based on the data collected, we discussed some opportunities and suggested
approaches for the protection of these unique ecosystems.

During the fieldwork in 2018 and 2019, we studied all known localities of U. japonica
in Western Transbaikalia and revealed a pleiad of new locations within the site Yugovo
as well as a new location (the site Murochi) in the Chikoy River valley within the
Republic of Buryatia (See Fig. 2 and 3). Information on the occurrence of U. japonica in
the vicinity of Podlopatki village (in the Khilok River valley) was not confirmed. Also,
our attempts to find this species at the site within the Barguzin River valley according to
the label of the existing herbarium specimen failed. Based on 93 relevés, we examined
species composition in woodlands where U. japonica is a codominant species and
revealed the main features and peculiarities of the communities in the region.

At all sites, monodominant coppices of U. japonica and coenoses where it is mixed
with Padus avium Mill. occurred. Nevertheless, Ulmus japonica communities from the site
Yugovo differ from those of Zhindo and Murochi in a greater phytocoenotic diversity and the
composition of characteristic plant species. Additionally, at Yugovo rather xeromesophytic
sparse communities where U. japonica is mixed with Pinus sylvestris L. and Betula
platyphylla Sukaczev were found. Characteristic species of shrub and herbal layers at Yugovo
site are Carex arnellii Christ ex Scheutz, Circaea lutetiana L., Elymus pendulinus (Nevski)
Tzvelev, Festuca extremiorientalis Ohwi, Filipendula palmata (Pall.) Maxim., Hesperis
sibirica L., Lamium album subsp. orientale Kamelin & A.L. Budantzev, whereas at Zhindo
and Murochi they are Anemonidium dichotomum (L.) Holub, Carex sordida Van Heurck &
Miill. Arg, Menispermum dauricum DC., Rhamnus davurica Pall., and Rubia cordifolia L.
According to our studies supplemented with data from the literature sources, there are 16
species of vascular plants, lichens, beetles, and lepidopterans registered in Ulmus japonica-
forests that are included in the Federal and/or in regional Red Data Books (See Table ). We
have revealed 31 additional rare and relict species of plants, fungi and insects (See Table
2). In total, 19 species were found in Western Transbaikalia or within this plant community
type for the first time. The newly revealed rare and relict species could be recommended for
listing in the regional Red Data Book or inclusion in the list of species of special surveillance.
As a perspective of the protection of communities with U. japonica, we propose to maintain
them as distinct clusters under the management of the existing protected areas. Namely, the
site Yugovo can be protected as a separate cluster of the Baikal Natural Reserve, likewise,
the protection of the site Zhindo can be managed by the Chikoy National Park. The newly
discovered site Murochi might be included in the preliminarily proposed Russian-Mongolian
trans-boundary Selenga protected area.

The paper contains 3 Figures, 2 Tables, and 55 References.

Key words: Coleoptera; Heteroptera; Lepidoptera; japanese elm; nemoral relicts;
protected species; protected areas; nature reserves; clustered protected areas; Lake
Baikal watershed.
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This preliminary study investigated the abundance of microplastic particles in
gastrointestinal tracts of the dace (Leuciscus leuciscus L.) from the Tom River, a large
tributary of the Ob River in West Siberia. A total of 13 dace specimens of 2+ to 4+
years of age were studied. Microplastic particles extracted from fish guts were counted
and classified by shapes and sizes. In average 204 + 28.7 items of microplastics were
detected for one dace specimen. Microplastic particles were categorized as fragments
of irregular shape (70%), spheres (16%), films (7%) and fibers (7%), with size ranging
from <0.15 to 2.00 mm. The vast majority of detected microplastic particles (almost
80%) were less than 0.15 mm by their largest dimension. These data provide the first
evidence of microplastics in fish from the Ob River system.

Key words: microplastics; aquatic pollution; rivers; hydrobionts; fish; food chains.

Introduction

In recent decades, plastic debris have been found in aquatic ecosystems around
the world as a direct consequence of industrial, consumer waste and wastewater
emissions [1]. Pollution of the marine environment with microplastics (particles
< 5 mm) is especially intensively studied. The number of studies analyzing the
abundance of microplastics in the marine environment began to grow rapidly
after 2004, when the seminal paper by Thompson et al. [2] had been published.
Microplastics are currently defined as polymer particles smaller than 5 mm [3], or
1 mm [4] in the largest axis. Some authors also use the terms “large” and “small”
for microplastics (2-5 mm and 0.5-2 mm, respectively) [5].

The adverse effects of plastics when swallowed by hydrobionts, suffocating or
entangling them, have been documented for a variety of marine species, so these
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materials were found hazardous to marine fauna [6]. Since plastic breaks down into
smaller pieces in an aquatic environment to form microplastics, it is believed that
it can enter food chains [6-7]. Both field and laboratory studies suggest that fish
absorb micro-sized plastic particles, e.g. originating from synthetic clothing and
cleaning products containing plastic granules [7-8]. Ingestion of microplastics by
hydrobionts and their accumulation in food chains provides a potential pathway for
the transfer of other pollutants and potentially toxic additives to living organisms
up to humans with uncertain consequences for their health [9-12].

Most studies on microplastics abundance have focused on marine organisms.
Microscopic plastic particles have been detected in marine benthic organisms,
especially in bivalves [7, 13-15]. Several reports describe microplastics in the
gut of marine fish. Microplastics were detected in semipelagic fish bogue (Boops
boops L.) around the Balearic Islands [16]. Microplastic ingestion is documented
in commercially relevant fish species from the Spanish Atlantic coast and
Mediterranean Sea - Scyliorhinus canicula L., Merluccius merluccius L. and
the Mullus barbatus L. [17-18]. Ingestion of anthropogenic microfibres and
microfragments by the European anchovy (Engraulis encrasicolus L.) of the
Mediterranean Sea has been recently studied [19].

Much less attention is paid to riverine fish. First evidence of microplastics
ingestion by fish from the Amazon River was received not so long ago [20].
McNeish et al. [21] measured microplastic abundance in fish from three major
tributaries of Lake Michigan, the Muskegon River, the Milwaukee River, and
the St. Joseph River. The results obtained from these two and several other [22]
studies suggested microplastic pollution is common in river food webs.

The aim of this research is to assess the ingestion of microplastics by fish from
the Tom River, a large tributary of the Ob River in West Siberia. It should be noted
that the abundance of microplastics in fish of the Ob River system has not been
studied to date, as well as in fish in other rivers of Russia.

Materials and Methods

The object of the study was common dace, (Leuciscus leuciscus L.) from the
Tom River in Western Siberia, Russia. L. leuciscus is a widespread freshwater
fish of Cyprinidae family [23]. Thirteen specimens of common dace were caught
using a fishing rod on the right bank of the Tom River within the city of Tomsk
(56°27'33"N, 84°56'056"E) on April 01, 2020. Fish were frozen, transported to the
laboratory and stored at -20 °C before the laboratory analysis. Subsequently, each
fish was defrosted and examined.

The total length of the body (L) and the standard length (from the tip of the
snout to the posterior end of the midlateral portion of the hypural plate, 1) were
measured using a caliper to the nearest 1 mm. Total weight (Q) and body weight
without viscera (q) (wet weight, = 1 g) were determined using an electronic
balance. Scales were taken in the region of the dorsal fin (10-15 pcs. in each
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specimen). The fish age was determined by the number of annual rings on the fish
scales using a dissecting microscope. The sex of the fish was determined visually
by gonads as described by Pravdin [24].

The fish was dissected, the gastrointestinal tract (oesophagus, stomach, and
intestine) was removed for further processing and stored at -20 °C until analysis
according to the method published by Bellas et al. [17]. To extract microplastics
from the gut, we used modified protocol developed by Claessens et al. [25] based
on acid digestion of the soft tissues. The digestion procedure consisted of 12 h
destruction of the fish guts in 25 mL of HNO, (22.5 M) at room temperature,
followed by 2 h of boiling in a water bath. Then the mixture was diluted to 100 mL
with 26% NaCl solution for total salt concentration of 20% and left for additional
12 h for the density separation. After separation, the upper fraction was vacuum
filtered using 0.45 pum mixed cellulose ester membrane filter (MF-Millipore).
Filters were rinsed with 2% KOH solution for saponification of fats and inspected
by light microscopy (stereomicroscope Micromed MC2) using digital camera and
ToupView 3.7.6273 software.

The abundance of microplastics of different shape and sizes was evaluated as
the number of particles per fish specimen. The microplastics particles extracted
from fish guts were classified into four groups by their shape [26]: spheres, films,
fibers/lines, and fragments of irregular shape (including foams). The particles of
microplastics were also classified by their major dimension into seven groups:
<0.15 mm, 0.15-0.30 mm, 0.30-1.00 mm, 1.00-2.00 mm, 2.00-3.00 mm, 3.00-
4.00 mm and 4.00-5.00 mm.

The Mann-Whitney U test [27] was used to compare differences in biological
parameters and microplastics abundance. Statistically significant differences were
considered at p <0.05

Results and Discussion

This research analyzed the anthropogenic microparticles in the guts of the
dace (Leuciscus leuciscus L.) from the Tom River, the right tributary of the Ob
River. The daces caught in the Tom River on April 01, 2020 were represented by
three age groups: 2+ years (4 specimens), 3+ years (7 specimens), and 4+ years
(2 specimens). The sex ratio in the group was: females - 3 specimens (23%),
males - 10 specimens (77%). The dimensional features of the fish specimens are
presented in Table 1. Statistical comparison of microplastics abundance in the
gastrointestinal tract of fish using the nonparametric Mann-Whitney test did not
reveal significant differences between groups of males and females, as well as
between groups of different ages (2+ and 3+).

According to the analysis results, 204 + 28.7 items of microplastics were
detected in each dace specimen (Table 2). The found value for total microplastic
particles per fish (items fish™') is quite high. The average of microparticle content in
the gut of the Mediterranean Sea fish were < 1.00 items per fish for anchovies [19]
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and 1.56 + 0.50 items per fish for the red mullet [17]. The number of microplastics
found in the gastrointestinal tract of Dicentrarchus labrax L., Trachurus
trachurus L. and Scomber colias Gmelin from North East Atlantic Ocean was
1.3 + 2.5 items per individual [28]. Microplastics abundance in riverine fish in
tributaries of Lake Michigan, USA ranged from 10.0 + 2.30 to 13.0 + 1.60 items
fish"' and was not significantly different among the three rivers, the Muskegon
River, the Milwaukee River, and the St. Joseph River [20].

Table 1
Dimensional features of the dace, the Tom River, Tomsk, April 01, 2020
Parameters L,cm I, cm Qg 9, g
M +m,, 162 £2.10 133 £1.68 36.2 +£1.40 31.7 £1.46
Min-Max 148-175 123-145 27.7-43.9 23.7-40.3
Sample variance 57.1 36.9 25.7 27.6
Standard deviation 7.55 6.07 5.06 5.25
Coefficient of variation 4.67 4.57 14.0 16.6
Note: L - Total length, / - Standard length, O - Total weight, ¢ - Body weight without viscera.
Table 2
The content of microplastic particles of different shapes
and sizes in the fish gut (items fish™')
Total
Sphe- | . . Frag- 0.15-] 0.30- | 1.00- | .
Parameters res Films |Fibers ments <0.15 030 | 1.00 | 2.00 gesr;lls
M +m 315 | 149 | 139 144 162 | 242 | 16.2 | 1.20 204
M +24.4 [£2.10(4+2.90| +10.2 |+27.9[+2.50|+4.00|+0.60| +28.7
. 0.00- |5.00- | 2.00- 74.0- | 11.0- | 1.00- | 0.00-
Min-Max 323 1260 | 35.0 74922 468 | 30.0 | 37.0 | 7.00 | 11*312
Standard deviation | 88.0 | 7.60 | 10.4 36.8 101 | 9.00 | 14.5 | 2.00 104
Cocfficient of 279 | 509 | 748 | 257 | 620 |37.1|89.1 | 173 | 50.7
variation

Thus, river fish are in some cases characterized by a relatively higher content
of microplastics in the gastrointestinal tract as compared to sea fish. Riverine fish
are more susceptible to ingesting microplastics because watercourses flow through
many settlements which are anthropogenic sources of primary microplastics
and secondary microplastics derived from plastic waste. Accumulation of
microplastics in water systems in proximity to cities with a relatively high plastic
use was documented in several studies reviewed by Wong et al. [22]. According
to the review, microplastics were more common in areas with a high population
density or proximity to urban centers. A study on microplastics in the Laurentian
Great Lakes attributed the large spatial variability of pollution to population
density by Eriksen et al. [29]. The urban sources of microplastics were also
reported by Sanchez et al. [30] who detected the presence of microplastics in the
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guts of gudgeon (Gobio gobio L.) sampled from French urban rivers whereas
none were found in gudgeons from sparsely populated areas.

In our study, 100% of'the fish contained microplastics in their gut. As previously
shown, 28% of 76 sea fish in Indonesia contained microparticles in the gut [31];
67% of fish caught off the coast of Portugal contained at least one plastic particle
[32]; in recent study microplastics were found in 42-62% of fish specimens from
Portuguese coastal waters, depending on the species and their feeding type [26].
The frequency of occurrence of plastic debris per species from the Amazon River
estuary varied between 18.7% (Cynoscion microlepidotus Cuvier) and 100%
(Bagre marinus Mitchill, Caranx hippos L.), a positive correlation was found
between fish standard length and number of microplastic particles in the gut [20].
85% of fish individuals from Lake Michigan tributaries contained microplastic in
their digestive tracts, plastic debris content in fish digestive tracts was different
among species and feeding groups [21].

Microplastics found in dace from the Tom River were diverse in shape (Fig. 1)
and included fragments, spheres, fibers and films ranging from <0.15 to 2.00 mm.
Microfragments were the most abundant. In average 144 + 10.2 fragments fish'!
were detected, that comprised 70% of the total particles (Table 2 and Fig. 1).
The remaining 30% of microplastic particles were spheres (16%), films (7%) and
fibers (7%) as shown in Fig. 2. The content of fragments of microplastics in the
fish gut was significantly higher (p < 0.01) than other types of particles (Fig. 2).

Fig. 1. Diversity of microplastics from the guts of the Tom River dace:
spheres (a), sphere, fibers and fragment (b), fragments (c), fibers (d).
Scale bar is 1 mm. Microphotographs by Dmitry V. Antsiferov
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Fig. 2. Abundance of microplastic shapes in the guts of the Tom River
dace (a), differences in microplastic shapes abundance (b)

The prevalence of one type of particle or another may differ from site to site. In
contrast to our data, fragments were rare in fish from Lake Michigan tributaries and
accounted for approximately 2.5-3% while fibers comprised over 90% of the total
microplastics [21]. Microspheres, namely pellets, were the most abundant (97.4%)
among plastic particles ingested by fish from the Amazon River estuary [20].

The majority of detected microplastic particles (162 + 27.9 items fish'! or
almost 80%) were less than 0.15 mm by their largest dimension (Table 2 and
Figure 3). The content of the smallest (<0.15 mm) microplastics in the fish gut
was significantly higher (p < 0.01) than other sizes of particles (Fig. 3). 20% of
the particles detected in the fish gut were in the 0.15-2.00 mm size range. The
largest fraction of the plastic particles between 0.15 and 2.00 mm were in the
0.15-0.30 mm size range followed by 0.30-1.00 mm sized particles (Table 2 and
Fig. 3). Only one fragment of 3.00-4.00 mm size range was found in the studied
dace digestive tracts. No particles of 2.00-3.00 or 4.00-5.00 mm were detected.
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Fig. 3. Abundance of microplastic sizes in the guts of the Tom River
dace (a), differences in microplastic sizes abundance (b)

The size of microparticles of plastic ingested by aquatic organisms can
affect their behavior in the body. It is accepted that microplastics of size less
than 0.150 mm are absorbed by the intestine [10]. Micro- and nanoplastics can
translocate from the intestine to the circulatory system or surrounding tissue and
persist in the animal’s body [11], promoting uptake of plastic debris in food chains.

Conclusions

Preliminary assessment conducted in this study suggests that the abundance
of microplastics in fish of the Tom River is very high. 100% of thirteen dace
(Leuciscus leuciscus L.) individuals from the Tom River caught in April, 2020
contained plastic debris in their gastrointestinal tract. In average 204 + 28.7 items
of microplastics were detected for one dace specimen. Fragments were the most
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abundant comprising 70% of the total particles, the remaining 30% of microplastic
particles were spheres (16%), films (7%) and fibers (7%). The vast majority of the
detected particles (almost 80%) were less than 0.15 mm by their largest dimension.
20% of the particles detected in the fish gut were in the 0.15-2.00 mm size range.

There were no significant differences in the abundance of microplastics in
the gastrointestinal tract of fish between groups of males and females, as well as
between groups of different ages. To identify such relationships, a long-term and
large-scale study should be carried out.
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Dedepanvubiil ucciedo8amenvckull yeump «Mnemumym 6uonozuu 10x4CHbIX Mopel
umenu A.O. Kosanesckoco PAH», 2. Cesacmononw, Poccus

Muko6uora neaaruaau OaeccKoro peruoHa
ceBepo-3anaaHoii yactu Yépuoro Mmops

PaGota BeimonHeHa B pamkax rocyaapcrBennoro 3ananus OUL MublOM

no teme «lccaenoBaHue MEXaHU3MOB YIIPABICHHS TPOAYKLMOHHBIMH ITPOLIECCAMH
B OMOTEXHOJIOTMYECKHX KOMILIEKCAX C LIebI0 pa3pabOTKK Hay4YHBIX OCHOB
HOJTy4eHHs OHOJIOTMYECKH aKTHBHBIX BEIIECTB U TEXHUYECKHX TPOIYKTOB
Mopckoro reresucay (Ne roc. perucrpanun AAAA-A18-118021350003-6).

IIpeocmagnenst pesyibmamusl MUKOI02U4eCKO20 ucciedosanus 600vi Odecckozo
MOpCKO20 pecuona cesepo-3anaduoil ywacmu Yépnozo mopa (30°70'00"-31°00'00"N
u 46°23'00"-46°60'00"E). Paiion noosepoicen enuanuio pex Huenpa (93,4%) u
FOocnozco Byea (5,7%), nocmoauHbix aHMPONO2EHHBIX CMOK08 20po0os (decca,
Yeprnomopcex (Mnvuuésck), FOdxcHulil, ux nopmos, OHOyenyOumenvHvlx pabom u
OmKpIMo20 mopsa. H3yuen 6100601 cocmas u 8bIsA61EHO YUCTO KOTOHUCOOPA3YIOWUX
eOUHUY KYTLINUBUDYEMBIX MUKPOCKONUYECKUX epubos ¢ 258 obpasyax 600bl, 63muvlx
nemom u oceuvio 2008-2012 ee. Ha npumepe 140 npob paccmompeno enusuue
@axmopos oxpyscarouell cpedvl: memnepamypvl 600bl, CONEHOCMU, PACMEOPEHHOZ0
KUCI0poOod, GUOXUMUYECKO20 NOMpPeONieHUs KUCIOpoOd 3a 5 cymok, HeghmenpooyKkmos,
pacmeopénnvix gopm memannog Cu, Zn, Ni, Cd u 636ewennozo eewecmsa.
Hoenmughuyuposano 50 6u0os mukpomuyemos uz 19 pooos, 14 cemeiicms, 9 nopaoxos,
4 kaaccos, omoena Ascomycota, us Komopuix Hauboee npedcmasienvl poovt Aspergillus
(17), Penicillium (8) u Alternaria (7). H3éecmno, umo pecuon xapaxmepusyemcs
KaK nepexooHasi 30Ha om Me30mpoHOU K 28MPOGHOU Npu cpeoHeM MHO2O0emHeM
snauenuu TRIX=35,3. Ycmanosneno omuocumenvHo pasnomepHoe pacnpeoenenue
cpeoHell HucieHHoCmu KoJoHUll 2pubo8 no 20pu30Hmam 600bl U AKEAMOPUL 8 medeHue
6ceco nepuooa uccneoosanus. He gviAeneno cmamucmuuecku 3HAYUMOU CEA3U
uucna KoioHUueoopasyiouwux eOuHuy MUKpOMUYemos no 20pU30HMam 600bl, Ce30HAM,
damam ombopa npod, MeCMONONONCeHUsT CIMAHYUll, Me30MpoGHOU U I8MPOPHOIL
30HaM € paccmampueaeMbiMu aduomudeckumu napamempami. 3agukcuposano
44% epubos-unoukamopos pasnuuHuIX U008 3azpasHenus. B mecmax nocmynnenus
JIUGHEBLIX CMOKOB U BbIOPOCO8 OYUCHHBIX COOPYICEHUL Haubonbuue 3HAYeHUs
unoexca unouxamopHoii éanenmuocmu (IndVal) ommeuenvt ona eéudos Cladosporium
cladosporioides (28,3%), Alternaria alternata (17,5%), Aspergillus niger (12,3%), &
asmpoghnoti sone — ona Aspergillus clavatus (21,2%,), Penicillium expansum (17,7%,),
Penicillium citrinum (16,1%), Al tenuissima (12,5%), a 6 mecmax n0KaIbLHO2O
negpmanozo sazpasnenus — ona A. fumigatus (60%), Al. alternata (40%) u A. niger
(35,7%). Yemanosneno, umo 6o eceii akeamopuu Odecckozo pezuona Gopmupyromcsi
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KOMNLeKCol 2pubos, Komopule 001a0arm EbICOKUM CXO0CMEOM 6UOOBOU U YUCTEHHOU
CMPYKMYPbL, ROIMOMY UX MONCHO PACCMAMPUBAMb KAK eOUHOe COODeCmEo.

KuawueBble ciaoBa: Alternaria; Aspergillus; Penicillium; maxconomuueckoe
PazHoobpaszue MOpcKux epubos, pudbl-UuHOUKAMOPHI.

BBenenue

[poucxoxaeHne MHOTHX «MOPCKHX» TPUOOB HEU3BECTHO, OPraHU3MbI [OMa 1a-
IOT B MOpE BMECTE C PACTUTENHHBIMA U JKUBOTHBIMH CyOCTpaTaMu, TepPUTCHHBIMHE
CTOKaMH Pa3IMYHOr0 IPOUCXOXKACHUS U 3aHocsTcs BeTpoM. E.B.G. Jones et al. [1]
CUHTAIOT, YTO pa3/ielicHrne TPUOOB, BBIICIICHHBIX M3 MOPCKUX MECT OOWTaHUs, Ha
00nHraTHO U (haKyIbTaTUBHO MOPCKHE BHIBI, (POPMANBHO M 3aBUCUT OT MHEHHS
crienuanicTa. PaHee mouTH Bce MUKPOMHIIETHI (MUKPOCKOITHYECKHE TPUOBI), H30-
JIMPOBAHHBIC M3 MOPCKUX FPYHTOB, OTHOCHIIM K HA36MHBIM, OTHAKO MX MHOTOKpAT-
Hasl N30JLIIHS U3 Pa3HbIX OMOTOIOB M B Pa3HBIX Ja0OpaTOpHsAX MHpPA 3aCTaBIIIA
MOPCKHX MHKOJIOTOB pAacCMaTPHBATh UX Kak «MOpcKue». [1ogoOHas cuTyarms cio-
JKIJIaCh M B OTHOILICHUH K CAIIPOTPO(HBIM TAKCOHAM, KOTOPBIE BRIICIAIOT U3 JIUTO-
pabHBIX CyOCTpaTOB (MOPCKHE TPaBbl, MAHTPOBBIC PACTEHUS U T. 11.) [2].

B wmonorpadgum «Classification of marine Ascomycota, Basidiomycota,
Blastocladiomycota and Chytridiomycota» [2] mpenctaBieH CHHCOK MOPCKHUX
rpu6oB, BKiIrovaromuii 1112 BunoB u3 472 ponos. [lepedeHb MUKPOCKOTTMUECKUAX
rpuOOB COJACPIKUT HA3EMHBIC BUJIBI, BBIICICHHBIC H3 MOPCKOM CPEJIbl, B TOM YHC-
ne u3 ponoB Aspergillus (47) n Penicillium (39). B pabore 0c000 0TMe4eHBI Ha-
3eMHbIC TPUOBI, BBIJICICHHBIC U3 MOPCKUX YKOCHCTEM, TEHOM KOTOPBIX MTOATBEPHK-
JICH MOJICKYJIIPHBIMU HCCIIEIOBAaHISIMH, 38 TIpencTaBuTese pofaoB Aspergillus u
Penicillium umeroT Takoe noaTeepkaeHue. CoBpeMeHHOE ONpeesICHUEe TEPMHUHA
«MOPCKOM TpHO» — 3TO JIFOO00H I'prO, KOTOPHI MHOTOKPAaTHO OBLI BBINIEICH U3
MOpPCKHX cpei oouTtanus. ['pub cumTaeTcss MOPCKUM B CBSI3H C TeM, 4TO: 1) OH
CrocoOeH pacTH ¥ / HITH IPOAYIIMPOBATH CIIOPBI HAa CyOCTparax B MOPCKOM cpere;
2) GopMHEpYET CUMOMOTHYCCKUE OTHOIICHUS C APYTUMH MOPCKAME OpraHu3Ma-
MU Wid 3) TO0Ka3aHO, YTO OH MOXKET aalTHPOBAThCS U Pa3BUBATHCS B MOPCKOM
cpene [3].

Nzydenne Mopckold MHKOOHWOTHI B pailoHaX BJIMSHHUS TEPPUTCHHBIX CTOKOB
PA3IMIHOTO MPOUCXOKICHUS B COUCTAHUH C BBHICOKOH aHTPOIIOTCHHOMN HArpy3Koit
MPEACTABIISICT HECOMHEHHBIN HAy4YHBIA HHTEPEC.

Lens n1aHHOTO MCCIEIOBAHUS — H3YYUTh BHJOBOM COCTaB, KOJIUYECTBO U M-
HAMHKY ITIPOCTPAaHCTBEHHO-BPEMEHHOTO PACIpEACICHUs KyJIBTUBHPYEMBIX MHU-
KPOCKOIIMUYECKUX rpruO0B B nenaruanu Onecckoro pernoHa ceBepo-3amnajaHoi ya-
ctit UépHOTO MOPSI B 3aBUCHMOCTH OT a0HMOTHUYECKUX (PAKTOPOB M TPOHUIESCKOTO
YPOBHSI MOPCKOH BOJIBL.

MaTepnanbl U METOIUKH HCCJICT0BAHUSA

Opnecckuii pernon (OP) ceBepo-3amaanoit yactu YépHoro mMops (KoopauHa-
61 30°70'00"-31°00'00"N u 46°23'00"-46°60'00"E) HaxomuTcs 1mMox BIUSIHAEM
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croka pek Jduerp (93,4%), IOxusiit Byr (5,7%) 1 OTKpBITOH 9acTH MOpsI, TI03TO-
My B aKBaTOPHU MPHUCYTCTBYIOT CJIOM BOJBI C pa3HON CONCHOCTHIO OT 3 110 18,5%o0.
AKBaTOpHS PETHOHA HCTIBITHIBACT ITOCTOSIHHOE OeperoBoe aHTPOIIOTEHHOE BO3ICH-
CTBHUE: XO3IUCTBEHHAs JIEITENILHOCTh ropoaoB Ozneccel, YepHoMopcka (MpudeBck)
u KO’XHOTO, HX TIOPTOB, CYIOXO/CTBA, JHOYTIYOICHHS, HEOUHIIICHHBIX JINBHEBBIX H
JPEHaXHBIX CTOKOB. MaKCHMaJIbHblE KOHIIEHTpAlMU OHMOTeHHBIX U OPraHHYEeCKUX
BEIIIECTB OTMEYAIOTCS B PaiOHAX PACIIONIOKEHHsI CTAHIIMH OHOIOTHIECKON OUMCTKH
(CBO) «Cesepnas» u «tOxHas». B cymMMe OHHM IOCTaBIIAIOT B MOPCKYIO cpeny 38%
HUTpaToB, 79% HUTPHUTOB, 86% aMMoHHMITHOTO a30Ta, 87% QocdaroB u 69% opra-
HUYECKUX COCAMHEHUI OT OOIIETO NX KOJIMYECTBA, KOTOPOE MOCTymaeT ¢ Oepera [4].

Nzyuyenne mukpomuiietoB B BogHoi Tommae OP mpoBeneHo JeToM U 0CEHBIO
2008-2012 rr. (aBrycrt, okta6pb 2008 r., urons, okTs10ps 2009 1., utons 2010 r.,
mtonb 2011 1., certsaops 2012 1.). OOpa31ipl BOIbI B3ITHl B KOMITJICKCHBIX JKCITe-
JUIMOHHBIX peiicax Onecckoro ¢ununana MHCTUTYTa OMOJIOTHH FOKHBIX MOpeEH
HAH VYxpaunsr (O® UebIOM HAHY, B Hactosmee Bpems MHCTUTYT MOpCKOH
o6uonorun HAHY) na HUC «CrpyT». Cranuuu oT6opa npo6 HaXoAUIUCh Ha pac-
crosianm 0,6—14,0 kM ot Gepera. [TpoOb1 Boabl Opasn ¢ moBepxHOCTHOTO (1 M)
Y TPUJOHHOTO TOPU3OHTOB (7—-24 M) miaacTMaccoBbIM OaTomMeTpoM MomdaHOBa
00béMoM 4 1. [IpoaHanM3upOBaHBI Pe3yJbTaThl 00pabOTKH 258 mpob ¢ 22 craH-
LIMH, Ha KOTOPBIX IPOU3BEACH 0TOOP Mpob He MeHee 3 pa3 (puc. 1).

I'pubsl BBIACTSUIM HA cpemy Yareka, MPUTOTOBICHHYIO Ha MOpPCKOW BOJIE.
B uamky [lerpu BHOCWIM | MII BOABI M 3aJMBalid CPENOH, OXJIaKICHHON MpH-
MepHo 110 3640 °C. Inst monaBiieHus pocra 6akrepuii B cpeny godasmsum 0,03%
neBoMunieTnHa (0T odbeMa cpeabl) [5]. [loceB marepuana nenanu B 3 MOBTOP-
HOCTSIX ¥ KyJIBTUBHPOBAIH B TepMocTare nipu temreparype 18—-20 °C B Tedenue
2—-8 Hezenb.

['pubbl maeHTHUITMPOBATH IO «MOP(OIOTO-KYIBTYpAIEHBIM TIPH3HAKAMY,
ucrons3ys onpenenutenu rpudos B.M. bumaii, 2.3. KoBame u G.S. De Hoog
et al. 2000 [6, 7]. Baimanple Ha3BaHUS U TAKCOHOMUYECKAs MPUHAIICKHOCTD
BHUJIOB TPUOOB COOTBETCTBYIOT JIIEKTPOHHOH MEXAYHapoJHON Oaze HaHHBIX
Index Fungorum [8].

DKOJOTUYECKU aHaJIN3 MHKOKOMIUIEKCOB (COBOKYITHOCTh TAKCOHOB TpHUOOB,
3aHAMAMONINX OIHO IWCKPETHOE MECTOOOWTAHHE) IIPOBEAEH IO CIECAYIOIINM
CTPYKTYPHBIM TIOKa3aTelisiM: BUZIOBOMY COCTaBY, KOJJMYECTBY BHJIOB B KOMILIEKCAX,
4acTOTe BCTPEYAEMOCTH BUJIA, YHCITY KosioHneoOpasyronux enuaull (KOE/n). 3na-
yenusi KOE npencraBieHsl B BUJe cpenHei apudmMeTrnyeckoi + cranaapTHOe OT-
knonenue (M+SD), menuansl (Me), muanmyMa (Min) 1 MakcumyMa (Max).

O0paboTka TaHHBIX BBIIOJIHEHA C IpUMEHeHueM nporpamMel MS Excel, na-
keta craructuueckux nporpamm StatSoft STATISTICA 10.0 u PRIMER® 5.2.8
[9, 10].

Cucremarnueckas XapaKTepHCTHKa KOMIUIEKCOB TPUOOB JaHa ¢ MUCIIOIB30Ba-
HUEM 2 HHAEKCOB TAKCOHOMHUYECKOTO pa3Ho00pa3us — MHAEKca CpeHel TaKCOHO-
MHYECKOH OTIIMYUTEIHHOCTH (MITH TAKCOHOMHYECKOTO CBOeoOpasus) A" (Average
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Taxonomic Distinctness index, AvTD) u uniekca BapuadenbHocta A* (Variation
in Taxonomic Distinctness index, VarTD), mpeumy1ecTBa KOTOPBIX EPEn IpyTH-
MH HHJIEKCaMH ITOKa3aHbl B pa0doTax 1o 300- u putodeHrocy [9-12].
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Puc. 1. Kapra-cxema pacmoiokeHus1 CTaHIHK 0TOOpa Mmpod Ha MONUTOHE
OpeccKoro pernoHa ceBepo-3anagHoi yactu YEpHOTo Mops:
cTaHnus 2 — paiioH OYUCTHBIX coopykeHnit Onecckoro mpumnoptoBoro 3aBoxaa (OI13);
craanus 9 — CBO «CesepHas»; cranius /2 — Bok3an OeccKoro MOpCKoro mopra,
3A0 «Onecckas caxapHasi KOMIIAHHSDY, TIOPTOBBI KOMIUIEKC 110 TPAHCTIOPTHPOBKE
U TIepeBaJIKe Ha TaHKepa HeTH, HePTEMPOLYKTOB M CKIKEHHBIX Ta30B, Onec-

CKasl TEIIOAIEKTPOLEHTpallb; cTaHuu 7, 18, 21 — TopoAcKkue TNBHEBEIC
Boimycky; craniusg 22 — CBO «lOsxHast»; cTannus 24 — O4UCTHBIE COOPYKEHHS
Mopcxkoro ToproBoro nopra «HepHomMopck»

[Fig. 1. Chart map of the sampling stations at the Odessa region test site in the northwestern Black Sea
Note: Station 2 is the wastewater treatment area of Odessa Port Factory (OPF); Station 9 is the biological
water treatment plant Northern; Station 12 is Odessa Commercial Sea Port Station; Odessa Sugar
Company (private joint stock company); oil terminal of Sintez Oil (private joint stock company
with foreign investments); Odessa State Heat and Power Central Plant (public joint stock company);
Stations 17, 18 and 21 are urban stormwater discharge outlets; Station 22 is the biological water treatment
plant Southern; Station 24 is the wastewater treatment facilities of Chernomorsk Commercial Sea Port]

Wupaexcol paccunTansl 1o (akTy HATMYUS WIK OTCYTCTBHUA TAKCOHA, YUUTHIBA-
FOT CHCTEMAaTHYECKYIO CBsI3b BHJIOB B K101 TipoOe (BU/, poll, CEMEHCTBO H T.1I.)
1 00€CIIeYnBAIOT CTATUCTUYECKH YCTOMUMBOE 3aKII0YeHHE O OJIM30CTH TaKCOHO-
MHYECKOH CTPYKTYpHI B Tipeenax coodmiectsa. Ecii 1Ba BUa MPHHAIEKAT K
OJTHOMY POAY, TO HYXXHO MPONTH OIWH IIar AJs TOro, YTOOBI JOCTUYb OOLIETO
y371a B HepapXu4deckoMm apene. Koraa BUIbI OTHOCSTCS K pa3HBIM pojiaM, HO OJTHO-
My CEMEWCTBY, TO MOoTpedyeTcs ABa 1mara (1ar BUA—POj U IIar poJ—CceMeicTBO)
¥ T.JA. JJnMHA maroB craHAapTH3WpPOBAaHA TaK, YTO PA3JIMUHME IBYX BHJIOB, CBS-
3aHHBIX Ha CaMOM BEpXHEM TaKCOHOMHYECKOM YpoBHE, paBHO 100, u 3HaueHue
nHaekca A+ m3mensiercs B npenenax ot 0 mo 100. Uugexc A+ — cpennsist jiimHa
CBsizel MEXIy BUIaMU B TAKCOHOMHYECKOM JIPEBE OTPaKaeT BEPTHUKAIbHBIE CBSI-
3H, PACCYUTAH 1Mo GopMmysie
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A=[ZX coi].]/ [S(S-1)/2], 1)
re § — KOIMYeCTBO BUIOB B BEIOOPKE; W, — MEPa TAKCOHOMUYECKOTO Pa3IHIHS,
3aJjaHHasl JUTMHOW ITyTH, KOTOPEIM CBS3BIBACT BUIBI { U j B HEPAPXMUCCKOM KItac-
cudukanmu JIuaues.

Wnnexc A+ — 310 qucnepcust MapHBIX UIMH CBS3U, OH TAaKXKE OTPa)KaeT To-
PHU30HTAJIBHYIO MIPOMOPIIMIO COOOIIECTBa (C YYETOM YUCIIa TAKCOHOB Ha KaXKIOM
YpOBHE Hepapxuyeckoro npepa). @opmyna ans pacuéra A':

=HEE, o, 23/{S(S-1)/25] - [AT]> 2)
O0o03HaueHus, Takue ke, Kak B popmyie (1).

Wupaexchl paccuuTaHbl 10 MaTpHUIlE BUAOB MUKPOMUIIETOB UCCIIEAYEMOTO paii-
OHa, KOTOpasi COTIOCTaBJICHA CO CITUCKOM TprbOoB (219 BUIOB), M3BECTHBIX B TIeia-
ruanu Bcero YépHoro mops [13]. B TakcoHoMuYecKkuil aHann3 BKIIOUYEHBI CEMb
YPOBHEHU: BUJ, PO, CEMEUCTBO, MOPSAIOK, KJIacC, OTAEN, HapcTBO. MakcuMab-
HBIE 3HAUEHUs] 000MX MHIIEKCOB YKa3bIBalOT Ha BHICOKYIO BHIPABHEHHOCTDb CTPYK-
TypHl 10 panraMm. Yem Oorbiie B COOOMIECTBE NIPEACTABATENICH U3 MONMMBHIOBBIX
BETBEl, TEM HIDKE NIOKA3aTeNln HePapXUUECKON BRIPABHEHHOCTH TAKCOHOMHUUECKOM
CTPYKTYpBI ¥ MEHbIIIE 3Ha4eHus HIekca A* 1 A*. 3Hauenue A*= 0 o3HadaeT, 4To
B npoOe oOHapyxeH 1 Bua. 3HaueHue A*= 0 BCcTpeuaeTcss B HECKOJIIBKUX BapH-
aHTax: a) oOHapyxxeH 1 BUI; 6) Bce BHIBI OTHOCITCS K OJHOMY POIY; B) BHIBI
3aMBIKAIOTCs HAa YPOBHE CEMEICTBA; T) Bce BUABI MPUHAIEKAT K PA3HBIM BETBIM
IpeBa U MepeceKaroTcsl Ha ypoBHE mopsiaka. [locTpoeHs! rpadyKi, Ha KOTOPBIX
O0TOOpa)KeHbI 3HAYEHUS TAaKCOHOMHYECKHUX WHAEKCOB, COOTBETCTBYIOIIUX pac-
CMaTpUBAEMBIM COOOIIECTBAM, UTO TIO3BOJISIET HATVISITHO OIICHUTH PAa3IMuUe B X
cTpykrype [9, 10].

CXOJIICTBO KOMILIEKCOB IprbOB orleHeHOo 1o ko3hduiuenty bpasi—Képruca B
JBYX BapuaHTax: a) M0 BHUJOBOMY COCTaBy (IPUCYTCTBHE / OTCYTCTBHE BHA);
0) 10 YUCIIEHHOH CTPYKTYpe Ha ocHOBe MaTpullbl KOE MUKpOMHIIETOB U KOJTHYE-
CTBa BUJIOB, KOTOpas TpaHcopmupoBaHa B crernenu 0,25. OneHka cTaTucThye-
CKO 3HAUUMOCTH PA3IHMIUA MEKIY MUKOKOMIUICKCAMH pacCUUTaHa C HCIONB30-
BanueM R-craructuku [10].

Kommekebl MHANKATOPHBIX BHIOB TPUOOB B HHTEPECYIOIIUX IPYIIax OIpe-
JeJSIM TI0 3HAYEHUIO MHJEKCa MHIMKATOPHOW BalleHTHOCTH «Indicator valuey
(IndVal), kotopsIii paccunuThiBaiy 1Mo Gopmyse [14]

IndVal = N /NtxP /,*x100%,
rne Nij — cpennee uncno KOE Buga B rpynme; Nt — cymMMa 3Ha4eHHN CpeIHEN
YHCICHHOCTH BHIA B K&XK/I0M U3 IPYIIT; P, — KOMMYeCTBO Mpod B Ipe/ie/IaxX TPy,
B KOTOPBIX OTMEYEH BHJ; Pj — ofI1Iee KOJIMYeCTBO po0 B AaHHOM rpymme. MHmu-
KaTOPHBIMH BUJAMH TPYMIbI ¢ OOJBLIINM YHCIOM MPOO CUUTANIN T€, Y KOTOPBIX
3HavYeHue uHaekca IndVal npessimaino 10,0%.

B 2008-2011 rr. B3sT6l 140 1po0 Boxsl (Jierom 108 mpob u ocenbto 32), ans
MapaIeIFHOTO UCCICIOBAHMS TPHOOB U THAPOXUMHUYECKOTO aHAIH3a. Y YTCHBI
napaMeTpbl OKpyxkarouieil cpensl: Temmeparypa soasl (T, °C), conenocts (S, %o),
pacTBOpeHHbIH Kuca0poz (O,), GMOXMMHYECKOE TOTPEOIEHNE KMCIOPOa 3a 5 Cy-
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Tok (BIIK,), nedrenpoxyxrs (HII), pactBopénnbie popmbl meTamnos Cu, Zn, Ni,
Cd u B3BemeHHoe BeniecTBo. [1o utoram oobequHEHMSI OMOTHYECKOH (TI0Ka3are-
JIM YMCJICHHOCTH ¥ KOJIMYECTBA BUJIOB) M aOHOTHYECKOU ((DH3HKO-XMMHUYECKHE
mapaMeTphl OKPYKAIOIIEH CPe/ibl) MATPHUIL CXOICTBA BBIMIOJHEH pacueT Haubomiee
BBICOKHX 3Ha4CeHUH K03(h(HUITMEHTOB PAHTOBOM HEelTapaMeTPHUECKON KOPPEIAIIUI
Cnupmana u Kenpasna (p, ) [10]. Jlansbie mo abHOTHIECKUM TIApaMETPaM BOJIbI

M00E3HO MpenocTaBliieHbl Kojuteramu u3 MHcTuTyTa MOpckor 6uosnorun HAHY
(Onecca, Ykpauna) (Tabm. 1).

Ta6auna 1 [Table 1]
3HayeHus GU3MKO-XUMHMYECKHX NapaMeTpPoB B Boe O1eccKoro peruoHa
[Physicochemical parameters of water in Odessa region]

ITapamerp [Parameter] M=SD Me Min-Max
Temneparypa [Temperature], T, °C 18,57+5,39 19,20 8,60-25,80
Conénoctsb [Salinity], S, %o 15,21+1,55 15,19 8,99-17,87
O,, mg/L 7,64+1,14 7,81 4,23-10,45
Hedrenponyxrer HII, mr/n
[Pe(tlr)oleu?n Ii[}}/,drocarbor;s, mg/L] 0,05+0,14 0,03 0,01-1,57
Bssemennoe BAeI_IIeCTBO, MI/II 7.12410,57 5.50 1.50-116.90
[Suspended particulate matter, mg/L]

BuoxnMudeckoe morpedieHme

kuciopona 3a 5 cyrok BIIKS, mr/in

[BOfo(i)\I/Ie-gay big]chemical ox;/gen/ 1,49+0,81 1,28 0,00-3,98
demand, mg O_/L]

*Cu, pg/L 2,60+2,99 1,40 0,20-15,82
*Zn, ng/L 2,90+7,36 0,28 0,00-49,31
*Ni, ng/L 1,34+1,38 0,84 0,00-7,40
*Cd, ng/L 0,12+0,12 0,11 0,00-1,00

Ipumeuanue. * O,, Cu, Zn, Ni, Cd, paCTBOPEHHBIE B BOJIE.
[Note. * O,, Cu, Zn, Ni, Cd: - dissolved in water].

Kapra-cxema monurona BBIIIOTHEHA ¢ IPUMEHEHUEM nporpaMmel Surfer 12.
PesyabTarsl Hccaeq0BaHNuS U 00CYKIeHTE

TpaanuiMOHHOHM OLIEHKOH OMOJOTMYECKOro pPa3sHOOOpasHs MHUKPOCKOIHYE-
CKHX TPHOOB OCTAeTCS CHHIKOJIOTHYECKUI aHaTN3 KYJIbTUBHPYEMBIX BHIOB
MHUKPOMHMIIETOB Ha OCHOBE «METOJla MOCEeBay», KOTJa BHIOBas HICHTH(UKALS
OCYIIECTBISIETCS TIPH BBIACICHUN MUKPOMUIIETOB Ha MHUTATEIbHBIE cpensl [15].
B OP upentudunuposano 50 BHI0B MUKPOMHUIETOB U3 19 ponos, 14 cemeiicTs,
9 mopsinkoB, 4 KiaccoB, otaena Ascomycota. Cucremarndeckasi CTPyYKTypa M-
ko6uots! OP xapakrepusyeTcs 00JbIION CrPYIIMPOBAHHOCTHIO BUIOB MO pojiaM
u ceMeiicTBaM: cemelcTBO Aspergillaceae Bkmtouaetr ponsl Aspergillus (17 Bu-
noB), Penicillium (8) u Talaromyces (2), B coctaB cemeiictBa Pleosporaceae
BXOIAT ponbl Alternaria (7) u Stemphylium (1), Takxe BBISBICHBI 3 BHIa B POJIC
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Cladosporium, xotopsle oTHOCSTCA K ceMeiicTBy Cladosporiaceae. Htoro 76,0%
BUJIOB, BbIsIBICHHBIX B OP, mpunaanexar k 3 cemeiictBam (tabm. 2). Ilo onHomy
BHy OTMe4eHO B 14 poxax u 9 cemeiicTBax. Bo Bcex akcmeunusx oOHapyKeHO
11 o01mux BUIOB MUKPOMHIIETOB. 3a BECh HCCleayeMbli epuon 'y 17 BuaoB 3ape-
THCTPUpOBaHa BcTpedaeMocTs Oonee 10%, Hanbombimas oTMedeHa y Aspergillus
Sfumigatus (33,0%), A. clavatus (23,6%), Alternaria alternata (26,4%), Penicillium
expansum (20,9%) (tox onrcanus U aBTOp(BI) BUIOB TPHOOB YKa3aHEI B TaOII. 2).

[Taxonomic composition, number (N_, CFU/L) and percentage of micromycete

Tabauma 2 [Table 2]
TakcOHOMHYECKHUI COCTAB, YHCJIEHHOCTH (Ncp, KOE/n) n yactora BcTpeyaeMocTH
(UB, %) Mmukpomuneros B OgecckoM MOPCKOM pPerHoHe 0 JaTaM IKCHe uu i

occurrence (PO, %) in Odessa sea region sorted by expedition dates]

Jlara [Date]

08.2008 | 10.2008 [ 07.2009 | 10.2009 | 06.2010 | 07.2011 [09.2012

Bun [Species]

gactora Berpedaemoctd (UB, %)

CpenHee 9rcio KOJOHNEOOPas3yOIINX ¢ITIHHI (Ncp, KOE/m) /

[Average number of colony forming units (N_, CFU/L) /

J.W. Cribb) T.W.
Johnson 1958

percentage of occurrence (PO, %)]
Sordariomycetes — Hypocreales — Bionectriaceae
Lasionectriopsis
spinosa (Negroni) 3294/
Lechat & 68/2,3 | 535/6,5 | 333/6,5 | 1220/4,5| 706/6,3 0/0 26.5
P.-A. Moreau 2019
— Sordariomycetes — Hypocreales — Incertae sedis
Sarocladium
kiliense (Griitz) 0/0 0/0 350/6,5 | 645/11,4 | 102/3,1 139517\ 3132/
452 23,5
Summerb. 2011
Sordariomycetes — Hypocreales — Stachybotryaceae
Stachybotrys
chartarum 8113/ 8113/ 1907/ 2890/
(Ehrenb.) 113/2,3 0/0 12,9 9,1 9,4 16,7 780/14,7
S. Hughes 1958
Sordariomycetes — Hypocreales — Nectriaceae
Fusarium sp. 477/11,4 21746;/ 0/0 0/0 2?2?51/ 0/0 110‘3 S;/
Sordariomycetes — Cephalothecales — Cephalothecacea
Phialemonium
atrogriseum
(Panas.) Dania 0/0 0/0 766/ 85/ 31/ 16529/ 294/
Garcia, Perdomo, 12,9 4.5 3,1 452 5,9
Gené, Cano and
Guarro 2013
Sordariomycetes — Sordariales — Chaetomiaceae ;
1897
Chaetomium sp. 0/0 0/0 0/0 0/0 63/3,3 0/0 147
Sordariomycetes — Microascales — Halosphaeriaceae
~Halosphaeriopsis
mediosetigera
(Cribb and 0/0 0/0 0/0 0/0 0/0 0/0 382/8,8
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IMpomomxenue tabu. 2 [Table 2 (cont.)]

Jlata [Date]

08.2008 | 10.2008 [ 07.2009 | 10.2009 [ 06.2010 | 07.2011 [09.2012

Bup [Species]

CpezHee 4ucio KOIOHUEOOPasy OIIHX eIMHHI] (NCP, KOE/n)/
yacrora Bcrpedaemoctu (UB, %)

[Average number of colony forming units (N, CFU/L) /
percentage of occurrence (PO, %)]

Sordariomycetes — Microascales — Microascaceae

Microascus sp. 23/2.3 0/0 33/3,2 20/2,3 20/3,1 0/0 1617/8.,6
Pseudallescheria
boydii Shear)
McGinnis, 306/4,5 0/0 0/0 1250/2,3 | 468/3,1 0/0 0/0
A.A. Padhye and
Ajello 1982
Dothideomycetes — Pleosporales — Pleosporaceae
- -
agif;ggé‘;r) 3056/ | 3964/ | 7583/ | 1571/ | 3289/ | 8536/ | 4029/
Keissl. 1912 25,0 25,8 29,0 18,2 25,0 28,6 35,3
Al chlamydospora 666/ 105/ 156/ 970/
Mouch. 1973 232.3 0/0 3.2 4,5 9,4 0/0 11,8
Al cichorii 0/0 0/0 673/ 135/ 580/ 6573/ 3117/
Nattrass 1937 32 4,5 3.1 23,8 314
Al dianthicola 983/ 126/ 403/ 256/ 4573/
Neerg. 1945 352/4,5 010 9.7 9.1 3.1 4.8 28.6
Al longipes (Ellis 07 | e | 145 | ador 2352/
and Everh.) 0/0 36 6.5 6.8 6.3 0/0 20.0
E.W. Mason 1928 ’ ’ ’ ’ ’
Al porri (Ellis) 45/ 2016/ 2622/ 2382/
Cif. 1930 2.3 0/0 6.5 63/2,3 0/0 16,7 14,3
fii'n Z”?I’é’;ze) 363/ | 13518/ | o 4200/ | 1415/ | 7012/ | 4308/
Wiltshire 1933 2,3 35,5 11,4 9,4 31,0 22,9
Stemphylium sp. 23/2,3 0/0 0/0 63/6,8 0/0 25/2,4 32154 ;/
Dothideomycetes — Capnodiales — Cladosporiaceae ]
*Cladosporium
cladosporioides 113/ 0/0 2733/ 4106/ 2783/ 641/ 2132/
(Fresen.) G.A. 2,3 9,7 13,6 12,5 28,6 17,1
de Vries 1952
C. herbarum 146/ 2647/
(Pers.) Link 1816 010 010 0/0 4,5 0/ 010 28.6
C. macrocarpum 0/0 0/0 34/ 240/ 67/ 621/ 4544/
Preuss 1848 32 11,4 3.1 14,3 60,0
Dothideomycetes — Dothideales — Saccotheciaceae
Aureobasidium
pullulans (de Bary | 013 61 53335 | 010 0/0 0/0 0/0 0/0
and Lowenthal)
G. Arnaud 1918
Eurotiomycetes — Eurotiales — Aspergillaceae
Aspergillus
alliaceus Thom 761/15,9| 107/3,2 0/0 0/0 0/0 1975/9,5 0/0
and Church 1945
A. caesiellus
Saito 1904 0/0 0/0 6500/6,5 0/0 313/3,1 0/0 0/0
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Iponomxenue Tadn. 2 [Table 2 (cont.)]

Jlata [Date]

08.2008 | 10.2008 [ 07.2009 | 10.2009 [ 06.2010 | 07.2011 [09.2012

Bup [Species]

CpezHee 4ucio KOIOHUEOOPasy OIIHX eIMHHI] (NCP, KOE/n)/
yactoTa BcTpedaemoctu (UB, %)
[Average number of colony forming units (N, CFU/L) /
percentage of occurrence (PO, %)]

*A. candidus

5866/ 1906/

Lk 1805 261/45|  0/0 0/0 oS 04 0/0 0/0
*A. carneus 625/ 00 3500/ | 116/ | 2768/ | 3951/ | 2632/
Blochwitz 1933 9.1 32 45 3.1 16,7 17,6
g'aflaﬁaﬁ’;‘;:f:j 886/ | 5285/ | 2100/ | 258/ | 6299/ | 3769/ | 5544/
> - 6,8 16,1 6,5 6,8 9.4 16,7 | 206

Alecrim 1955

A. clavatus 1181/ | 14464/ | 18667/ 1375/ 7720/ 4256/ 2176/
Desm. 1834 13,6 54,8 41,9 13,6 21,9 24,2 11,8
A. conicus 954/ 0/0 1166/ 458/ 935/ 1914/ 1132/
Blochwitz 1914 4,5 32 4,5 6.3 143 8.8
A. deflectus Fennell | 23/ 71/ 0/0 3670/ 5131/ 1817/ 3323/
and Raper 1955 2.3 32 114 6.3 14,3 17,6
A. flavipes

(Bainier and R. 1363/ 1392/ 66/ 0/0 6496/ 2500/ 3161/
Sartory) Thom 6,8 12,9 6,5 21,9 14,3 23,5
and Church 1926

*A. flavus 318/ 1446/ 1216/ 2445/ 934/ 1207/ | 4823/
Link 1809 6,8 19,4 9.7 13,6 12,5 12,1 23,5

*A. fumigatus
Fresen. 1863

1818/ 8857/ 18067/ | 115607 | 75197 10244/ | 6147/
29,5 22,6 41,9 50,0 344 26,2 23.5

A. granulosus

Raper and 21982 g/ 821272/ 0/0 0/0 636(1)/ i?09/ 0/0
Thom 1944 ’ ’ ’ ’

*A. niger 1034/ 35/ 2506/ 1583/ 2763/ 1452/ 5632/
Tiegh. 1867 4.5 3.2 22,6 13,6 18,8 4.8 44,1
*A. ochraceus 454/ 1696/ 2506/ 1606/ 1433/ 353/ 7352/
G. Wilh. 1877 6,8 9,7 22,6 4,5 18.8 4.8 429
*A4. versicolor 181/ 3571/ 383/ 85/ 450/ 0/0 0/0
(Vuill.) Tirab. 1908 6,8 6,5 3.2 4.5 9.4

*A unguis
(Emile-Weill and 105/ 266/
L. Gaudin) Thom 0/0 32 3,2 0/0 0/0 0/0 0/0
zind Raper 1934

‘A. ustus (Bainier)
Thom and 12306? 0/0 0/0 0/0 427583/ 11418;/ 0/0
Church 1926 ’ ’ ’
5 ::’;;’tilo’g’zseum 68/ 00 1216/ | 200/ 31/ 390/ | 3657/
Dierckx 1901 6,8 9,7 6,8 3,1 7,1 26,5
*P. brevicompac- 45/ 71/ 100/ 165/ 134/ 195/ 676/
tum Dierckx 1901 2.3 3.2 3.2 9,1 3,1 4.8 114
*P. citrinum 181/ 4958/ 1166/ 85/ 835/ 3195/ 779/
Thom 1910 6.8 42,9 19.4 2.3 12,5 16,7 14,6
*P. commune 1022/ 4053/ 167/ 2370/ 1020/ 5085/ 2441/
Thom 1910 13,6 19.4 19.4 15,9 21,9 23,8 26,5
*P. decumbens 181/ 178/ 300/ 1216/ 125/ 2207/ 1029/
Thom 1910 6.8 3,6 6.5 18,2 6.3 16,7 2.9
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OxoHuaHue Tabs. 2 [Table 2 (end)]

Jlara [Date] 08.2008 [ 10.2008 | 07.2009 | 10.2009 | 06.2010 [ 07.2011 [09.2012
CpenHee 9MCiIo KOJIOHHEOOPa3yOIIUX ¢IIHHIT (N KOE/n) /
yactora Bctpedaemoctu (UB, %)
[Average number of colony forming units (N_, CFU/L) /
percentage of occurrence (PO, %)]

Bup [Species]

P expansum 1058/1 | 10960/ | 6900/ | 3352/ | 4734/ | 2634/ | 2014/
Link 1809 1.4 42,9 16,1 25,0 15,6 11,9 | 265
Slfn il::]zgifiem) 1522/ | 1584/ | 133/ | 1152/ | 1020/ | 1280/ | 926/
oo 1030 20,5 9,7 32 11,4 9.4 214 17,6
Penicillium sp. 1113/6.8] 1250/6,5 | 300/3.2 | 105/6.8 | _0/0 | 158/4.8 | 117/5,9
Talaromyces

verruculosus

(Peyronel) Samson, | 80/4,5 |  0/0 000 | 4223 | 46831 | 0/0 0/0

N. Yilmaz, Frisvad
and Seifert 2011

Eurotiomycetes — Onygenales — Onygenaceae

Chrysosporium
inops J.W. 23/2,3 | 767/9,7 0/0 0/0 0/0 0/0 0/0
Carmich. 1962

Eurotiomycetes — Onygenales — Ajellomycetaceae

Emergomyces
pasteurianus
(Drouhet, E. 1552/ 2126/
Gueho & Gori) 0/0 1928/3,2 | 1833/9,7 | 770/9,1 18.8 768/9,5 382
Dukik, Sigler
and de Hoog 2017
Saccharomycetes — Saccharomycetales — Incertae sedis
Candida
dubliniensis D.].
Sullivan, Western., 6478/
KA. Haynes, 909/11,4 0/0 1500/3,2 | 21/2,3 28.1 0/0 0/0

Dés.E. Benn. and

D.C. Coleman 1995
Ipumeuanue. ¥ — Ha3eMHBIC BUJIbI MUKPOMUIIETOB C JIOKA3aHHOU CIIOCOOHOCTBIO (DYHKI[HOHH-

poBatk B Mopckoii cperie (o Jones et al., 2015); = Halosphaeriopsis mediosetigera, o0nuratno

MOPCKOH MUKPOMHUIIET.
[Note. * Terrestrial micromycete species with the proven ability to function in the marine environment
(Jones et al. 2015); = Halosphaeriopsis mediosetigera, obligate marine micromycete].

YacToTa BCTPEUaeMOCTH [0 TOPU30HTAM BOJIBI PA3ITHYANIACH Y CIICTYFOIIIX BH-
noB: Aspergillus ochraceus (moBepxHOCTHEIH citoii — 10,1%, mpumoHHbIH — 19,4%)
u P. expansum (16,3 u 25,6%) (p<0,05). Tonbko nerom oOHapyxeHbl Aspergillus
caesiellus (2,0%) u A. ustus (15,0%), npeobmamamu: Penicillium atrogriseum
(15,7%, ocenb — 3,6%), Candida dubliniensis (10,2 u 1,0%), Aspergillus
alliaceus (7,8 u 0,9%). Tompko ocensio ormeueH Bun Cladosporium herbarum
(10,8%), nomunupoBanu: P. expansum (31,5%, nero — 12,9%), Cladosporium
macrocarpum (24,3 n 13,6%), Aspergillus flavus (18,9 u 9,5%), Al. dianthicola
(12,6 u 5,4%), Lasionectriopsis spinosa (11,7 u 3,4%), Chaetomium sp. (4,5 u
0,7%), Stemphilium sp. (10,8 u 1,3%) (p <0,05).
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Ha rpa¢dukax TakCOHOMUYECKHUX HHIIEKCOB CHMBOJEI, COOTBETCTBYIOIINE MH-
KOKOMIIJIEKCaM, Pa3MeLIeHbl OTHOCUTENIBHO IpaHul] 95% BepOSITHOCTHOI BOPOH-
KW, IyHKTHPHAS JIMHUS B €€ IIEHTPE — CPeIHIe 3HaUCHHUS WHIECKCOB, pPACCUUTAH-
HBIX JUIA CTIMCKA BUJOB TPHOOB nesiaruaiu Bcero Ye€puoro mopst. st MUKOOHOTHI
OP cpennee oxxumaeMoe 3HaueHue nHaekca A*= 55,5 (puc. 2, A), 9TO 3HAYUTEIb-
HO MEHbIIe, YeM AJISi MOpS B LIEJIOM, MOATOMY CHUMBOJ PacCHOJIOKEH MO HHXK-
Hel rpaHuneil BopoHKH. Huskoe 3HaueHue WHIeKca 00YCIOBIEHO OTCYTCTBUEM
IpeAcTaBUTeNEH 0TAen0B Zygomycota, Basidiomycota, Oomycota, Bigyra B Bu-
noBoM coctaie TpuboB OP [13], a Takke OOJIBIION JTONEH MOIWBUIOBBIX BETBEH
B MEepapX1ueCcKoM JIpeBe, YTO MOHMKAET BEPTHUKAIBLHYIO BEIPAaBHEHHOCTh CTPYK-
TypsI coobimectna. J{ist Mmukoonotel OP cumBon uHiekca A*= 524,8 (puc. 2, B)
HAXOJUTCA HaJl BEPXHEH IrpaHuleil JOBEpUTEIbHOW BOPOHKU. JlOMHUHUpOBaHHE
MTOJTUBUJIOBBIX BETBEH B COCTaBe COOOIECTBA CIIOCOOCTBYET pOCTy O0IIEH Bapu-
a0eJIbHOCTH TAKCOHOMHUYECKOW CTPYKTYPHI (3epKalbHOE 0TOOpakeHHe 3HAYCHUS
uHaeKca A”).

A B

80 600 OR

;g T L 500 *
& 2

60 OR )

55 ; A ' ' y 200,

30 40 50 60 70 80 30 40 50 60 70 80
Koumriectso Brtos [Number of species] Kosmruectso Bijtos [Number of species]

Puc. 2. 3HaueHNs HHICKCOB TAKCOHOMHYECKOM oTHunTeapbHoCTH Delta+ (A) u ero

BapuabensHoctd Lambda+ (B) mist Muko6uoTsr OieccKoro peruoHa B 1elIoM
[Fig. 2. Average taxonomical distinctness A+ (A) and its variability
A+ (B) for the mycobiota of Odessa region as a whole]

g Bcex MukokoMIuiekcoB ctaniii OP 3HaueHus nHjaexca A* Takke HaMHO-
IO HIKE CPeJHEro oxumaemMoro (puc. 3, A), mo3ToMy Ha rpaduke CUMBOJIBI 3HA-
YeHHUU UHJIEKCOB PACIIOJIOKEHBI MOJ] HIDKHEHN IpaHuIel BEpOSATHOCTHONW BOPOHKH.
Haumenbine 3Ha4eHUS MHIEKCOB OTMEUYEHBI 1151 MUKOKOMILIIEKCOB Ha CTaHLIUAX
23, 27, 15 (43,7-47,5), B BUJOBBIX KOMIO3HIHUAX KOTOPBIX Mpeodiaaain mpe-
craBuTeNH ceMmeiicTBa Aspergillaceae (ot 66,7 mo 72,2%), a HECKOIBKO IPYTHX
OoJee BRICOKMX TAKCOHOMUYECKUX PAHTOB MPEICTABICHbI OHUM WM HEMHOTH-
MU BUAAMU.

Juia Bcex MUKOKOMITIEKCOB cTaHInii OP 3HaueHns: uHaekca A’ MpeBbIaloT
cpelHee, M UX CUMBOJIBI HAXOIATCS Hal IMyHKTUPHOH JIMHUEH, a HEKOTOphIE U3
HUX U HaJ BepxXHeH rpanuneil BopoHku (puc. 3, B). Hanbonbine 3Ha4yeHUs UH-
Jekca A oTMeueHbI JIJIs KOMITIEKCOB Ha cTaHImsx 23, 27 u 15 (616,9-660,5).

MuHNMaNbHOE KOJIMUECTBO BUAOB OOHApy»xeHO Ha cT. 1 u 42 (mo 15), Ho u B
stoM ciydae 80,0% BUIOBOTO cocTaBa rpuOOB MPUHAIIICHKAIH K IIOJTHBUIOBEIM PO-
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nam. CrienoBareIbHO, B MUKOKOMIUICKCAX BCEX CTAHIMH COXPAHSIIOCh JOMUHHPO-
BaHUE MPEICTABUTEIICH TTOJMBUIOBBIX POJOB HE3aBUCHMO OT KOJIUYECTBA BUJIOB.

AHamn3 TAKCOHOMHYECKOTO pa3HO00pa3ns MOKa3bIBAET, YTO CTPYKTYPa MHUKO-
6uoThl enaruany OP 3HAYUTENBEHO MPOIIE, YeM MOPS, 3TO BBIPAKEHO B HEOOIb-
[IIOM KOJIMYECTBE BUIOB M JOMHHHPOBAHHH ITOJMTAKCOHHBIX BETBEH B COCTaBe
koMIuiekcoB. Kak mpaBmio, Takas CTpyKTypa cooO0IiecTB GOpMHUPYETCs B YCIIO-
BHAX MOCTOSHHOTO BO3ICHCTBHUS HEOIarompHATHBIX (PAKTOPOB CPEIbI, BKIIIOUAS
3arpsizHenue [10].

100+
90+
80| k
+
<l 5
T 24
50+ /4?2/23“5/T
40 : L : i
0 10 20 30 40
Komuectso BunioB [Number of species]
A
1500 +
1000 +
+
< 500+
0 1 1 1 |
0 10 20 30 40
Komuyectso Bunos [Number of species]

B

Puc. 3. 3naycHus nagekcos A+ (A) u A+ (B) 115t MUKOKOMITIEKCOB
Ha KaXXJIOW U3 HCCIICIOBAHHBIX CTaHIHA OIECCKOTO pernoHa
[Fig. 3. Average taxonomical distinctness A+ (A) and its variability A+ (B) for the
fungal complexes from each station of the marine area of Odessa region]

CXOHCTBO BI/IﬂOBOﬁ CTPYKTYPBbI KOMIIJIEKCOB COOTBETCTBOBAJIO: MEXKAY TOpU-
30HTamMu Boxbl — 98,0%; Mexmy cezoHamu — 95,8%; mo maram otbopa mpod —
ot 63,6 (10.2008 1. «» 10.2009 1.) mo 88,0% (10.2009 r. <> 06.2012 r.). Cxon-
CTBO YHUCIIEHHOW CTPYKTYpPHI MUKOKOMIUIEKCOB COCTABIISUIO: MEKIY TOPU3OHTAMU
82,9%; mexay cezoHamu — 75,8%; mo naram orbopa mpod — ot 43,5 (08.2008 1. «
09.2012 1) 1o 65,7% (07.2009 r. «> 06.2010 1.).

EnuHCTBeHHBIN caydail pa3auyusi CTPYyKTyphl, OMM3KHHA K K CTaTUCTUYECKU
3HAYMMOMY, BbIsIBIIEH Mex 1y komruiekcamu 10.2008 . m 09.2012 . (R = 0,487,
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yposens 3HaunMocTH 0,1%). Ocenpro 2008 T.: 9ucIo BHIOB — 27, CperHee YHCIIO
konouui — 90761+55368, meauana — 92500 KOE/n. Ocensto 2012 r.: 4ynciio BU-
noB — 38, cpennee uncio komonui — 102357478251, menmnana — 94000 KOE/x.
B cocraBe xommiekcoB BbIsiBJIeHO 17 o0mux BuaoB, yncio KOE HekoTophix U3
HUX paznudaiack B 6 pa3. CXOICTBO BHIOBOTO COCTaBa KOMILIEKCOB — 59,0%,
YHUCIEHHON CTPYKTYpbl — 37,9%. Taxxe B atoTr nepuon (10.2008 r. u 09.2012
I.) OTMEYEHBI CTATUCTUIECKN 3HAYUMEBIC Pa3IuIMs CTPYKTYPHl MUKOKOMILIEKCOB
IpUAOHHOrO ropu3oHTa Boael (R = 0,523). B 2008 r.: uucno Bunos — 19, cpenHee
gucao KOE —95918+53671, meauana — 93025 KOE/n. B 2012 1.: 9ncio BHIOB —
38, cpennee uucino KOE — 97370+£37019, meaunana — 94500 KOE/n. B BugoBom
COCTaBe IMPUCYTCTBOBAIX 17 OOLIMX BUAOB, YHCIIO KOJIOHUH HEKOTOPHIX M3 HUX
oTIH4anoch B 28 pa3. CXoACTBO BHIOBOTO COCTAaBa MHKOKOMILIEKCOB — 56,0%,
YUCIEHHOHN CTPYKTYpHI — 37,7%.

B Onecckom pernone CHIKEHHE KOHLIEHTPALUH 3arpsi3HIOIINX BELIECTB Ha-
omomarot ¢ 2004 1. B 2005-2010 1. cpeqHue 3HaYeHUSI HOHOB METAJIOB OBLIH B
npenenax [TJK mis MOpcKkuX BOZOEMOB, COIIACHO HOPMAaTHUBAM KaueCTBa BOJIBI
BOJIHBIX 0OOBEKTOB PBIOOXO3siicTBeHHOTO 3HaueHus [16, 17]. [IpeBbrmenue ITIK
o HeTenpoAyKTaM OTMEYajl TOJBKO Ha CTAHLHUAX, PACTIOIOKEHHBIX BOIHM3H
HWCTOYHUKOB 3arpsizHenus [ 18].

B teuenune mepuona McCieOBaHMUS CTATUCTUYECKH 3HAYMMO H3MEHSIIUCH
HapaMeTphl Takux abuoTnueckux Qaxropos, kak T, S%o, O,, BIIK, u koHueH-
Tpauus HedrenpoaykToB (p < 0,005). Ilo gaHHEIM GHOTHUYECKOHM U abUOTHUYE-
CKOM MaTpHIl CXOACTBAa BBIYUCICHBI KOA(PQUIMEHTH PAHTOBOW KOPPEISAIHH
Cnupmana u Kenganna. BeigBieHO OTCYTCTBUE CTaTUCTHUECKOM 3HAYMMOM CBSI-
3W MEXKIY pacCMaTpHUBaeMBIMH a0HOTHYCCKUMH MapaMeTpaMu u unciom KOE
MUKPOMHUIIETOB B Pa3IMYHBIX BapHAHTAX: TOPU30HTOM BOJbI, CE30HOM, JAaTOH
orOopa mpoO, MECTONONIOKEHNEM CTaHIINH. Panee ycTaHOBIIEHO, YTO Ha pas-
BHUTHE MUKPOMHUIIETOB OKa3bIBAIOT BO3/IEHCTBHE KOHLEHTPAIMK OOIIEro a3oTa,
HUTPATHOTO a30Ta (YrHETaeT POCT YHCICHHOCTH), a Takxke obmero docdopa
(cmocobcTByeT pocty uucieHHoctd) [15]. Mel He pacmosnaraeM HCXOTHBIMH
JaHHBIMH 10 COZEpKaHMIO OMOTCHHBIX BemecTB B Boge OP, mosTomy anamms
CTPYKTYpPbl MUKOKOMILIEKCOB CJieJIaH 10 BeTMYMHE HHAeKca TPO(YUUIECKOro cTa-
tyca (TRIX) Ha ocHOBaHWHM pabOT KOJUIET, MO TOH ke cxeme cTaHiui [16, 19].
Wupexe TRIX BbIYMCIEH IO 3HAYEHUAM XJIOpoduiuia, oTkIoHeHHI0 oT 100%
HACBIIIEHUST BOJBI KHUCIOPOJOM, 0O0IIeMy (ochopy U CyMMe MHHEpaTbHBIX
¢dhopm azora. 3a nmepuon uccinempoBanus 1992-2010 rr. craTUCTUYECKU 3HAYH-
MBIX MEXTOJOBEIX M MEKCE30HHBIX M3MEHEHUHI Tpoduueckoro craryca Oxec-
CKOTO pernoHa He 3aUKCUPOBaHO. PernoH xapakTtepusyeTcs Kak MepexoaHast
30Ha OT Me30TpodHo# (M3) Kk 3BTpodHOI (D3) MpH cpelHeM MHOTOJIETHEM 3Ha-
yenun TRIX=5,3 (3HaueHus mHaekca 4—5 — cpegHUM TpopuUecKkuil ypoBeHb;
5—6 — BBICOKHH YPOBEHb, HI3K0E KadecTBO BOAbI) [16, 19]. [1o kputeputo kpu-
3UCHOCTH 9KOCHUCTEMBI BOJIOEMOB TAKOM ypPOBEHb TPOPHOCTH 03HAYAET MEPEXO]
OT MTOPOTOBBIX U3MEHEHUH K HeoOpaTuMbIM [20].
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MuKoJoTHYecKre JaHHBIE CTPYIIIHPOBAIN COMTACHO TPOYUIECKOMY CTaTyCy
CJIOS BOJBI M HOMEPaM CTAHIIHM, BRIOIHEHHBIX IO TOI ke cxeMe. MccnenoBaHo
155 mpo0, B3ATBIX Ha CTaHIUAX Me30TpodHOM 30HKBI, U 103 mpoOsI 3BTPOdHOIA.
B noBepxHOCTHOM TOpU30HTE BOABI CT. 13 1 17 pacnonoxeHsl B 3BTpohHOU 30HE,
OCTaJIbHAs aKBaTOPHUS COOTBETCTBYET Me30TpodHOMY cTarycy. B mpunoHHOM TO-
pusoHTe B D3 pacnosioxeHsl cranuuu 3, 4, 5, 9, 12, 13, 15, 16, 17, 18, 19, 20,
22, 23, 27. Jlerom B M3 uccnenorano 89 mpo0, ocenpto — 64. B 33 setom —
57 npob, oceHbto — 48. B CTpyKType MUKOKOMILJIEKCOB BOJbI OTIMYHOU TPOQd-
HOCTHU HE BBISBICHBI CTATUCTHYECCKH 3HAYMMBIC PA3IHIHS 1O OXHO(DAKTOPHOMY
aHanu3y (TOPU30HT, CE30H, JaTa 0TOopa Mpod, MECTOMOIOXKECHNE CTAHIUM) U TO
IBYX(aKTOPHOMY aHAIIN3Y TPH PAa3HBIX COYECTAHMSX ITOKAa3aTeleH, IepeurcIeH-
HBIX Bbie. B M3 u O3 Taxke He BbISIBICHBI BUABI TPUOOB, 4aCTOTa BCTPEYaeMO-
CTH KOTOPBIX CTaTUCTHYECKHU 3HAYMMO paznudanack (p>0,1). CxoacTBo BUAOBOM
CTPYKTYpPbI KOMIUIEKCOB MEX Iy 30HaMU TpopHOCTH — 99,0%; uncIeHHOH CTpyK-
Typsl — 86,0%.

B Teuenue Bcero mepuopa MUCCIEOBAaHUS YHCICHHAs M BUJOBasl CTPYKTypa
MHUKOKOMIDIEKCOB OCTaBaach OTHOCHTENHHO CTaOWIBHON 1O pafioHaMm ¢ pas-
JIMYHBIMU TPOPUUECKUMU CTAaTyCaMH, AaTaM dKCIEAUINN, Ce30HaM, TOPU30HTaM
BoJIbI (Tabm. 3).

Ta6numa 3 [Table 3]
XapaKTepUCTHKA CTPYKTYPbl MUKOKOMILIEKCOB B neJjaruaiu Onecckoro peruoHa
[Characteristics of the structure of mycocomplexes in the water area of Odessa region]

Yucmo Koum- M.
MukokoM- npob HeCTBO © "meIeH-
dakTopsl IUIEKCHI BOJIBI BUTIOB M £ SD (Min — Max), IH((E;:};/I’
[Factors] [Mycocom- | [Number rpubos CFU/L "
plexes] of water | [umber [Me number,
samples] of fungal CFU/L]
P species]
OO0t 68613+£67915
[General] 155 49 (2500-498000) 45510
Me3soTpodHas
TToBepxHOCT- 116 48 77149+£74212 53860
M 3‘1‘” i) | bt [Surface] (2500-498000)
(Mesotrophie] M rpmommii | " 46301346068 27420
[Bottom] (6000-197000)
OO0 mwmit 93309+70203
[General] 103 >0 (5500-345000) 78600
OBTpodHas
TToBepxHoct- 13 31 130592483064 108500
. 3:’“1 HBlif [Surface] (33000-284000)
(Eutroptiel ™ Mpwommsrii | o " 8650064660 6750
[Bottom] (5500-345000)
OO0t 25988418405
[General] 44 39 (2500-77000) 21250
TloBepxHOCT- 25295417508
08.2008 HBI# [Surface] 22 29 (2500-77000) 22250
IIpunonnsrit 26681+19648
[Bottom] 22 2 (5500-62500) 17750
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[ponomxenue tabna. 3 [Table 3 (cont.)]

Yucno Koxu-

MukokoMm- mpo6 Hectso Me wcrer-

DaxTophI TUTEKCHI Bompr | o OVAOB M =+ SD (Min — Max), vocTit
[Factors] [Mycocom- | [Number rpu6os CFU/L KOE/n
plexes] of water [Number [Me number,

samples] osi Sérilf;] CFU/L]

on) | 1|7 | o0 oy | 90

oo [T |y | S
Hrfgitggﬁm 15 19 (19 95590107—i15937657010) 93025

Gonem_| ' | 3 | ovpsaoon | 7

oo [T | | SR
Mhowom | 1 | 2 | oopaoo0nn | 050
o | 4| | Ghosion | 50

T o I T I T
| | | e
AN T

o T | | e e
howom | 1 | 2 | (rmgoisn | 47
AR T

oo [Tl o | o |
hoton | 2 | 0 | (goon susoan | 108000

oo | |3 | g0 aonopey |

w012 | e | 7|2 | omoastonn, | 00
Mboom | 17| 3% (SO0 184500 94500

Jleto H(EE%LEEEI]CT- al - (;729?21(1)22:%7‘8563235(9)) o
[Summer] HBILI [Surfaceﬂ] 4 45 (2500-284000) 43355
Hlfgi[gf;?m 73 41 (5753(;()5j;85301()%) 49500

ocems | _conemtl | M| | Ovlocassoon | 00
P | it | 5 | 5| Groasmeon | 7080
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OxoHuanue Tabi. 3 [Table 3 (end)]

Yucno Kom- M
Muxkokom- po6 Hecrso © amcer-
DaKTOpHI TUIEKCHI pomer | DUAOB M £ 5D (Min — Max), IIZ%CEI//I’
[Factors] [Mycocom- | [Number rpuGos CFU/L T
plexes] of water [Number [Me number,
samples] of fungal CFU/L]
P species]
[IpunonHbIt 76043+49301
[Bottom] >6 4 (6570-197500) 73715
TToBepXHOCTHBII O6umit 82534+76523
[Surface] [General] 129 48 (4000-498000) 57220
TIpHIOHHBII O6mmwmit 74410+62311
[Bottom] [General] 129 >0 (5500-345000) 61500

Ans moHMMaHMS 3aKOHOMEPHOCTH pacIpeieieHus] BHIOB TpHOOB B 3a-
BHUCHMOCTH OT TPOGHUUECKOTO cTaryca cpebl s 9 BHIOB ¢ HAMOOJbIICH Ya-
CTOTO BCTPEUaCMOCTH BBIYHCIMIM WHACKCH HWHINKATOPHOW BaJCHTHOCTH
(IndVal). B me3oTpodHOI 30HE HanOONbIINE 3HAYEHUS UHJEKCA MOTYUYESHBI TS
A. fumigatus (15,7%) u Al. alternata (12,8%), B 3BTpodHOMN 30HE — 11 A. clavatus
(21,2%), P. expansum (17,7%), A. fumigatus (16,5%), P. citrinum (16,1%),
Al alternata (14,0%), Al. tenuissima (12,5%). Hactora BCTped4aeMOCTH M YUCIIO
kojoHuit Al. alternata n A. fumigatus onuHakoBo BeicokH B M3 u 93. K Bunam-
WHINKaTOpaM 3BTPOQHOTO CTaTyca MOPCKOH BOIBI MOXXHO OTHECTH A. clavatus,
P. expansum, P. citrinum, Al. tenuissima.

B yc10BUSAX TEXHOTEHHOM HArpy3KH JOMUHHUPYIOT KOMITJICKCHI TPHOOB, yCTOM-
YHBBIC Cpa3y K HECKOJIbKUM AHTPOIOICHHBIM (akropam. TeMHOOKpaIllCHHbIC
ruoMureTsr  (METaHHHCOACPIKAIINE) XapaKTepU3YIOTCS IMIHPOKUM apeaioM
pacmpoCTpaHeHus], BEICOKUM YPOBHEM CHOPOOOPA30BaHMS U PE3UCTCHTHOCTHIO
K PSIIy DKCTPEMaNIbHBIX BO3JACHCTBHIA: MOBBIIICHHON TeMIEparype, yBEIUUeH-
HOU KOHIICHTPALUH TSKEIBIX METAIJIOB, TOPOJACKAM MECTaM OOUTAHUS, KOMMY-
HAJIFHO-TIPOMBIIIIEHHBIM CTOKaM. [IMTMEHTHI MEJTaHUHEI 32 CYET CHOCOOHOCTH
K IETOKCHUKAIMH STIOBUTBIX COCAMHEHUN CIIOCOOCTBYIOT TOBBIIICHUIO BBIXKHBAC-
MOCTH OpPTaHHU3MOB B SKCTpEMAaNbHBIX ycioBusx [15, 21]. B Ogecckom pernone
BbIsIBIICHO 13 (26,0%) MenaHMHCOepKAIUX WHAUKATOPOB, 7 U3 HUX — MPE/CTa-
BUTENH pona Alternaria.

Haubosnbiiee konuyecTBO METaHUMHOBBIX TPUOOB OOHApYKeHO Ha CT. 3, 4, 5,
6,9, 12, 13, 16, 18, 19, 21, 22 (10—12 BUIOB), KOTOpPBIC PACIIOIOKEHEI B paki-
OHAaX JIMBHEBBIX CTOKOB, OYHCTHBIX COOPY)KCHHU WJIM HEMOCPEACTBCHHOU OIH-
30CTH K HUM. HambGompimme 3HaYeHHS WHAEKCA BAJEHTHOCTH ITONYYEHBI UL
C. cladosporioides (28,3%), Al. alternata (17,5%), A. niger (12,3).

B norepxrOCTHOM Cci10€ Boz! yBenmdenue yncina KOE mMenmanuacomepskammx
rpuboB orMedeHo B okTsiOpe 2009 1. — 33,8% u B centTsiope 2012 1. — 43,1%, ot
o6mrero mo akBaropuu. Ocennro 2009 1. Ha 6 cTaHIUAX OOHApY)KeHBI A/. alternata,
Al tenuissima, C. cladosporioides, S. chartarum, nons KOE n3mensinace ot 1,6
1o 100%. HanbompImas 3acriopeHHOCTh BBISIBICHA HA CT. 2 (OYHCTHBIE COOPYIKe-
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HUsA OJIECCKOTO MPUITOPTOBOTO 3aBoNa) U 18 (JIMBHEBBIH BEIMYCK), COOTBETCTBEH-
HO 86,3—100,0%. OqHOBpEMEHHO Ha 3THX CTAHIMSIX OTMEUYEHbI HanOOMbIINE 32
BCE BpEeMs HCCIICIOBAHUS KOHIICHTpAIHK pacTBOPEHHOTO Zn — 49,3 u 40,1 MKr/11.

B 2012 r. Taxxe BbisIBIEHBI BUIbl Al chlamidospora, Al cichorii,
Al dianthicola, Al longipes, Al porri, A. niger, C. herbarum, Stemphilium sp.
MenanuHCOnEpKAIIKE TPUOBI 3aPETUCTPHUPOBAHBI HAa BCEX CTAHIIMAX B IpeIeiax
9,4-91,9%. Ha ct. 21 u 18 (;iuBHeBEIe BhITyckn) poist KOE TéMHOOKpaIIeHHBIX
MHUKpPOMUIIETOB MeHsi1ach oT 81,3 mo 91,9%. Ha nepedncieHHbIX cTaHIUX B CO-
CTaBe KOMILJICKCOB MPHUCYTCTBOBAN 2—4 WHAMKATOpa, oOmmii — Al tenuissima.
B nipuoHHOM TOpPH30HTE BOJIBI HAMOOJBIIYIO KOHIICHTPAIIUIO MEIAHMHCOIEPIKa-
mmx rpuboB HaOmromamu B okTsaOpe 2009 r. u B centTsOpe 2012 . — mo 36,0%.
Ocenbro 2009 1. Ha 11 cTaHIMIX BBIIBWINM MHAMKaTOpHBIE BUBL, 10t KOE ko-
TOPBIX cocTaBisuIa ot 2,5 mo 100,0%. Bricokoii 3acioperrocTsiO (85,1-100,0%)
omuyanuck ct. 9, 22 (crannuu CBO) u 17 (muBHeBBIH Bhiyck). Ha aTux Toukax
oOHapy»KeHO MO0 OJHOMY BUIY: Ha CcT. 9 — S. chartarum, Ha c1. 17 — A. niger, Ha
cT. 22 — C. cladosporioides. B 2009 1. kOHUIEHTpAIHs 3arpA3HSIOIINX BEIIECTB He
npesbirana [1JIK. Ocenpto 2012 1. TeMHOOKpaIieHHbIE MUKPOMHIIETHI OOHAPY-
eHbl Ha Bcex ctanuuax OP, nanbonesmas nons KOE 3adukcuposana Ha ct. 20
(53,3%) u 22 (71,2%, CBO «tOsxHas»). Beicokne 3HauCHNS HHAEKCA HHINKATOP-
HOM BajieHTHOCTU BhruucieHbl 1is C. cladosporioides (33,1%), A. niger (27,4%)
u Al alternata (25,3%). BeisiBneno, 94To 3HaYeHUs] HHICKCOB, MOJTYYCHHBIX IO
CTaHIMSIM U JIaTaM 3KCIEIUINHN, UMEIOT TPEeeNIbHbIC 3HAUCHHS JJIs1 OTHUX M TeX
K€ BUJIOB.

CornacHo JUTEpPaTYpHBIM JAHHBIM, WHAWKATOpaMyd HE(TSIHOTO 3arpssHe-
HUs ABsOTCS: Al alternata, A. flavus, A. fumigatus, A. niger, A. versicolor,
P. aurantiogriseum, P. citrinum, P. decumbens, P. simplicissimum (18,0% Bumo-
Boro coctaBa OP) [22-25]. Hact. 2,3,4,5,6,7,9, 13, 16, 17, 18, 19, 22 BoisiBH-
U 0T 7 10 9 BHIOB-MHIMKATOPOB HE(PTSHOTO 3arpsi3HeHMs. Ha 3Tux craHimsx
HanOoNbIINe 3HAYCHISI HHIEKCOB [nd Val momyaenst mis Al alternata (14,95%) u
A. fumigatus (23,2%).

Maxkcumansaas cymmapHas noist KOE rpubos-unnukaropos (70,0%), yka-
3bIBalONIas HA HEPTSAHOE 3arpsA3HEHHE aKBaTOPHM, 3apETUCTPUPOBAHA B HIOJE
2009 1. B aTOT TIepron cpemHss KOHIIGHTPANUs HePTEIPOIYKTOB 110 aKBATOPUH
cocraBimsuia 0,14 Mr/nm (mOoBepXHOCTHBIM ropu3oHT — 0,15 MI/i, NpUAOHHBIA —
0,12 mr/m). OnmHako B mMOBepXHOCTHOM clioe Bonbl Ha cT. 9 (CBO «CepepHasiy),
cofiep)KaHue HEPTEMPOAYKTOB OTBE4aao 245 TpEeNeNbHO TOMyCTUMBIM KOH-
nerTparusam (ITJIK, 12,25 mr/n), a Ha ct. 12 (Onecckuit opt) — 31 (1,57 mr/m)
[18]. Hons KOE rpubos-unnukaropoB Ha cT. 12 u 9, coorBercTBOBasna 75,0 1
100,0%, 110 yacToTe BCTpEUaeMOCTH JOMUHUPOBaNI 4. niger. B npunoHHOM ciioe
Ha cT. 6, 12, 18, 17 3aduxcuposana §7,4-100,0% KOE unankatopos, 10MUHU-
poBan A. fumigatus. B Mmectax HeTSHOTO 3arps3HEHUS BEICOKIMH 3HAUCHHUSIMHU
WHJEKCOB UHIWKATOPHOM BaJIECHTHOCTH OTIMYAIHCh BUIBI A. fumigatus (60,0%),
AL alternata (40,0%), A. niger (35,7%).
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B nenom o peruony BeisiBiaeHO 44% TprOOB-HHINKATOPOB PA3THIHBIX BUIOB
3arpsA3HEHMS.

W3BecTHO, 9TO B aHTPONOT€HHO W3MECHEHHBIX YCIOBUSIX CPEIBI MOBHIMIACTCS
yrcino KOE u koau4ecTBO BHIOB MUKPOCKOIMMYECKUX IPHOOB, 00IaTaI0IIHX CII0-
COOHOCTBIO K TOKCHHOOOPA30BaHMIO, TaK KAK MHKOTOKCHHEI CLIOCOOCTBYIOT BEI-
JKMBaHUIO OTJCIBHBIX BUIOB I'PHOOB MPH HEONATONPHUATHBIX YCIOBUAX B KOHKY-
PEHINY ¢ APYTUMH BHAaMH MHKPOOpraHu3MoB [26]. Hampumep, yBenmunBaercs
4yuciIo BUAOB poaa Aspergillus [22, 26]. JlaHHas 3aKOHOMEPHOCTh XapaKTepHa U
s OP. Tak, pon Aspergillus npencrasien 17 sunamy, a A. flavus n A. fumigatus
otHocaTcst K Il rpymnme maTtoreHHbIX MUKPOOPTaHM3MOB (BO3OYAMTENH acmep-
ruiie3a). TOKCHHBI Takke BhIpaOATHIBAIOT IPEICTaBUTEIN POAOB Alternaria,
Cladosporium, Penicillum, Stachybotrys.

Bo Bpemst nccnenoBaHus B OONBIICH CTETIEHN H3MEHSUTICH TapaMeTPhl BOIBL:
T, S%o, O,, BIIK, u konuenTpanus HedrenpoaykroB. Konuentpauun pactBopu-
MbIX popMm MetaimioB He npeBbimany [1J1K. Tem He MeHee HEM3MEHHO BBICOKHE
3HaueHus uHaeKca TRIX CBUIETENBCTBYIOT O 3arps3HEHIH aKBATOPHH COCIUHE-
HUAMH hochopa U MHUHEPATHLHBIMU (DOpMaMH a30Ta, MMOCTOSHHBIMU HCTOYHHKA-
MU KOTOPBIX SIBIISIIOTCS PEUHBIC, JTUBHEBBIC U JIPCHAXKHBIC CTOKH, a TAKXKE BBIITY-
CKHU CTaHIUI OUOJIOrMYECKON OUMCTKH BOJ.

YcraHoBNEHO, YTO BO Beei akBaropuu ONIECCKOTO peruoHa (hOpMUPYHOTCS
KOMILJICKCEI TPHOOB, KOTOPBIE 001 1al0T BEICOKMM CXOACTBOM BHIOBO M UHCIICH-
HOU CTPYKTYPBI, IOATOMY UX MOXKHO PACCMaTPUBATh KaK €IUHOE COOOIIECTRO.

BriBOABI

1. B xone mpoBeiIeHHBIX UCCIeI0BAaHUN HACHTHHOUIMPOBAHO S0 BHIOB MUKPO-
munetoB u3 19 ponos, 12 cemeiicTs, 9 mopsiakoB, 4 Ki1accoB, oTaeIa Ascomycota.
[peobnananu ponst Aspergillus (17), Penicillium (8) u Alternaria (7). Ctpykrypa
MuKoOnoTH nenaruanu OP 3HaYUTENBHO MpOoIIe, YeM MOpSI, UYTO BBIPAXKAETCS B
HEOOJBIIOM BUAOBOM Pa3HOOOPa3HU U JOMHHHUPOBAHUM IOJUBUIOBBIX BETBEH
B COCTaBe KOMIUIEKCOB. BrumoBast 11 unciieHHasI CTPYyKTypa MHUKOKOMILTEKCOB OP
0CTaBaJlaCh OTHOCHUTEIFHO CTA0HMIBHOW Ha MPOTSHKCHUU BCETO MEPHoJa UCCIie-
JOBaHMSL.

2. B u3y4yaemslii Iepro/] He BBISBICHO CTATUCTUYCCKU 3HAYMMOU CBSI3H MEXK-
Iy pacCMaTpHBaeMBIMH a0HOTHYEeCKUMHE Mapamerpamu u yucioMm KOE mukpo-
MHUIIETOB IO TOPU30HTAM BOJIBI, CE30HAM, JlaTaM 0TOOpa Mpood, MECTOMOIOKEHU-
€M CTaHIUI U B BOJax 3BTPO(HOTO U Me30TPO(GHOTO CTaTyca.

3. HocrosiHHbIe BhICOKHE 3Ha4eHUs UHAeKkca TRIX cBUIETENBCTBYIOT O 3arpsis-
HEHUM aKBaTOPUH COSMHEHUSIMH (ochopa U MUHEPATLHBIMU (OpMaMH a30Ta, HC-
TOYHUKAMH KOTOPBIX SBJISIOTCS PEUHBIC, INBHEBBIC M IPEHAKHBIC CTOKH, 8 TAKKE BbI-
ITYCKY CTaHIIUIA OUOJIOTHIECKON OUMCTKH BOZl. OCOOEHHOCTH CTPYKTYPhl MEKOOHUOTHI
nearuany OP (HeOobIIoe KOMYIECTBO BUIIOB, OONBIIIAs CTPYIITHPOBAHHOCTh BUIOB
TI0 POZaM) OATBEPKIAIOT HAJIMIME HEOIArOMpPUATHBIX YCIOBUH CPEIBI.
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4. B pernone 3apukcupoBano 44% rpuOOB-HHINKATOPOB Pa3NUYHBIX BUIOB
3arpsi3HeHus. B paiioHax MOCTYIUICHUS! aHTPOIIOTEHHBIX CTOKOB HWHJCKC WHIH-
KaTopHOH BaneHTHOCTH (IndVal) vven HauOoJbIIME 3HAYCHHS I METaHWH-
cogepxkamux rpudos Cladosporium cladosporioides, Al. alternata, A. niger,
YCTOHYMBBIX K HECKOIBKHM HeOIaronpusaTHeIM (akropam. B sBTpodHOI
30He OONbIIME 3HAUEHUs] MHIEKCOB IMONy4YeHbl misi A. clavatus, P. expansum,
P. citrinum, Al tenuissima, a B MecTax JIOKQJIbHOTO HE(QTIHOTO 3arpsA3HCHUS —
g A. fumigatus, Al. alternata m A. niger.

5. B ycloBUAX TOCTOSHHOTO NOCTYIUICHHS IIPHPOAHBIX U aHTPOIIOTCHHBIX Oe-
PEroBeIX CTOKOB B akBaropuro OP, mpoucxonuT hopMHUpoOBaHUE KOMILIEKCOB TPH-
00B, KOTOpBIE 00TaTAI0T BEICOKMM CXOCTBOM BHIOBOH M YUCIICHHOH CTPYKTYPHL,
MO3TOMY MX MOKHO pacCMaTpHBaTh KaK eIMHOE COOOIIECTBO.

Asmop evipasicaem ucKpenHI0I0 NPUSHAMENbHOCMb COMPYOHUKam Hncmumyma mopckou
ouonoeuu Hayuonanvrou akademuu nayxk Yxpaunsi, 2. Odecca: 0-py 6uon. Hayk, npogecco-

py, akademuxy HAHY |[O. I1. 3aiiyes), 0-py 6uon. nayk, npogheccopy, uieH-KoppecnoHOeHnty

HAHYB. I Anexcanoposy, 0-py 6uon. nayk, npogeccopy JI. B. Bopobvésoii u kano. 6uon. Hayx,

3asedyiowiemy omoenom Kavecmea ooHou cpeovl, C.E. /[amnogy, 3a HeoyeHumyo nomoup
pabome.
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Mycobiota of the pelagic zone of Odessa region in the northwestern Black Sea

Mycobiota of the marine area of Odessa region was studied (30°70'00”-31°00"00""N,
46°23'00"-46°60'00"E) (See Fig. I). Hydrological and hydrochemical regimes of the marine
area of Odessa region in the northwestern Black Sea are affected by the discharge of the
Dnieper (93.4%) and the Southern Bug (5.7%) rivers, the permanent anthropogenic discharges
of the cities of Odessa, Chernomorsk (Ilyichyovsk), Yuzhnyi and their ports, shipping,
dredging, and the open sea. The aim of this work was to study the species composition, the
number of colony forming units (CFU) and the dynamics of the spatiotemporal distribution
of reared microfungi as a function of abiotic factors and the trophic level of seawater in
this area. Water samples were taken in summer and autumn 2008-2012 in the surface (1 m
depth) and bottom (7-24 m depth) layers. The samples were taken, at least, in three replicates.
The results of processing 258 samples from 22 stations were analyzed. The effects of
environmental factors (water temperature, salinity, dissolved oxygen, five-day biochemical
oxygen demand, petroleum hydrocarbons, dissolved metals Cu, Zn, Ni, Cd and suspended
particulate matter) were studied in 140 samples (See Table I). Micromycetes were isolated on
Czapek’s medium prepared in sea water. 1 ml of sample water was added to a Petri dish and
filled with medium cooled to approximately 36-40 °C. To suppress the growth of bacteria,
0.03% chloramphenicol was added to the medium (by volume of the medium). Cultivation
was carried out at a temperature of 18-20 °C for 2-8 weeks. Micromycetes were identified
by morphological and cultural characteristics according to Vera Bilay and Eleonora Koval’
(1988) and GS De Hooh ea tl. (2000). Nomenclature, and taxonomy of fungi correspond
to The Index Fungorum database. The ecological analysis of mycocomplexes was carried
out according to: species composition, the number of species in complexes, frequency of
occurrence of a species and the number of colony-forming units (CFU / L).

In this research, 50 fungal species of 19 genera, 14 families, 9 orders, 4 classes of
the division Ascomycota were revealed. Fungal taxa from Odessa region were grouped
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into families. The family Aspergillaceae included the genera Aspergillus, Penicillium
and Talaromyces (27 species); the family Pleosporaceae included the genera Alternaria
and Stemphylium (8); and there were 3 species of the genus Cladosporium from the
family Cladosporiaceae. In total, 76.0% of species found were from the three families
(See Table 2). Using Average Taxonomic Distinctness index, AvTD (A"), and Variation
in Taxonomic Distinctness index, VarTD (A"), features of the taxonomic diversity
of mycocomplexes were revealed. These indices were calculated from a matrix of
micromycete species from the region under study combined with the fungi list (master
list, 219 species) of the Black Sea pelagic zone. In the analysis, the taxonomy levels
from Species to Kingdom were included. For the indices A" and A*, 95% probability
funnel graphs were plotted, and their mean expected values were calculated for
mycobiota of the region under study and for mycocomplexes from each station. It was
found out that the mean expected values of the index A" for mycobiota of the marine
area of Odessa region and the stations are considerably lower, and index A" values are
higher than those for the sea as a whole (See Fig. 2 and 3).

According to literature sources, no significant seasonal and inter-annual changes
in the trophic status of the region occurred in 1992-2010. It was transitional between
mesotrophic and eutrophic. The long-term mean TRIX value was 5.3 (4-5: medium
trophic level; 5-6: high trophic level and poor water quality). In the species composition
and numerical structure of mycocomplexes of the mesotrophic and eutrophic zones, no
significant differences were detected. Over the entire period of this research, a relatively
uniform distribution of the mean abundance of fungi over the area and depth was noted
(See Table 3). No significant correlation was found between abiotic parameters under
study and micromycete abundance over the horizons, seasons, sampling dates, location
of stations, as well as mesotrophic and eutrophic zones.

In the region, 44% of fungi-indicators of different kinds of pollution were
registered. In the areas of stormwater runoff and wastewater treatment plant discharges,
the indicator value (/ndVal) was the largest for melanin-containing fungi Cladosporium
cladosporioides (28.3%), Alternaria alternata (17.5%), and Aspergillus niger (12.3%),
which are resistant to several adverse environmental factors. In the eutrophic zone, large
values of the indices were found in Aspergillus clavatus (21,2%), Penicillium expansum
(17,7%), Penicillium citrinum (16,1%), Al tenuissima (12,5%), and in A. fumigatus
(60%), AL alternata (40%) and A. niger (35,7%) in places of local oil pollution. It is
established that in the entire marine area of Odessa region, the formed mycocomplexes
have a high similarity in species and numerical structure, and therefore, they can be
considered as a single community.

The paper contains 3 Figures, 3 Tables and 26 References.

Key words: Alternaria; Aspergillus; Penicillium; taxonomic diversity of marine
fungi; fungi-indicators.
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