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Abstract: On examples of n × 100 m2 permanent plots laid in 2005 on peatlands disturbed by
quarrying and milling peat extraction in Meshchera National Park (central European Russia), changes
in vegetation cover and environmental factors during self-revegetation, the impact of wildfire, and
rewetting are considered. Peat extraction pits are overgrown with floating mats, on which mire,
predominantly mesotrophic, vegetation is formed. Cofferdams with retained original mire vegetation
contribute to the formation of a spatially diverse mire landscape, but they can also be prone to natural
fires. The environmental conditions at the abandoned milled peat extraction sites do not favour
natural overgrowth. The driest areas can remain with bare peat perennially. Such peatlands are the
most frequent targets of wildfires, which have a severely negative impact and interrupt revegetation
processes. Alien plant species emerge and disappear over time. To prevent wildfires and create
conditions favourable for the restoration of mire vegetation, rewetting is required. With an average
ground water level (GWL) during the growing season of −5 to +15 cm, mire vegetation can actively
re-establish. Communities with near-aquatic and aquatic plants can form on flooded areas with GWL
of +30. This generally contributes to both fire prevention and wetland diversity.

Keywords: mires; wetlands; drainage; ecosystem restoration; climate; groundwater; permanent
study plots; boreal zone

1. Introduction

Peatlands are important ecosystems with high value for biodiversity conservation,
climate regulation, and human welfare [1]. They form a specific environment and play a
significant part in the regulation of climate due to their participation in the water and carbon
cycles [2]. Mires are characterised by specific biological diversity on the genetic, species,
ecosystem, and landscape levels [3]. In this paper, we follow the established approach of
using the term “peatland” in relation to an area with or without vegetation with a naturally
accumulated peat layer at the surface, and term “mire” to refer to a peatland in which peat
is currently being formed [4]. At the very least, it is assumed that the mire has vegetation
that can form peat and the excess moisture that this can provide.

However, large areas of peatlands have been drained or degraded as a result of agricul-
tural, forestry, mining and other human activities [5]. Drained peatlands, especially when
unused and abandoned, become extremely fire prone [6]. The most effective way to reduce
the environmental hazards of disturbed and abandoned peatlands is their rewetting [1].
The IPCC Special Report “Climate Change and Land” [5] notes that peatland restoration
targets the most carbon-rich lands and thus involves less area and less impact on land-use
when considering climate change mitigation and adaptation measures. Restoring peat-
lands through rewetting may significantly reduce GHG emissions [7]—even in the case of
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increased CH4 emissions [8]—reduce peat fires [9,10], and help restore biodiversity [11],
hydrological [12], and other peatland ecosystem functions [13].

Russia has the largest extent of peatlands worldwide [14], occupying more than
8%, and together with shallow peatlands (peat <30 cm), more than 20% of the Russian
territory [15]. The peatland coverage of the European part of Russia is about 6%, and taking
into account the shallow peatlands, about 17%, with almost 40% of Europe’s peatlands
located here [16]. Most peatlands in Russia are preserved in their natural state, but over
8 million hectares have been drained for agriculture, forestry and peat extraction [17].
Drained peatlands are mainly located in the European part of the country [18], and this
territory is approaching the degree of disturbance of peatlands found in other European
countries [19].

Peat extraction, which most severely destroys peatlands, has been carried out in
different regions of European Russia, but most extensively in the center: in the east of the
Moscow Region and in the neighboring parts of the Vladimir Region, including the highly
paludified Meshchera outwash lowland (Figure 1). The extraction of fuel peat here was
of key importance for the country during the Civil War and Foreign Intervention in the
1920s and during the period of industrialization and in the years of preceding and during
the Second World War. After peat extraction ended, the peatlands gradually swamped
themselves, especially by so-called “wet” methods that did not require intensive drainage
(hydropeat, quarry, etc.). After the 1940s, the introduction of milling, the most widely used
industrial peat extraction method in many countries, which involves intensive drainage,
demanded the reclamation of mined out deposits. This was carried out, however with a
delay, and the crisis of the peat industry in the 1990s dramatically increased the area of
abandoned milled peat fields, subsequently contributing to the large-scale peat fires of
2002 [6] and especially 2010, having disastrous consequences for the environment, economy
and human health [20].
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Figure 1. The main impacts (milling peat extraction, fires and rewetting), the impact of which is
studied on the example of peatlands in the National Park Meshchera, Vladimir region, the center
of the European part of Russia. (a) Abandoned milled peat extraction. Ostrovsky peatland. Photo
by V. Zheltukhin. (b) Grass wildfire. Tasinsky peatland. Photo by A. Vozbranaya. (c) Rewetting of
abandoned milled peat extraction fields. Orlovsky peatland. Photo by V. L’vov.

The pioneer of large-scale rewetting of fire-prone peatlands in Russia was the Meshchera
National Park. When organized, the park included both natural peatlands and those dis-
turbed by various methods of peat extraction. Work started in 2003 and confirmed the
effectiveness of rewetting in the reduction of the number and the areal extent of peat fires [6].
After the 2010 fires, the most large-scale rewetting project in the northern hemisphere was
implemented on more than 73,000 ha in 2010–2013 in the Moscow region [10]. Ongoing
monitoring has shown a decrease in the number and area of fires [10], and a reduction in
greenhouse gas emissions [21]. The main trends in vegetation development after rewetting
and elimination of fire danger were determined [10]. Monitoring methods based on satellite
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data with ground verification were used, the development of which began on the example
of peatlands in Meshchera National Park [22–24].

Revegetation of peatlands has been the subject of a large number of publications.
The vegetation of peatlands previously used for so-called “wet” peat extraction has been
studied in various countries, including Russia [25–30]. Surveys were predominantly carried
out many years after the cessation of mining and generally indicate the formation of mire
vegetation, the structure of which depends primarily on the water and hydrochemical
regime of the sites. Due to technological heterogeneities (borrow pits, excavations, re-
mains of initial surface, etc.) a mosaic of different mire/wetland habitats is often formed
after mining has ceased. Many studies, mainly up to the 2000s, have investigated self-
revegetation of cutover milled peat fields and the influence of environmental factors on
these processes [31–34]. Such intensively drained areas are poorly self-revegetated and
dry sites can remain bare for more than 15 years [35], as confirmed by remote monitor-
ing data [10,24]. These are the most frequent sites of peat fires [6,36], although post-fire
vegetation changes specifically in the burnt areas of abandoned peat mining fields are not
frequent research subjects. The main studies of vegetation dynamics in abandoned peat
extraction fields are related to their rewetting [37–42]. The pathways and dynamics of
vegetation formation after peat extraction may vary considerably, but in any case, they
require long-term observation [43,44].

In this paper, we have tried to examine the main changes in vegetation in the mined
peatlands of Meshchera National Park (Central European Russia) on the basis of long-term
observations on permanent plots. We sought to compare the vegetation of milled peat
extraction sites and those on quarried peat fields, the intervention of occasional fires and
the deliberate impact of rewetting. The focus was on the plant communities and their
spatial distribution at the study plots.

2. Materials and Methods
2.1. Study Region

Meshchera National Park is located in the center of European Russia, about 120 km
east of Moscow (Figure 2), in the west of the Vladimir Region, and adjoins the eastern
border of the Moscow Region. The area belongs to the boreo-nemoral (mixed coniferous
broad-leaved) forest zone [45]. The climate is temperate continental. The National Park lies
in the centre of the Meshchera lowland, mostly composed of outwash sands which, due to
poor drainage and excessive moisture, have been intensively waterlogged.

According to the European mire zonation, this area belongs to the “continental fen
and bog region” [46]. When the park was created in 1992, the lands of five former peat
mining enterprises were included in its territory: Baksheevsky, Tasin-Borsky, Orlovsky,
Gusevsky, and Mezinovsky. Peat is still extracted in the buffer zone of the park. The area
occupied by disturbed peatlands is 14,900 ha, 7600 ha of which were drained for milled
peat extraction. Initially there were peatbog massifs of different types and positions in the
landscape. Peat extraction was finished or stopped 40 to 25 years ago, and since 2002, the
National Park has been working on peatland rewetting to prevent peat fires and support
wetland restoration [6]. In total, more than 9000 ha were rewetted by 2022, making the park
a pioneer in large-scale rewetting of disturbed peatlands in Russia.
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Figure 2. Location of Meshchera National Park in relation to the European mire regions, the adminis-
trative boundaries of the center of European Russia: its intact mires (light green), peatlands disturbed
by peat extraction (dark green), being rewetted (blue), and the location of permanent monitoring
plots, 1–10 - monitoring plot numbers. The European mire regions are given against [19] as simplified
from [46]: II—palsa mire region, III—northern fen region, IV—typical raised bog region, V—Atlantic
bog region, VI—continental fen and bog region, VII—nemoral-sub-meridional fen region.

2.2. Study Objects and Sites

Monitoring of disturbed peatlands was organized in Meshchera National Park in
June 2005 for scientific support of rewetting [47]. Permanent test plots, hereafter referred
to as “plots” (Table 1), were laid in the peatlands: Ostrovsky (area 11,943 ha), Tasinsky
Bor (3594 ha), and Garinsky (1604 ha) (Figure 1). Areas 1–7, 9, 10 are located in the
Tasinovsky peatland, which, before peat extraction, was a complex mire system consisting
of oligotrophic sphagnum and mesotrophic grass–sphagnum mires. The depth of the
peat deposit averaged 2 m. About 80 years ago, various methods of sod peat extraction
were used here (excavator, machine-forming), after which were left pits filled with water,
separated by cofferdams. In the 1970s and 1980s the northern part of the peatland was
mined by milling peat, after which some areas were reclaimed for the creation of forest
cultures and agricultural use. In the 1990s, when mining activities ceased completely,
the abandoned drained peatland became a part of the National Park, at which point it
constituted a fire hazard, burning heavily in 1998, 2002 and 2006.
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Table 1. Location and characteristics of the monitoring plots.

Peatland Plot N Size, m Orientation Peat Depth, cm Peat Type Coordinates *

Tasinsky

1 20 × 25 NW 75 Eutrophic 55◦35′42.5′′ N; 40◦08′10.7′′ E′′

2 15 × 15 SE 200 Oligotrophic 55◦35′35.8′′ N; 40◦07′56.0′′ E′′

3 20 × 20 NE 210 Mesotrophic 55◦35′18.1′′ N; 40◦07′17.8′′ E′′

4 20 × 10 SW 90 Mesotrophic 55◦35′49.4′′ N; 40◦08′01.4′′ E′′

5 20 × 15 NNW 300 Oligotrophic 55◦35′48.9′′ N; 40◦08′18.4′′ E′′

6 15 × 15 SSE 250 Mesotrophic 55◦36′04.4′′ N; 40◦08′58.4′′ E′′

7 15 × 7 SE 200 Eutrophic 55◦36′07.2′′ N; 40◦09′03.0′′ E′′

9 30 × 30 NNW 175 Eutrophic 55◦34′22.8′′ N; 40◦09′36.9′′ E′′

10 20 × 20 NNW 20 Eutrophic 55◦36′06.3′′ N; 40◦09′45.1′′ E′′

Garinsky 8 20 × 25 S 30 Eutrophic 55◦43′52.7′′ N; 40◦01′21.2′′ E′′

Ostrovsky 11 20 × 40 E 350 Oligotrophic 55◦46′33.31′′ N; 40◦11′06.2′′ E′′

*—WGS84.

Plot No. 8 is located in the Garinsky peatland, which, before drainage and extraction
of milled peat, was a system of mesotrophic and meso-etrophic grass–sphagnum mires. It
burned frequently, especially in 2002, with the residual peat deposit burning out almost
completely in some places. Plot No. 11 is located in the Ostrovsky peatland, which, before
drainage, was a large system of oligotrophic sphagnum ridge-hollow raised bogs. The
deposit of the peatland is a raised bog peat, 4–6 m deep. In the 1980s, it was prepared for
milled peat extraction, but was never used, after which it burned frequently, especially
strongly in 2002 and 2010.

The selected plots reflect the characteristic impacts of peat extraction (Table 2) and,
at the time of selection in 2005, represented different types of ecological-vegetation com-
plexes representing stages of vegetation regeneration succession [47] with a wide range of
plant communities (Figure 3). Swamp complexes were formed in waterlogged peat pits,
where sod peat extraction was completed 50–60 years ago, and represent various types
of sphagnum communities, occupying more than 50% of the area of the pits. Forest-mire
complexes are characteristic of quarries developed more than 80 years ago by hand-cut
peat extraction. The centres of the quarries were occupied by swamp grass–sphagnum
and grass communities, and the high sides by forest vegetation. Hygrophilous-quagmire
complexes are formed in the rewetted areas of milled fields, where groundwater levels
(GWL) can fluctuate from +20 above to −40 cm below the surface due to its unevenness.
Lakes and coastal-water ecological-vegetation complexes occupy rewetted areas of milling
fields. Pools are located in the central part of the fields with coastal-water complexes on
the edges of the pools. When the GWL increases, the pools may merge with each other and
form a large body of water.
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Table 2. Previous economic use; type of ecological-vegetation complex and its characteristics at the
beginning of monitoring; numbers of permanent plot.

Use
Ecological-
Vegetation
Complex

Dominant Plant Species Peat Depth, m GWL, cm Plot No.

Sod peat
extraction Mire

Pinus sylvestris, Vaccinium
uliginosum, Chamaedaphne

calyculata, Eriophorum vaginatum,
Sphagnum fallax

2.15–3

Ditch edge
−20 . . . −50

Main surface 0–15
Pool > +50

5, 6

Forest-mire

P. sylvestris, Ledum palustre, V.
uliginosum, Calla palustris,

Comarum palustre, Sphagnum
riparium

2

Ditch edge
−40 . . . −70;
Main surface

0 . . . −5

7

Peat milled
extraction

(sub-
merged)

Hygrophilous-
quagmire

Eriophorum angustifolium, C.
palustris, Carex canescens, Typha
latifolia, Sphagnum cuspidatum,

S. fallax

0.75–2.10
Main surface
−10 . . . −50;

Ditches +30 . . . +50
1, 3, 4

Water and
coastal-water

Scirpus sylvaticus, Phragmites
australis, Alisma plantago-aquatica 1.75

Pool +50 . . . 100, Main
surface
0... −50

9

Peat milled
extraction

Postpyrogenic
(peat-mineral soil)

C. canescens, Betula pubescens,
Epilobium adenocaulon, T. latifolia,

Polytrichum commune

0.1–0.2
0.75

0.1–0.3

Ditches and pits +10
. . . +30 Main surface
−10 . . . −50

8, 10 *

Postpyrogenic
(raised bog peat)

B. pubescens, V. uliginosum, E.
vaginatum, Polytrichum

juniperinum
>4 Main surface

−20 . . . −70 2, 11

*—an area with a peat thickness of 20–30 cm, which was used for turning and parking machinery, installation of
temporary structures.
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Mire  

Sphagnum carpet Chamaedaphne calyculata 
– Sphagnum fallax (No. 6)  

Pool with Sphagnum cuspidatum (No. 5)  
Quarry banks with pine–shrub communities 

Pinus sylvestris – Vaccinium uliginosum + 
Eriophorum vaginatum (No. 5) 

   
Forest-mire 

Quarry plant community Calla palustris – 
Sphagnum riparium (No. 7) 

Quarry bank with pine–shrub 
communities P. sylvestris – Ledum palustre 

(No. 7) 

Quarry plant community Comarum palustre 
– S. riparium (No. 7) 

 
Figure 3. Cont.
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Hygrophilous-quagmire 

Ditch with C. palustris + Typha latifolia  
(No. 1) 

Peat quarry with Carex pseudocyperus 
(No. 1) 

Peat quarry with T. latifolia (No. 3) 

   
Water and coastal-water 

Submerged tree vegetation (No. 9) Submerged willow–reed communities 
Floated peat with Carex pseudocyperus 

(No. 3) 

   
Postpyrogenic (raised bog peat) 

Burned peat (No. 2) Burned peat with single plants (No. 11) Willow tea next year after the fire 

   
Postpyrogenic (peat-mineral soil) 

Community Betula pubescens – Salix cinerea 
- Calamagrostis epigejos – Polytrichum 

juniperinum (No. 10) 

Community B. pubescens – Agrostis gigantea 
+ Rumex acetosella (No. 10) 

Community B. pubescens –S. cinerea – C. 
epigejos (No. 8) 

Figure 3. Cont.
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Figure 3. Characteristic types of plant communities represented in the studied peatlands. The
numbers in-dicate the monitoring plots.

Post-pyrogenic complexes are formed on burnt areas after severe fires, with the vege-
tation cover completely destroyed. Depending on the condition of the peat deposit, it was
possible to distinguish post-pyrogenic complexes on peat-mineral and peat soil. The first
ones develop in the areas of milled fields and production territories, where insignificant
peat layers, less than 0.5 m in thickness, are preserved. As a rule, they are formed by
low-mire peats with significant mineral inclusions. The latter are formed on heavily burnt
areas of milled fields with peat thickness over 0.5 m.

2.3. Climatic Data

For the analysis of climatic conditions for the study period (2007–2021), meteorological
data were used according to the site [48] for the nearest weather station to the Meshchera
National Park, located in the town of Gus-Khrustalny. Average values for Gus-Khrustalny
for the period 1981–2010 were taken from the site of the Hydrometeorological Research
Center of Russian Federation (Hydrometcenter of Russia) [49].

2.4. Environment Monitoring

Monitoring of the ground-water levels (GWL) was organized in 2007. Perforated
plastic tubes with a diameter of 6 cm were installed in the peat and ground. Two wells
(1.1 and 1.2) were installed on plot No. 1 for the monitoring of GWL due to the unevenness
of the terrain. The measurements were carried out year-round, once every 2 weeks. In
parallel with GWL measurements, water has been sampled every 2 weeks since 2009 to
measure temperature, pH, and conductivity. A Hanna HI 98130 COMBO portable pH
meter/conductometer/thermometer is used. Since 2014, the iron content of the peat pore
water has been determined once per quarter. A Hanna HI 96721 portable photometer is
used for the measurement, made in the laboratory on the day of sampling. Since 2008,
annual measurements of water storage in snow before snow melt in late February-early
March have been performed on the plots.

2.5. Vegetation Studies

The vegetation cover of the plots was described by common geobotanical methods [50–52].
The spatial structure of the vegetation cover was presented using the traditional Russian
large-scale vegetation mapping ecological-phytocoenotic (dominant) approach [53]. The
research data were entered into the electronic passport of the plots. Plant species were
identified using regional handbooks [54–56].



Diversity 2023, 15, 3 9 of 37

2.6. Sites Characteristics

The thickness of the peat deposit was determined with the Russian Peat Sampler. Peat
samples were taken to determine the botanical composition and degree of decomposition
in the sample areas prior to monitoring.

3. Results
3.1. Climatic Conditions over Study Period

Analysis of mean annual temperatures for the observation period (2006–2020) shows
increases relative to 30-year averages (1981–2010) (Table 3). The warmest years were 2020,
2008, 2015, and 2019. Monthly average temperatures increased for the summer months,
May and September, and partly for April and October. At the same time, most of the years
were characterised by lower average monthly temperatures in winter and part of March.

Table 3. Average monthly and mean annual air temperature for the observation period and their
average values for the 30-year period (1981–2010). The colour intensity indicates the degree of
negative (blue) or positive (orange) deviation from the average temperature values.s.

Month
Year I II III IV V VI VII VIII IX X XI XII Annual

Mean
2007 −12.6 −15.2 −4.7 5.4 12.3 18.7 16.8 17.1 12.6 5.9 1.04 0 4.77
2008 −9.2 −2.9 1.2 9.1 11.3 15.3 19.5 17.9 10.2 8.1 1.6 −3.2 6.57
2009 −7.5 −6.4 −1.7 3.7 13.8 17.9 18.9 15.9 13.6 5.3 0.76 −8.3 5.49
2010 −16 −9.7 −2.4 7.4 16.8 18.9 25.6 21.3 11.1 3.2 1.9 −8.4 5.80
2011 −9.6 −13.2 −3.7 4.9 14.3 18 22.7 18.8 11.1 5.8 −1.9 −1.7 5.45
2012 −8.3 −12.8 −4.1 7.7 14.8 17.3 20.5 17.4 12.3 6.6 0.7 −9.4 5.22
2013 −9.8 −5.0 −7.0 5.7 16.2 19.4 19.0 18.1 10.3 5.6 2.8 −2.7 6.05
2014 −10.1 −3.5 1.3 6.0 15.8 15.5 19.8 18.4 11.4 2.4 −2.7 −4.5 5.81
2015 −6.5 −3.4 0.4 5.12 15 18.1 18.0 16.2 13.9 3.1 −0.7 −1.2 6.50
2016 −11.3 −1.3 −0.4 7.8 14.3 17.6 20.4 19.5 10.0 3.9 −3.3 −6.8 5.86
2017 −9.7 −5.9 1.6 5.3 10.4 14.2 17.7 18.0 12.5 4.6 −1.3 −1.0 5.53
2018 −6.1 −11 −7.1 6.5 15.3 16.6 20.3 18.6 13.2 6.0 −2.3 −7.4 5.21
2019 −9.0 −3.2 −0.6 6.8 16.0 18.8 16.3 15.4 11.0 7.8 −0.5 −1.1 6.47
2020 −1.3 −2.0 3.0 4.0 11.6 17.8 19.3 16.6 12.8 7.6 0.5 −7.5 6.86
2021 −6.9 −13.7 −3.0 6.8 14.7 20.2 21.8 20.0 9.4 5.5 1.1 −8.5 5.61
1981–
2010 −8.0 −7.9 −2.1 6.0 12.9 17 19.2 16.8 10.9 4.8 −2.2 −6.61 5.06

There are years with relatively lower amounts of precipitation—2020 (487.7 mm, 73.6%
of the norm), 2018 (522 mm, 78.8% of the norm), and 2011 (556 mm, 83.0% of the norm)
(Table 4). There were also slightly wetter ones: 2008 (824.9 mm, 124.6% of the norm), 2006
(760 mm, 114.8% of the norm), and 2009 (715 mm, 108% of the norm). Warm seasons
(April-October) account for 2/3 of precipitation on average. In dry years with minimum
average annual precipitation, its reduction is mainly due to reduction of precipitation
falling out in the warm season, which often leads to droughts and, as a consequence,
to wildfires.
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Table 4. Average monthly and annual mean precipitation for the observation period and their average
values for the 30-year period (1981–2010). Dark and light green shows the deviation towards higher
or lower precipitation values.

Month
Year I II III IV V VI VII VIII IX X XI XII Annual

Mean
2007 38.0 41.1 36.3 44.2 86.3 27.8 119.2 90.3 56.3 66.4 99.8 54.6 760.3
2008 27.7 44.3 117.0 36.1 102.0 93.5 102.0 97.7 70.7 49.3 5.5 32.6 778.4
2009 43.4 38.2 42.3 30.2 21.7 86.2 80 80.9 31.4 153.7 58.0 49.1 715.1
2010 24.3 41.6 22.7 27.4 120.0 47.2 1.0 49.2 40.4 55.3 78.9 84.3 592.3
2011 53.7 33.0 45.2 36.9 20.4 22.7 89.5 13.7 70.1 36.1 66.1 69.4 556.8
2012 73.3 31.9 41.8 89.2 41.8 139.1 33.5 57.0 0 0 50.3 61.9 619.8
2013 33.2 21.0 77.0 46 55.8 33.8 91.1 33.1 185.2 34.9 39.4 42 692.5
2014 41.9 26.1 18.9 15.3 33.2 130.7 24.9 68.5 16.8 61.6 20.6 71.1 529.6
2015 53.5 34.8 4.7 42.6 60.5 127.7 45.3 49.7 28.7 31.8 31.4 50.8 561.5
2016 90.7 52.2 32.4 46.1 41.6 42.4 82.2 60.4 49.3 15.0 64.3 41.1 617.7
2017 31.0 34.2 42.0 37.4 54.9 80.8 96.5 36.8 64.5 89.6 55.0 88.5 711.2
2018 28.9 22.9 34.6 69.8 33.9 34.8 67.6 50.4 52.5 56.3 20.7 49.6 522.0
2019 37.4 40.0 46.6 25.9 49.4 50.8 78 89.9 42.2 84.3 26.9 30.3 601.7
2020 47.3 27.1 28.1 50.2 77.4 47.6 100 14.3 27.1 27.5 23.4 17.3 487.3
2021 76.0 60.0 33.0 94.0 73.0 36.0 14.0 49.0 91.0 30.1 81.0 72.0 709.1
1981–
2010 47 38 34 41 46 81 68 66 58 72 55 56 662

Climatic conditions of the observation years were different. Winter 2006/2007 was
relatively warm (tmean −4.9 ◦C), with mean precipitation (191 mm); spring came early,
with low precipitation (94.5 mm); and summer was relatively warm (tmean +18.8 ◦C),
predominantly sunny, with low precipitation (122 mm). The winter of 2007/2008 was warm,
with most precipitation in February (104 mm); spring came early with heavy precipitation
(225 mm); and summer was warm, with precipitation of 283 mm. The winter of 2008/2009
was warm, with little precipitation (114 mm); spring arrived at an average time during
the year, precipitation was 94 mm; and summer was average in rainfall (247 mm). In
July–August 2010, due to the extensive anticyclone air temperatures in the European part
of Russia, the temperature reached up to record values [57]. The average July temperature
was above the long-term average by 4 ◦C, and August by 4.5 ◦C, while the maximum
temperatures were 36.7 ◦C in July and 37.7 ◦C in August. Precipitation was the lowest in
the study period, 97.4 mm, representing 45% of the norm. The winter of 2010–2011 was one
of the coldest (tmean −10.4 ◦C) and snowiest, with 171 mm of precipitation compared with
141 mm of the norm. Spring 2011 arrived late and was cool (tmean +5.6 ◦C), with average
precipitation (102 mm). The summer of 2011 was hot and dry, with average temperatures
6.3 ◦C above normal, and total precipitation was 125.9 mm (58.5% of the norm).

The winter of 2011/2012 was cold and snowy (tmean −7.6 ◦C, with an average precipi-
tation of 144 mm), spring was very late and rapid in the first half with high precipitation
(172.8 mm), and summer was not as hot and dry as in 2010 and 2011. The winter of
2012/2013 was relatively warm, with several thaws, and average precipitation (116.1 mm).
Spring was very late and short-lived, with significant precipitation of 229.6 mm (147%
of normal). June was hot with many “dry” thunderstorms; the first half of July was dry
and hot, and the second half experienced high precipitation and relatively low tempera-
tures, and August was relatively warm with little precipitation. The winter of 2013/2014
was warm with little precipitation (107 mm—75.8% of normal). Spring was early, warm,
and sunny, with very little precipitation (67.4 mm). Summer was warm, sunny and dry
(224.1 mm). Winter 2014/2015 was quite warm and snowy, with frequent thaws and with
average levels of precipitation. The summer was sunny and warm (tmean +17.4 ◦C, pre-
cipitation 222.7 mm, 132% of normal). Winter 2015/2016 had high precipitation (194 mm,
tmean −4.6 ◦C), with regular above-zero temperatures in December and February. Spring
arrived on time with average precipitation and temperature (107.8 mm, tmean +6.8 ◦C).
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Summer was warm with regular and abundant precipitation, especially in the first two
months (185 mm, tmean +19.1 ◦C).

The winter of 2016–2017 was relatively warm (tmean −7.4 ◦C), with little precipitation
(106.2 mm). Spring had high precipitation (134 mm) in March and May. Summer was cool
and rainy (214.1 mm, tmean +16.6 ◦C). The first half of winter 2017/2018 was warm, with
lots of precipitation; the second half was frosty with little precipitation (104.3 mm, tmean
−5.9 ◦C). Spring was very late and prolonged, with little precipitation and an average
background temperature (138.3 mm, tmean +14.7 ◦C), while summer was quite warm and
dry (152.8 mm, tmean +18.5 ◦C). Winter 2018/2019 was warm with average precipitation
(104.3 mm, tmean −6.5 ◦C). Spring was early, the first half with precipitation, the second
half sunny and warm (121.9 mm, tmean +7.4 ◦C). Summer was quite warm, with average
precipitation (218.7 mm, tmean +16.8 ◦C). Winter 2019/2020 was very warm, with constant
thaws and little precipitation (104.1 mm, tmean −1.4 ◦C). Spring was early, with high
precipitation (155.7 mm, tmean +6.2 ◦C). Summer was cold and rainy at the beginning,
warm in the middle and end, with average precipitation (162.3 mm, tmean +17.9 ◦C). Winter
2020/2021 was relatively warm (153.3 mm, tmean −9.3 ◦C). Spring was average in timing,
with average precipitation (200 mm, tmean +6.1 ◦C). Summer was very warm, with average
precipitation and a dry July.

3.2. Study Sites Environmental Conditions

Water storage in snow affects the moisture content in the soil during the spring period;
the conditions of plant development in the initial vegetation period; to a certain extent, the
development of fires, especially in case of their occurrence; conditions of burial in the soil;
and transition of grass wildfires into peat fires. According to measurements, water storage
in snow before snowmelt was highest in 2012 and 2021 (Figure 4). The minimum values
were observed in 2008, 2009, and 2018, although some plots vary from the general trend.
While precipitation in the form of snow is generally the same for the entire study area, its
transport by wind and loss by evaporation during the winter may differ significantly. This
is related to the difference in storage between different plots in the same year.
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Figure 4. Water storage in snow on the sample areas (mm) for the observation period.

GWLs determine the moisture content of the root zone, conditions of vegetation
development, and the level of fire hazard. A significant increase in GWLs during the
growing season of 2008 was due to the large amount of precipitation in the spring and
summer period (Figure 5). A sharp increase in GWLs at plot No. 3 (Figure 6) occurred
after rewetting activities were conducted. In 2009, all plots showed a decrease in the
GWLs during the growing season, which is explained by scarce precipitation and low
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water storage in snow. 2010 was marked by abnormally high summer temperatures and
catastrophic fires in July and August, although GWLs were quite high in early summer due
to spring and early summer precipitation (194 mm and 65 mm, respectively). Additionally,
rewetting activities were carried out on the Tasinsky peatland, which contributed to the
rise in GWLs on plots No. 1, 3, 4, and 9. During the hot, dry summer of 2011, a significant
decrease in the GWLs was observed everywhere. In 2012, GWLs increased, except for plot
No. 2. Water storage in snow was at the maximum for the whole period of observation,
also, precipitation in spring and summer was higher than the norm.
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Figure 6. Average GWLs during the growing season (May−August) for the observation period on
the monitoring plots affected by rewetting.

In 2013, there were no clear trends in GWL changes. In 2014, the GWLs decreased for
rewetted plots, while there were no particular changes at other plots. This was also the case
in the following years: 2015, 2016, and 2017. In 2018, there were decreases in GWLs across
all plots, which is attributed to minimal water storage in snow and low precipitation in the
first two summer months. However, for flooded plots No. 5, 6, and 7, whose GWLs were
close to natural, this decline was smoother. In 2019, there were slight increases in GWLs for
most plots (exception No. 3), and there were no apparent changes in 2020 and 2021.

For the plots related to the rewetted areas (No. 1, 3, 4), the GWLs in the growing
season during the years of observation were almost always higher than the soil surface and
did not fall below −5 cm. Plots No. 5–7 belong to the quarry sites. Their vegetation cover is
close to the natural one. Here, the GWLs did not fall below −10 cm, which corresponds to
the GWLs in natural mires. The exception was the anomalous year of 2010. The minimum
values of GWLs were on plots No. 2, 8, 9 and 10. For these plots, sharper fluctuations of the
GWLs depending on external factors (water storage in snow, precipitation) are typical. Plot
No. 9 was also in the rewetted area, but the well was installed 15 m to the south, and we
installed an additional well in 2020.
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The average pH values during the growing season at the monitoring plots ranged from
6.8 to 3.56 (Figure 7). At the peat quarrying sites (No. 5–7), where the wells were installed
in sphagnum moss communities, the average pH values were 4.69–4.9. The maximum
(neutral) pH values were on the plots where there was no peat: No. 8 was fully worked,
and No. 10 is located on the edge of the peatland where no peat was extracted, but where
only machinery was based. Neutral pH values (6.6–5) were also present at No. 3 (an open
pool without sphagnum mosses). The other sites in the rewetted area had lower pH values,
which, in our opinion, can be explained by the presence of sphagnum mosses (No. 1 and 4).
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Figure 7. Pore-water pH values in wells during the growing season (May–August) for the observa-
tion period.

Changes in pH values from year to year are traced. On the majority of plots there
was a sharp decrease in pH values in 2010, a slight increase in 2011 and 2013, a sharp
increase in 2013, and then again in 2016. 2017 saw a shape decrease, followed by a slight
increase in 2018, and finally a decrease in pH in 2021. These trends relate to the amount of
precipitation: the less precipitation fell during the growing season, the lower pH values,
and vice versa; in the case of abundant precipitation, the average pH values increase.

The average values of electrical conductivity during the growing season on the moni-
toring plots varied generally within a wide range from 4 to 344 µS cm−1 (Figure 8). The
maximum values were observed at plots No. 2, 8 and 10. These were the plots with
the lowest values of GWL during the vegetation period. It is relevant to note that forest
communities are forming at these sites. Sites with the lowest values of conductivity were
plots No. 1, 5 and 6. At plot No. 1, where two wells for GWL monitoring were installed
due to relief irregularities, electrical conductivity values within one site (wells 1.1. and 1.2)
differ significantly. Electrical conductivity values of ≥50 µS cm−1 and ≤40–50 µS cm−1

can serve to divide peatlands into “rich” and “poor” [58] and are used in particular by the
IPCC for rewetted peatlands [59].
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Figure 8. Water electrical conductivity in wells for GWL measurements during the growing season
(May−August) for the observation period.

The change in the average electrical conductivity values over the observation period
manifested differently. In 2011 there was a decrease in values at all plots, except for No. 1.1,
7 and 9. In 2012 there was a decrease in values at plots No. 1 and 3. In 2013 there was a
decrease at plots No. 1, 3 and 9. In 2014, at plots No. 9 and 4, electrical conductivity values
increased significantly, reaching their maximum values for the entire observation period.
In 2016, sites 4, 9, and 1.1 showed a decrease in electrical conductivity. In other periods, no
obvious changes were observed.

3.3. Vegetation Changes

Depending on the method of peat extraction, all plots were divided into quarry and
milling sites. Plots No. 5–7 belong to the areas of peat extraction by the machine-forming
method. This method of quarrying is one of the gentlest. Peat was extracted in this manner
from the peat bogs within the National Park’s boundaries until 1954, and by the beginning
of our research the process of restoring the mire vegetation, had lasted for 50 years or
more. We observed the final stage of natural restoration of mire communities. During the
study period, all sites changed insignificantly, which indicates the final stage of succession.
On plots No. 6 and 7, no significant changes in vegetation cover were observed during
the study period. The maintenance of a favorable moisture regime contributes to the
development of sphagnum moss communities (Figures 9 and 10).View of the monitoring
plots from different years of observation (Figure S1).
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Figure 9. Changes in vegetation on permanent plot No. 7: 1 Pinus sylvestris – Vaccinium uliginosum +
Calamagrostis epigejos; 2 Comarum palustre – Sphagnum riparium; 3 P. sylvestris – V. vitis-idaea; 4 Calla
palustris – Sphagnum riparium; 5 P. sylvestris – Ledum palustre; • single trees of Betula pubescens. The
colours in this and other drawings highlight the areas: light green — dominated by pine and other
conifers; dark green — dominated by deciduous trees; red — bare peat with possible sparse vegetation;
blue — open water, with possible aquatic vegetation; blue — hygrophilous vegetation, including
sphagnum mosses; yellow — grass vegetation, with possible undergrowth of trees and shrubs.
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Figure 10. Changes in vegetation on permanent plot No. 6: 1 Pinus sylvestris – Vaccinium uliginosum +
Chamaedaphne calyculata – Sphagnum fallax; 2 Phragmites australis – S. fallax; 3 C. calyculata + Oxycoccus
palustris – S fallax; 4 Carex rostrata – S. fallax; 5 C. calyculata + P. australis – S. fallax; 6 Calluna vulgaris
+ Ledum palustre + V. uliginosum – S. fallax; 7 V. uliginosum + L. palustre – S. fallax; 8 C. calyculata + C.
rostrata – S fallax.

Plot No. 5 was significantly impacted by a 2007 fire that burned the vegetation
of the central berm. In 2008, the vegetation of the berm began to recover (Figure 11).
Green mosses and introduced species Chamenerion angustifolium and Marchantia polymorpha
appeared and disappeared over time (5 and 7 years, respectively). In 2008–2013, the
growth of Betula pubescens, Vaccinium uliginosum, and Andromeda polifolia was observed.
Nine years after the fire, the vegetation of the berm has completely recovered, except for
Pinus sylvestris. Now the vegetation of the berm is represented by the community Betula
pubescens – Vaccinium uliginosum – Sphagnum fallax. During the study period, overgrowth of
the pool iwas observed through the growth of the floating mats–its area decreased from 42%
to 18.6% (from 119 m2 to 52.7 m2). Vegetation of the raveline is represented by communities
Calla palustris – Sphagnum fallax, Carex rostrata – Sphagnum fallax, and Eriophorum vaginatum –
Sphagnum fallax.



Diversity 2023, 15, 3 16 of 37Diversity 2022, 14, x FOR PEER REVIEW 16 of 37 
 

 

 
 

 
 

2005 2008 

 
    

2012 2016 

 
 

 

2021  

Figure 11. Changes in vegetation on permanent plot No. 5: 1 Pinus sylvestris – Vaccinium uliginosum 

+ Eriophorum vaginatum; 2 P. sylvestris – Andromeda polifolia + E. vaginatum – Sphagnum fallax; 3 water; 

4 E. vaginatum – S. fallax; 5 Eriophorum angustifolium + Calla palustris – S. fallax; 6 Betula pubescens – A. 

polifolia + E. vaginatum – S. fallax; 7 Oxycoccus palustris – E. vaginatum – S. fallax; 8 E. vaginatum + E. 

angustifolium – S. fallax; 9 A. polifolia + E. vaginatum; 10 B. pubescens – V. uliginosum; 11 A. polifolia + E. 

vaginatum; 12 C. palustris – S. fallax; 13 Carex rostrata – S. fallax; 14 Sphagnum cuspidatum; 15 P. syl-

vestris + B. pubescens – V. uliginosum – S. fallax; 16 O. palustris + A. polifolia + E. vaginatum – S. fallax. 

The vegetation of the former milling fields is diverse and is associated with the resid-

ual thickness of the peat deposit, site use, and GWLs. The former milling peat extraction 
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Chamаenerion angustifolium + Calamagrostis epigejos – Ceratodon purpureus appeared. Six 

Figure 11. Changes in vegetation on permanent plot No. 5: 1 Pinus sylvestris – Vaccinium uliginosum +
Eriophorum vaginatum; 2 P. sylvestris – Andromeda polifolia + E. vaginatum – Sphagnum fallax; 3 water;
4 E. vaginatum – S. fallax; 5 Eriophorum angustifolium + Calla palustris – S. fallax; 6 Betula pubescens –
A. polifolia + E. vaginatum – S. fallax; 7 Oxycoccus palustris – E. vaginatum – S. fallax; 8 E. vaginatum +
E. angustifolium – S. fallax; 9 A. polifolia + E. vaginatum; 10 B. pubescens – V. uliginosum; 11 A. polifolia
+ E. vaginatum; 12 C. palustris – S. fallax; 13 Carex rostrata – S. fallax; 14 Sphagnum cuspidatum; 15
P. sylvestris + B. pubescens – V. uliginosum – S. fallax; 16 O. palustris + A. polifolia + E. vaginatum –
S. fallax.

The vegetation of the former milling fields is diverse and is associated with the resid-
ual thickness of the peat deposit, site use, and GWLs. The former milling peat extraction
sites are represented at plots No. 1–4, 8, 9, and 11. At plot No. 2 (Figure 12), vegetation
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and the surface peat layer were completely burned in 2007. In 2008 a pioneer community
Chamaenerion angustifolium + Calamagrostis epigejos – Ceratodon purpureus appeared. Six
alien species Erigeron acris, Gnaphalium sylvaticum, Hieracium umbellatum, Lactuca serriola,
Pilosella officinarum, and Taraxacum officinale, в 2009 – Cirsium vulgare were noted. In
2009–2015 the share of Chamaenerion angustifolium and Marchantia polymorpha gradually
decreased. Chamaenerion angustifolium was replaced by Calamagrostis epigejos, and Marchan-
tia polymorpha was replaced by Polytrichum juniperinum. There was a growth of woody
plants Betula pubescens, Populus tremula, and shrub Salix aurita. In 2021 an increase in the
proportion of green mosses and the appearance of Sciuro-hypnum oedipodium was noted.
Now 80% of the site is occupied by young birch–aspen forest, and out of eight alien species,
three remained by 2018.
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Figure 12. Changes in vegetation on permanent plot No. 2: 1 bare peat; 2 Betula pubescens – Chamaene-
rion angustifolium – Ceratodon purpureus; 3 C. angustifolium; 4 Calamagrostis epigejos; 5 C. angustifolium
+ C. epigejos – C. purpureus; 6 curtains of Polytrichum juniperinum; 7 C. epigejos + C. angustifolium;
8 B. pubescens + Populus tremula.

At plot No. 10 (Figure 13), Pinus sylvestris and Frangula alnus were observed to grow
in 2008, and the growth of Betula pubescens and Salix cinerea was noted. In the spring of
2009, the vegetation of the canal zone and the main surface area suffered from fire. The
number of Betula pubescens and Salix cinerea decreased in the vegetation cover of the near
ditch and of the main surface. Species new to the site, such as Gnaphalium sylvaticum,
and Molinia caerulea, were noted in the canal area. On the main surface, the projective
cover of Chamaenerion angustifolium and Marchantia polymorpha increased. Vegetation of
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the watered canal changed to Carex rostrata + Comarum palustre, and the new species
Carex diandra, C. juncella, Ranunculus repens, and Scirpus radicans were noted in 2012. The
slope was populated by xerophilous species of forest edges Nardus stricta, Potentilla erecta,
Achillea millefolium, Carex juncella, Deschampsia cespitosa, Luzula multiflora, Luzula pallescens,
etc. Leontodon autumnalis and Viola canina appeared in the near ditch community. Sorbus
aucuparia, Hieracium umbellatum, Cerastium holosteoides, Ranunculus acris, Potentilla erecta, and
Agrostis capillaris appeared on the main surface. The growth of trees was noted. Epilobium
montanum, Juncus conglomeratus, Juncus filiformis, Polygonum persicaria, P. lapathifolium,
Potentilla norvegica, Taraxacum officinale, Tussilago farfara, Gnaphalium sylvaticum, Urtica
dioca, and Festuca rubra disappeared from the vegetation cover. Three years after the fire,
Marchantia polymorpha disappeared. In 2013, Juncus conglomeratus, Lythrum salicaria, Luzula
multiflora, Platanthera bifolia, and Thyselium palustre appeared in the near ditch community.
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Figure 13. Changes in vegetation on permanent plot No. 10: 1 Carex rostrata + Juncus filiformis; 2 Betula
pubescens – Agrostis gigantea + Rumex acetosella; 3 B. pubescens - Salix cinerea – Calamagrostis epigejos
– Polytrichum juniperinum; 4 S. cinerea – Juncus conglomeratus; 5 P. juniperinum; 6 Utricularia vulgaris;
7. B. pubescens – C. epigejos + A. gigantea – Polytrichum commune; 8 B. pubescens + Populus tremula
– J. conglomeratus; 9 C. rostrata + Comarum palustre; 10 B. pubescens – C. epigejos + Potentilla erecta –
P. commune; 11 B. pubescens – C. epigejos + P. erecta – P. commune; 12 B. pubescens + P. tremula – S. cinerea –
C. epigejos – P. commune; 13 Nardus stricta + P. erecta; 14 Comarum palustre + Carex rostrata; 15 C. epigejos
+ C. palustre; 16 B. pubescens + P. tremula + S. cinerea; 17 bushes of S. cinerea.

Between 2014 and 2016, there was observed growth of young trees Betula pubescens,
and Populus tremula, and shrubs Salix cinerea, while the proportion of Deschampsia cespi-
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tosa increased, Vaccinium myrtillus, Vaccinium uliginosum, Agrostis canina, Agrostis tenuis,
Campanula patula, Carex canescens, C. diandra, C. juncella, C. leporina, Epilobium adenocaulon,
Epilobium palustre, Eriophorum angustifolium, Juncus effusus, Leontodon autumnalis, Luzula
pallescens, Lupinus polyphyllus, Molinia caerulea, Nardus stricta, Platanthera bifolia, Ranunculus
repens, Rumex acetosella, Scirpus radicans, Thyselium palustre, Tussilago tarfara, Veronica offici-
nalis, Veronica scutellata, and Viola canina disappeared. Conversely, Agrostis gigantea, Carex
lasiocarpa, Carex nigra, Carex rostrata, Cirsium setosum, Dactylorhiza maculata, Elytrigia repens,
Epilobium montanum, Galium mollugo, Persicaria lapathifolia, Potentilla intermedia, Potentilla
norvegica, Scirpus sylvaticum, Urtica dioica, and Viola epipsila appeared. In 2017–2018 the
proportion of reed grass on the main surface decreased, Carex diandra was noted in the
ditch, Melampyrum pratense, Pilosella officinarum, and Trientalis europaea on the main surface,
and Carex lasiocarpa, Cirsium setosum, Elytrigia repens, Galium mollugo, Persicaria lapathifolia,
and Urtica dioica disappeared. In 2021 such grass species as Achillea millefolium, Agrostis
gigantea, Epilobium montanum, Lycopus europaeus, Poa pratensis, and Taraxacum officinale dis-
appeared from the vegetation cover. Most of the species that appeared and disappeared
on the plot during the study period were alien species (forest edges, roadsides, clearcuts)
represented by single plants. A young birch–aspen forest has formed on the plot, while
there has been no recovery of mire vegetation.

On plot No. 8 (Figure 14), in 2008 the main surface showed an increase in the shoots
of Betula pubescens and Salix cinerea, an increase in the proportion of Calamagrostis epigejos
and Marchantia polymorpha, the new species Populus tremula, Agrostis canina, and Alisma
plantago-aquatica appeared. The abundance of Epilobium adenocaulon and Molinia caerulea
decreased. Small pools here have dried up. In 2009–2010, Alnus glutinosa appeared at
the site and the proportion of Calamagrostis epigejos increased, while plant species of wet
habitats were noted—Thyselium palustre, Alisma plantago-aquatica, and Scutellaria galericulata;
of deciduous and mixed forests—Ranunculus acris and Melampyrum nemorosum; and of
disturbed sites—Tussilago tarfara. Alisma plantago-aquatica and Lemna minor appeared in the
pool. In the moss cover, Marchantia polymorpha disappeared due to thick reed grass and
leaf litter; it was preserved only in hollows with sedges. The trunks of fallen burnt trees
were overgrown with Ceratodon purpureus. In 2012, Cardamine dentata, Carex elongata, and
Solanum dulcamara appeared on the plot, the area covered by Chamaenerion angustifolium and
Equisetum arvense decreased, while Epilobium adenocaulon, Melampyrum nemorosum, Molinia
caerulea, Myosotis caespitosa, Poa pratensis, Potentilla erecta, and Tussilago tarfara disappeared,
as Lemna minor and Phragmites australis disappeared in the pool. In 2013, there was growth
of young trees Betula pubescens and Salix cinerea, the disappearance of Cirsium setosum,
Ranunculus repens, and Solanum dulcamara, and the appearance of Hieracium umbellatum and
Juncus effusus were noted.

Between 2014 and 2016, there was intense growth of willow and birch. There was
invasion of Agrostis capillaris, Agrostis stolonifera, Angelica sylvestris, Carex diandra, Carex
vesicaria, Cicuta virosa, Cirsium arvense, Cirsium palustre, Cirsium oleracium, Cirsium setosum,
Deschampsia cespitosa, Dryopteris carthusiana, Epilobium adenocaulon, Potentilla norvegica, Py-
rola minor, Pyrola rotundifolia, Scirpus sylvaticus, Solanum dulcamara, Urtica dioica, Agrostis
canina, Cardamine dentata, Chamaenerion angustifolium, Hieracium umbellatum, Mentha arven-
sis have disappeared. A decrease in the abundance of Calamagrostis epigejos was noted,
probably due to the strong overgrowth of trees that shade it. In 2017–2018 Alnus glutinosa,
Angelica sylvestris, Carex vesicaria, Cicuta virosa, Cirsium oleracium, Epilobium adenocaulon,
Galium uliginosum, Juncus effusus, Molinia caerulea, Scirpus sylvaticus, Scutellaria galericulata,
Solanum dulcamara, Ranunculus repens, Taraxacum officinale, Thyselium palustre disappeared,
and Chamaenerion angustifolium, Convallaria majalis, Mentha arvensis, Poa palustris, Rubus
idaeus, and Viola uliginosa appeared. In 2021 Agrostis stolonifera, Carex canescens, Cirsium
setosum, Chamaenerion angustifolium, Geum rivale, Potentilla norvegica, and Typha latifolia
disappeared. The main part of the plot (70%) was occupied by the community Betula
pubescens – Salix cinerea – Calamagrostis epigejos. The area of the pool varied: in dry years, it
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dried up completely, while in 2018, it occupied 21% of the plot area. No recovery of mire
vegetation was observed, while a young birch forest is forming on the plot.
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Figure 14. Changes in vegetation on permanent plot No. 8: 1 Betula pubescens – Salix cinerea;
2 Calamagrostis epigejos + Molinia caerulea; 3 Salix aurita – C. epigejos + Epilobium adenocaulon – Marchantia
polymorpha; 4 Typha latifolia; 4 quagmire; 5 B. pubescens – S. cinerea – C. epigejos; 6 T. latifolia; 7 S. cinerea –
C. epigejos; 8 Carex pseudocyperus + T. latifolia; 9 C. epigejos; 10 T. latifolia + C. pseudocyperus; 11 S. cinerea
– Phragmites australis + C. pseudocyperus; 12 B. pubescens – C. epigejos; 13 B. pubescens – S. cinerea;
14 B. pubescens – Calamagrostis canescens; 15 S. cinerea – P. australis; 16 B. pubescens – S. cinerea; 17, 18, 19
B. pubescens – S. cinerea – C. epigejos; 20 lake with single S. cinerea; 21 bushes of S. cinerea.
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No GWL monitoring was conducted at plot No. 11 (Figure 15), while vegetation
descriptions were made in 2005 and again in 2016. In 2005 the plot was dominated by burnt
peat with isolated specimens of Betula pubescens, Vaccinium uliginosum, Andromeda polifolia,
and burnt cotton-grass tussocks. A fire apparently occurred again in 2010, as the pine trees
were 5–6 years old in 2016. When surveyed in 2016, 77% of the plot was occupied by the
Betula pubescens – Vaccinium uliginosum – Polytrichum juniperinum community. Along the
edges of the channels, there was a community of Vaccinium uliginosum + Molinia caerulea
+ Eriophorum vaginatum – Polytrichum juniperinum, Vaccinium uliginosum + Eriophorum
vaginatum, and in shallow parts of the channel—tussocks with Eriophorum vaginatum
and sphagnum hummocks with Sphagnum cuspidatum. At present, forest pine–birch–
shrub communities are forming on the plot, but when the GWL increases, conditions for
restoration of mire vegetation may be created here.
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Figure 15. Changes in vegetation on permanent plot No. 11: 1 single Vaccinium uliginosum, An-
dromeda polifolia; 2 Betula pubescens – Eriophorum vaginatum – Polytrichum juniperinum; 3 E. vaginatum;
4 Oxycoccus palustris + E. vaginatum; 5 P. juniperinum; 6 single B. pubescens; 7 water; 8 bare peat;
9 V. uliginosum + Molinia caerulea + E. vaginatum – P. juniperinum; 10 B. pubescens – V. uliginosum – P. ju-
niperinum; 11 Populations of E. vaginatum and Sphagnum cuspidatum; 12 V. uliginosum + E. vaginatum;
•—P. juniperinum.

Plots No. 1, 3, 4 and 9 fell within the zone of rewetting, which was carried out
in 2006, 2007, 2009 and 2010. Positive GWLs values at these sites are preserved at the
present time. These milling fields are inundated with water. Plot No. 1 (Figure 16) was
affected by a grass wildfire in the summer of 2007; the main surface with cotton-grass
tussocks and most of the trees were burned. Mass vegetation and flowering of Eriophorum
vaginatum was observed in autumn, on 18.10.07. Between 2008 and 2010, the projective
cover of Eriophorum vaginatum increased considerably, forming hummocks where small
clumps of sphagnum and green mosses developed. Good hydration was maintained,
both ditches were filled with water, and water overflowed from one to the main surface.
New species were noted: Populus tremula, Calluna vulgaris, Dryopteris cristata, Hieracium
umbellatum, and Lycopodium clavatum. In 2011, the growth of trees Pinus sylvestris, Betula
pubescens, and Salix cinerea was noted on the main surface. Communities of hydrophilous
species, such as Eriophorum vaginatum – Polytrichum juniperinum, Eriophorum angustifolium –
Polytrichum juniperinum, Betula pubescens – Eriophorum vaginatum – Polytrichum juniperinum,
Betula pubescens – Phragmites australis – Polytrichum juniperinum, and Phragmites australis
– Polytrichum juniperinum continued to develop. In 2012 the plot was flooded with water,
with individual cottongrass tussocks and trees towering over it, and some of the trees were
dying. An Eriophorum vaginatum + Phragmites australis community dominates in vegetation
cover, and cover of Eriophorum vaginatum significantly decreased; communities with Calla
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palustris dominated in canals, with Utricularia vulgaris, Utricularia minor, Lemna minor, and
Hydrocharis morsus-ranae in water.
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Figure 16. Changes in vegetation on permanent plot No. 1: 1 Calla palustris + Typha latifolia; 2 Betula
pubescens – Eriophorum vaginatum; 3 E. vaginatum; 4 B. pubescens – Polytrichum juniperinum; 5 bare peat;
6 Phragmites australis – P. juniperinum; 7 B. pubescens – Calamagrostis epigejos; 8 P. australis + Lemna
minor; 9 B. pubescens – E. vaginatum – P. juniperinum; 10 B. pubescens – P. australis – P. juniperinum;
11 B. pubescens – E. vaginatum; 12, 13 E. vaginatum – P. juniperinum; 14 B. pubescens – E. vaginatum
– P. juniperinum; 15 E. vaginatum – P. juniperinum; 16 C. palustris + P. australis; 17 Salix cinerea –
E. vaginatum; 18 B. pubescens – E. vaginatum; 19 E. vaginatum + P. australis; 20 S. cinerea – C. palustris +
T. latifolia; 21 Hydrocharis morsus-ranae + Utricularia minor; 22 P. australis + H. morsus-ranae; 23 Agrostis
stolonifera + Scirpus radicans; 24 P. australis + Carex canescens; 25 S. cinerea – P. australis + C. palustris;
26 E. vaginatum – Leptodictyum riparium; 27 bushes of S. cinerea; 28 water; 29 P. australis + C. canescens
– Sphagnum squarrosum; 30 P. australis – Sphagnum riparium; 31 bushes of P. australis; 32 single Carex
rostrata; 33 bushes of P. australis.
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Bidens cernua, Sparganium natans, and Galium trifidum appeared on the cotton-grass
tussocks that rise above the water surface. From 2013 to 2015, due to severe flooding,
the cotton-grass tussocks disappeared and the vegetation was dominated by aquatic and
coastal-water species Hydrocharis morsus-ranae – Utricularia minor and Phragmites australis
– Hydrocharis morsus-ranae. Near-ditch vegetation was represented by communities Salix
cinerea - Calla palustris + Typha latifolia and Calla palustris + Phragmites australis. In 2016, most
of the site was flooded with a 0.5 m deep layer of water. A pool was formed, along the
edges of which Salix cinerea – Phragmites australis + Calla palustris and Phragmites australis +
Carex canescens communities were formed. In the coastal zone, sphagnum mosses Sphagnum
cuspidatum, S. fallax, S. majus, S. riparium, and S. squarrosum appeared. In 2017–2018 the
pool was preserved. Coastal communities Phragmites australis + Carex canescens – Sphagnum
squarrosum and Salix cinerea – Phragmites australis + Calla palustris occupied 32% of the plot
area, and the proportion of sphagnum mosses increased. In the dry summer of 2021, the
area of water surface strongly decreased, and communities with Phragmites australis and
Carex rostrata appeared on peat outcrops. The area of reed–sphagnum communities was
13.6%. The mire vegetation is recovering at the site, and maintaining the current GWL
regime will enhance this process.

Plot No. 3 (Figure 17) is located on a former milling field, with a residual peat
thickness of 2.1 m. The site is abundantly wet, which supports the formation of hydrophilic
communities here. In the summer of 2007, the site was affected by a quick grass wildfire
of low intensity, when dry leaves and stems of Eriophorum angustifolium and Typha latifolia
burned. In 2008, the milling field where plot No. 3 is located was flooded with water; a
pool with water depth of about 60 cm was formed, and Alisma plantago-aquatica, Hydrocharis
morsus-ranae, Lemna minor, Scirpus radicans, Typha latifolia, and Utricularia vulgaris grew
in water. In 2009, when the water level dropped, the peat bottom of the lake and burnt
tree stumps were partially exposed. On high spots, peat islands were formed, abundantly
moistened and covered with grasses Bidens cernua, Lycopus europaeus, and Galium uliginosum,
and mosses Sphagnum squarrosum, Polytrichum juniperinum and Marchantia polymorpha, while
Lemna minor, Hydrocharis morsus-ranae, and Utricularia vulgaris grew in the water.

In 2010–2011, the plot was again flooded with water and there appeared single spec-
imens of Carex pseudocyperus, Scirpus radicans, and Phragmites australis. In 2012, the pool
was preserved, and the vegetation cover of the site was dominated by Salix cinerea, Carex
rostrata, Lemna minor, Hydrocharis morsus-ranae, Alisma plantago-aquatica, and Scirpus radicans.
Between 2013 and 2015, compared to 2012, the water level in the pool was slightly lower,
and a peat island covered with Eleocharis mamillata and Carex rostrata appeared in the centre.
Salix cinerea and Typha latifolia formed the vegetation of the watered habitats, while Lemna
minor and Hydrocharis morsus-ranae grew in water. In 2016–2018, the plot was again flooded
by water, when coastal-water communities of Salix cinerea – Carex pseudocyperus and Phrag-
mites australis + Carex pseudocyperus began to form along its edges. Clumps of Sphagnum
squarrosum were again found at the site. In 2021, due to dry and warm weather, a peat
island with a community of Phragmites australis + Carex pseudocyperus again appeared in the
center of the site. The present vegetation and flora in terms of structure and composition
can be referred to as vegetation cover of lake-river shallows.

Plot No. 4 (Figure 18) entered the rewetted regime in 2007, and it was covered by
water in 2008. Vegetation cover was represented by sphagnum and sedge–sphagnum
communities: Eriophorum angustifolium – Sphagnum cuspidatum, Eriophorum vaginatum –
Sphagnum cuspidatum, and Carex rostrata – Sphagnum riparium. In 2009 the site was still
covered by water. Plant cover was represented by Eriophorum vaginatum – Sphagnum
cuspidatum and Carex rostrata + Calamagrostis canescens – Sphagnum riparium, and the share
of Eriophorum vaginatum decreased. Between 2010 and 2012 waterlogging persisted. A pool
more than 0.5 m deep appeared on the site, with the central part of the site occupied by
sphagnum and sedge–sphagnum communities. Waterlogging persisted between 2013 and
2018, with a water depth of 0.5 m. The vegetation cover was dominated by sphagnum
and sedge–sphagnum communities (78% of the area), and by 2021, the area of these
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communities was 90%. During the study period, in spite of severe waterlogging, the
process of restoration of mire vegetation by sphagnum moss communities was active.
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Figure 17. Changes in vegetation on permanent plot No. 3: 1 Salix cinerea – Carex canescens – Poly-
trichum juniperinum; 2 Typha latifolia; 3 T. latifolia + Epilobium adenocaulon; 4 C. canescens + Eriophorum
angustifolium – Warnstorfia fluitans; 5 bushes of S. cinerea; 6 Scirpus radicans; 7 S. cinerea – T. latifolia;
8 S. cinerea – Bidens cernua; 9 water; 10 bare peat; 11 Carex rostrata + Hydrocharis morsus-ranae;
12 S. cinerea – Phragmites australis; 13 C. rostrata + Eleocharis mammilata – Leptodictyum riparium;
14 S. cinerea – Carex pseudocyperus; 15 P. australis + C. pseudocyperus.
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In the community Betula pubescens – Juncus conglomeratus + Calamagrostis epigejos and areas 

Figure 18. Changes in vegetation on permanent plot No. 4: 1 bare peat; 2 Eriophorum vaginatum;
3 Eriophorum angustifolium – Polytrichum juniperinum; 4 Betula pubescens – E. vaginatum; 5 single
curtains Sphagnum cuspidatum + Sphagnum fallax; 6 Carex rostrata - Warnstorfia fluitans; 7 E. angustifolium
– S. cuspidatum; 8 E. vaginatum – S. cuspidatum; 9 C. rostrata – Sphagnum riparium; 10 open water with
C. rostrata; 11 C. rostrata + Calamagrostis canescens – S. riparium; 12 E. vaginatum; 13 E. angustifolium +
C. canescens – S. riparium; 14 water; 15 C. rostrata; 16 E. vaginatum + E. angustifolium; 17 C. rostrata –
S. cuspidatum; 18 C. rostrata + E. vaginatum; 19 E. angustifolium – S. riparium; 20 C. rostrata + P. australis –
S. riparium; 21 C. rostrata – S. fallax + S. riparium; 22 E. angustifolium – S. fallax + S. riparium; 23 C. rostrata
– S. fallax; 24 C. rostrata + E. angustifolium – S. fallax.

Plot No. 9 (Figure 19) entered rewetting in 2008. The pre-existing pool increased in
size and flooded the adjacent communities. It occupied 54% of the site and was vegetated
by Alisma plantago-aquatica + Scirpus sylvaticus. The bank of the pool was occupied by the
communities Betula pubescens – Juncus conglomeratus + Calamagrostis epigejos, Calamagrostis
epigejos + Juncus conglomeratus, and Betula pubescens – Calamagrostis epigejos + Agrostis
canina. In the community Betula pubescens – Juncus conglomeratus + Calamagrostis epigejos
and areas of open humid peat, clumps of sphagnum mosses Sphagnum fimbriatum and
S. squarrosum, with a total area of 1.84 m2, were observed. In 2009, the water receded and
several new plant communities were observed on the exposed over-wetted peat substrate:
Scirpus sylvaticus – Bidens tripartita, Alisma plantago – aquatica + Scirpus sylvaticus – Sphagnum



Diversity 2023, 15, 3 26 of 37

squarrosum, swamp with Scirpus sylvaticus, and swamp with Typha latifolia. Dryer areas
were occupied by Betula pubescens – Calamagrostis epigejos + Juncus conglomeratus, Betula
pubescens – Calamagrostis epigejos + Agrostis canina, and Calamagrostis epigejos + Agrostis
canina. Curtains of sphagnum mosses noted in these communities were preserved. In the
autumn of 2009, the site was flooded with water, and in the spring of 2010, high water was
preserved. Most of the pine and birch trees growing on the bank of the pool died and the
sphagnum mosses disappeared.
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Figure 19. Changes in vegetation on permanent plot No. 9: 1 Calamagrostis epigejos + Persicaria
maculosa; 2 Scirpus sylvaticus + Juncus conglomeratus; 3 Carex pseudocyperus + S. sylvaticus; 4 Salix
cinerea + Salix myrsinifolia – C. epigejos + Lycopus europaeus; 5 bare peat; 6 quagmire; 7 Betula pubescens –
J. conglomeratus + C. epigejos; 8 Alisma plantago-aquatica + S. sylvaticus; 9 C. epigejos + J. conglomeratus;
10 S. sylvaticus; 11 B. pubescens – C. epigejos + Agrostis canina; 12 B. pubescens – C. epigejos + J. conglomer-
atus; 13 A. plantago-aquatica + S. sylvaticus – Sphagnum squarrosum; 14 C. epigejos + A. canina; 15 Typha
latifolia; 16 S. sylvaticus – Bidens tripartite; 17 B. pubescens + S. cinerea; 18 water; 19 S. cinerea - Phragmites.
australis; 20 Carex rostrata + S. sylvaticus; 21 B. pubescens – Calamagrostis canescens + Carex canescens;
22 P. australis + A. plantago-aquatica; 23 P. australis + Hydrocharis morsus-ranae; 24. Thickets B. pubescens;
25 B. pubescens – Polytrichum juniperinum; 26. A. plantago – aquatica; 27 P. australis; 28 B. pubescens –
S. cinerea; 29 single C. pseudocyperus.
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Between 2010 and 2012, the area of the pool increased to up to 63% of the plot. In the
pool, single plants of Salix cinerea, Lemna minor, and Utricularia vulgaris were observed. The
shore was occupied by Betula pubescens + Salix cinerea communities and areas of open peat
with Bidens tripartita, while sphagnum mosses were isolated. In 2013, the area of the lake
increased to 84%, in which isolated individuals of Salix cinerea, Lemna minor, and Hydrocharis
morsus-ranae were noted. Two peat islands occupied by Salix cinerea – Phragmites australis
and Carex rostrata + Scirpus sylvaticus appeared in it. The bank was occupied by Betula
pubescens + Salix cinerea and areas of open peat with Phragmites australis. Sphagnum mosses
were singular. In 2016, the area of the pool decreased to 59.9%, and individual plants Carex
pseudocyperus were observed. The pool shores were occupied by diverse plant communities:
Betula pubescens – Calamagrostis canescens + Carex canescens, Phragmites australis + Alisma
plantago-aquatica, Phragmites australis + Hydrocharis morsus-ranae, and Betula pubescens –
Polytrichum juniperinum. In 2018, the area of the pool increased to 67.7%, with noted
individuals of Alisma plantago-aquatica, Carex pseudocyperus, and Hydrocharis morsus-ranae.
Three peat islands with Carex pseudocyperus appeared in the pool, and coastal vegetation
was represented by thickets of Betula pubescens – Salix cinerea. Sphagnum mosses were
singular. By 2021, the share of the pool had decreased to 54%, with single plants of Carex
pseudocyperus, Hydrocharis morsus-ranae, Lemna minor, and Utricularia vulgaris. Underflooded
banks were occupied by communities with willow and birch and willow thickets, and
the presence of sphagnum mosses (Sphagnum fimbriatum, S. divinum) increased, but their
projective coverage was not more than 1%. During the study period, the development of
marsh vegetation was not observed, the flooded part of the plot was occupied by coastal-
water and aquatic species, with the drier part occupied by willow–reedy thickets and
birch–reedy communities.

4. Discussion
4.1. Vegetation Succession after Peat Extraction

Peat extraction in Meshchera National Park has been carried out by different methods:
cut peat, machine-forming (sod peat), hydropeat, and milled peat. The latter has affected
the largest area: 33% of the total peatland area of the park (7,634 ha) [47]. The method of
extraction determined the nature of the peatland disturbance, which influenced subsequent
revegetation. The gentlest methods of extraction are the so-called “wet” methods, which
do not require intensive drainage of the peatland. The peat is extracted wet and dried
outside the extraction site. These are carved, machine-formed, and hydro peat. Such sites
were sites in all the peatlands, but their area is insignificant. Hydropeat was extracted
at Tasinsky, Ostrovsky and Baksheevsky peatlands (~1600 ha), and machine-forming at
Tasinsky, Mezinovsky peatlands (~1000 ha), with extraction taking place in 1930–50’s.
Following extraction, there was left a system of borrow pits, filled with water. The quarry
sites are represented by sites No. 5–7. The amplitude of GWL fluctuations during the period
of observations here was minimal and did not exceed 20 cm (Figure 5). The exception being
2011, when GWLs dropped to record lows (Figure 5). The year 2011 was one of the driest
years, with minimum precipitation, and was preceded by 2010 with an abnormally hot and
dry summer (Tables 3 and 4). However, the sphagnum moss communities represented here
contributed to the maintenance of moisture at these sites, so the vegetation cover changed
insignificantly, with the exception of the fire impacted plot No. 5.

The vegetation of the quarry peat extraction sites has changed over the last 70 years.
We have caught the final phase of successional change (Figure 20). Previous studies have
established that revegetation in peat extraction pits depends on water depth and mineral
content [25–30]. The initial stage of vegetation development in quarries is aquatic vegeta-
tion, represented by Hydrocharis mosus-ranae, Lemna minor, and L. trisulca, and hydrophilic
grasses – Phragmites australis, and Typha latifolia. The final stages are sedge–sphagnum,
cotton-grass–sphagnum, and birch–willow–grass communities [25,27]. After 40 years, there
is a clear trend towards the formation of mesotrophic mire vegetation in the peat pits,
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and the elevated areas adjacent to the pits may be occupied by the original oligotrophic
vegetation [27].
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Figure 20. Combined scheme of vegetation change at monitoring plots after peat extraction, fires and
rewetting. No. 1: probably flooded in middle 1990’s; by 2003 communities of hygrophilous species
with cotton-grass had formed; 2007, runaway grass wildfire; September 2007, flooded; 2012–2020,
initial stages of sphagnum communities formation, by 2021 their proportion increased to 13.6%.
No. 2: after mining had finished in the middle 1990s, probably, it burned; after the fire—post-
pyrogenic communities; 2002—burned out completely; the next year, post-pyrogenic communities,
alien species appeared; 2007—burned again; birch–willow–herb and birch–wood–reed communities
are forming, appearance of alien species; by 2021 young birch–aspen forest has formed. No. 3:
in 2000s probably waterlogged; hygrophilous poplar communities are forming; 2007—runaway
grass wildfire; fall 2007—waterlogged, pool with single aquatic plants appeared; lacustrine and
riparian vegetation. No. 4: Cutter peat mining until 1990s, then probably flooded; hygrophilous-
quagmire communities formed; 2002—grass wildfire; in 2007 rewetting; pool appeared; by 2021 mire
communities formed, proportion of sphagnum mosses about 90%. No. 5: 1950–2006—emergence
of woody-shrubby vegetation on berms; overgrowth of pools in pits; 2007, berm vegetation burned
out; 2008–2010—restoration of vegetation on berms; formation of floating mats on the edges of the
pool; 2017—formation of forest and mire vegetation, the pool decreased by 2.6 times at the expense of
overgrowth. No. 6: after the end of mining, the banks are overgrown; 1995—presumably wildfire,
vegetation of the banks burned out; 2001–2003—formation of reed–sphagnum sedge–sphagnum
communities; mire communities formed by 2021. No. 7: formation of woody–shrubby vegetation on
berms since 1950s; pits overgrown; pine–shrubby communities formed on ridges by 2003; sphagnum–
sphagnum communities formed in pits. No. 8: peat extraction was finished in 1978; from the end of
70s birch overgrowth; fire in 2002; birch–willow and willow–wood–reed communities appeared on
the burnt area; by 2008 mixed grass birch forest was formed. No. 9: after completion of peat extraction
in 1990s, reclamation with planting of pines was carried out; plantings died because of excessive
moistening; by 2003 hygrophilous-quagmire vegetation is formed; 2007—rewetting, increase of pool
and flooding of coastal communities; by 2012 lacustrine and coastal-water vegetation dominates.
No. 10: production site, used for parking of machinery; 1990–2000 formation of herbaceous plant
communities; 2002—runaway grass wildfire; willow–birch and birch–grass communities formed;
spring 2009—runaway wildfire, woody vegetation affected; by 2021 forest vegetation. No. 11: peat
extraction stopped in 1992; 2002—wildfire; 2003—single mire plants; 2007—wildfire; 2016—birch–
birch–moss communities formed.
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According to our data, the final stage of succession for dry quarry benches is pine–
shrub communities (Pinus sylvestris – Vaccinium uliginosum, Pinus sylvestris – Ledum
palustre, Pinus sylvestris – Vaccinium uliginosum + Chamaedaphne calyculata, and Pinus
sylvestris – Andromeda polifolia). The vegetation of the pits themselves depends on the
area and depth of the water body, the residual thickness of the peat deposit, the presence of
stumps, and the hydrochemistry of the water. The degree of overgrowth of pools varies:
from areas of open water with isolated Calla palustris, Comarum palustre, Sphagnum
cuspidatum, etc. to completely overgrown with sphagnum, cinquefoil-sphagnum, sedge–
sphagnum, and sedge–sphagnum communities. The deepest water bodies with precipitous
banks are swamped by the growth of floating mats.

Quarries after hydropeat extraction are larger and deeper, and tend to overgrow more
slowly. Even after 60–70 years many of them are an open water surface with single aquatic
plants (Comarum palustre, Calla palustris, Phragmites australis, Lemna minor, etc.). Along the
edges, floating mats with dwarf-shrubs (Andromeda polifolia and Oxycoccus palustris) are
formed. Dry banks are overgrown with pine and dwarf-shrubs, less often with willow
and sedge communities. In general, the quarry areas gradually regenerate a sufficiently
diverse area of mire vegetation. In the quarries, sphagnum moss communities (S. fallax,
S. cuspidatum) form a top spit, which is indirect evidence of the preconditions for subsequent
peat accumulation.

Peat extraction by milling is characterised by its severe impact on peatlands. Because
of its manufacturability, it has been the most widely used method of commercial peat har-
vesting in many countries since the second half of the 20th century. The method involves
draining a peatland by creating deep hillside channels along its contour, and progressively
deepening the field channels as the peat is drained, which are naturally drained to the
degree technologically required in the peat extraction fields. Deeply drained milled peat
extraction fields are problematic environments for successful plant spontaneous revege-
tation because of dryness, destroyed propagule banks, temperature fluctuations on bare
peat surfaces, and other negative factors [34,37–41]. Therefore, such sites require reclama-
tion after the cessation of milling. In the Soviet Union, such measures were a regulatory
requirement. Different purposes of reclamation were foreseen, however; reclamation for
subsequent agricultural use prevailed, and less often for forestry. The Water Code of the
Russian Federation (2006) prioritises reclamation–rewetting of mined out peatlands.

Even before Meshchera National Park was set up, parts of the excavated areas on the
Tasinsky, Mezinovsky, and other peatlands had been reclaimed. Pine trees were planted on
the Tasinsky peatland, and the Orlovsky one was used as hayfields. Several peatlands have
been fully extracted; there are areas where peat was extracted, and also areas that have only
been prepared for extraction (the original vegetation has been removed, drainage has been
carried out). The latter hardly ever self-revegetates, and after decades they are still bare
peat with isolated plants. Such dry sites can remain bare for more than 15 years [35]. Some
of the milled fields in the Tasinsky peatland were reclaimed in the 1980s, and in the 1990s
and 2000s, the first attempts of rewetting were made. Due to the shape of the milling fields,
their central parts were waterlogged. Sphagnum, sedge–sphagnum, and fescue-sphagnum
communities had developed 30 to 40 years after peat mining had ceased here. Dry margins
of milled fields were overgrown with birch–wood–reed, birch–moss, birch–willow–herb,
and pine–moss forest communities.

The vegetation cover of milled fields depends on the position of the site, the GWL
regime, the time of overgrowth, and the properties of the peat deposit. According to
different authors on effectively drained abandoned bare peat sites, pioneer species such
as Calluna vulgaris, Polytrichum strictum, Eriophorum vaginatum, E. angustifolium, Drosera
rotundifolia, Molinia caerulea, Deschampsia caespitosa, and Betula pubescens occur as the first
ground cover. Dwarf shrub communities with Vaccinium myrtillus, V. vitis-idaea, and Calluna
vulgaris may also appear. In wet depressions, communities with Eriophorum vaginatum,
E. angustifolium, Oxycoccus palustris, and Sphagnum spec. can develop. After 30–50 years,
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areas with sphagnum mosses may appear [60]. Separately, the role of cotton-grass in the
pioneering development of cutover peat extraction fields has been noted [37].

According to our data, depending on GWLs, different communities develop on aban-
doned milled fields. The driest areas on the Tasinsky peatland (GWL during the vegetation
period−60 to−40 cm (Figure 5)) are overgrown with birch–wood–reed, birch–willow–herb,
and birch–moss communities. On the margins of milled fields, willow–birch–vein cenoses
are formed (plots No. 2 and 10). On plot No. 2, the average GWL during the growing
season was the lowest during the study period, ranging from −54 to −90 (Figure 5). Plot
10 has a wide amplitude of GWL variation (−10 to −64 cm), and the average GWL value
was −38 cm (Figure 5). As a consequence, fires occurred on plot 2 in 2002 and 2007. The
vegetation cover burned completely. In the first year after the fire, birch–wood—reed and
birch–willow–herb communities appeared here; at present, forest communities dominate
on the plots, and there is no recovery of mire vegetation. In the Ostrovsky peatland, the
driest areas, with a residual peat thickness of 1.5–2 m, are occupied by birch–cotton-grass
and birch–cotton-grass–moss communities. Average GWL during the vegetation period is
−30 to −20 cm. Communities with pine participation have a wider amplitude and occupy
both dry (GWL −40 cm) and waterlogged areas (GWL −5 . . . +5) and are represented by
pine–birch, pine–birch–moss, and pine–moss communities. On the Tasinsky peatland, there
is a preserved area with pine plantations with dead ground cover.

This study shows that the natural regeneration of bog communities on mined peat-
lands with sphagnum mosses is possible. This phenomenon is more common on quarried
peatlands than on milled fields. However, the spontaneous revegetation process is very
slow and can take decades or even centuries before typical peatland communities are
re-established, as illustrated by a study of peatland vegetation formation developed in 1925
and 1936 [61]. Several types of succession have been identified, leading to sphagnum domi-
nance. Cotton-grass or Polytrichum strictum are often the pioneer species in milled fields,
favouring the further emergence of mosses, including species from the genus Sphagnum.
In the Ostrovsky peatland, cotton-grass tussocks were damaged by fire in 2002, and two
years later, in 2004, the cotton-grass populations resumed, as clumps of moss species of the
genus Polytrichum, which had previously been destroyed by fire, appeared.

4.2. Vegetation Succesion after Wildwires

In dry years, wildfires also occur in natural bogs, but drained and unused peatlands
are the most fire prone, especially former fields of milled peat extraction [6]. Grass wildfires
do not always burrow into peat and become peat fires. In spring, when dry grass fires ignite,
the high after-snowmelt moisture content of the peat prevents the fire from deepening [62].
Fires during dry summer periods often result in peat burning, and the deeper the water
table, the deeper the fire can penetrate into the peat [63]. The highest number of fires in
Meshchera National Park were in 1936, 1972, 1992, 1996, 2002 and 2010.

According to our data in the peat extraction areas, the quarry slopes are most affected
by fires of varying degrees of intensity. This is understandable, as they are the driest
areas. As a result of grass wildfires, woody, bush, grass, and moss vegetation burns or
dies. In the case of peat fires, the quarry banks burn down to the quarry water level, and
after some years, mire vegetation (Oxycoccus palustris, Eriophorum vaginatum, Sphagnum
fallax, etc.) appears on the banks. It has been noted [64] that burning occurs in the most
desiccated central part of the cofferdam. Fire transfer to adjacent longitudinal dykes occurs
due to falling trees with burning crowns across the vegetation of transverse cofferdams,
and through moss rags in the pit.

Quarry banks on the Tasinsky peatland suffered from fires in 2002, 2006 and 2007.
Post-pyrogenic succession on the peatland burned in 2007 was observed on plot No. 5.
The berm vegetation burned out, but a year after the fire, pioneer species Chamenerion
angustifolium and Marchantia polymorpha appeared, pine communities were replaced by
birch and willow, and dwarf shrubs by grass vegetation. As a result, mire vegetation was
replaced by birch–willow–herb, and then by the dwarf shrubs of the genus. Heathers
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regenerate, then they are replaced by birch–dwarf shrub communities with blueberry,
ledum, and heather. After 5 years, seedlings of pine appear on the berms, pine–dwarf shrub
communities begin to form, and we can assume that this is the final stage of successional
changes in the vegetation of the berms.

The areas most affected by wildfires are the milling peat extraction sites. After the fires,
the following alien plant species appear here: Epilobium adenocaulon, Erigeron acris, Gnaphal-
ium sylvaticum, Hieracium umbellatum, Lactuca serriola, Nuttallanthus canadensis, Pilosella
officinarum, Taraxacum officinale, and others. The following year after the fires, Chamaene-
rion angustifolium and Marchantia polymorpha massively spread. Later, the proportion of
these species gradually decreases, Chamaenerion angustifolium is replaced by Calamagrostis
epigejos, and Marchantia polymorpha by Polytrichum juniperinum. After 5–7 years, birch and
birch–willow–herb communities are formed in these areas

Exhausted peat deposits and production areas with minimal or no peat are also
affected by fires. The Garinsky peatland was excavated in 1983. The surface of the peatland
has been burned repeatedly, particularly badly in 2002. Since 2003, forest vegetation has
formed: willow, birch, and reed grass communities, and forest communities dominated by
birch and aspen on the edges of the peatland. In 2003, a production area on the edge of the
Tasinsky peatland, where birch communities were present, was affected by the fire. After
the 2003 fire, birch–aspen dominant forest communities were formed. In our opinion, fires
do not change the course of succession, but interrupt it. After fires, the pre-fire vegetation
type is regenerated.

Rewetted abandoned milling fields suffer little fire damage. In 2007 a fugitive grass-
land wildfire ran through plots No. 1 and 3 (Figure 20) and dry stems and leaves of
individual herbaceous plants were burned. On 18.10.07, mass vegetation and flowering of
Eriophorum vaginatum on plot No. 1 was recorded, and in 2008 Betula pubescens and Eriopho-
rum vaginatum grew on plot No. 1. Under the cover of abundantly growing cotton-grasses,
clumps of sphagnum mosses appeared. Cotton-grass can influence plant colonisation
patterns. The surroundings of tussocks may act as spreading centres for vegetation after
peatland rewetting [37].

4.3. Vegetation Changes following Rewetting

Rewetting has been carried out in Meshchera National Park since 2002. Over a 20-year
period, more than 9000 ha have been waterlogged, and all major peatlands have been
covered. The rewetted area includes not only milling sites, but also peat quarrying sites
and hydropeat pits. In 2011, the western part of the Ostrovsky peatland was rewetted.
The hydropeat extraction sites were in the waterlogged area. The task was to rewet the
dry banks, which had repeatedly suffered from fires. Before 2011, the water-filled pits
were overgrown with floating mats, and pine–birch–bush communities developed on the
slopes. After rewetting, pools with isolated islands were formed, on which bog vegetation
is preserved: Pinus sylvestris + Betula pubescens – Andromeda polifolia + Vaccinium uliginosum.
The pond vegetation is represented by Phragmites australis, Hydrocharis morsus-ranae, and
Lemna minor. However, due to high water levels, mire vegetation does not recover. In case
of flooding (20–30 cm above soil surface), sparse Phragmites australis stands develop on
the margins, accompanied by Sphagnum spec. If the flooding is deeper than 1 m, open
water is expected to be colonised by floating Sphagnum species after a vegetation-free phase
site [60].

Rewetting of the Tasinsky peatland was carried out in 2006, 2007, 2009, and 2010. The
works covered most of the milling fields, and about 30% of their area was flooded. The
first cofferdams were blind and, due to the heterogeneity of the relief, some of the milling
fields were flooded with water of 0.6 to 1.5 m depth. However, some of the fields affected
by the 2002 and 2006 fires were areas of open peat or reed grass communities. In some
fields, particularly in central parts, sphagnum communities had already formed and were
inundated by water. Further sphagnum communities developed on those fields where they
were before flooding, e.g., plots No. 1 and 4 (Figure 20). On plots No. 1 and 4, the processes
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of mire revegetation were successful until 2011. Here, cotton-grass tussocks dominated,
and clumps of sphagnum and green mosses developed, which is quite common [37].

The average GWL on plot 4 during the growing season of 2007 was−17.5 cm (Figure 6).
The vegetation cover was represented by sphagnum and sedge–sphagnum communities.
The site was waterlogged in 2007 and in 2008, when the maximum water storage in snow
during the whole study period was observed (Figure 4). These two factors contributed
to the appearance of a pool at plot 4, and the GWL rose to +10.7 cm. The formation
of lacustrine and riparian-water cenoses had begun. The woody vegetation, unable to
withstand the flooding, died. However, further GWL were within +1.2 . . . −4.6 cm and the
site was actively colonised by sphagnum mosses, which, by 2021, accounted for more than
80% (S. fallax, S. flexuosum, and S. riparium (Figure 20). We believe that the sphagnum cover
will itself maintain the water regime of such sites in the future.

On plot 1, the average GWL value varied from +30 cm to −30 cm (Figure 6). The
increase in GWL occurred in 2012, following the rewetting of the Tasinsky peatland in 2010.
The mire vegetation recovery processes are active: the proportion of sphagnum mosses on
plot 1 in 2021 was 13.6%, (S. cuspidatum, S. fallax, S. fimbriatum, S. majus, S. riparium, and
S. squarrosum). Waterlogged areas with average GWLs of −10 cm to +15 cm are occupied
by sedge–sphagnum and cotton-grass–sphagnum communities (as on plots No. 1 and 4).
The processes of mire vegetation regeneration are active. Swamp cenoses are formed in the
central, lowered parts of the milled fields. As the sphagnum cenoses regenerate, they grow
from the centre to the periphery of the field.

Individual milled fields in the southern part of the Tasinsky peatland were rewetted in
the 1990–2000s. In 2005 willow–sedge, willow–wood–reed, cattail–sedge, and reed–sedge
communities dominated here (e.g., plots No. 3 and 9 with maximum GWLs during the
growing season). As on plot No. 4, a rise in GWL occurred here in 2008 following rewetting.
The former woody vegetation died, and areas of open water with single aquatic plants
appeared on the plots. Subsequently, a significant fluctuation of GWLs is observed at the
sites. We attribute the sharp drop in GWLs in 2011 and 2018 to low precipitation (556 mm
and 522 mm, respectively) (Figure 3). The rise in GWL in 2010 was a consequence of
rewetting, and in 2012 was due to an increase relative to the dry years of 2010 and 2011.
When GWLs rise, the area of pools increases, and they can flood coastal areas. As a result,
the sphagnum mosses appearing here die, as in plot No. 3 and 9 (Figure 20). As GWLs
decrease, the area and depth of pools become shallower, exposing islands of floating peat
and tree stumps left behind from peat extraction. Such fluctuations in GWLs during the
growing season have a negative impact on the recovery processes of the mire vegetation.
The vegetation at these sites now comprises willow–reed–grass, willow–sedge, and sedge–
reed–grass communities typical of coastal-water cenoses. The proportion of sphagnum
mosses Sphagnum fallax, S. fimbriatum, S. riparium, S. squarrosum is not more than 1%. The
recovery of mire vegetation is still poorly expressed here.

The deepest central parts of the milling fields are flooded areas with GWLs of +40 cm
or more, which are occupied by communities with reeds, cattail, chaff, and willow, and
islands of floating peat often appear. As a rule, the area of the water body does not exceed
the size of the milling peat production field.

5. Conclusions

The present condition of peatlands disturbed by peat extraction depends on the
method of peat extraction, the subsequent use of the site, the remaining thickness of
the peat deposit, its characteristics, the time since abandonment, and current changes in
environmental factors, particularly weather and climatic conditions. The spontaneous
self-revegetation of mined peat deposits may be interrupted by peat fires, which may be
prevented by rewetting, which promotes peatland revegetation. Mire vegetation does not
restore in areas with no or minimal peat layers.

Peat quarry sites are generally well-watered, which can allow for the gradual over-
growth of the quarries with floating mats and the development of predominantly mesotrophic
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mire vegetation. Due to the presence of cofferdams with the original mire vegetation still
in place, the peat quarry areas can form a spatially diverse mire landscape over time.

Environmental conditions on abandoned milled peat extraction sites are not conducive
to spontaneous self-revegetation. The driest areas can remain with bare peat for many
years, posing the greatest wildfire risk. Depending on moisture content, different plant
communities may develop there over time. Plots with an average GWL during the vegeta-
tion period of −60 cm to −40 cm are overgrown with birch–vein, birch–willow–herb, and
birch–moss communities, and along the margins of milled fields, willow–birch–wood reed
cenoses are developing. On dry areas, with residual peat of 1.5–2 m, birch–cotton-grass and
birch–cotton-grass–moss communities can form (GWL −30 cm to −20 cm). Communities
with pine can appear both in dry (GWL −40 cm) and waterlogged areas (GWL +5 cm to
−5 cm).

Wildfires have an extremely negative impact on peatlands, interrupting the progress
of re-vegetation. After fires, alien species appear and, over time, disappear. Despite a
relatively stable moisture supply, the quarry peat extraction areas suffer from wildfires
that run along the cofferdams of the quarries, leading to the destruction of the vegetation
cover here.

Former milled peat extraction sites are the most frequent targets of peat fires. Woody
vegetation is the most affected by wildfires, sometimes taking decades to recover. At
low GWLs, significant amounts of peat are burned. After fires, pioneer communities of
Betula pubescens – Chamenerion angustifolium – Ceratodon purpureus; Calamagrostis epigejos
+ Epilobium adenocaulon – Marchantia polymorpha; and Betula pubescens – Salix cinerea –
Calamagrostis epigejos – Polytrichum juniperinum appear on dry areas of milled fields.

Quarry sites are capable of self-restoration of peatland vegetation, and rewetting may
promote the formation of pools to the detriment of mire vegetation. In order to prevent
fires and create conditions conducive to mire revegetation at milled peat extraction sites,
rewetting is necessary. When the GWLs are −5 cm to +15 cm, sedge–sphagnum and cotton-
grass–sphagnum communities can form, and the processes of mire vegetation recovery
are active. In areas flooded by water with GWLs of +30 cm and more, communities with
willow, reed, cattail and other near-water and aquatic plants can form.

In order to restore mire vegetation proper, the average GWLs during the growing
season should be between −25 cm and +25 cm. At higher levels, artificial pools are formed.
However, in general, this contributes to the main goal of the rewetting of peatlands and
the prevention of peat fires. Finally, the spatial differences in the wetting conditions of
different areas after rewetting contribute to the formation of a variety of wetlands, which
will contribute to increasing the biodiversity of these areas.

This analysis has identified the main trends in vegetation dynamics following cessa-
tion of peat extraction, the effects of wildfires, and the self-restoration of mire vegetation
following rewetting. This understanding can form the basis of further, more detailed,
floristic analysis, as well as help outline the environmental consequences—including green-
house gases flux, carbon accumulation, etc. Changes in vegetation may be of a longer-term
nature, and further observation is therefore needed. The location of the survey sites within
a specially protected area provides protection against human disturbance, except for au-
thorised restoration of disturbed ecosystems, thus ensuring the duration and continuity
of observations. A comprehensive assessment of biodiversity and ecosystem services is
needed [65]. The sites in Meshchera National Park have been used in developing a method-
ology for assessing the effectiveness of rewetting for peatland revegetation [22–24]. Further
observations and research may help to develop and verify them, which is important for
scientific support of mire restoration, biodiversity and other ecosystem services, including
climate change and adaptation issues.

Supplementary Materials: The following supporting information can be downloaded at: https:
//www.mdpi.com/article/10.3390/d15010003/s1, Figure S1: View of the monitoring plots from
different years of observation.
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