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DRY HEATHLAND RESTORATION IN THE
ZLATNICE NATURE RESERVE (CZECH REPUBLIC):
AN ASSESSMENT OF THE EFFECTIVENESS OF
GRAZING AND SOD-CUTTING
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Abstract

The vegetation of low-altitude dry heathlands in Central Europe (Euphorbio cyparissiae-Callunion vulgaris) has
declined because the abandonment of traditional management has resulted in gradual overgrowth by woody
species and because nutrient inputs have changed. Low-intensity grazing and sod-cutting, which are tradition-
ally recommended to regenerate heather (Calluna vulgaris) vegetation from the seed bank, were introduced
to restore stands of heather that had disappeared. The study was conducted in the Zlatnice Nature Reserve,
located in the northwestern part of Prague (Czech Republic). A system of 1 m* permanent plots was used to
collect the data. Both grazing and sod-cutting were effective for the restoration of the Calluna vulgaris vegeta-
tion. During the two years after the introduction of grazing, the greatest increase in the heather cover occurred
in the grazed areas. The heather cover in the areas managed by sod-cutting started to increase significantly in
the third year following the removal of sods and reached values comparable with the grazed areas. Regular
grazing hindered the increase in the cover of herbs; the increase in the herb cover was higher after single sod-
cutting. Sod-cutting facilitated the expansion of mosses. The experiment suggests that non-intensive sheep
and goat grazing is most likely the most appropriate tool to restore dry heathland on shallow poor soils when
more than 20 years have elapsed since the disappearance of the heathland. The use of sod-cutting itself is
more demanding and brings a higher risk of overgrowth by unwanted herbs and woody species, resulting in
repeated degradation of the Calluna vulgaris vegetation.
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Izvlecek

Vegetacija nizinskih suhih vresav v srednji Evropi (Euphorbio cyparissiae-Callunion vulgaris) je v upadanju za-
radi opuscanja tradicionalnega gospodarjenja in to se kaze v postopnem zara$canju z lesnatimi rastlinami in
spremenjenem vnosu hranil. Za obnovitev sestojev z vreso, ki so izginili, smo uporabili paso z nizko intenziv-
nostjo in ko$njo, ki sta tradicionalno priporoc¢ena nacina za obnavljanje vegetacije z vreso (Calluna vulgaris) iz
semenske banke. Raziskavo smo opravili v naravnem rezervatu Zlatnice, ki se nahaja v severozahodnem delu
Prage (Ceska republika). Vzpostavili smo sistem stalnih 1 m? ploskev. Za obnovitev vegetacije z vrsto Calluna
vulgaris sta bila uspesna tako pasa kot ko$nja. Pokrovnost vrese se je povecala dve leti po zacetku poskusa s
paso, na povrsinah s kosnjo pa se je znacilno povecala tretje leto in vrednosti so bile primerljive s pasenimi
povrsinami. Redna pasa je ovirala povecanje pokrovnosti zelis¢, medtem ko se je njihova pokrovnost povecala
po posamezni kos$nji. Kosnja je tudi vplivala na povecanje pokrovnosti mahov. Poizkus je pokazal, da je slabo
intenzivna pasa ovac in koz verjetno najbolj primeren nac¢in obnove suhih vresav na plitvih, s hranili revnih
tleh, po vec¢ kot 20 let od unicenja vresave. Kosnja je bolj zahtevna, pojavlja pa se tudi moznost razrascanja
nezazeljenih zeli§¢ in lesnatih rastlin, kar zopet vodi v degradacijo vegetacije z vrsto Calluna vulgaris.
Kljuéne besede: Calluna vulgaris, vresa, mahovi, odprta krajina, pasa ovac, zarascanje.

! Silva Tarouca Research Institute for Landscape and Ornamental Gardening, 252 43 Prahonice, Czech Republic,
dostalek@vukoz.cz

2 Institute of Botany, Academy of Sciences of the Czech Republic, 252 43 Priihonice, Czech Republic, tomas.frantik@
ibot.cas.cz

* Corresponding author

113



HacQuETia 14/1 « 2015, 113-122

1. INTRODUCTION

European heathlands were formed primarily as
a result of the long-term effects of human activi-
ties, chiefly fire, pastoral and agricultural activi-
ties (Gimingham 1994, Antrop 2005, Plieninger
et al. 2006). Depending on climatic conditions,
a broad range of differentiated heathland com-
munities arose (Fagundez 2013). Calluna vul-
garis (L.) Hull heathlands have become a major
component of the cultural landscape in Europe
(Gimingham 1972, Diemont et al. 2013). In con-
nection with the changes in the agricultural land-
scape that occurred during the second half of the
20" century, a significant loss and degradation of
these habitats has occurred due to abandonment.
These changes have favored scrubland and for-
est expansion (Chauchard et al. 2007, Garbarino
et al. 2011, Hooftman and Bullock 2012, Rego et
al. 2013) as well as the accumulation of nutrients
(Heil & Diemont 1983, van Rheenen et al. 1995).
To maintain these threatened habitats, with their
narrow specialist organisms and complex inter-
actions (De Graaf et al. 2009), the importance of
heathland conservation has been highlighted in
recent decades and has received much attention
by the European Union and individual countries
in relationship to conservation management and
restoration methods intended to counteract the
negative effects of various drivers of biodiversity
loss on habitat quality (Pywell et al. 2011, Die-
mont et al. 2013, Fagtindez et al. 2013).

Considerable attention has been devoted to
the study of practices that maintain heathland
community structure, such as grazing, burning,
cutting, sod-cutting or sod-chopping and other
factors affecting vegetation development (e.g.,
Pywell et al. 1995, 2011, Gallet & Roze 2001,
Hulme et al. 2002, Pakeman et al. 2003, Niemeyer
et al. 2007, Mitchell et al. 2008, Maren & Vandvik
et al. 2009, Newton et al. 2009). Previous research
has focused particularly on the parts of Western
Europe where heathland occurs in extensive
amounts. Only a few studies have addressed
heathland restoration at the limits of the distri-
bution area of heathlands (Sedldkova & Chytry
1999, Klein et al. 2009, Ascoli et al. 2013).

In contrast to the situation in Western Eu-
rope, low-altitude heathlands in Central Europe
were, most likely, always restricted to small, more
or less isolated areas (Sedlakova & Chytry 1999).
The reason for this distribution is that Calluna
vulgaris reaches its ecological and geographical

limits in more continental climates (Schubert
1960).

Near the limits of its distribution, Calluna is
less vigorous and competitive. These characteris-
tics may result from drought stress and the effects
of lower temperatures (Gimingham 1960, Rosén
1995). The vegetation of Central European dry
heathland dominated by Calluna vulgaris (Eu-
phorbio cyparissiae-Callunion vulgaris Schubert
ex Passarge in Scamoni 1963) occurs on acidic
and nutrient-poor soils in lowland and hilly land-
scapes characterized by low rainfall. These com-
munities are often in contact with dry grassland
(Festuco-Brometea) and contain several steppe
species such as Avenula pratensis, Carex humilis,
Hypericum perforatum and Koeleria macrantha (for
details see Chytry 2007). The vegetation of the
Euphorbio cyparissiae-Callunion vulgaris alliance
has declined due to the abandonment of tradi-
tional management (mostly extensive grazing),
associated with gradual overgrowth by woody
species and with nutrient inputs. As a result of
such development, the stands of Calluna vulgaris
have almost disappeared in a number of locali-
ties. The use of controlled fire is recognized to
be one of the most effective tools for the conser-
vation management of this type of vegetation
(Sedlakova & Chytry 1999, Mohamed et al. 2006,
Klein et al. 2009, Davies et al. 2010, Maren et al.
2010, Harris et al. 2011). Nevertheless, Calluna re-
generation after fire may be modified by the lo-
cal environment (Vandvik et al. 2005) and also
by interactions with encroaching woody species
(Manning et al. 2004). Several studies have noted
that fire provides sites for aspen and birch seed
germination (Chantal et al. 2005, Borghesio et al.
2009) and depletes allelopathic soil compounds
(Mugion 1996). In addition, aspen post-fire stem
mortality induces root suckering over sizeable
areas. Consequently, the encroaching stands en-
large at each fire event until they merge and out-
compete the heathland (Ascoli & Bovio 2010).
Borghesio (2009) emphasizes that burning alone
is insufficient to stop woodland expansion and
that subsequent, prolonged grazing might be es-
sential. This principle has been confirmed by As-
coli et al. (2013).

Although prescribed fire is considered a prom-
ising alternative management tool to maintain
open landscapes, such as grasslands or heath-
lands, the application of this method is problem-
atic in many parts of Europe because of the lack
of specific knowledge and the legislative prohibi-
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tion of prescribed burning in most of the coun-
tries (see Diemont et al. 2013). Valké et al. (2014)
emphasize that for the application of prescribed
burning in Europe, the general findings of care-
fully designed case studies should be combined
with the practical knowledge of conservation
managers about the circumstances affecting the
local application of fire to reach specific manage-
ment objectives. It was not possible to apply fire
treatments in our experiment because such treat-
ments are strictly prohibited on the territory of
the city of Prague; moreover, the vegetation did
not contain sufficient dry matter to burn.

The aim of this study is to investigate to what
extent the lost heathland can be restored follow-
ing the introduction of non-intensive grazing.
Low-intensity grazing is compared with sod-cut-
ting, which is traditionally recommended for re-
newing Calluna vulgaris vegetation from the seed
pool if burning cannot be used. Sod-cutting (i.e.,
removal of the top layer of soil) is a restoration
management option that aims to enhance seed-
ling establishment (Weijtmans et al. 2009). This
technique is among the basic methods of heath-
land restoration (e.g., Sedlakova & Chytry 1999,
Britton et al. 2000, Niemeyer et al. 2007, Diaz et
al. 2008.).

2. STUDY SITE

The study was performed in the Zlatnice Na-
ture Reserve in the northwestern part of Prague
(Czech Republic; latitude 50° 06' 24" N, longi-
tude 14° 21'59" E). The Zlatnice Reserve is lo-
cated on a westward-oriented steep rocky slope
above a stream at 250-280 m a.s.1. The geological
substratum is greywacke and shale of the Upper
Proterozoic on which a shallow layer of soil of
protoranker type has developed.

The climate is of the mild humid zone type,
with a pronounced but not extremely cold winter,
but features of a transition to a mild arid zone
type with hot summers and cold winters are also
present (Walter & Lieth 1960-1967). September
is the driest month. The mean annual tempera-
ture on the slope with dry heathland is 9.0 °C.
The mean temperature for the period of April
to September ranges from 15.0 to 15.7 °C in the
Prague Basin and from 14.2 to 14.6 °C on the sur-
rounding plateau. A value of -29.9 °C was record-
ed as the absolute minimum temperature. The
mean annual total precipitation is 476-487 mm in

the Prague Basin and 521-575 mm on the Prague
Plateau. The climatic data represent a 50 year av-
erage and were processed using information from
the Czech Hydrometeorologic Institute climato-
logic database.

Previously, a considerable part of the slope
was extensively grazed by livestock (especially
by goats and sheep), which determined the for-
mation of dry heathland communities (Kubiko-
va et al. 2005). When the low-intensive farming
of these areas stopped, shrubs and trees began
to invade and overgrow the open habitat. More
advanced stages of succession developed, head-
ing toward woodland communities dominated
primarily by Quercus petraea, a potential natural
vegetation on rendzinas and rankers. In Prague,
these advanced stages are, most frequently, xe-
rothermic oak forests with Cynanchum vince-
toxicum (Cynancho-Quercetum) and xerothermic
downy oak forests (Lathyro vesicoloris-Quercetum
pubescentis) (for details see Moravec & Neuhdusl
1991). As a result of the above-mentioned succes-
sion, the overall area of open space has become
considerably smaller (approximately 0.2 ha).

Nevertheless, the preserved dry heathland
that remains in this area is relatively extensive.
These dry heathlands are represented by the as-
sociation Euphorbio cyparissiae-Callunetum vul-
garis Schubert 1960. This community is formed
by characteristic species such as Calluna vulgaris
(dominant), Hieracium pilosella, Rumex acetosella,
Cladonia uncinalis, Polytrichum piliferum, Avenella
Slexuosa, Euphorbia cyparissias, Festuca ovina, Di-
anthus carthusianorum, Hypericum perforatum, Po-
tentilla arenaria, Pimpinella saxifraga and Fasione
montana (for more details on this type of vegeta-
tion see Chytry 2007).

To protect the vegetation of the dry heath-
land, the nature reserve was established in 1968.
In 1980, the heather was nearly overgrown by
shrubs or replaced by stands of Avenella flexu-
osa and Festuca ovina (Kubikova 1982). By 2008,
when the experiment was initiated, the popula-
tion of Calluna vulgaris, including dry branches,
had completely disappeared. The entire site was
overgrown by shrubs, with the herb layer domi-
nated by Avenella flexuosa and mosses, primarily
Hypnum cupressiforme.
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3. METHODS

At the beginning of 2008, the expanding woody
plants were cut off in the entire area (0.2 ha), and
the cut areas of their stumps were simultaneously
smeared with the herbicide Roundup. In cases of
surviving shoots, this procedure was repeated dur-
ing August in 2009, 2010, 2011, 2012 and 2013. An-
nually since 2008, part of the area has been grazed
by a herd of goats and sheep for a short time
(1 week) in early spring (April). The grazing inten-
sity, expressed as Animal-Days (AD) per unit area
= stocking rate x days /area [ha] (see Hodgson
1979), was approximately 500 for the sheep and 50
for the goats. This grazing intensity is successfully
used in Prague for dry grassland plant diversity
conservation (see Dostalek & Frantik 2008, 2012).
In the early spring of 2008, on the part of the ar-
ea that was not grazed, the sod was removed from
the mineral soil on five randomly selected plots.
An organic layer approximately 10 (5-15) cm
thick was removed by hand using an iron rake. To
collect the data, a system of permanent plots 1 m?
in area was used. A system of permanent plots
1 m x 1 m in size is often used to sample vegeta-
tion data (e.g., Krahulec et al. 2001, Jacquemyn
et al. 2011). During 2008-2013, we examined 14
plots. The following treatments were applied to
individual plots: (1) grazing — each year in spring
- 5 plots, (2) sod-cutting — at the beginning of
the experiment only — 5 plots, and (3) control -
only woody plants were cleared away when they
appeared — 4 plots. A 3 x 3 grid was used to divide
each plot into 9 smaller subplots. In each subplot,
the percentage of vegetation cover of all species
and each individual species was estimated in the
middle of July. In this way, a more precise estimate
of cover for each species was obtained for the en-
tire plot, including the mean value and standard
deviation. For Calluna vulgaris, the number of
seedlings was also recorded in 2008-2010. After
three years, it was not possible to distinguish indi-
vidual plants because of the development of dense

Figure 1: Heather cover in relationship to management inter-
vention in 2008-2013 in the Zlatnice Nature Reserve. Means
identified by identical letters are not significantly different
(p<0.05, Kruskal-Wallis test). Data on the plot level were used
Slika 1: Pokrovnost jesenske vrese v odvisnosti od gospodar-
jenja med letoma 2008 in 2013 v naravnem rezervatu Zlatnice.
Povpredja, oznacena z enakimi ¢rkami, niso statisti¢cno zna-
¢ilno razli¢na (p<0,05, Kruskal-Wallis test). Uporabili smo
podatke posameznih poskusnih ploskev.

116

clusters. Bryophytes were not identified at the spe-
cies level. The changes in the cover and numbers
of individuals of Calluna vulgaris were tested using
a Kruskal-Wallis test (Statistica v. 9 program). A
Principal Component Analysis (PCA) was applied
to examine the dependence of the changes in the
cover of Calluna vulgaris, woody species, herbs and
mosses on the treatment (CANOCO program; ter
Braak & Smilauer 1998).

The nomenclature of vascular plants follows
Kubat et al. (2002).

4. RESULTS

4.1 CHANGE IN THE COVER AND NUMBER
OF INDIVIDUALS OF CALLUNA VULGARIS

Changes in the heather cover in relation to the
three treatment types are shown in Figure 1. Be-
ginning in the second year, and in all subsequent
years, the cover of heather was significantly high-
er in the grazed plots than in the control plots.
However, the cover of heather in the sod-cut plots
began to increase markedly beginning in the
third year. In the fourth year, it reached a level
at which the difference between the increase in
cover in the sod-cut plots and grazed plots was
not statistically significant. The favorable influ-
ence of grazing and sod-cutting on the increased
cover of heather is also shown by a comparison
of the lines indicating the successional processes
occurring in the individual treatments (Figure 2
— the succession arrows for these treatments are
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Figure 2: Ordination diagram for an indirect gradient analysis
(PCA) showing successional changes on the monitored plots
(average of all plots per management treatment per year and
cover of Calluna vulgaris and other species groups were used)
during 2008-2013 (circles - sod-cutting; squares — grazing;
triangles — control). The arrows represent the direction of
succession. The first two axes explained 89% of the total vari-
ability. Data on the plot level were used.

Slika 2: Ordinacijski diagram indirektne gradientne analize
(PCA) kaze sukcesijske spremembe na poskusnih ploskvah (upo-
rabili smo povprecje vseh ploskev z dolo¢enim gospodarjenjem
v posameznem letu in pokrovnost jesenske vrese (Calluna vulga-
ris) in drugih skupin vrst) med letoma 2008 in 2013 (krog - ko-
$nja, kvadrat — pasa, trikotnik - kontrola). Pus¢ice predstavljajo
smer sukcesije. Prvi dve osi pojasnjujeta 89% skupne variabilno-
sti. Uporabili smo podatke posameznih poskusnih ploskev.

oriented to the maximum value of heather cover)
and by the orientation of the Calluna vector to the
grazed and to the sod-cut plots in Figure 3.

The impact of grazing and sod-cutting on
the establishment of Calluna seedlings is shown
in Figure 4. In the grazed plots, compared with
the sod-cut plots and control plots, the number of

Figure 4: Number of heather individuals in relationship to
management intervention in 2008-2010 on the monitored
plots in the Zlatnice Nature Reserve. Means identified by
different letters are significantly different (p < 0.05, Kruskal-
Wallis test). Data on the plot level were used.

Slika 4: Stevilo osebkov jesenske vrese v odvisnosti od nacina
gospodarjenja med letoma 2008 in 2010 na poskusnih plo-
skvah v naravnem rezervatu Zlatnice. Povprecja, oznacena z
razli¢nimi ¢rkami, so statisticno znacilno razli¢na (p < 0,05,
Kruskal-Wallis test). Uporabili smo podatke posameznih po-
skusnih ploskev.
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Figure 3: The results of an indirect gradient analysis (PCA)
showing cover changes in Calluna vulgaris and groups of
other species in relationship to restoration management. The
difference between the cover in 2008 and 2013 was analyzed
(circles — sod-cutting; squares — grazing; triangles — control).
The first two axes explained 91% of the total variability. Data
on the plot level were used.

Slika 3: Rezultati indirektne gradientne analize (PCA) kazejo
spremembe pokrovnosti jesenske vrese in skupin drugih vrst
v odvisnosti od nacina obnove. Analizirali smo razlike v po-
krovnosti med letoma 2008 in 2013 (krog — ko$nja, kvadrat
- pasa, trikotnik - kontrola). Prvi dve osi pojasnjujeta 91%
skupne variabilnosti. Uporabili smo podatke posameznih po-
skusnih ploskev.
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heather individuals increased significantly as ear-
ly as the second year following the introduction
of grazing. However, in the following year, 2010,
a considerable increase in the number of heather
individuals was found in the sod-cut plots. In
2010, the average number of heather individuals
in the grazed plots and in the sod-cut plots was
equal and was significantly higher than in the
control plots.

The years 2010 and 2011, characterized by
above-average precipitation, were generally fa-
vorable for the development of heath vegetation,
showing a significant increase in heather cover in
all monitored plots. In the course of six years of
monitoring, the heather cover also continued to
increase mildly in the control plots (see Figure 1).

4.2 CHANGES IN THE COVER OF OTHER
PLANT SPECIES

Figure 2 describes the successional process on
the monitored plots. The succession arrows for
the grazed plots and the sod-cut plots were more
or less parallel and, compared with the control
plots, indicated considerable successional chang-
es. The effects of the restoration measures on the
cover of functional species groups are shown in
Figure 3. The overall cover of vegetation, as ex-
pected, increased primarily in the sod-cut plots.
Figure 3 also shows that regular grazing signifi-
cantly reduced the increase in the cover of herbs,
whereas this increase was more marked after sin-
gle sod-cutting. The cover of mosses increased
markedly, especially in the sod-cut plots. As in
the case of the herbs, this increase was related to
the recovery of the dominant species of the origi-
nal vegetation. The increased cover of Ceratodon
purpureus was especially notable on the bare
land. Woody species grew better on the plots af-
ter a single removal of sod, and their cover also
increased in the grazed plots.

5. DISCUSSION

Grazing is recognized as an effective manage-
ment option in heathland restoration under the
assumption that its adverse impacts on the at-
tributes of the habitat are eliminated (Newton et
al. 2009, Fagtndez 2013). This study has shown
that non-intensive grazing by sheep and goats
during early spring is sufficient to restore stands

of heather on dry-heathland habitats after more
than 20 years following the disappearance of the
heather. This effect is the result of the long viabil-
ity of the seeds of heather and the disturbance of
the organic litter layer due to trampling by ani-
mals on the shallow soils of dry habitats. If un-
disturbed, this layer prevents heather seeds from
germinating (Bruggink 1993, Pywell et al. 2002,
Bossuyt & Hermy 2003). Hulme et al. (2002) and
Mitchell et al. (2008) have reported that reason-
ably intensive grazing favorably affects the resto-
ration of degraded heath vegetation on habitats
with prevailing Nardus stricta vegetation. These
habitats are comparable to our habitat, with its
prevailing Avenella flexuosa vegetation. However,
grazing itself is most likely not effective for the
restoration of aging or dying vegetation, as it is
not effective in removing Calluna litter (Béhnert
& Hempel 1987). Therefore, prescribed burning
is often recommended as an appropriate man-
agement approach in addition to grazing (see,
e.g., Sedlakova & Chytry 1999, Ascoli et al. 2013,
Valké et al. 2014).

In Western Europe, however, adverse effects
have been observed in association with high
grazing intensity. These adverse effects include
declines in heather cover and increases in grami-
noids (e.g., Gallet & Roze 2001, Newton et al.
2009). In our case, no adverse impacts were ob-
served after short-term grazing of the habitat;
indeed, the introduction of grazing resulted in
a marked decline in the cover of herbs, includ-
ing graminoids. Grazing had also a positive in-
fluence, as it reduced the cover of undesirable
woody species, as also documented by Ascoli et
al. (2013), Bokdam & Gleichman (2000), Bullock
& Pakeman (1997), Newton et al. (2009). Howev-
er, this type of impact was not found in our study
because grazing in our study lasted only for one
week in April and was used mainly to produce a
disturbance of the organic layer to help in Cal-
luna seedling establishment.

Vegetation recovery following sod-cutting
is generally reported as a promising but rather
slow process (Werger et al. 1985, Diemont & Ho-
man 1989, Gimingham et al. 1994). Sedlakova &
Chytry (1999) state that under Central European
conditions, recovery from seeds following sod-
cutting occurs in the third year. We obtained sim-
ilar results after evaluating our experiment. Our
study also confirmed the hypothesis (Hobbs &
Legg 1983, Mallik et al. 1984) that seeds were pre-
sent in the plots immediately after the treatment,
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but seedling establishment was only possible after
the spread of acrocarpous mosses, mainly Cerato-
don purpureus, which allowed germination of Cal-
luna by providing a suitable seedbed in the other-
wise unsuitable area. An alternative explanation
(Legg et al. 1992) is that Calluna seeds may have
been absent after the treatment due to the effects
of fire or because they were removed with the sod
and that a length of time is necessary to allow the
seed rain to compensate for these losses. In our
case, this explanation can be excluded because
fertile heather individuals were absent.

However, the bare soil patches present after
sod-cutting supported the spread of undesirable
woody species (in particular, Betula pendula and
Sorbus aucuparia) and herbs, especially Avenella
flexuosa, that may have outcompeted the devel-
oping heather vegetation. A similar problem has
also been noted by Sedlakova and Chytry (1999).

The mild increase of Calluna in the control
plots was caused by people employed in restora-
tion management. The cover increased only in
the parts of these plots that were randomly dis-
turbed as a result of removing woody plants. The
overall increase in the cover of light-demanding
heather vegetation was also supported by the cut-
ting of full-grown trees at the edge of the heath.

In general, it can be stated that extensive
grazing is most likely the most appropriate tool
to restore lost dry heathland on the shallow poor
soils of the lowlands of Central Europe, even af-
ter more than 20 years following the disappear-
ance of the heathland. In certain cases, however,
it is possible to combine grazing with sod-cut-
ting, and this combination represents another
efficient method. The use of sod-cutting itself is
more demanding and involves a higher risk of
overgrowth by undesirable herbs and woody spe-
cies, resulting in the repeated degradation of the
Calluna vulgaris vegetation.
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