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Abstract: Research was directed towards the collection of phytocenologic, dendrologic and site-related
data in the area of interest. From March 2012 to the end of November 2012, 19 spoil heaps situated in
mining claims within the Ostrava-Karvina Coalfield, in the cadastral areas of municipalities of Doubrava,
Horni Suchd, Karvina-Doly, Karvind — Louky, Ostrava, Paskov, Rychvald, Staii¢ and Stonava were
mapped. The subject of research is plant communities in various stages of spontaneous succession in
reclaimed and unreclaimed areas, site conditions; the research is focused on assessing the significance of
specific nutrients to the development of herb and woody plant compositions of stands growing on the
brownfield sites. Based on the results, the biodiversity in both the layers was found in the case of areas
reclaimed technically and biologically with soiling was the lowest.
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1. INTRODUCTION

All over the world, places untouched by man
disappear. The intensity of negative impact of human
activity on nature and the environment grows
continuously. In the past, excessive deforestation,
unsuitable agricultural use of land, and others
contribute to the anthropogenic destruction of a
landscape. However, the devastation of land is an
accompanying feature of human activities of the
present. The number of people is increasing rapidly
and their demands for the production of food and
material goods are growing. These demands can be
satisfied above all by the intensification of
agricultural production and the development of
industries. The greatest destruction of landscape
environment in the Moravian-Silesian Region is
associated with the mining of mineral resources. The
area of Ostrava-Karvind Coalfield belongs to the
areas where the mining industry is highly developed
(Raclavskd, 2003; Filipova, 2007). Owing to the
extraction of hard coal and its further treatment,
mining waste continuously accumulates and other

effects connected with coal exploitation and
treatment occur, such as brownfield sites - spoil
heaps, subsidence troughs, increased dustiness,
degradation of and changes in natural ecosystems
and communities (Debehault, 1968; Skjerdal, 1993;
Skjerdal & Odland, 1995). Although generally, spoil
heaps are taken as negative externalities of mining, it
is also possible to take them as very valuable high-
potential sites — spoil heaps become suitable safe
sites for endangered to critically endangered species
plants (and animals too). In the majority of cases,
reclamation of these areas has not a nature of the
restoration of landscape functions because the
methods of “rapid greening” are preferred over the
restoration of natural communities of organisms
(Rumpel et al., 1999; Frankard, 2000; Jochimsen,
2001). For this reason, these newly emerging - recent
habitats must be integrated into the surrounding
landscape to create a resistant, close-to-nature area of
higher biodiversity as soon as possible.

Since nowadays prefer more rapid methods
for greening the expense of restoration of natural
communities of organisms in reclamation (in
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organic phase) the recent and very convenient to
use the knowledge in spontaneous settlements plant
succession (Jochimsen, 1996; Sadlo & Tichy, 2002)
with regard to chemical and physical substrate, the
adaptability of species to the newly created position
and the distance from the area stands in the
surrounding landscape. The only way to restore
these areas to landscape features, create a resistant
near-natural areas with high biodiversity and as
soon as possible to integrate it into the surrounding
countryside. Methods remediation and reclamation
sites affected by mining and quarrying in the Czech
Republic deals Stys (1981), dumps in the North
Bohemian brown coal basin is analyzed in this by
Cerméak & Ondraéek (2009). Even abroad, a large
group of experts discusses the use of different types
of reclamation on spoil heaps (brownfield sites) and
dumps (Huttl et al., 1996; Fox et al., 1998; Evans &
Willgoose, 2000; Paithankar et al., 2001; Hancock
et al., 2003; Krzaklewski & Pietrzykowski, 2007).

2. DESCRIPTION OF AREA OF INTEREST

The Ostrava-Karvina Coal Basin is a part of
the Upper Silesian Basin in the Czech Republic,
which lies, for the greater part, in the territory of
neighbouring Poland. The whole area is about 7 000
km? of which the Czech Republic only occupies
about 1 500 km? This is an area in the surroundings
of the towns of Ostrava, Karvina, Cesky Tésin,
Frenstat pod Radhostém, and others, where coal-
bearing strata of Carboniferous age are there. The
Ostrava-Karvind Coal Basin is divided into the
following areas:

» Ostrava-Karvind — where mining operations
have already been performed for a long time and
affected significantly the landscape shape, form and
pattern and also social elements;

» Podbeskydi — mining operations have not
been carried out yet.

The southern boundary of Czech part of the
Basin has not been confirmed unambiguously yet; the
majority of authors are of the opinion that the coal-
bearing Carboniferous strata descend into great depths
and run over great distances.In the Ostrava-Karvina
area, the Ostrava and the Karvina Formation are there.
The Ostrava Formation was formed under the
conditions of coastal climate and under the influence
of frequent volcanic activity; it is characterised by
coal of higher quality from seams having smaller
thicknesses when compared with the Karvina
Formation. It is fine-grained arkosic sandstones,
clayey siltstones and sandy claystones that constitute
the largest portion of the whole Formation.
Conglomerates occur here sporadically. On the other

hand, the younger Karvind Formation was formed
after the final retreat of the sea; the average thickness
amounts to 885 m. It is composed of coarse-grained
greywacke sandstones with garnet, clayey siltstones,
claystones and conglomerates (consisting of quartz).

3. MATERIALS AND METHODS

In the framework of research, several tasks
were determined that were solved in the following
ways: the area of interest was divided into smaller
landscape units; for the determination of location of
spoil heaps in the field, a tourist map (Ostravsko —
Hlu¢in, Bohumin, Ostrava, Karvina, Cesk}'/ Téesin,
Frydek-Mistek, Havitov, scale of 1:50 000, issued in
the year 2005) was used. By means of a navigation
device Garmin eTrex Vista Cx, coordinates of
research areas, including altitudes were measured;
for specific areas the orientation, slope and shape of
spoil heap (tabular, terrace-like, conical, ridge-like,
cumulous, steep, levelling - Fig. 1) were recorded.
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Figure 1. Shapes of spoil heap (adjusted by Havrlant,
1980)

Altogether 19 spoil heaps were mapped using
the method of phytocenological recording; the size
of areas was selected according to Mueller -
Dombois & Ellenberg (1974). Individual species of
plants were determined according to Rothmaler
(1985). The species were classified according to
Mlikovsky & Styblo (2006); they were also
evaluated from the point of view of their abundances
in individual categories of areas (see below). The
determination of forest woody plants is carried out
all the year round — in both the vegetation period and
outside the vegetation period, in various stages of
development. In the winter season, woody plants are
determined by the habitus, buds, seeds and fruits
(Biintgen, 2007), for the designation of woody
plants, abbreviations or numerical codes (code list of
Forest Management Institute - UHUL) were used.
Results of partial investigations are presented by
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means of graphs in the following chapter.
The study areas were divided

following three categories:

1. Areas with only spontaneously occurring species
(Fig. 2)

2. Areas after technical and biological reclamation
(TBR) without soiling (Fig. 3)

3. Areas after technical and biological reclamation
(TBR) with soiling (Fig. 4)

into the

Figure 2. NW-facing slope of spoil heap (photo: Dana
Zampachovad)

Figure 4. Top of reclaimed spoil heap Hohenegger (photo:
Eva Lackova)

4. RESULTS OF RESEARCH AND
DISCUSSION

In the area of Ostrava-Karving Coalfield, hard
coal is mined by underground methods. By gradual
deposition of spoil, convex landforms are created. It
follows from the research that shapes of spoil heaps
mapped by us are most frequently tabular (30%) and
terrace-like (25%); on the contrary, spoil heaps of
conical (5%) and ridge-like (5%) shapes occurred in
the representative sample of spoil heaps least (Fig.
5).

Shapes of spoil heaps
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Figure 5. Shapes of mapped spoil heaps in Upper Silesia

In the study sites on spoil heaps in Upper
Silesia, the following spontaneous species were
found in the herb layer: Anthemis arvensis,
Artemisia  vulgaris, Betula  pendula juv.,
Calamagrostis epigejos, Cirsium arvense, Cirsium
vulgare, Daucus carota, Echium vulgare, Epilobium
dodonaei, Eupatorium cannabinum, Euphorbia
cyparissias, Fragaria vesca, Hypericum perforatum,
Impatiens glandulifera, Leontodon autumnalis,
Medicago lupulina, Oenothera biennis,
Parthenocissus inserta, Pastinaca sativa, Populus x
euroamericana juv., Pyrethrum parthenium, Rosa
canina juv., Rubus fruticosus, Rubus ideaus, Rumex
acetosa, Sanguisorba minor, Solidago gigantea,
Symphytum  officinale, = Tanacetum  vulgare,
Tussilago farfara, Urtica dioica, Urtica urens,
Verbascum lapsus, Vicia hirsuta, Vicia sativa.

On the basis of field research it has been
found that on the Upper Silesian spoil heaps
investigated by us, above all autochthonous species
occur; allochthonous  species -  so-called
archeophytes and neophytes (Impatiens glandulifera
Parthenocissus inserta, Populus x canadensis,
Tanacetum vulgare, etc.) are less abundant.

The found species require high sunlight
intensity during the vegetation period and high
substrate moisture - evaluated according to
Ellenberg (1974). In spite of the fact that this is a
case of areas having different site conditions and
stands of different ages, anemochorous plant species
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gain ground in the majority of the areas (these
species are equipped with dispersal-promoting
appendages or have very light diaspores) - Daucus
carota, Betula pendula, Pastinaca sativa, and other
species. Less frequently the species the ecesis of
which is connected mainly with zoochory (Rosa
canina, Rubus fruticosus, and other species) occur

on the study spoil heaps.

Figure 6 describes the average number of
spontaneously occurring species in all 9 areas of
each category. It is clear that more species occur in
unreclaimed areas and areas after technical and
biological reclamation without soiling.

Number of species in
areas affected merely
by spontaneous
succession

Average number of species in individual areas

Number of gpecies in
areas atter technical
andbiological
reclamation, spoil

Number of species in
areas after technical
and biological
reclamation, soil

Figure 6. Comparison of average number of species in the herb layer in all types of areas
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Figure 7. Evaluation of species in the herb layer from the point of view of their origin in %
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The low abundance of species spontaneously
occurring in areas where TBR and simultaneously
soiling have been carried out may be a result of
application of underseeding technique to the soil —
thus any ecesis of spontaneous species in extent
comparable with that in open areas with a spoil
substrate is not possible (spoil substrate porosity
enables the easier ecesis of plant species).

In the case of technical and biological
reclamation, undersown seeds (prevailingly a clover
grass mixture) can cause a reduction in possibility of
applying species from the surroundings of spoil
heaps; thus the species diversity of the site and the
rate of integration of such an area into the
surrounding landscape decrease.

In the study spoil heaps mainly indigenous
species occur, i.e. these areas really become
favourable sites for autochthonous species, are
valuable refugees for the species that lose their
natural habitats.

Furthermore, on the spoil heaps, non-indigenous
species of flora occur, harmless archeophytes,
expansive archeophytes, neophytes evaluated as
harmless and neophytes invasive (Fig. 7).

In the open areas (without TBR and without
soil), non-indigenous species also play a very
important role in addition to the indigenous species;
the presence of specific species (indigenous as well
as non-indigenous) is influenced very markedly by
the surrounding stands

The species diversity of forest stands is a very
important identifier of the condition of forest stands,
influences considerably the stability of stands and the
fulfilment of out-of-production functions of forest

ecosystems. Figure 8 describes the average abundance
of woody plants on the spoil heaps where spontaneous
succession occurs. Of the three study categories of
areas, species variability is the highest here because not
only anemochorous species with a wide range of
ecological valence, such as Betula pendula, Salix sp.
(so-called ameliorative woody plants) but also target
woody plants the principal function of which is wood
production (Fagus sylvatica, Fraxinus excelsior, Acer
platanoides) are there here.

The situation of spontaneously growing
woody plants on the spoil heaps where technical and
biological reclamation without soiling has been
carried out is described by figure 9. It follows from
the results that the highest species abundances are
those of pioneer woody plants (Betula pendula, Salix
sp., etc.), which prepare owing to their properties
better conditions for the growth of principal woody
plants. Nevertheless, introduced and/or ornamental
woody plants are there here (Robinia pseudoacacia,
Populus x euroamericana); although they are
relatively more resistant to some environmental
factors, they participate in disturbing the ecological
relations.

The worst ever results of our research are
associated with the spoil heaps after technical and
biological reclamation with soiling. The number of
spontaneously dispersed woody plants was very
small Only 3 species of woody species, namely Salix
sp., Populus tremula and Betula pendula were found
here. This finding can be affected by the higher
degree of coverage and abundance of target planted
woody species.
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woody plant species
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Figure 8. Average abundance of woody species in areas without TBR
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Figure 9. Average abundance of woody species in areas with TBR

5. CONCLUSIONS

Together with the mining of mineral
resources, efforts to restore disturbed and devastated
landscape segments have appeared in recent years.
Thanks to landscape remediation, to areas affected
by heavy industries, stability and self-regulation
capability have been slowly returned. Because it is
not possible to restore the original scenery of the
landscape, new landscapes are created with
characteristic sceneries.

In the Czech Republic the first reclamation
works were performed in the 50°s of the 20"
century; since then thousands of hectares have been
reclaimed in the country. After completing the
mapping of the area of interest, herb and woody
plant communities were evaluated subsequently
from the point of view of their abundance, species
composition and origin. Merely spontaneous species
in the herb layer were evaluated.

It follows from the results that the highest
species biodiversity as well as abundance is
connected with areas not affected anthropogenically,
i.e. not reclaimed technically and biologically in the
herb and the tree layer (the highest abundance of
autochthonous species, such as Betula pendula,
Fagus sylvatica, etc.). The lowest biodiversity in
both the layers was found in the case of areas
reclaimed technically and biologically with soiling,
which may be caused by underseeding and planting
a great number of target woody plants. The
ecological value of such stand depends on the
species  composition of material  planted;
allochthonous species may lead to a decrease in
species diversity in the whole newly developing
ecosystem. On the contrary, autochthonous species

lead to the restoration of close-to-nature stands, and
thus to the restoration of ecosystems.

In the case of areas after technical and
biological reclamation without soiling, the species
composition and abundances of species are
comparable with the 1* type of areas - areas where
merely spontaneous succession has occurred.
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