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Annotation. The article is focused on the possibility of implementing ecosystem services (ES) in water management
system of Russia. Examples of international practice ES-oriented water use policy are reviewed. Modern structure of
water use system in Russia is presented. The main environmental problems of Russia in connection with ES according
to Common international classification of ecosystem services (CICES) are summarized. As a result, the authors propose
a roadmap for reforming water use based on ES in order to improve water management. Key positions of possibility
way of development Russia's water use system are highlighted and recommendations are given due to sustainable de-
velopment goals.

Key words. Ecosystem services, water use, water management, water policy, environmental management, green econ-
omy, sustainable development, water resources, CICES.

INTRODUCTION

The water management problem is identified as one of the goals of sustainable development. Access
and availability to clean water is a critical and urgent issue for everyone [Sustainable development goals,
UN, 2015]. Nevertheless, management of inland water bodies without an integrated approach may not have
the required positive effect on conservation of water quality. This is the result of indirect impact of contigu-
ous territory (forests, agricultural areas, urban areas, etc.). Disturbance of soil infiltration, loss erosion con-
trol are consequences of cutting down the forest [Mapulanga and Naito, 2019]. Another problem associated
with water use is desertification and degradation of farmlands [Ortiz et al., 2021]. The mentioned elements
are important, but insufficient for efficient environmental policy. Understanding the linkages between vari-
ous natural components is a key point for water management [Corfee-Morlot et al., 2003] where each stake-
holder must take responsibility for the decision-making process.

Ecosystem services (ES) are the benefits that mankind obtains from the environment [Costanza et al.,
1997]. Inland aquatic ecosystems provide a variety of ES: drink water, food, water for irrigation, recreation,
hydropower, habitat, etc. Extensive range of facilities ES concepts are applied worldwide [Water security,
UNEP, 2009] in varying degrees, which confirms the feasibility of introducing it into modern water policy.

The objective of this study was to elaborate a way of application ES-based approach in Russia’s water
policy framework, bearing in mind the geographical location, natural diversity. A review implementation of
water management strategies of states and the European Union was carried out. Recommendations to current
challenges are suggested.

The article is organized as follows. The first part reviews water use policy related to cases of imple-
mentation ES at the international level. The second part exposes problems of water management in Russia.
The third part presents a conceptual framework and ways to improve Russia's water use policy through the
implementation of ES, based on the experience of other countries.
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WATER POLICY AND ES. REGIONAL AND INTERNATIONAL EXPERTISE

First, to follow the best practice, we consider how the water management system is organized in the
case studies. At the international level, the United Nations published Resolution “International Decade for
Action, Water for Sustainable Development, 2018 - 2028 (A/RES/71/222) that stresses the importance of
the participation of stakeholders [Water for Sustainable Development, 2018 — 2028..., UN, 2012]. The
World Meteorological Organization (WMO) presented the Associated Programme on Flood Management
(APFM) that put emphasis on sustainability of water planning [A Tool for Integrated Flood Management...,
WMO, 2012]. In recent decades, The European Union (EU) has presented the Water Framework Directive
(WFD), Groundwater Directive, Floods Directive. These guidelines highlight the importance of integrated
management of water resources [Directive 2000/60/EC, Directive 2006/118/EC, Directive 2007/60/EC, EU].
The WFD was difficult to use for several reasons. The participation of multitude stakeholders and weak
methodologies complicated the governance process. However, subsequently, the WFD became quite effec-
tive [Giakoumis and Voulvoulis, 2018, Carvalho et al., 2019].

In Italy, the territory is divided into 8 water basins, where flood risk management principles are im-
plemented, and water supply issues are addressed. Management plans are developed at the regional level. At
the local level, River Contracts are used, extensively involving both local authorities and stakeholders. Stra-
tegic aims include reducing water pollution, minimizing flood risk, restoring watercourse quality within ur-
ban areas and exchanging water management experience.

Belgium's water policy differs from other river basin management by its international consideration
due to transboundary transfers of surface water resources. Belgium is divided into 4 water basins, which are
divided into 11 sub-basins and 103 smaller units. Instead of ‘ecosystem services’ the term 'blue services' in
new editions, is used. Public participation in water management is strongly encouraged.

Portugal is divided into 10 basins, and 4 of them are closely linked to Spain for management. Water
management for each site is well structured. The Water and Waste Services Regulatory Entity (ERSAR) con-
trols prices for water use and monitors water quality. The General Direction of Natural Resources and Mari-
time Safety and Services (DGRM) is responsible for the management of marine resources (fisheries, aqua-
culture, environmental situation in the coastal zone, etc.). The term ‘ES’ is not mentioned directly, but its
individual components, such as water supply, biodiversity conservation, stoke water management, fire pro-
tection, floods, droughts, are regarded. In Romania, at the regional scale project development invites stake-
holders [Grizzetti, 2016].

The government of Canada adheres to the following goals: protection and improvement of water quali-
ty, enhancement water management policy [Forsberg, 1998]. The federal authorities deal with fisheries and
navigation [Davies and Masumder, 2003]. Collaboration between scientists and local citizens is considered
of an ES approach (for example Community based environmental monitoring (CBEM) in the George River
basin) [Gerin-Lajoie et al., 2018]. Such experience may be particularly relevant in remote and inaccessible
areas where residents have considerable knowledge of the environment and therefore can ensure that re-
searchers' interests are accomplished.

In the United States, one of the main authorities regulating water resources management is the United
States Environmental Protection Agency [U.S. Environmental Protection Agency]. A comprehensive law
including, in particular, environmental issues, passed in 1970, is the National Environmental Policy Act
(NEPA), which has been the point of reference for many environmental acts in countries around the world
[NEPA, 1970]. The basic rules and requirements for the use, quality and management of surface drinking
water resources are prescribed by the Safe Drinking Water Act, which is the base for other regulations [Safe
Drinking Water Act, 1974]. Ground Water Rules (GWR) regulate groundwater management [Ground Water
Rule, 2006]. The application of ES was first discussed in the report ‘Teaming with Life: Investing in Science
to Understand and Use America's Living Capital [Teaming with Life: Investing..., 1998], which resulted in
the creation of a work group in order to assess payments for ES. The term ‘ecosystem services’ within water
resources management is also mentioned in The National Service Forest Plans amendments of 2012. The
support and assistance in solving water management problems are provided by a GIS system in the US [En-
viroAtlas, EPA], that allows the use of mapping data for decision-making. Another online resource contains
a set of methodologies and examples of effective ecosystem service valuation [National ES Partnership,
2016] and, thus, helps to minimize conflict situations and helps to find trade-offs in environmental manage-
ment issues [Schaefer et al., 2016]. The San Pedro watershed in southeastern Arizona was a pilot project for
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environmental management using ES. Further implementation of ES in other laws is encouraged due to
achieving national environmental policy goals [Bear, 2014]. Thus, some ES concept foundations are at-
tempted to use in many U.S. agencies and cited in various laws.

Local scale examples of the use of ES include improvements to the Great Dismal Swamp National
Wildlife Refuge development plan and the Connecticut River Watershed development project. In the first
case, decision makers refer to several government agencies (The Fish and Wildlife Service, Army Corps of
Engineers, etc.), regional agencies, mayors and nongovernmental organizations. As a result, possible trade-
offs between recreational use of channels and maintaining high quality of drinking water are explored [Scar-
lett and Maillett, Incorporating Consideration..., 2014]. In the second case, the critical objectives were to
reduce anthropogenic influences on river waters, increase public education, regulate invasive species and
reduce flood risks. The implementation of the project was accomplished with stakeholder assistance on col-
laborative working partnership to eliminate other related problems, such as yield reduction, erosion, etc.
[Scarlett and Maillett, Using an ES..., 2014]. To summarize, in the USA the decision-making strategy in wa-
ter basin management is explicitly based on the concept of ES.

In Bhutan, water use is regulated by the National Integrated Water Resources Management Plan
(NIWRMP), the Basin Management Approach. The National Environmental Commission (NEC) is the main
authority for water resources management. Bhutan is divided into 186 water basins, each with a water use
plan. In 2011, Bhutan established the Watershed Management Division. It is important to note that the guide-
lines follow the concept of ES as they not only focus on water quality conservation but also on indirect bene-
fits such as forest conservation, erosion reduction [Norten, 2021].

The Mexican government developed The Payment Hydrological Environmental Services (PSAH) Pro-
gram, which is the program to maintain water quality. This policy resulted in the payment of about $18 mil-
lion to forest owners to perform preventive measures against threats and risks of declining water quality. The
first steps to program implementation were made by a research group from the Instituto Nacional de Ecolo-
gia. The academic literature was endorsed by the state and applied in environmental management. The issues
of this project include the conflicts with farmers and landowners due to prohibition of agricultural land ex-
pansion. The uneven compensation payments to beneficiaries are also a considerable problem, caused by
disputes about the fact that some forest owners facing no water use problems receive more money than their
counterparts in more vulnerable areas. However, this issue can be resolved by improving management and
regulating the number of payments [Carlos et al., 2008].

WATER USE MANAGEMENT SYSTEM IN RUSSIA

The Russian Federal Water Resources Agency is the main authority in the field of water use. Nowa-
days, the Russian water management system is regulated by the Russian Federation Water Code, which was
passed in 2006 [Rozumovich, 2020]. Article 28 of the Russian Federation Water Code distinguishes 21 basin
districts [Water Code of the Russian Federation, 2006]. To optimize the water management system, Article
29 of the Russian Federation Water Code establishes basin councils for a 5-year term. These councils include
representatives of executive authorities, regional authorities, local governments, indigenous communities,
etc. The objectives of basin councils are the development protection of water resources, definition limits for
water consumption, reduction of flood negative consequences and flood prevention. Basin districts are moni-
tored by the Federal Service for Hydrometeorology and Environmental Monitoring. The number of hydro-
logical observation points decreased from 1992 to 2018 by 19 percent. Systematization of water bodies is
carried out by the State Water Registry [State report «On the state and use of water resources, 2019]. The
implementation of water management measures is based on the “Schemes of complex use and protection of
water resources”. The term "complex" in the title does not fully disclose the meaning of the issues discussed
in the document. Assessment of the water body condition eliminates other types of environmental manage-
ment or insufficient in this case. For example, in the Don River basin, a key point is an assessment of biolog-
ical, chemical pollution and technical conditions of treatment facilities [Scheme of integrated use and protec-
tion of water bodies, 2012]. Particular attention is paid to the problems of irrigation water management.
However, the Scheme does not consider the land use system of contiguous territory. In addition, implementa-
tion of fish-farming projects and developing water tourism has considerable potential for growth economics.
As some researchers [Tomakov et al., 2012] have noted, the existing system of watershed planning is not
efficient. The Federal Service for Supervision of Natural Resources monitores water conditions and ensures
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compliance with laws [The Federal Service for Supervision of Natural Resources]. The certain tension is
noted between authorities and Rosprirodnadzor. This is reflected in slowing decision-making processes as a
result of bureaucratic barriers [Dontsova, 2010].

To summarize, the following water use management problems are noted:

e  The issue with the openness of environmental monitoring data to the public, causing
constant discussions about "silencing problems".

. Low involvement of the population in decision-making processes, lack of education
policy from the state for participation in such processes.

. Opposition by the authorities to non-profit public organizations in the field of ecolo-
gy. The emergence of the law on "foreign agents” has significantly affected the system of envi-
ronmental NGOs [Kefner, Morgun, 2020]. This law restricts funding from abroad, and increases
the dependence of Russian environmental organizations on government funding, which reduces
the independence of company activities.

o Sanitary standards for water quality that do not take into account regional hydro-
chemical indicators.

e The problem of watershed pollution by domestic waste.

ES AFFECTED BY WATER USE. EXAMPLES AND CHALLENGES OF RUSSIA

The authors have assessed existing water management problems and selected components of ES ac-
cording to CICES V5.1, which is used in international environmental management practice [The Common
International Classification of ES]. Table 1 shows the main problems related to water use in different regions
of the Russian Federation and the corresponding ES affected by land use. The problem of surface water pol-
lution affects many regions of Russia. This is particularly true for densely populated regions and industrial
cities, which are located nearby water bodies. The great complexity of communication between stakeholders
may lead to not achieving the ultimate goals [The unhealthy "Revitalisation of the Volga", 2021]. Water pol-
lution is a growing concern in the watershed of the Northern Dvina River. The main reason for this is that
treatment plants of forest-based enterprises and pulp and paper mills have outdated equipment [Dushkova
and Evseev, 2011]. Areas mentioned are directly related to using surface water resources for drinking and
household needs. Pollution of the Volga River causes a decrease in the population of high value fishery spe-
cies (sturgeon) [Ruban et al., 2019]. The Federal Program “Revival of the Volga” was created to address the
problem of degradation of aquatic ecosystems and prevent water contamination in European Russia. One of
the main objectives of the project was to reduce discharged polluted water by 3 times. However, according to
the results of inspection, these values are poorly achievable [The unhealthy "Revitalisation of the Volga",
2021].

Table 1. Russia's water management challenges, stakeholders and ecosystem services

Problems Negative effects Regions ES (Group) (CICES V5.1) Stakeholders
Ecosystem
changes caused Provisioning (Biotic): 1.1.1,
by transformed Rivers of Baltic |1.1.2,1.1.3,1.1.4,1.1.5,1.1.6. |Regional level: regional authorities, water
Pollution of chemical compo- | Sea basin, Regulation, Maintenance (Bio- | treatment organizations, agricultural organ-
surface water sition of water Dvina-Pechora [tic): 2.1.1,2.1.2,2.2.2,2.2.3, izations (including fish farming), scientific
(lakes, rivers and temperature | basin, Volga 2.2.4,2.25. research groups.
channéls) ! regime. Problems | River, basins of | Cultural: 3.1.1, 3.1.2, 3.2.1. Local level: smallholder farming, fisher-
of water use for | Ob, Lena and Provisioning (Abiotic): 4.2.1. | men, hunters, tourists, local citizens, reli-
drinking, agricul- [ Amur rivers. Regulation, Maintenance (Abi- | gious denominations.
tural and indus- otic): 5.1.1.
trial purposes.
Restrictions on . . .
the water use for Provisioning (Biotic): 1.1.1, Regional I'.SVEI.' author_ltles, water treat-
drinki - Groundwater ment organizations, agricultural organiza-
. rinking, agricul- 1.1.2,1.1.3,1.14. . . L .
Pollution of . wells, D L tions, environmental organizations, scien-
tural and indus- . . Provisioning (Abiotic): 4.2.2. |....
groundwater - local industrial . - . |tific research groups.
trial purposes. . Regulation, Maintenance (Abi- . .
- intake. 2 Local level: smallholder farming, local
Pollution of sur- otic): 2.2.4,2.2.5. citizens
face water. '
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Problems

Negative effects

Regions

ES (Group) (CICES V5.1)

Stakeholders

Alteration of
water basins as
a result of the
construction of
water reservoirs

Swamping, silta-
tion, water log-
ging.

Ecosystem
changes caused
by transformed
chemical compo-
sition of water
and temperature

Volga, Enisey,
Don, Terek
rivers. Hydro-
power facilities
on small rivers.

Provisioning (Biotic): 1.1.1,
1.12,113,1.14,1.15,1.16.
Provisioning (Abiotic): 4.2.1,
4.2.2.

Regulation, Maintenance (Bio-
tic): 2.1.1,2.1.2,2.2.1,2.2.2,
2.2.3,2.24,2.25,2.2.6.
Regulation, Maintenance (Abi-

Regional level: authorities, water treat-
ment organizations, agricultural organiza-
tions (including fish farming), logging
organizations, water transport companies,
industrial fishery, tourism opranuzanuu,
environmental organizations, scientific
research groups.

Local level: small farmers, fishermen,

:ﬁgt?gnngn the otic): 5.1.1,5.1.2,5.2.1,5.2.2. |hunters, tourists, local citizens, religious
Cultural: 3.1.1, 3.1.2, 3.2.1. communities.

use water

transport.

Damage to hu-
man settlements.
Limits of water
use for drinking,

Dvina-Pechora
basin; Kuban,
Terek, Enisey
rivers; basin of

Provisioning (Biotic): 1.1.1,
11.2,113,114,1.15,1.16.
Provisioning (Abiotic): 4.2.1.
Regulation, Maintenance (Bio-

Regional level: authorities, water treat-
ment organizations, agricultural organiza-
tions, environmental organizations,

Floods . Lena River, tic): 2.1.1,2.1.2,2.2.1,2.2.2, . . .
agricultural and basin of Amur 1224 225 Local level: smallholder farming, fisher-
industrial pur- . . T .| men, hunters, tourists, religious denomina-

. River. Rivers of | Regulation, Maintenance (Abi- | ..
poses during 2 tions.
floodin Caucasus re- otic): 5.1.1,5.1.2.
g gion. Cultural: 3.1.1,3.1.2,3.2.1.
Provisioning (Biotic): 1.1.1, . . .
. Regional level: authorities, water treat-
. Moscow regton, 1'1'3.‘ .1'1'.5’ 1'1'6.' . ment organizations, agricultural organiza-

Excessive Drying of shal-|Kursk region, | Provisioning (Abiotic): 4.2.2. tions, industry (mining, processing, etc.)

consumption of low aquifers. Zheleznogorsk, - | Regulation, Maintenance (Bio- envir]onmenta?/ or an?z’aﬁons sgilentific;

roundvr\:ater Decrease of sur-|North-Dagestan [tic): 2.1.1,2.1.2,2.2.2,2.2.4. research arouns 9 '

9 face runoff. cone of depres- | Regulation, Maintenance (Abi- Local Ie%/el'ps.mallhol der farming, local

ston. otic): 5.2.2. citizens, fishermen.

Code (Group)

1.1.1. Cultivated terrestrial plants for nutrition, materials or energy. 1.1.2. Cultivated aquatic plants for nutrition, materials or ener-
gy. 1.1.3. Reared animals for nutrition, materials or energy. 1.1.4. Reared aquatic animals for nutrition, materials or energy. 1.1.5.
Wild plants (terrestrial and aquatic) for nutrition, materials or energy. 1.1.6. Wild animals (terrestrial and aquatic) for nutrition,
materials or energy. 2.1.1. Mediation of wastes or toxic substances of anthropogenic origin by living processes. 2.1.2. Mediation of
nuisances of anthropogenic origin. 2.2.1. Regulation of baseline flows and extreme events. 2.2.2. Lifecycle maintenance, habitat
and gene pool protection. 2.2.3. Pest and disease control. 2.2.4. Regulation of soil quality. 2.2.5. Water conditions. 2.2.6. Atmos-
pheric composition and conditions. 3.1.1. Physical and experiential interactions with natural environment. 3.1.2. Intellectual and
representative interactions with natural environment. 3.2.1. Spiritual, symbolic and other interactions with natural environment.
4.2.1. Surface water used for nutrition, materials or energy. 4.2.2. Ground water for used for nutrition, materials or energy. 5.1.1.
Mediation of waste, toxics and other nuisances by non-living processes. 5.1.2. Mediation of nuisances of anthropogenic origin.
5.2.1. Regulation of baseline flows and extreme events. 5.2.2. Maintenance of physical, chemical, abiotic conditions

Unfortunately, surface water pollution also negatively impacts the cultural ES. Some lakes and rivers
are no longer used as recreational facilities due to deterioration of water quality (decreased transparency, de-
terioration of water quality). This reduces the number of people involved in water tourism, recreational fish-
ing and beach recreation. It is worth noting that significant pollution of surface waters in Moscow, where
about 77% of the water samples taken from ponds and streams do not meet the standards for microbiological
indicators and 60% of samples - for sanitary indicators [Andreeva, 2014]. Urban citizens have an increased
risk of disease in case of consumption of caught fish or recreation activity.

Construction and operation of hydraulic facilities affects a large number of ES and, despite many posi-
tive aspects, often leads to negative consequences [Briones-Hidrovo, 2019]. The major cluster of hydropow-
er plants is located on the VVolga River and in Siberia [Report on the functioning of the Unified Energy Sys-
tem of Russia..., 2021]. Increased risks of ecosystem disturbance are caused by the lack of laws in the man-
agement areas of potential flooding and in the vicinity of reservoirs [Mitina et al, 2020].

Catastrophic floods in Russia occurred in the Far East, Irkutsk Region, Zabaikalsky Krai, Yakutia and
Krasnodar Krai. Floods had different causes, such as intense rainfall, ice jams and rapid snow melt [Dobro-
vol’skii and Istomina, 2009]. Issues of flooding are discussed in research and academic literature, there is a
wide national legislation gap between theory and practice [Kireeva et al., 2019, Shalikovskiy and Kurga-
novich, 2016, Ayzel, 2021]. Special attention should be paid to the problem of groundwater contamination in
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case of its further use for drinking water supply. Chemical and biological pollution focuses are located al-
most throughout the country [Pykhtin et al., 2019]. The largest number of pollution focuses are on the Euro-
pean part of Russia [Luk’yanchikov, 2016].

Coal mining complexes disturbes regulating ES. For example, Partizansk Coal Basin located in the
South of the Russian Far Eastern Region, is marked with a decreased soil quality and increased surface water
salinity [Arefieva, 2019]. At the Levikhinskoye sulfide copper deposit, concentrations of pollutants were
higher than during mining operations. The source of water with increased mineralization is the collapse zone,
with increased sulfate concentrations [Rybnikova , Rybnikov, 2019]. According to [Malkovsky et al., 2019],
deep injection of liquid radioactive waste (LRW) is widely used on an industrial scale in Russia. It is crucial
to inject LRW in non-leaky aquifers with impermeable aquicludes, as long-lived radionuclides remain pollu-
tants for a long time and migrate with groundwater flow, penetrate to surface water and shallow groundwater
used for drinking purposes. In order to prevent the migration of radionuclides, clay barriers are successfully
implemented [Krupskaya et al., 2019]. However, examples of radionuclide pollution are known even in such
cities as Moscow [Malkovsky et al., 2020].

ROAD MAP: TOWARDS SUSTAINABLE WATER MANAGEMENT IN RUSSIA

Introducing sustainable environmental practices and standards in water use is one of the best and most
effective ways to optimize the water management system in Russia. Keeping in mind the ecological prob-
lems, a key point to improve national governance systems is the need to clarify management methods of wa-
ter use. Fig. 1, presented below, is a road map that may be used for solving water problems in future. All wa-
ter basins of Russia should be considered at the national level. The regional level corresponds to the scale of
basin districts in accordance with the Water Code of the Russian Federation. sub-basins are allocated within
each basin district, according to available financial and labor resources, at the local level. First of all, it is
necessary to identify key objectives for water basins at the national level. This strategy should include objec-
tives for each watershed, highlighting the significant issues to be addressed. The next step is to have a person
responsible for implementing strategy for each water basin. In this stage, strategy is a transition to the re-
gional level. It seems reasonable, given the vast territory of the country and the regional climatic, economic,
environmental and social specificities of the regions.

At the regional level, work is carried out on implementing the national water use strategy. Focus
groups are established to address issues It is reasonable to presume that the division of watersheds into
smaller units to provide an individual nature management approach. This can help ensure flexible managerial
decisions. Expert groups (regional authorities, scientists, public organizations, etc.) define boundaries of sub-
basins in which the supervisor are appointed at the regional scale. Features of sub-basins are defined based
on human resources capacity, spatial position and economic activities. List of problems is drawn up based on
experience and scientific knowledge for each sub-basin.

The methodologies for evaluating ES for each sub-basin are then compiled. Important regional charac-
teristics of sub-basins may be overlooked if the ES are evaluated at the federal level. Conversely, if ES are
considered at the local level, problems arise due to the lack of highly qualified personnel. This practice is
carried out by a regional basin focus group. As a result, a document of the most important ES for each sub-
basin and a list of significant ES is produced. Subsequently, the focus group determines the range of data that
needs to be collected for evaluation ES to select the area of work for sub-basin.

Next, a focus group representative together with the local authorities ensures the collection of infor-
mation for the evaluation ES. This can include field surveys, collection of archived information, population
surveys, etc. The result could be a database, geographic information system or report. It is important to pre-
sent the results of the work at local level to the general public in meetings with stakeholders. This will help
to avoid conflicts and choose the best option in case of existing controversial solutions in the future. The de-
cisions are based on the results of public discussion and a document is developed to implement the chosen
solution locally.

Analysis of the decisions made and rethinking of the results is done by establishing a local monitoring
network and the reporting data to the regional level. The regional focus groups consider the results of the
monitoring, adjust the implemented policies and report the results to the federal level. It can be determined
which basins and sub-basins are doing well and which are not. Accordingly, the focus group staffing is re-
vised, the list of problems is changed, or the methodology for calculating ES is modified.
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To summarize, this framework can allow for a more efficient water management system. The demand
for information, large databases, geoinformation systems, and highly qualified staff is increasing. The nega-
tive aspects include high qualification requirements for decision-makers of watersheds, regional focus
groups: impartiality, high awareness of the current development of economic activity of the region. External
influences, pressure on decisions made and corruption are only a small part of the problems to be solved in

the future.
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Figure 1. Russia's water use road map considering the ecosystem services
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CONCLUSION

Our study provides some examples of water management systems in the international aspect. Variabil-
ity of water use strategies in countries of the world depending on economic and social development is noted.
High role of international relations and creation of focus groups and public participation in solving environ-
mental problems in water use is substantial. Importantly, consideration of the components of ecosystems is
prevalent in decision-making. ES are rarely mentioned in laws, but instead the terms "green economy" or
"blue economy" are often used. Evaluating the benefits of nature also often appears indirectly in conservation
strategies. Unfortunately, the Russian water use system is currently not very effective, resulting in the num-
ber of regional and local issues in different regions of the country. Wide areas of basins and poor communi-
cation with the local population do not allow to provide a high level of water quality. The European part of
the country is characterized by pollution of waterbodies, high impact of tourism and recreation activity. The
southern areas of central Russia experience a shortage of water resources for agricultural and drinking pur-
poses. The Far East region is affected by floods. Locally, there are problems of excessive withdraw of
groundwater and surface water as mining activities and for drinking needs. Therefore, concerted efforts are
needed to ensure integrated and effective management of water use.

The authors have proposed a roadmap showing improving the water use management system by the
introduction of the ES concept to address these issues. In general, the environmental safety improvement of
water use may be achieved by following principles:

o The regional peculiarities of territory are advised to be considered when using the basin approach.

e The implementation of ES is possible only at the local level due to the high error of their assessment
within large territories and its expensive cost.

o It is very important to take into account the opinions of all stakeholders in order to minimize con-
flicts later when identifying problems at the local level.

¢ Public monitoring is one of the most effective tools in environmental management, therefore, trans-
parency of decisions made is an integral part of sustainable water use. Consideration of public opinion in
decisions is an obligatory condition.

¢ With the increasing importance of geo-information systems, which can meet the needs for infor-
mation about the environment, it is necessary to create regional, local GIS systems.

Thus, there is a great potential for development of the water use system in Russia. Monitoring data on
the state of water bodies is very limited, therefore, it is necessary to increase public accessibility to infor-
mation on the environmental conditions. Introduction of ES based on international experience into the water
use strategy of Russia seems to be a small but very important step in the whole system of state nature man-
agement.
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Honyuen ynuxanvuvill ghakmonozuyeckuil mamepuai, NO360IUSUIULL OYEHUMb USMEHEeHUs 8 cocmage u CmpyKkmype
pacmumensHocmu 12 MOHUMOPUH2O0BbIX NIOWAOOK, 3anodceHHvix 6 1999 2. Ha cesepo-3anade Bonvuiezemenvckotl
MYHOPbL (2PAHUYA MeNHCOY NOO30HAMU TONCHBIX U MUNUYHBIX MYHOp). Hauborvuiue uszmenenus 3aQuKcCUposanvl 6
coobwecmeax co crodicHoU (2-3-unennoll) copuzoHmanvrou cmpykmypou. Koauuecmeenno oyewenvi uzsmeHeHus:
naowWaoel pAasHelX S1eMEHMOo8 HAaHopenveda (namew, GANUKOS, JOJNCOUHOK, MPpeEWuH, NOAULOHO8). Ycmanogneno
YMeHbUleHUue NAoWAOU OMKPLINO20 CYeNUHKA, BbIpAGHUBANHUE NOBEPXHOCMU NIOWAOOK U3-3d 3APACMAHUA NAMeH
2071020 SPYHMA U YACMUYHO20 ORYCKAHUS 8ANUKOS, Y@eluyeHue NoKpuimus mpag (ocobenno xeowa Equisetum arvense),
yeenuyeHue 8blcomsl KyCMApHUKOBbIX us (npumepro 6 2 pasa). B 3aborouennvix mecmoobumarnusix ¢ coobwecmsax
NYUWUYEBbIX KOUKAPHUKOS USMEHEHUs MeHee 3aMemHubl U KACAOMCs NOKPbIMuUs U008 PACHEHUll PASHBIX HCUSHEHHbIX
¢opm — OHO ygenruuunoCch y mpas, YMeHbUUIOCh Y TUUAIHUKO8 NPU 803DACMAHUL OONU 3€IeHbIX U NO3Jce CPACHOBbIX
mxos8. Hawu pesynbmamuol 6 yeiom coenacyromes ¢ meHOeHYusMyu mpancopmayuy pacmumenbHoCmu noo 61usHuem
KAUMAMU4eCcKuUx (hpakmopos, yCmaHoe1eHHbIMU 8 AMEPUKAHCKOM ceKmope ApKmuku.

KiroueBble cj10Ba: MOHUTOPHUHT, PACTUTENIHOCTh, BOCTOYHOEBPOTIEHCKIE TYHIPHI, APKTHKA.

Key words: monitoring, vegetation, East European tundra, Arctic.

SUMMARY

The results of vegetation monitoring from 1999 to 2020 on 12 plots laid out in different types of
communities on Cape Bolvansky Nos in the northwest of the Bolshezemelskaya tundra are presented (Fig.
1). The area is located on the border between the southern and typical tundra subzones.

On five long-term plots with clay-loam patches of bare ground sparse shrubby willow sedge-dwarf
shrub-moss tundra were formed. They belong to zonal vegetation — ass. Dryado octopetalae—Hylocomietum
splendentis Andreev 1932 subass. caricetosum capillaris Lavrinenko et Lavrinenko 2018 (Table 1) in the
class Carici arctisibiricae—Hylocomietea alaskani Matveyeva et Lavrinenko 2021 prov., in the order
Caricetalia arctisibiricae-lugentis Matveyeva et Lavrinenko 2021 prov. and in the alliance Dryado
octopetalae—Caricion arctisibiricae Koroleva et Kulyugina in Chytry et al. 2015. Plot M6 has a 2-element
horizontal structure: large loam patches (3.0-4.5 m long, 1.0-1.5 cm wide) elongated along the slope
alternate with flat areas of turf between them, dominated by dwarf shrubs Dryas octopetala subsp. subincisa
and Salix reticulata and mosses Aulacomnium turgidum, Hylocomium splendens, Tomentypnum nitens; rims
are absent. Salix lanata grows in groups in shallow depressions with mosses. Plots M5, M9, M11 and M12
occupy the lower parts of the hill slopes and deluvial plumes; 3-element horizontal structure — rounded or
oval patches of loam (1.5-3.0 (up to 5.0) m in diameter) are surrounded by rims, and such ring structures are
separated by troughs with hygrophilous mosses (Aulacomnium palustre, Ptilidium ciliare, Sphagnum spp.),
where shrub willows (mainly Salix glauca) grow. The rims are well formed and usually covered with dwarf
shrubs (Arctous alpina, Dryas octopetala subsp. subincisa, Empetrum hermaphroditum, Salix reticulata),
sedge Carex bigelowii subsp. arctisibirica and mosses (Aulacomnium turgidum, Dicranum elongatum,
Hylocomium splendens, Rhytidium rugosum).
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Three long-term plots are occupied by dwarf shrub-lichen tundra with a rare layer of elfin Betula
nana, which is affiliated with the class Loiseleurio procumbentis—Vaccinietea Eggler ex Schubert 1960, the
order Deschampsio flexuosae—Vaccinietalia myrtilli Dahl 1957, and the alliance Loiseleurio-
Arctostaphylion Kalliola ex Nordhagen 1943 (Table 2). On plots M3 and M4, located on light loamy soils on
slightly convex tops of hills in conditions of good drainage, elfin birch dwarf shrub-lichen communities
belonging to ass. Loiseleurio-Diapensietum (Fries 1913) Nordhagen 1943 subass. salicetosum
nummulariae Koroleva 2006 were formed. On plot M2, located in the lower part of the gentle slope of the
hill under conditions of good snow cover in winter, a community with an almost continuous lichen cover of
chionophilic Cladonia was formed — ass. Cladonietum rangiferino-arbusculae Lavrinenko et Lavrinenko
2020.

The vegetation of plots M1 and M7, located in relief depressions on peat-gley soil, belongs to the class
Oxycocco-Sphagnetea Br.-Bl. et Tx. ex Westhoff et al. 1946 and the alliance Oxycocco microcarpi—
Empetrion hermaphroditi Nordhagen ex Du Rietz 1954. They are cotton grass tussocks (Eriophorum
vaginatum) with dwarf shrub-cloudberry-lichen-moss cover belonging to ass. Pleurozio schreberi—
Eriophoretum vaginati subass. sphagnetosum lenenses Lavrinenko et Lavrinenko in Lavrinenko et al. 2022
(Table 3).

The vegetation of plots M8 and M10 is represented by community complexes on polygonal peatlands.
On the polygons of both plots, a dwarf shrub-cloudberry-lichen community ass. Rubo chamaemori—
Dicranetum elongati Dedov ex Lavrinenko et Lavrinenko 2015 assigned to the alliance Rubo chamaemori-
Dicranion elongati Lavrinenko et Lavrinenko 2015 in the class Oxycocco-Sphagnetea was formed.

The results of the 21-year monitoring period made it possible to set some trends in changing the
composition and structure of plant communities of different syntaxa.

The main part of plant species was found on the plots in all survey years (1999, 2014, 2017 and 2020).
On five plots with the most floristically rich zonal tundra communitis, a total of 160 species were identified,
of which 22 (14%) were found once. On three plots with dwarf shrub-lichen communities and on four plots
with boggy communities, 7 (8%) out of 90 species and 10 (11%) out of 95 species, respectively, were also
identified once. Within each plot, the change in the total number of species over the years was in the range of
7-24%. It is important to understand that such variability in composition is due to identifying (appearance) /
missing (disappearance) of rare and single species, mainly mosses and lichens (including crustaceous ones).

On many plots there was a general increase in herbaceousness (due to sedge, grasses, cotton grass,
cloudberries) and a particularly noticeable increase in activity in Equisetum arvense, which began to create a
green aspect.

The greatest structural transformations took place in the communities ass. Dryado octopetalae—
Hylocomietum splendentis subass. caricetosum capillaris with 2- or 3-element horizontal structure. The
main finding is the disappearance of the “spongy” nanorelief (due to the result of “frost boiling”) on patches
of bare ground and their gradual overgrowth with cryptogamic crusts, small flowering plants, mosses and
dwarf shrubs. In the zonal tundras, the clear module structure “patch—rim—trough” began to disappear as a
result of overgrowing of loam patches and partial subsidence of rims (in some places rims merged with
patches overgrown with dwarf shrub-lichen cover and began to look like a flat turf). In dwarf shrub-lichen
communities ass. Loiseleurio-Diapensietum subass. salicetosum nummulariae, the patches began almost
completely covered with lichens, mosses, and dwarf shrubs, and the surface was leveled due to the
disappearance of the difference in height between the surface of overgrown patches and the turf. New
formation of patches has not been found anywhere, but single small (up to 20 cm in diameter) fresh
outpourings of loam were detected within the old spots on plot M4 at the top of the hill.

The height of the willows Salix glauca and S. lanata, which in 1999 was predominantly 10-15 cm, has
increased 1.5-2.5 times over the years of monitoring at all plots.

A gradual decrease in lichen cover in boggy cottongrass tussock communities of ass. Pleurozio
schreberi—Eriophoretum vaginati subass. sphagnetosum lenenses and their further replacing with dwarf
shrubs and green (and later — sphagnum) mosses was revealed.

Our results generally agree with the trends in vegetation transformation under the influence of climatic
factors, established at long-term plots in the American sector of the Arctic [Gould et al., 2009; EImendorf et
al., 2012; Jorgenson et al., 2015; Harris et al., 2021]. Noting the heterogeneity of vegetation responses to
climate change, the authors report on an increase in the total projective cover and a decrease in the coverage
of bare ground patches in tundra ecosystems, as well as an increase in the abundance and height of evergreen
and deciduous shrubs and dwarf shrubs, grasses, when reducing of lichens.
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BBEJAEHUME

C 1970 r. u mo 2020 r. moTemyieHUEe KIMMaTa PETUCTPUPYETCs Ha BCel TEppUTOpUM APKTHKH H
Poccuu B 1ienom [[loxnan..., 2021; Druckenmiller et al., 2021]. Bo3pacranue cpeHEroa0BON MPU3EMHON
TEMIIEPATYpbl BO3AYyXa SBISIETCI OCHOBHOM IBWKYINEH CHIOW MHOTHX W3MEHEHHM B IMaHAPKTHYECKOM
Mmacirabe, yCHIMBAIONIMXCSA B OTIETIbHBIC TOJbI Ha permoHansHoM ypoBHe [Druckenmiller et al., 2021].
Peakiust pacTUTENBHOCTH Ha MOTEIUIEHHWE, IOMHUMO HENOCPEICTBEHHOTO BIUSIHUS TEMIEpaTyphl BO3/AyXa,
ompeneNnseTcs: MHOTUMH (aKkTOpaMu — YJUTMHEHHE BEreTallMOHHOTO TMEepHoJia, YCKOPCHUE TasHHS CHeETa,
KOJICOAHUS] BIIQXKHOCTH U TIYOWHBI OTTAMBAHUS IMTOYBBI, TEMIIEPATYPhI MMOYBLI B KOPHEOOUTAEMOW 30HE U
JOpYTHUMH, 3aBUCSIIUMH OT OCOOCHHOCTEH NaHamadTa, nepepacnpeaessromero KOJIMIecTBO TeIla B KaKI0H
KOHKpETHOH MecTHOCTH. HeoOXoauMbl MONTOCPOYHBIE HCCIEAOBaHMS APKTUYECKUX COOOLIECTB U
JTOKYMEHTUPOBAHHOE TOATBEP)KICHUE MX PEakiMu B OTBET Ha morteruienue [Post and Forchhammer, 2008;
Harris et al., 2021]. HaubGonee noka3zareineH Uil KOHTPOJIS 32 COCTABOM M CTPYKTYpOH pacTHUTEIbHOCTU
METOA JOJTOBPEMEHHBIX IUIOMIAJOK, YCHEIIHBIH ONBIT MPHUMEHEHHS KOTOPOTO OMHMCaH Ha AJsCKe U B
kanaackoit Apkruke [Gould et al., 2009; Jorgenson et al., 2015; Myers-Smith et al., 2019; Harris et al.,
2021].

B Hacrosmelt cratee npeacTaBiIeHbl pe3ynbTaThl MOHUTOPHUHTA pacTUTENbHOCTH ¢ 1999 mo 2020 rr.
Ha IJIOMIAJIKaX, 3aJI0KEHHBIX B PA3HBIX THIIAX COOOIIECTB HA ceBEpO-3amaie bonmbine3eMenbCKol TYHIIPHI.

XAPAKTEPUCTUKA PAMOHA UCCJIEJIOBAHUSA

Ha pyGexe crometwii Mbl 3al0XWid 12 MOHHTOPHHTOBBIX IUIOMIAAOK Ha pa3HBIX 3JEMEHTax
nmaaamadTa Ha Mbice bomBanckuit Hoc, pacronoskeHHOM Ha ceBepo-3amane bonbmie3eMenbCcKoi TYHIpHI
(Puc. 1).
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Pucynok 1. Tlonoxenve miomanok Ha meice bonsanckuii Hoc B Bonbiesemenbekoit TyHpe.

Penved BBLABHHYTOrO B MOpE MbICa, OTPAaHWYCHHOTO C 3amana yctheM p. bompmas [ledopa, a ¢
BOCTOKa boyiBaHCKO# Ty00#, THIIMYHO MOPEHHBINA XOJIMHUCTO-JI0KOUHHBINA. HeBbicokue (10-50 M Hax yp. M.)
XOJIMBI (TI0-MECTHOMY — COIIKH) C TIOJIOTUMH U MOKATBIMH CKJIOHAMH CJIOKEHBI B OCHOBHOM T€MHO-CEPBIMHU
TJIMHAMU W CYIJIMHKaMH, pPAacCessHbl Ha OTHOCHUTEIHHO BBIPOBHEHHOW TIIOBEPXHOCTH U pa3felieHbl
MHOTOYHCIICHHBIMA MEXO3ePHBIMU MIPOTOKAMH U JIOXKOWHAMH CTOKA, 3a4acTyr0 oO0BomHeHHBIMU. [lecku He
UMEIOT OOJBIIOTO PACIpPOCTPAaHEHHsT U OTMEUYEHBI JIOKAJhbHO B BEPXHEH 4YacTH COMOK Ha abCOJIOTHBIX
orMeTkax 20-25 M B BUJIe HEOONBIINX «HANLIETIOK» Ha CYTJIMHUCTHIX MOpoJax. bepera Mpica oOpHIBHCTHIE,
CYTJIMHHCTBIE, PEKE CylecuyaHble, MECTaMHU C HAaBHCAIOIIMMH CBEpXY TolIaMu Topda. Mepsnora (MOIIHOCTD
100-200 m) umeeT crutontHoe pacrnpocrpanenue [Odepman, 2001; Ocamuas u Tymens, 2012].

PacturensHoCTh Ha TUIAKOpax (MOJIOTMX CKIIOHAX CYTIMHHCTBIX COMOK OT BEPXHUX YacTed Jo
MOJIOUIBBI) MPEJCTABICHA MATHUCTHIMU PEAKOMBOBBIMH OCOKOBO-KYCTAPHHUYKOBO-MOXOBBIMH TYHApPaMH, Ha
BBINYKIIBIX BEPIIMHAX CYNECUAHBIX WM CYTJIMHHUCTHIX COMOK — (CTIAaHMKOBOEPHUKOBBIMH) KYCTaAPHUYKOBO-
JTUIIAHHAKOBBIMU TYHJApPaMH, B JeTpeccusix penbeda — TONUTOHATBHBIMA M TUIOCKOOYTPHUCTHIMU
TOp(sITHUKaMH M MyIIUIEBBIMA KOYKAPHUKAMH, a B JIOXKOWHAX CTOKA — MBHSKAMH U OCOKOBO-TUITHOBBIMHU
cooOmectBamMu. Ecnu opueHTHpOBaThCS Ha 30HAIBHYIO PACTHTEIBHOCTh, TO TEPPUTOPHS PACIOIOKEHA B
F0’KHOM TT0JI0Ce TTO30HBI TUIMHYHBIX TyHAp [JlaBprunenko u JlaBpunenko, 2018]. Oxnako jgokansHas ¢uiopa,
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BCJIC/ICTBHE CHIIBHOTO OoTeruisroniero 3¢ dexra p. [Ieqopa, mo 6orarcTBy 1 BHICOKOH J1071€ GOpEaIbHBIX BUIOB
OTHOCHTCSI K THITy CEBEpPHBIX OopeajbHBIX M (opMaabHO — K bopeanbHoi obmactu [JlaBpuHEHKO U Ap.,
2016]. Ha xapte Circumpolar Arctic Vegetation Map (CAVM) [Raynolds et al., 2019] paiion ucciemnoBanus
pacmonoxeH Ha rpaHune noA3oH D (cooTBeTcTByIOLIEH IOKHOW MOJIOCE MOA30HBI TUMHYHBIX TyHApP) U E
(momsone roxubIX TYHIp) [Walker et al., 2005].

B nriepuon ¢ 1938 mo 2001 r. Ha mpice bonmBanckuit Hoc Haxommmack METEOCTaHITUS C OJHOUMEHHBIM
HazBaHueM (Ne 209460), a ¢ 1983 mo 1993 r. u ¢ 1999 r. mo Hacrosimee BpeMs — T€OKPHOIOTHYCCKUI
crarmonap HMuctutyra kpuochepbr 3emmm CO PAH. [lo 1maHHBIM METEOCTaHIIMKA CpEIHETOA0Bast
TemIiepaTypa Bo3ayxa B meproa KauMarudeckoi Hopmbl (1960-1990 rr.) 6buta paBHa —4.4 °C, a B cpeHeM
3a Bce roabl XXI Beka crana numb —2.6 °C; cymMMa OTpHLATEIbHBIX TEMIIEPATYP 3a XOJIOIHBIA MepHoA roaa
B 3Tu nepuozsl paBHa —85 °C u —70 °C, cymMa MOJIOKUTENBHBIX TEMIIEPATyp 3a TEIUIbI MepHoJ roja —
32 °C u 38 °C, cooTBeTcTBeHHO. TpeHn W3MEHEHHs CPEeIHErof0BOil TemIepaTrypbl BO3AyXa — OKOJIO
0.09 °C/roa, Takoii e TpeHI XapaKTepeH Uil CpeAHE3UMHEN U IJIsl CpelHeNIeTHEH TeMIepaTyphl BO3ILyXa.
HabnronaeTcsa TeHaeHIINS K YBEIIMUEHUIO TOJJOBOTO KONMWYeCTBa ocankoB oT 350 mo 450 mwm 3a mocnennue 35
netr. MOIIHOCTh CHEKHOTO IIOKPOBA, KaK MPaBUIIO, U3MEHAETCA B pa3Hble roabl B npexenax 50-80 cm, HO
HaOmoaeTes ciadas TeHASHINS K YBEIMYSHHUIO TONIIIHEI cHera [Maikosa u np., 2018].

MATEPHUAJIBI 1 METO/1bI

MOHHUTOPUHTOBEIE TLIOIIAAKH, pazMepaMu 10x10 M, Osi1H 3am0xensl (M1-M11 —B 1999 1. u M12 — B
2000 r.) Ha pa3HBIX JJIEMEHTaX JaHMmadTa W 3aKperIeHbl HA MECTHOCTH KOJBIIIKAMH 1O yriaMm, B UX
IEHTPE OMpeeIeHbl KOOPAUHATHI ¢ TToMotbio GPS-npudopa Garmin (cm. Ta6:. I11-3). Ha miomankax 01
BBISIBJICH TIOJIHBIH BHJIOBOM COCTAaB COCYAMCTBIX PAaCTEHHIA, MOXOOOPa3HbIX U JHUIIAWHUKOB (HAITOYBEHHBIX U
3nuOpHO(UTOB) C OLEHKOH MPOEKTUBHOIO MOKPHITHA (%) B LIEJIIOM, IO OCHOBHBIM XH3HEHHBIM (hopMaM U
IUIsL Kakgoro Bupma. PacreHus, BcTpedeHHBle enuHWUYHO (1-5 ocoOeit) ormeuwanmn kak ‘I, Ooree
MHOTOYHCIICHHbIE, HO UMEOIIUe TOKphITHE MeHee 1 % — kak “+”. CooOliecTBa KapTUPOBaiH MO ceTke 1X1
M (cocTaBJeHBl KapTocxembl) U (ororpadupoBanu. M3mepsuu riayouny cezonHo-tanoro cios (CTC) nHa
Pa3HBIX 3JIeMeHTax HaHopenbeda B 3-6 MOBTOPHOCTSX.

[ToBTOpHBIE TreoboTaHuYecKkue oOciemnoBaHus Bcex Iwiomanok (¢ usmepenuem CTC wu
¢dororpadupoBanremM) BHINOIHEHBI ABaXIbl — B 2014 1. (uepe3 15 net) u B 2020 1. (uepe3 21 roxg) B Te xe
CpPOKH — BO BTOpO# monoBuHe utons. Kpome Toro, B 2017 1. (4epe3 18 ner) B Oim3kyro nmaty — 2 aBrycra
cemp 1mmiomanok (M1-M7) Opumn chotorpadupoBans, a Ha 1nByXx (M6 m M7) Obumn chenaHsl
reo00TaHUYECKUE OTTHCAHMS.

B 2014 r. Ha GOJBIIMHCTBE MJIOMIAZOK, KOTOPHIE HAXOAMIN 1O KOOPAMHATAM, YIJIOBBIE KOJBIIIKH
COXPaHWIUCh, OJHAKO HA HEKOTOPBIX IUIOIMIAAKAX OHHM ObUIM MOrpe0eHbl MO0 MXaMH U BOCCTAHOBJIECHHL. B
2014 r. cooOiecTBa MOBTOPHO 3aKapTUpOBaHbl Mo cetke 1x1 M, a B 2017 m 2020 rr. mioumaaku
chotorpaduposans ¢ BeicoThl 10 M ¢ momoinksto BITJIA DJI Mavic Pro.

Temmneparypa Bozayxa B nepuog oocnenosanust B 1999 u 2014 rr. xonebanacs ot 5 1o 12 °C, B 2020
r. OBUTO 3HAYMTENBHO Teriee — 15-25 °C.

B mporpamme ArcGIS mpoBereHa onudpoBka BCex KOHTYpOB KaprocxeM W cHuMmkoB (Puc. 2), ¢
WCIONBb30BaHUEM IporpaMMHoro obecneuenus Patch Analyst BelmomHeH pacuer HMX IUIOIIAAEH, dYTO
MO3BOJIMIIO KOJIMYECTBEHHO OLICHUTh U3MEHEHHS B CTPYKTYpE COOOIIECTB.

Pucynok 2. Tlpumep ounpoBKH KOHTYpPOB Ha mioinagke M11: kaprocxeMm, HAPUCOBAHHBIX IO CETKE OT PYKH:
a—81999r., 682014 1. u 6 — cuumka ¢ BITJIA B 2020 1.
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Homenkatypa CHHTaKCOHOB IpHBeaeHa 10 yek-mrcty H.B. MatseeBoit u O.B. Jlapunenko [2021],
TaKCOHOB COCYAMCTHIX pactenuit — no cBoake H.A. Cekperapesoii [2004], mxoB — mo M.S. Ignatov et al.
[2006], neuenounukoB — o A.Jl. [Torémkuny u E.B. Codponosoii [2009], numaiinukoB — mo R. Santesson
et al. [2004].

PE3YJIBTATBI

CuHTaKCcOHOMHYECKAS NPUHAAJICKHOCTD COOﬁHIeCTB MOHUTOPHUHI'OBBIX ILIOIAA0OK

PacTtuTensHOCTh MATH MOHUTOPWHTOBBIX IUIOmIagok (M5, M6, M9, M11 u M12) npexncraieHa
IIATHUCTBIMU PEAKONBOBBIMH OCOKOBO-KYCTApHUYKOBO-MOXOBBIMU TYHAPAaMU U OTHOCHUTCSA K 30HAJILHOI acc.
Dryado octopetalae—Hylocomietum splendentis Andreev 1932 cy6acc. caricetosum capillaris Lavrinenko et
Lavrinenko 2018 (Ta6u. I11). Ects Bce Buabl aquddepenimpyromeii komouHamu acconuanuu: Salix hastata,
Dryas octopetala subsp. subincisa u Salix reticulata u Equisetum scirpoides u cy6accormarmu: Carex
capillaris, Epilobium davuricum, Juncus biglumis, Luzula nivalis, Pinguicula alpina, P. vulgaris, Saxifraga
oppositifolia, Tofieldia pusilla, Myxobilimbia lobulata, Solorina saccata u S. spongiosa, npou3spacraromue
Ha IIATHAaX CYTIJIMHKA. KoncraHTHBEI BCce OCHOBHEIE XapaKTEpPHbIC BUABI BBICIINX CHHTAaKCOHOB 30HaJIbHOU
pacturensHocTH — Carici arctisibiricae—Hylocomietea alaskani Matveyeva et Lavrinenko 2016 class. prov.,
Caricetalia arctisibiricae-lugentis Matveyeva et Lavrinenko 2021 ord. prov. u Dryado octopetalae—
Caricion arctisibiricae Koroleva et Kulyugina in Chytry et al. 2015 (Ta6a. I11). Hekotopsie oTiau4us B
cocTaBe COOOIIECTB AacCOIMaluy OOYCIOBIEHB Pa3IMYUsSIMH B TOPH3OHTANBHON CTPYKType, KOTopas
OTIPEICIISACTCS MTOJIOKESHUEM ILIONIAJI0K Ha Pa3HBIX dJIEMEHTax Me3opeibeda (CM. HIKe).

Tpy MOHUTOPHMHIOBBIX IUIOLIANKH 3aHATHI KYyCTAPHUYKOBO-IUIIANHUKOBBIMU TYHAPAMH C PEIKUM
spycom Betula nana crtnanukoBoit (OpMBI, KOTOpBIE MbI TMO3UIMOHHpPYeM B kiacce Loiseleurio
procumbentis—Vaccinietea Eggler ex Schubert 1960, mopsiake Deschampsio flexuosae—Vaccinietalia
myrtilli Dahl 1957 u coroze Loiseleurio-Arctostaphylion Kalliola ex Nordhagen 1943 (Ta6xa. I12). Ha
wiomaakax M3 u M4, pacnojoXeHHBIX Ha JIETKOCYTVIMHHCTBIX MOYBaX Ha clabo BBIMYKIIBIX BEPIIMHAX
COMOK B YCJIOBHSAX XOPOIIETO JApeHaXka, CGHOPMUPOBAHBI CTIAHMKOBOEPHUKOBBIE KYCTAPHUIKOBO-
JTumaiHuKkoBele  coobmrectBa acc. Loiseleurio-Diapensietum (Fries 1913) Nordhagen 1943 cybacc.
salicetosum nummulariae Koroleva 2006. Buasr auddepeniupyronmx kombunarmii: Diapensia lapponica,
Luzula confusa, Salix nummularia; Gymnomitrion corallioides, Pogonatum urnigerum, Racomitrium
lanuginosum; Bryocaulon divergens, Bryoria nitidula. Ha ruromagke M2, pacrioioxeHHON B HIXKHEH Y4acTh
MOJIOTOTO CKJIOHA COMKH B YCIOBHSX XOPOIIEH YKPBITOCTH CHETOM 3UMOH, C(OPMHUPOBAHO COOOIIECTBO C
MOYTH CIUIOIIHBIM JIMIIAHUKOBBIM TOKPOBOM M3 XHOHOGWIBHBIX KiagoHuii — acc. Cladonietum
rangiferino-arbusculae Lavrinenko et Lavrinenko 2020.

PacturensHocts mnomagok M1 uw M7, pacmoloXeHHBIX B Jienpeccusix peibeda Ha TOpgsHO-
riee3emMe, OTHOCHTCS K Kiaccy OXxycocco-Sphagnetea Br.-Bl. et Tx. ex Westhoff et al. 1946 u corozy
Oxycocco microcarpi—-Empetrion hermaphroditi Nordhagen ex Du Rietz 1954 — srto mymiuieBbie
koukapuuku (Eriophorum vaginatum) ¢ KycTapHHYKOBO-MOpPOIIKOBO-THIIAHHUKOBO-MOXOBBIM MTOKPOBOM,
npuHagiaexamne acc. Pleurozio schreberi—Eriophoretum vaginati cybacc. sphagnetosum lenenses
Lavrinenko et Lavrinenko in Lavrinenko et al. 2022 (Ta6m. I13).

PacturensHocTh TUTOMIanoKk M8 1 M10 mpeacraBieHa KOMIUIEKCAMH COOOIIECTB HA TTOJIUTOHAIBHBIX
TopdsHrkax. Ha monuronax o0emx Iiomaaok chopMUPOBAHO KYCTAPHHYKOBO-MOPOIITKOBO-THINAHHUKOBOE
coobmmectBo acc. Rubo chamaemori-Dicranetum elongati Dedov ex Lavrinenko et Lavrinenko 2015,
OTHECEHHOE K OojHOMMEHHOMY corody Rubo chamaemori-Dicranion elongati Lavrinenko et Lavrinenko
2015 B xmacce Oxycocco-Sphagnetea. B tpemuaax mokpoB pasnudaeTcs: Ha mromaake M10 — epHHKOBO-
0aryJbHUKOBO-MOPOIIKOBO-C(arHOBbIi; M8 — MOpOIIKOBO-MOXOBBIM C peakuMu uBamMH. OTHECTH
COO6H.[€CTB8, B TpCfHIMHAX K KaKUM-IH0O CHHTAKCOHaM IIOKa HeE npeaACTaBIsACTCAd BO3MOXXHBIM.
I'eoboTaHMUeCKHE OMIMCAHMS BBIIOJHEHBI HA BCEH IUIONIAH TUIOIIAI0K O0e3 auddepeHimanuy Ha 3JIeMEHThBI
Haropesbeda (Tao. I13).

JIlnHaMUKa BUOBOT0 COCTABA PACTUTEIbHBIX COOOIIECTB HA IIOIIAKAX
3oHanbpHBIE coobiecTBa acc. Dryado octopetalae—Hylocomietum splendentis cy6acc. caricetosum
capillaris otnuyarotrcs OT Bcex ApPYrHX HauOOJbIEH BHUAOBOW HACBIIICHHOCTHIO. OOIee YHCIIO BUOB,
BBISIBJICHHBIX Ha IUTOMIA/IKaX, BApbUPOBAIO 1O TogaM: M5 — 73-96, M6 — 63-75, M9 — 79-96, M11 — 59-77,
M12 — 68-81, T.e. pasmmuanocs Ha 16-24 % (Ta6m. TII1). Tlpm >TOM YHCIIO BHIOB KYCTapHHKOB,
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KyCTapHU4YKOB, TpaB H JNUIAWHUKOB OT roga K roay MHM3MCHAJIOCH OY€Hb MaJIO0 — Bapualunu
MIPEUMYIIECTBEHHO B 1-4 BHmma (XOTS COCTaB IMPH ITOM MOT OOHOBIIITHCS, T.€. KaKHWE-TO BHABI HE OBLIH
oOHapy>KeHbI (MM BBINIANANH), a APYTUe ObUIM HaiJICHBI BIEPBBIC (MM BHOBB IOCEIUIMCH), TOT/IA KakK I10
MXaM paz0opoc okaszaiicsi 6ombInoii (HarmpuMmep, Ha riomanke M9 B 1999 r. BeisiBneno 16 Buaos, B 2014 — 36,
B 2020 — 32).

B 1999 r. na mnomaake M5 6bu10 Hafineno 3 Buma, He oOHapyKeHHBIX To3xke (Saxifraga oppositifolia,
Luzula arcuata, Cladonia crispata s. I.); M6 — 3 (Luzula multiflora subsp. frigida, Splachnum vasculosum,
Peltigera venosa); M9 — 6 (Draba alpina, Festuca rubra, Stellaria peduncularis, Gymnomitrion corallioides,
Cladonia pleurota, Lecanora epibryon); M11 — 3 (Festuca rubra, Imadophylla ericetorum, Lecanora
epibryon); M12 — 3 (Sagina intermedia, Cladonia pleurota, Protopannaria pezizoides). B 2020 r. Ha
miomaaxke M5 BrepBbie ObLTH 3aperucTpupoBansl 5 BumoB — Pinguicula vulgaris u 4 criopossix (Abietinella
abietina, Straminergon stramineum, Cladonia cornuta subsp. cornuta, Protopannaria pezizoides); M6 —
Bartsia alpina, Equisetum scirpoides u 2 numaitnuka (Cladonia uncialis, Caloplaca cerina); M9 — 3 Buzna
(Juncus triglumis, Calamagrostis lapponica, Peltigera polydactylon); M11 — Eriophorum vaginatum u 7
cnopossix (Dicranella subulata, Meesia uliginosa, Pohlia proligera, Polytrichum strictum, Sphagnum
balticum, S. girgensohnii, Cladonia chlorophaea); M12 — 3 cocyaucteix (Campanula rotundifolia,
Pedicularis lapponica, Saxifraga hieracifolia) u 7 cnoposeix (Bryoerythrophyllum recurvirostrum,
Distichium capillaceum, Orthothecium strictum, Myurella julacea, Pohlia nutans, Peltigera rufescens,
Pertusaria oculata). Bce oM wuMmenu MOKpbITHE Ha ypoBHE “I” wWiu “+”, 3a HCKIIOYEHHEM 3JIaKa
Calamagrostis lapponica ¢ mokpsituem 5 %. CiaemyeT OTMETHUTD HCUE3HOBEHHE HITH TIOXYIO KH3HEHHOCTh
(oTMEparonIie pacTeHHs) apKToanbuiickoro Bumaa Saxifraga oppositifolia Ha cyrmuHHCTBIX MATHAX BCEX
mroniagaok mocie 2014 r.

B cT1aHMKOBOEPHHUKOBBIX KYCTapHHUKOBO-JIMIIAHHUKOBBIX cooOllecTBax cybacc. Loiseleurio-
Diapensietum salicetosum nummulariae u acc. Cladonietum rangiferino-arbusculae Bumosas
HACBIIIEHHOCTh MO TOJaM BapbupoBaiga HesHauutenbHO (Tabmn. I12). Yucmo BumoB Ha rwiomiaake M3
M3MEHSIJIOCH B mpenenax 53-57, M4 — 55-67, M2 — 29-35, 1.e. paznuyanock Ha 7-17 %); oOHOBJICHHE cOCTaBa
MMPOUCXOANJIO MPEUMYIICCTBECHHO 3a CUCT CAUHUYHLIX BUOB CIIOPOBOI'0 KOMIIOHCHTA.

B 1999 r. na miomanke M3 6b110 HaiineHo 6 BuI0B, He 0OHAPY)EHHBIX MO3ke — 310 Luzula confusa u
5 numaitnuko (Baeomyces carneus, Nephroma expallidum, Peltigera didactyla, Pertusaria bryontha,
Psoroma hypnorum); M4 — 2 nmumaiiauka (Cladonia crispata s. I., Pertusaria bryontha); sa M2 Takux BuI0B
He Obu10. B 2020 1. Ha miomaake M3 BrepBbie ObUTH 3aperHCTPUPOBaHbl 5 BUIOB criopoBsix (Polytrichum
hyperboreum, P. piliferum, Pleurozium schreberi, Cladonia chlorophaea, Pertusaria dactylina); M4 —
Diapensia lapponica u 4 cnopossix (Polytrichum hyperboreum, Pogonatum urnigerum, Baeomyces
placophyllus, Pertusaria panyrga); M2 — 5 cnopossix (Hylocomium splendens, Cladonia chlorophaea,
Peltigera aphthosa, P. scabrosa, Sphaerophorus globosus). Bce o umenn MOKpbITHE Ha YPOBHE ““I” HIIH
wyn

B nymmneBeix koukapHukax acc. Pleurozio schreberi-Eriophoretum vaginati cyo6acc.
sphagnetosum lenenses 4wucito BuoB Ha wiomiaakax M1 u M7 mo rogam yBenuuuiiocsk ot 35 10 45 u or 45
110 54, COOTBETCTBEHHO; B COOOIIIECTBAX HA MOJUTOHAIBHBIX TOphsIHUKaX (mwromaaky M8 u M10) — ot
39 no 47, t.e. Ha 17-22 % B OCHOBHOM 3a CUET €AMHUYHBIX JIUIIAHHUKOB K 00JIEE ITOIHOIO BBISIBICHUSI MXOB
B 2014 u nocnexyrorue roasi (Tabum. T13).

B 1999 r. na miomaake M1 0bi10 HaliieHO 6 BHIOB, He 0OHApy)KeHHBIX To3xke — Salix glauca u 5
mumaiaukos (Bryocaulon divergens, Cladonia bellidiflora, C. pleurota, C. subulata, Ochrolechia frigida);
M7 — Pinguicula villosa u 4 ciopossix (Straminergon stramineum, Cladonia pleurota, Peltigera malacea,
Sphaerophorus globosus); M8 — 1 mumaitauk (Dactylina arctica); M10 — romsko Poa alpigena. B 2020 r. Ha
wionfagke M1 BoepBbie Obuti 3apeructpupoBanbl 4 cropoBbix (Polytrichum jensenii, Sphagnum
girgensohnii, Cladonia cyanipes, Peltigera polydactylon); M7 — kycrapuuuek Andromeda polifolia subsp.
pumila u 3 cnopossix (Polytrichum hyperboreum, Cladonia cornuta subsp. cornuta u Dactylina arctica);
M8 — 3 cnopossix (Sphagnum girgensohnii, Ochrolechia inaequatula, Omphalina umbellifera); M10 — 3
mxa (Polytrichum strictum, Rhytidium rugosum, Sphagnum squarrosum). Bce oM umenu HOKpbITHE Ha
ypoBHE “I”” win “+”.

CTpyKTypa pacTUTEeJILHOT0 MOKPOBA HA IUIOLIAIKAX U ee THHAMHKA

3onanpHBIe coobmiecTBa acc. Dryado octopetalae—Hylocomietum splendentis cybacc. caricetosum
capillaris xapakTepu3yroTcs peryyispHO-IMKIMYECKOH TOPU30HTAIBHONW CTPYKTYpOW, KOTOpas Ha Pa3HBIX
TUTOLIA/IKaX UMEET OCOOCHHOCTH, 00YCIIOBIICHHBIC HX MOJOKEHUEM Ha Pa3HBIX dJIeMEHTaxX Me3opelnbeda.
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[Mnomanka M6 (Puc. 3a-r) pacronoxena B BepxHei yacTu mojororo (<1-3 ©) ckiioHa CyrITUHHCTON
COIIKH; TOPU3OHTANIFHAS CTPYKTYpa 2-4JieHHas1 — OOJBIINE BBITSHYTHIC BJOJNb CKJIOHA TATHA cyriuHKa (3.0-
45 M an., 1.0-1.5 cM mmp.) YepedayloTcsi ¢ POBHBIMH YYacTKaMH JEPHUHBI MEXIY HHMH, B KOTOPBIX
JOMUHHPYIOT KycTapuuuku Dryas octopetala subsp. subincisa u Salix reticulata u mxu Aulacomnium
turgidum, Hylocomium splendens, Tomentypnum nitens; Bauku OTCYTCTBYIOT. B HErNTyOOKHX MOHIKCHHUSIX
¢ Mxamu pactet kyprunamu Salix lanata.

Pucynok 3. Coobiectso acc. Dryado octopetalae—Hylocomieteum splendentis cy6Gacc. caricetosum capillaris
(c 2-uneHHoOM cTPyKTYypOit) Ha Twionagke M6 B nuHamuke: @ — 1999 ., 6 —2014 r.,6 - 2017 1.,2-2020 1.

B 1999 r. B rpanuuax momaaku 0bu10 8 nmsaTeH. J{oJst OTKPBITOTO CYTIIMHKA, IPUXOISIIErocsl Ha HUX,
— 30 %. [IsaTHa OBLIM MPAKTHYECKH JIMIIEHBI PACTUTEIBHOCTH, IOBEPXHOCTh MX HE CTaOMIIbHA, HO3/peBaTas
(kaK pe3ynpTaT «MOPO3HOTO KUIIEHUS»), pABHOMEPHO MOKPHITA BAABICHHBIM B CYTJIMHUCTBINA TPYHT HieOHEM
U peIKUMH HE OKAaTaHHBIMH KaMHsMH, 3aHuMaromumu 10-50 % mmomaam nsren. Ilo mepudepun nsareH
c(hOpMHUPOBANTNCH KPUNTOraMHble KOpoukH (5 % Iuromaan), Ha KOTOPBIX 3aKPENMJIMCH JIUIIb HEMHOIHE
JnepHOBMHKM Mxa Racomitrium lanuginosum wu 1userkoBeie (Carex capillaris, Epilobium davuricum,
Pinguicula alpina, Saxifraga oppositifolia, Tofieldia pusilla). B 2014 r. pucyHok MoKpoBa Ha IUIOMIAIKE
MPAaKTUYECKN HE U3MEHMJIICS, BCE DJIEMEHTHI HaHOpebeda (JepHUHA MEXKAY MATHAMH, IIATHA U JIOKOMHKH)
COXPAaHWJIMCh Ha IMPEKHEM MECTEC,; OpHUCHTAIlUA, (1)opMa " pasMEpbI MATCH U3MCHUIINCh cna60, HOBBIX IISATCH
HE MOSBUJIOCH, JI0JISl OTKPBITOTO CYIIIMHKA YMEHBITMIACH 110 24 % 3a c4eT 3apacTaHus MATeH 1o nepudepu,
Ha ISITHA C KPUITOTaMHBIMHA KOPOYKaMHU HPUXOAMIOCch 2 %. B IeHTpanbHBIX YacTsX ISTEH MOBEPXHOCTD
MECTaMH pa3riiaiiach, Ha HUX 3aKPEIINCh eANHUYHbIC MallCHbKIE JePHOBHHKU Festuca ovina u moberu
Equisetum arvense. B 2017 r. u 2020 r. puCyHOK TOKpPOBa U3MEHHJICS MO-TPEKHEMY MaJio, BCE DJICMEHTBI
HaHopenbe(da COXpaHWIUCH Ha MpPEXHEM MecTe, HOBBIX MSITEH He oOpaszoBasiock. OpHAKO IUIOLIAhL
oTtkpeiToro cyrnmuHka B 2020 1. cokpatmnack 10 20 % 3a cuer 3apacTaHus MATEH MO nepudepun
KPHUIITOraMHBIMH KOPOYKaMH, MXaMH M KycTapHuUukamu (B ocHoBHOM, Empetrum hermaphroditum) (Puc.
ITla-B, I12). Kpome TOro, 3aMeTHO pas3riagdiiach BCS ITOBEPXHOCTH IIATEH, HCYE3 «HO3APEBATHIM»
HaHopenbed, 00pa3oBaMCh pEAKHE TPEHIMHKU YCHIXaHWs, B LEHTPAJbHOM YacTh MATEH wLIeOHS CTajio
3aMETHO MeHbIe, YeM Ha ux mnepudepun. Ha Bceil MOBEpXHOCTH MATEH MOSIBWINCH PEAKHE JEPHOBHHKHU
Festuca ovina u mobern Equisetum arvense, mo ux mepudepun — Carex capillaris, Pinguicula vulgaris,
Tofieldia pusilla; Cladonia pocillum. B pactutesnbHO#l JepHUHE 3aMETHO aKTHBU3UPOBAJICs XBoI Equisetum
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arvense, koroporo B 1999 r. Ha miomanke He 0110, B 2014 1. mokpsITHe 66110 MeHee 1 %, B 2017 1 2020 rr.
crano 10 %. [TokpeiTHE KyCTapHUKOB B JMHAMHUKe He u3MeHmnoch (10 %), Ho BeicoTa moderoB uBbl Salix
lanata u S. glauca yeenuumnace ¢ 10-20 cm B 1999 r. 10 20-30 cM B mocieayoOIIne Tobl MOHUTOpUHTA. B
2020 r. BeICOTa OTACTBHBIX T00eroB gocturaia 40 cM.

Hnomanku M5, M9, M11 u M12 pacrionoXeHbl Hd HIKHHUX 9aCTAX CKIOHOB COTOK U JIETFOBHAIBHBIX
ieldax; ropu3oHTaIbHAS CTPYKTYpa 3-wiCHHAsi — OKPYTJIble MM OBaibHbIe msTHA cyramuka (1.5-3.0 (mo
5.0) M B momepeuHuke) okpyxeHsl Baaukamu (10-20 cM BbIC.), U TaKue KOJBIIEBBIC CTPYKTYPBI pa3IeliCHbI
noxOuHKamu (mpeuMyiiecTBeHHo 5-10 cM rimy6unoi) ¢ rurpoduapasiMu Mxamu (Aulacomnium palustre,
Ptilidium ciliare, Sphagnum spp.), rae pactyt kycrapuukoBbie uBbI (nmpeumyinectBenno Salix glauca).
Basnuku xoporo copMUpoBaHbl, B X MOKPOBEe 00bUHBEI KycTapHuuku (Arctous alpina, Dryas octopetala
subsp. subincisa, Empetrum hermaphroditum, Salix reticulata), ocoxa Carex bigelowii subsp. arctisibirica u
mxu (Aulacomnium turgidum, Dicranum elongatum, Hylocomium splendens, Rhytidium rugosum). B
coolmiecTBaX Ha STHX IUIOMIAAKAX BEJIUKO U COMOCTABMMO CO MXaMHM MOKPBITHE JIUIIAHHUKOB 3a CUET TOTO,
YTO YacCTh MATEH YaCTHYHO WIIM MOJHOCTHIO MOKPBITA MoAyIIkamu ceemiookpamennbix (Cladonia arbuscula,
C. rangiferina, Alectoria ochroleuca) u temuookpamiennbix (Alectoria nigricans, Bryocaulon divergens,
Bryoria nitidula) Bumos. Ha yuactkax msTeH, CBOOOJHBIX OT KYCTHCTBIX JHIIAWHHKOB, CHOPMHPOBAHBI
KOpDUYHEBbIE KPUNTOraMHbIE (BOJOPOCIEBBIC, MEUYCHOYHUKOBBIE) KOPOYKH W 3lIeCh K€ PACTYT MEJIKHE
useTkoBeie (Carex bicolor, C. capillaris, Epilobium davuricum, Festuca ovina, Juncus biglumis, J.
castaneus, Pinguicula alpina, P. wvulgaris, Saxifraga oppositifolia, Tofieldia pusilla), Hexoropsie
Moxoobpasubsie (Brachythecium cirrosum, Stereodon bambergeri, S. holmenii, Myurella julacea,
Racomitrium lanuginosum, Tomentypnum nitens) u nmumaitauku (Cladonia pocillum, Myxobilimbia lobulata,
Protopannaria pezizoides, Psoroma hypnorum, Solorina saccata, S. spongiosa). B rpanuiax miomagok M5,
M9 1 M12 momHOCTBIO MM YAaCTUYHO HAXOAMJIHMCh MO 7 KPYMHBIX IATeH, Ha Tuomaake M11 — 8. Bee msTHa
Obutn  mpoHyMepoBaHbl. OHM B OCHOBHOM OBUIM 3apOCIIMMH MHKPOTPYNIHPOBKAMH CBETIO- |
TEMHOOKPAIIECHHBIX JIMIIAHUKOB, a 1O mepudepur — 3elIeHBIMH MXaM{, W HEOOJBIIYIO IUIOIAAb B
npenenax HEKOTOPBIX IISITEH 3aHMMajl TPYHT, IOKPBHITBIM KPUOTOTaMHBIMM KOPOYKAMH C MEJIKUMH
[BETKOBBIMU. B TMHaMKKe pUCYHOK KOHTYPOB Ha ATHX IUIOMIAAKAX B IIEJIOM COXPAHUIICS, H3MEHWINCH JIUIIH
ouepTaHus OTACTBHBIX ISITEH, BAJIMKOB U JOXKOMHOK M TUIOIIA/Ib, 3aHTAas! pa3HBIMH MUKPOTPYIIITHPOBKAMH.

Ha nnomanke M5 (Puc. 4a-r) B 1999 r. Ha roblii IpyHT NpUXoauiiock MeHee 1 % muiomanm, Ha T0JT0
TPYHTa C KPUIITOTAMHBIMH KOPOYKaMH, HAKUITHBIMH JIMIIAHHUKAMH U MEJIKHMH IIBETKOBBIMHU — OKoJio 7 %. B
2014 r. coxpaHuinuch 3TH ke 3HaueHus; B 2020 r. onu ymensmuuch 10 0 u 5 %.

; bk o Rty TR R B : :
Pucynok 4. Coobiectso acc. Dryado octopetalae—Hylocomieteum splendentis cy6acc. caricetosum capillaris
(c 3-unmeHHO cTPYKTYpOi) Ha 1wiomagke M5 B muHamuke: @ — 1999 ., 6 — 2014 r., 6 — 2017 1., 2— 2020 1.

4 A \ R
P 3 14 %, ¥ o X
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CuipHO COKpaTHIach IDIOMIANb TISITEH, 3apOCIIuX Jumaiaukamu — 26, 14 u 9 %, COOTBETCTBEHHO
rojlaM MOHHTOpHHTa. B To ke BpeMs moYTH MPONOPLUHOHATBHO YBEIHYHIACH TUIONIAh POBHBIX YUaCTKOB C
0COKOBO-KYCTapHHYKOBO-JTHIIAHHUKOBOW AEPHUHOW, T.€. MPOM3OILIO YaCTHYHOE OIYCKaHHE BaJHKOB M
BbIpaBHHBaHUE MOBEPXHOCTH. [l0Js1 OHIKEHHBIX 3JIeMEHTOB penbeda (J0KOMHKH, 3amaJuHKH C ME30- U
rUrpoUIBHBIMA MXaMH B HallOYBEHHOM ITOKPOBE) COXpaHsuiach Ha ypoBHe 36-37 % (Puc. I13a-B, 114).
IToxpeiTue TpaB 3a 21-netHuil mepuox ysenumuwioch B 3 pasa (¢ 5 mo 15 %), u cunbHee BCero OHO
u3MeHWI0ch y xBorna Equisetum arvense (¢ menee 1 mo 10 %). V kycrapuukossix uB Salix glauca u S.
lanata, 3aHUMarOIIUX MOHWKEHHS, MOKPHITHE YBEIUYIMIOCh He3HauuTeNbHO (¢ 15 10 20 %), HO 3amMeTHO
n3MeHuIach Beicota: B 1999 r. ona 6suia 25-30 cm, B 2014 r. — 1o 40 cm, B 2020 r. 30-45 (B Hauboiee
rITyOOKHX 3amaauHkax — 710 60) cm.

Ha momanke M9 (Puc. 5a-B) B 1999 r. Ha 1010 TpyHTa, TOKPBITOTO KPUITOTAMHBIMH KOPOYKAMH,
HAKUIHBIMH JIUIIAHHUKAMA W MEJKHUMH IIBETKOBBIMH, Tpuxomwiock 16 %. K 2014 r. ero mmomans
coKpaTwiach moutu B 2 paza — a0 8 %, u coxpaHmiock Ha 3ToM e ypoBHe B 2020 r. (Puc. II5a-B).
3apacTaHue MATCH NMPOMCXOAUT B OCHOBHOM 3a cueT Moxoo0Opasusix (Aulacomnium turgidum, Hylocomium
splendens, Ptilidium ciliare, Tomentypnum nitens) u kycrapuuukos (Dryas octopetala subsp. subincisa,
Salix reticulata). {omst KyCTHCTBIX JTHIIAHUKOB B 3apacTaHUM ISTEH COKpaTmiach ¢ 16 % B 1999 1. 10 9 %
B 2020 r. ITokpsiTHe TpaB 3a 21-neTHuil nepuox Bo3pocio ¢ 7 10 15 %, B OCHOBHOM 3a CUeT pa3pacTaHus
xBoma Equisetum arvense u mosiBnenust Beiinuka Calamagrostis lapponica. Kycrapuukossie uBbl Salix
glauca u S. lanata coxpaHunKch Ha TeX K€ MO3ULHAX — B CHIPBIX JIOKOMHKAX, 3aHUMAIOIIHNX 23 % IUIomaan
B 1999 1. u 32 % B mocnexayomue roasl. OHAKO OHU CHIIBHO YBEIMYMIIUCH N0 BhicoTe — ¢ 15-20 cM B 1999
r. 10 30-40 (maxc. 50) cm B 2020 .

- L% " 6
Pucynok 5. CoobuiectBo acc. Dryado octopetalae—Hylocomieteum splendentis cy6acc. caricetosum capillaris

(c 3-uneHHO cTpyKTYpOi) Ha Twiomanke M9 B nuHamuke: @ — 1999 ., 6 — 2014 1., 6 — 2020 .

Ha momanke M11 (Puc. 6a-B) B 1999 . Ha ronbiii rpyHT npuxoawics 1 % muioniaay ruiomanky, Ha
JIOJII0 TPYHTA C KPUNTOTAaMHBIMU KOPOYKAaMH M MEJNKMMH IBETKOBBIMH — 5 %. K 2014 r. romblii rpyHT
3aHuMan Te xe 1 %, miomans msITeH ¢ KOpouKaMu cokpaTtuiach 10 2 %; B 2020 r. 3TH 3HaYCHHS COCTaBHIN
0 u 1 % (Puc. I16a-B). IToBepx Kopouek mocenuinck Moxoobpasusie (Aulacomnium turgidum, Hylocomium
splendens, Ptilidium ciliare, Tomentypnum nitens) u xycrapuuuku (Arctous alpina, Empetrum
hermaphroditum, Salix reticulata). Jlosst msiTeH, 3apociinX HOAYIIKAMH KYCTHCTBIX JIMIIAWHUKOB, 32 TOJIbI
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MoHuTOpHHTa OblTa 20-22 %. B muHaMuke BBIPOCIIO MOKPBITHE MXOB, KYCTAPHUYKOB M TpaB. [locnemaux —
3a cyer yBenudenus oowus Calamagrostis lapponica u Carex bigelowii subsp. arctisibirica u B MenbIeit
crenenn xBoma. C 1999 no 2020 rr. HE3HAYUTETHHO YBEIMYWIACH TUIOIAAb JIOKOWHOK ¢ MXaMHu — ¢ 16 10
20 % wu BeIcoTa uBHI Salix glauca B moxounkax — ¢ 15-20 cm B 1999 1. 10 20-25 (makc. 35) cm B 2020 1.

Fond" TP it o S N o 6
Pucynoxk 6. Coobuiectso ace. Dryado octopetalae—Hylocomieteum splendentis cy6acc. caricetosum capillaris

(c 3-unenHo# cTpyKTypoit) Ha Tomaake M11 B nunamuke: @ — 1999 ., 6 — 2014 1., 6 — 2020 1.

Ha nmomanke M12 B 1999 r. 8 % mioniagy Npuxoauiioch Ha MSTHA TOJOTO TSXKEIOro CYTJIMHKA C
CHWJIBHO HO3JIPEBaTON IOBEPXHOCTBIO C O€NbIMU CONSHBIMH KOPOYKaMH Ha Oyropkax M OTIEJIbHBIMH
KPYIIHBIMU KaMHSIMU; CIIC 2 % 3aHUMAJIN IIATHA C YCPHBIMU KPUIITOIaMHBIMU KOPOYKaMU U €IUHUYHBIMU
MEJIKHMHU IIBETKOBBIMH pacTeHusiMu. B 2014 r. Ha TONBI CYrMTUHOK NpuXxoauiock jumb 2 %, a 5 %
MMOBEPXHOCTH OKa3aJlach MOKPBITA KPUINTOTaMHBIMH KOPOYKaMH C LBETKOBBIMU. B 2020 r. romslid rpyHT
3aHuMan MeHee 1 % MIIomaan, Ha KPUNTOTaMHbIE KOPOUYKHU C IIBETKOBBIMHU IIPUXOAMIIOCH T€ ke 5 %. loms
MISATEH, 3aPOCIIUX MXaMH U KyCTapHUYKaMH, BapbupoBaia B mpenenax 6-12 %, a KycTUCTBIMHU JIMIIAHUKaAMH
— 18-24 % (Puc. I17a-B, I18). Tpas crano Gosbiie B 2 pasa (¢ 10 g0 20 %), 3a cyer yBeIu4eHUs OOUITHS
Calamagrostis lapponica, Carex bigelowii subsp. arctisibirica u Petasites frigidus. ¥ pacrymeit 1o
noxxounkam uBbl Salix glauca ysennunnuchk u nokpsitue (¢ 5 10 15 %), u Beicota ¢ 15-20 cm B 1999 1. 10 30
cM B 2020 T.

CTIIaHNKOBOCPHHUKOBBIE ~ KYCTapHHUUYKOBO-JIMIIAHUKOBEIE cooOmecTBa acc. Loiseleurio-
Diapensietum cy6acc. salicetosum nummulariae Ha ca60 BBITYKJIBIX BEPIIMHAX COTIOK XapaKTEPU3YIOTCS
HEPEryJIipHO-MO3aUYHON TOPU3OHTAILHONH CTPYKTYypod. B pacTuTenbHOHN NepHUHE YepeayroTcs CHHY3UU
teMHOOKpaieHHbIx (Alectoria nigricans, Bryocaulon divergens, Bryoria nitidula) u cBeTiooKparieHHbIX
(Cladonia arbuscula, C. Rangiferina, Alectoria ochroleuca, Flavocetraria nivalis) numaiiHUKOB, KypTHHBI
kycrapunukoB (Ledum palustre subsp. decumbens, Empetrum hermaphroditum, Arctous alpina) u
kycrapuuka Betula nana, umeromero ¢opmy crianuka. JlepHHHA MeCTaMH IMpEpbIBACTCS HEOOJIBIINMU
[IATHaMU 3apOCLIEr0 KPUITOIaMHBIMU KOPOUKaMU UM OTKPBITOIO IPyHTA.

Ha momanke M3 (Puc. 7a-r) B 1999 r. Obuio 3apeructpupoBaHo 15 msATeH JIErKoro CyrjiuHKa,
OKpYIJIBIX WJIM OBaJbHBIX, pazMepamu B mpenenax 0.5-1.0 M, ¢ OTUET/IMBBIMH KpasMH W HO3JpPEBATON
MOBEPXHOCTBIO, HAXOJAIICHCS HI)KE IOBEPXHOCTH MOXOBO-JMILANMHUKOBOIO IMOKpoBa. IlsTHa Obuin
HOKPBITEl B OCHOBHOM KPHIITOIAMHBIMU KOPOYKaMHU U3 BOAOPOCIICH U IEYEHOUHUKOB U PEAKUMU TaNIOMaMu
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numaiinukoB. [Tokperte Gymnomitrion corallioides na miomanake 6su10 3 %, 1071 OTKPBITOrO CYTJIMHKA —
<1 %. B 2014 r. Ha npexHeM Mecte coxpaHwinch 10 u3 15 msaTeH, mpu 3TOM OOJILIIMHCTBO M3 HUX JIHIIH
yraJplBaIUCh MO TEpenajy BBICOTHL, IOCKOJIIBKY OKa3aluCh 3aTSHYTHl CBepxy moberamu Empetrum
hermaphroditum. Kopouku Gymnomitrion corallioides na 5-tu nstHax 3anumanu miomaas 0.3-0.5 M°, Ha 3-
x — Menee 0.3 M, Ha OCTAaNBHBIX — OTCYTCTBOBAIIHM, 4 Ha IIOBEPXHOCTH pociH KycTucThle (Stereocaulon spp.)
u smcroBateie (Peltigera spp., Solorina spp.) numaiinuku u kycrapauukd. [lokpeiTe Gymnomitrion
corallioides 6s110 2 %. K 2020 1. 3apacTanue MmSITE€H MPOIOIKUAIOCH, Kopoukn Gymnomitrion corallioides
COXpaHWINChH JIMIIb Ha 6-TH HamOojee KPYNMHBIX IMATHAX, a B [EJIOM €ro MOKphITHEe Ha Iuomanke — <1 %
(Puc. I19a-B). BonmpIIMHCTBO MATEH IMONHOCTHIO WM YACTHYHO 3aTSHYINCh MXaMH, JWNIAWHUKAMHA U
KyCTapHUYKaMH M HX TpyZHO oOHapyxuTh. B 1999 m 2014 rr. B mokpoBe OBUIO MHOTO IMOIYIIEK
TEMHOOKpAIICHHBIX JIMIIAWHUKOB, YacTO OKpYyKaromux MsaTHa, ux gona — 8-9%, B 2020 r. ona
yMeHbpmnack 10 3 %. B nuHaMuke M3MEHWIMCh HOKPBITHE U BBICOTAa KyCTapHUKOB: B 1999 r. mokpeiTue
8 % (Betula nana — 6 % wu Salix glauca — 2 %), Beicota uBsl — 10 (10 15) cm; B 2014 1. mokpeITHE B 2 pas3a
oonbie — 15 % (Betula nana — 10 % u Salix glauca — 4 %), BeicoTa uBbI — 0k0J10 20 cM; B 2020 T. TOKpBITHE
KyCTapHHUKOB OCTaJ0Ch Ha ypoBHe 2014 T., 071HAKO 3aMETHO MOapocia uBa, BeicoTa Salix glauca cocrasuna
25 (mo 35) cm.

Pucynox 7. CoobiectBo acc. Loiseleurio-Diapensietum cy6acc. salicetosum nummulariae ua miomanke M3
B nuHamuke: @ — 1999 ., 6 — 2014 1., 6 — 2017 1.,2—2020 T.

Ha nnomanke M4 (Puc. 8a-r) B 1999 r. Ha miomaake 6610 35 nsTeH, ot okpyrisix 20-50 cM B quam.
JIO BBITSHYTHIX B JANUHY A0 1.5 M. OHH BBITIAAETN MOTPYKEHHBIMU B PACTUTEIBHYIO NEPHUHY, MTOCKOJIBKY
HaXOJIWIIUCh HA 3-5 CM HIKE ee TIOBEpXHOCTU. [I0BEpXHOCTh MATEH Oblia cIabOBBINYKIas, CYTITHHUACTAS C
oOwmiIeM JIpecBbl, ToJlasi UM MOKPHITask BOAOPOCIEBBIME KOpoukaMu. Ha miomiaake 1051t OTKPBITOTO FPpyHTa
cocrapisia 7 %, MOKPHITOrO KPUNTOraMHbIMM Kopodkamu — 4 %. B 2014 r. oyt OTKPBITOrO CYIJIMHKA
cokpatunachk 110 1 %, B ieHTpanbHOoil yactu 10-TH nsaTeH 3aguKCHpPOBaHbl ()PArMEHTHI CBEKEBbIIABICHHOTO
cyrimHKa (10 20 cM B AnaMm.). BOIBIIMHCTBO MATEH YaCTUYHO MIIM TOJHOCTBHIO OKPBUIMCH KPUIITOTAMHBIMHU
kopoukamu (4 %), a mo mepudepur 3apociaM KyCTHCTHIMH JuinaiiHukamu (B ocHoBHOM Bryocaulon
divergens) u xycrapuamukamu (Empetrum hermaphroditum, Ledum palustre subsp. decumbens, Arctous
alpina). Tlepemax B HaHOpenbede MEXKIy MITHAMH M KyCTApPHUYKOBO-JIHUIIAWHUKOBOW JIEPHHHON
COXpaHWICS, IMO3TOMY IsiTHA Obuin y3HaBaeMbl. B 2020 1. mOBepXHOCTh IUIOIIAAKH OoJee-MeHee
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BBIPOBHSUIACK, [IEPEMa/] 10 BHICOTE MEXY ISITHAMH U OCHOBHOI TOBEPXHOCTBIO CTal 3aMeTeH ci1abo. [IsTHa
B OCHOBHOM TIOKDBITHI TEMH K€, YTO U B JCPHHHE, KyCTAPHHYKOBBIMU U JIMIIAHUKOBBIMU CHHY3HSIMH, C
COXpaHMBIIUMHUCS HeOoJbIMMU (parmMeHTamu Kopouek u3 Gymnomitrion corallioides; HoBbie msTHA
u3nuBaHus cyriauHKa (1o 20 cM B AMaM.) OTMEUYEHBI B LICHTPE JIUIIb 2-X 3apOoCIIHX MsiTeH. J[ons rpyHTa ¢
KpHUITOraMusiMu Kopoukamu — 2 % (Puc. I110a-, I111). B pa3spexeHHOM TPaBsSHOM SIpyCe CTall 3aMETCH
Equisetum arvense (mokpsitue 2 %) u uBa. I[Tokperrue Salix glauca ysemuuunocs ¢ «+» 10 1 %, Beicota ¢ 10
10 20 cm.

Pucynok 8. Coobuecrso acc. Loiseleurio-Diapensietum cy6acc. salicetosum nummulariae na miomaaxe M4
B nuHamuke: @ — 1999 ., 6 — 2014 1., 6 —20171.,2—2020 T.

B kycrapHunukoBo-IMIIaHUKOBBIX coobmecTBax acc. Cladonietum rangiferino-arbusculae
pacTuTenbHas JIepHMHA CIUIONIHAs C MO3aW4HOW TOPH3OHTAIBHON CTPYKTYpO#, 0OyCIOBIEHHON
BKpaIUICHHsIMH KypTHH KycTapHuukoB (Empetrum hermaphroditum, Ledum palustre subsp. decumbens,
Vaccinium uliginosum subsp. microphyllum), mmotasix nepHoBuuHOK Dicranum elongatum u sucTheB
Moporku Rubus chamaemorus B ocHoBHO#M cBeT/BIi (hoH n3 KycTHCTIX Kiagonuii (Cladonia arbuscula, C.
rangiferina, C. stellaris). OcHoBHbIC H3MEHEHUS B CTPYKTYpE, KOTOPbIE MPOM30LLTH Ha mioniaake M2 (Puc.
9a-B) 3a 15- u 21-1eTHUil meproJ, — 3TO yBEIMYEHHE MO3aWYHOCTH 33 CUET M3MEHEHUs MOKPBITHS BUJIOB
pa3HbIX xu3HEHHBIX Gopm. B 2014 r., o cpaBHeHuto ¢ 1999 r., cTasno uyTth Oosbliie TpaB — mokpbiTue RUbUS
chamaemorus ysenuuminocs ot “+” 1o 5 %, Eriophorum vaginatum — ot “+” o 1 %; HEMHOTO YBEIMYHIOCH
(c 15 mo 20 %) mokpeitie KycrapHuukoB (Empetrum hermaphroditum, Vaccinium uliginosum subsp.
microphyllum). B 2020 r. B nummaiiaukoBoMm mokpoBe crajgo Menbime Cladonia stellaris (¢ 5 mo 2 %),
MOSIBIITKCH TUIOTHBIE epHOBUHKK Dicranum elongatum (2 %), crao 6osbiie kycrapaudkoB (¢ 15 1o 25 %).
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Pucynox 9. Cooburecrso acc. Cladonietum rangiferino-arbusculae ua mwrontagke M2 B nusHamuke: a — 1999
r.,6—2014r.,6—2020r.

[Iymmnesbsle koukapHuku acc. Pleurozio schreberi—-Eriophoretum vaginati cy6acc. sphagnetosum
lenenses, 3aHumaromue 2 MOHUTOPHHIOBBIC IUIOMIAIKH, OTIMYAIOTCS MEXKIYy CO0O#l MO TOPH30HTAIBHOM
CTpYKTYpe.

Ha momanke M1 xouku mymmmis! (Eriophorum vaginatum) 6osnee-mMeHee paBHOMEPHO pacIpe/ie/iCHbI
cpeou KyCTapHHYKOBO-MOPOILKOBO-JIMIIAHHUKOBO-MOXOBOIO TOKpoBa. 3a mpomeamuid 15- u 21-netHuit
mepuoy mociae 1999 r. mokpeiTHE TpaB 3HAYMMO yBeawmumiochk — Eriophorum vaginatum ¢ 10 g0 30 % u
Rubus chamaemorus ¢ 20 g0 30 %; B HamouBeHHOM TOKpOBe crano Gossmre Sphagnum balticum (¢ 30 mo
40 %).

Ha minomanke M7 (Puc. 10a-r) kouku Eriophorum vaginatum KOHLIEHTPHPYHOTCSI BOKPYT ISITCH
ONU3KO 3aJIerarolero CyriimHka. Ha oCHOBHBIX TTOBEPXHOCTSIX, TJI€ TIOYBBI TOP(SIHUCTO-TJIEEBbIC (TOMIIMHA
Topda 2045 cM, MOX HUM OIJIEEHHBIH CYIJIMHOK) MOKPOB KyCTapHHYKOBO-MOPOIIKOBO-MOXOBBIH, a Ha
MSTHAaX TO€ MOIIHOCTH Topda 10 5 €M, MOA HMM THKCOTPONHBIA CyrmMHOK B 1999 r. mpeoOnaganu
mumraiinuku (Cladonia arbuscula, C. rangiferina). 3a 21-ieTHuii nepuoj; pacrojaoXeHHe MATEH MOYTH He
W3MEHHJIOCH, Kak U (hopMa, KoTopas yraJblBaeTcsi IO KOYKaM MYHIXIBI, pacTyiei mo ux rpanume. OqHako
CO BpPEMEHEM CHJIBHO COKpaTWIach IUIOIAAb KYyCTaPHMYKOBO-THINAHHUKOBBIX MHUKPOIPYIIIMPOBOK Ha
matHax — ¢ 24 % B 1999 1. no 7 % B 2020 1., TUIIAMHUKA 3aMECTIIINCh MXaMH U KycTapHuukamu (Puc.
IT12a-, 1113). B MOXOBOM MOKpOBE Ha IUIOIMIAAKE MEPEPACIPEIEIUIOCH COOTHONICHHE BHIOB — CTajO
Oosplre carHoBBIX MXOB IpH yMeHbIeHUH 3eneHbix (Aulacomnium palustre). ITokpeiTHe KyCTapHHYKOB
yBenuumiock ¢ 30 mo 45 % 3a cuer paspactanus Empetrum hermaphroditum u Vaccinium vitis-idaea,
nokpeiTie mymmil Eriophorum vaginatum — ¢ 10 g0 15 %. B 1999 r. Ha nByX msiTHaX POCIIH HECKOJIBKO
no6eroB uBbI BbicoTO 10 cM, B 2020 T. oHM OOHapyKeHBI Ha TEX )K€ MECTax, YBEIMYHBIINCh B YUCIE U
BbIcOTE (10 20 cMm).

82



Pucynok 10. Coobuectso acc. Pleurozio schreberi-Eriophoretum vaginati cy6acc. sphagnetosum lenenses
Ha miomaake M7 B nunamuke: @ — 1999 ., 6 — 2014 r.,6—-2017r.,2—2020T.

Ha moOBbIIIEHHBIX ydYacTKax IOJUTOHAIBHBIX TOPPSHUKOB  KyCTapHUYKOBO-MOPOIIKOBO-
JMIaiHuKoBoe  coobmiectBo acc. Rubo chamaemori-Dicranetum elongati umeer Mo3anunyo
TOPH3OHTAJBHYIO CTPYKTYpYy, KOTOopas B JAWHamMuKe cTaOwibHa. OCHOBHBIE W3MEHEHHUS OTMEYEHBI B
TPELIMHAX C KyCTapHUYKOBO-MOPOILIKOBO-MOXOBBIM ITOKPOBOM.

B rpanuns! mwiomaaku M8 (Puc.IT14a-B) B 1999 r. moaHOCTBIO WIIM YaCTHYHO IMOMAI0 6 KPYMHBIX
BBITSHYTHIX (3—5 U Oojiee METPOB [UIMHO#) TIOJIMTOHOB CO CJIa0O0 BBIMYKIIONW MOBEPXHOCTBIO, pa3/ieieHHBIX
HETJTyOOKMMH TpemuHaMu (mepemnaja BeicoT — 10 20 cM). B 2020 r. mpomopiyuu MOJMTOHOB W TPEIIUH
coXpaHWIuCh — 65 u 35 %, COOTBETCTBEHHO, PUCYHOK HX TOXE B II€JIOM He m3MeHwiIcs. Ha momuronax
MOKPOB TIO-NIPEKHEMY MO3aW4HBI M3 CBeTJoOKpaimieHHbXx Jmimnaitnukos (Cladonia arbuscula, C.
rangiferina) ¢ BkparueHusmu kycrapuuukoB (Ledum palustre subsp. decumbens, Vaccinium uliginosum
subsp. microphyllum) u Tpas (Rubus chamaemorus u Carex bigelowii subsp. arctisibirica). B Tpemunax 3a
15-21-neTHuii IeproOA 3aMETHO yBeIn4miIoch nokpeitie uBbl Salix glauca (¢ 2 % B 1999 r. 10 5 % B 2020 1.)
1 BeIcoTa ee 1oderoB (¢ 10 1o 25 cm). [IpucyTcTBUE BBl CBUIIETENBCTBYET O OJIM3KOM 3aJeTaHUU CYTIIMHKA
B TpemrHax. Ha Beeit miomanke crano 6ospire Rubus chamaemorus (mokpeitie Bbipociio ¢ 7 10 25 %).

[momanka M10 (Puc. 1la-8) B 1999 r. Obiia 3aj0keHa Ha TOJUTOHAIBHOM TOP(QSHHUKE B
HETIOCPEAICTBEHHOM OJM30CTH OT BBICOKOTO Oepera Mopckoit Teppackl. OHa pa3jieneHa nepeceKkaronuMucs B
MEHTPATBLHON YacTH TpemuHaMu (rmy6ounao# ot 10 cm 10 70 ¢cM B MecTe ClMsHUS) HA 4 MMOYTH IUIOCKHX
nommroHa. B 2020 r. puCyHOK MOJHMIOHOB M TpPEIIMH B ILEJIOM HE HM3MEHMICS, HO IOCIEIHUE YYyTh
pacmmpuInch, 1 ux gons ysenuuaminachk ¢ 31% B 1999 r. mo 37 % B 2020 r. (Puc. I115a-8). Ha nonuronax
MOKPOB MO3aM4HBI  MOpPOIIKOBO-KycTapHnukoBo (Empetrum hermaphroditum, Vaccinium spp.)-
manraiiaukoBbii (Cladonia arbuscula, C. rangiferina), B mermy6okux (10 cM) TpemuHax — MOPOIIKOBO-
carHoBbIil, ipH yBennueHnu riryouHsl 10 40 cM — ¢ BepxHUM sipycom u3 Ledum palustre subsp. decumbens
u Betula nana, B riy6okux (40-70 cM) — GaryIbHUKOBBIN 0€3 MXOB; MECTO MEPECEUCHHS TPEIHH 00BOIHEHO
M 3aroiHeHo c(harHOBBIMM MXaMH, BKitodast Sphagnum riparium u S. squarrosum. Beicora Betula nana co
BpEMEHEM HE M3MEHMJIACh — Ha MoJIMroHax — 10 10 cM u B TpemuHax — a0 40 cm.
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Pucynoxk 11. Coobuectso acc. Rubo chamaemo
M10 B nunamuke: @ — 1999 r., 6 — 2014 r., 6 — 2020 1.

.

ri-Dicranetum elongati Ha TopdsHBIX MOMUTOHAX MIOMIAIKH

H3meHeHus1 r1y0OHMHBI CE30HHO-TAJIOTO CJ1051

B 30HanpHBIX coobuiecTBax mpomepbt CTC ObLIM cenaHbl BO BCE TOABI MOHHTOPHHTA BO BTOPOIi
MOJIOBUHE MIOJIS HA PA3HBIX AJIEMEHTaX FOPU30HTAIbHON CTpYKTYphI (Tabum. 114).

Ha poBHBIX yuwacTKax JEpHUHBI C JpPHAJOBO-THJIOKOMHEBBHIM IIOKPOBOM CpeaHsAs TIyOuHa
nportauBanust B 1999 r. paBusamace 63 cm, B 2014 1. — 89 cm, B 2020 1. — 105 cm. Ha Bammkax c
KYCTapHUYKOBO-OCOKOBO-JIUIIIAHUKOBBIM ITOKPOBOM 3TH 3Ha4YeHus B 1999 r. Haxommmck B ipenenax 29-40
cM, B 2014 1. — 24-27 cm, B 2020 1. — 89-108 cm. B noxOuHKax ¢ mxamu U KycrapHukamu (Salix spp.)
cpenuue 3HadeHus CTC B 1999 r. u 2014 r. maxomunuch B mpenenax 20-38 cm, B 2020 r. mexmay
TUIoIaAKaMu okasaicsa pasopoc — Ha M9, M11 u M12 CTC Osina B nipeaenax 39-54 cM, a Ha miomaakax
M5 u M6, pacnionoxxeHHbIX Ha 0o0Jiee BBICOKHMX 3JIEMEHTax Me3openbeda, Mep3iioTa oOHapyKeHa Ha TITyOuHe
81 m 105 cM. Ha msaTHax OOHa)XKEHHOTO CYIJIMHKA M ISATHAX C KPUNTOTAMHBIMH KOPOUYKaMHU CpEIHUE
sraueHust CTC B 1999 r. Haxoaunucsk B npeaenax 82-94 cum, 8 2014 r. u 2020 1. — 92-125 cm.

B CTIIaHMKOBOEPHUKOBBIX KYCTApHUYKOBO-IHIIAWHUKOBBIX coodmiecTBax (acc. Loiseleurio-
Diapensietum cy6acc. salicetosum nummulariae) (Ta6n. I15) va miomagke M3 Ha POBHBIX y4acTKax C
JUIIaHHUKOBO-KYCTapHUYKOBBIM MOKpoBoM cpennue 3HaueHus: CTC Bo BTopoil nmosoBuHe uionst B 1999 r.
obut 20 cM, B 2014 1. — 34 cm, B 2020 1. — 103 cM; Ha TSATHAX, TOKPBITHIX KPUIITOTAMHBIMH KOPKaMH, 3TH
3HaveHus no rojgam — 53, 74 u 103 cM; B 3anmajiuHax ¢ MOXOBO-CPHUKOBBIM MOKpoBoM B 2014 r. — 29 cm, B
2020 r. — 87 cm. Ha mnomanke M4 paznmuust CTC B 1999 1 u B 2014 1. ObUTM HEOOJNBIIUMHU Ha Pa3HBIX
3JIeMEHTax penbeda: TULaiHUKOBO-KYCTapHIUYKOBBIN MOKpoB — 70 1 76 cM, 3amaguHbl ¢ MxaMu — 59 u 54
cm, msatHa — 70 u 77 cm. Bo Bropoit nmonosune urons 2020 r. 3Hauenns CTC Ha Bcex aneMeHTax penbeda
obutn Oompire 100 cMm.

B 3a601049eHHBIX cOO0MIECTBaX (mouroHanbHbie Topsiauku acc. Rubo chamaemori-Dicranetum
elongati wu mnymmiessie koukapuuku acc. Pleurozio schreberi—Eriophoretum vaginati cy6acc.
sphagnetosum lenenses) B 1999 r. u B 2014 r. cymecTBeHHbIX pasauunii B Bennunaax CTC He OBITIO HU TIOJ
KyCTapHUYKOBO-TMIIAHHUKOBOH JAEPHUHON, HH 1O/ MOPOIIKOBO-0aryJbHUKOBO-MOXOBBIM MOKpoBoM (Taodm.
I16). Bce cpennue 3HaueHHs BapbHpoBaid B jauamnazone 22-33 cm. B 2020 r. BeawuMHBI CE30HHOTO
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MIpOTaWBaHM Ha 3THX dJIeMEHTaX peibeda ObLTH cymecTBeHHO, B 1.5-2.5 pasa, Oombine. Takas e KapThHA
Y TI0JT KOYKaMU ITyTIHIIBL.

OBCYKJIEHHUE

B3auMocBA3p MeXIy W3MEHEHHEM KIMMaTa W PACTHUTENBHOCTBIO B ApKTHKE OIIOCpEeIOBaHA
¢m3nyeckumMu  ¢pakTopaMH, KOTOpPbIE HMEIT Oojiee UIMTENBHYI0 OTBETHYIO DEaKIHI0, 4YeM MpsIMOoe
BO3JIeiiCTBHE TeMIieparypbl Bo3ayxa. OCHOBHBIE M3 HUX — HAIMYHE BEYHOW MEP3IIOTHI, TEMIIEpaTypa MOYBHI
B KOpHEOOWTaeMoOil 30HE, KOTOpas CAEPKUBACTCS TEPMOM3OIMPYIOMIEH MOXOBOH JEpHUHOM, BBICOTA
CHEXHOT'O TIOKPOBA U BJIQXKHOCTH MMOYBBI, KOHTPOJIMPYIOIINE MPOAYKTHBHOCTh pacTenuii [Jorgenson et al.,
2015].

3a mocnenHue NBa ACCATHICTHS HAdald HaKaIUIMBATHCS Ha3eMHBIC IaHHBIC, JTOKYMEHTHPYIOIIHE
W3MEHEHHUS! yYacTKOB HETPOHYTOW PAcTUTEIBHOCTH B APKTHKE C TEYEHHEM BpeMEHHW. MOHHUTOpPUHT Ha 27
TONTOBPEMEHHBIX TUIOMIAIKaxX Ha ceBepe Asicku B mepuox ¢ 1984 mo 2009 rr. mokasain mpocTpaHCTBEHHYIO
HEOJIHOPOJIHOCTh PEaKIMM PacTUTEIbHOCTH Ha HM3MEHEHHE KiumaTa. Bmecto mpeackazanHoro mo NDVI
HIMPOKOMACHITAOHOTO  «MO3EJICHEHUS»  TYHAPH, B  Ppa3HBIX THMAaX CcoOOMIeCTB  OOHApy>KEHBI
pa3HOHAINpaBJICHHBIE TEHACHIWU. B menoM 3a 25-meTHuWid mepuoj] Ha OONBIIMHCTBE IUIOMAJ0K COCTaB
PaCTHTENBHBIX COOOIIECTB MPAKTHYECKA HE W3MEHWICA, IOKPBITHE MOXOOOpa3HBIX W JIMCTOMATHBIX
KYCTapHHUKOB UMEJIO0 TCHACHIMIO K HEOOIBIIOMY CHUKCHHUIO; BEYHO3EJICHbIE KYCTAPHUYKH, XBOIIM TPEHJIOB
HE MMEJNH; TeHCHIIMN U3MEHEHNUH /7Sl TMIIANHIKOB, 371TaKOB U Pa3HOTPABbs BaPbUPOBAIIN B 3aBUCUMOCTH OT
THTIA PaCTUTEIHLHOTO cooOmecTBa. OMHAKO HAa HECKONBKHX IUTOMIAAKAX, T/Ie U3-3a TasHUS KIIHHBIX JIHIOB
TpaHC(HOPMHPOBAJICS MHUKpPOpeldbed M yBEeIMUYMIACh BIAXXHOCTH IIOYBBI, M3MEHEHHS B PAaCTUTEIHHOCTH
OKa3aJuch ObICTPBIMU U cHiIbHBIMHE [JOrgenson et al., 2015].

[Monuronunsaius yBanos (o6pazoBanue ciucteMbl OyrpoB (7-10 M B IOMEPEYHUKE) U PA3ACIISIONINX UX
7100uH (0T 2 10 5 M 1mup.) co 3HauuTeNbHBIM (0T 0.5 10 1.0 M) HpEBbINICHHEM 110 BBICOTE) B pe3yJibTaTe
TasHUS KUIBHBIX JIHI0B 3aUKCUPOBaHa U B LeHTpabHOCHOUpcKoM cektope ApkTuku (Tapes u JIukcoH Ha
TaiimbIpe), OHAKO M3MEHECHHIl COCTaBa M CTPYKTYPbI 30HAJBHBIX PACTHTEIBHBIX COOOIICCTB HA MOMEHT
obcnenoBanus He BbIsiBICHO [MatBeeBa u 3anoxa, 2013; Marseesa, 2020]. TTomaraem, 4To aBTOPbI 3aCTallH
Hayajo 3TOro MPOIECcCca, a OTBET PACTUTEIILHOCTH UMEET OlpeiesieHHbIH tar-nepuoj. H.B. Matseesa [2020]
MPU3HAET, YTO: «...B MEPCIEKTHBE MOKHO MPOTHO3MPOBAThH CEPhE3HBIC N3MEHEHHUS MOKPOBA HA TPOMAIHBIX
MPOCTPAHCTBAX. ...Pa3nuuus B riIyOMHE CHEXHOTO TMOKPOBA M MPOJOIDKUTEIFHOCTH €ro JIe)KaHWS Ha JIBYX
aJIeMeHTaX Me3opeibeda CTaHyT MPUIMHON BCE YCHITUBAIOIINXCS PA3TUYAN B IKOJIOTUIECKHUX YCIOBUSAX, UYTO
MOCTETNEHHO MPHUBEAET K U3MEHEHHUIO COCTaBa M, KaK CIEJCTBUE 3TOT0, K U QepeHIInaINN PACTUTEIEHOCTH
B BUJIe OPMHUPOBAHHUS Pa3HBIX CHHTAKCOHOBY (C. 36).

J.C. Jorgenson et al. [2015] koHCTaTHUPYIOT, YTO peakiMs Ha W3MEHCHHE KIMMaTa BpsA Ju Oymer
OJTMHAKOBOW LTSI MO3aWKH Pa3IMYHBIX PACTHTENILHBIX COOOIIECTB, paclpelielieHHe KOTOPBIX B JOKaIbHOM
MaciTade ompeaessieTcsi He TeMIIepaTypol BO3[ayXa, a TomorpaguyeckuM MOJI0KEHHEM, TOCKOIBKY OHO
ompenensieT Takue (AKTOPHl, KaK BIAXHOCTh IIOYBBI, TEKCTypa, MOJI3EMHBIM JieA H COJAepIKaHue
MUTATEILHBIX BEHIECTB B ITOYBE.

MoHMTOPUHT B TyHIpaxX AJNSICKHM W KaHAJACKOM ApPKTHUKH, TMPOBOJUMBIA B TOM YHCIE Ha OIHOM
yd4acTKe B T€YEHHE MOYTH JBYX ICCATHICTHH B Oostee mo3auuii nepron (1999-2017 rr.) [Myers-Smith et al.,
2019], Hapsgy ¢ HEOJHOPOIHOCTBIO OTBETOB PACTHTEIBHOCTH, IMO3BOJIMI 3a(HKCHPOBATH TEHICHIIUH
YBEJIUYEHHsI OOLIET0 MPOEKTUBHOTO TOKPBITHS W YMEHBIICHHE TMOKPBITHS IISATEH TOJOr0 TIpyHTa B
TYHJIPOBBIX 3KOCHUCTEMaX, YBEIIMYECHUS OOMIIMSA W BBICOTHI BEUHO3EIIEHBIX W JUCTOMAIHBIX KYCTaPHUKOB H
KyCTapHHUYKOB, 3JIAKOB IIPY COKPALICHUH MXOB M JinmaiHukoB [Gould et al., 2009; Elmendorf et al., 2012;
Harris et al., 2021].

Harre vicciiesioBanve B 11€7I0M MTOATBEPKIACT ITH, TIO-BUIMMOMY, «OOIIEapKTHUECKUE)» TCHICHIIHH.

[lo maHHBEIM MeTeopoJorHYecKUX HabOmropeHuid 3a mocnemnue 35 netr Ha Eepomefickom Ceepe
MPOM30ILIN CYNICCTBEHHbIE KIMMATHYECKHE W3MEHEHHS. YCTAHOBIICHO TIIOBBIIICHUE CpPEIHEr0/I0BOH,
CpeIHeNeTHeH M CpefHe3rMMHed Temmepatypsl Bosayxa (Tpena okono 0.09 °C/rom), ormedeHa ciabas
TEH/ICHIMA K YBEJIMUCHHIO T'OJJOBOTO KOJUYECTBA OCAJIKOB M TOJIIIMHBI CHEXHOTO TOKpoBa [Masnkosa u 1p.,
2018]. Jnst BOCTOYHOEBPONEHCKUX TYHIP IMOKA3aHO M3MEHEHHE KIMMATHYECKUX HMHJIEKCOB, BAXKHBIX HJIS
pacTeHuid, — yBeIMYEHHE MPOJOJDKUTENILHOCTH IEpUoJia BereTalul (B CpeHEM Ha 2 HeJeNd) U CyMMBI
HaKOIUIEHHOTO 3a 3TOT mepuoj Temia (B cpemgHem Ha 85 °C), 3HaYMMOEe YMEHBIIEHHWE TOJOBOTO YHCIA
3aMopo3koB (Ha 14-21 nmenn) [Lavrinenko et al., 2022]. Ctosp qiuTenbHOE MOTEIICHUE KIMMAaTa B PErHOHE,
MO-BUJIMMOMY, HE MOXET HE CKa3aThCsl Ha COCTaBE W CTPYKTYypEe PACTHUTEIBHBIX cooOmiecTB. XOTs ele
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HEIaBHO, IIOCIIe OO0CIEIOBAaHMS MOHHTOPHMHTOBBIX IuIomanok B 2014 r. (uepe3 15 mer), MBI memanu
3aKIIIOYEHUE O MEIJICHHOM OTKIMKE PACTHTEIBHOCTH HA IOTEIUICHHE M O €€ CTAOMJIBHOCTH B IEJIOM
[JlaBpunenko u JlaBpunenko, 2017a, 2017b, 2020].

Pesynprartel Oornee IyuTendbHOTO 21-I€THETO TMeEpHOJa MOHHMTOPHHIA IO3BOJMIM YCTaHOBHUTH
HEKOTOpBIC TEHJICHIIMU B HW3MCHECHHHM PACTUTEIHHBIX COOOIIECTB pa3HBIX CHHTAKCOHOB. HambGomblme
CTPYKTypHbIe TpaHchopmanmu mpousonum B coobmectBax acc. Dryado octopetalae—Hylocomietum
splendentis cy6acc. caricetosum capillaris co cnoxnoi 2-3-uieHHOW MPOCTPAHCTBEHHOW CTPYKTYpOH.
OCHOBHOE — 3TO HWCUE3HOBEHHE «HO3JPEBATOr0» PHUCYHKAa Ha TOBEPXHOCTH MATEH TPYyHTA (pe3yibTaT
MOPO3HOTO KHIICHHSI) U WX TOCTEIIEHHOE 3apacTaHue KPUITOTaMHBIMH KOPOYKAMH, MEJIIKHMHU IIBETKOBBIMHU
pacTeHUsIMH, MXaMd M KycTapHUYKaMd. Ecii B 30HANBHBIX TYHApax IUIOLIaAb KPYIHBIX MSATEH 3HAYUMO
COKpaTHjach, TO Oojee MEJKHE IMSATHA B KyCTapHUYKOBO-IHMIIAWHUKOBBIX coodmiecTBax acc. Loiseleurio-
Diapensietum cybacc. salicetosum nummulariae mo4Ty MOJHOCTHIO MOKPHUIMCH JIUIMAKHUKAMH, MXaMH U
KycTapHnukamMyu. OTMEYEHO TMOCTENEHHOE BBHIPABHMBAHWE MOBEPXHOCTH IUIOIIAAOK: B MEPBOM cliydae 3a
CUET YaCTHYHOTO OIMYCKAaHWSl BAJIMKOB, BO BTOPOM — 3a CYET MpOHaJaHHs TMepernaga Mo BBICOTE MEXAY
MOBEPXHOCTHIO 3aPOCIINX MATCH U ICPHUHBI.

OcHOBHas 9acTh BHJIOB pacTeHHi Oblia OOHAapy’>KeHa Ha IUTOMIaJKax BO Bce ronsl oOcienoBanms. Ha
MATH U3 HUX C HanOoJiee (QIIOPUCTUUSCKH OOTaThIMKU 30HATBHBIMHU TYHJpPaMH ObLIO BBISBICHO Bcero — 160
BUI0B, U3 HUX 22 (14 %) oTMedeHbl eMUHOKAbI. Ha Tpex miomankax ¢ KycTapHHIKOBO-JTUIIAHHUKOBBIMH
coobmiectBamMu u3 90 BuaoB Takux — 7 (8 %), a Ha YeThIpex ¢ 3a00J0UCHHBIMHU COOOIIECTBAMH M3 95 BUIOB
— 10 (11 %). B npenenax ka0 MIOMAAKA U3MEHEHHE OOIIEro Yncia BUIOB IO roJaM ObUIO B Mpeaenax
7—24 %. Ba)kHO MOHUMATh, YTO TaKas BapHabeILHOCTh COCTaBa 00YCIOBICHA HaXOX AeHHeM (TosiBIIeHHEM) /
NpONyCKaHWeM (MCYC3HOBEHHEM) PEIKUX M CAMHHYHBIX BHIOB MPCHMYIIECCTBEHHO MXOB M JIMIIAHHHUKOB
(BKJIOYAsl HAKHIHBIC). DTO BIOJHE OOBSICHUMO U CBS3aHO C TEM, YTO BBIIBHTH BCE MEJKHE CIIOPOBBIC
OpraHU3Mbl Ha IUIOMaAKaxX miomansio 100 M mpoliecc 04eHb TpyaoeMkuil. KpoMe Toro, MHOTrHE BHIIBI
OpHO(GUTOB HEBO3MOXXHO JCTEPMUHHPOBATH B TMOJIEBBIX YCIOBHSX M WX BBISBICHHE 3aBHCUT OT
KBaTM()UKAMK T€O0O0OTaHUKA, BBITOJHSIONIETO OMMCAHUS M OCYIIECTBISIOIIEro cOopsl oOpasmoB. 3a 21-
JETHUH TIEPUOA MEXAy TIePBOHAYAIBHBIM M TOCIEIHUM OOCIECIOBAHUSMH ONBIT  BBIOJHEHUS
re000TaHUYECKHUX OMMCAHUN y aBTOPOB 3HAUMTENIbHO TpubaBuics. Ilpu 3anoxeHuu ruomanok B 1999 r.
MXH OBUIM BBISBJICHBI MEHEE IOJHO, YeM B TOCICAYIOIIME TOJbl MOHUTOPWHIrA, MPEHMYIIECTBEHHOE
OOJIIIMHCTBO BHU/IOB KYCTapHHKOB, KYyCTapHHYKOB M TpaB OOHApYKEHO BO BCE TOABI MOHHTOPHHIA.
[TosTOMY OIHO3HAYHO YTBEpPXkKAATh, YTO COOOINECTBA pEarupyrOT Ha MOTEIJICHWE KIMMaTa H3MEHEHHEM
COCTaBa HEIb34.

B TO ke BpeMsi yCTaHOBJICHO M3MCHEHUE B OOWJIMHU psijia BUJIOB, KOTOPOE MOXKET ObITh O0YCIIOBICHO
KIIMMaTH4ecKuMH (akTopamMu. Ha MHOTHX MIioNagKax MpoU30ILIO oOliee OTpaBIHUBAHUE (32 CUET OCOKH,
371aKOB, MYIIHUIIBI, MOPOIIKH) ¥ OCOOCHHO 3aMETHOE YBEIMYEHHWE aKTHBHOCTH y Equisetum arvense. B
uccienosanuu J.C. Jorgenson et al. [2015] na ceBepe AJsICKH [UTs XBOIIEH He ObLJIO YCTaHOBJIEHO TPEHIIOB B
M3MEHEHUHN TOKPHITUA 3a mepuon ¢ 1984 mo 2009 rr. B 2014 1. MBI TOXE elmie HE OTMEYalld CHILHBIX
pa3Iuyuil B MOKPBITUM 3TOTO BHUIA HA IJIOMIAKAX, MO cpaBHEHUIO ¢ 1999 r., ognako mo3xe, B 2017 u 2020
I'T., XBOII[ )K€ CO3/1aBaJl 3€JICHbII acleKT B 30HAIBHBIX TYHApax (cM. Puc. 3, 4).

Mpbl HE MOKEM TapaHTHpPOBaTh, YTO B Pa3HbIe ToJbl aOCOJIOTHO TOYHO OLEHWBAIM MPOCKTUBHOE
MOKPBITHE Pa3HBIX BHJOB, OJJHAKO (PAKTOP CYOBEKTHBHOCTH CHHMAETCS MPU MPSIMBIX H3MEPEHUSX BBICOTHI
KycrapHuKoB. Beicora y uB Salix glauca u S. lanata, cocrasstommas B 1999 r. npeumymiectsento 10-15 cm,
3a TOJZIbl MOHUTOPWHra Ha BCEX IUIONIAAKaxX yBeiawuunach B 1.5-2.5 pasza. MHTepecHO OTMETHThH, YTO Ha
ceBepe Aumsicku (Atqasuk, 70°27'N, 157°24'W, nomzona D wa CAVM) 3a Gosee KOPOTKHH HEPHO
nonrydeHbl Onm3kue 3HaueHns — ¢ 2010 mo 2019 rr. BbIcOTa JIMCTOMAIHBIX KyCTAPHUKOB yBenn4miachk ¢ 11.5
10 20.5 cm (r* = 0.11) (Harris et al., 2021). B pa6ote |.H. Myers-Smith et al. [2011] nepeuncnensl MecTa mo
BCeil APKTHKE, TJIe €CTh CBUJICTEIhCTBA YBEIIMICHUS OOUIIHS U BHICOTHI KYCTAPHUKOB.

AKueHTHpyeM BHUMaHHE Ha ucye3HoBeHMH B 2020 r. Ha MJoOMIagKaxX C 30HAJIBHBIMH TYHAPOBBIMH
coobrecTBamMu apkTuaeckoro Buma Saxifraga oppositifolia, Torma xak B 1999 r. on B HeOOMBIIOM OOHITHH
POC Ha ISTHAX TPyHTa Ha BCeX IuToIaakax, a B 2014 r. ocobu ele oTMeuaiy, HO O ¢1a0oi KU3HEHHOCThIO.

B namem wuccnenoBaHun 3a)UKCUPOBAHO MOCTENIEHHOE CO BPEMEHEM YMEHBIICHHE ITOKPBITHS
JMIIARHUKOB B 3a00JI0UCHHBIX MMyIIHIEBBIX KOUKapHUKax acc. Pleurozio schreberi—Eriophoretum vaginati
cybacc. sphagnetosum lenenses, 3amernenne WX KyCTapHHYKAMH W 3€IIEHBIMH MXaMH, a IOCIEIHUX —
cdarnoBeiMu. B pabore J.C. Jorgenson et al. [2015] mokpeiTHe JUIMIAWHUKOB TOXE MMEJIO TEHACHIHUIO K
CHIDKEHHIO B KYCTapHMYKOBO-KOUKAapHBIX TyHApax (0 MojenbHOH oueHke, ot 17 % no 10 %) u B ropHbIX
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OCOKOBO-IPHAIOBBIX TyHIpax (0T 22 % mo 9 %) ¢ u3aMeHeHusIMH TOJbKO Ha 2 % B IBYX JPYTHX THUIaX
cOOOLIECTB.

B 1999 u B 2014 rT. cymecTBOBan 00mbLIoN pa3dpoc B 3HaueHuAxX BenndrHbl CTC Mexny pasHbIMU
JIIeMEeHTaMH peibeda B MpeAenax IMIIOMAAoK (3aKOHOMEPHO Ha TSTHaX TpyHTa 3HaueHHs ObUTM MHOTO
OoJpITlic, YeM Ha JJIEMEHTax penbeda ¢ HAMOYBCHHBIM IOKPOBOM), Torma kKak B 2020 T. 3TH pa3muams
OTCYTCTBOBJIN WM OblIM HaMHOro MeHble. Ilockonbky Mbl u3mepsini CTC He B KOHIIE TEIUIOTO NepUoa, a
BO BTOPOH TMOJIOBHHE HIOJSI, TO OHH CBHIETENBCTBYIOT, IO-BUAUMOMY, O Oonee TermoM 2020 r. (i Gonee
MHOT'OCHEKHOH IPEIIIECTBYIOIEH 3KMMeE), MO3TOMY MpPOTaMBaHHE IPOU30LUIO K 3TOMY BpPEMEHH Ha
00pmIyr0 TITyOnHY, 9eM B 1999 u 2014 rr. Ecnu ycpennnuts Bce m3mepenus mo rogam, to 3aaderns CTC B
1999 r. cocraBunu 49+24 cm, B 2014 1. — 44426 cm, a B 2020 1. — 82430 cM.

Ha pacnonoxennoit Ha wmeice BonBanckuit Hoc mmomanke CALM rtnyomna CTC wusmepsiercs
©XKErofIHO MO CTaHAAPTHOMY IPOTOKOJIY BPYYHYIO, C MCIOJIb30BAHUEM METAITIMYECKOIo LIyMa ¢ 4-KpaTHOH
MIOBTOPHOCTBIO Ha KAXKJIOM y3JI€ CETKU B KOHIIE TEIUIoro nepuoda [Mainkosa u ap., 2019]. 3ToT nokasareins
B pasHbIX JaHAmadTax uaMmensercss B mpexpenax 10-15 % B pasHble rofpl, HO CYIIECTBEHHOTO TpeHIA
yBesudenust rayounsl CTC ne nabmomaercs (Puc. 12).
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Pucynok 12. Cpenusist riry6una npotauBanuss MMIT (cm) Ha mwiomanke CALM R-24 (BosiBanckwii), 1o: I'B.
Marnkosa [2019].

KoHcraTupyeTcs, 4To BpeMeHHAs AMHAMHKAa TNIyOMHBI MPOTaWBaHUS OOYCIOBICHA JIUHAMHKOMN
TeMIIepaTypsl BO3/1yXa, 0COOCHHO B 3UMHHUH MEPHOJI, H TOJIIUHBI CHEXXHOT'O TIOKpOBa. B nonrospemeHHOM
(1984-2009) uccnenosanuu J.C. Jorgenson et al. [2015] Ha ceBepe AJsicku Juisi TIIyOMHBI MPOTaMBaHUSI
BEYHOI MEP3JIOTHI TPEHJIOB TAKXKe HE YCTAHOBJICHO.

3AKIIOYEHHUE

Hame uccnenoBanme Ha ceBepo-3amnajne bonbie3eMenbCKoM TYHIPHI SBISETCS OJHUM W3 MEPBHIX B
Poccwuiickoii ApkTrke, B KOTOpOM Ha OOIBIIOM MaccHBe (HaKTOJNOTHYECKHX [AHHBIX IPEJICTABICHBI
yOeIUTeNbHEIE I0Ka3aTeNIbCTBA MTPOIOJDKAIOIINXCS HAMPABICHHBIX U3MEHEHUH pACTUTEIHHOTO ITOKPOBA.

Pesynbrarel o0cinenoBanus 12 MOHUTOPUHIOBBIX ILIOIIAIOK MOKa3aiu, 4To K 2020 r. KapIuHAIbHBIX
M3MEHeHUl naHamadTa, TAKHX KaK TMOJUTOHU3AIMS YBAIOB B Pe3yjIbTaTe TasHUS JKWIBHBIX JIBJIOB (KaK Ha
Ausicke u TaiiMbipe) He mpou3onuio. TeM He MeHee, B pPACTUTEIbHOM MOKPOBE OTMEUCHBI 3aMETHBIC CABHIH,
yeunuBinuecs B nocieanue 6 set (2014-2020) moHuTOpUHTA:

— yTpaTWja MECTO 4YeTKas CTPYKTypa «IISTHO — BalUK — JIOXKOWHKa» B 30HAIBHBIX TYHJpPax B
pe3ynbTaTe 3apacTaHus IMSITEH U YaCTUYHOTO OITyCKaHHS BaJMKOB (MECTaMU OHU CIWJIMCH C 3apOCHIMMH
KYCTapHUYKOBO-JTUIIIAWHUKOBBIM ITOKPOBOM IIATHAMH H CTAJIA BOCIIPUHUMATHCS KaK POBHAsS JCPHUHA);

— aKTHUBHOE 3apacTaHWe IBITCH TPYyHTAa KPUITOTAMHBIMA KOPOYKAMH, MEJIKUMH TPaBSIHUCTHIMHU
pacTEeHUsIMH, KyCTApHUYIKAMHU, 3CICHBIMA MXaMH WIH MOAYIIKAMHA KYCTHCTBIX KIIAJOHHH MPHUBEIO K
YBEIUYCHHUIO OOIIETO IMPOCKTUBHOTO IOKPBITHS PACTHUTEILHOCTH B KYCTapPHHUYKOBO-JIHUINIAWHUKOBBIX U
PEIKOMBOBBIX OCOKOBO-KYCTaPHUUKOBO-MOXOBBIX TYHIPaX;
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— HOBOOOpa30BaHHE IATCH HE 3apETHCTPUPOBAHO HHUTIE, HO B MpEeIaX CTapbiX ISTEH Ha IUIOMIAJIKE
M4 Ha BepIIHHE COMTKH OTMEUCHBI SIMHUYIHBIC HEOOIBIIINE CBEXKHE U3THUBAHHS CYTIIMHKA,

—  YBEJIMYWIOCH MPOEKTUBHOE IMOKPHITHE TpaB, 0COOCHHO 3aMeTHOe y XBomia Equisetum arvense B
30HAIBHBIX TYHJpax; MO pPe3yJbTaTaM IOJEBBIX HCCICIOBAHUN B TOCICIHHE TOABI MBI OTMEYacM, YTO
aKTHBHOCTH XBOILCH BO3pociia B Pa3HBIX COOOIIECTBaX — pas3Hble BUIbI EQUiSEtUm co3maroT acmekT Ha
CKJIOHOBBIX JIyraxX, B TPaBSHOM SIpyCe KYCTAPHUKOBBIX 3apOCIIei, Ha 3apacTaloIInX NeCKaxX U CYrIIMHKAX U B
TYH/IpaXx.

— BbIcOTa KycrapHukoBbix uB Salix glauca u S. lanata, cocrasmsiomast B 1999 r. mpenMyIiecTBEHHO
10-15 cM, yBenmuumnack B 1.5-2.5 pasa.

Hamm pe3ynbraThl B LEJIOM COTVIACYFOTCS C TEHIACHIMAMH TpaHC(HOPMAIMU PACTHTEIBHOCTH MO
BIIMSTHUEM KIMMATHYIECKUX (PaKTOPOB, YCTAHOBICHHBIMU B aMEPHKAHCKOM CEKTOPE APKTHKH.

B mocnenname roap MbI BHEAPHIIHM OIBIT HCTIOIR30BaHust BIIJIA, KOTOpEIit COBMECTHO ¢ TTPOrPaMMHBIM
obecneuennem ArcGIS u Patch Analyst mo3Bonsier Gosiee TOYHO KapTHPOBATh PACTHUTENBHBIA IOKPOB Ha
MOHHUTOPHHTOBBIX IUIOMIAJKAX M KOJMYECTBCHHO OIICHHMBATH IUIONIAH KOHTYPOB, H B HTOr€ — CKOPOCTh
W3MEHEHHUH MPOCTPAHCTBEHHON CTPYKTYpPhI PACTUTEIBHBIX COO0OMmIeCTB. ['eoboTaHMYeCKHe 00CIeI0BaHUSI
PEKOMEH/IyeTCsI IPOBOJUTh C PETYJISIPHOCTBIO pa3 B 5 JeT (yalie He LelecoO0Opa3sHO H3-3a BO3MOKHOTO
BBITANTHIBAHUS [P BBIIIOJHCHUU OMUCAHHH TUTOIIAIKH).
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Ta6amua I11. BunoBoii cocTaB v MpOEKTUBHOE MOKPHITHE BUAOB (%) 1O TO1aM Ha MOHUTOPHHTOBBIX

IJIomaagKkax B IMATHUCTBIX PEAKOUBOBBIX KYCTAPHUYKOBO-OCOKOBO-MOXOBBIX TYHAPAX

MoHuTOpUHroBas MomaIKa M6 M35 M9 M12 Mil1
Koopnauuartsr c. . 68 17 21.6 6817238 | 681737.7 | 681736.1 | 6817 36.6
B. JI. 54 30 28.2 5430254 | 5430319 | 543047.1 | 543046.1
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I 83 8 8|8 I /|8 3 8|8 23|37 2 3
[poexTuBHOE TIOKpHITHE (%), 00MIIEE 70 75 80 80|99 99 100{100 100 10090 98 100|99 99 100
KYCTapHUKH 10 10 10 10|15 20 206 6 6|10 20 205 7 7
KYCTapHUUIKH 40 40 40 40|20 10 10|25 35 35|25 40 40|25 35 40
TpPaBbI 3 3 15 15|5 7 15| 7 15 15|10 15 20| 5 15 20
MXH 35 40 40 45|25 30 30|50 60 60|25 35 35|25 40 40
JIMIIAHHAKA 5 5 5 530 30 30|30 30 30|25 30 30|60 55 50
Yucno BUIOB, 00IIee 63 73 75 73|73 96 91|79 96 92|68 72 81|59 74 77
KyCTapHUKHU 4 4 4 414 4 414 4 414 4 4|4 4 4
KyCTapHUIKHU 6 v ¢ 7|7 8 7|7 8 8|7 7 1|7 717 7
TpPaBEI 15 14 19 17|20 24 24(23 19 20|18 18 20|13 13 15
MXH 10 18 17 14|11 23 21|16 36 32| 9 11 18| 9 20 22
JIMIIARHUKY 28 30 28 31|31 36 35|29 29 28|30 32 32|26 30 29
Juddepennupyromias komOuHanus BUA0B (1. K. B.) acc. Dryado octopetalae—Hylocomietum splendentis
Dryas octopetala subsp. subincisa 20 20 10 10|21 + +|1 1 1¢(3 1 1|+ + +
Salix reticulata 10 10 10 101 + + |+ 5 5|2 1 1|2 2 1
S. hastata 3 3 3 3|2 2 2|2 + +]3 3 3|1 1 +
Equisetum scirpoides r + + 4+
. k. B. cybacc. caricetosum capillaris
Carex capillaris + + + + |+ + + |+ 1 +|+ + + [+ + 1
Tofieldia pusilla + 0+ + 4+ |+ o+ |+ o+ |+ o+ + |+ o+
Myxobilimbia lobulata ror o+ + |+ + + |+ + |+ + +[1 + .
Solorina saccata r rr|r r rf|r r rf|r r rf|r . r
Saxifraga oppositifolia r rom .|+ . . |r om™m . |Fr T r|Tr O™
Epilobium davuricum S A S R I r{+ + r .
Brachythecium cirrosum N D r + + o+
Pinguicula alpina + + . L+ o+ | e
P. vulgaris + + . . + ]|+ 1 + + + |+ + +
Juncus biglumis + + r |+ 4+ + |+ + + |+ + +
Eriophorum brachyantherum + + 4+
Stereodon bambergeri . . + + 4+
Solorina spongiosa r r r r
Juncus castaneus e T B T G I
XapakrepHbie BB (X. B.) kiacca Carici arctisibiricae—Hylocomietea alaskani class. prov., mop. Caricetalia
arctisibiricae-lugentis ord. prov. ucorozaDryado octopetalae—Caricion arctisibiricae
Carex bigelowii subsp. arctisibirica + 1 1 1(2 3 2|5 10 5|7 10 103 7 7
Aulacomnium turgidum 10 10 10 10( 8 10 10|10 20 20| 7 10 10|10 25 25
Hylocomium splendens 10 10 15 206 10 10|10 10 10| 7 10 10| 5 10 10
Rhytidium rugosum + 5 5 5|+ 2 +|. + +|2 5 10f. 2 +
Salix lanata 3 35511 2 51 1 1|+ + +|+ + +
S. glauca + + + +|4 5 5|3 5 5|5 15 152 5 5
Bistorta vivipara + + + 4+ |+ + + |+ + + |+ + 4+ |+ + O+
Pedicularis oederi + + + + |+ + + |+ + + |+ + + |+ o+ o+
Festuca ovina + + + + |+ 1 1|+ . +|2 + +|r .
Nephroma expallidum + o+ o+ + |+ o+ + + |+ 4+ + . r +
Cladonia pocillum Lor + + . r r| . r r|+ + +|+ + +
Luzula arcuata + .+ |+ . L+ 4+ 4+ r . +
Ptilidium ciliare 3 + + +|2 1 +(2 2 1]. D+ 101
Psoroma hypnorum rr + r|r r r|r . r|r r
Pedicularis lapponica + + + |+ + +|T Y r|. .
Racomitrium lanuginosum + + + 4+ |+ + U |+ + |+ + +
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MOHHWTOPHHTOBAS TIOMIAIKA M6 M5 M9 M12 Ml11
Lobaria linita rr + + r rr r
Stellaria peduncularis r . r 0. r rlr . ]|+ +
Tomentypnum nitens 5 10 10 101 3 3|3 1 1
Bistorta elliptica 1 1 1 1|+ + +1. . . |. . . .
Petasites frigidus + 1 2|r r +|+ 3 3 ro+
Saxifraga hieracifolia + o+ r .| . . r|. . .
Protopannaria pezizoides ... r +|r . 0lr r r
[pedepentrsie x. B. Knacca Loiseleurio procumbentls—Vaccmietea u coro3a Loiseleurio-Arctostaphylion
Arctous alpina 2 1 1 12 1 12 1 1|5 10 10{3 5 3
Flavocetraria nivalis + + 1 1|5 5 5|6 2 2|1 + +|1 1 1
Alectoria ochroleuca + 1 + +|+ 3 2|+ + +|. + +]1 1 +
Ipedepentnbie X. B. knacca OXycocco-Sphagnetea u coro3a Rubo chamaemori-Dicranion elongati
Ledum palustre subsp. decumbens .+ + r |7 2 2|2 2 1|1 5 5|3 10 10
Dicranum elongatum 5 3 + +]|2 + +]3 1 + 1 1 .
Rubus chamaemorus + + + |+ + + |1 r 0 + 5
Polytrichum strictum + o+ r — +
Andromeda polifolia subsp. pumila .o rr :
Bunpl, nMeronue B BOCTOYHOEBPONIEHCKUX Tsz[pax 6JII/I3KI/Ie MoKa3aTean BEPHOCTHU B Kjlaccax L0|seleu rio
procumbentis—Vaccinietea, Carici arctisibiricae—Hylocomietea alaskani u Oxycocco-Sphagnetea
Betula nana 5 4 3 3|10 10 10|12 + +|2 3 5|2 2 2
Empetrum hermaphroditum 4 5 10 107 1 3|10 20 20| 5 20 20|10 10 10
Vaccinium uliginosum subsp. 3 1 1010/2 5 5/7 5 5/3 1 213 5 10
microphyllum
V. vitis-idaea r r + +]1 + +|3 3 3|7 3 3|2 5 5
Equisetum arvense .+ 10 10+ 1 10|+ + 5|+ + + |+ + 1
Cladonia arbuscula + + 1 1|5 5 105 10 10|10 10 15|20 20 20
C. rangiferina r r 1 +|5 5 5|5 10 102 10 7 |15 15 15
Bryocaulon divergens 2 1 1 1,8 5 3|5 3 3|5 5 3|10 10 5
Alectoria nigricans + + + +(2 2 2|+ + +|1 + +1 1 +
Bryoria nitidula 1 + + +(2 2 +/+ 1 +|2 + +]|2 + +
Cladonia gracilis subsp. elongata + + + + |+ + +]1 1 +|+ 1 +]1 1 1
Flavocetraria cucullata + + 1 1|+ + +]|1 + +]|1 + +|1 + +
Peltigera aphthosa + 1 1 1|+ 1 +|+ + +|+ + +|+ + +
Sphaerophorus globosus rr r r|+ + + |+ + + ]|+ + + |+ + 4+
Stereocaulon alpinum + + + + |+ + +|r r r|r r r|r r r
Thamnolia vermicularis + + + 1|+ 1 +|+ + +]2 + +]|1 1 1
Cetraria islandica subsp. crispiformis + + + +|(+ 1 1|1 1 +|+ + +[3 1 1
Cladonia amaurocraea rr + +]/1 + +]1 1 +|. 1 +]2 1 +
Ochrolechia androgyna r r . +|+ + r|+ + +|r r r|+ + +
0. frigida + + + + |+ + |+ + r|r r r|+ + +
Peltigera membranacea + + 4+ + |+ 1 O+ |+ + 4+ . o+ 0+ + o+
Peltigera polydactylon + + o+ 4+ |+ + 4+ + 0+ + 4+ . 1 4+
Lecanora epibryon r r + +|r r r|r r r|{r .
Cladonia chlorophaea rr r r|. + r + o+ LT
Pertusaria bryontha r + r|r r . .or ro+
Ditrichum flexicaule o1+ o+ + o+ + + |+ + + + o+
Poa alpigena + 1 + 1|. + + |+ + 7
Bryum pseudotriquetrum .o+ L+ + + |+ + 4+
Equisetum pratense + + 1 +(1 1 1|. . .. . . . .
Pleurozium schreberi +/1 5 52 1 1|+ 1 1|1 1 2
Cladonia uncialis r(r r ri|+ + +|. + + |+ + +
Peltigera scabrosa + 1 + |+ + +|r r r|+ + +
Sphenolobus minutus + + 4+ |+ + + |+ + + |+ o+ o+
Cladonia stellaris . + 1 3|+ + r|r r . + T
Luzula multiflora subsp. frigida r + + 4+ |+ + |+ + r|. + 0
Calamagrostis lapponica + +|. . 5|1 + 5|+ 10 10
Aulacomnium palustre 1 1|10 20 2011 3 1|3 1 5
Dicranum majus 5 3 3|3 2 2
IIpouue BuabI
Pohlia nutans r r + r rr r
Dicranum spadiceum 1 + +
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M5

M9

M12

Ml11

Silene acaulis
Orthothecium strictum
Stereodon subimponens
Abietinella abietina

Poa arctica

Carex bicolor

Solorina crocea
Cladonia pleurota

Pyrola grandiflora
Bartsia alpina

Cladonia coccifera
Festuca rubra
Rhizomnium pseudopunctatum
Distichium inclinatum
Bryum rutilans
Catoscopium nigritum
Peltigera leucophlebia
Dicranum scoparium
Sphagnum girgensohnii
Cinclidium subrotundum
Stereocaulon paschale
Dicranella subulata
Warnstorfia sarmentosa
Dicranum laevidens
Calliergon giganteum
Straminergon stramineum
Oncophorus wahlenbergii
O. virens

Polytrichum juniperinum
Sanionia uncinata
Scorpidium revolvens
Sphagnum squarrosum
Stereodon holmenii
Drepanocladus polygamus
Distichium capillaceum
Draba norvegica
Cetraria islandica subsp. islandica
Megaspora verrucosa
Bryum sp.

Anthelia juratzkana
Sphagnum fimbriatum

S. angustifolium
Dicranum acutifolium
Myurella julacea

Kiaeria glacialis
Peltigera didactyla
Meesia uliginosa
Dicranum groenlandicum
Corallorrhiza trifida
Splachnum vasculosum
Peltigera venosa
Dichodontium pellucidum
Cladonia crispata s. I.
Didymodon rigidulus
Caloplaca cerina
Pertusaria dactylina
Cladonia cornuta subsp. cornuta
Gymnomitrion corallioides
Draba alpina

Juncus triglumis

Sagina intermedia
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M6

M5

M9

M12 Ml11

Pedicularis labradorica
Stereocaulon rivulorum
Campanula rotundifolia
Bryoerythrophyllum recurvirostrum
Peltigera rufescens
Pertusaria oculata
Imadophylla ericetorum
Eriophorum vaginatum

Sphagnum balticum
Pohlia proligera

2 zRas92H9+-

_~ = = = -

r
+
r

IIpumevanne. CokpalieHus: OT™ — OTMI/IpaIOHII/Ie oco6H 3]1eCh U T36J1 H21/1 H3)KI/I3HCHHLI€ (hOpMBI: KK —

KyCTapHHUK, K4 — KYCTapHHUYCK, T — TpaBa, M — MOX, II — ICYCHOYHHUK, JI — JINIIAHYK.

Ta6auua I12. Bunooii cocTaB v MpOEKTUBHOE MTOKPHITHE BUOB (%) O TO1aM Ha MOHUTOPHHTOBBIX
TUIOIIA/IKAX B KYCTAPHUYKOBO-TTMIIAWHUKOBBIX TYHJIPaX

MoHuTOpHUHroBas IIOIAIKa M3 M4 M2
Koopaunartsl c. 1. 68 17 30.7 68 17 24.8 6817 31.5
B. II. 54 29 52.7 54 3013.1 542951.6
(2] < o (2] < o (2] < o
& 8 8|8 2 8|8 & S
— N [q\] — N N — N N
Hara e I N
S 9 9|9 o 9|9 o o9
S 8 8|5 8 83 & &’
ITpoextuBHoe nokpeitue (%), oduiee >99 100 100| 93 99 100|100 100 100
KYCTapHHUKH 8 15 15|25 30 30| 3 1 1
KyCTapHHYKH 20 30 30|30 30 30|15 20 25
TpaBbl 4 5 7|4 5 5 1 10 10
MXU 4 5 5 2 5 5 1 1 3
JUITAHHAKHA 65 65 55|35 40 40|80 80 80
Yucmo BUAOB, 00IIEe 53 53 57|55 60 67|29 33 35
KYCTapHUKH 3 3 3 2 2 2 2 2 2
KyCTapHHYKH 7T 7 7|6 7 8|5 5 5
TpaBbl 6 7 6| 8 8 9|5 7 6
MXH 7 10 12| 7 11 14| 5 6 7
JIUITARHAKI 30 26 29|32 32 34|12 13 15
Nubdepennupyromnias komOuHanus BUA0B (1. K. B.) acc. Loiseleurio-Diapensietum
n Gymnomitrion corallioides 3 2 + 1 +
M Racomitrium lanuginosum + + + |+ + 4+
k4 Diapensia lapponica r r r . . r .
H. k. B. cybacc. L.-D.salicetosum nummulariae B BocTo4HOEBpOMEHCKHUX TYyHAPAX
1 Bryocaulon divergens 10 10 3 |10 10 5 + 1 1
1 Bryoria nitidula 3 1 + 3 3 1 + o+
k4 Salix nummularia r r + |+ o+ o+
T Luzula confusa r r ro+
M Pogonatum urnigerum r
I. x. B. acc. Cladonietum rangiferino- arbusculae
n Cladonia arbuscula 20 25 25110 20 20 |40 40 40
n C. rangiferina 20 15 15| 8 10 10|30 30 30
IMpedepentHpie xapakTepHbie BUjbI (X. B.) Kiacca Loiseleurio procumbentis—Vaccinietea u
coro3a Loiseleurio-Arctostaphylion
k4 Arctous alpina + 3 313 5 2|+ + +
n Flavocetraria nivalis 2 2 2 1 + 4+ r r r
1 Alectoria ochroleuca 3 5 5 + 3 3 r r r
1 Solorina crocea + + + |+ + 4+
n Cladonia verticillata + o+ o+ . . .
T Hierochloé alpina 1 3 +
M Polytrichum piliferum r + . +
n Cetraria aculeata r r

X. B. KnaccaCar|C|arct|S|b|rlcae—Honcom|eteaalaskan|class prov mnop. Carlcetalla
arctisibiricae-lugentis ord. prov. ucor3aDryado octopetalae—Caricion arctisibiricae
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5

M2

kk Salix glauca

1 Carex bigelowii subsp. arctisibirica
M Hylocomium splendens

M Aulacomnium turgidum

n Ptilidium ciliare

1T Eriophorum vaginatum

M Rhytidium rugosum

1 Pedicularis lapponica

kk Salix lanata

1 Psoroma hypnorum

k4 Dryas octopetala subsp. subincisa
1 Nephroma expallidum

Ipedepentrsie x. B. kKiracca Oxycocco-Sphagnetea u

elongati
k4 Ledum palustre subsp. decumbens
T Rubus chamaemorus
M Dicranum elongatum
M Polytrichum strictum
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coroza Rubo chamaemori—Dicranion

5
5
3
+

Bunsl, nMerorye B BOCTOYHOEBPONEHCKUX TyHIpax OJIM3KHE MOKa3aTeNy BEPHOCTH B KJlaccax
Loiseleurio procumbentis—Vaccinietea, Carici arctisibiricae—Hylocomietea alaskani u

Oxycocco-Sphagnetea
kk Betula nana
k41 Empetrum hermaphroditum
k4 Vaccinium vitis-idaea
k4 V. uliginosum subsp. microphyllum
Calamagrostis lapponica
Equisetum arvense
Alectoria nigricans
Cetraria islandica subsp. crispiformis
Cladonia gracilis subsp. elongata
C. amaurocraea
C. stellaris
Flavocetraria cucullata
Thamnolia vermicularis
Peltigera aphthosa
P. scabrosa
Sphaerophorus globosus
Festuca ovina
Cladonia coccifera
C. uncialis
Ochrolechia androgyna
Stereocaulon alpinum
Peltigera polydactylon
Ochrolechia frigida
Peltigera membranacea
Pleurozium schreberi
Sphenolobus minutus
[Ipouue BuabI
Baeomyces carneus
Peltigera didactyla
P. malacea
Stereocaulon glareosum
Dicranum scoparium
Ditrichum flexicaule
Stereodon bambergeri
Carex rariflora
Peltigera leucophlebia
Polytrichum hyperboreum
Pedicularis labradorica
Cladonia crispata s. I.
C. subfurcata
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M4

M2

C. pleurota

C. chlorophaea
Anthelia juratzkana
Pertusaria bryontha

P. dactylina

P. oculata

Poa alpigena

Lobaria linita
Baeomyces placophyllus
Pertusaria panyrga

28 e 495934949

Ta6auua I13. BunoBoii cocTaB i MpOeKTHBHOE MTOKPHITHE BUOB (%) O TO1aM Ha MOHUTOPHHTOBBIX

IUIOMIA/IKaX B 3a00JI0YEHHBIX COOOIIECTBaX

MoHUTOPHUHIOBasl ILIOLIAAKA M10 M8 M7 M1
Koopaunatsi c. . 68 17 37.2 68 17 38.6 68 17 38.5 68 17 33.9
B. [I. 54 30 44.0 54 30 14.6 54 2959.8 54 29 46.9
D < o (2] <t o D < N~ o (2] < o
& 3 8|8 3 8|8 3 © 8|18 & 8
— N N — N N — N N N — N N
Hara o L e S I T < o T S I ST L
© o 9o|le o o|lo o <o o9 o <o
R I J|8 &5 8|8 58 &3 €& 4&
ITpoextuBHoe nokpeitue (%), oduiee 100 100 100|100 100 100|100 100 100 100|100 100 100
KYCTapHHUKH 10 10 013 3 5|1 1 1 2|1 1 2
KYCTapHHYIKH 25 25 25|30 30 30|30 30 35 45|40 40 40
TPaBbI 8 10 13|10 35 30|40 60 60 45|30 45 60
MXH 30 35 40|30 30 30|55 55 55 55|50 50 60
JIMITIARHAKH 50 50 45|60 50 50|20 15 10 10|15 15 15
Yucito BUIOB, 001Iee 39 47 47 |39 43 47|45 45 47 54|35 39 45
KYCTapHHUKH 1 1 12 2 22 3 3 3|2 1 1
KyCTapHHYKH 5 5 5|6 6 6|5 5 5 6|6 6 6
TpaBbl 5 5 4|5 7 5|7 6 4 6|3 6 6
MXH 10 16 18| 8 11 13|12 14 16 18| 9 11 16
JINIIAWHUKU 18 20 19|18 17 21|19 17 19 21|15 15 16
Huddepenupyromas komGuHanus BUI0B (1. K. B.) acc. Pleurozio schreberi—Eriophoretum vaginati
Pleurozium schreberi 1 1 1|+ + +|+ + 1 1|+ + +
Aulacomnium palustre 10 5 1|7 10 10|20 15 5 5 +
Polytrichum jensenii + + +|3 + + |1 + + +|. .+
Eriophorum vaginatum + 1 1|10 10 15 15|10 20 30
H. . B. cybacc. L.-D.shagnetosum lenenses
Aulacomnium turgidum C.a.-H.a. + 2 2|+ 2 2|5 2 3 3|10 10 10
Carex bigelowii subsp. arctisibirica C.a.-H.a. + .|+ 5 2|+ + + +| . + +
Sphagnum lenense O.-S. 1 2 5 5|5 5 5
Carex rariflora . . . . : . : . . .+ 5 1
IpedepentHbie XxapakTepHble BB (X. B.) Kiacca OXycocco-Sphagnetea u coroza Oxycocco microcarpi—
Empetrion hermaphroditi
Ledum palustre subsp. decumbens 10 10 10|15 20 20|15 15 5 7| 8 10 10
Sphagnum russowii 2 2 2 2|10 10 10 10 .5
S. aongstroemii 1 1. + 1 + 1 3] . 1 2
Andromeda polifolia subsp. pumila . r rr . . . r{5 + +
Polytrichum strictum + + + |1 + + + . .
Pinguicula villosa . . . . r r rr
[pedepentreiex. B. corozaRubochamaemori-Dicranionelongati
Rubus chamaemorus 7 10 10| 7 25 25|30 50 45 30|20 20 30
Dicranum elongatum + + o+ |+ +]12 1 1 1]. ro+
X. B. knmaccaCariciarctisibiricae—Hylocomieteaalaskaniclass. prov., nop. Caricetalia arctisibiricae-lugentis ord.
prov. ucorozaDryado octopetalae—Caricion arctisibiricae
Hylocomium splendens 1 5 5|+ + +]|+ 1 1 1|+ 1 +
Salix glauca .12 3 5|+ + + + |+
Rhytidium rugosum r 2 2 2 2
Pedicularis lapponica rr + + .o
Luzula arcuata rr r r
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M1

K4
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Nephroma expallidum
KoncTanTHeie BUJbI CHHTAaKCOHOB
Sphagnum balticum

Ipedepentrsie x. B. Kinacca Loiseleurio procumbentis—\Vaccinietea u coroza Loiseleurio-Arctostaphylion

Arctous alpina
Flavocetraria nivalis
Alectoria ochroleuca
Hierochloé alpina
Polytrichum piliferum

BPI)ILI, HUMCHKOIIIHEC B BOCTO‘-IHO€BpOHeI>iCKHX TyHApax OJIM3KHE MOKa3aTean BEp
procumbentis—Vaccinietea, Carici arctisibiricae—Hylocomietea alaskani u Oxycocco-Sphagnetea

Betula nana

Empetrum hermaphroditum
Vaccinium vitis-idaea

V. uliginosum subsp. microphyllum
Cladonia arbuscula

C. rangiferina

C. gracilis subsp. elongata
C. amaurocraea

Cetraria islandica subsp. crispiformis
Flavocetraria cucullata
Thamnolia vermicularis
Peltigera scabrosa
Bryocaulon divergens
Sphenolobus minutus
Dicranum laevidens
Cladonia uncialis

C. stellaris

Bryoria nitidula

Alectoria nigricans
Calamagrostis lapponica
Sphaerophorus globosus
Peltigera aphthosa

P. membranacea
Nephroma arcticum
[Ipoune BuabI

Carex rotundata

Cladonia coccifera

C. squamosa
Straminergon stramineum
Imadophylla ericetorum
Dicranum majus
Equisetum arvense
Sphagnum girgensohnii
Salix lanata

Luzula wahlenbergii
Stereocaulon alpinum
Dicranum groenlandicum
Peltigera leucophlebia
Omphalina umbellifera
Cladonia crispata s. I.
Polytrichum hyperboreum
Cladonia cornuta subsp. cornuta
Ptilidium ciliare
Sphagnum capillifolium
Pedicularis labradorica
Cladonia pleurota
Ochrolechia androgyna
Peltigera polydactylon
Dactylina arctica
Ochrolechia frigida
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M10

M8

M7

M1

S Eass2299

Peltigera malacea

Poa alpigena

Pohlia nutans
Sphagnum squarrosum
Ochrolechia inaequatula
Cladonia subfurcata

C. chlorophaea

C. subulata

C. bellidiflora

C. cyanipes

Taoauna I14. IIpenens! u cpennee 3uadenne CTC (cM) Ha pa3HBIX dJeMeHTaX HaHOpenbeda Ha TIIoMaaKax
C 30HAJTLHBIMU PEJKOMBOBBEIMH OCOKOBO-KYCTapPHUYKOBO-MOXOBEIMH TYHJIPAMH B JMHAMUKE

I'ox obcnenoBanust 1999 2014 2020
Ne momanku M6 | MS | M9 [ MI1|MI12| M6 | M5 | M9 | M1l | MI2| M6 M5 M9 MI1 | MI2
HaTa (o] (o] D (2] o <t <t < <t < o o o o o

|l o |la|la ||l | o ||| & Q Q N S

S|s|s|s|s5|s|s|s|s|s]| s |5 S S S

N I ST O N = N - T I T N & Q N N
PoBHble yuactkn  [61-67| — - - - |88-89| - - - — ]104-106| - - - -
nepuunsl ¢ Dryas | 63 89 105
Banuku 24-38|25-49(26-52 22-30|25-33(23-41|20-29 - 80-101 | 77-101 |106-111

29 | 39 | 40 27 | 28 | 29 | 24 92 89 108

JIoxOUHKH € 22-25|22-32|23-48|27-30| — |22-28|26-38|19-26|23-25(17-22| 70-87 |99-109 | 25-76 | 33-45 | 37-53
mxamu u Salix spp.| 23 | 27 | 38 | 29 27 | 37 | 25 | 24 | 20 81 105 54 39 45
[TsitHa 79-86(82-83| - - |92-96|>110| - - - | >95 | >120 - - - ]103-125
00Ha)KEHHOTO 82 | 82 94 115
CYIJIMHKA
ITsatHa ¢ — |73-83|83-92(80-86| - — | >95 | >95 | >95 | - - - 80-103 | 90-94 -
KOPOYKaMH 78 | 88 | 83 92 92
ITsitHa ¢ — |63-72|65-78(53-71| - — |66-80|45-65|51-62|63-69] - |106-115/105-115|106-110(108-111
KYCTUCTBIMHU 66 71 62 71 54 58 66 112 111 107 110
KJTaIOHUAMHA

Ipumeuanne. 3aece n Tadm. 115 u 116 Hax gepToli — mpenensl, MO YePTOU — CpeHee 3HAUCHHeE.

Ta6émuua I15. [penens u cpenuee 3HaueHne CTC (cM) Ha pa3HBIX AJIEMEHTaX HaHOpeNbeda Ha TUIOMIAIKaX
C KyCTapHHYKOBO-JIMIIAITHUKOBBIMHU TYHIPAMH B TUHAMHKE

Tox o6cneqoBanus

1999 2014 2020
Ne mromanku M3 M4 M3 M4 M3 M4
Hara 15.07.99 | 16.07.14 | 23.07.20 | 17.07.99 | 15.07.14 | 23.07.20
KycTrapuunukoBo-nuiaiiHUKOBast 18-22 62-76 23-57 72-79 93-104 102-115
JICpHIHA 20 70 34 76 103 108
- 56-62 23-38 25-66 71-103 96-108

3anaguHbl ¢ MXaMu 59 29 54 87 108

31-62 76-83 43-89 67-83 87-111 111-113
sTHa 53 80 74 77 103 112

Tabémuua I16. [Ipenensr u cpenuee 3HaueHne CTC (cM) Ha pa3HBIX AJIEMEHTaX HaHOpelbeda Ha TUIOMIAIKaX
C MYIINIIEBBIMI KOYKAPHUKAMH U COO0IIeCTBaMH TOPHSIHUKOB B THHAMUKE

I'ox obcnenoBanmst 1999 2014 2020
Ne momaaku M7 M8 M10 M7 M8 M10 M7 M8 M10
Hara 25.07.99 25.07.99|26.07.99|17.07.14{17.07.14{18.07.14|23.07.20[25.07.20| 24.07.20
TToMrOHBI N y4acTKH C KyCTapHUYKOBO- 30-49 | 26-30 | 22-31 | 27-40 | 23-29 | 26-29 | 77-86 | 70-93 | 36-41
JIMUIaHUKOBBIM MTOKPOBOM 33 28 26 33 26 27 81 83 38
3anaguHbl, TPELIMHBI ¢ MXaMH ¥ KycTapHukamy, | 20-25 | 20-27 | 20-27 | 20-23 | 20-26 | 23-24 | 35-45 | 37-56 | 25-36
MOPOIIKOBO-0aryJIbHUKOBO-C(harHOBBIil MOKPOB 22 25 24 22 24 24 40 45 35
Kouxka Eriophorum vaginatum 31-34 - - 37-49 - - 67-75 | 43-65 -

32 42 71 50
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Jlezenoa k xapTocxemam ¢ TOpU3OHTaNbHOU cTpykTypoi Ha I1. Puc. 1, 3,5, 6, 7, 9, 10, 12, 14, 15:

MsaTHa rpyura
ronble ¢ POBHOA NOBEPXHOCTLIO
% ronblé ¢ HO3APEesaTHM HaHopenbedom
Z’ZZ ronblé ¢ HO3IAPeBaTHM HaHOPENbedOM K KAMHAMM
3APOCLUNE KPUNTOTAMHBIMI KOPOYKAMMW ¥ MENKMMH LIBETKOBEIMM
- 3apocwme kyctaphnskamu Salix reticulata w Dryas octopetala
- 3apocwme mxamu (Ptilidium, Hylocomium, Aulacomnium, Tomentypnum, Hypnum)
- 33pPOCIIME NULAAHNKAMKU, NPENMYLLECTEBEHHO TEMHOOKpaweHHEIMK (Bryocaulon divergens)
38pPOCIUINE NUWAERHNKAMI, NPENMYLWECTEEHHO CBETNOOKPAWEHHLIMK (KycTucTeimm Cladonia)
- 3apociumMe OCOKOR 1 Tpasamu NoBepx Mxos
- aapociwme Kyctaphndkamu (Empetrum hermaphroditum, Ledum)

|: noaywea Silene acaulis

Banukm

w CO CBETNOOKPALEHHbIMK KNAA0HHUAMMK W KycTapHudkamu (Empetrum, Vaccinium, Arctous), ¢ Betula nana
KYCTapHHYKOBO-OCOKOBO-MOXO0BLIE, ¢ Salix hastata

Li_; KYCTapHUYKOBO-NULLARHWKOBASR MUKPOrPYNNMPOBKA Ha CTEHXaxX Banuka u Noaowse

NowGukin | 3ananuHiv / TpeLLmHbl

. Ccuipble, C BOAOA

© rurpochunbHBIMK Mxamu (Sphagnum, Aulacomnium palustre), 3a6onoyeHHble

\‘\C\“S\ C MXamu, NepekpuiTeiMi KycTapiukamm (Salix, Betula) » xycraphuskamu (Ledum, Vaccinium)

- TPABRHO {OCOKOBO |-MOXOBEIE MUKDOTPYNNUPOBKK

- KycTapHmuyku (Empetrum, Arctous, Vaccinium) 8 Monogbix TpeLHKkax

| KYCTAPHWYKOBO-3ENEHOMOLLHLIE MUKPOTDYNNHPORKA

' Ky CTAPHUYKOBO-MOPOLKOBO-MOXOBLIE MHKPOIDYNNHPOBKA

KyCTapHUYKOBO-NKILaRHMKOBLIe ¢ Betula nana

POBHEI® YHACTKN AEPHUHLI
TPasAHO (MOPOWKOBO, OCOKOBO)-KYCTAPHHYKOBO-NUWaRHNKOBaR
E OCOKOBO-APMAN0BO-MOXOBAR
E KyCTapHUYxoBO-NUILaikukosan ¢ Betula nana (cTnanmk)
m Ky CTAPHUHKOBO-MOPOLLKOBO-MOX0BARA
; ; q /@ uew Salix glauca n S. lanata
@ kourm Eriophorum vaginatum
[ﬁ oTMepLumne koskm Eriophorum vaginatum

II. Pucynok 1. TopusoHTanmpHas CTPYKTypa PaCTHTEIFHOCTH Ha IDIomanke M6 B guHamuke: @ — 1999 1., 6 —
2014 r.,6-2020T.
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1999 2014 2020

[}
u?
3

4

m5

I1. Pucynok 2. COOTHOILIIEHHE MUKPOTPYIIIIHPOBOK B PACTHTENBHOM MOKPOBE MUIONIaAKH M6 B muHamuke: 1-3 —
OsTHa: 1 — TOJNOro CyrinHKa, 2 — ¢ KPUITOraMHBIMH KOPOYKAMH M MEJKHMH [BETKOBBIMH, 3 — 3apOCIIHE MXaMH H
KyCTapHHYKaMu; 4 — 3amaJiHBl MOXOBBIE M MBOBO-MOXOBBIC; 5 — KycTtapHudkoBo (Dryas octopetala subsp. subincisa,
Salix reticulata)-moxoBas nepHuHa.

II. Pucynok 3. TopusoHTanbHas CTPYKTypa PACTUTENBHOCTH Ha IUIomaake MS B auHamuke: @ — 1999 r., 6 —
2014 r.,6—-2020T.

1999 2014 2020

ml
w2

3
ma
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II. Pucynok 4. CooTHOIIEHNE MUKPOTPYIIIHPOBOK B PACTUTEIEHOM HOKPOBE IUIomanku M5 B quHamuke: 1-3 —
IATHA: | — ¢ KPUNTOraMHBIMH KOPOYKAaMH M MEJIKUMH IIBETKOBBIMH, 2 — 3apOCIIHE MXaMH W KyCTapHHYKaMH, 3 —
3apoclIne MOJYIIKAMH CBETIO0- U TEMHOOKpAIEHHbIX JIMIIAHHUKOB; 4 — BaJUKU NPEUMYLIIECTBEHHO ¢ KyCTapHUYKOBO-
JMIIAHUKOBBIM IOKPOBOM; 5 — OCOKOBO-KYCTapHHYKOBO-IHMIIAHUKOBAas [EPHHHA Ha POBHBIX YdYacTKax; 6 —
3aMaJUHKH KyCTapHUYKOBO- U HBOBO-MOXOBBIE.

II. Pucynok 5. I'opu3oHTaNbHas CTPYKTypa PacTUTENLHOCTH Ha ruioniagke M9 B nunamuke: @ — 1999 r., 6 —
2014 r.,6—2020T.
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II. Pucynox 6. Topu3oHTaNbHAs CTPYKTYPa pacTUTENbHOCTH Ha mwiomnanake M11 B quHamuke: @ — 1999 1., 6 —
2014 r.,6—2020T.

II. Pucynok 7. I'opu3oHTaJIbHAs CTPYKTYPa PacTUTEIBHOCTH Ha Iutomanke M12 B nquHamuke: @ — 1999 1., 6 —
2014 r.,6—-2020T.

1999 2014 2020
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II. Pucynok 8. CoOTHOILIIEHNE MUKPOTPYIITUPOBOK B PACTUTENILHOM MOKPOBE Iiomanku M12 B qunamuke: 1-3 —
msiTHa: 1 — roJIoro CyriMHKa, 2 — ¢ KPUITOTaMHBIMH KOPOYKAMHU M MEJIKMMH IIBETKOBBIMHU, 3 — 3apoCLIMe MXaMH U
KycTapHMYKamu, 4 — 3apociiie MOJYIIKaMH CBETJIO- M TEMHOOKPAUICHHBIX JIMIIAHHUKOB, S5 — BaJUKH
MIPEUMYIIECTBEHHO C KYCTaPHHUYKOBO-JTHIIAHHUKOBBIM IIOKPOBOM; 6 — JT0)KOMHKH KyCTapHUYKOBO- U HBOBO-MOXOBBIE.

]
II. Pucynok 9. I'opu3oHTaNbHas CTPYKTYpa PacTUTENLHOCTH Ha ruiomiagke M3 B nunHamuke: @ — 1999 r., 6 —
2014 r.,6—2020T.
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II. Pucynox 10. T'opusoHTa bHAS CTPYKTYpa PACTUTEIHHOCTH Ha Iwiomanke M4 B nuHamuke: @ — 1999 1., 6 —
2014 r.,6-2020T.

1999 2014

II. Pucynok 11. CooTHOIIICHHE MUKPOTPYIIIMAPOBOK B PACTUTEILHOM MOKPOBE Iutomaaku M4 B nuHamuke: 1-4 —
MATHA: 1 — roJIoro CYIJIMHKA, 2 — C KPUIITOTaMHBIMU KOPOUKaMHU (TIe4€HOYHUKH, HAKUITHBIC JIMIIAHHUKN, MEITKUE MXH),
3 — 3apocire MXaMd M KyCTapHHYKaMHu, 4 — 3apOoCIIine KOpHYHEBOOKpaIlleHHBIMHY JiniTaiiHnkamu (Bryocaulon
divergens); 5 — MOXOBbIC 3aMaHKH C EPHAKOM; 6 — CTIIAHUKOBOCPHUKOBAsI KYCTAPHHIKOBO-TTHIIIAHHAKOBAS ICPHHUHA.
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II. Pucynox 12. T'opusoHTa bHAS CTPYKTYpa PaCTUTEIHLHOCTH Ha Iuomaake M7 B nuHamuke: @ — 1999 r., 6 —
2014 r.,6—2020T.
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II. Pucynox 13. CooTHOIIEHHE MUKPOTPYIIUPOBOK B PACTUTENHLHOM MOKPOBE IUommaaku M7 B quHamuke: 1-3 —
IATHA: | — rOJIOro CyrimHKa, 2 — ¢ KyCTapHUYKOBO-JHIIAHHUKOBBIM (MIPEUMYIIIECTBEHHO KJIQJIOHHEBHIM) IOKPOBOM, 3 —
3apoclIne MXaMH U KyCTapHUYKaMu; 4 — KyCTapHHYKOBO-MOPOIIKOBO-MOXO0Bas ICpHHHA.
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II. Pucynox 14. I'opusoHTanbHAs CTPYKTYpa PaCTUTENIHLHOCTH Ha Iuromaake M8 B nuHamuke: @ — 1999 1., 6 —

2014 r., 6—2020r.

II. Pucynox 15. I'opusoHTaNbHAs CTPYKTYpa PaCTUTEIBHOCTH Ha rwiomaake M10 B nunamuke: @ — 1999 r., 6 —
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Summary. In this study, conducted over five years, we explored the year-to-year variability of the Middle Ob floodplain
meadows in four trial plots at the Kaibasovo site of Tomsk carbon polygon (Krivosheinsky district, Tomsk region). The
aboveground phytomass, the composition of dominant species, ecological and biological groups, and the number of
species in meadow vegetation were analyzed. Weather conditions and the pattern of meadow flooding over 2017-2021
are presented. The dynamics of the meadow vegetation and the relationship between the productivity and the
aboveground mortmass decomposition in hydroclimatic conditions are described. It is shown that dead plant residues
tend to accumulate in arid conditions. Decomposition of plant litter is most active in humid and warm spring
conditions.

Keywords. Western Siberia, Ob floodplain, meadow vegetation, dynamics, phytomass, mortmass

INTRODUCTION

Herbage phytocenoses have been comprehensively studied, yet they are still being explored primarily
as fodder lands [Study and preservation..., 2013; Rothero et al., 2016; Thornley and Cannell, 1997; Altome
et al., 2020]. Meadow vegetation is highly responsive to environmental factors [Rabotnov, 1974]; therefore,
it can be used as adequate model objects for analysis of various impacts, which is fully exploited by foreign
scientists. In particular, experiments are underway to study the impact of extreme climatic factors on
vegetation growth [Zhang L. et al., 2021; Hossain et al., 2021] to maintain stable functioning of plant
ecosystems.

In recent years, the studies of meadows have involved the analysis of the impact of climatic and
hydrological factors on biodiversity [Zelnik and Carni, 2013, Zhang L. et al., 2021; Hossain et al., 2021] and
the net primary productivity of meadows to study the global carbon cycle [Moore et al., 2013; Zhang F. et
al., 2017; Zhang B. et al., 2019; Quan et al., 2020].

In 2022, Tomsk carbon polygon was launched in the system of Russian carbon polygons to develop
and adapt mathematical models of productivity, CO, exchange between the ecosystem and the atmosphere,
and other carbon balance parameters in the southern taiga (https://minobrnauki.gov.ru/action/ polygony/).
One of the polygon sites (Kaibasovo) is located in a floodplain ecosystem characterized by fertile soils, high
productivity, and biodiversity (Shepeleva, 2019). Over 2017-2021, we studied year-to-year changes in the
productivity of floodplain meadow phytocenoses in four permanent trial plots (Figs 1-3) to assess the carbon
cycle parameters and elucidate the impact of weather conditions and floods on the growth of the
aboveground phytomass.
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Figure 1 Study area: a — satelitte image of the site location (Google Earth), b — location and relief profile in trial plots
1 and 2 (Google Earth), ¢ — location and relief profile in trial plots 3 and 4 (Google Earth), d — location of the trial plots
in the Tomsk region, e — height marks in the trial plots (https://www.eorc.jaxa.jp/)
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Figure 2 Location of the Kaibasovo site, Tomsk carbon polygon, relative to the settlements in Krivosheinsky district,
Tomsk region (Google Earth)

Figure 3 Floodplain phytocenoses in the territory of Tomsk carbon polygon (Photo by A. Nikolenko)




OBJECTS AND METHODS OF RESEARCH

The study area is located in the southern taiga subzone of the forest zone [Shumilova, 1962].
According to the scheme of natural zoning of the Ob floodplain provided by Yu.A. Lvov [1963], this area
belongs to the Shegarsky floodplain zone, namely, to its northern part, where the floodplain expands due to
the confluence of the Tom river. Permanent trial plots were laid in the central floodplain on high crests (T1,
T3) in the altitude range of 68—70 m of the Baltic coordinate system (hereinafter referred to as mBs), and in
the areas of the middle (T4) and low (T2) altitude levels in the range of 66-68 mBs (Fig. 1). Due to the fact
that the site is embanked from the side of the Ob river bed and by shafts of secondary watercourses,
phytocenoses (T2, T4) are flooded along hollows in years of high and medium floods, T3 is flooded only in
years of high floods, and T1 is not flooded.

Geobotanical descriptions [Program and method ..., 1974] and selection of the mowed grass to
determine the aboveground phytomass were performed in the trial plots during the period of most active
growth of vegetation (from June 28 to July 5). The descriptions were made for the area of 100 m?, including
the total projective cover of the meadow vegetation (TPC), its height, floristic composition, and abundance
of plant species. These parameters were used to assess the mass share of individual species in the
community, since the study focused on the integral indicator — phytomass. Mowing was performed in the
area of 0.25 m? in 4 replicates with extrapolation of each mow per 1 m? and subsequent data averaging. The
aboveground dead phytomass (aboveground mortmass, including plant litter) was assessed separately
[Biological productivity..., 1988]. The mowed grass was sorted by species in the field to assess its
abundance, and then it was air-dried and weighed; the aboveground green phytomass was determined by
summing the masses of individual species.

Further, the average indicators of phytocenosis were determined per 1 m? — productivity (g/m?),
biodiversity of the trial plot (species composition, dominant species composition, total number of species,
composition and ratio of various fractions — biological (grasses, sedges, forbs, legumes) and ecological
groups — in the green phytomass. The affinity of plant species to ecological groups was determined based on
bioindicative ecological scales developed by L.G. Ramensky [Ramensky et al., 1956; Shepeleva, 2019]. In
terms of soil fertility (trophicity), groups were distinguished and named in accordance with the work by
Ramensky [Ramensky, 1938]. Hydroecological groups were identified and named according to Yu.A. Lvov
et al. [1987]. Species names were taken in compliance with the WFO Plant List (https://
wrfoplantlist.org/plant-list). Statistical analysis was performed using the Statistica 6.0 software. Mortmass
data for 2017-2018 were not included in the analysis due to haymaking in August 2017, which could have
affected the mortmass of 2018.

For soil type determination, soil profiles from the key plots were taken and described by methods used
in soil science.

The studied phytocenoses were as follows (Fig. 1):

T1 Forb-grass meadow is located on a high crest. The soils are alluvial sod-meadow loamy. TPC is
about 80%.

T2 Reedgrass-sedge meadow is located in the lower flat part of the slope near the lake. The soils are
alluvial-meadow. TPC is about 95%.

T3 Forb (elecampane) meadow is located in alluvial meadow loamy soils; it is of a fallow origin. TPC
is 75%.

T4 Forb-soddy-sedge meadow is located on the slope of the crest. The soils are meadow-marsh. TPC
is 95%.

The characteristics of the flooding pattern of habitats and assessment of weather conditions were
provided based on data from the weather station in the settlement of Molchanovo (https://meteoinfo.ru/,
https://rp5.ru) and the Nikolskoye hydropost (https://allrivers.info/gauge/ob-nikolskoe). In addition, the soil
temperature was assessed based on data from the Kaibasovo weather station (IMCES SB RAS), and the
surface moisture was assessed based on Modis Satellite images and the site https://eos.com/ru/make-an-
analysis/ndmi/.

RESULTS AND DISCUSSION

Hydroclimatic conditions in 2017-2021
During the 5-year period preceding the study (until 2017), high crests in the Kaibasovsko-Podoba
floodplain zone were flooded with hollow waters in 2013 and in 2015. Medium and low altitude areas with
height marks in the range of 66—-67 mBs were flooded annually.
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Maximum flood levels in 2017-2018 and in 2020-2021 were slightly above the average level (Fig. 4),
so the floodplain was flooded along hollows and channels; high crests (T3) were not flooded, and the flood
was caused by the groundwater rise.
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Figure 4 The maximum flood levels above 0 at the gauging station (61.20 m of the Baltic coordinate system)
in the Ob river, the vicinity of Nikolskoye settlement, 2013-2019

In 2019, the maximum flood levels in the Ob river were below the long-term average. Only hollow
areas were flooded. The trial plots were not affected by the flood that year.

The flood of 2020 was short, and its water level was similar to that in 2018 (Fig. 4). Hollows, low
crests, and slopes of medium crests were flooded for about 10 days (T2, T4). The flood of 2021 was longer
(Fig. 5) and the trial plots T2 and T4 were flooded for 20-30 days.
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water level, cm
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Figure 5 Graphs of changes in water levels for 2018-2021 in the riverbed of the Ob, the vicinity of Nikolskoye
settlement

The weather in 2017 in Russia was warm and wet [Bulygina et al., 2018]. In Western Siberia, the
spring was generally cool and wet; the third decade of April was abnormally hot, the air warmed up to 22-25
°C in the daytime. May and June were rainy and warm; the average monthly temperature was 1-2 °C above
the climatic norm. July was very rainy and cool; the air temperature was 0.5-2 °C below the norm. August
was warm, and in the second decade the temperature dropped. In September, the average monthly air
temperature was 0.5-2 °C below the norm; the precipitation norm was exceeded more than 2-fold. In
October, there was a precipitation deficit. According to the calculated G.T. Selyaninov’s hydrothermal
coefficient (HTC equal to the ratio of the amount of precipitation in mm for a period with average daily
temperature above 10 °C to the sum of temperatures for this period reduced 10-fold) [Agricultural....1989]
and according to data from the weather station in the settlement of Molchanovo, Tomsk region, the growing
season of 2017 is estimated as wet (HTC = 1.6).
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The year of 2018 was marked by cold wet spring. In April-May, the monthly precipitation norm was
exceeded 1.5-2-fold. In May, the monthly average air temperature was 0.5-4.0 °C below the climatic norm.
Warm weather in June was accompanied by heavy precipitation (up to 3 climatic norms in the Tomsk
region). In cool dry July, the amount of precipitation was 80% of the climatic norm. The average temperature
in August was 0.5-1.5 °C above the climatic norm, the precipitation was within the normal range
[Korshunova et al. Weather... 2019]. The autumn period (September, October) was abnormally warm; the
monthly average temperature of 2—4 °C exceeded the norm [Korshunova et al. Estimates..., 2019]. The
upper soil layers suffered from moisture deficit. The HTC indicated the growing season as generally wet
(HTC=1.40).

The growing season of 2019 was dry and very warm; however, spring and early summer (June) were
cool and rainy [Arzhanova et al., 2020]. According to our calculations of precipitation indicators compared
to 2018 (Table 1), in April, May, June, August, and September, the average monthly precipitation was 1.5-2-
fold lower. An exception was the second decade of July with showers, which slightly alleviated the drought.
HTC of the growing season was 1.07.

Table 1 Monthly average precipitation in April-September 2018-2021, mm

Year April May June July August September
2017 32,3 54,1 88,2 101,5 52,5 51,3
2018 74,0 81,3 102,7 39,6 79,8 29,4
2019 31,6 26,3 58,3 83,4 31,0 31,3
2020 13,4 82,4 49,9 58,8 38,0 80,9
2021 41,2 28,6 23,5 53,9 85,8 55,1

In 2019, the spring was warmer compared to 2018 (Table 2). Significant differences were evidenced

by the temperature in the first decade of May. The average monthly air temperature in May 2019 was 7 °C
higher than that in May 2018. The upper soil layers were naturally warmed up by the end of May. The
average temperature in June was 3 °C lower. July and August were hotter; the differences in the average
monthly air temperatures amounted to 2.5-3 °C. The first two decades of September were also warm.

Table 2 Monthly average temperature in April-September 2018-2021, °C

Year April May June July August September
2017 3,9 9,7 18,6 17,5 16,3 6,9
2018 3,0 3,1 20,0 18,7 15,5 10,2
2019 2,5 10,5 17,0 20,6 18,3 10,6
2020 8,6 14,2 15,5 18,8 17,9 10,1
2021 3,1 11,5 15,1 19,1 16,7 7,7

The growing season of 2020 was wetter than that in 2019. The spring was very warm; in April-May,
the average monthly temperature was about 3 °C higher than that in April-May 2019. The summer months
were cool (Table 2). The average monthly precipitation indicated the spring months as considerably wet,
June—July were moderately wet, August was dry, and September was wet (Table 1). The HTC of the growing
season was 1.24, which corresponds to slightly dry weather.

The growing season of 2021 (HTC=1.1), compared to 2020, was notable for cool and rather dry
spring. The temperature in May was 3 °C lower. Precipitation on average corresponded to the indicators of
2019; in May, the last decade was the driest. June, compared to 2018-2020, was cooler and abnormally dry.
The temperature in the second and third decades was 2—4 °C lower than that in 2020; the amount of
precipitation was the lowest within the observation period. July and August were moderately hot and wet,
and the third decade of September was characterized by low temperatures (Tables 1-2).

The general assessment of hydroclimatic conditions indicated the period of 20172018 as warm, wet,
with average water level; 2019 was dry and hot, the floodplain was not flooded; 2020 was warm, slightly
arid, with average water level; 2021 was cool and dry, with relatively high and long floods.

Dynamics of meadow vegetation

The average green phytomass of the studied phytocenoses in the Middle Ob was 402.6 g/m? (standard
deviation was 164.5 g/m?). The mortmass in some years exceeded green phytomass and averaged 587.4 g/m?
(standard deviation was 296.3 g/m?).
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In 2017, 14 species were recorded in the forb-grass meadow (T1), Bromus inermis Leyss. (25%) and
Poa angustifolia L. (31%) dominated. Among grasses, Elymus repens (L.) Gould and Dactylis glomerata L.
were found in significant amount (9—10%). The dominating species among forbs were Cirsium arvense (L.)
Scop. (8%) and Equisetum arvense L. (13%). The productivity of the meadow vegetation was 219.9 g/m’,
Grasses and forbs prevailed among the biological groups; sedges and legumes were also recorded (about 1%)

(Table 3).
Table 3 Structural indicators of the aboveground phytomass in the Kaibasovo zone of the Middle Ob floodplain, 2017—
2021
ﬁﬁ)%:;%rgmg Predominant species Biogroups,%
Number -
i ®
hytocenosts | Year Plant Mortmass spggies Composition % 2 131 &; g
biomass 2 g 1319
o o
Forb-grass, T.1 | 2017 | 220,0+ | * no data 14 Bromus inermis, 24,8 7411242 (01|16
(57°14'40.31"C 17,6 Poa angustifolia, 31,3
84°11'50.37"B) Equisetum arvense | 13,1
2018 | 320,0& | no data 14 Dactylis glomerata | 41,4 76,0 | 231 | + 0,9
54,7 Poa angustifolia 33,5
Equisetum arvense | 11,4
2019 | 318,9+ 622,6+ 14 Bromus inermis 19,2 82,0179 |01 | +
23,3 165,0 Alopecurus 18,2
pratensis
Poa angustifolia 17,8
Elymus repens 14,9
Dactylis glomerata | 11,9
2020 | 221,4+ 406,4+ 22 Bromus inermis 30,9 90,175 |14 |01
111 54,3 Dactylis glomerata | 22,5
Poa angustifolia 34,7
2021 | 223,4+ 440,0+ 18 Poa angustifolia 51,8 83,2106 | 0,3 |5,8
64,2 50,2 Bromus inermis 28,4
Elecampane, 2017 | 250,0+ no data 26 Pentanema 52,5 10,2 | 89,6 | 0,2 | 0,4
T3 64,6 salicinum
(57°13'56.22"C | 2018 | 539,5+ no data 24 Pentanema 44,8 12,1 1 86,8 | 1,0 | 0,1
84°15"28.55"B) 27,4 salicinum
Bromus inermis 10,0
Sanguisorba 12,9
officinalis
2019 | 2924+ | 613,3+ 29 Pentanema 31,9 6,8 (9181004
51 77,7 salicinum
Thalictrum simplex | 28,7
Sanguisorba 111
officinalis
2020 | 333,7+ 2841+ 37 Pentanema 24.4 80 [90,6|1,0 0,04
28,3 20,16 salicinum
Thalictrum simplex | 35,7
2021 | 406,5+ | 6333+ 35 Pentanema 28,7 | 237|676 870,02
69,3 78,95 salicinum
Thalictrum simplex | 17,6
Phleum pratense 10,5
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@%Or;]/::s%rglljnqg Predominant species Biogroups,%
. Plant Mortmass Number —
Phytocenosis | Year | . of © g | @
species Composition % 2 Sl | &
2 g 3 )
» a o
Forb-soddy- 2017 | 659,1+ no data 21 Carex cespitosa 435|181 | 33,4 |36 |449
sedge, T4 118,1 Phalaroides 10,3
(57°13'55.35"C arundinacea
84°15'28.74"B) | 2018 | 573,9+ no data 27 Calamagrostis 23,2513 |30,7|28|152
36,1 purpurea
Carex cespitosa 9,4
Phalaroides 13,8
arundinacea
2019 | 302,9+ 533,4+ 24 Calamagrostis 4511495 |20,2|1,7 | 286
44,6 49,4 purpurea
Carex cespitosa 28,6
2020 | 4043+ 329,2+ 30 Calamagrostis 30,3526 |[335(20]119
57,0 29,0 purpurea
Carex cespitosa 10,1
Phalaroides 15,8
arundinacea
2021 | 4022+ 786,9+ 27 Calamagrostis 16,6 | 44,7 | 256 |19 | 278
71,2 155,2 purpurea
Carex cespitosa 27,5
Phalaroides 19,0
arundinacea
Reedgrass- 2017 | 4383+ no data 11 Calamagrostis 726 (726 |71 |01]19,6
sedge, T2 86,9 purpurea
(57°14'34.61"C Carexatherodes 19,6
84°11'42.09"B) | 2018 | 500,7+ no data 17 Carex riparia 2041169 |74 |01 ]| 756
119,6 Carex atherodes, 14,0
Carex cespitosa 41,2
2019 | 389,1+ 864,6+ 10 Calamagrostis 56,9 | 77,9 14 | + 20,7
41,0 68,6 purpurea
Phalaroides 21
arundinacea
Carex atherodes 12
2020 | 667,8+ 3892+ 9 Calamagrostis 53,6 | 75,0 12 | + 23,8
73,1 169,7 purpurea
Phalaroides 21,4
arundinacea
Carex atherodes 22,7
2021 | 592,5+ 1237,6+ 6 Calamagrostis 75,4 | 92,3 30 |- 4,8
163,3 261,85 purpurea
Phalaroides 16,8
arundinacea
Note: for Table 3 and Table 4, the symbol “+” indicates the presence of species in the amount less than 0.1%, the
symbol “—* indicates the absence of species of a particular group. * “no data” indicates the absence of quantitative data

In the ecological structure of the phytocenosis, mesophytes and xeromesophytes prevailed (49% and
33%, respectively) in the hydroecological groups; the share of eumesophytes was about 16%. In terms of
trophicity, eutrophs and subeutrophs dominated (35%) among the groups; the groups less demanding of soil
fertility accounted for 21%. (Table 4).

In 2018, the number of species in the meadow vegetation did not change, Dactylis glomerata became
dominant (about 40%), the abundance of Poa angustifolia and Cirsium arvense slightly increased (33.5%
and 10.3%, respectively). The vegetation mass increased, the ratio of the biological groups did not change,
and the amount of legumes decreased.
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Table 4 Ecological structure of meadow phytocenoses at the Kaibasovo-Podoba site in the Middle Ob
floodplain, 2017-2021

duTOEHO3 I'on Ecological groups of plants, %
moisture trophicity
KM M 5M I'M cr ar MT M (o] 2 i)

Forb-grass, T1 2017 | 35,0 | 48,7 | 16,3 210 | 9,0 | 35,0 | 35,0

2018 | 34,8 | 53,7 | 11,5 53,3 | 11,1 | 344 | 1.2

2019 | 18,8 | 439 [ 373 |0 21,3 |86 |36,0 | 341

2020 | 356 | 58,2 | 6,0 | 0,2 0,1 |266 |52 |348 |333

2021 | 555393 |50 |03 |+ 48 |56 |518 |37/7
Elecampane, T3 2017 | 635|268 |89 |02 |06 03 |[738|147 |61 |51

2018 | 53,0 | 29,0 | 16,0 | 1,7 73,3 | 145 |08 | 114

2019 | 454 1413 |119 |14 |0 14 1822 121 |36 |07

2020 | 436 | 472 |72 |16 |05 10 | 725|171 |67 |28

2021 | 516 | 374 |91 |15 |04 6,0 |539 |222 | 136 |42
Forb-soddy-sedge, T4 | 2017 | 100 | 145 |46 |93 |60,2 |14 |82 |310|491 |117

2018 |29 | 215 | 156 | 34,3 | 25,7 23,2 | 23,1 | 246 | 216 |75

2019 |11 |62 |10,7 | 465|350 |05 |451 11,1 |389 |49

2020 | 2,6 | 104 | 135 | 40,0 | 335 30,3 [ 21,8 | 245|159 |75

2021 |20 |81 |181 |216 |50.1 16,8 | 13,9 | 425 | 234 | 34
Reedgrass-sedge, T2 2017 1,0 0,2 77,4 11,8 19,6 | 72,7 | 5,6 15 20,2

2018 0 07 |77 |570 346 |72 |29 |446 |449 |04

2019 01 |05 |574 |292 |128 |570 |06 |87 | 337

2020 04 |0 54,2 | 225|229 | 536 |10 |11 |443

2021 09 |[771 171148 |754 (21 |09 |216
Symbols: moisture content (Lvov et al., 1987): km — xeromesophytes, with optimum development at moisture
content varying in the range of 53-63 estimated by the Ramensky moisture scale; m — mesophytes (64-68); em —
eumesophytes (69-76); hm — hydromesophytes (77-88); sh — subhydrophytes (89-95); ah — aerohydrophytes
(96-103); ah — aerohydrophytes (104-120). Trophicity (Ramensky, 1938): mt — mesotrophs (6.5-9.5); pm —
permesotrophs (9.5-11.5); se — subeutrophs (11.5-13.5); e — eutrophs (13.5-15.5); pe — pereutrophs (15.5-18).

The ratio of hydroecological groups shows an increased amount of mesophytes (53.7%) and
xeromesophytes (35%), and a decreased share of more moisture-loving eumesophytes (11%). In terms of
trophicity, the content of relatively undemanding permesotrophs increased (53%), which indicates
deteriorated environmental conditions.

In 2019, Bromus inermis, Poa angustifolia, Elymus repens, Alopecurus pratensis L., and Dactylis
glomerata dominated in the meadow vegetation (Table 3). In the forb group, Equisetum arvense prevailed
(8.4%). The average abundance (3-5%) was represented by Cirsium arvense and Geranium pratense L. The
vegetation mass was 318.8 g/m?, whereas the total aboveground dry biomass (with mortmass) was about 923
g/m? Grasses (82%) and forbs (17.9%) dominated in the biological groups; sedges and legumes were
sporadic.

The ratio of the ecological groups in the meadow vegetation (Table 4) indicates favorable moisture
and nutrition conditions. In the hydroecological groups, mesophytes prevailed (44%), the share of
xeromesophytes was 18.8%, and that of eumesophytes was about 37%. In terms of trophicity, eutrophs and
pereutrophs dominated (about 35%); permesotrophs, less demanding of soil fertility, accounted for 21%.

In 2020, the aboveground phytomass, both live and dead, decreased; the total number of species in the
meadow vegetation increased. The dominant structure of the meadow vegetation changed significantly. The
share of grasses increased. In 2019, the meadow vegetation was polydominant; in 2020, species from two
ecological groups, mesophytes (Dactylis glomerata, Bromus inermis) and xeromesophytes (Poa
angustifolia), dominated. The share of Alopecurus pratensis, grass from the eumesophyte group, sharply
decreased. In this ecological group, Cirsium arvense and Sanguisorba officinalis L., eumesophytes from the
forb group, prevailed.

In general, the amount of forbs decreased, and the meadow vegetation was represented mainly by
grasses. The amount of legumes slightly increased. The ratio of the ecological groups in terms of trophicity
virtually did not change; in terms of moisture, the amount of xeromesophytes increased, and the mesophyte
group became dominant. These changes indicate increased moisture conditions. Under such conditions, the
most competitive were grasses, mesophytes, which was earlier reported for other xeromesophilic-mesophilic
meadow phytocenoses [Shepeleva, 2019].
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In 2021, the aboveground phytomass slightly increased, mainly due to the mortmass, and the number
of species decreased. Two species, Bromus inermis and Poa angustifolia, dominated in the meadow
vegetation, and the amount of xeromesophyte Carex praecox Schreb. increased significantly. In general, the
share of grasses decreased, and that of forbs and sedges increased due to the increased number of eutrophic
xeromesophytes (Tables 3, 4). In 2021, the forb-grass (T1) phytocenosis was not flooded, so the aridity and
relatively low temperatures in May—June could have affected the growth of plants of this phytocenosis.

T3. Forb (elecampane) meadow. In 2017, 26 species were recorded in the meadow vegetation, and
most of them belonged to the forb group, which phytomass attained 89.6%. Sedges (Carex praecox) and
legumes (Lathyrus pratensis L.) were sporadic. The share of grasses (Poa angustifolia, Elymus repens,
Bromus inermis, and Melica nutans L.) was about 10%. The total aboveground mass was 560.7 g/m?; the
share of the dead phytomass exceeded 50%, and the vegetation mass was 250.1 g/m®.

The ecological group of permesotrophic xeromesophytes dominanted in the community and included
the main dominant species — Pentanema salicinum (L) D. Gut. Larr., Santos-Vicente, Anderb., E. Rico &
M.M. Mart. Ort. The codominant group included subeutrophic mesophytes, mainly representatives of short-
rhizome plants (Geranium pratense).

In 2018, the total aboveground phytomass increased (652.4 g/m?), with the share of the dead part being
only 17.3%. The weather conditions of that year were apparently more favorable for decomposition of plant
residues and for plant growth (green part of 539.6 g/m?), which was probably due to the cool rainy weather
in early summer.

The number of species in the meadow vegetation decreased slightly (24 species); the ecological
structure did not change; xeromesophytes, permesotrophs, and subeutrophs remained dominant. At the same
time, the amount of moisture-loving species from mesophyte and eumesophyte groups increased; the share of
these groups was 29% and 16%, respectively, which indicates increased moisture conditions. In the
mesophyte group, the amount of Bromus inermis increased (up to 10%), and in the eumesophyte group, the
amount of Sanguisorba officinalis increased (up to 12%). In general, increased moisture conditions increased
the aboveground phytomass.

In 2019, the meadow vegetation included 29 species except for the main dominant Pentanema
salicinum; the dominant species were Thalictrum simplex L. and Sanguisorba officinalis (Table 3). The share
of Poa angustifolia, Tanacetum vulgare.L. Hieracium umbellatum L., and Equisetum arvense was relatively
large (3-5%). Other species were sporadic. The live to dead part ratio of the aboveground phytomass was
approximately similar. Forbs dominated in the biological groups, and xeromesophytes and permesotrophic
mesophytes prevailed in the ecological groups (Table 4).

In 2020, the aboveground phytomass and the number of species in the meadow vegetation increased.
Pentanema salicinum and Thalictrum simplex remained dominant, and the amount of Thalictrum simplex
even increased. The ratio of biological groups in the meadow vegetation did not change significantly. The
hydroecological structure showed a decreased number of xeromesophytes and eumesophytes, whereas the
amount of mesophytes increased. The trophoecological structure did not change. The change in the structure
of the meadow vegetation indicated slightly increased moisture conditions.

In 2021, the groundwater level during the flood period increased, and during dry and cool spring, it
had a positive effect on the growth of the aboveground mass, and the amount of grasses and legumes. The
total number of species and the amount of forbs decreased slightly. Phleum pratense L. was also among the
dominant species in the meadow vegetation. Xeromesophytes and mesophytes remained dominant ecological
groups in terms of moisture; however, the amount of moisture-loving eumesophytes increased, and the share
of eutrophs grew among the trophic groups (Tables 3, 4).

The fallow origin was evidenced by the dynamics of the elecampane phytocenosis, when increased
moisture conditions in 2020 naturally increased not only the grass (Shepeleva, 2019), but also the forb share
in the meadow vegetation. Only two wet years after the extreme drought, the amount of grasses and legumes
started to grow, yet the phytocenosis retained its forb status.

T4. Forb-soddy-sedge meadow located on the slope of the crest was not flooded by hollow waters in
2019, it was flooded for about 10 days in 2020, and the flood lasted for 2030 days in 2021.

In 2017, 21 species were recorded in the meadow vegetation. The total aboveground phytomass
attained 659 g/m?, plant litter accounted for 51.3%. The dominant species was Carex cespitosa L. (43.5%),
and Phalaroides arundinacea codominated (10.3%). Calamagrostis purpurea, Veronica longifolia L.,
Anemonastrum dichotomum (L.) Mosyakin, and Pentanema salicinum were observed in significant amount
(6-9.6%). The representatives of legumes, Vicia cracca L. and Lathyrus pratensis (3.5%), were found in the
meadow vegetation.
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The hydroecological structure of the phytocenosis was dominated by subhydrophytes (60%) and
mesophytes (14.5%). In the ecological groups, in terms of soil fertility, subeutrophs and permesotrophs
prevailed. The predominant biological group was sedges (45%), and the share of grasses accounted for about
18% (Table 3).

In 2018, 27 species were recorded in the meadow vegetation. The total vegetation mass was 583.2
g/m? and the green mass accounted for 574 g/m® The share of grasses increased (51.3%), especially
Calamagrostis purpurea Trin., while the amount of sedges was observed to decrease. In the ecological
structure, three groups of species dominated in terms of moisture — subhydrophytes, hydromesophytes, and
mesophytes. Eutrophs, subeutrophs, permesotrophs, and mesoeutrophs were dominant in terms of soil
fertility, their ratio being virtually similar. All this indicates favorable conditions for development of this
community in 2018.

The year of 2019 was less favorable. The live part of the aboveground phytomass decreased, its dead
part increased correspondingly (57.4%), and the number of species decreased slightly. A total of 24 species
were recorded, and the live part of the phytomass attained 300 g/m?. The main dominants were reedgrass and
soddy sedge. Sanguisorba officinalis, Cirsium arvense, and Phalaroides arundinacea Rausch were found in
significant amount (3-6%). The representatives of legumes, Vicia cracca and Lathyrus pratensis, were
sporadic.

The hydroecological structure of the phytocenosis was dominated by hydromesophytes (46.5%),
subhydrophytes (35%), and eumesophytes (10.7%). In the ecological groups, subeutrophs and mesotrophs
dominated in terms of soil fertility. The ratio of the groups indicates drainage and depletion of the habitat.
Grasses were the predominant biological group, sedges accounted for about 29%, and forbs were abundant
(Table 3).

In 2020, the number of species grew up, and the amount of Phalaroides arundinacea increased — it
became one of the main dominants. In the forbs group, the amount of Cirsium arvense and Thalictrum
flavum L increased. Apparently, the increased amount of Phalaroides arundinacea and large forb species in
the meadow vegetation caused an increase in the aboveground phytomass. No significant changes in the
ecological structure of the phytocenosis were observed. The change in the ratio of biological groups was
more significant; the amount of grasses and forbs increased, while the share of sedges decreased. Probably,
in this phytocenosis, the increased moisture conditions induced the potential changes of the previous year.

In 2021, the state of the soddy-sedge phytocenosis changed insignificantly: the dominant species, the
productivity of the meadow vegetation, and the number of species did not change. The amount of soddy
sedge and the number of species from the groups of moisture-loving hydromesophytes and subhydrophytes
increased. Apparently, due to the long water stagnation, the conditions for decomposition of the aboveground
mortmass worsened and its amount increased.

T2. Reedgrass-sedge meadow is located in the lower flat part of the slope near the lake. In 2019, the
area was not flooded. In 2018 and 2020, it was flooded for about 30 days, the longest flood lasted more than
30 days in 2021.

In 2017, 11 species were recorded in the meadow vegetation. The total aboveground phytomass
attained 672.2 g/m?, with the share of mortmass equal to 34%. The dominant species were Calamagrostis
purpurea and Carex atherodes Spreng. (Table 3). Thalictrum flavum prevailed (4.7%) among forbs.
Legumes (Vicia cracca, Lathyrus palustris L.) were sporadic. The ecological structure of the meadow
vegetation was dominated by mesotrophic hydromesophytes and eutrophic aerohydrophytes.

In 2018, the number of species increased to 17, and the phytomass was 696.2 g/m® (mortmass
accounted for 28%). Sedge species, in particular Carex riparia Curt., C. atherodes, and C. cespitosa, began
to prevail, with the share being equal to 72.6%. The amount of grasses (Calamagrostis purpurea,
Phalaroides arundinacea) reduced to 16%. The ecological structure exhibited an increased amount of
moisture-loving aerohydrophytes and subeutrophic subhydrophytes (Table 4), which was probably due long
water stagnation and soil degradation.

In 2019, 10 species were recorded in the meadow vegetation. The total aboveground phytomass was
1141.6 g/m? with the share of dead plant material equal to 69% (Table 3). The dominating species were
Calamagrostis purpurea, Carex atherodes, and Phalaroides arundinacea. The amount of Carex cespitosa
was negligible (8%). Other species were found sporadically. The ecological structure of the meadow
vegetation was dominated by hydromesophytes and mesotrophic subhydrophytes, with the amount exceeding
50%.

In 2019, the reedgrass-sedge phytocenosis was apparently affected by arid conditions, which
hampered the growth of moisture-loving sedges. Grasses suffered to a lesser extent and dominated in the
meadow vegetation. Yet, the number of species and the live aboveground mass of the phytocenosis
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decreased significantly compared to the previous year, and the share of the dead aboveground mass increased
(Table 3).

The increased moisture conditions in 2020 led to a 2-fold increase in the aboveground phytomass and
increased the share of the hydrophilic Carex atherodes in the meadow vegetation. The ratio of biological and
ecological groups in the meadow vegetation changed slightly — the content of eutrophic aerohydrophytes
increased slightly, which indicates the improved conditions of the habitat.

The autumn drought in 2020 in combination with long water stagnationin 2021 decreased the green
mass and the total number of species of reedgrass-sedge phytocenosis, while the total aboveground mass
increased due to the mortmass. The share of grasses increased significantly, especially Calamagrostis
purpurea, which, apparently, was most resistant to these conditions.

DISCUSSION

Meadows of the Middle Ob floodplain in the Tomsk region were extensively studied in 1960-1970 to
assess the forage base for development of animal husbandry. In 1980-1990, the study focus was on the
patterns of their natural long-term dynamics in order to predict year-to-year conditions in terms of
productivity and plant composition; the results were reported by L.F. Shepeleva [2019]. The studies
assessing the biological productivity of meadow ecosystems in the vast territory of the floodplain have been
and remain so far sporadic and isolated (Titlyanova et al., 1996).

At present, most of the meadows of the Kaibasovo site in the Middle Ob floodplain are not mowed,
which makes this territory appropriate for analysis of the production and destruction processes of the
meadow vegetation. The trial plots show the patterns of the dynamics of meadows of the upper (T1, T3),
medium-low (T4) and low (T2) altitude levels of the floodplain. Meadows are characterized by pronounced
year-to-year variability in the aboveground phytomass, the composition of dominant species, and the
ecological and biological structure of the meadow phytocenoses.

The changed status of the forb-grass phytocenosis (T1) was due to the dynamics of weather
conditions. The range of changes in the productivity of the meadow vegetation was the smallest (Fig. 6)
owing to good adaptation of the phytocenosis to these conditions. This is due to the variety of vegetatively
mobile long-rhizome grasses from the ecological groups of xeromesophytes, mesophytes and eumesophytes,
which are able to develop new shoots and maintain phytomass.

The status of other studied communities depended not only on weather conditions, but also on
meadow floods and groundwater rise. Their productivity was found to be higher, and the range of
fluctuations in the aboveground phytomass over the years was wider (on average, 2-fold). Elecampane and
forb-soddy-sedge phytocenoses exhibited the highest productivity of the meadow vegetation in the mid-
water and humid 2018, and the long-term flooded hydrophilic reed-sedge phytocenosis showed the highest
yield in wet and warm 2020 (Figs 6-8). In 2019, the phytomass of the phytocenoses (T2, T3, T4) was
relatively small due to the dry summer of 2019 and September of 2018, and no flooding effects.
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Figure 6 Changes in the aboveground biomass of meadows at the key site of Kaibasovo, 2017-2021 (a —
plant biomass; b — mortmass )
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a — distribution of green phytomass by years (F=1.45; p=0.2); b — distribution of green phytomass in the trial
plots (F=15.8; p=0.0000); ¢ — distribution of mortmass by years (F=13.4, p=0.00003); d — distribution of
mortmass in the trial plots (F=3.5, p=0.03)

Figure 7 Average biomass value in the trial plots of Kaibasovo, 2017-2019

Our results obtained on year-to-year variability of the phytomass of the meadow phytocenoses at
different floodplain altitude levels are generally consistent with previously published data on the effect of
various environmental factors on the productivity [Shepeleva, 1986; Skulkin, 1992; Tyurin, 2017, 2018;
Cherepinskaya and Shepeleva, 2017). It is shown that the effect of precipitation, air temperature, meadow
biodiversity, floods and groundwater levels (Tyurin, 2018), HTC, soil temperature, and the ecological
structure of the meadow vegetation (Shepeleva et al., 1995) on the productivity varies for different altitude
levels.

As mentioned above, virtually no data are available on the patterns of the aboveground mortmass
dynamics, which show the production and destruction processes and the carbon cycle in floodplain meadow
ecosystems. Our study results provide few data on these patterns. In the extremely dry and hot year of 2019,
without meadow floods, a large amount of dead plant residues was found on the soil surface in the studied
meadow phytocenoses (Table 3, Fig. 6). This combination of environmental factors seemingly hampered not
only the development of meadow vegetation, but also the decomposition of mortmass. The study
[Productivity of meadow communities, 1978] showed that the increased amount of dead plant residues was
due to summer droughts. In wetter conditions of 2020-2021, these communities exhibited grassland
restoration and phytomass growth.

116



1000

900

800

400

green phytomass, g/m?
@0
=]
3

300

100

200 %‘

o Mean
L] Mean£SE

550

T3 T4
trial plots

T2

T Mean+2*SD
o Outliers

= Extremes

+ Median

500
450
400

350 T

300

250 l

200

green phytomass, g/m?

150

a Mean
[ MeanzSE
T Meanz2*SD

T

1200

T3 T4
trial plots

T2

o Outliers
* Extremes
+ Median

1000
800

600

400 T

200 7

green phytomass, g/m?

Do

o Mean
[ ] Mean+SE
T Meanz2"SD

e

T3 T4
trial plots

T2

o Outliers
= Extremes
+ Median

green phytomass, g/m?
@ N @ @ ~ @ ©
[=3 (=] [=] [=] (=] (=3 (=]
3 3 3 3 38 3 3

(S}
1=}
S

=]
S

900

800

700

@
=
=

green phytomass, g/m?
P [5.]
3 =
= a

300

200

o Mean
[] Mean+SE
T Meanz2"SD

T T3 T4 T2
trial plots

100

T T3 T4 T2
trial plots

o Outliers
* Extremes
+ Median

o Mean
Mean+SE
T Mean£2*SD
o Oulliers
* Extremes

+ Median

a — average biomass, 2017, g/m?; b — average biomass, 2018, g/m* ¢ — average biomass, 2019, g/m? d —
average biomass, 2020, g/mz; e — average biomass, 2021, g/m2

Figure 8 Distribution of green phytomass in the trial plots, 2017-2021

We assume that wet years provide most appropriate conditions for the decomposition of mortmass in
the studied phytocenoses. The dry conditions of 2019 were not favorable for plant material destruction,
which was most evident at the highest and lowest altitude levels of the floodplain (phytocenoses T1 and T2).

The warm and humid spring of 2020 accelerated the decomposition of mortmass (Fig. 6), while the

dry autumn and dry, cool conditions at the beginning of the growing season of 2021 caused its accumulation
on the soil surface.
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Changes in the ecological and biological structure of phytocenoses during relatively wet 2020-2021
indicate the improved moisture and nutrition conditions, which was evidenced by the increased share of
hydrophilic and eutrophic species in the meadow vegetation.

The structure of the meadow vegetation in 2020-2021 was affected by the arid conditions of the
previous year. In particular, in 2020-2021, the elecampane phytocenosis (T3) exhibited the increased mass
of drought-resistant xeromesophytes and mesophytes, whereas the soddy-sedge phytocenosis (T4) showed
the increased amount of grasses and the decreased share of sedges.

It should be noted that the average values of the phytomass and aboveground mortmass obtained in
this study differ from those published for the Ob floodplain [Titlyanova et al., 1996], in particular, the
mortmass exceeds the phytomass 2-fold. This rather corresponds to the conditions of steppe meadows and
steppes [Biological productivity..., 1988; Grass Ecosystem Productivity: Handbook, 2020]. The latter may
be due to the fact that the floodplain area at the Kaibasovo site has existed for about 50 years in the regime of
the regulated flow of the Ob river, and the meadows of the upper altitude levels are flooded only in
extremely high-water years. In addition, the so-called preservation regime currently established in large areas
of the Ob floodplain also contributes to accumulation of the aboveground mortmass [Zvereva, 2022].

CONCLUSIONS

The dynamics of the meadow vegetation at the Kaibasovo site in the Ob floodplain is strongly affected
by weather conditions in the current and previous years, including floods and groundwater levels, which is
evidenced by changes in the aboveground mass, the ratio of dominants, and the ecological and biological
groups in the meadow vegetation.

The increased moisture conditions increase the aboveground phytomass of the communities in the
upper and middle altitude zones, increase the phytomass, and decrease the share of dead plant matter. Aridity
leads to accumulation of dead plant residues, decreases the vegetation mass, and increases the share of forbs
and grasses.

The productivity of medium-low and low sedge phytocenoses is observed to grow in years with
floods. In this case, the amount of moisture-loving grasses and sedges increases. Dead plant matter is
accumulated in dry years.
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The question which is being asked is, “Is it Time for Planet B?” (Video: https://vimeo.com/763421741
and https://vimeo.com/763152017); it seems that the quest is in the air, and on everyone’s lips; this is
primarily due to the sense of an impending imminent doomsday—the demise of human race. This doomsday
scenario has already been put forward by the Late Professor Stephen Hawking; in fact, he pointed out:
“humanity might have as little as 100 years before needing to leave Earth.” In other scenarios eco-scientists
point out that the situation does not have to be so dire, they declare that we should proactively take care of
this world’s ecosystems, S0 as to sustain the environment.

Humanity’s problems are twofold: first there is the question of overpopulation and then there are
pressures imparted on the environment. So, a pertinent question to ask is: “should we continue to pursue this
pipe-dream about going to inhabit Planet B, or should we attempt to mitigate the damage we are doing to our
present environment?” If one were to carry out thought experiments on the pros and cons of travelling to
other worlds in far-flung corners of our Galaxy, they may find this to really be an illusory diversion and that
the Earth’s problems are here and now. It is akin to saying: “we have trashed our house and instead of
cleaning it, we’ll just move to a house in the nearby pristine green valley.” Who is to say we wouldn’t trash
that place also? So, shall we fall for a fallacy by thinking that we can migrate to "planet B"? Do we need to
care about Earth’s sustainability? The question being asked concerns humanity’s desire to find other
habitable planets versus taking good care of Earth’s natural resources and environments, Figure 1.

IS IT TIME FOR PLANET B?

a discussion about hugatiRs loration and respasibili
~
” ‘ \
R ‘

SATURDAY 21st JANUA Y 2023
Quarry Hill Campus, Leeds City Colleg? LS2 7BS, UK
and ONLINE ‘-.Q o

Bluc . NoR( )CEL

Figure 1: Why attend NoRCEL’s Blue Earth Project? Because Earth is our only home and it matters!
The discussion will be led by six international panellists (Figure 2), each of whom will deliver a 15

minutes oral presentation. Following that there will be two types of discussions—the first one being amongst
the panellists themselves and the next including both the local and international audience.
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Figure 2: Our international panellists

This, the 2™ Blue Earth Project symposium of the Network of Researchers on the Chemical Evolution
of Life (NORCEL, https://norcel.net/), is being held at the Quarry Hill Campus of Leeds City College, as well
as online—so offering a truly hybrid experience. NoRCEL aims at fostering a global inspirational
community of original creative thinkers cutting across disciplinary confines who are keen to engage in
respectful discourse in order to explore new directions and to build collective endeavours. With “Blue Earth
Project,” we are building a bridge between the emergence and sustainability of life, the co-evolution of life
with its environment, and humankind’s responsibility for the ecosystems of our small planet. Readers may
wish to gain more insight of BEP’s endeavours by consulting our first report: The Blue Earth Project: “Is
Humanity Settling its Own Fate on Ecological Survival?” (Jheeta, et al., 2022). The 2™ BEP hybrid
symposium entitled: “Is it time for Planet B?” will be a free to attend event—to register for the event please
follow this link: https://norcel.net/bep/bep2023/ or scan the QR code.
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