BOTAHHYECKHH KYPHAJI, 2024, mom 109, Ne 9, c. 908—929

OXPAHA PACTUTEJBHOTI'O MUPA

PULSATILLA VULGARIS (RANUNCULACEAE) CONSERVATION
IN RUSSIA: HABITAT MANAGEMENT TO ENHANCE THE ONLY
POPULATION

I. A. Sorokina®* %", E. A. Volkova® ™, V. N. Khramtsov', A. V. Philippova!, A. V. Leostrin® 2> ***,
L. V. Gagarina!, D. E. Himelbrant"- 2, E. M. Koptseva?, L. E. Kurbatova!, I. S. Stepanchikoval?

!Komarov Botanical Institute RAS Prof. Popova Str., 2, St. Petersburg, 197022, Russia
2S8t. Petersburg State University Universitetskaya Emb., 7—9, St. Petersburg, 199034, Russia

*e-mail: sorokina-irinal0@yandex.ru
**e-mail: evolkova305@gmail.com
***e-mail: aleostrin@binran.ru

Received 18.01.2024
Revised 05.08.2024
Accepted 10.09.2024

Pulsatilla vulgaris is one of the rarest vascular plant species in Russia. In the Red Data Book of the Russian
Federation, it is classified as critically endangered (category 1). The only population of P. vulgaris in Russia
is known from the Leningrad Region and it is rapidly declining. The analysis of the population ontogenetic
structure demonstrates low level of the population self-sustainment due to lack of seed reproduction. One
of the factors that prevent P. vulgaris generative reproduction is the biotope transformation caused by
succession. Typical habitats of P. vulgaris are heaths, sparse and low pine forests, dry low-grass meadows
and pastures. Successful seed reproduction of the species requires the factors that inhibit woody vegetation
development and lead to the damage of dense ground cover and soil (i.e. moderate grazing, weak ground
fires etc.). To avoid a complete loss of the species in Russia, artificially damaged sites suitable for successful
seed regeneration of P. vulgaris were formed in 2020—2021 in “Nizhnevolkhovskiy” Protected Area
(Leningrad Region, Volkhovskiy District). Trees uprooting, grass vegetation removal or damage, soil
damage were performed to form exposed and well-warmed sites with sparse vegetation ground cover. These
measures have significantly increased germination capacity of the seeds on the managed plots compared
to the left untreated (control) areas. Over a two-year period, the population of P. vulgaris has increased
by more than 10%. The success of the measures applied allows to recommend them for the restoration
of rare and highly specialized species populations growing in similar habitats.
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One of the most serious threats to biodiversity today
is the loss or degradation of some habitats suitable for
rare and highly specialized vascular plant species (Leimu
et al., 2006; Fischer, Lindenmayer, 2007).

In the Leningrad Region, such losses happen as a result
of economic development (deforestation, peatlands min-
ing, wetlands drainage, etc.) and changes in traditional
agricultural land use. Among the habitats that we lose
due to changes in rural life there are the old continental

dunes — prevalent close to the Volkhov River mouth and
the only known habitat of the protected species Pulsatilla
vulgaris Mill. (Ranunculaceae) in Russia.

To preserve the specific natural complexes along the
Volkhov River (Leningrad Region, Volkhovskiy District,
coordinates: 60°5'52.9"N, 32°19'20.5"E) the “Nizhnevolk-
hovskiy” Protected Area (Sorokina, 2019) was established
in 2016. The protected area (hereinafter “PA”) consists
of three cluster sites: “Yushkovo” (10.5 ha), “Berezye 1”
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(18.8 ha), and “Berezye 2” (3.9 ha). Among the goals
of the PA creation are (i) protection of Pulsatilla vul-
garis population, (ii) conservation of dune pine forests,
heathlands and dry meadows with coastal and southern
pine forest species, (iii) conservation of rare and en-
dangered species of animals and plants associated with
these habitats. However, the established conservation
regime preventing any vegetation and soil disturbance,
as observed in recent years, is not sufficient to maintain
the P. vulgaris population, since the species has been
declining in number due to the natural transformation
of the open dunes into young pine stands.

The range of Pulsatilla vulgaris s.1. covers Western, Cen-
tral, Eastern Europe and also Southern Scandinavia: the
plant is known from UK, France, Belgium, Switzerland,
Austria, Germany, Poland, Czech Republic, Slovenia,
Croatia, Slovakia, Hungary, Romania, Moldova, Ukraine,
as well as from Southern Sweden, Finland, and Denmark
(Walker, 2011; GBIF, 2021); there is evidence of a single
species finding in Norway (Flora Nordica, 2001).

Due to a high degree of Pulsatilla vulgaris polymor-
phism, which is particularly evident between plants of small
and isolated populations, there is no clear resolution on
intraspecific delimitation of this taxon based on morpho-
logical features (Flora Europaea, 1993). Currently, three
subspecies of P. vulgaris (Flora Europaea, 1993; Walker,
2011) are usually distinguished, geographically replacing
each other. When moving from west to east, P. vulgaris
subsp. vulgaris distributed from the United Kingdom and
France in the west to Sweden and Norway in the north
and western borders of Poland in the east, is gradually
replaced by P. vulgaris subsp. grandis (Wender.) Zame-
lis, represented in Central and Eastern Europe (Austria,
Germany, Slovenia, Hungary, Romania, Slovakia, Czech
Republic, Ukraine, Moldova, etc.) (Walker, 2011). P. vul-
garis subsp. gotlandica Zamelis et Paegle is found only
on Gotland in Sweden, while P. vulgaris subsp. vulgaris
is known from mainland Sweden (Mossberg, Stenberg,
2005). Plants of a small population represented in the
Leningrad Region, Russia, which have been geographically
isolated for a long time, morphologically correspond to
the diagnostic features of the type subspecies, P. vulgaris
subsp. vulgaris (Tzvelev, 1976).

The species is listed in the Red Data Book of the Russian
Federation (2008) as “critically endangered” (category 1).
It is known from the only locality in the Leningrad Re-
gion which is far away from the main geographic range
of the species.

According to our observations, the size of Pulsatilla
vulgaris population in the Volkhov River lower course

BOTAHUYECKHM XYPHAJT TtomM 109 Ne9 2024

909

has significantly decreased during the last years. In the
Red Data Book of the Russian Soviet Federative Socialist
Republic (1988) and the Red Data Book of the Leningrad
Region nature (2000), there is information about 80—250
P. vulgaris individuals in the dune pine forests on the left
bank of the Volkhov River (at present, “Yushkovo” clus-
ter site). At the same time, it was mentioned that there
were no young individuals in the population despite the
fact that the plants produced viable seeds (Red..., 1988).
According to the data of the quantitative field surveys
carried out in 1998—1999 (Sorokina, 2000) and in 2005
(Sorokina, 2008), there were at least 10—15 thousand
individuals in the population of P. vulgaris on the right
side of the river (now “Berezye 1” and “Berezye 2” cluster
sites). Besides, in 2005 the species was reported to play
a significant role within various plant communities such
as heathlands and dry low-grass meadows, sometimes
being a co-dominant (Volkova, 2014). On the left side
of the Volkhov River, no more than 30 plants had re-
mained by 2005.

In 2019, only about 1300 individuals of Pulsatilla vul-
garis were recorded from “Berezye 1” and “Berezye 2”
cluster sites of the “Nizhnevolkhovskiy” Protected Area.
In addition, about 1000—1200 plants grew outside of the
PA borders, namely on the territory of the abandoned
military unit, adjacent to the “Berezye 2” cluster site from
the south. In this area, there are highly transformed ruderal
habitats situated between the ruins of military buildings.
In “Yushkovo” cluster site, which is bordered to Novaya
Ladoga town and subjected to high anthropogenic press,
single plants were noted in 2014.

Thus, the population of Pulsatilla vulgaris is declining
dramatically in the Leningrad Region — from 10—15
thousands of individuals in 2005 to 2.5—3 thousands in
2019. The total area occupied by the species population is
currently no more than 9.8 hectares. The risk of extinction
of such small and isolated population is very high due to
specific environmental requirements and the absence of
genetic exchange (Fischer, Stocklin, 1997; Dileo et al.,
2017; Gargiulo et al., 2019).

It is important to note that the populations and lo-
calities of Pulsatilla vulgaris s.1. are declining throughout
its geographic range. The species (or its subspecies) is
redlisted in the United Kingdom, Sweden, Austria, Swit-
zerland, Germany, Slovakia, Ukraine and some other
countries. In the United Kingdom only, the number of
localities has reduced from 130 in 1750 to 17 today (Wells,
Barling, 1971; Walker, Pinches, 2011). In Austria, 9 of
the 32 known localities have disappeared during a short
period from 1991 to 2005 (Essl, 2005). In the southern
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part of Finland where the species was recorded in the
first half of the 20th century, it has become extinct (Ke-
tokylméankukka, 2021). In Poland, the last finding of the
species in nature dates no later than 1930 (Wéjtowicz,
2001); during the 20th century the species was also extinct
in the Netherlands (Walker, 2011).

Such rapid losses are associated with both direct de-
struction of habitats (through urbanization, development,
intensive agriculture) and decrease of moderate grazing
pressure on the biotopes which are the species habitats
(Walker, Pinches, 2011; DiLeo et al., 2017). Woody heaths,
sparse pine forests, low-grass meadows and pastures on
sandy or calcareous soils are typical Pulsatilla vulgaris
habitats within most of its range in Western, Central,
and Eastern Europe (Wells, Barling, 1971). High level
of light intensity, low abundance of tall forbs and grasses,
absence of thick turf, leaf litter and thick moss and lichen
coverage are the mandatory habitat characteristics for
long-existing species populations (Wells, Barling, 1971;
Walker, Pinches, 2011).

Decrease of grazing as well as disappearance of the
other factors that prevent forest regeneration on the
heathlands lead to the shifts of open biotopes to high-
grass communities, followed by wooded areas and then
by closed forests (Vasilevich, 2008). Successions are
the main cause of the Pulsatilla vulgaris extinction in
many previously known European localities (Essl, 2005;
Hensen et al., 2005). Experimental shading had a signifi-
cant negative impact on the plants survival and flowering
(Walker, Pinches, 2011). P. vulgaris disappearance from
the communities which have been changed during the
successions is determined by competition for light from
taller herbaceous plants (Online Atlas..., 2022), and also
by formation of thick moss and lichen cover preventing
seed reproduction.

The biological features of Pulsatilla vulgaris seed ger-
mination is one of the additional causes for the species
reduction in the northern parts of its range where heat
resources are limited. According to experimental data
(Butuzova, 2018), P. vulgaris seeds germinate at relatively
high temperatures (about 23°C). In addition, P. vulgaris
seeds undergo a process of prior development before
germination that lasts for 17—18 days at temperatures of
20—22°C. Seed germination at optimal temperature takes
24—60 days (Pereboychuk, 2016; Butuzova, 2018). The
experiment shows that even though the rate of germinated
seeds is sufficiently high (92%), the survival rate is much
lower (25%): seedlings loss is determined by the influence
of both biotic and climatic factors (Butuzova, 2018). Soil
moisture is crucial to the success of the plants rooting:
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seedlings survive only in wet summers (Walker, 2011).
The combination of low survival rate and extremely slow
growth of the seedlings results in P. vulgaris relatively
poor seed reproduction efficiency.

Considering the high risk of degradation and possible
eventual extinction of the only Pulsatilla vulgaris population
in Russia, the main goal of our research is to develop a
conservation strategy for this population. The objectives
of our research are: (i) to identify causes of the population
decline, (ii) to develop scientific and practical measures
to maintain the population and increase it in number,
(iii) to implement activities aimed at management of
the biotopes which are the species habitats, (iv) to create
sites suitable for the species successful seed reproduction.

In European countries, ecological restoration of en-
dangered habitats is a widely accepted method to ensure
maintenance of rare taxa populations including species of
Pulsatilla (Langenauer, Keel, 2004; Piqueray et al., 2013).
But in Russia the method is still not common. Our work
on biotope management is one of the first in the country.

MATERIALS AND METHODS

Study area. The areas near the Volkhov River mouth,
that are parts of “Nizhnevolkhovskiy” Protected Area
and the only known Pulsatilla vulgaris locality in Rus-
sia, are situated within the boundaries of Priladozhskaya
Lowland. Priladozhskaya Lowland landscapes were being
formed during the Holocene under the influence of the
changing shape of Ladoga Lake (Kvasov, 1974). They
acquired their present form only about 2.0—2.5 thousand
years ago as a result of sequence of Ladoga Lake regres-
sions and transgressions. For a long time, sandy coastal
ridges of the Volkhov River and small relic dunes with
poor soil cover were the habitat of the whole complex
of rare vascular plant species, such as P. vulgaris, Arme-
ria maritima (Mill.) Willd., Botrychium matricariifolium
(Retz.) A. Braun ex W.D.J. Koch, Helictochloa praten-
sis (L.) Romero Zarco, Rosa mollis Sm., Silene tatarica (L.)
Pers., etc. (Sorokina, 2008) (hereinafter, the names of
vascular plant taxa are given mainly according to POWO
(2023), of bryophytes — according to the “Check-list of
mosses of East Europe and North Asia” (Ignatov et al.,
2006) and of lichens — according to the latest summary
for Fennoscandia (Westberg et al., 2021)).

Till the end of the 20th — beginning of the 21st century,
these lands were involved in traditional agriculture — both
for grazing and for cattle movements from the nearby vil-
lages of Nemyatovo and Berezye to the meadows and forest
pastures adjacent to the open woodlands and sparse pine
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forests. In addition, in the second half of the 20th century,
the sand dunes were constantly subjected to mechanical
disturbance caused by trainings of the military personnel
from the neighboring military base. In the plant communi-
ties, the richness of herbaceous plant species was relatively
high for such habitats in Northwestern European Russia
(12—15 species per 2 X 2 m plot). Among the herbaceous
plants, a group of psammophyte species, typical of more
southerly pinewood and sandy habitats stood out: Armeria
maritima, Festuca trachyphylla (Hack.) Hack., Pofentilla
inclinata Vill., Scleranthus perennis L., Thymus serpyllum L.
The unique characteristic of the heathland communities
was Pulsatilla vulgaris that sometimes dominated (15—20%
of cover). Among permanent species of these communities,
Artemisia campestris L., Carex ericetorum Pollich, Festuca
ovina L. were abundant, while the species like Calamagrostis
meinshausenii (Tzvelev) Vilyasoo, Linaria vulgaris Mill.,
Solidago virgaurea L., Antennaria dioica (L.) Gaertn., Sedum
acre L. were less abundant but still permanent. Moss and
lichen layer was formed by common species: Niphotrichum
canescens (Hedw.) Bednarek-Ochyra & Ochyra (Racomitri-
um canescens (Hedw.) Brid.), Polytrichum piliferum Hedw.,
Ceratodon purpureus (Hedw.) Brid., Dicranum polysetum
Sw., Abietinella abietina (Hedw.) M. Fleisch., Cetraria
islandica (L.) Ach., Cladonia spp. The cover of mosses
and lichens was 60—70%.

At the beginning of the 21st century, human activity
leading to vegetation and soil cover disturbance of the
heaths inhabiting old continental dunes (Fig. 1) gradually
decreased: local residents stopped keeping cattle and the
military unit was disbanded. Along with a significant de-
crease of spring grass fires this led to the overgrowing of
the heaths, development of young pine forests (Fig. 2) and
the reduction of the biotopes suitable for the specialized
vascular species survival. If before 1998—2005 it was still
possible to find sites of exposed poorly fixed sands with
non-closed vegetation on the study area, by 2020 such
sites were fixed by vegetation and the dunes and sand
terraces became covered to a large extent by pine forests.

Dune stabilization and successions are accompanied
by nitrogen accumulation and decrease in the calcium
content in the soil (Management..., 2008), that determines
the changes in species composition of the communities of
overgrowing open woodlands. In 2021, Pulsatilla vulgaris
was recordered in very small numbers in open woodlands.
Avenella flexuosa (L.) Drejer became the main dominant
of the herb layer; in some communities it covers up to
75%. The number of herb species in the communities
decreased down to 7—9 for a plot of 2 X 2 m. Gradual
changes of environmental conditions during successions

BOTAHUYECKHM XYPHAJT TtomM 109 Ne9 2024

911

led to decrease in number or disappearance of some xe-
romesophytic species (such as Armeria maritima, Herni-
aria glabra L., Festuca trachyphylla, Potentilla inclinata,
Scleranthus perennis, Silene tatarica, Thymus serpyllum,
etc.). The cover of mosses and lichens reached up to
90% in some communities. Shading caused by the pine
crowns closing led to the extinction of most Juniperus
communis L. individuals, previously abundantly grown
on the heathlands.

During the succession, the meadow communities on
the coastal ridges of the Volkhov River in the southern
part of the territory (the cluster site “Berezye 2”), which
are also the habitat of Pulsatilla vulgaris, were transformed
as well. There, on the sod sandy soils, sometimes with a
buried massive humus horizon, the communities with rich
species composition, counting both common meadow
species and psammophytic ones (including coastal) were
formed. Among the meadow communities, small areas on
the coastal ridge are occupied by the communities with
dominance of Helictochloa pratensis, rare and protected
species in the Leningrad Region. The composition of these
communities changed significantly over the past 15 years.
The cover of the main dominant Helictochloa pratensis
has decreased from 40% to 15—20%. Like on the dunes,
the participation of Avenella flexuosa and other grasses
(Agrostis capillaris L., Calamagrostis meinshausenii, Fes-
tuca ovina) has significantly increased. Pulsatilla vulgaris
cover in such communities in the early 2000s ranged
from 10 to 20%, and currently it is 5%. Such species as
Armeria maritima, Silene tatarica, Thymus serpyllum have
disappeared from the communities.

Almost complete loss of the open habitats in “Nizh-
nevolkhovskiy” Protected Area as a result of heathland
shifts to meadows of perennial grasses and dense moss
and lichen carpets accompanied by the following forest
regeneration have determined the need to develop mea-
sures to manage and maintain the habitats suitable for
Pulsatilla vulgaris survival and generative reproduction.

Population structure analysis. 12 control plots were fixed
in 2020 to assess the effectiveness of Pulsatilla vulgaris seed
reproduction and to carry out long-term observations of
changes in the species abundance due to succession shifts.
The plots 2 X 2 m were allocated in the areas that were
not involved in the restoration activities, and were char-
acterized by a maximum number of P. vulgaris generative
plants at the time of the research: six plots (C1—-C6) were
chosen outside the “Nizhnevolkhovskiy” Protected Area
in the territory of the abandoned military unit adjacent
to the PA southern boundaries, and the other six plots
(C7—C12) were chosen within the PA boundaries (Table



Fig. 1. Chains of dunes in the northwestern part of “Berezye 1”7
cluster site (September 2005). Photographer: V.N. Khramtsov.
Puc. 1. JlloHHbBIE TPSIIBI B CEBEPO-3aTaHOM YacTH KJia-
crepHoro ydyactka “bepesbe 1” (ceHTa6ph 2005 1.). DO-
torpad: B.H. XpamiioB

1). These two groups of plots have significant differences
in the intensity and age of anthropogenic disturbances
of vegetation and soil cover. The pH of sandy soil on
the control plots varies from slightly acidic to neutral
(Table 1). Within the PA, significant impacts such as
grazing and military exercises were stopped no later than
in 2005—2007 (and since 2017 the area is strictly protect-
ed), while on the territory of the abandoned military unit
extensive disturbances of soil and vegetation continued
until recently. Only one of the control plots (C9) within
the PA is now subjected to a significant disturbing impact
as it is situated close to the trail and near a resting place
of anglers and tourists.

On the control plots, we described vegetation, assessed
the number, density and ontogenetic structure of Pulsatilla
vulgaris population. The age stages of plant individu-
als were classified according to the system proposed by
V.I. Simachyov (1978) for Pulsatilla vernalis (L.) Mill.

We analysed the ontogenetic structure of P. vulgaris
population using index of ageness (Uranov, 1975):

Xk; x m;
N b
k; — the number of individuals in /-th ontogenetic group,

m; — ageness of one individual in i-th ontogenetic group,
N — the number of all individuals.

A=
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Fig. 2. Young pine forest on the dune chains replaced heathland
in the course of succession, northwestern part of “Berezye 1”
cluster site (May 2020). Photographer: I.A. Sorokina.
Puc. 2. MoJjiogoii COCHOBBIM Jiec Ha IIOHHBIX Irpsaax,
CMEHMBIIU B XO/Ie CyKIIECCUU GOPOBYIO MYCTOLIb B CE-
Bepo-3arnaHoi YacTH KjacTepHoro yuyactka “bepesbe 1”7
(mait 2020 1.). @oTtorpad: U.A. CopoknHa

To estimate the mean value of energy efficiency of a
population (Zhivotovskiy, 2001) we calculated the effi-
ciency index (w) using the following formula:

o = Ine;
C Zm

n; — the number of individuals in /-th ontogenetic group,
e; — the efficiency of energy consumption by the plants at
the i-th stage relative to that at the g, stage (Zhivotovskiy,
2001), ¥, n, — the number of all individuals.

We used the index of regeneration (/,,,) and the in-
dex of replacement (7,,,) (Zhukova, 1987) to predict the
population number dynamics.

The index of regeneration (/,,,) shows the number of

pregenerative plants per one generative individual:
_ Jtim+y
8 t8& +83°
J,im, v, g, &, & — the number of plants in corresponding
ontogenetic groups.

reg

The index of replacement (/,,,) shows the number of

offspring plants per one adult individual:
j- j+im+v
P (g + & + &)t (sHss+se)
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Table 1. Main coenotic and environmental characteristics of the control plots
Taoauma 1. OCHOBHEBIE IIECHOTHYECKHE M 9KOJIOTHIECKHE XapaKTePUCTUKHA KOHTPOIBHEIX IJIOIIA 0K

Plot
ITnomanka

Vegetation
PactutenbHOCTH

pH of soil solution
pH nouBeHHoroO
pacTBopa

Cl

C2

C3

C4

C5

Co

C7

C8

Grass-herb meadow. Grass cover 75%, moss cover <1%, lichen cover <1%. Number of
species — 33. Most abundant: Pulsatilla vulgaris, Solidago virgaurea, Avenula pubescens
371aK0BO-pa3HOTpaBHEIM yT. TpaBssHOI MOKPOB 75%, MOX0Bo#1 moKpoB <1%, Tu-
MaiHUKOBLIHI MOKpoB <1%. KonmnuecTBo Buaos — 33. HauGosee oounbHble: Pulsatilla
vulgaris, Solidago virgaurea, Avenula pubescens

Moss-herb heathland. Grass cover 30%, moss cover 21%, lichen cover 6%. Number of
species — 38. Most abundant: Pulsatilla vulgaris, Carex ericetorum, Viscaria vulgaris,
Abietinella abietina, Brachythecium albicans
MOoX0BO-pa3HOTpaBHAsI IyCTOLIb. TpaBsiHO# OKpoB 30%, MoxoBoii TOKPOB 21%, 1u-
aiiHUKOBBI TOKPOB 6%. KonnuecTBo BumoB — 38. Haubonee oounvubie: Pulsatilla
vulgaris, Carex ericetorum, Viscaria vulgaris, Abietinella abietina, Brachythecium albicans
Fescue-herb meadow. Grass cover 70%, moss cover 7%, lichen cover 1.5%. Number of
species — 36. Most abundant: Festuca ovina, Pulsatilla vulgaris, Hieracium umbellatum,
Pilosella officinarum
OBCSIHUIIEBO-pa3HOTPaBHBbIi 1YT. TpaBsiHoil mokpoB 70%, MOXOBOIt IOKPOB 7%, J1u-
maiHUKOBBI! MoKpoB 1.5%. KonuvectBo BunoB — 36. Haubosee obunbHbie: Festuca
ovina, Pulsatilla vulgaris, Hieracium umbellatum, Pilosella officinarum
Moss-fescue-herb heathland with sparse pine undergrowth; height — 2.5 m. Grass
cover 50%, moss cover 35%, lichen cover 1.5%. Number of species — 35. Most abundant:
Viscaria vulgaris, Pulsatilla vulgaris, Festuca ovina, Pleurozium schreberi, Brachythecium
albicans
MoOX0OBO-0OBCSTHUIIEBO-Pa3HOTPABHAS MTYCTOIIb C PEIKUM TMOAPOCTOM COCHBI; BRICOTA
2.5 m. TpaBsiHoit mokpoB 50%, MOXOBOI ITOKPOB 35%, MuiIaiHUKOBLIA ITOKPOB 1.5%.
KonunuectBo BunoB — 35. HanbGonee oounwHbie: Viscaria vulgaris, Pulsatilla vulgaris,
Festuca ovina, Pleurozium schreberi, Brachythecium albicans
Herb-moss heathland with aspen undergrowth (Populus tremula); height — 0.1—0.6 m.
Grass cover 45%, moss cover 60%, lichen cover 1%. Number of species — 34. Most
abundant: Abietinella abietina, Pulsatilla vulgaris, Antennaria dioica, Festuca ovina
PasHoTpaBHO-MOXOBas MYCTOIIb C TOAPOCTOM OCUHBI (Populus tremula); BbicO-
ta — 0.1—0.6 M. TpaBsiHOI1 MOKPOB 45%, MOXOBOI1 MOKPOB 60%, NMKIIaitHUKOBBI ITO-
kpoB 1%. KonnuectBo BumoB — 34. Hanbonee oounbHble: Abietinella abietina, Pulsatilla
vulgaris, Antennaria dioica, Festuca ovina
Herb-moss heathland with aspen undergrowth (Populus tremula); height — 0.1—0.8 m.
Grass cover 30%, moss cover 35%, lichen cover 3%. Number of species — 30. Most
abundant: Abietinella abietina, Pulsatilla vulgaris, Thymus serpyllum
Pa3zHoTpaBHO-MOXOBAasI MyCTONIb C MOAPOCTOM OCUHBI; BbicoTa — 0.1—0.8 M. Tpassi-
Hoit mokpoB 30%, MoXoBoit MOKPOB 35%, nuiaitHuKoBbIi MOKpoB 3%. KonuvecTBo
BunoB — 30. Haubonee oounvHblie: Abietinella abietina, Pulsatilla vulgaris, Thymus
serpyllum
Herb-grass meadow. Grass cover 75%, moss cover 20%. Number of species — 25.
Most abundant: Avenella flexuosa, Helictochloa pratensis, Pulsatilla vulgaris, Achillea
millefolium, Brachithecium albicans
PaszHoTpaBHO-3J1aKOBBIH J1yT. TpaBsAHOI MOKpOB 75%, MoxoBoil mokpos 20%. Ko-
JuyecTBO BUAOB — 25. Haubonee oounsHbie: Avenella flexuosa, Helictochloa pratensis,
Pulsatilla vulgaris, Achillea millefolium, Brachithecium albicans
Grass-herb meadow. Grass cover 60%, moss cover 25%. Number of species — 24. Most
abundant: Veronica chamaedrys, Knautia arvensis, Fragaria vesca, Avenella flexuosa,
Pleurozium schreberi, Brachithecium salebrosum
371aKoBO-pa3HOTpaBHBIN NyT. TpaBsgHoit mokpoB 60%, MoxoBoii mokpoB 25%. Ko-
nu4decTBO BUIOB — 24. Hanbonee oounbHbie: Veronica chamaedrys, Knautia arvensis,
Fragaria vesca, Avenella flexuosa, Pleurozium schreberi, Brachithecium salebrosum

6.42

7.07

6.01

5.92

6.92

6.16

5.89

5.70
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Table 1. Continue
Ta6mumna 1. [TpomomxeHue

SOROKINA et al.

Plot
IInomanka

Vegetation
PactutenbHOCTH

pH of soil solution
pH nouBeHHoro
pactBopa

C9

Cl10

Cl1

Cl12

Moss-dwarf shrub-herb heathland. Grass cover 22%, dwarf shrub cover 13.5%, moss
cover 10%, lichen cover 8%. Number of species — 34. Most abundant: Avenella flexuosa,
Antennaria dioica, Calluna vulgaris, Pleurozium schreberi, Cetraria islandica
MOX0BO-KYCTapHUYKOBO-pa3HOTPaBHasI IIyCTOIb. TpaBsHO OKpoB 22%, KycTap-
HUYKOBBII MOKPOB 13.5%, MoxoBoit mokpoB 10%, nuiaitHUKOBbI TOKPOB 8%. Komu-
yecTBO BUoB — 34. Haubonee oounwHbie: Avenella flexuosa, Antennaria dioica, Calluna
vulgaris, Pleurozium schreberi, Cetraria islandica
Heath-herb-moss heathland. Grass cover 24%, dwarf shrub cover 20%, moss cover
30%, lichen cover <1%. Number of species — 19. Most abundant: Calluna vulgaris,
Melampyrum pratense, Avenella flexuosa, Pleurozium schreberi
BepeckoBo-pa3HOTpaBHO-MOX0Bas MyCTOIIb. TpaBsTHO# MOKPOB 24%, KyCTapHUIKO-
BbIii TOKpOB 20%, MOX0BO# TTOKpOB 30%, nuinaitHMKOBbIi MOKpoB <1%. KonunuecTBo
BunoB — 19. Haubonee oounvuwie: Calluna vulgaris, Melampyrum pratense, Avenella
fexuosa, Pleurozium schreberi
Fescue-lichen-moss heathland with sparse pine undergrowth (Pinus sylvestris); height —
0.2 m. Grass cover 10%, moss cover 20%, lichen cover 10%. Number of species — 25.
Most abundant: Niphotrichum canescens, Cetraria islandica, Festuca ovina
OBCSHUIIEBO-TUIIAAHUKOBO-MOXOBAsI IIYCTOIIb C PEIKUM IIOAPOCTOM COCHEI. BbI-
corta — 0.2 M. TpaBsiHoit mokpoB 10%, MoxoBoii MoKpoB 20%, auiail HUKOBBII 11O~
kpoB 10%. KonmuvecTBo BunoB — 25. Haubosee oounbHbie: Niphotrichum canescens,
Cetraria islandica, Festuca ovina
Hairgrass-moss-lichen heathland with sparse pine undergrowth (Pinus sylvestris);
height — 0.5 m. Grass cover 15 %, moss cover 40%, lichen cover 45%. Number of
species — 23. Most abundant: Cladonia arbuscula, Pleurozium schreberi, Avenella flexuosa
JIyroBUKOBO-MOXOBO-JIMITAHUKOBAsI ITYCTOIIb C PSIKUM ITOIPOCTOM COCHBI. BbI-
cora — 0.5 M. TpaBsiHOI TOKPOB 15%, MOx0BOii TOKpoB 40%, NUIaii HUKOBBII
mokpoB 45%. KonuuectBo BuaoB — 23. Haubonee oounvusie: Cladonia arbuscula,
Pleurozium schreberi, Avenella flexuosa

5.30

5.01

5.02

5.49

J, im, v, g, &, &, S, s, sc — the number of plants in
corresponding ontogenetic groups.

We used Kolmogorov—Smirnov test to verify samples
on normality. Further, we used nonparametric analysis,
as the distribution of values of variables, like the number
of plants in various ontogenetic groups, was not normal.

We used Spearman’s correlation analysis to reveal
strength and direction of relationship between the number
of plant individuals at a certain stage of development
and (i) the level of anthropogenic pressure on habitats,
and (ii) biotope conditions. We used Chaddock’s scale
to estimate the strength of relationship between param-
eters investigated (< 0.3 — weak; 0.3—0.5 — moderate;
0.5—0.7 — salient; 0.7—0.9 — high; > 0.9 — very high).

The average seed germination rate on the control plots
was calculated on the basis of information on (i) the mean
number of young generative, mature generative and old
generative plants, (ii) their average seed productivity and
(iii) the number of individuals of pregenerative groups,

grown from seeds in the year of estimation (seedlings and
juvenile plants) or in the previous year (immature plants).

Biotope restoration. In 2020—2021, we carried out
fieldworks on the restoration of habitats suitable for
Pulsatilla vulgaris seed reproduction, on the territory of
“Nizhnevolkhovskiy” Protected Area. 19 plots were placed
in “Berezye 1” cluster site and one plot was placed in
“Berezye 2” cluster site. In 1998—2005, there was maxi-
mum abundance of P. vulgaris along with a complex of
xeromesophytic plant species typical of the sandy dune
habitats near Ladoga Lake in the clusters where the plots
were placed. Now, these sites are covered with pioneer
pine forests or Avenella flexuosa and moss (or lichen and
moss) communities due to the lack of disruptive factors.
The absence of bare sandy soil prevents P. vulgaris seed
germination and seedling development. At the start of
the habitat restoration works the individuals of P. vulgaris
were absent from 17 managed plots out of 20 ones.

A number of practices have been proposed for resto-
ration and management of European dunes and heaths
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(Sedlakova, Chytry, 1999; Management..., 2008; Walker,
Pinches, 2011), i.e. burning, sod-cutting, mowing, soil
disturbance, removing shrubs and trees, moderate cattle
grazing. Being applied these disturbances allow to main-
tain habitats such as dunes in dynamic state appropriate
for specialised xeromesophyte and psammophyte plant
species. Burning small patches of vegetation along with
moderate cattle grazing (Sedldkova, Chytry, 1999; Man-
agement..., 2008) are the most effective ways to restore
the mosaic biotopes of continental dunes and to create
sites suitable for Pulsatilla vulgaris seed reproduction.
Restoration by burning plant cover at our study area was
not implemented as it had not been approved by regional
authorities.

The creation of artificially disturbed sites followed by
seed sowing is one of the effective ways to regenerate
Pulsatilla vulgaris populations (Langenauer, Keel, 2004;
Piqueray et al., 2013). We placed 14 plots (2 X 2 m) within
the treeless areas of “Berezye 1” and “Berezye 2” cluster
sites (moss, lichen-moss, Avenella flexuosa-moss, Festu-
ca-moss communities). Virginile and generative individuals
of Pulsatilla vulgaris were found on three of them. Six
more plots sized from 6 X 6 mto 10 X 10 m were placed
at the sites covered with pine forests.

We carried out the following activities in order to dis-
turb vegetation and soil on the managed plots (Table 2)':

I — removal of plant cover and sod followed by soil
reversal (to a depth of about 20 cm) (6 plots);

II — removal of plant cover and sod with some har-
rowing (3—5 cm deep) (3 plots);

IIT — partial removal of plant cover and sod (on the
sites sized 10 X 10 cm or 50 x 50 cm) (3 plots);

IV — partial removal of plant cover in order to create
open soil sites around generative individuals of Pulsatilla
vulgaris (2 plots);

V — tree uprooting with herb layer and sod removal
(6 plots).

On the managed plots, the pH of soil solution was
slightly acidic (Table 2). At 10 managed plots, we added
dolomite powder (2 kg per 2 X 2 m plot) to decrease
the soil acidity level and to estimate its impact on the
Pulsatilla vulgaris seedling development (Table 2).

I All restoration activities (including seed collection) were
implemented in accordance with regional and federal legislation and
approved by the Ministry of Natural Resources and Environment
of the Russian Federation, by the Federal Service for Supervision
of Natural Resources, and by the Committee of Natural Resources
of the Leningrad Region.
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Seed sowing. We collected Pulsatilla vulgaris seeds out-
side the “Nizhnevolkhovskiy” Protected Area, on the
territory of the abandoned military unit located south
of “Berezye 2” cluster site.

The fruits of P. vulgaris are multiachenes of (45)60—80
single-seed achenes. In the study area, a young generative
plant with 1—2 flowers produces on an average 70 to
140 seeds, a mature generative plant with 3—11 flowers
produces 210 to 770 seeds, and an old generative plant
with 5—7 flowers produces 350 to 490 seeds. We collected
manually 20—30 achenes per generative shoot.

To make a control estimation of Pulsatilla vulgaris
seed germination under indoor conditions, we planted
seeds in unheated greenhouse on the 29" of June 2020.
From July to August, the mean night temperatures were
17-23°C, and the mean day temperatures were 25—35°C.
As a substrate, we used a mixture of turf soil and sand (in a
ratio 1 : 3). The depth of seeding was 0—0.2 cm. Watering
was carried out once every 10—14 days (10 liters per 1 m?).

In 2020, the managed plots inside the “Nizhnevolkhovs-
kiy” Protected Area were seeded on three dates. Freshly
collected seeds were sown on the 23nd of June, 2020
on 7 managed plots, 2 X 2 m (M1, M2, M4, M7—-10).
600 seeds were sown on each plot. Sowing took place in
dry and moderately hot weather and followed by one-time
watering at the rate of 20 liters per area 2 X 2.

Two other plots 6 X 6 m (M5) and 10 X 10 m (M6)
were seeded on the 30th of July, the seeds were stored for
more than a month at room temperature (+20...+22°C).
One plot, 5 X 11 m (M3), was seeded on the 2nd of Au-
gust, 2020. About 800 seeds were spread on each of the
plots. The seeds on all the plots were sown at a depth
of 0—0.2 cm. We did not water the plots seeded on the
30th of July, 2020 and the 2nd of August, 2020 (the soil
was naturally wet).

In 2021, freshly collected seeds were sown on eight
managed plots at a time, on the 21st of June, 2021. All plots
were watered after sowing. The same amount of seeds was
used: 600 seeds pera plot 2 X 2 m (M14—M18). At larger
plots with previously uprooted vegetation (M11—-M13),
the amount of seed sown was significantly increased —
up to 3600 per a plot. We did not seed two managed
plots (M19, M20) where the generative individuals of
Pulsatilla vulgaris occured, but we bared the ground near
the flowering plants to allow the seeds fallen from the
plant to germinate.
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Table 2. Main coenotic and environmental characteristics of the managed plots

TaﬁJmua 2. OCHOBHEIC IIECHOTUYECKHE W YKOJIOTTICCKHE XapaKTCpUCTUKHU pa60q1/1x TIomaaoK

Plot size leo{.soﬂ Type of restoration DO]O&E“g pli) wder
Plot Pasmep no- Vegetation S0 ul_ion works B added (ke)
ITnomanka agKu PacturenbHOCTh P Tun pecraBpalioH- HOCCHHG MO0
(m X m) IOYBEHHOTO HbIX paGoT MUTOBOM MYKU
pacTBopa (xr)
1 2 3 4 5 6
2020
Moss heathland. Moss cover 95%,
lichen cover 2%, grass cover 1%. I
Number of species — 14. Most ( | of plant
abundant: Niphotrichum canescens remgva do b ﬁn cover
Mi 2 %2 MoxoBast mycToub. MoXoBoit 583 an }?o w1t. some )
MOKpoB 95%, nuiiailHUKOBBI it : arrowing)
MoKpoB 2%, TpaBsiHO ITOKPOB 1%. (yAaneHue pacTuTeINb-
Konnuectso BugoB — 14. Hau- HOCTH 1 IcpHa 1 Jier-
6oiee obunbHBIE: Niphotrichum Koe GoporoBance)
canescens
Lichen-moss heathland. Moss cover
65%, lichen cover 25%, grass cover I
3%. Number of species — 18. Most (removal of plant cover
abundant: Niphotrichum canescens, b .
Cetraria islandica and sod followed by soil
M2 2x2 JInmaitHUKOBO-MOXOBas MyCTOIIIb. 5.45 reversal) 0
MoxoBoii mokpoB 65%, nTuiaitHu- (yHaJIeHHe pacTHTE b~
KOBBIii TOKPOB 25%, TpaBsHOI MO~ HOCTH 1 ICpHa € To-
cleayoluM 000poToOM
kpoB 3%. KonuuecTBo Bugos — 18.
Haub6onee oounwHbie: Niphotrichum TpyHTa)
canescens, Cetraria islandica
Pine forest (Pinus sylvestris) with
Avenella flexuosa and mosses v
(Pleurozium schreberi, Dicranum (tree uprooting with
polysetum). Crown density — 0.4. lof herb 1
Height — 10 m. Moss cover 45%, removgng sofir) ayer
M3 5% 11 grass co;/ggzii?._l\;gmber of 5.04 (KopYeBKa JepeBbEB C 0
COCHSIK JIyTOBUKOBO-MOXOBOIA. TTOCIICAYIOLLMM yIia~
CoMKHYTOCTb KpoH — 0.4. BeicoTa JICHUCM TPaBAHO-KY~
— 10 M. MoxoBoii mokpos 45%, Tpa- CTAapHITKOBOTO Apyca
BsIHOI MOKpoB 25%. KonuvecTBo u IcpHa)
BUIOB — 25
Lichen-moss heathland. Moss cover
50%, lichen cover 30%, grass cover
8%. Number of species — 36. Most
abundant: Barbilophozia attenuata,
Pleurozium schreberi, Cetraria 111
islandica, Cladonia arbuscula (partial removal of plant
M4 2 %2 JInmaitHUKOBO-MOXOBas MyCTOIIIb. 566 cover and sod) 0

MoxoBoii mokpoB 50%, nuiaii-
HUKOBBII TOKPOB 30%, TpaBsiHO
nokpoB 8%. KonnyecTBo BuU-
1moB — 36. HanGonee oGuIbHEIE:
Barbilophozia attenuata, Pleurozium
schreberi, Cetraria islandica,
Cladonia arbuscula

(4aCTUYHOE CHSITHE
PaCTUTEILHOCTU U
JiepHa)
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1 2 3 4 5
Sparse pine forest (Pinus sylvestris)
with Avenella flexuosa and mosses \%
(Pleurozium schreberi) Crown (tree uprooting with
density — 0.1. Height — 8 m. Moss removal of herb layer
cover 40%, grass cover 20%. and sod)
M5 6x6 Number of species — 37 5.43 (KOpueBKa IE€PEBHEB C
Pa3pexeHHbIit COCHSIK TYTOBUKO- MOCEAYIOIUM yaa-
BO-M0x0BOi. COMKHYTOCTb KPOH JIECHUEM TPaBSTHO-KY-
— 0.1. Beicota — 8 M. Mox0BOI1 Mo- CTapHUYKOBOTO sipyca
KpoB 40%, TpaBssHoit okpoB 20%. U IepHa)
KonuuectBo BugoB — 37
Sparse pine forest (Pinus sylvestris)
with Avenella flexuosa and mosses A\
(Pleurozium schreberi) Crown (tree uprooting with
density — 0.1. Height — 8 m. Grass removal of herb layer
cover 50%, moss cover 20%. and sod)
M6 10 X 10 Number of species — 49 5.62 (KOpueBKa epeBbEB C
Pa3pexeHHbBI COCHSIK MOXOBO-JTY- MOCEAYIOUUM yaa-
TOBUKOBBII. COMKHYTOCTb KPOH JIECHUEM TPaBSTHO-KY-
— 0.1. Beicora — 8 M. TpaBsHOIi 1mo- CTapHUYKOBOTO sipyca
KpoB 50%, moxoBoii mokpos 20%, U IepHa)
KonuuectBo BugoB — 49
Grass-moss heathland. Moss cover
50%, grass cover 45%. Number
of species — 20. Most abundant: 1
Pleurozium schreberi, Dicranum (removal of plant cover
polysetum, Avenella flexuosa, Festuca and sod followed by soil
M7 %2 ovina 558 reversal)
31aK0OBO-MOXOBast MycTolirb. Mo- ’ (yaajneHue pacTUTEb-
X0BOIi TOKPoB 50%, TpaBsIHOI MO- HOCTHU U JAepHa C 1o-
kpoB 45%. KonuuectBo BumoB — 20. cleayommuM 000poToM
Hawnb6onee oounwsHsbie: Pleurozium IPYHTA)
schreberi, Dicranum polysetum,
Avenella flexuosa, Festuca ovina
Moss-hairgrass heathland. Grass
cover 40%, moss cover 25%. |
Number of species — 19. Most (removal of plant cover
abundant: Avenella flexuosa, and sod followed by soil
M8 2% 2 Pleurozium schreberi 5.58 reversal)
MoOX0BO-TTyTOBUKOBASI ITYCTOIIb. (ynaneHue pacTUTENb-
TpassHoit moxpos 40%, MOX0OBOIt HOCTH U JiepHa C Mo-
MokpoB 25%. KonndyecTBo BUIOB — cleayommuM 000poToM
19. Haubonee oounvHbie: Avenella TPYyHTA)
fexuosa, Pleurozium schreberi
Hairgrass-moss heathland. Moss
cover 90%, grass cover 20%.
Number of species — 17. Most
abundant: Pleurozium schreberi, 11
Dicranum polysetum, Thuidium (removal of plant cover
recognitum, Avenella flexuosa and forest floor with
M9 2x72 JlyroBukoBo-M0X0Basi MyCTOUIb. 5.36

MoxoBoii mokpoB 90%, TpaBsiHOI
mokpoB 20%. KonuyectBo BU-
noB — 17. Haubosiee oOuIbHbBIE:
Pleurozium schreberi, Dicranum

polysetum, Thuidium recognitum,

Avenella flexuosa

(ymaneHue pacTUTENb-
HOCTH U A€pHA U JIeT-

some harrowing)

Koe 00pOHOBaHUeE)
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Table 2. Continue
Ta6suna 2. [TponorkeHue
1 2 3 4 5
Hairgrass-moss heathland. Moss
cover 45%, grass cover 40%.
Number of species — 19. Most m
abundant: Pleurozium schreberi, .
Avenella flexuosa (partial removal of plant

M10 2x2 JIyroBuKoBO-MOX0Basi MyCTOLb. 6.39 cover and sod)

MoxoBoii mokpoB 45%, TpaBsHOI (sacTmunoe cHiTHE
nmokpos 40%. KoanuecTBo BU- PACTUTCILHOCTI 1
noB — 19. Haubonee o6unbHbIC: AiepHa)
Pleurozium schreberi, Avenella
fexuosa
202
Fescue-moss heathland. Moss cover
25%, grass cover 20%, lichen cover
6%. Number of species — 32. Most \%
abundant: Niphotrichum canescens, (tree uprooting with
Pleurozium schreberi, Avenella removal of herb layer
fexuosa and sod)

Ml11 9%x9 OBCSIHU1IEBO-MOXOBasl MYCTOIIIb. 6.05 (KopueBKa IepeBbEB C
MoxoBoii TOKpoB 25%, TpaBSIHOI MOCIEAYIOIIUM yaa-
1mokpoB 20%, nuiaitHUKOBBI IO~ JIEHUEM TpaBSIHO-KY-
KpoB 6%. KonndecTBo BUI0B — 32. CTAapHUYKOBOTO sipyca

Haubonee oounwubie: Niphotrichum U AepHa)
canescens, Pleurozium schreberi,
Avenella flexuosa
Pine forest (Pinus sylvestris) with
Avenella flexuosa and mosses v
(Pleurozium schreberi, Dicranum (tree uprooting with
polysetum). Crown density — 0.3. Ii fh %1
Height — 7—10 m. Grass cover removal ol hert fayer
25%, moss cover 20%. Number of and sod)
M12 15%x7 species — 25 5.07 (KOopYeBKa IepPeBbEB C
COCHSIK MOXOBO-JTyTOBHKOBBIA. TOCTICLYIOLLAM ya-
CoMKHYyTOCTb KpoH — 0.3. BricoTa JICHHCEM TPaBAHO-KYy-
— 7—10 m. TpaBsiHOI1 MOKpOB 25%, CTapHUHKOBOTO Apyca
MoxoBoit mokpoB 20%. Konude- U iepHa)
CTBO BUJIOB — 25
Pine forest (Pinus sylvestris) with v
Avenella flexuosa. Crown density — (tree uprooting with
0.2. Height — 6 m. Grass cover [i h % |
45%, moss cover 8%. Number of removgng soiir) ayer

M13 10 x 7 species — 37u 5.42 (KopueBKa IepeBbEB C

CocCHSK TyroBUKOBHI1. COMKHY-
TocTh KpoH — 0.2. BricoTa — 6 TTOCJICAYIOLLMM yIa-
M. TpaBsiHO# mokpoB 45%, Mo- JICHHCM TPaBAHO-KY-
XOBO#1 MOKpoB 8%, KonnuecTBo CTApHUTKOBOTO Apyca
BUIOB — 37 U epHa)
Moss-grass heathland. Grass cover
60%, moss cover 20%. Number I
of species — 32. Most abundant: (removal of plant cover
Festuca ovina, Avenella flexuosa, d sod foll b db i
Niphotrichum canescens andsod 1o OW(;’ y sol
Ml14 2X%X2 MoxoBo-31aKoBasi mycrouib. Tpa- 5.85 reversal)
BsIHO#1 MOKpoB 60%, MOXOBOit (yaaneHue pacTuTeb-
mokpoB 20%. KoianuecTBo BU- HOCTH 1 nepléa ¢ 11o-
noB — 32. Haubosiee oOUJIbHbBIE: CIICAYIOLLIM 060POTOM
Festuca ovina, Avenella flexuosa, TpyHTa)
Niphotrichum canescens
BOTAHUYECKUWM XYPHAJI Ttom 109 Ne9 2024
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1 2 3 4 5
Hairgrass-moss heathland. Moss
cover 70%, grass cover 10%.
Number of species — 14. Most 11
abundant: Pleurozium schreberi, (removal of plant cover
Avenella flexuosa and forest floor with
M15 2x2 JIyroBuKoBO-MOX0Basi MyCTOLb. 4.93 some harrowing)
MoxoBoii mokpoB 70%, TpaBsiHO (ynanaeHue paCTUTENIb-
nokpoB 10%. KonuruecTBo BU- HOCTH U JIepHa U JIer-
noB — 14. Haun6osee oOMIbHBIE: Koe O0OpOHOBaHMUE)
Pleurozium schreberi, Avenella
fexuosa
Lichen-hairgrass-moss heathland.
Moss cover 45%, grass cover
30%, lichen cover 20%. Number
of species — 30. Most abundant:
Pleurozium schreberi, Avenella I
Aexuosa, Cladonia arbuscula, ial Lofpl
Cetraria islandica (partial removal of plant
Mil6 2x2 JInmaitHUKOBO-TyrOBUKOBO-MO- 5.28 cover and sod)
. (4aCTUYHOE CHSITHE
XOBasI IycTolb. MOXOBOI ITIOKPOB
45%, TpaBaHoit mokpos 30%, nu- PACTUTEILHOCTI 1
mMaiHUKOBBI# MokpoB 20%. Ko- AicpHa)
nuyectBo BunoB — 30. HanbGonee
obunbHbie: Pleurozium schreberi,
Avenella flexuosa, Cladonia
arbuscula, Cetraria islandica
Moss-hairgrass heathland. Grass
cover 75%, moss cover 25%.
Number of species — 19. Most |
abundant: Avenella flexuosa, (removal of plant cover
Pleurozium schreberi, Dicranum and sod followed by soil
M17 2 %2 " polysetum 597 reversal)
OXOBO-JIYTOBMKOBAsI ITYCTOIIIb. (ymaneHue pacTUTEIb-
MoxoBoii TOKpoB 75%, TpaBsTHOI HOCTH U JIEpHa C Mo-
MmokpoB 25%. KonnyecTBo BUIOB — ClIenyomuM 060poTOM
19. Haubonee oounbHbie: Avenella rpyHTAa)
fexuosa, Pleurozium schreberi,
Dicranum polysetum
Moss-lichen-hairgrass heathland.
Grass cover 40%, lichen cover 25%,
moss cover 15%. Number of species
— 29. Most abundant: Avenella 1
Aexuosa, Cladonia arbuscula, (removal of plant cover
Pleurozium schreberi and sod followed by soil
MIS8 2% 2 MoxoBo-nuiaiitHUKOBO-TyTOBH- 517 reversal)

KOBasi MyCTolIb. TpaBsiHOM ITOKPOB
40%, nuiail HUKOBBII ITOKPOB
25%. moxoBoii okpoB 15%,. Ko-
JmuyecTBO BUAOB — 29. Haubonee
obusbHbIe: Avenella flexuosa,
Cladonia arbuscula, Pleurozium
schreberi

(ymaneHue pacTUTEb-
HOCTH U IepHa C TI0-
cJIenyomuM 060poToM
IPYHTA)
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1 2 3

4 5 6

Moss-hairgrass heathland. Grass
cover 45%, moss cover 40%.
Number of species — 22. Most
abundant: Avenella flexuosa,
Pleurozium schreberi

1\%

(partial removal of plant
cover in order to create
open soil sites around
generative individuals
of Pulsatilla vulgaris)

M19 2x2 M 4.97 (yacTuyHOE ynaJie- 2
OXOBO-JIYTOBUKOBAsI ITyCTOIIIb.
. " HUE pacTUTEIbHOCTH
TpaBsiHOM TTOKPOB 45%, MOXOBOIX
B LEJISIX CO3AaHUS
nokpoB 40%. KonnuecTBo BUIOB — JACTKOB © OTKDITO
22. Haubonee obunbHblie: Avenella r)l/quoﬁ BOKDVT Ir)eHe a-
fexuosa, Pleurozium schreberi Py P
TUBHBIX 9K3EMILISIPOB
Pulsatilla vulgaris)
v
Grass-herb meadow. Grass cover (partial removal of plant
60%; Number of species — 32. Most cover in order to create
abundant: Achillea millefolium, Vicia open soil sites around
cracca, Pulsatilla vulgaris, Avenella generative individuals
fexuosa, Helictochloa pratensis of Pulsatilla vulgaris)
M20 2x2 371aK0BO-pa3HOTPaBHBIM JyT. Tpa- 5.62 (4acTUIHOE yHalie- 2

BsiHOM 1OKpoB 60%. KonuuecTBo
BuI0B — 32. Haubonee oounbHbIE:
Achillea millefolium, Vicia cracca,
Pulsatilla vulgaris, Avenella flexuosa,
Helictochloa pratensis

HUE PaCTUTEJbHOCTH
B LIEJISIX CO3JIaHU S
Y4aCTKOB C OTKPBITOM
MOYBOI BOKPYT T'eHepa-
TUBHBIX 9K3EMILJISIPOB

Pulsatilla vulgaris)

RESULTS AND DISCUSSION

On the 12 control plots, we found 776 individuals of
Pulsatilla vulgaris, 527 of which grew on the plots (C1—C6)
located outside the “Nizhnevolkhovskiy” Protected Area,
and 249 ones grew on the plots (C7—C12) located inside
the PA. On the control plots, the density of individuals
of P. vulgaris per 1 m? varies from 4.5 (C10) to 38.5 (C5)
(Table 3) (mean = 16.2). However, the mean density of
the individuals on the plots outside the PA is two times
higher than that on the plots inside the PA (21.9 vs 10.4
individuals per 1 m?).

We counted the number of plants of various ontoge-
netic groups on the control plots (Table 3). According
to literature data, Pulsatilla vulgaris life span reaches
20 years (Walker, 2011), in the 4—5 years of life the plants
reach generative stage (in the 1.5—3 years if cultivated
(Yagovkina, Baranova, 2009; Walker, 2011)).

Some ontogenetic stages are missing from the Pulsatilla
vulgaris coenopopulation. The majority of the control
plots are characterised by the predominance of virginile
or young generative plants with a great number of mature
generative plants. On the five plots (C4 outside the PA;
C7, C8, C10, and C12 inside the PA), seedlings, juvenile
and immature plants were not found. On the plots C1
and Cl11, there were no seedlings and juvenile plants.

Subsenile and senile individuals were absent from all the
plots located outside the PA, while they were recorded
on three out of six plots located inside the PA.

We determined the ontogenetic state of Pulsatilla vul-
garis coenopopulations on the control plots based on the
presence and predominance of the certain ontogenetic
groups. The decline of the population was estimated based
on the absence of pregenerative plants (Rabotnov, 1950;
Smirnova et al., 2002) (Table 4).

We found that coenopopulations of Pulsatilla vulgaris
on the most plots have left-handed ontogenetic spec-
trum what might indicate that they are relatively young.
Formally, they should be assigned to the normal type of
age state; however; as seven plots have no young plants
(i.e. seedlings, juvenile and immature individuals) the
regress process could be stated. The proportion of the
pregenerative plants (mainly due to virginile individuals)
on two control plots outside the PA (C2, C3) exceeds
the share of generative plants. This circumstance makes
them similar to invasive (pioneer) populations (Rabot-
nov, 1950). The coenopopulation of one of the control
plots inside the PA (C9) has a fragmentary range with
a predominance of immature and virginile plants. C9 is
the only control plot inside the PA where plants of all
pregenerative stages have been recorded. Probably, the
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Table 3. Age structure of Pulsatilla vulgaris cenopopulations on control plots
Ta6auna 3. Bo3pacTHas cTpyKTypa eHononynsuunii Pulsatilla vulgaris Ha KOHTPOJBHBIX TLIONIAKAX
Ontogenetic groups Number of infiividuals on control plots
OHTOreHeTHYCCKHE FpYTTTE KonunuecTBo ocobeit Ha KOHTPOJBHBIX IJIOIIAgKaX
Cl C2 C3 C4 C5 Cé6 C7 C8 Cc9 | C10 Cl11 C12
P 0 1 2 0 1 6 0 0 3 0 0 0
i 0 3 9 0 3 5 0 0 1 0 0 0
im 1 14 18 0 3 14 0 0 11 0 4 0
% 12 33 38 6 55 23 16 6 10 3 6 17
g 20 32 18 18 56 20 42 23 2 12 9 6
& 15 13 18 3 36 26 18 13 0 3 5 6
&3 2 0 0 1 0 2 3 3 0 0 6 11
sS 0 0 0 0 0 0 0 0 1 0 2 5
s 0 0 0 0 0 0 0 0 0 0 1 1
sc 0 0 0 0 0 0 0 0 0 0 0 0
Total number ofindividuals | = 5| g¢ | 103 | 28 | 154 | 96 | 79 45 | 28 | 18 | 33 | 46
OO01ee yrcyio ocodeit
Mean number of individuals
ger m? i} 125 | 24 | 2575 | 7 | 385 [ 24| 1975 | 1125 | 7 | 45 | 825 | 115
H:(x{zHee YUCIO 0cobeit

Note. Ontogenetic groups: p — seedling; j — juvenile; im — immature; v — virginile; g, — young generative; g, — mature
generative; g; — old generative; ss — subsenile; s — senile; sc — dying.

IIpumeyanne. OHTOreHETUUECKHWE TPYIIITBI: p — IPOPOCTOK; j — IOBEHWUJIbHAS; im — UMMAaTypHasi; v — BUPTUHUJIbHAS,
g, — reHepaTuBHas MoJjofas; g, — FeHepaTUBHAs CPEIHEBO3pAaCcTHAs; g§; — FeHEPAaTUBHAs cTapas; Ss — CyOCEHUJIbHAS;

§ — CEHUJIbHA4, S¢ — OTMUparoniasd.

Table 4. Types of Pulsatilla vulgaris coenopopulations on the control plots
Taoamma 4. Tunel neHononyasuuii Pulsatilla vulgaris Ha KOHTPOJBHBIX IIJIOIIATKAX

Control plots
KoHTponbHEIEC IJIOIAIKI

Type of coenopopulation
Tun neHomonyasIuu

Cl, C4, C7, C8, C10—-C12
C2,C3,Cs5
C6

C9

normal incomplete with regression signs, left-handed spectrum
HOpMaJibHasi HeIIOJHOYJICHHAsI ¢ IpU3HAaKaMM PErpecCui, CIIEKTP JIEBOCTOPOHHU I

normal incomplete, left-handed spectrum

HOpMaJibHasd HCIIOJIHOYJICHHAaA, CIICKTP HeBOCTOpOHHI/Iﬁ

normal incomplete, bimodal spectrum (max v u g,)
HOpMaJjibHasl HETIOJHOYJIEHHAs1, CIIEKTP OMMOJaIbHBI (max v u g,)

fragmented, left-handed spectrum

¢parmeHTapHasi, CIieKTp JIEBOCTOPOHHU I

characteristics of this coenopopulation are determined
by its location along the trail subjected to a significant
recreational load.

The basic ontogenetic spectrum (Zaugolnova, 1976)
of Pulsatilla vulgaris on all of the 12 control plots might
be characterised as (i) normal, (ii) complete, and (iii)
monomodal, with maximum number of young generative
plants (Fig. 3).

The comparison of averaged ontogenetic spectra of
Pulsatilla vulgaris between the control plots inside and
outside the PA clearly shows their differences in number
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of various ontogenetic groups of plants (Fig. 4). On the
plots outside the PA, the number of pregenerative, young,
and mature generative plants is higher than that on the
plots inside the PA, where the number of old generative
and postgenerative plants is high.

The graph of averaged ontogenetic spectra of Pulsatilla
vulgaris coenopopulations (in relative values) (Fig. 5)
demonstrates that on the plots outside the PA (i) virginile
and young generative plants predominate, (ii) there are no
postgenerative plants, (iii) juvenile and immature plants
seedlings play a more significant role. On the control
plots inside the PA, young generative plants dominate
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Fig. 3. Basic ontogenetic spectrum of Pulsatilla vulgaris.
Ontogenetic groups: p — seedling; j — juvenile; im — immature;
v — virginile; g, — young generative; g, — mature generative;
g; — old generative; ss — subsenile; s — senile.

Puc. 3. ba3oBblii oHTOreHeTUUeckuit criektp Pulsatilla
vulgaris.

OHTOreHeTUYECKHE TPYIIIEL: p — IIPOPOCTOK; j — IOBE-
HUWJIbHAS; im — UMMaTypHasi; v — BUPTMHUJIbHAS; g —
reHepaTuBHas MoJIonast; g, — FeHepaTUBHAs CPEAHEBO3-
pacTHasl; g; — TeHepaTUBHAasl cTapast; ss — CyOCeHUIbHAasI;
S — CEeHUJIbHASI.
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Fig. 4. Average ontogenetic spectra of Pulsatilla vulgaris on
the control plots inside and outside the PA.

Ontogenetic groups: p — seedling; j — juvenile; im — immature;
v — virginile; g, — young generative; g, — mature generative;
g; — old generative; ss — subsenile; s — senile.

Puc. 4. YcpenHeHHbBIe OHTOTeHeTUIeCKMe CIeKTPBI Pulsatilla
vulgaris Ha KOHTPOJIBHBIX TIJIOLIAAKAX B TPAHUIIAX U BHE
rpanun OOIIT.

OHTOreHeTUYeCKue TPYMIbl: p — MPOPOCTOK; j — IOBE-
HWIbHAs; im — UMMaTypHasl; v — BUPTMHUJIbHAS; 8 —
reHepaTUuBHas MoJl0Jast; g, — FeHepaTUBHAs CPEAHEBO3-
pacTHasi; g; — TeHepaTUBHAs cTapasi; ss — CyOCCHUIIbHAS,
S — CEHUJIbHASI.

and postgenerative individuals appear. The increase in
the role of young generative plants is accompanied by
a decrease in number of individuals in all pregenerative
groups, rather than their increase, as it usually occurs in
the populations of normal complete ontogenetic spectrum
(Smirnova et al., 2002). Thus, the regression phenomena
typical of the part of the population growing inside the
PA are determined by the environment impact, not by
the age structure of the population.

p J im v & & & sS s
OHTOreHeTMYECKME rpynibl

Fig. 5. Average ontogenetic spectra of Pulsatilla vulgaris (in
relative values) on the control plots inside and outside the PA.
Ontogenetic groups: p — seedling; j — juvenile; im — immature;
v — virginile; g, — young generative; g, — mature generative;
g; — old generative; ss — subsenile; s — senile.

Puc. 5. YcpenHeHHbIe OHTOreHeTUYeCK e CIeKTphl Pulsatilla
vulgaris (B OTHOCUTEIBHBIX BETUINHAX) HA KOHTPOJBHBIX
iomankax B rpanuiiax u sHe OOIIT.
OHTOreHeTUYECKHUE TPYTIIbI: p — MPOPOCTOK; j — I0Be-
HUWJIbHAS; im — UMMaTypHasl; v — BUPTUHWIbHAS; g —
reHepaTuBHasi MOJIOfasl; g, — TeHepaTUBHAsI CPEITHEBO3-
pacTHasl; g; — FeHepaTUBHasi cTapast; ss — cCybCeHUIbHas;
S — CEHUJIbHas.

For the majority of the control plots (9 out of 12), the
ratio of ontogenetic groups of Pulsatilla vulgaris is similar
to that of young coenopopulations (Table 5). Plots C3
and C9 are characterised by lower age level (maturing
coenopopulation); plot C12 is mature. Generally, average
age level is higher for the plots inside the PA (0.312) than
for the plots outside the PA (0.248).

The efficiency index (w) value varies from 0.297 (C9)
t0 0.799 (C8) (Table 5). At the same time, mean energy
efficiency of coenopopulations at plots outside and inside
the PA have similar values (0.636 1 0.647 correspondently).

According to (A — w) classification of age state (Table 5)
based on joint use of ageness index and efficiency index
(Osmanova, Zhivotovsky, 2020), coenopopulations on
six control plots are maturing, while young coenopop-
ulations are characteristic to three plots outside the PA
and for one plot inside the PA; inside the PA there is
also one transitional coenopopulation and one is mature.

In order to predict the dynamics of Pulsatilla vulgaris
population number, we assessed the efficiency of the
population self-replacement by calculating indexes of
regeneration (/,,,) and replacement (/,,,). In total, on
all control plots the index of regeneration (/) is 0.7,
while on the control plots outside the PA it is 0.85, and
inside the PA — 0.46. In total on all control plots the
index of replacement (/,,,) is 0.69, while on the control
plots outside the PA it is 0.85, and inside the PA — 0.43.
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Table 5. Main characteristics of Pulsatilla vulgaris coenopopulations on the control plots
Tadoauma 5. OcHOBHBIC XapaKTepUCTUKU LeHononynsauuit Pulsatilla vulgaris Ha KOHTPOJBHBIX TIOMIATKAX

Ageness index (A) Efficiency index (o) Coenog 0pu1ag on type ace ording to
Plot Age level A — w” classification
NHupexc Bo3pacTHOCTHU . Nunexc abdexTus-
HJ'IOH_[a[[Ka BO3paCTHOI/I YPOBEHDb TI/IH HCHOIIOIMYIALINHU IO KJ1aCcCU-
(A) HOCTH () « »
dukanum “A —
cl 0.316 young 0.750 maturing
MoJiogasa 3pcrouada
2 0.206 young 0.571 young
MoJiogasa MoJIogaa
c3 0.188 maturing 0.505 young
B3pocJicomas MOJIogasa
c4 0.278 young 0.731 maturing
MoJiogasa 3pcrouias
cs 0.258 young 0.675 maturing
MoJiogast 3peromast
C6 0.243 young 0.583 young
MoJiogasa MoJiogaa
c7 0.308 young 0.761 maturing
MoJiogaa 3pcromasn
cs 0.346 young 0.799 maturing
MoJiogasa 3pcrouiada
C9 0.113 maturing 0.297 young
B3pocicronasa MoJIoaaa
Cl10 0.282 young 0.761 maturing
MoJiogas 3pcrouiaa
Cli 0.39] young 0.638 transitional
MoJiogasa nepexoaHas
c12 0.435 mature 0.626 mature
3penast 3penast

The averaged efficiency of self-replacement of Pulsa-
tilla vulgaris population calculated for the control plots
is significantly lower than 1, indicating a low ability of
the population to replace itself (Osmanova, Zhivotovsky,
2020). Moreover, the efficiency of self-replacement of
P. vulgaris population inside the PA is two times lower
compared to the population outside the PA.

The absence or low number of pregenerative individuals
of Pulsatilla vulgaris indicates low seed reproduction of
the species even in the places with the highest number
of generative plants. Seven of twelve studied coenopop-
ulations (ageness index is 0.278 or higher) show traits of
regress. At the same time, the emergence of seedlings,
juvenile and immature plants is connected directly to the
soil and plant cover disturbances and their age. By using
Spearman’s rank correlation coefficient we found positive
relationship between disturbances and the number of pre-
generative plants (r, = 0.698 for seedlings; r, = 0.781 for
juvenile plants; r, = 0.816 for immature plants; , = 0.671
for virginile plants). On the vast majority of the control
plots inside the PA, where all disturbances are prohib-
ited according to its regime, high number of young and
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middle-age generative plants occur, seed reproduction
is absent. The phenomenon cannot be explained by the
fruiting rhythm. The main reason for weak seed repro-
duction is formation of closed plant cover (including
plant debris layer) and acidification of soil caused by
decomposition of the large amount of needles and mosses
debris. We found that the total number of P. vulgaris
individuals on the control plots is significantly correlates
to the increase of soil solution pH (r, = 0.797), the same
correlation was found for the number of juvenile plants
(r,=0.593) and for virginile plants (r, = 0.748), while for
seedlings and immature plants the relationship was not
significant (r, = 0.446). For all pregenerative ontogenetic
stages of P. vulgaris, we found negative correlation be-
tween the number of individuals and cover of plant debris,
though it was not significant (r, = —0.044 for seedlings;
r, = —0.184 for juvenile plants; r, = —0.194 for immature
plants; r, = —0.469 for virginile plants).

Thus, the current unstable state and the dynamics of
Pulsatilla vulgaris population proved the necessity of ur-
gent actions to maintain effective seed reproduction of
the species within “Nizhnevolkhovskiy” Protected Area.
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We carried out the restoration actions within the
“Nizhnevolkhovskiy” Protected Area largely based on
the experience of the European colleagues (Sedlakova,
Chytry, 1999; Walker, Pinches, 2011) and Natura 2000
habitat management program (Management..., 2008). In
the course of the restoration works, we created lit and
well-warmed sites with missing or disturbed plant cover
that are suitable for seed reproduction of P. vulgaris.

In 2020, the first Pulsatilla vulgaris seedlings were
recorded on the 22nd of August on three plots sown
in June. During the recalculation done on the 7th of
October, 2020 seedlings were found on nine out of
ten managed plots (Table 6). There were no seedlings
only on one plot (M3), seeded the last (2nd of August,
2020), but the seedlings of the protected species Armeria
maritima were recorded. By the end of the growing
season (2020), the total number of young plants was
141, their amount on the managed plots ranged from
5—6 (on the large uprooted plots seeded the last) up
to 39—45 (on the plots seeded in June). By October
2020, juvenile plants had from one to three true leaves;
most plants had two true leaves. In May 2021, new

SOROKINA et al.

seedlings appeared on the managed plots: the largest
number was recorded on the plots M3, M5, M6 seeded
in late July-August 2020.

On the managed plots, seed germination rate varied
from 1.5% t09.7% (mean = 4.6%). In total, on the plots
managed in 2020, 311 seedlings of Pulsatilla vulgaris ap-
peared by spring of 2021. During the summer season of
2021, 12.5% of the seedlings died, and only 272 individuals,
mostly immature and virginile, survived by the autumn
of 2021 (Table 6). The first blossoming individuals were
recorded on the 24th of May 2022, 13 on the plot M5
and 10 on the plot M6.

The control seed germination of Pulsatilla vulgaris
in indoor conditions (unheated greenhouse) in 2020
was 60%. These values correspond to the average ger-
mination of freshly collected seeds obtained in the
laboratory conditions: 47% for the seeds from Sweden
(Walker, 2011), about 69.8% for material from Ukraine
(Pereboichuk, 2016) and 75% for material from the UK
(Walker, 2011). The first seedlings appeared 48 days after
they were sown in the greenhouse. By the end of the
first growing season, the plants reached the immature

Table 6. Results of Pulsatilla vulgaris seeds germination on managed plots in 2020
Tabamma 6. [Tokazarenu BcxoxecTn ceMsiH Pulsatilla vulgaris Ha padoumnx momankax B 2020 T.

Number of
Date of Number of Numb‘er of Germination seedlings died by
. seeds sown . . seedlings October 2021
Plot seeding Time of seedlings emergence rate
KonuuectBo Komnu- KonuuectBo
Ilnomanka | lata mocesa CpoKMu TOSIBJICHUSI BCXOJI0B Bcxoxectb
MMOCESTHHBIX YeCcTBO MTPOPOCTKOB,
CeMSH CeMSH
CeMsSH BCXOZIOB IMOrUOIINX K OK-
Ts16p10 2021 1.
Ml 23.06.2020 600 end of August 2020 15 2.5 4
koHel aBrycta 2020 r.
end of August 2020 — May 2021
M2 23.06.2020 600 koHen aBrycta 2020 r. — mait 58 9.7 0
2021 r.
M3 02.08.2020 800 May 2021 56 7 0
Mmaii 2021 .
October 2020 — May 2021
Md4 23.06.2020 600 okTs10pb 2020 1. — Maii 2021 1. 17 2.8 0
October 2020 — May 2021
M5 30.07.2020 800 oKTs6ps 2020 T. — Maii 2021 T. 39 4.9 0
October 2020 — May 2021
M6 30.07.2020 800 okTs10pb 2020 1. — Maii 2021 1. 32 6.5 0
October 2020
M7 23.06.2020 600 oKTAGpb 2020 T, 45 7.5 22
October 2020
M8 23.06.2020 600 oKT6pb 2020 T. 7 1.2 7
M9 23.06.2020 600 end of August 2020 13 2.2 6
koHel aBrycta 2020 r.
October 2020 — May 2021
Mio 23.06.2020 600 okTs6pb 2020 1. — Mmaii 2021 1. ? L5 0
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phase and formed 4—5 true leaves; by the end of the
second season (2021) they entered the virginile phase
and blossomed in May 2022.

In 2021, we recorded the first seedlings of Pulsatilla
vulgaris on the managed plots by the 30th of August
(plots M11, M14—M16). By the 2nd of October the
seedlings appeared on two other plots (M12 and M17).
In total, we recorded 70 seedlings of P. vulgaris on all
managed plots. Seed germination rate varied from 0
t0 9.2% (mean = 1.3%) (Table 7). By the end of Oc-
tober, nine seedlings (12.9% of all recorded in 2021)
died. We believe that high temperatures and drought
of summer 2021 negatively affected the germination
rate of P. vulgaris on the exposed and well-lit plots
compared to 2020.

On two managed plots (M 19, M20) with generative
individuals of Pulsatilla vulgaris, where no seeds were
sown, in 2021 ten seedlings appeared, one died by the
end of the vegetation season (Table 7). At the same time,
on the control plot C7 located next to the managed plot
M20, no seedlings were in 2021.

In total, by the end of the growing season, 70 young
plants — seedlings and juvenile individuals (with one,
less often two true leaves) grew on ten plots managed in
2021. In May 2023, the first plants blossomed.

925

In order to estimate the success of restoration activities
made, we compared mean germination rate of Pulsatilla
vulgaris between the control plots (inside the PA, outside
the PA and the mean value for population) and managed
plots in 2020 and 2021.

Mean number of seeds per a control plot is higher for
plots outside the PA (12427) than for plots inside the
PA (6920). According to the literature sources (Wells,
Barling, 1971) and the authors’ observations, the fruits
(achenes) of Pulsatilla vulgaris having tenacious pinnate
stylodia, mainly spread for no more than 20 cm from
the parent plant. Most of the disseminated seeds (no
less than 80%) do not spread out of the control plots.
Mean seed germination rate (Table 8) was higher on the
control plots outside the PA than on the control plots
inside the PA, both in 2020 (0.08% vs. 0.05%) and in
2021 (0.05% vs. 0.01%). For the whole population of
P. vulgaris, mean germination rate was 0.07% in 2020 and
0.03% in 2021. At the same time, it should be noted that
mean germination rate for the species in optimal climatic
conditions within the main part of its geographic range
is much higher, about 16% (Walker, 2011).

Thus, the efficiency of seed reproduction on the man-
aged plots, sown after the restoration activities, was sig-
nificantly higher compared with the control plots left

Table 7. Results of Pulsatilla vulgaris seeds germination on managed plots in 2021
Tao6auna 7. [TokaszaTenu BexoxecTu ceMsH Pulsatilla vulgaris Ha pabouux riomankax B 2021 r.

Date of Number of Time of seedlings | Number of | Germination | Number of seedlings died by
. seeds sown .
Plot seeding emergence seedlings rate October 2021
KonuyectBo
Tlnomanka | Jata nocesa Cpoku nosiByie- | KonuuectBo | BexoxecTs KonnyecTBo NpopocTKOB,
MOCESTHHBIX
CeMsH ceMsIH HUSI BCXOJ0B BCXOJIIOB CeMSH MorubIIMx K oKTs10pio 2021 r.
Ml11 21.06.2021 3600 — 1 0.03 1
October 2021
Mi12 21.06.2021 3600 okT6ps 2021 T. 7 0.2 0
Mi13 21.06.2021 3600 — 0 0 0
Ml14 21.06.2021 600 - 3 0.5 3
end of August 2021
M15 21.06.2021 600 KOHell aBrycra 55 9.2 4
2021 1.

Mil6 21.06.2021 600 — 1 0.2 1
M17 21.06.2021 600 October 2021 3 0.5 0

OoKTa6pb 2021 1.
M18 21.06.2021 600 — 0 0 0
M19 no seeding _ 1 B 1

0e3 3aceBa ceMsH

end of August —

M20 no seeding October 2021 9 B 0
6e3 3aceBa CeMsIH KOHeIl aBrycra —
oKTa6pb 2021 1.
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Table 8. Average number and germination of Pulsatilla vulgaris seeds on the control plots in 2020 and 2021
Ta6suna 8. CpenHee ymncio 1 BexoxkecTb ceMsiH Pulsatilla vulgaris Ha KOHTpOJBHBIX TLTOMAankax B 2020 u 2021 rr.

Control plots
KoHTposibHbIE
TUTOIIAK Y

Mean number of seeds pro-
duced on the control plot
CpenHee 41Ccio CeMSH, 00-
pa3yIoIIMXcs Ha KOHTPOJIb-
HOW MJolaaKe

Mean number of seeds left
within the control plot
CpenHee 4MCIIO CEMSH,

OCTAIOIIMXCS Ha KOH-
TPOJIbHOM TJIOIIaaKe

Mean seed germina-
tion rate in 2020 (%)
CpenHss BCXOXECTh
cemsiH B 2020 1. (%)

Mean seed germina-
tion rate in 2021 (%)
CpenHsis BCXOXECTh
cemsiH B 2021 1. (%)

Outside the PA

Bue rpanun OOIT 12427 9942 0.08 0.05
Inside the PA

B rpanunax OOIT 6920 5536 0.05 0.01
Mean value for the

whole population 9594 2675 0.07 0.03

CpenHee s Bcei
TTOMYJISIIIA T

without intervention for both years: 4.6% vs. 0.07% in
2020, and 1.3% vs. 0.03% in 2021, respectively.

We have not found a significant relationship between
the types of restoration work and number of seedlings of
Pulsatilla vulgaris on the plots, as the data obtained in
2020—2021 are limited. Based on our observations we
suppose that (i) removal of plant cover and sod along
with the reversal of the soil on the plots of 2 X 2 m and (ii)
uprooting with subsequent removal of the herb layer and
sod on the larger plots were the most successful. Moreover,
the plots with generative plants of P. vulgaris where plant
cover was disturbed to create open soil fragments were
more ‘effective’ compared to the control plots.

CONCLUSION

Artificially disturbed sites on the unmanaged and
overgrown heathlands allow to increase significantly
the effectiveness of Pulsatilla vulgaris population seed
reproduction in critical to the species survival climatic
conditions of the Leningrad Region. In total, in the course
of the restoration activities fulfilled in 2020—2021 we
obtained 361 young plants (i.e. seedlings, juvenile and
immature individuals), that increased the number of this
declining population by 10%. By the spring of 2022, the
first plant individuals became generative; in 2023, there
were 119 blooming plants.

Based on the current results we recommend the im-
plemented methods and techniques to maintain the pop-
ulation of Pulsatilla vulgaris and other Pulsatilla species.
These techniques could be also applied for restoration
and maintenance of some highly specialized rare spe-
cies (e.g., Armeria maritima, Dianthus arenarius, Silene
tatarica etc.) of sandy habitats such as heathlands, open
pine woods, continental dunes in Northwestern Russia.

The results of the work demonstrate that it is necessary
to provide the legal possibility for science-based habitat
management, like controlled disturbances of plant cover
and soil, in the regulation acts for PAs aimed at preser-
vation of sandy habitats (i.e. heathlands, old continental
dunes and alike) in order to restore biotope mosaic.
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COXPAHEHME PULSATILLA VULGARIS (RANUNCULACEAE)
B POCCHUN: YITPABJIEHUE MECTOOBUTAHUAMMN
AJA IIOAAEPXKAHUA EANHCTBEHHOU IIOIIYJIALINNA
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Pulsatilla vulgaris iBnsieTcss omHUM U3 HauboJiee peaKUX BUIOB COCYIUCThIX PACTEHU I Ha TEPPUTOPUU
Poccuu: kareropus cratyca B KpacHoit kHure Poccuiickoit @eneparium — 1 (BUI, HAXOASIIAIACS O
yIpo30ii ucue3HOoBeHU ). YnMCIeHHOCTh eAMHCTBeHHOM B Poccuu nonynsitiuu P. vulgaris, N3BeCTHOM 13
JleHWHTpaICKOIi 00JIaCTH, COKPALIAETCsI OBICTPHIMU TEMIIAaMM. AHAJIN3 OHTOTC€HETUYECKOM CTPYKTYPhI
TONYJISIIIA Y TTOKa3aJ c1adyto 3G (GeKTUBHOCTD €€ CaMOIIOAIePXKaH s, CBI3aHHYIO C OTPaHUYEHHBIMU
BO3MOXHOCTSIMH CEMEHHOT0 BO300HOBJIEHW 1. OMHOI M3 OCHOBHBIX TPUYWH, 3aTPYAHSIIOIIUX CEMEH -
Hoe BO30OHOBJIEHWE BUIA, SIBJIsIETCS Mpeodpa3oBaHe OMOTOIOB B XO/I€ €CTECTBEHHOM CYKIIECCUU.
TUNMUYHBIMU MecToOOOUTaHUSIMU P. vulgaris SIBASI0TCS OOPOBbBIE MYCTOIIU, Pa3peKEHHbIE COCHOBBIE
Jleca, CyxXyve HU3KOTpaBHBIe Jiyra u nmactouina. st ycremHoro ceMeHHOro BO30OHOBJIEHUST BUAa
HeoOXOoIMMO Bo3/eiicTBUE (PaKTOPOB, MPUBOASIIMX K pa3pyIIEHUO COMKHYTOI'O HAIIOYBEHHOTO T10-
KpOBa M MPEMSTCTBYIONIMX PAa3BUTUIO IPEBECHOM PACTUTEIBHOCTU (HallpuMep, YMEPEHHBIM BbITIac
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CKOTa, cj1abble HU30BbIe MOXaphl U 1p.). Bo n36exxaHue MoHOM yTpaThl BUJa Ha TeppuTopruu Poccuu
B 2020—2021 rr. B rpanunax OOIIT “HuxnHeBonxoBckuii” (JleHuHrpanckas obdyiactb, BoaxoBckuii
paitoH) co3maHbl ICKYCCTBEHHO HApYIICHHBIC YIACTKHU, IIPUTOMHBIC IJISI CEMEHHOT O BO30OHOBJICHU ST
P. vulgaris. Ha miomagkax IpoBoIMIach KOpUeBKa I PEBbEB, yIaJICHIE NI HAPYIICHUE TPaBIHUCTOM
PAaCTUTEIBHOCTH, 00OPOT BEPXHETO CJIOSI ITOYBHI B HEISIX (POPMUPOBAHUS OCBEIICHHBIX M XOPOIIO
IIPOTPEBAaEMBIX YIACTKOB C HECOMKHYTBIM PAaCTUTEIBHBIM ITOKPOBOM. MepOITpHSITHS ITO3BOJIHIN 10~
BBICUTB ITOJIEBYIO BCXOXECTh CEMSH IO CPAaBHEHMIO C KOHTPOJIBHBIMY Y9aCTKAMHU, OCTaBJICHHBIMU
0e3 BMelnIaTeIbCTBa. 3a NBYXJIETHUI MepHO YUCICHHOCTD TTONyIsIuuu P. vulgaris 6blia yBeJIMdeHa
6osiee yeM Ha 10%. DD DeKTUBHOCTH IPUMEHSIEMBIX MEP ITO3BOJISIET PEKOMEHI0BATh UX IJIs BOCCTA-
HOBJICHU I YMCJIICHHOCTH PEAKUX Y3KOCIeIIMaJIu3UPOBAaHHBIX BUIOB, IIPOU3PACTAIONINX B CXOMHBIX
MECTOOOMTAHUSIX.

Karuesvie cnosa: penkmii BUI, BO3pacTHAsS CTPYKTYpa, SKOJOoTmIecKas pectaBpanus, 3hHeKTUBHOCTh
CEMEHHOT0 BO30OHOBJIEHU I, COKpAIIICHKE ITOITYJISIIIMA BUIA.

BJIATOOJAPHOCTHU HccrenoBanre BBITIONTHEHO B paMKax IpoekTa “Jlydrime
MIPAKTUKU COXpPaHEHUs OEperoBoro 6mopasHooopasus”
(KS1771) mporpaMMbl MPpUTPaHUYHOTO COTPYAHUYECTBA

“IOro-Bocrounag @uunaunnga — Poccua 2014—2020”
(“South-East Finland — Russia Cross-Border Cooperation

TI0 pecTaBpalvy GHOTOIMOB GOPOBBIX ITYCTOLIEH, & TAKXKE Programme 2014—2020"), ¢punancupyemoro EBponeiickum
W.B. Iposnosoii u A.W. bensesoit — 3a npenocrabieHue  corosoM, Poccuiickoit @enepauveit 1 OUHIAHACKON

pe3yabTaTOB aHaAIM3a MTOYBSHHBIX MPOO. Pecniybnukoii.
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