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Introduction

Succession of vegetation can be generally regarded as a directional change in species
composition over time, implying that one species or a group of species replace another one
(Glenn-Lewin et al. 1992). Species composition changing during succession can be regulated
by local factors (such as abiotic conditions, competition, disturbance) and regional factors
(such as climate, history of landscape management, evolution and migration). Generally, the
assembly of a local vegetation can be visualised as species passing through a series of filters,
which represent historical and ecological constrains on the arrival and survival of organisms
in a certain locality (Zobel 1997, Lawton 1999). Succession of vegetation is related to
regional species pool and is connected with dispersal of species, mainly responsible for the
assembly of local communities.

Investigating the variability provides possibilities which are not able to be achieved by
even very detailed analysis of a limited number of sites. Seeking answers to questions such as
those on divergence vs. convergence of succession on a broader spatial scale (LepS &
Rejmanek 1991), influence of different climate (Prach 1994), and the role of different species
pools in the course of succession (Strykstra et al. 1998) is not possible without a broader
geographical analysis of one type of succession. Moreover, an analysis of a large number of
sites can produce insights that can be better applied in restoration ecology than those from
only one or a few sites. It has been argued repeatedly that spontaneous succession is a suitable
tool for restoration of various disturbed sites (Parker 1997; Harker et al. 1999; Prach et al.
2001)

Use of spontaneous vegetation succession in an ecosystem restoration program requires an
existing knowledge base and application to specific aims. A target ecosystem should be set,
including its expected structure and functions, in order to set clear aims for the particular
restoration effort. The scientific debate oversetting restoration goals has tended to polarize.
On one hand, a frequent aim is to return degraded biological communities to their original
state and 1o re-establish self-regulatory natural processes. On the other hand, attempts to
return damaged ecosystems to some kind of productive use or socially acceptable condition
may be more realistic, a process that has been referred to as reclamation rather than
restoration (Jordan et al. 1988).

Despite the enormous number of studies on vegetation succession, there are not many of

them investigating the variability of succession over a lélrger landscape scale. Therefore 1
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studied spontaneous succession in 56 basalt quarries spread over approximately 1800 km?, in
an volcanic hilly area in central Europe, where a distinet climatic gradient is known. The
study area, named the Ceské Stredohoi Hills, is located in the northwestern part of the Czech
Republic (latitude 50°34° - 50°48> N, longitude 13°41°-14°32’ E). The area forms an
clongated shape, running about 90 km from the southwest to the northeast. Three regions can
be distinguished in the southwest-northeast direction and are characterised, besides climatic
differences, by the occurrence of species belonging to different range types according to
Meusel & Jager (1992).

The Ceské Stredoho#f Hills is a typical example of the central European landscape, where
a great deal of habitat can be considered as arrested successional stages. Moreover, due to
agricultural activities, the study area is largely affected by stone quarrying. Industrial
quarrying of basalt was initiated in the 1920’s and culminated in the 1980°s in the region.
There are now 56 basalt quarries in total, nine of them are still active.

In the first part of this thesis I am trying to answer the questions: (a)’ How does the
vegetation succession differ among the quarries located in climatically different situations?
(b) What are the differences in succession in particular habitats inside the quarries? (c) How
typical is the participation of target species for species - rich grasslands, influenced by the
surrounding vegetation?

The dry grasslands belong to the most valuable and rare habitats in central Europe
(Ellenberg 1988). Most of present dry grasslands in central Europe are products of traditional
non-intensive land use (Thomas, 1993; Bignal and McCracken, 1996; Wilmanns, 1997;
Poschold et al., 2002). As intensive agriculture coupled with abandonment of less productive
lands has replaced the traditional land use during the last decades, a considerable diversity of
specialised plants and animals, whose survival depends on now-outdated management
practices, faces extinction threats (Hillier et al., 1990; Van Swaay, 2002). The traditional non-
intensive land use of the grasslands, i.e. extensive grazing and occasional cutting, has been
recently practised only in some nature reserves under special management plans, and many of
the remaining dry grasslands are gradually changing in the process of secondary succession
(Kubikova et al. 1997). Moreover, since only small fragments of once extensive xerophilous
grasslands remain in the region. Therefore it is increasingly argued that areas of protected
lands should be augmented by restoration of unproductive and even degraded lands for
conservation of biodiversity (Young, 2000; Bene¥ et al., 2003). Various types of post-
industrial barrens, such as quarries, sand and gravel pits, mining dump heaps or old factory

yards are particularly promising in this respect. Spontaneous colonisation of post-industrial
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barrens by species of conservation interest has been reported for many organisms, whereas the
supply of traditionally managed habitats transferable into reserves is steadily shrinking, the
extent of restorable barrens increases, as abandoning of once-exploited sites is an inherent
feature of an industrial economy (Schulz and Wiegleb, 2000). Quarries represent large and
prominent landscape features and occupy larger areas than reserves in many regions. They
may host valuable assemblages of both plants and animals.

Restoration of abandoned quarries via spontaneous succession has been proposed as a
cheap alternative to expensive technical reclamation. However, the conditions channelling
successional development in disused quarries towards specific vegetation are little known. In
particular, there is minimum information to what extent the vegetation surrounding quarry
sites influences the course of succession. In the second part of this thesis I am presenting the
relevance of surrounding vegetation on the course of successional development in abandoned
quarries. In studied area, the biotopes most valuable from the conservation point of view are
semi-natural xerophilous grasslands. I tested the hypothesis that the distance of adjoining
xerophilous grasslands and the proportion of the grasslands in quarry surroundings affect the
vegetation of successional sites within the quarries. I studied the changes in plant species
composition during succession in relation to the age of following site abandonment, and the
distance and extent of xeric grasslands in the quarry vicinity.

The environmental site conditions of barren rock and debris, remained in the quarries, are
expected to be rather extreme especially in initial stages of succession (Culen et al. 1998,
Novak & Prach 2003). Besides the abiotic and other constraints, the arrival of some species
before others may determine the next course of succession (van der Valk 1992, Tilman 1994).

In the studied area, the time of arrival and the rate of establishment of plants typical for
the dry grasslands were recognized to influence whether a site will develop towards an open
shrubby grassland, or towards continuous mesophilous scrubs and woodland. The occurrence
of dry grasslands in a close vicinity of a quarry was decisive in this respect, thus dispersal
limitation was expected to play a role (Novak & Prach 2003, Novak & Konvicka 2006). The
main questions studied in the third section were: (a) Can the species typical for the dry
grasslands be sown artificially to speed up succession towards restoration of the grasslands?
(b) Are any differences in seedling recruitment and survival among climatically different
regions?

To answer the question, I performed sowing experiments and followed seedlings

recruitment and survival in the basalt quarries, located in three different climatic regions. I
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also intended to evaluate influence on weather fluctuations among years on seedlings
establishment and survival. '

The main goals of presented studies are to describe variability of successional changes
over large geografical area, to attempt the demonstration of spontaneous succession as a

suitable and effective tool for restoration of quarries.

References

Benes J., Kepka P., Konvitka M. 2003. Limestone quarries as refuges for European
xerophilous butterflies. - Conserv. Biol. 17: 1058-1069.

Bignal, EM., McCracken, D.I. 1996. Low-intensity farming systems in the conservation of
the countryside. J. Appl. Ecol. 33, 413-424.

Cullen, W.R., Wheater, P.C., Dunleavy, P.J. 1998. Establishment of species-rich vegetation
on reclaimed limestone quarry faces in Derbyshire, UK. Biol. Conserv. 84, 25-33.

Ellenberg, H. 1979. Zeigerwerte der Gefisspflanzen Mitteleuropas. Scr. Geobot., Géttingen 9
1-122.

Glenn-Lewin, D.C., Peet, RK. & Veblen, T.T. (eds.), 1992. Plant succession. Theory and
prediction. Chapman & Hall, London.

Harker, D., Libby, G., Harker, K., Evans, S. & Evans, M. 1999, Landscape restoration
handbook. 2™ Ed. Lewis Publ., Boca Raton.

Hillier, S.H., Walton, D.H.W., Wells, D.A. (eds.), 1990. Calcareous grasslands. Ecology and
Management. Bluntisham Books, Bluntisham.

Jordan III, W.R., Gilpin, M.E.& Aber, I.DD. 1987. Restoration ecology. In: Jordan III, W.R.,
Gilpin, M.E. & Aber, J.D. (eds.) A synthetic approach to ecological research, pp.3-21.
Cambridge University Press, Cambridge, UK.

Kubikova J., Kubat K. & Kucera T, 1997. Monitoring kvéteny a vegetace modelového tizemi
Velkého a Malého Lovose v Ceském stiedohoii. [Floristic and vegetation monitoring of

model area Velky and Maly Lovos in the Ceské stredohori Hills]. Priroda 10: 81-106
(in Czech with English summary).

Lawton, J.H. 1987. Are there assembly rules for successional communities? In: Gray AL

Crawley M.]., Edwards P.J. (eds.) Colonisation, succession and stability. Blackwell
Oxford, pp. 225-244.

10

Leps, J. & Rejmanek, M. 1991. Convergence or divergence: what should we expect from
vegetation succession? Oikos 62: 261-264.

Meusel, H. & Jager, E. (eds.), 1992. Vergleichende Chorologie der zentraleuropéischen Flora.
Band III. G.Fisher, Jena etc., 333+688 p.

Novak J. et Prach K. 2003. Vegetation succession in basalt quarries: Pattern on a landscape
scale. - Appl. Veg. Sci. 6:111-116.

Novék J., Konvicka M. 2006. Proximity of valuable habitats affects succession patterns in
abandoned quarries. - Ecol. Eng. 26: 113-122.

Parker, V.T. 1997. The scale of successional models and restoration objectives. Restoration
Ecology 5: 301-306.

Poschlod, P., Wallis DeVries, M.F. 2002. The historical and socioeconomic perspective of
calcareous grasslands - lessons from the distant and recent past. Biol. Conserv. 104,
361-376.

Prach, K. 1994. Vegetation succession on river gravel bars across the Northwestern

Himalayas, India. Arctic and Alpine Res. 26: 349-353.

Prach, K., Bartha, S., Joyce C.B., PySek, P., van Diggelen R. & Wiegleb, G. 2001.

Possibilities of using spontaneous succession in ecosystem restoration: a perspective.

Appl. Veg. Sci. 4: 111-114.

Rosenzweig, M.L. 2003. Reconciliation ecology and the future of species diversity. Oryx 37,
194-205.

Schulz, F., Wiegleb, G. 2000. Development options of natural habitats in a post-mining
landscape. Land Degrad. Dev. 11, 99-110.

Strykstra, R.J., Bekker, R M. & Bakker, J.P. 1998. Assessment of dispersule availability: its

practical use in restoration management. Acta Bot. Neerl. 47: 57-70.

Thomas, J.A. 1993. Holocene climate changes and warm man-made refugia explain why a 6th
of British butterflies possess unnatural early-successional habitats. Ecography 16, 278-
284.

Tilman, D. 1994. Competition and biodiversity in spatially structured habitats. Ecology 75, 2-
6.

van der Valk A.G. 1992. Establishment, colonization and persistence. In: Glenn-Lewin D.C.,
Peet R.K. & Veblen T.T. (eds.) Plant succession. Theory and prediction, pp. 60-102.

Chapman & Hall, London.

11




van Swaay, C.A.M. 2002. The importance of calcareous grasslands for butterflies in Europe.
Biol. Conserv. 104, 315-318.

Wilmanns, O. 1997. On the history of Central European dry grassland communities since the
Late-Glacial-methods, facts, hypotheses. Phytocenologia 27, 213-233.

Young, T.P. 2000. Restoration ecology and conservation biology. Biol. Conserv. 92, 73-83.

Zobel M., van der Maarel E. & Dupré C. 1998. Species pool: the concept, its determination

and significance for community restoration. Appl. Veget. Sci. 1: 55-66.

Paper 1

Vegetation succession in basalt quarries:
pattern over a landscape scale




Vegetation succession in basalt quarries:

pattern over a landscape scale

Jan Novak' & Karel Prach'?

! Department of Botany, Facully of Biological Sciences, University of Ceské Budéjovice,
Branisovskd 31, 37005 Ceské Budéjovice, Czech Republic

2 Institute of Botany, Academy of Sciences of the Czech Republic, Dukelska 143, CZ-37982
Treboii, Czech Republic

Abstract. A spatio-temporal variation of vegetation during spontaneous succession was
studied in 56 basalt quarries spread over 1800 km? in the Ceské stfedohoti Hills (NW Czech
Republic, Central Europe). Differences in the particular habitats inside a quarry, i.e. steep
rocky slopes, bottoms and levels, dumps, and screes were considered. The habitats ranged in
age from 1 to 78 yr since abandonment. Macroclimate (mean annual temperature and
precipitation) significantly influenced the course of succession, which led to a formation of
shrubby grassland, shrubby woodland or tall woodland. Participation of target species typical
of steppe-like communities significantly depended on the occurrence of the communities in
the vicinity, up to a distance of 30 m from a quarry. Disused quarries may become refugia for
rare plant species. Spontaneous successional processes led in the reasonable time of ca. 20 yr
to semi-natural vegetation. Thus, they can be successfully exploited in restoration programs

scheduled for the disused quarries.

Keywords: Climatic gradient; Restoration; Species pool; Spontaneous succession; Target

species.

Nomenclature: Hennekens (1995) for taxa; Oberdorfer (1992) for syntaxa.
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Introduction

Despite the large number of studies oﬁ vegetation succession,there are not many of them
investigating the variability of succession over a larger geographical area, except for Rydin &
Borgegérd (1991); Osbornovéd et al. (1990); Prach (1994); Csetcserits &Rédey (2001);
Verhagen et al. (2001); and for limestone quarries Ursic et al. (1997) and Wheater & Cullen
(1997). Investigating the variability provides possibilities which are not able to be achieved
by even very detailed analyses of a limited number of sites. Seeking to answer questions such
as those on divergence vs. convergence of succession on a broader spatial scale (Leps &
Rejmanek 1991), influence of different climate (Prach 1994), and the role of different species
pools in the course of succession (Strykstra et al. 1998) is not possible without a broader
geographical analysis of one type of succession. Moreover, an analysis of a large number of
sites can produce insights that can better be applied in restoration ecology than those from
only one or a few sites. It has been argued repeatedly that spontaneous succession is a suitable
tool for restoration of various disturbed sites (Parker 1997; Harker et al. 1999; Prach et al.
2001), including stone quarries (Cullen et al. 1998). We had an opportunity to study
spontaneous succession in 56 basalt quarries spread over ca. 1800 km? in an old volcanic
hilly area in central Europe, where a distinct climatic gradient is known.

We asked: 1. How does the vegetation succession differ among the quarries located in
climatically different situations? 2. What are the differences in succession in particular
habitats inside the quarries? 3. How is the participation of target species, typical for species-

rich grasslands, influenced by the surrounding vegetation?

Study area

The arca, named the Ceské stfedohoif Hills, is located in the northwestern part of the
Czech Republic, Central Europe, 50°34’ — 50°48> N, 13°41°-14°32" E (Fig.1). The altitudinal
range is from 123 m a. s. 1. at the bank of the River Elbe, up to 837 m a. s. 1. at the top of the
highest volcanic hill. The studied quarries are located between 160 and 610 m a.s.l. The area
forms an elongated shape, running about 90 km from the southwest to the northeast, and was
declared as a Protected Landscape Area by national law in 1976, Three regions can be
distinguished in a SW-NE direction (Kubat 1970); they show differences both in climate and
the occurrence of species belonging to different range types (Meusel &Jager 1992).
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The climate in the SW part (Region 1) shows continental features with only sporadic snow
cover in winter and rather dry summers,with the lowest annual precipitation in the country.
The region is characterized by the occurrence of species belonging to the Euro-Asian, and
European meridional-submeridional-continental range types (Kubat 1970), e.g. Stipa
pulcherrima, Helictotrichon desertorum, Astragalus excapus and Artemisia pontica. They
occur in extensive vegetation patches of Festucetalia valesiaceae. The occurrence of
Quercetalia pubescenti-petraeae vegetation is only sporadic and woodlands of Fagetalia
sylvaticae do not occur there. The central part (Region 2) is equally warm, but wetter than
Region 1. Thermophilous oak forests (Quercetalia pubescenti-petraeae ) are typical natural
vegetation.Patches of Festucetalia valesiaceae are numerous but smaller than in Region 1.
Species with a submediterranean-(pontic) range, e.g. Cornus mas, Quercus pubescens,

Geranium sanguineum are more abundant there.

Germany

Fig. 1. Location of the studied basalt quarries. Three climatically different regions were delimited according to

climatic characteristics (based on Kubét 1970).

The northeastern part (Region 3) is wetter and colder than the previous parts.There is an

absence of plants of the continental range type. Species belonging to the submediterranean-

(pontic) range type are sporadic.
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Species of the Central-European range type e.g. Quercus petraea, Corylus avellana,
Galium odoratum and Brachypodium sylvaticum are typical here. Carpinion, Tilio-Acerion
Fagion and Arrhenatherion prevail, while Festucetalia valesiaceae vegetation is rare.

Characteristics are summarized in Table 1. Quarrying in the area started before World War II

and culminated in the 1980s. Some quarries are still in use.
Methods

All available basalt quarries were considered if spontaneously re-vegetated sites occurred
in a quarry. The history of each quarry was reconstructed on the basis of official records from
the agencies exploiting the quarries or from the Administration of a Protected Land scape
Area. Moreover, local people were consulted. The following particular habitats inside each
quarry were considered: (1) steep rocky slopes (walls); (2) flat rocky and stony bottoms and
levels; (3) dumps of various spoil material (disintegrated, fine-structured bedrock; low soil
horizons); and (4) screes and debris at the foot of the walls. The habitats rangéd in age from 1
to 78 yr since abandonment. Because exact dating was not possible in all cases,age categories
were defined before data analyses started: Age 1: 1-3 yr old; Age 2: 4 -10 yr; Age 3: 11- 25
yr; Age 4: 26-40 yr; Age 5: >40 yr.

Phytosociological relevés of 5 m x 5 m were recorded in representative sites in each
quarry, avoiding additionally disturbed sites, sites of unclear history or those being very
fragmented and heterogeneous. We used the seven degree Braun-Blanquet scale (van der
Maarel 1979) to estimate the cover of all species present (427 species together). The type of
habitat (see above) was recorded. In total, 386 relevés were recorded with a mean number of
seven relevés per quarry. The presence of natural xerotherm grasslands in the vicinity of a
quarry (up to 30 m from the margin of a quarry) was recorded.

Mean annual temperature was obtained from Moravec & Votypka (1997). 50-yr averages
of mean annual precipitation and mean winter (X-III) precipitation were taken from the
nearest meteorological station (Vesecky et al. 1960).

The vegetation data were analysed by multivariate methods in CANOCO version 4 (ter
Braak &Smilaver 1998) and were not transformed. We expected unimodal relationships
between species occurrence and time and therefore used DCA (length of the gradient of 5.9
SD) and CCA ordinations. For DCA, detrending by segments was used, and species with a

weight from 5% were considered. For CCA, inter-sample distance by Hill scaling and unres -

Table 1. Characteristics of the climatic regions. The altitude ranges concern the studied quarries.

Resion Mean annual Mean annual Typical natural Frequent floristic Altitude (i Number of
cgl precipitation (mm)  temperature (°C) vegetation elements m) quarries
1 460-500 8.1-9.0 restungtalia Eurasian, continental 190-380 21
valesiacae

Quicerli Submediterranean -
(Pontic) 160-550 21

2 501-600 w640 ubescenti-petraeae
P P Central European

3 601-820 6.1-7.5 Fagetalia sylvaticae Central European 290-610 14

tricted permutations (999) were used without forward selection, and p-values and F - ratio

were calculated (ter Braak &Smilauer 1998).

Results

Changes in species composition

Except for steep walls, the succession of vascular plants starts in the studied quarries
immediately after habitat creation. There are annual species which usually occur in the initial
stages (Age 1) as dominants in most quarries disregarding the climatic region: Arenaria
serpyllifolia, Senecio vernalis, Lactuca serriola and Tripleurospermum inodorum.

The initial stages are followed after 4 yr (Age 2) by annual and biennial species such as
Bromus tectorum, B. sterilis, Daucus carota, Trifolium arvense, Medicago lupulina, and
Echium vulgare, often accompanied by perennials such as Poa compressa and Picris
hieracifolia. Several species occur only in the warmest Region 1, e.g. Oxytropis pilosa. On
very rocky sites, such as the bottoms and levels, Sedum album, Erysimum crepidifolium, and
Verbascum lychnitis occur also. Tussilago farfara appears early as a dominant on dumps with
a higher proportion of fine-structured subsoil.

Gradually, after 10 yr (Age 3) perennial grasses and hemicryptophytes expand.
Arrhenatherum elatius is a major dominant in all mesic habitats. Dactylis glomerata, Lotus
corniculatus, Hypericum perforatum, Inula conyza, Hieracium bauhinii, Echinops
sphaerocephalus, Melilotus albus and Potentilla argentea are also frequent. Calamagrostis
epigejos is common on substrates with a higher content of clay. Anthemis tinctoria,
Convolvulus arvensis, Euphorbia cyparissias, Melica transsilvanica and Sanguisorba minor
are common on unstabilized debris and screes. Region 1 is characterized by the typical

occurrence of ‘steppe’ species, e.g. Koeleria macrantha, Artemisia campestris, Centaurea

stoebe and Stachys recta. Mesophilous species, e.g. Poa nemoralis, Rubus idaeus and young




trees and shrubs of Salix caprea, Betula pendula, Corylus avellana and Sambucus nigra, are
common in Region 3.

Trees, shrubs, sciophytes and nitrophytes expand after 25 yr (Age 4) in Regions 2 and 3,
while heliophilous species decrease. Typical dominants for Region 2 are Rosa canina,
Sambucus nigra and Cornus sanguinea, and young trees are becoming frequent, e.g. Fraxinus
excelsior, Acer campestre and Prunus avium. Betula pendula, Corylus avellana and Salix
caprea are very common in Region 3. The course of succession in the dry Region 1 is rather
different. Grasses, such as Festuca valesiaca and Bromus erectus, and perennial herbs, e.g.
Thymus pannonicus, Salvia nemorosa and Scabiosa ochroleuca, are typical for this age.

The oldest successional stages (Age 5) in Regions 2 and 3 are characterized by the gradual
formation of a tree layer. Fraxinus excelsior, Acer campestre, Crataegus spp. are typical for
Region 2 with the tree layer less closed. Heliophilous species such as Fragaria viridis and
Geranium sanguineum are abundant. In the wettest Region 3, Quercus petraea and Fraxinus
excelsior form the tree layer besides the already present Betula pendula. Tn the herb layer,
nitrophilous and mesophilous species, such as Geum wurbanum, Impatiens parvifiora,
Campanula rapunculoides and Geranium robertianum are common. In Region 1, the oldest
stage resembles a ‘shrubby steppe’ with a higher occurrence of shrubs, especially Prunus
spinosa, in wetter sites of the respective quarries. ‘Steppe’ species are represented especially
by Festuca valesiaca, Festuca rupicola, Elymus hispidus, Poa angustifolia, Bromus erectus,
Dianthus carthusianorum and Scabiosa ochroleuca. The oldest successional stages seem to be
rather stabilized, so we expect further successional changes to be slow and mostly of a

quantitative character.

Differences between habitats

Differences in the course of succession in the considered habitats are clearly evident from the
results ob the DCA ordination presented in Fig. 2 (eigenvalue of axis 1 = 0.648, axis 2 =
0.459). Generally, the course ob succession seems to be divergent both among the regions and
inside quarries within each region. The lowest within-quarry differences were found in
Region 3, where the high humidity probably makes the habitats more uniform due to a higher
participation of woody species in all the habitats. The differences among the particular
habitats are more profound in the warmer and drier regions. Here, the dumps seem to be the
most mesic sites, while the walls are most xeric. Quarry walls in Region 2 even appeared to

be more xeric than dumps from Region 1. Succession on dumps is most rapid and slowest on
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Fig. 2. DCA ordination of phytosociological relevés, grouped per habitat type,succesional stage and region. A -
flat bottoms, e - dumps, m - screes and debris at the foot of walls, ¢ - walls. The increasing size of symbols
corresponds to 5 classes of sucessional age (1-3 yr; 4 -10 yr; 11 -25 yr; 26 -40 years; >40 yr). Region 1 - empty
symbols; Region 2 - grey symbols; Region 3 - black symbols.

steep walls (the two youngest stages of walls are not represented here because there is no
vegetation in that age). The positions of the centroids in Fig. 2 suggest that the early
successional stages on walls lag ca. 10 yr behind: the 11 - 25 yr old stages are close to those

of the 4-10 yr stages of other habitats,and later the delay can be even greater.
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Influence of climate

The quarries were clearly arranged along the considered climatic gradients,i.e.mean annual
temperature, mean annual precipitation,and mean winter precipitation, in the CCA ordination
(Fig. 3).The quarries from the three regions were clearly separated (p < 0.001, F=11.054).
The eigenvalues of the first and second CCA axes were 0.497 and 0.186, respectively.

Influence of surrounding vegetation

The presence of natural or semi-natural xerotherm grasslands in the vicinity of a quarry has a
significant (CCA, p < 0.001; F = 10.331) effect on the course ob succession (Fig. 4). The
eigenvalues CCA axes 1 and 2 were 0.474 and 0.436 respectively. The differences are

relatively small in the early stages of succession (Ages 1 and 2) when common ruderal

species
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Fig. 3. CCA ordination biplot of quarries and climatic conditions. TEMP = Mean annual temperature; PREC =

] .

are typical of all grasslands. However,with increasing successional age, the differences

between quarries with and without xerotherm grasslands in their vicinity increase.

Discussion

Successional patterns

Studies on vegetation succession on a broader geographical scale can provide results which
cannot be attained by any detailed study in one or a few sites: e.g. influences of macro-
climate,and differences in species pool in the course of succession. Moreover, analysing a
high number of sites, despite using rather robust methods, we obtained a much broader view
on a particular type of succession, which can be used practically in restoration ecology.
Unfortunately, there is still a lack ob such studies (Burrows 1990; Luken 1990; Glenn-Lewin
et al.1992). We had a great advantage in our study that both the substratum (basalt) and the
system of quarrying were similar in all studied sites. This enabled us to better recognize the
effects of other factors in the course of succession.

The succession appears to be divergent both within and among quarries. Divergent
succession trends on larger geographical scales have been reported several times ealier {Lep$
& Rejmanek 1991; Prach 1994, Ursic et al. 1997) but at smaller scales, i.e.‘inside localities,
succession tends to be convergent (Lep$ & Rejmanek 1991). The opposite trend in the case of
the studied quarries is probably caused by the fact that during the initial stages all habitats are
colonized by a common set of ruderal species with a broad ecological amplitude (generalists).
Later, more specialized species appear.

Despite the differences and the divergent status of succession among the habitats, the
direction of succession inside a quarry is principally the same if life forms and dominant
species are considered. There are more differences in the rate of succession, with a great delay
of vegetation development on steep walls.

Successional divergence is also apparent in the physiognomy of vegetation in the three
regions. The earlier stages are dominated everywhere by annual,biennial or perennial herbs
whereas the late successional stages are dominated either by grasses, shrubs or trees
(summarized in Fig.5). The proportion of woody species is generally higher in less extreme
habitats, i.e. more humid in this case (Olsson 1987; Prach & Py3ek 1994).

Our study has shown that the course of succession is also dependent on the type of vegetation
in the close vicinity. Even if the role of the surrounding vegetation in the process of
colonization of disturbed sites has been repeatedly emphasized, there are only very few
quantitative studies focusing on this topic (Zobel et al. 1998; Strykstra et al. 1998). It is

known that species forming xerotherm grasslands are mostly dispersed over a short distance
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(Grime et al.1988; Poschlod et al. 1996) and it is, therefore,not surprising that they are able to
colonize the quarries only if they occur in their close proximity (Davis 1982). Recently, we
conducted sowing experiments with dominant species from xerotherm grasslands and showed
that these species are able to establish and grow in suitable habitats in any of the quarries.

Their occurrence seems indeed to be limited mainly by dispersability (van der Valk 1992)

Implications for restoration practice

The results presented here demonstrate that spontaneous succession from bare quarries to
semi-natural vegetation takes on average ca. 20 yr. Under certain conditions,i.e.if xerotherm
grasslands are present in close vicinity to a quarry, even highly valuable communities may
develop inside a quarry. These sites resemble natural steppe-like grasslands in species
composition and physiognomy (Kubat 1970) and harbour rare and endangered species (see

also Jefferson 1984). Several of such species find refugia even in younger stages (e.g. Oxytro-
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and Erysimum crepidifolium). Typical species from natural steppe-like grasslands

programs, thus accelerating and directing the succession (Luken 1990).

The intensity of quarrying in the region is decreasing but there are still several quarries
operating. We recommend to include the preservation of at least some remnants of
(semi)natural grasslands into the extraction schemes (if they still occur in the locality). We
recommend also to eliminate the invasive Robinia pseudacacia from the surroundings in
order to protect a quarry against invasion which we observed in several sites.

Generally, stone extraction is not appreciated in a Protected Landscape Area. However,
under some future compromises, quarrying can be accepted if it respects the
recommendations of ecologists. Our study showed that spontaneous succession can be a
suitable, effective tool to restore quarries. This was found also in other studies on quarries
(Davis et al.1985; Ursic et al.1997; Wheather &Cullen 1997) and does agree with general
recommendations (Parker 1997; Harker et al.1999; Prach et al.2001; Perrow &Davy 2002).

Age [years]

1-3 Annual species
4-10 Annual, biennia! + first perennial species
11-25 : Perenniel grasses
Parennial grasses + young trees
26-40 Grassland Shrubs Trees
> 40 Shruby grasslan | Shruby woodland Wocodland
Region 1 Region 2 Region 3

Fig. 5. Generalized scheme of succession in the basalt quarries in the three regions, based on the dominance of
life forms and physiognomy of vegetation.
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Proximity of valuable habitats affects succession

patterns in abandoned quarries
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Abstract. The study tested the hypothesis that the composition of vegetation formed during
primary succession in basalt quarries is affected by the distance to, and area of, conservation-
valuable biotopes of surrounding xerophilous grasslands. The successional vegetation was
recorded in 270 reléves collected in 34 quarries in the area of Ceske Stredohori Hills, Czech
Republic. We used detrended correspondence analysis to visualise the relationship between
successional vegetation, ages of individual sites, and distances to the closest xerophilous
grasslands. Subsequent regression analyses of fidelities of individual reléves to the grassland
alliances Festucion valesiacae and Allyso-Festucion pallentis corroborated the view that the
probability of development of valuable habitats within the quarries decreased with distance to
the closest grassland sites, and increased with their area. It also increased with successional
age, but this effect was suppressed if quarry identity was considered as covariable in the
regressions. Our results show that the valuable biotopes would eventually develop in quarries
situated less than a hundred metres from adjoining xerophilous grasslands. We advocate that
quarry operators pay attention to conservation management of biotopes that surround
excavation sites, because maintaining valuable vegetation in the vicinity will eventually

reduce costs of post-excavation restoration.

Keywords: Basalt quarry; Primary succession; Restoration; species pool; Xerophilous

grasslands

Nomenclature: Kubat (2002) for taxa, Oberdorfer (1992) for syntaxa.
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1. Introduction

Most of the xerophilous grasslands in Western and Central Europe are products of
traditional non-intensive land use, including light grazing, small-scale hay cutting, occasional
burning, and scrub removal for fuel purposes (Thomas, 1993; Bignal and McCracken, 1996;
Wilmanns, 1997; Poschold et al., 2002). As intensive agriculture coupled with abandonment
of less productive lands has replaced the traditional land use during the last decades, a
considerable diversity of specialised plants and animals whose survival depends on now-
outdated management practices face extinction threats (Hillier et al., 1990; Van Swaay, 2002).

One approach to battle this development is creation and active management of reserves,
aimed on mimicking traditional land use (e.g., Bobbink and Willems, 1993; Pirtel et al.,
1998; Dolek and Geyer, 2002). However, since only small fragments of once extensive
xerophilous grasslands remain in many regions, the approach will ultimately reach the limits
of available space. Therefore, it is increasingly argued that reserves should be complemented
by restoration of unproductive and even degraded lands for conservation of biodiversity (e.g.,
Young, 2000; Benes et al., 2003). Particularly promising in this respect are various types of
post-industrial barrens, such as quarries, sand and gravel pits, mining dump heaps or old
factory yards (e.g., Davis, 1982; Cullen, 1998; Novak and Prach, 2003). They typically
contain thin topsoil, which slows down forest growth and maintains the sites in arrested
successional stages. Spontaneous colonisation of post-industrial barrens by species of
conservation interest has been reported for many organisms, including plants (Wheater and
Cullen, 1997; Prach and PySek, 2001), butterflies (Benes et al., 2003), beetles (Brandle et al.,
2000), spiders (Bell et al., 2001) and birds (Bejcek and Tyrner, 1980). Whereas the supply of
traditionally managed habitats transferable into reserves is steadily shrinking, the extent of
;-"restorable barrens increases, as abandoning of once-exploited sites is an inherent feature of an
industrial economy (Schulz and Wiegleb, 2000). Hence, conservation use of localities
exploited by industry offers a cheap and socially acceptable opportunity to augment the
already small and fragmented areas of high quality biotopes in many regions (cf. Rosenzweig,
2003).

In this paper, we analyse spontaneous development of species-rich xerophilous grasslands
in abandoned quarries. Quarries are large and prominent landscape features, which occupy
larger areas than reserves in many regions. It has long been known that abandoned quarries

may host valuable assemblages of both plants and animals (e.g., Usher et al., 1979; Jefferson,
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1984). Recently, restoration of abandoned quarries via spontaneous succession has been
proposed as a cheap alternative to expensive technical reclamation (Benes et al., 2003; Novak
and Prach, 2003; Prach, 2003). However the conditions channelling successional development
in disused quarries towards specific vegetation are little known. In particular, there is
minimum information to what extent the course of succession is influenced by the vegetation
surrounding quarry sites.

We studied the role of surrounding vegetation on the course of successional development
in abandoned quarries within an ancient volcanic region of the Czech Republic. In this region,
the biotopes most valuable from the conservation point of view are semi-natural xerophilous
grasslands, protected by the ECC/EU Habitat Directive. We tested the hypothesis that the
distance to adjoining xerophilous grasslands and the proportion of the grasslands in quarry
surroundings affects the vegetation of successional sites within the quarries. We used an
ordination technique to describe the changes in plant species composition during succession
in relation to the age following site abandonment, and the distance and extent of xeric
grasslands in the quarry vicinity. Then, we use regression techniques to assess the effect of

surrounding grasslands upon the vegetation of successional sites.

2. Methods
2.1. Study area

The study was conducted within a 500 km? area situated in the Ceské Stfedohoti Hills,
located in the northwestern part of the Czech Republic, Central Europe, latitude 50°34°-
50°48’ N, longitude 13°41°- 14°32’ E (Fig. 1). The altitude ranges from 180 to 420 m, the
climate is mild with a low snow cover in winter, the mean annual temperatures range between
7.5 - 9 °C, and the annual precipitation is 500 - 600 mm (Kubat, 1970).

The landscape is a mosaic of deciduous forests, fields, hay meadows, human settlements
and xerophilous grasslands. The forests, dominated by mesophilous oak-hombeam and
thermophilous oak woodlands, cover 30% of the landscape, whereas xerophilous grasslands
(less then 5% of the landscape) are found either at steep and dry slopes unsuitable for forest

growth, or at sites of former pastures.

2.2.Vegetation of xerophilous grasslands
Two types of semi-natural xerophilous grasslands occur in the area, closed-sward ones

occurring on well-developed soils and open-sward ones occurring on rocky substrates. Central
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Fig. 1. Map of the study area showing its position in the Czech Republic and locations of the studied quarries.

European phytosociologists classify them as Festucion valesiacae and Allyso-Festucion
pallentis alliances, respectively (Oberdorfer, 1992). A quantification of variation within these
two alliances (Chytry and Tichy, 2003) showed that both are well-delimited, with 97.7 and
48.3% of species, respectively, being confined to them or rare in other alliances. The
Festucion valesiacae alliance consists of species-rich formations dominated by thin-bladed
tussock forming pgrasses, such as Festuca valesiaca, Stipa spp. and Carex humilis,
accompanied by perennial herbs, such as Potentilla arenaria, Eryngium campestre and
Thymus pannonicus, and spring ephemerals, such as Arenaria serpyllifolia or Acinos arvensis.
Many of the species exhibit continental range types, reaching from Russian steppes to Central
Europe. The formation is considered to be a relic from early post-glacial period, preserved
owing to centuries-long grazing of domestic animals.

The Alysso-Festucion alliance is found on steep sun-exposed rocks and scree. The
dominant grass is Festuca pallens, accompanied by hemicryptophytes, such as Arfemisia
campestris, Aurinia saxatilis, Centaurea stoebe and Seseli osseum, and by succulents
including Sedum album and Jovibarba globifera (for details, see Chytry et al., 2001; Chytry
and Tichy, 2003).
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Industrial quarrying of basalt was initiated in the 1920s and culminated in the 1980s in the
region. There are now 34 quarries in total, 9 of which are still active. Owing to the diverse

landscape, none of the quarries is situated further than 4 km from a xerophilous grassland.

2.3. Data collecting

We sampled spontaneously re-vegetated sites in all 34 quarries present in the study region.

In still operating quarries, freshly abandoned sites (1 year after excavation) were sampled.
Within each quarry, we sampled vegetation by recording 5 m x5 m phytosociological relevés
of representative successional stages, using the seven-degree Braun-Blanquet scale (Braun-
Blanquet, 1964) to estimate covers of all species of higher plants present. The collected data
consisted of 270 relevés (mean per quarry = 8, S.D. = 6.5, median = 5), ontainSing 393
species of higher plants (mean per relev’ e =21, 5.D.=6.9, median = 20).

We used historical maps and information from quarry operators for dating successional age
of the sampled sites. The age since cessation of quarrying ranged from 1-78 years. Because
exact dating was not always possible, we used the following ordinal scale: (1) <3 years, (2)
4-10 years, (3) 11-25 years, (4) 26-40 years, (5) > 40 years.

We located xerophilous grasslands surrounding the quarries by surveying the vicinity of
each quarry aided by aerial photographs and detailed (1:5 000) topographic maps. The
percentage proportion of the biotope in concentric circles around each relevé (up to 30, 31-

100, 100-300 and more than 300 m from the relevé) was then recorded using the maps.

2.4. Statistical analyses

To visualise the effect of distance on succession, we used detrended correspondence
analysis (DCA), an indirect ordination method that ordinates the positions of samples
according to their species composition. Ages of individual relevés, and the distance of the
relevés to the closest patches of xeric grasslands, were superimposed onto the ordination as
supplementary environmental variables. We used CANOCO v. 4 (ter Braak and Smilauer,
1998), option “detrending by segments™.

We used fidelity of individual rel” eves (herein sample fidelity, ®r ) towards the pre-
defined vegetation alliances Festucion valesiacae and Alysso-Festucion pallentis, as a
measure of similarity between the successional sites and the semi-natural grasslands. The
analysis was based on species fidelities ®s or coefficients of association between individual
species and the two above alliances. Fidelities of individual species of Czech flora towards all

vegetation aliianées were tabulated by Chytry and Tichy (2003) using empirical data stored in
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the Czech National Phytosociological Database, an immense source containing 54,310 reléves
collected by 332 authors between 1922 and 2002 (Chytry and Rafajova, 2003).
The computing algorithm for species fidelity is,
N-n,-n-N,
Jn-N,-(N-n)N-N,)

@y =

where N is the number of reléves in the database, N, is the number of reléves in the particular
vegetation unit p, n is the number of occurrences of the species in the database, and 7, is the
number of occurrences of the species in p (Sokal and Rohlf, 1995; Chytry et al., 2002).

Based on the species fidelities, we computed sample fidelities ® R for each of our reléves.
We used the @ s of individual species towards the alliances Festucion valesiacae and Alysso-
Festucion pallentis, as givenby Chytry and Tichy (2003), entering middle values for species

with a a fidelity towards both alliances. The computation was,

@, =D (D - Ny)
1,/

ie., sum of species fidelities of all species present in the sample weighted by their
perceptual abundances Ns. For species not considered as diagnostic for the two alliances, ®g
were set to zero.

We than regressed the sample fidelities against the distance to surrounding xerophilous
grasslands and their (arcsine transformed) percentual areas. The method was generalised
linear modelling with assumed Poisson distribution of the response variable and log link (S-
plus, 1999-2000). Then, we tested single-term relationships, and finally constructed a
multiple-regression model based on forward stepwise selection procedure from all variables
and their interactions. We then repeated the analysis with forcing quarry identity as a
categorial co-variable onto the null model. This allowed controlling for pseudo-replication

effect of multiple samples taken from one quarry, and for effects of such site-specific patterns

as differences in altitude or climate.
3. Results

The course of succession in the quarries is visualised in Fig. 2. In early stages (< 4 years),
there is little difference among the samples, which is evident from the short gradient on the

horizontal axis, and all the early samples exhibit a strong fit of widespread annual weeds (e.g.,
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Arenaria serpyllifolia, Conyza canadensis, Tripleurospermum inodorum). With increasing
age, the samples diverge according to their distance to the xerophilous grasslands. Those in

closest distances exhibit the strongest fit of characteristic steppe grasses and forbs
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Fig. 2. Detrended correspondence analysis ordination diagram showing positions of species in samples collected
from successional sites in basalt quarries. Successional age and distance to the closest xerophilous grassland
were entered to the ordination as supplementary environmental variables. First and second canonical axes are
shown. Eigenvalues: 1st axis, 0.67; 2nd axis, 0.49; sum of all eigenvalues, 2.71. The sluccessional trajectories
were created by connecting centroids of samples in particular successional age and distance class. The bold
numbers accompanying the symbols delimit successional age: (1) < 3 years; (2) 4 -10 years; (3) 11 - 25 years;
(4) 26 - 40 years; (5) > 40 years. The symbols indicate the distances to the closest xerophilous grasslands: (o)

<30 m; (m) 30 -100 m; ( ©) 150 -300 m, (A) > 300 m.
(e.g., Artemisia campestris, Festuca rupicola, Melica transsilvanica, Potentilla incana,
Stachys recta). This applies even to the latest successional stages. Here, however, the above

species become accompanied by mesophilous herbs (e.g., Fragaria viridis), grasses (e.g., Poa

angustifolia) and shrubs (e.g., Prunus spinosa, Crataegus sp.). Sites situated further from the
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xerophilous grasslands (with threshold at ca 100 m) are dominated by tall mesophilous
grasses (e.g., Arhenatherum elatius) in middle-successional stage, and by mesophilous scrub
(i.e., Fraxinus excelsior, Betula pendula, and grass Brachypodium sylvaticum) in the latest
stages.

The values of sample fidelities were distinctly right-skewed, ranging from ®r = 0.0 to
33.0 with mean = 3.0 and median = 2.0. Single-term regressions (Table 1) corroborated the
role of distance to the nearest xerophilous grassland and of the area of the surrounding
grasslands on the course of succession. Sample fidelities increased with increasing area of
surrounding grasslands, which was the best predictor in terms of decrease of model deviance,
and decreased with grassland distance. They also increased with successional age. When the
(highly significant) effect of quarry entered the regressions as a covariable, the area and
distance retained their effects, while the effect of successional age dissipated. This was
expected, as individual quarries differed in ages.
Table 1. Single-term regressions of fidelities of vegetation samples recorded at successional sites within basalt

quarries against distance to nearest xerophilous grasslands, and areas of the xerophilous grasslands surrounding
the sites.

model Regressions without covariable Regressions containing covariable
d.f. Dev®  gAIC® F p d.f. Dev.  gAIC F p

Null 269 15264
Quarry (-) 33,236 55.3 814.4 0.6 **x

1l 1,268 51.2 763.9 158.4 **x* 1l 34,235 7.0 683.7 442 Ak
Distance
Area T 1,268 55.7 683.9 304.4 *** T 34,235 13.6 548.1  109.1 *#*#
Age T 1,268 6.6 1444 .6 16.0 *** 34,235 0.01 8134 3.2 NS

Generalised linear models with assumed Poisson distribution of response variable. The darts (],1) show
directions of the relationships. Values of F and p are related to null model (y ~ +1) in regressions without
covariable, and to model containing quarry as a categorical covariable in regressions with covariable.

***% p<0.0001.

" Percentage deviance explained by the fitted model.

b Quasi-Akaike information criterion, weighting explained deviance by model complexity; the lower the value,
the better and more parsimonious is model fit.

Table 2. Multiple-regression models of association of vegetation successional sites within basalt quarries to
distance and area of adjoining xerophilous grasslands.

Model d.f Deviance AIC F p
Quarry identity not in the mode"

+Area - distance + age +(distance x age) + (area x age) 3,264 73.5 431.1 1117.5 **=*
Quarry identity as a covariable®

+Area - distance + (area x distance) 3,233% 18.2 506.1 42,4  kw#
Generalised linear models with assumed Poisson's distribution of response variable.
ik 5 <0.0001.

*Deviance values and significance test computed against null model.
¥ Deviance and significance computed against a model containing covariable.
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The multiple regressions pointed to the independent effects of area and distance on the
composition of successional vegetation (Table 2). In addition, there were significant non-
additive interactions between explanatory variables. In the model without covariable, the
decrease of sample fidelities with increasing distance to xerophilous grassland was steeper in
older quarries (distance x age in Table 2). Also, sample fidelities grew with area of
surrounding grasslands rather monotonously at young sites, whereas at old sites they
remained close to zero until a cutting value of some 40% of grasslands, and then steeply
increased (interaction area x age in Table 2).

Controlling for quarry identity (by inclusion of covariable “quarry”) pointed to a
significant interaction between area and distance. If the grasslands were found within low
distances, the fidelities grew linearly with grassland area, whereas in large distances (above ca

100 m) they remained low irrespective of grassland area (Fig. 3).
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Fig.3. Trellis diagram showing the interaction effect of area of surrounding xerophilous grasslands and distapce
to the grasslands on fidelity of successional vegetation to vegetation formations of xerophilous grasslands (i.e.,
interaction Area x Distance from Table 2).
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4. Discussion

4.1. Ecological interpretation

The course of succession in basalt quarries towards conservation-desirable xerophilous
grasslands is strongly affected by the distance to the nearest grassland and the proportional
share of the grasslands in quarry environs. Therefore, the plant assemblages colonising
succession are not randomly drawn from the vegetation of the wider study area, but depend on
the species pool within a close distance. This was expectable, as the probability that an
organism arrives at a site during successsion is related to size and distance of source
populations (Wilson, 1993), and the dispersal ability, quality and abundance of its propagules
(Hansson, 1991; With and Crist, 1995; Stryskstra et al., 1996; Hillebrand and Blenckner,
2002). However, the role of proximity of sources on the course of succession remains sparsely
documented. A majority of studies that focused on the role of surrounding species pool on the
successional development deal with secondary succession at such sites as abandoned fields
(Foster et al., 2004) or newly planted woods (Butaye et al., 2002; Dupré et ai., 2002). Studies
focusing on primary succession are scarce, and studies dealing with industry-created primary
succession sites are practically nonexistent (but see Kirmer and Mahne 2001, Campbell et al.
2003). By selecting quarries as a model system, we demonstrated the role of surrounding
species pool on the course of primary succession, using a relatively large sample of sites
situated on identical substrate and within an identical climatic region. The use of sample
fidelities, as measures of association between successional sites and surrounding seminatural
vegetation, facilitated simple and unequivocal testing of our hypotheses.

The arrival of some species before others determines the course of succession through
shifts in competitive abilities (Lawton, 1987; Grace, 1987; Tilman 1994). In the studied area,
the time of arrival and rate of establishment of plants characteristic for xerophilous grasslands
determines whether a site will develop towards a biotope of high conservation value, or
towards a mesophilous scrub (Novak and Prach, 2003). Whereas the extreme environmental
conditions of barren basalt rock prevent establishment of woody species in early stages of
succession, in later stages, the presence or absence of relatively competitive grasses
determines whether woody plants would take over or not (Connell and Slatyer, 1977).
Apparently, propagules of grassland species arrive earlier, and in larger amounts, if there are

large grasslands in the surroundings.
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A closer look into the plants recorded in the quarries that exhibited high fidelities to
xerophilous grasslands allows distinguishing two distinct groups. One consisted of poor
competitors that thrive at disturbed and/or rocky surfaces with minimum soil (e.g., Erysimum
crepidifolium, Sedum album, Acinos arvensis). The other group included plants forming
closed turf at sites with fully developed soils (e.g. Festuca valesiaca, Koeleria macrantha,
Stipa pennata). Some representatives of the former group occurred even in quarries situated
further from xerophilous grasslands, but were rare at older successional stages. In contrast,
plants of the latter group occurred only at older stages that adjoined large tracts of xerophilous
grasslands. The dichotomy is easily interpretable. Species of the former groups are good
dispersers that can colonise the quarries even from relatively distant sources, but cannot
withstand competition with later-arriving mesophilous species. The latter group, on the other
hand, consists of poorer dispersers but better competitors (cf. Ellenberg, 1979; Grime, 1979).

Naturally, some woody cover would ultimately develop in all the studied quarries, except
perhaps on steep rocks and screes (Ursic, 1997; Novak and Prach, 2003). This seemingly
conflicts with the increase of fidelity with age observed in our analyses. The paradox is
explicable by the limited range of quarry ages available in study area: none of the quarries
was older than 80 years, whereas primary succession into woodlands may take centuries
(Elias and Dias, 2004; Nishi and Tsuyuzaki, 2004). It is also notable that old quarries tended
to be surrounded by larger xerophilous grasslands than young ones (grassland area and age
were marginally significantly correlated, Spearman’s » = 0.12, 1253 = 1.93, p = 0.054), perhaps
because it was easier for the past operators to begin excavations in grasslands and rocks than
elsewhere.

Finally, it should be noted that the entire landscape surrounding the quarries had passed a
substantial transformation during the last half-century due to decline of pasture land and the
increase of forests (Barta, 1999; Sadlo and Pokorny, 2003). This will likely influence the
course of future succession in some of the quarries studied. The average quarry abandoned
some fifty years ago was surrounded by more xeric grasslands than an average quarry
abandoned in the present. It can be expected that in recently closed quarries, spontaneous
development of “mature” xerophilous grasslands (corresponding to the upper part of the
ordination diagram in Fig. 2) will become increasingly rarer, unless a purposeful management
changes the course. Instead, a majority of recent quarries may spontaneously develop more

mesophilous vegetation.
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4.2. Applied implications

Qur findings may result into the paradoxical advice to locate new quarries next to
biologically valuable sites, or, taken to the extreme, directly within reserves. This would be
absurd: we do not call for sacrificing valuable biotopes to quarrying, and insist that new
excavations should be located at lands with minimum conservation value, such as plantation
forests or intensively farmed land. However, if there is a choice between locating a quarry
near an existing xerophilous grassland or far from it, we advise the former alternative.
Provided that a quarry will be ultimately restored via spontaneous succession (Prach, 2003), it
will attain higher conservation value if located closely to valuable habitats.

It is equally important that high quality biotopes should persist in quarry vicinity in order
to provide colonising propagules for eventual succession after cessation of quarrying. This
highlights the importance of managing the areas surrounding active quarries. It is in the best
interest of quarry operators to support such activities as non-intensive grazing, hay and shrub
cutting, conservation burning or eradication of aggressive alien species at grasslands
adjoining excavated sites (cf. Sutherland and Hill, 1995). The above activities may be
prohibitively expensive for conservationists, but relatively cheap if compared with the
budgets of excavating companies. For them, investments into the maintenance of high-quality

vegetation around quarries may ultimately cut the costs of restoration after quarry closure.
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Appendix. Abbreviations of plant names appearing in Fig. 2.

ACERCAM
ARENSER
ACHICOL
ANRMTIN
ANTISYL
ARRHELA
ARTECAM
ARTEVUL
BETUPEN
BROMTEC
CAMPRAP
CRATSPE
CENTSTO
CORNSAN
CONAARV
CORLAVE
DAUCCAR
ECHUVUL
ERYSCRE
EPIOANG
EUPHCYP
FRAGVIR
FRAXEXC
FESTRUP
GERASAN
GERAROB
GEUMURB
HYPEPER

Acer campestre
Arenaria serpyllifolia
Achillea collina
Anthemis tinctoria
Anthriscus sylvestris
Arrhenatherum elatius
Artemisia campestris
Artemisia vulgaris
Betula pendula

Bronus tectorum
Campanula rapunculoides
Crataegus sp.
Centaurea stoebe
Cornus sanguinea
Convolvulus arvensis
Corplus avellana
Daucus carota

Echium vulgare
Erysimum crepidifolium
Epilobium angustifolium
Euphorbia cyparissias
Fragaria viridis
Fraxinus excelsior
Festuca rupicola
Geranium sanguineum
Geranium robertianum
Geum urbanum

Hypericum perforatum

INULCON
ISATTIN -
IMPAPAR
LINAVUL
MELITRA
MELIALB
POAANG
POACOM
POANEM
PICRHIE
PRUUAVI
PRUUSPI
ROSUCAN
RUBUFRU
RUBUIDA
QUERPET
SALXCAP
SAMBNIG
SANGMIN
SENEVER
SEDUALB
STACREC
TRIFARV
TRIFMED
TRIPINO
TUSSFAR
VERBLYC

Inula conisa

Isatis tinctoria
Impatiens parviflora
Linaria vulgaris
Melica transsilvanica
Melilotus albus

Poa angustifolia
Poa compresa

Poa nemoralis
Picris hieracioides
Prunus avium
Prunus spinosa
Rosa canina

Rubus fruticosus
Rubus idaeus
Qeurcus petrea
Salix caprea
Sambucus nigra
Sanguisorba minor
Senecio vernalis
Seclum album
Stachys recta
Trifolium arvense
Trifolium medium
Triplenrospermum inodorum
Tussilago farfara

Verbascum fychnitis
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Abstract. Steppe-like dry (semi)natural grasslands are valuable and rare habitats in central
Europe. In the study area (the Ceske Stredohori Hills, western part of the Czech Republic)
they occur in fragments on southern slopes of volcanic hills, often in a vicinity of the quarries,
which are numerous there. We performed sowing experiments and observed seedlings
recruitment of six species, typical for the dry grasslands, in 9 basalt quarries located in 3
different climatic regions during 3 years. The sowing experiments were established in the
young successional stages, 5-12 yr after quarrying was stopped. The objectives of the
experiments were to evaluate (i) if seedlings recruitment and survival of the target species are
possible, regarding the different climatic regions; and (ii) what is the influence of weather
fluctuations among years on the seedlings survival.

Seedlings of all study species were able to recruit and survive in the early successional stages
at least in some quarries. The species, except one, showed significant differences in
recruitment among the climatic regions, with the best recruitment and survival in the driest
and warmest region. Seedlings of two species did not recruit in the wettest and coldest region.
All species survived in the driest and warmest region, while only one in the coldest and
wettest region. The number of localities (floristic records) of particular species in the regions
was the best predictor of the species germination and survival. Different weather conditions in
the studied years significantly influenced recruitment of two species. It emerged, that the
artificial sowing can be considered in restoration programs as a way how to restore dry

grasslands in the disused quarries.

Keywords: Dry grassland; Quarries; Restoration; Seedlings recruitment; Seedling survival;

Sowing experiments; Succession
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Introduction

The dry grasslands belong to the most valuable and rare habitats in central Europe
(Ellenberg 1988). Most of present dry grasslands in central Europe are, to a certain extent,
products of a traditional non-intensive land use (Thomas, 1993; Bignal and Mc Cracken,
1996; Wilmanns, 1997; Poschold et al., 2002). They occur in fragments on southern slopes of
volcanic hills in the studied area, the Ceske Stredohori Hills, in the western part of the Czech
Republic. The traditional non-intensive land use of the grasslands, i.e. extensive grazing and
occassional cutting, has been recently practised only in some nature reserves under special
management plans, and many of the remaining dry grasslands are gradually changing in the
process of secondary succession (Kubikova et al. 1997). Moreover, the study area is largely
affected by stone quarrying, and the dry grasslands are often destroyed by the quarrying or
survive in small patches in a vicinity of the quarries. Thus, their restoration should be a
reasonable goal of reclamation activities in disused quarries.

The environmental site conditions of barren rock and debris, which remained in the
quarries, are expected to be rather extreme, especially in initial stages of succession (Culen et
al. 1998, Novak & Prach 2003). Besides the abiotic and other constraints, the arrival of some
species before others may determine the next course of succession (van der Valk 1992,
Tilman 1994). In the studied area, the time of arrival and rate of plants establishment typical
for the dry grasslands were recognized to be influenced by the fact whether a site would
develop towards open shrubby grassland, or towards continuous mesophilous scrubs and
woodland. The occurrence of dry grasslands in a close vicinity of a quarry was decisive in this
respect, thus dispersal limitation was expected to play a role (Novak & Prach 2003, Novak &
Konvicka 2006). The main questions addressed in the study were: Can the species typical for
the dry grasslands be sown artificially to speed up succession towards restoration of the
grasslands? Are there any patterns in seedling recruitment and survival among climatically
different regions? To answer the questions, we performed sowing experiments and followed
seedlings recruitment and survival in the basalt quarries, located in three different climatic
regions (Kubat 1970). We also intended to evaluate influence on weather fluctuations among
years on seedlings establishment and survival. To carry out the experiments as close to natural
conditions as possible we used the regional seed material and did not conduct laboratory or
garden experiments which might give different results from those conducted in the field

(Fenner 2000).
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Material and methods

Study area

The area, named the Ceske Stredohori Hills, is located in the northwestern part of the Czech
Republic, central Europe (50° 34" — 50° 48’ N, 13° 41’ — 14° 32' E). Three climatic regions
can be distinguished along the southwest-northeast direction (Kubat 1970) and characterized,
besides climatic differences, by the occurrence of species belonging to different range types,
and different prevailing vegetation.

The climate in the southwestern part (Region 1) exhibits rather continental features with only
sporadic snow cover in winter and rather dry summers, with the lowest annual precipitation in
the country (460-500 mm). Mean annual temperature ranges between 8.1 and 9.0 °C. The
region is characterized by the occurrence of species with rather continental range of
occurrence (Meusel & Jager 1992). They occur in comparably extensive vegetation patches of
dry grasslands. The occurrence of termophilous oak woodland is also typical for the region.
The central part (Region 2) is equally warm, but wetter (501-600 mm) than Region 1.
Termophilous oak woodland is typical natural vegetation and dry grasslands are numerous but
smaller in their extent than in Region 1. There is a higher occurrence of plants with the
submediterranean range of occurrence there.

The northeastern region (Region 3) is wetter (601-820 mm}) and colder (6.1-7.5 °C) than the
previous ones. There is nearly the absence of plants of the continental range type. Species
belonging to the submediterranean range are sporadic. Dry grasslands are rare and beech
forests represent prevailing natural vegetation (Neuhduslova et al. 1998).

In the area, altogether 56 basalt quarries are located, where spontaneous vegetation succession
was previously described (Novék & Prach 2003). Representative quarries were selected for

the sowing experiments.

Sowing experiments

Six species, three forbs and three grasses, were selected to meet the following criteria: being
typical for dry grasslands (Chytry and Tichy 2003, Oberdorfer 1992), producing sufficient
amount of seeds of size and shape enabling easy collection and subsequent manipulation, and
occurring in the area in sufficient number of localities. The following species were selected:
Atragalus excapus, Festuca valesiaca, Oxytropis pilosa, Silene otites, Stipa pennata and Stipa

pulcherrima. All the species are diagnostic species of the alliance of Festucion valesiaceae
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(Chytry and Tichy 2003). Nomenclature follows Kubat et al. (2002). Seeds for each species
in Region 2 were collected from two source populations.

The experiments were established in 9 disused basalt quarries, three in each climatic region.
The age, since quarring was stopped, ranged between 5-12 yr. This successional age was
chosen because this period appeared to be crucial for the next successional development of
dry grasslands (see above). The sites for the experiments were situated on a flat quarry floor
with homogenous substrate. In all cases the autochthonous substrate contained at least 10% of
clayey particles and gravel size did not exceed 3 cm.

In each quarry, two blocks of six 1x1m plots were established. Randomized block design was
used, and into the plots, particular species were sown, 100 seeds of each into three separated
strips, in the late September 2000, 2001 and 2002, respectively. Numbers of seedlings were
observed in the late April/early May and in the late September/early October from 2001 to
2004. In the case of 4. excapus and S. otites, of which some seedlings germinated not only in
the first but also in the subsequent seasons, it was not possible to calculate exactly the
resulting balance between the newly emerged and died seedlings. Thus, the highest number of
seedlings in the years was used as the number of emerged seedlings.

The years of observation differed in the weather conditions during the growing season. The
year 2003 was very dry and warm, while 2001 and 2002 were wet. The following figures
were obtained in the nearest meteorological station in Doksany (www.chmi.cz/meteo) for the
growing seasons (IV-IX): 2001 — 15.2 °C, 454.5 mm; 2002 — 16.2, 417.9; 2003 — 17.0, 211.4;
average (1961-1990) — 14.4, 308.3.

Data analysis

To assess whether germination and survival differed among species, years and regions,
regarding also the number of localities (floristic records of the species) in the particular
regions, and whether there were significant interactions among the factors, we used
generalized linear models with Poisson’s distribution of errors (S-Plus, 1999-2000). We first
formulated a null model with numbers of seedlings, Y ~ +1. Then we constructed models
including each of the explanatory variables separately, models with their additive
combination, and model including all variables and their interaction. The models were
compared with a null model using the Akaike information criterion (AIC; a balance between
explanatory power and complexity; cf. Burnham and Anderson, 2002) and models with the

lowest AIC value were considered as the best approximation of reality. Separate analyzes for
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each species were performed using the same approach only in the case of germination because
of data deficiency for survival.

The effects of number of localities were also assessed using GLM regressions, this time on
square-root transformed response variable, gaussian distribution and identity link. Beside the
number of localities, region and species were other potential predictors. All possible models

containing number of localities were constructed and mutually compared using AIC.

Results

Germination and survival of the particular species and their cohorts during the experiment are
evident from Fig. 1. Altogether, 1477 seedlings were available. Obviously not all seedlings
emerged in the first season after sowing, seeds of some species germinated in the second and
even the third year after sowing (4. excapus and S. otites). Some individuals of A. excapus

and O. pilosa set flowers already in the third year after sowing in Region 1.

Region 1 Region 2 |Region 3

a b c¢c|a b ec¢cja b ¢
Astragalus excapus | 133 99 49|13 6 11/ 0 0 O
Festuca valesiaca | 303 19893 {207 10349 | 66 31 2
Oxytropis pilosa 42 287116 0 910 00
Silene otites 255 154 53168 73 55|34 0 4
Stipa pennata 105 75 67|74 48 53|11 1 7
Stipa pulcherrima | 34 23 62122 11 54| 4 0 4

Table 1. Seedling emergence, number of survival seedlings a number of localities in three climatic regions,
calculated based on the maximum seedlings numbers reached during the observed period and the numbers in the
last year of the experiment. a: seedling emergence, b: seedling survival, c: number of localities

The total numbers of emerged seedlings of the all cohorts, survived seedlings and
localities of the respective species, recorded in the particular regions, are summarized in Table
1. If the seedlings emerged, their survival was rather high in Regions 1 and partly in Region 2.
In Region 3, only F. valesiaca survived (disregarding one individual of S. pennata, four other

species did not and two species did not even germinate.

All regions differed in numbers of localities (F = 226.1, df = 2, 15, p < 0.001), and

numbers of emerging seedlings increased with number of localities (Spearman’s r = 0.64, t
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(16 d.f.) < 0.01). The numbers of surviving seedlings were closely correlated with numbers of

emerged seedlings (Spearman’s r = 0.95, t (16 d.f.) <0.001).

Table 2. Results of regressions models of seedling emergence and seedling survival increased with number of
localities, region and species.

| germination df dev AIC F 3
Species 5, 12 232.57 396.1 2.82 0.07
Number of localities {Loc.) 1, 16 197.14 246.4 | 18.95 |0.001
Region 2, 17 260.15 364.2 4.92 0.05
Locality + Species 6, 11 399.19 71.5 23.26 [(0.00001
Locality + Region 3, 14 234.90 | 307.6 5.60 |0.01
Locality + Species + Region 8, 9 |407.4454( 69.64 [ 19.745|0.0001
seedling survival

Species 5, 12 134.49 | 467.3 1.38 |0.29
Number of localities (Loc.) 1, 16 233.7% | 167.9 | 27.85 |0.0001
Region 2y A 196.95 239.6 g8.63 0.01
Locality + Species 6, 11 | 325.18 97.6 13.88 |0.001
Locality + Region 3, 14 235.30 | 208.7 8.27 |0.01
Locality + Species + Region 8, 9 335.51 97.8 11.58 |0.0001

As revealed by the GLM regressions (Table 2), both germination and seedling survival
increased with number of localities. The numbers of germinating/surviving individuals
differed regionally, being the highest in the warm and the lowest in the cold regions. For both
germination and survival, the positive effect of number of localities were retained after
including region and species to the models, that means the positive effect of the number of
localities applied across regions and species. For germination, the third-order model including
both species and region was superior of all models fitted, suggesting a regional effect on
germinability that affected all species. For survival, second-order model (containing species
but not region) performed slightly better according to AIC, and did not differ from a higher-
order model containing both species and regions. Thus, although the species differed in

germinability, this difference was not affected by regional differences.

Regarding the particular species, all generally germinated the best in the warmest and
driest Region 1, and the worst in the coldest and wettest Region 3. 4. excapus and O. pilosa
did not germinate at all in Region 3 (Table 1). Except for Stipa pulcherrima and Silene otites

the differences among the regions were significant (Table 3).

The best year for germination was in the most cases 2001, the worst 2003 (Fig. 1), but

only Silene otites exhibited significant differences in the seedling recruitment among the
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years, thus the species was more dependent on weather conditions in the particular years than

the others. Difference in the case of Stipa pennata was marginally significant (Table 3).

d.f. |Deviance® AIC F p
Astragalus excapus
{94 seedlings) 29 84.2
Region 2, 27 52.1 49,9 12.75 i
Year 2, 27 3.4 99.2 0.41 N
Region + Year 4, 25 5542 B 3t 7.18 ek
Region + Year + Interaction g8, 21 84.1 23.9| 14.46| **x**
Festuca valesiaca
(576 seedlings) 29 143.3
Region 2, 27 45.3 76.2 17.4) *x%#*
Year 2, 27 2.4 169.6 0.29 N
Region + Year 4, 25 57.1 83.1 8.46 il
Region + Year + Interaction g8, 21 64.4 B7.9 5.20 ke
Oxytropis pilosa
(48 seedlings) 29 68.2
Region 2, 27 51.8 41.0 10.38 HER
Year 2, 27 1.1 79.7 0.57 N
Region + Year 4, 25 57.0 41.9 659 ki
Region + Year + Interaction 8, 21 64.3 41. 5.23 * %
Silene otites
(336 seedlings) 29 235.2
Region 2, 27 18.8 219.4 3,21 N
Year 2, 27 43.1 156.1 9.70 ik
Region + Year 4, 25 61.9 122.5 9.10 o
Region + Year + Interaction 8, 21 70.8 115.5 7.00 ke ok
Stipa pennata
(190 seedlings) 29 119.5
Region 2, 27 32.7 92.4 6.59 W
Year 2, 21 28.2 99.8 4.98 N
Region + Year 4, 25 60.9 60.8| 10,21 =*=*x**
Region + Year + Interaction 8, 21 74.8 49.9 B.78 | *r**
Stipa pulcherrima
{60 seedlings) 29 102.9
Region 2, 27 11.9 108.6 1.33 N
Year 2, 27 23.1 95.9 2.81 N
Region + Year 4, 25 35.2 91.0 2.79 N
Region + Year + Interaction 8, 21 42.8 96.5 2.14 N

Table 3. Results of regressions models of seedling germination of the species regarding Region, Year and
interaction Region x Year. N:nonsignificant; **: P < 0.01; ***: P <0.001; ****: P <0.0001

Generalized linear models with assumed Poisson’s distribution of response variable;

* Percentage deviance explained by the fitted model.

Considering the interaction Region x Year, except Stipa pulcherrima, the species showed
significant differences in seedlings recruitment, which indicates the weather conditions in the

respective years were differently manifested in different regions.
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Figure 1. Percentage of germination and seedling survival of species sown in three subsequent years into the

quarries in three climatically different regions.
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Discussion

Although all the studied species are typical for late successional, or sub-climax vegetation
(Ellenberg 1988, Oberdorfer 1992), they were able to grow in young successional stages (5-
12 yr) in the basalt quarries, despite generally expected harsh abiotic site conditions in such
quarries (Whisenant 1999). It seems, that the differences in abiotic site conditions between the
young flat floor in the quarries do not differ so much from those on exposed southern slopes
where (semi)natural remnants of the dry grasslands occur (Jenik and Rejmanek 1969,
Slavikova 1983).
All the species germinated and survived best in the warmest and driest Region 1 where they
frequently and naturally occur (Table 1) and the respective vegetation is typical for the region
(Kubat 1970). Open shrubby grassland has spontaneously developed there in the quarries after
some 20 years since quarring was stopped (Novak and Prach 2003). In Region 2, succession
runs in the quarries towards close shrubby stands or woodland unless dry gragslands occur in
the close vicinity (Novak and Prach 2003). Dispersal limitation was an evident factor in this
region limiting the development of secondary dry grassland in the quarries (Novak and
Konvicka 2006). Thus, seeding the respective species can potentially modify the successional
development towards the restoration of the desirable dry grasslands. Moreover, the
occurrence of the plant species typical for dry grasslands is important for rare insects in this
region as demonstrated by Benes et al. (2003), which further advocates the restoration of the
grasslands. The occurrence of dry grasslands in the wettest and coldest Region 3 is only very
sporadic and small patches in extreme rocky sites harbor less number of species than in the
previous regions (Kubat 1970). 4. excapus and O. pilosa, which did not germinate in Region
3, have not been reported from the region (Kubat 1970, J. Novak, unpublished data). Only one
species of those tested survived there in the experiment. It is evident, that the species and the
respective vegetation are obviously there near their limit of occurrence and the results of our
experiment correspond very well with the field observation of species occurrence in the area.
It is interesting, that the number of localities (floristic records) was better predictor of
seedling emergence and survival then the region itself in the sowing experiment. Thus
floristic surveys may potentially help to predict success of species in restoration projects.
Rather great differences in seedling recruitment were observed between the years. Most
species germinated best in 2001 and worst in 2003. The three subsequent years differed in

climatic factors: 2001 and 2002 were wet, especially in summer, and 2003 was just opposite,
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i.e. very dry and hot in the growing season. It seems, that germination of the species typical
for dry grasslands was limited by the dry season, and profited from the wet weather.
Surprisingly, in the coldest and wettest Region 3, germination was not enhanced by the dry
year. However, it must be mentioned that seed quality is influenced by weather conditions in
the year of seeds forming (Fenner 2000), and thus germination ability cannot be simply
attributed to the weather in the current year. Between-years variability implies, similar
experiments and also practical sowing seeds in restoration projects should be conducted in
several years to maximize germination and survival.

Adding seeds of target species into several stages to overcome dispersal limitation is a
common restoration practice (Luken 1990, Perrow and Davy 2002), however seldom in
quarries (e.g. Park 1982, Tichy 2005). Although spontaneous vegetation succession often
proceeds towards acceptable vegetation, as we described earlier from the studied area (Novak
and Prach 2003) and was also reported from quarries elsewhere (Ursic et al. 1997, Wheater
and Cullen 1997, Jefferson 1984), the sowing can certainly speed up succession towards

target stages and moreover, divert succession from less desirable to preferred stages.

Implications for restoration practice

Presented results are based on small-scale experiments, thus their extrapolation into a large-
scale practical use must be done with caution. But the study clearly demonstrates that the late
successional (or sub-climax) species can grow even in young successional stages in the
quarries. It may be used, for example, in such situations when a valuable dry grassland is
destroyed just by quarring. Then, seeds of valuable species may be collected before the
destruction and sown in already abandoned parts of the same or in another quarry nearby, to
form artificial refugee for the species. In our situation it may concern especially the rare and
endangered species, namely 4. excapus, O. pilosa and S. pulcherrima, the former is in the
Red List and the others are rare in the country. Based on the results, such activities have sense
only in the warm regions and not in the cold and wet ones. For a possible restoration of the
dry grassland in the disused quarries, we recommend to sow the best survivor F. valesiaca as
a keystone, dominant species of central European dry grasslands (Oberdorfer 1992). It may
form a 'matrix’ in restored grassland and other target species may be either sown artificially or
they establish spontaneously if their seed sources are nearby. Our results indicate, that

floristic records may be used as a tentative predictor of a relative performance of a species,
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and thus to help in making decision if the species should or should not be used in restoration

projects.
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i ‘ Abstract. The succession of vegetation was studied in 56 basalt quarries in the area of Ceské

| |
’ ‘ ‘ Stiedohoii Hills. The habitats ranged in age from 1 to 78 years since abandonment. The

succession is rapid in all habitats but extreme ones, such as stone walls. In central Europe the |
spontaneous succession in basalt quarries often result to forest. Patches of treeless vegetation
in quarries can be classified as Festucion valesiacae and Allyso-Festucion pallentis, which
represent the most terget vegetation. Valuable biotopes can be predicted to develop in quarries
situated less than 100 m from adjacent xerophilous grasslands. Quarry operators should pay
attention to conservation management of surrounding biotopes, because maintaining valuable

vegetation in the vicinity will eventually reduce costs of post-excavation restoration.

Keywords: Spontaneous succession; Target species, Basalt quarries, Restoration, Ceské

stfedohofti Hills.

Nomenklatura: Kubat (2002), Oberdorfer (1992).

|




Uvod

T&%ba nerostnych surovin vyznamné pozmeéiiuje vzhled krajiny a stavd se Casto
konflikinim tématem. D¥ivéjsi jednostranny pohled na lomy jako jednoznaéné negativni vliv
v krajiné doznava alespoii v Gasti védecké obce zmén. O vyznamu opusténych lomt jako
dalezitych center biologické diverzity v kulturni krajing je stale hiasit&ji slySet jiZz od 80. let
minulého stoleti (Bradshaw et al. 1982, Ranson et Doody 1982, Jefferson 1984, Davis et al.
1985). Lomy jako vyznamna refugia ohroZenych druhi jsou zmiflovany i v fadé recentnich
teskych publikacich (Novak 2002, Benes et al. 2003, Novak and Prach 2003, Sadlo and Tichy
2003).

Smér a rychlost spontanni sukcese je ovlivnéna pfedevsim hlavnimi ekologickymi faktory,
jako jsou geologicky podklad, klima, okolni vegetace a biotické interakce druhd, které jsou
loké4lné modifikovany vlhkostnimi pomeéry, charakterem substratu a reliéfem daného mista v
lomu. Mimo extrémni stanovisté, jako jsou napf. stény lomt, dochazi béhem sukcese pomérne
rychle k vyraznym zménam pfitomné vegetace. V Ceské republice pritbéh sponténni sukcese

v Eedi¢ovych lomech obvykle sméfuje k lesnim biotoplim (Novédk and Prach 2003).

Pribéh spontanni sukcese v cedicovych lomech Ceského stiredohofi

Pribéh spontanni sukeese byl studovan v 56 ¢ediGovych lomech Ceského stiedohofi
(Novak and Prach 2003). V téchto lomech se podaiilo zachytit vyvo] vegetace od jednoho
roku do 78 let. Historie dané casti lomu byla zjiSténa ve spolupréci s t€Zebnimi spole€nostmi
& pracovniky CHKO Ceské stfedohoii. Vzhledem k tomu, Ze datovani nebylo moZné provést
vzdy zcela pfesné, byla vegetace fazena do nasledujicich v€kovych kategorii: a) 1-3 let; b) 4-
10 let; ¢) 11-25 let; d) 26- 40 let; e) starsi vice nez 40 let.

Spontanni sukcese v kamenolomech Ceského stfedohoii za&ind zéhy po ukongeni t&zby.
Inicialni stadia (1-3 let) jsou charakteristicka fidkou vegetaci jednoletych druhii (napf.
Arenaria serpyllifolia, Senecio vernalis, Lactuca serriola, Tripleurospermum inodorum).
V nasledujicim sukcesnim stadiu (4-10 let) se vedle jednoletych a dvouletych druht (napi.
Bromus tectorum, Trifolium arvense, Medicago lupulina, Daucus carota) zatinaji objevovat 1
vytrvalé byliny a travy (napt. Taraxacum sp. div., Picris hieracifolia, Poa compressa). Na
skalnatych stanovistich, jako jsou etdZe a osypy lomu, jsou Casté napf. Sedum album,

Erysimum crepidifolium, Verbascum lychnitis. Tussilago farfara je vyraznou dominantou na
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odvalech s vysokym zastoupenim jilovitych ¢astic. Nékolik druht bylo nalezeno pouze v

lomech Lounského stfedohofi, napi. Oxytropis pilosa.

Nasledujici obdobi (11-25 let) je charakteristické pfitomnosti zapojené vegetace
s dominanci vytrvalych trav a bylin. Typickou dominantou mezickych stanovist' je druh
Arrhenatherum elatius, ktery provazi napf. Daclylis glomerata, Lotus corniculatus,
Hypericum perforatum, Inula conyza, Hieracium cf. bauhinii, Potentilla argentea. Vyraznou
dominantou na substritech svySSim zastoupenim jilovitych &astic byva Calamagrostis
epigejos. Na nestabilnich osypech a odvalech se v tomto sukcesnim stadiu hojné vyskytuje
Anthemis tinctoria, Convolvulus arvensis, Euphorbia cyparissias, Melica transsilvanica a
Sanguisorba minor. Ceské stfedohoii je zndmé vyraznym klimatickym gradientem, napf.
pramérné ro¢ni srazky v Postoloprtech na Lounsku dosahuji hodnot 450 mm, zatimco v
Ceské Kamenici, v severni &asti Vernefického stfedohofi, dosahuji 820 mm (Vesecky et al.
1960). Tyto klimatické vlivy se projevuji i na druhovém sloZeni a prib&hu spontanni sukcese
v lomech stejného geologického podkladu. Vegetace v lomech Lounského .stfedohof'i je jiz
vtomto sukcesnim stidiu (11-25 let) charakteristicka pfitomnosti druhll xerotermnich
travnik jako je napi. Koeleria macrantha, Artemisia campestris, Centaurea stoebe, Stachys
recta a Achillea collina. Ve Vernefickém stfedohofi jsou naopak b&Zzné mezofilni a pasekové
druhy jako napf. Poa nemoralis, Epilobium angustifolium, Rubus idaeus, Tanacetum vulgare

a juvenilni dfeviny, napf. Salix caprea, Betula pendula a Sambucus racemosa.

Nasledujici sukcesni stadium (26-40 let) je v regionu Vernefického a Labského stiedohofi
typické vyraznym nastupem dfevin, sciofytd a nitrofytd, zatimco heliofilni druhy zde ustupuji.
Pro Labské sttedohofi jsou typickymi druhy Rosa canina, Cornus sanguinea, Fraxinus
excelsior, Acer campestre a Prunus avium. Pro Vernefické stfedohofi jsou naopak
charakteristické kfoviny s Corylus avellana, Betula pendula a Salix caprea. V Lounském
stfedohofi jsou v tomto sukcesnim stadiu stale hojné zastoupeny druhy xerotermnich travnika
jako napf. Festuca rupicola, Festuca valesiaca, Bromus erectus, Medicago falcata, Thymus

pannonicus, Potentilla arenaria, Salvia nemorosa.

Nejstarsi existujici sukcesni stadia (40 let a vice) jsou v Labském a Vernefickém stfedohofi
charaktericka vyvinutym stromovym patrem. Méné zapojend vegetace s Fraxinus excelsior,
Acer campestre, Crataegus sp. div. je typickd pro Labské stfedohofi. Na stanovistich
s nezapojenym kefovym a stromovym patrem jsou stile b&Zné heliofilni druhy, jako napf.
Fragaria viridis, Geranium sanguineum a Securigera varia. Vegetace v lomech Vemefického

stiedohofi je charakteristickd zapojenym stromovym patrem s piitomnosti Fraxinus excelsior,
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Betula pendula a Quercus petraea. V kefovém patfe je hojnd Corylus avellana a pro bylinné
patro je typické zastoupeni nitrofilnich a mezofilnich druhii jako napf. Gewum wurbanum,
Geranium robertianum, Galium aparine, Impatiens parviflora, Anthriscus sylvestris,
Campanula rapunculoides, Rubus fruticosus agg. V Lounském stfedohofi maji nejstarsi
zjisténa sukcesni stadia charakter ,kfovinaté stepi s hojnym zastoupenim Prunus spinosa a
Crataegus sp. div. Hojn&ji zastoupené druhy xerotermnich travnikdi reprezentuje napf.
Festuca valesiaca, Festuca rupicola, Elymus hispidus, Poa angustifolia, Bromus erectus,
Dianthus carthusianorum a Securigera varia. Mimo extrémni stanovisté, jako jsou napf.
stény lomt ¢i prudké jizni svahy, bude sukcese bez dalSich zasaht i v Lounském stfedohofi

pozvolna sméfovat k lesni vegetaci.

Nejstar§i zaznamenana sukcesni stidia se zapojenym stromovym patrem se zdaji byt
pomérné stabilizovana a dalsi sukcesni zmény budou ziejmé probihat pomaleji a budou mit

predevsim kvantitativni charakter.

Lomy jako refugia xerotermnich druhu

V xerotermni travinné vegetaci je zastoupena fada reliktnich druhli kontinentalnich stepi,
které byly v pozdnim glacidlu velkoplosné rozsifeny v niZinach a pahorkatinach stfedni
Evropy (Wilmanns 1997). VétSina sou€asnych lokalit je vSak nepochybné sekundarniho
plvodu, vznikld na misté ptivodnich teplomilnych doubrav a dlouhodobg udrZzovana pastvou,
zejména ovci a koz. Dnes se na vét§ing lokalit nepase, s vyjimkou téch rezervaci, kde je
pastva uplatfiovana jako soucdst ochranafského managementu. Jejich velikost je vSak pro
pieziti vech druhii vazanych na tyto biotopy mala.

Napadnym znakem druhové skladby jednotlivych sukcesnich stddii v lomech Ceského a
moravského termofytika je pfitomnost fady diagnostickych druhG xerotermni travinné
vegetace svazu Festucion valesiacae a svazu Allyso-Festucion pallentis. V ran€ sukcesnich
stadiich €edi¢ovych lomu Ceského stfedohoH se miizeme setkat napi. sAcinos arvensis,
Androsacae elongata, Centaurea stoebe, Erysimum crepidifolium, Lactuca perennis,
Medicago minima, Oxytropis pilosa, Petrorhagia prolifera, Polycnemum majus, Rapistrum
perenne, Silene otites. V CediCovych lomech, kde t€Zba skonCila pfed vice nez 40 lety, se
vyskytuje napt. Adonis vernalis, Allium senescens subsp. montanum, Anthericum liliago,
Artemisia pontica, Aster linosyris, Astragalus austriacus, A. excapus, Biscutella laevigata,

Carlina acaulis subsp. caulescens, Clematis recta, Cofoneaster integerrimus, Elyirigia
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intermedia, Festuca pallens, Festuca valesiaca, Hypericum elegans, Melica transsilvanica,
Orobanchae arenaria, Pulsatilla pratensis, Pseudolysimachion spicatum, Seseli
hippomarathrum, Stipa capillata, S. pennata, S pulcherrima, S zalesskii, Verbascum
phoeniceum (Novak 2002).

Vzhledem k tomu, Ze rozloha kamenolomi neni zanedbatelnou &asti krajiny, naskyta se

nam mo¥nost vyuZit spontanni sukcese v lomech pro vytvofeni novych nahradnich stanovist’.

Vliv blizké xerotermni vegetace na priibéh sukcese

Vliv blizké xerotermni vegetace na priibéh sukcese se pokusim dokumentovat na pfikladu
gediovych lomid Labského stfedohofi (Novak and Konvicka 2006). Rozdil mezi vegetaci
lomu s pHitomnosti blizkého xerotermniho trivniku &i bez néj je u inicidlnich sukcesnich
stadii (1-3 roky) relativné maly. V priib€hu sukcese viak dochazi k vyrazné diferenciaci
v zivislosti na vzdalenosti a velikosti plochy xerotermni vegetace. Nejsiln&ji se vliv
xerotermni vegetace na priibdh sukcese projevuje, vyskytuje-li se do vzdalenosti 30 m od
vegetace v lomu. Sukcese na stanovidti vzdaleném vice jak 100 m od xerotermni vegetace ma
viceméngé mezofilni pribeh.

Fidelita (v&most) vegetace v lomu k vegetaci sv. Festucion valesiacae a Allyso-Festucion
pallentis vzrista s rozlohou xerotermniho travniku a naopak klesd s jeho vzdalenosti. U
mladgich sukcesnich stadii fidelita vegetace v lomu roste s velikosti okolniho xerotermniho
travniku monoténné. Oviem u starych sukcesni stadii je fidelita téméf nulovd az do 40%
zastoupeni xerotermnich travnikii v okoli, pak ale jeji hodnoty strmé stoupaji.

Pomérné extrémni stanoviStni podminky nékterych inicidlnich sukcesnich stadiich
zabrafiuji uchyceni dfevin. Brzky pfichod ¢i absence relativné kompetitivnich xerotermnich
trav rozhoduje, zdali bude priib&h sukcese sméfovat k tvorb& xerotermniho travniku €i
nikoliv. JestliZe vran& sukcesnim stidium nebudou travy xerotermnich biotopi hojné
zastoupeny, bude sukcese pomérné rychle sméfovat k mezofilnim kfovinam. Diaspory trav se
budou na lokalité vyskytovat diive a ve v&tSim mnoZstvi, jestlize se travniky budou
vyskytovat v blizkém okoli.

V sukcesnich stadiich lomit se miiZeme setkat se tyfmi typy druht pfitomnych v skalnich

a xerotermnich travinnych spolecenstvech:
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1) snadno se rozSifujici druhy s niZ8i fidelitou ke stepni vegetaci (Trifolium arvense,
Arenaria serpyllifolia, Echium vulgare, Euphorbia cyparissias). Tyto druhy jsou pfitomné i
v lomech od stepnich biotoptl dosti vzdalenych.

2) slaby kompetitofi preferujici inicidlni stddia sukcese (napf. Erysimum crepidifolium,
Sedum album, Centaurea stoebe, Acinos arvensis). Tyto druhy se dobfe rozsifuji a mohou
lomy kolonizovat i z relativn€ vzdalenéjsich biotopt. V pozdgjsich sukcesnich stadiich byvaji
velmi rychle nahrazeni kompeti¢ng silnymi mezofilnimi druhy.

3) druhy pozdgjSich stadii sukcese, které preferuji stanoviité sjiz alespoil &asteéng
vyvinutou ptidou jsou (napt. Stipa sp., Festuca valessiaca, Koeleria macrantha)

4) stepni druhy, které se do lomt 3ifi omezené (napi. Carex humilis).
Vyznam sukcese okolni vegetace lomu

Charakteristickym znakem Lounského a Labského stfedohofi je pravé pfitomnost
xerotermnich travnikd (Kubat 1970). Béhem poslednich padesati let viak dochézi k vyraznym
zméndm krajinného rézu. Vedle intenzivniho zemé&délského hospodafeni je napadné postupné
sniZovani pastvy a zdrovefl zvySovani zastoupeni dfevin (Barta 1999). Lomy, kde t&Zba byla
ukonéena pied 50 lety, mély vlivem pastvy a hospodafeni vice xerotermni okoli, neZ jaké je
maji lomy dnes. Nedojde-li k zdsadni zméné zplisobu soucasného hospodaieni, 1ze odekavat,
Ze lomy budou fungovat pfedevSim jako refugia rané sukcesnich druh® a stepni druhy
pozdégjsich sukcesnich stadii se uplatni omezengji, nez tomu bylo dosud. Priibgh sukcese v
CediCovych lomech Ceského termofytika bude vzhledem k soufasné mezofytizaci okolnich

biotopt asi rychleji smérovat k vegetaci zapojeného lesa.
Zaveér

V sou€asné dob€ v nasi republice pfeviadaji technické rekultivace (pfekryti povichu lomu
zeminou a jeji oseti travni smési a osdzeni dfevinami). Castym argumentem pro jejich aplikaci
byva napf. zdlouhavy pribéh spontanni sukcese ¢i snaha zamezit §ifeni ruderdlnich druhi
v krajin€. Piftomnost ruderdlnich druhii v pribéhu spontdnni sukcese kamenolomi je viak
obvykle velmi kratkodoba a druhové omezend. Po 20 letech od ukonéeni t&Zby mé vétsina

lomi jiZ znaény biologicky potencidl a relativné pomalejsi rychlost sukcesnich zmén je tfeba
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vnimat spiSe jako pfednost. Lomy funguji jako refugia pro fadu dnes jiZz vzdcnych rané
sukcesnich a strestolerantnich druht.

Druhova skladba vegetace je v priib&hu sukcese znatn& ovlivnéna pfisunem diaspor,
charakterem pfitomnych stanovist' a biotickymi interakcemi druhil. Z tohoto pohledu nabyvaji
na vyznamu biotopy blizkého okoli a je velice dulezité, aby ptirod& blizké biotopy v blizkém
okoli lomu byly zachovény. Prostfedky urené na rekultivace lomu by bylo vhodné vyuZit na
tidrzbu kvality stavajicich biotopli v jeho blizkém okoli, jako napf. extenzivni pastvu,
odstraiiovani dievinného naletu a invazivnich druhfi (napf. akétu) ze stepnich travnikd, popf. i

jejich maloplogné vypalovani.
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Katedra botaniky, Biologickd fakulta, Jihoceskd Univerzita Ceské Budéjovice, BraniSovskd
31, 37005 Ceské Budéjovice

Abstract. The Ceské stiedohoti Hills and lower Poohii are traditional regions of
exploitation of building stone - basalt, trachyt and some chalk sediments. Spontaneous
succession is very acceptable for development of vegetation. The quarries are important
refuge for many plants and animals. In the article I'm interesting in occurrence of some

plants, which I consider as a phytogeografically important or rare.

Uvod

Jednim z projevii lidské ¢innosti je také t&zba kamene. Vliv aktivniho lomu na okoli, ktery
se projevuje hlukem, praSnosti, destrukei stivajicich a tvorbou biotopti novych, je nesporny.
Na druhou stranu ale nelze pohliZet na lomy jako na “nezhojitelné jizvy krajiny”. Spontanni
sukcese vede ve vé&tSin€ piipadi k porostim bliZicim se svym druhovym sloZenim
polopfirozenym aZ pfirozenym porostim této oblasti (Picket & Parker 1994, Prach et al.
1999). Lomy jsou vhodnym tito€istém i pro relativné vzacné druhy rostlin, které jsou vazané
na rang sukcesni stadia, skalni stény a xerotermni bezlesi. Mnohdy jsou tyto relativné mladé
biotopy z floristického hlediska zajimavé&jsi neZ okolni vegetace.

Cilem tohoto ¢€lanku je upozomit na recentni nalezy nékterych druhii vy$sich rostlin, které

se vyskytuji na t€chto specifickych biotopech.
Charakteristika tizemi a metodika

Ve sledovanych lomech Ceského stiedohofi se t&zil a nadéle t&2i bazalt & trachyt a

v lomech dolniho Poohii cenomansky piskovec a také &edig.
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Z vyskytu uvedenych taxont je patmy klimaticky rozdil mezi Lounskym (spolu s dolnim
Poohtim) a Labskym stfedohofim. I kdyZ je tato situace pom€rné znamé (Kubét 1970), jsou
mnohdy tyto dvé &asti Ceského stiedohoii chépény jako jeden floristicky celek. Lounské
stiedohoti a také i dolni Poohfi jsou oblasti s pomé&mé kontinentalné ladénym klimatem. Pro
Iabské stiedohofi je charakteristické mén& extrémni ,,submediterdnni® klima. Vzhledem
k vyskytu sledovanych druhti i v n&kolika lomech severniho okraje Podfipské a Peruckeé
tabule byla studijni oblast rozsifena i o toto tzemi. V €lanku uvadim i jiz znamé, mnou
potvrzené vyskyty (napt. Carlina acaulis subsp. simplex vlomu na Rané). Vybrané druhy
rostlin, uvedené v ¢lanku, povaZuji za taxony fytogeograficky vyznamné nebo vzicne.

Terénni vyzkum jsem provadél v roce 2000-2001. Nomenklatura uvedenych druhi rostlin je
dle Neuh#uslova, Kolbek (1982).

Prehled lokalit

Bedovsky vrch: gedi¢ovy lom na J tpati Be¢ovského vrchu 1,5 km Z od obee Mila
Bilinka: maly cediovy lom na J okraji Bilinky, km Z od Lovosic
Blgansky Chlum: gedi¢ovy lom 1,5 km J od Cernéic
Boreé: trachytovy lom na SSZ tpati, 0,5 km JZZ od ReZného Ujezdu
Bivansky vrch, gedicovy lom u Bivan
Cerveny Ujezd:éedi¢ovy lom 500m SVV od Cerveného Ujezdu
Deblik: ¢edi¢ové lomy na vrchu Deblik km JV od Cirkvic
Deblik, ,,Stary lom*: éedicovy lom nad Zelezni¢ni trati u viaduktu, 1 km J od Cirkvic
Deblik, Hauberge: maly lom na J svahu Hauberge na JZ tpati Debliku, 900m J od
Cirkvic, alkalicky trachyt

.Deblik, Kostelni vrch: maly lom na Zsvahu Kostelniho vrchu, 2 km SV od
Libochovan, alkalicky trachyt

11. Debus: éediCovy lom 1 km SZZ od Prackovic

12. Dolanky: ¢edi¢ovy lom na SV okraji Dolének, 2km Z od BZan

13. Humensky vrch: maly éedi¢ovy lom 2 km Z od Keblice

14. Chloumek: maly ¢ediCovy lom 2 km Z od Bivan

15. Jezet: malé dedidové lomy na J svahu

16. Jitetin: maly &edi¢ovy lom 2 km S od Duban

17. Kamenna slunce: maly lom JV od Hnojmic

18. Kogka u Zitenic: maly editovy lom JZZ od Zitenic

19. Kubagka: &inny &editovy lom 500m S od Dobkovi€ek

20. Kvitel; maly ¢edi¢ovy lom na JZ upati Kvitele 1,5 km V od Ttebenic

21. Libochovany: stary rulovy lom 1,5 km J od Lobochovan

22. Mackovic skéla: piskovcovy lom na Holém vrchu mezi Pfestavlky a Vrbkou, 2,5 km

JV od Budyné nad Ohfi
23. Ledvintiv kopec (,,Ledviiidk®): maly €ediovy lom na JV tdpati Kostalova 600m S od
nadrazi Tfebenice-mésto

24. Maly vrch: niZ3i z dvojice vrchl 400m SZ o Titéna (kota 246)

25. Marianska skala: trachytovy lom 300m V od stanice Usti nad Labem — hlavni nadraz

26. Martinéves: stary piskovcovy lom na SZ okraji Martinévsi u MSenych Lazni
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27. Medvédice: maly ¢ediCovy lom 100m Z od vrchu Kluéek nedaleko Medvédic na SV
tipati Lipské hory

28. Mérunice: ¢edicovy lom v SZ €asti vrchu Stf{brnik 1 km Z od Mérunic, 5 km SZ od
Libcevsi

29. Mojzii: lom na Z svahu Koziho vrchu, alkalicky trachyt

30. Moravany: lom mezi Moravany a Dolnimi Zalezly

31. MSené Lézni: stary piskovcovy lom 300 m JVV od nadrazi

32. Ne§témice: &editovy lom nad silnici 500 m V od Zelezniéni stanice Usti nad Labem -
SEver

33. Obecni skéla u Vrbky: stary piskovcovy lom 1 km V od Vrbky u Budyn& nad Oht{

34. Obecni vrch u Chudoslavic: maly trachytovy lom 100m S od Chudoslavic

35. Pisecny vrch: kiemencovy lom 2 km JZ od obce Mila

36. Podbradec: maly piskovcovy lom v tidoli Budytiského potoka 500m V od Podbradce

37. Podhaji: maly piskovcovy lom v udoli Budyiiského potoka 700m JVV od Roudni¢ku

38. Radobyl: &edidovy lom na Z svahu Radobylu 1 km od Zalhostic

39. Rana: dva €edicové lomy na SV a V svahu Rané

40. Rohatec: ¢edicovy lom 1,5 km V od Kfesina

41. Soutésky: €inny CediCovy lom na okraji obce Soutésky, 4 km od BeneSova nad
Plouénici

42. StrdZ u Svingic: ¢edi€ovy lom na J okraji Svinéic, 3km V od Obrnice

43. Téchlovice: stary cedi¢ovy lom nad Zelezniéni trati 1 km S od Té&chlovic

44, Trabice: éinny ¢ediCovy lom 2 km SZ od Libochovan na SZ svahu Trabice

45. Trmice: ¢edicovy lom 150 m JV od obce

46. Tynecky Chlum: ¢inny ¢edi€ovy lom 800m SSV od Chrabercii

47. Tynecky Chlum: maly cedicovy lom na SV tpati Tyneckého Chlumu, 500m J od
Mnichovského Tynce

48. Usti nad Labem - Setuza: dva malé trachytové lomy JZ a Z &asti vrchu nad &istirnou
Setuzy

49. Velka Kozi htirka: maly ¢edicovy lom 1 km JZ od T¥ebenic

50. Vinice: maly ¢ediCovy lom 1 km SSV od Kfesina

51. Visalek: maly ¢edicovy lom 1 km SSV od Kiesina

52. Vrahozily: trachytovy lom 300 m SSZ od Vrahozil asi km V od Rtyné nad Bilinou

53. Vrany: piskovcovy lom nad Vranskym potokem, 1 km V od obce Vrany

54, Vrsetin: ¢inny Cedicovy lom 2 km SZZ od Tiebenic

55. Zelenicky vrch: dva trachytové lomy 800m od Zelenic

Vyskyt sledovanych druhi

Adonis aestivalis: 7, 19, 28.- Allium senescens subsp. montanum: 4, 25, 30, 32, 52, 55.-
Alyssum montanum: 8, 23.- Androsace elongata: 2, 49.- Anthericum liliago: 4, 8, 12, 20,
22,23, 26, 31, 39, 40.- Anthericum ramosum: 33.- Artemisia pontica: 1, 14, 16, 20, 22, 38,
39.- Aster amellus: 36.- Aster linosyris: 8, 14, 24, 35.- Astragalus austriacum: 13, 17, 20,
24, 31, 33, 35, 36, 38, 39, 40, 49.- Astragalus excapus: 13, 38, 39, 42.- Astragalus
onobrichis: 31,36.- Aurinia saxatilis: 8,22, 25, 28, 29, 43, 51.

Biscutella laevigata: 8, 29.

Campanula bononiensis: 8, 10, 30, 44.- Carex humilis: 5, 22, 23, 24, 31, 33, 35, 37, 38,
39, 42.- Carex supina: 8, 22, 53.- Carlina acaulis subsp. Simplex: 39.- Cerasus mahaleb:
13, 23, 54.- Clematis recta: 4, 30, 33, 44, 55.- Corynephorus canescens: 22.- Cofoneaster
integerrimus: 4, 34, 42, 44, 47, 55.

Digitalis grandiflora: 4, 34, 55.
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Elytrigia intermedia: 1, 3, 5, 8, 9, 10, 13, 15, 16, 17, 18, 20, 21, 22, 23, 24, 26, 27, 31, 33,
32,33, 34, 37, 38, 39, 40, 41, 44, 49, 51, 53.

Festuca pallens: 4, 8,9,12, 19, 22, 38, 43, 46, 51.- Festuca valesiaca: 1, 3, 5,7, 8, 9, 10,
13, 14, 15, 16, 17, 18, 20, 21, 23, 24, 31, 32, 37, 38, 39, 40, 42, 47, 49, 51.

Gagea arvensis: 27.- Gentianella ciliata: 31, 33.- Geranium sanguineum: 4,17, 8,10, 11,
19, 22,25, 27, 30, 43, 44, 45, 52, 55.

Hypericum elegans: 40.- Hypericum montanum: 44,55.

Iris aphylla: 4.

Kohlrauschia prolifera: 1,7, 8,9, 10,11, 12, 13, 19, 32, 38, 41, 43, 45, 46.

Lactuca perenis: 7, 8, 9, 11, 12, 19, 30, 32, 39, 45,46.- Lathyrus linifolius: 34.- Logfia
arvensis: 7, 19.

Melampyrum arvense: 1, 4, 13, 18, 20, 22, 23, 24, 31, 33, 35, 36, 38, 39, 40,50.- Melica
transsilvanica: 1,3,4,5,7,8,9, 11, 12, 13, 14, 15, 16, 18, 19, 20, 23, 25, 24, 26, 30, 31,
32, 36, 38, 39, 40, 40, 42, 45, 46, 48, 50, 51, 52, 54.

Oxytropis pilosa: 3, 13, 16, 17, 20, 23, 24, 35, 38, 39, 40, 46, 49, 51.- Orobanche
arenaria: 38.

Peucedanum cervaria: 4, 8, 30, 33, 43, 55.- Platenthera bifolia: 33.- Polycnemum majus:
54.- Pseudolysimachion spicatum: 4,20, 22, 37, 38, 39. — Pulsatilla pratensis: 8, 23, 27,
38, 48.

Rosa gallica: 4, 8, 30.

Saxifraga rosacea: 4, 55. — Seseli hippomarathrum: 3, 8, 10, 15, 17, 18, 23, 24, 38, 39, 40,
42, 51.- Sesleria albicans: 29, 33.- Silene otites: 1, 8,9, 12, 17, 20 23, 24, 31, 38, 39, 40,
42, 46, 47, 51. Sorbus aria agg.: 4, 7, 8, 34, 48, 55.- Stipa capillata: 1, 3, 5, 13, 14, 15, 20,
22, 23, 24, 26, 33, 35, 36, 37, 38, 39, 40, 42, 51, 53.- Stipa joannis: 2, 8, 24, 38, 39, 40.-
Stipa pulcherrima: 24, 38, 39.- Stipa glabrata: 46.

Verbascum phoeniceum: 14, 38, 39, 51.

Diskuse

Spontanni sukcese vede ve v&t§ing prfipadech k porostim charakterem se bliZicim
polopfirozené &i piirozené vegetaci této oblasti. V oputénych lomech vznikaji refugia pro
fadu dnes jiZz vzacnych rané sukcesnich a strestolerantnich druhd. V kulturni krajin€ byvaji
lomy jednou z mala moZnosti kde je moZné nalézt neeutrofni rand sukcesni stadia.

Rozloha kamenolomi je nezanedbatelnou &asti krajiny. Naskyta se ndm zde moZnost
vyuZit spontanni sukcese v lomech k vytvofeni novych ndhradnich stanoviit' pro dnes jiz
vzacné a ohrozené druhy. Jako jediny vice problémovy druh (a to nejen opusténych lomd, ale
i napf. xerotermnich travniki) povazuji Robinia pseudoacacia. Vhodnym zisahem by bylo
odstranéni akatu z okoli lomt. Tento zasah by vyznamné ovlivnil disperzi jeho semen na dané

lokalité. Je v8ak otazkou, nakolik a v jakém méfitku je tento zasah redlny.
Zaver

V ¢lanku se zabﬁvém rozSifenim 57 Vyﬁéich rostlin v lomech Ceského stiedohoii a dolniho

W
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zépadni &asti lomu na Tyneckém Chlumu nedaleko stoZaru osvétleni nad cestou. Vzhledem
k tomu, Ze tento lom je &inny, je viak budoucnost lokality pomérné nejista. Za zminku stoji i
vyskyty Astragalus excapus, Biscutella laevigata, Carlina acaulis subsp. simplex, Oxytropis
pilosa, Orobanche arenaria, Polycnemum majus, Saxifraga rosacea a Verbascum

phoeniceum.
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Conclusions

Despite the generally negative effect of quarrying on the landscape, if it exists, quarries
may produce valuable vegetation. In this thesis is presented investigations of spontaneous
succession in basalt quarries in the Ceské stfedohofi Hills. Investigations of spontaneous
succession in basalt quarries in the Ceské sttedohoti Hills are presented in this thesis. In the
first part (paper 1) it is showed a spatio-temporal variation of vegetation during spontaneous
succession in 56 basalt quarries.

In the second study (paper II) I tested the hypothesis that the composition of vegetation
formed during succession in basalt quarries is affected by the distance of adjoining
xerophilous grasslands and the proportion of the grasslands in quarry surroundings.
Subsequent regression analysis of fidelities of individual reléves to the grassland alliances
Festucion valesiacae and Allyso-Festucion pallentis corroborated the view that the probability
of development of valuable habitats within the quarries decreased with distance of the closest
grassland sites, and increased with their area. The study results show that the valuable
biotopes would eventually develop in quarries situated less than 100 m from adjoining
xerophilous grasslands. The course of succession in basalt quarries towards conservation-
desirable xerophilous grasslands is strongly affected by the distance of the nearest grassland
and the proportional share of the grasslands in quarry environs. In the study area, the time of
arrival and rate of establishment of plants characteristics for xerophilous grasslands determine
whether a site will develop towards a biotope of high conservation value, or towards a
compact mesophilous scrub.

The landscape, surrounding the quarries, has passed a substantial transformation during
the last half-century due to decline of pasture land and the increase of forests. This will likely
influence the course of future succession in some of the studied quarries. The average quarry
abandoned some fifty years ago was surrounded by more xeric grasslands than an average
quarry abandoned in the present. It can be expected that in recently closed quarries,
spontaneous development of “mature” xerophilous grasslands will become increasingly rarer,
unless a purposeful management changes the course. Instead, a majority of recent quarries
may spontaneously develop more mesophilous vegetation.

In the third section (paper III) the sowing experiments and seedlings recruitment of six
species (Atragalus excapus, Festuca valesiaca, Oxytropis pilosa, Silene otites, Stipa pennata

and Stipa pulcherrima) typical for the dry grasslands have been described. Seedlings of all
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study species were able to recruit and survive in the early successional stages at least in some
quarries. The species, except one, showed significant differences in recruitment among the
climatic regions, with best recruitment in the driest and warmest region. All species survived
in the driest and warmest region, while only one in the coldest and wettest region. The
number of localities (floristic records) of particular species in the regions was the best
predictor of the species germination and survival. It appeared that the artificial sowing can be
considered in restoration programs as a way how to restore dry grasslands in disused quarries.

Vegetation succession as a suitable and effective tool for restore basalt quarries is
represented in the last section (paper IV and V). Disused quarries may become important
refuge for many rare plants. Above all species appeared in younger stages (e.g., Oxyfropis
pillosa and Erysimum crepidifolium) can find refugia there. Surface area of quarries is a
significant part of a landscape. There is a possibility of using the spontaneous succession in
quarries to create new alternative site for the species which are rare and endangered
nowadays.

At present the technical measures of restoration of quarries prevail in the Czech Republic.
The results of this thesis suggest that restoration of abandoned quarries via spontaneous
succession has been proposed as a cheap alternative to expensive technical reclamation. The
directions and rate of succession are generally in relation to main environmental variables
such as geology, climate, and surrounding vegetation, being locally modified by site moisture
conditions, character of substratum, and relief in a particular site. Without extreme habitats as
stone wall, there are a rapid vegetation changes during the course of succession. It is equally
important that high quality biotopes should persist in quarry vicinity in order to provide
colonising propagules for eventual succession after cessation of quarrying. This highlights the
importance of managing the areas surrounding active quarries. It is in the best interest of
quarry operators to support such activities as non-intensive grazing or eradication of

aggressive alien species at habitats adjoining excavated sites.
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