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ZROZNICOWANIE SPONTANICZNEJ ROSLINNOSCI LESNEJ NA WYBRANYCH
HALDACH GORNOSLASKIEGO OKREGU PRZEMY SLOWEGO

Dziatalno$¢ przemystowa prowadzi do powstawania rozleglych terenéw bedacych nieuzytkami poprze-
mystowymi. Odpady powstajace w zwiazku z eksploatacja wggla kamiennego sa gromadzone w postaci hatd.
Podejmowano wiele prob by zazieleni¢ podioze hald. Mimo wysokich kosztow zabiegi rekultywacyjne czgsto
koncza si¢ niepowodzeniem, poniewaz ignorowane byly i sa zasady ekologii — $cistych wzajemnych zaleznosci
miedzy Srodowiskiem abiotycznym a biotycznym.

W krajach europejskich roslinnoscia klimaksowa sa lasy (ktore sa koncowym stadium naturalnej sukce-
sji). W zwiazku z tym na wielu europejskich nieuzytkach prowadzono rekultywacj¢ poprzez zalesianie.

Wsrod artykuldw opisujacych spontaniczng roslinno$¢ na terenach poprzemystowych, jedynie kilka
poswigconych jest ro§linnosci lesne;j.

Niniejsza praca prezentuje wyniki badan nad spontaniczna roslinno$cia lesna prowadzonych na wy-
branych hatdach poro$nigtych przez las. Analizowane zbiorowiska zaklasyfikowane zostalty do zespotu Quer-
co roboris-Pinetum J. Mat. (mscr.). Warstwg drzew buduja gléwnie Betula pendula, Quercus robur, Pinus
sylvestris i Populus tremula. W runie znaczacy jest udzial gatunkéw z klasy Vaccinio-Piceetea. Obecne sa
rowniez gatunki takowe i ruderalne z klas: Chenopodietea, Plantaginetea majoris, Artemisietea oraz roslinny
psammofilne z klasy Sedo-Sclerantetea.

Summary

Waste produced by deep coal mining is heaped up in the landscape, and remains there as foreign
matter. Several attempts have been made to plant trees and shrubs on the soil substrate of post-industrial
wastelands. But despite high financial expense reclamation often failed, because ecological principles were
ignored. In European countries the optimum vegetation is represented by a forest (which is the final stage of
natural succession) restoration was mainly done through forestation.

Natural plant communities represent a finally balanced system and it would be reasonable to take this
into account, especially when reclamation is concerned. Botanists, phytosociologists and ecologists are aware
that natural development of a plant cover, particularly on row soils starts with pioneer species. They are
characterized by their low demand with respect to site conditions, especially water and nutrient supply. The
biotops, which are the natural source of these species, have largely disappeared, and the so-called technosoils
do not own a seedbank.
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In this paper we present some woodland communities investigated on few coal mine heaps in Upper
Silesia. The analyzed woodland vegetation patches are classified to the Querco roboris-Pinetum J. Mat.
(mscr.) plant community association. The tree layer is built by Betula pendula, Quercus robur, Pinus sylves-
tris and Populus tremula. In the herb layer there is a remarkable number of species classified to the Vaccinio-
Piceetea class. Apart from the meadow Molinio-Arrhenatheretea class species, in the herb layer there are also
some species from the following ruderal phytosociological classes: Chenopodietea, Plantaginetea majoris,
Artemisietea and psmmophilous vegetation Sedo-Sclerantetea.

INTRODUCTION

Human activity (urbanization and industrialization) leads to extensive areas be-
coming wastelands devoid of any vegetation. Waste produced by deep coal mining is
heaped up in the landscape, and remains there as foreign matter. The creation of sponta-
neous plant cover on industrial wastelands has been of considerable interest for a long
time. The types of wastelands which botanists, ecologists and phytosociologists have
investigated include: pit-coal mining heaps [1, 6, 7, 12-14, 21, 23, 24, 26-33], iron and
non-ferrous metallurgy heaps [25, 38], brown coal mining sedimentation pools [2, 3,
16], solvay process heaps [8, 36, 37, 39, 40] sand pits [15, 35]; uranium sedimentation
pools [34], the power station ashes [10, 22] and coalmine sedimentation pools [41-50].
There are some papers describing the spontaneous vegetation of post-industrial waste
sites and only a few describe the spontaneous woodland vegetation. The spontaneous
woodland vegetation on coal mine heaps can provide a sustainable and balanced eco-
system, which will develop into a self-recovering forest, ecosystem best adjusted to the
local resources.

In the Upper Silesian Industrial Region only some heaps are overgrown by wood-
lands. A few chosen were investigated (Fig. 1). In the first step of investigations the wood-
land communities of each object was characterized separately [S1]. The aim of this study is
to check to what extent the investigated woodland patches of all objects are similar, when
the species composition is considered and to what extent the woodland records are specific
in respect to a particular site (object). Try to ask the question: do the recorded vegetation
spontaneously creates forest communities resembling those one can observe in the nature?

METHODS

The surveys of the spontaneous woodland vegetation took place during the
vegetation season 1998-2001 on six chosen coalmine heaps. The Braun-Blanquet [5]
method was used to make the phytosociological releve. The recognition of plant com-
munities was based on characteristic combination of species. The species in table
were classified according to the ,Przewodnik do oznaczania zbiorowisk roslinnych”
(,»A guidebook for determination of Polish plant communities™) [18]. The Latin names
of species are used according to [19].

By using the traditional way of arranging the phytosociological table it is diffi-
cult to consider all the parameters of the complexity of the post-industrial waste sites
vegetation [20]. The 50 collected releves were arranged in the Table 1 according to the
computer cluster analysis. In order to estimate the homogeneity or site specifics of the
woodland vegetation records the statistical agglomeration analysis was used (program
Statisistica). To measure the similarity (the distance measure), the square of Euclidean
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Table 1. Phytosogiological table describing the woodland vegetation on the investigated heaps
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Number of releve
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Sporadic species: Acer platanoides b 24 (+);  Acer platanoides ¢ 47 (r) ; Agropyron repens 24 (2+); Agrostis alba 23 (+.2); Agrostis gigantea 22 (+);
Agrostis stolonifera 38 (+); Anthoxantum odoratum 35 1.2; Amenatherum elatius 18 1.2; Aster novi-belgii 9 (+); Athyrium filix-femina 33 1.2; Bidens
frondosa 18 (+); Brachypodium sylvaticum 19 (+); Brachythecium rutabulum d 18 (2.2), 20 (2.2); Brormus mollis 20 (+), 35 (2.2); Bromus tectorum 25
(+.2), 34 (1.2); Calamagrostis villosa 33 (1.2); Calystegia sepium 22 (1.2), 29 (1.2); Caragana arborescens 7 (1.1), 11 (+); Cardamine pratensis 46 (1.20), 50
(+); Cardaminopsis arenosa 27 (+), 38 (+.2); Cardaminopsis halleri 21 (+); Carpinus betulus a 33 (1.2); Centaurea jacea 17 (1.2), 42 (1.1), 45 (1.2);
Centaurea oxylepis 41 (+); Centaurium erythraea ssp. erythraea 6 (+), 9 (r), 10 (+); Cerastium arvense 24 (+); Cerastium vulgare 17 (+), 49 (+); Cerasus
avium 28 (+); Chaenorhinum minus 23 (+); Chamaenerion angustifolium 12 (r), 38 (1.2); Chenpodium album 30 (+), 38 (+); Chenopodium bonus-henricus
24 (+); Cichorium intybus 44 (+); Coronilla varia 37 (1.2), 44 (+.2); Corylus avellana 41 (+2), 46 (+); Dianthus deltoides 9 (+), 12 (1.1), 44 (+); Echinochloa
crus-galii 24 (+.2); Epilobium adenocaulon 18 (+), 44 (1.2); Epilobium angustifolium 24 (+.2), 43 (+.2); Epilobium hirsutum 44 (1.2); Epilobium palustre 27
(2.2); Epipactis helleborine 18 (1.2); Equisetum arvense 18 (+), 37 (+.2), 40 (1.2); Equise - tum sylvaticum 33 (1.2); Euonymus europaea 23 (+); Euonymus
verrucosus 21 (+); Euphorbia helioscopia 2 (+); Euphrasia rostkoviana 14 (+), 30 (+); Festuca gigantea 33 (+.2); Festuca pratensis 17 (3.3), 34 (1.2); Galium
aparine 8 (+), 13 (+), 30 (1.2); Galium mollugo 15 (2a.2), 18 (1.2), 19 (+); Geranium robertianum 18 (1.2), 21 (+); Heracleurn sphondylium 44 (1.2);
Hieracium lachenalii 36 (1.2), 38 (+), 41 (+.2); Hippophae rhamnoides 24 (r); Humulus lupulus 2 (r), 30 (1.2); Hypohoeris radicata 21(+); Juncus articulatus
22(+); Juncus tenuis 7 (1.2), 8 (1.2); Lathyrus pratensis 21 (+), 25 (+.2), 26 (+.2); Leontodon hispider 44 (1.2); Lepidium rederale 28 (+.2); Linaria vulgaris
45 (+); Lotus comiculatus 23 (+.2), 35 (1.2), 40 (+); Luzula multiflora 44 (+.2); Lysimachia nemorum 21 (1.2), 46 (+), 48 (+); Majanthemum bifolium 22
(1.2); Malus domestica 18 (r); Matricaria discoidea 45 (+); Matricaria maritima ssp. inodora 3 (+), 9 (+); Medicago falcata 34 (+.2); Melampyrum
sylvaticum 12 (+), 14 (+), 15 (+); Melilotus officinalis 34 (1.2); Mentha arvensis 18 (+); Molinia caerulea 24 (1.2), 26 (+.2), 44 (+.2); Myosoton aquaticum
15 (1.1); Odontites rubra 21 (+), 24 (1), 25 (+.2); Odontites verna ssp. verna 22 (+), 41 (+); Pastinaca sativa 22 (+.2), 41 (1.2), 42 (+.2); Philadelphus
coronarius 7( 3.2), 8 (2b.1), 9 (v); Phleum pratense 12 (+), 30 (+); Phragmites australis 45 (+); Physocarpus opulifolius 15 (+); Picris hieracioides 24 (+), 28
(1.2), 38 (+); Pimpinella saxifraga 45 (+.2); Plantago lanceolata 1 (+), 24 (1.2), 40 (+); Poa palustris 22 (+), 23 (+);(1.2); Equisetum sylvaticum 33 (1.2);
Euonymus europaea 23 (+); Euonymus verrucosus 21 (+); Euphorbia helioscopia 2 (+); Euplirasia rostkoviana 14 (+), 30 (+); Festuca gigantea 33 (+.2);
Festuca pratensis 17( 3.3), 34 (1.2); Galium aparine 8 (+), 13 (+), 30 (1.2); Galium mollugo 15 (2a.2), 18 (2.2), 19 (+); Geranium robertianum 18 (1.2), 21
(+); Heracleumn sphondylium 44 (1.2); Hieracium lachenalii 36 (1.2), 38 (+), 41 (+.2); Hippophae rhaimnoides 24 (r); Humulus lupulus 2 (r), 30 (1.2);
Hypohoeris radicata 21(+); Juncus articulatus 22(+); Juncus tenuis 7 (1.2), 8(1.2); Lathyrus pratensis 21 (+), 25 (+.2), 26 (+.2); Leontodon hispidus 44 (1.2);
Lepidium rederale 28 (+.2); Linaria vulgaris 45 (+); Lotus comiculatus 23 (+.2), 35 (1.2), 40 (+); Luzula multiflora 44 (+.2); Lysimachia nemorum 21 (1.2),
46 (+), 48 (+); Majanthemum bifolium 22 (1.2); Malus domestica 18 (r); Matricaria discoidea 45 (+); Matricaria maritima ssp. inodora 3 (+), 9 (+);
Medicago falcata 34 (+.2); Melampyrum sylvaticum 12 (+), 14 (+), 15 (+); Melilotus officinalis 34 1.2; Mentha arvensis 18 (+); Molinia caerulea 24 1.2, 26
(+.2), 44 (+.2); Myosoton aquaticum 15 (1.1); Odontites rubra 21 (+), 24 (r), 25 (+.2); Odontites verna ssp. verna 22 (+), 41 (+); Pastinaca sativa 22 (+.2),
41 1.2, 42 (+.2); Philadelphus coronarius 7 3.1, 8 2b.1, 9 (r); Phleum pratense 12 (+), 30 (+); Phragmites australis 45 (+); Physocarpus opulifolius 15 (+);
Picris hieracioides 24 (+), 28 1.2, 38 (+); Pimpinella saxifraga 45 (+.2); Plantago lanceolata 1 (+), 24 1.2, 40 (+); Poa palustris 22 (+), 23 (+); Poa trivialis 19
(+), 38 (+), 41 (+); Polygonum persicaria 6 (r); Populus sp. 26 (1.2), 29 (+); Populus balsaminifera 7 (4.4), 8 (2a.1), 17 (1.2); Porentilla norvegica 1 (r);
Potentilla repens 27 (1.2); Primula elatior 46 (+.2), 48 (+.2); Prunella vulgaris 20 (+), 21 (+); Quercus petraea 16 (+), 32 (+); Ranuncusus acris 21 (+), 45
(+.2), 48 (+); Reynoutria japonica 18 (+.2), 21 (+.2), 24 (+.2); Robinia pseodaccacia 24 (r), 27 (1.2), 49 (r); Rubus idaeus 20 (+.2); Rubus plicatus 3 (+);
Rumex acetosella 44 (+.2), 45 (+); Salix alba 12 (1), 29 (+), 35 (+); Salix aurita 34 (1.2); Salix caprea x aurea 26 (r); Salix cinerea 26 (r); Salix fragilis 25
(1.2): Salix purpurea x fragilis 34 (1.2); Senecio vulgaris 24 (+), 29 (+.2); Sedum acre 29 (+); Senecio fuchsii 18 (1.2), 19 (1.20, 21 (1.2); Solidago serotina
35 (1.2); Robinia pseodaccacia 24 (r), 27 1.2, 49 (r); Rubus idaeus 20 (+.2); Rubus plicatus 3 (+); Rumex acetosella 44 (+.2), 45 (+); Salix alba 12 (1), 29 (+),
35 (+); Salix aurita 34 (1.2); Salix caprea x aurea 26 (r); Salix cinerea 26 (r); Salix fragilis 25 (1.2); Salix purpurea x fragilis 34 (1.2); Senecio vulgaris 24 (+),
29 (+.2); Sedum acre 29 (+); Senecio fuchsii 18 (1.2), 19 (1.2), 21 (1.2); Solidago serotina 35 (1.2); Sonchus arvensis 25 (+.2); Sonchus asper 21 (+), 24 (+);
Sonchus oleraceus 3 (+), 5 (r); Sorbaria sorbifolia 26 (+), 35 (+.2); Spiraea japonica 11 (r); Stellaria media 19 (+), 21 (+); Symphoricarpos albus 7 (1.1), 11
(+); Tilia platyphyllos 7 (2b.1), 8 (1.1); Torilis japonica 18 (1.2); Tripleurospermum inodorum 24 (+); Urtica dioica 46 (+.2), 47 (+), 48 (+); Vaccinium vitis-
idaea 2 (r); Valeriana officinalis 24 (+.2) Verbascum densiflorum 22 (+.2), 41 (+.2); Verbascum lychnitis 21 (+.2), 28 (+.2); Verbascum thapsus 3 (+);
Veronica chamaedrys 12 (1.1), 18 (+.2); Vinca minor 22 (1.2).

The abbreviations used in table 1.: BW - heap localized in Borowa Wies; Brz - the "Brzeszcze” coal mine heap in Brzeszcze; J - the "Jaworzno™ coal mine
heap in Jaworzno; NK - heap localized "Nad Klodnica"; PA - heap localized in Panewniki; SI - the "Silesia” coal mine heap in Czechowice Dziedzice.

distance was used. From variety of cluster algorithms the Ward’s method has been cho-
sen. In the Ward’s method the cluster membership is assessed by calculating the total
sum of squared deviations from the mean of a cluster. The criterion for fusion is that it
should produce the smallest possible increase in the error sum of square [17].

RESULTS

Table 1 summarises the woodland vegetation records from six coals mine heaps
localized in Upper Silesia (Fig.1). The soil substratum on which the woodlands are
growing is extraordinary. The vegetation patches hardly resemble any of the unchanged
or less changed forest or woodland vegetation. So the authors decided to arrange the
phytosociological table following the Ward’s method cluster (Fig. 2). The woodland
vegetation of all the investigated objects are at the beginning of woodland development.
The species composition is very diverse (251 vascular plants and moss species). How-
ever, the heaps are relatively new and the forest species are the most numerous in the
species composition.

Betula pendula is the main element of the tree layer. Quercus robur, Pinus sil-
vestris, and Populus tremula are also abundant. The less frequent tree species are Salix
caprea, Tilia cordata, Sambucus nigra Alnus glutinosa and Larix decidua. Apart from
the native tree species some neophytes are recorded, such as: Quercus rubra, Robinia
pseudaccacia, Padus serotina and Acer negundo.
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Neither frequent nor abundant but remarkable is the participation of forest spe-
cies in the bush and herb layer such as: Ligustrum vulgare, Salix purpurea, Mycelis
muralis, Pteridium aquilinum Vaccinium myrtillus, Corylus avellana, Rubus ceasius,
Trientalis europaea and Solanum dulcamara. The spontaneous occurrence of forest
species in the herb layer can suggest that the structure of the studied vegetation patches
is undergoing changes similar to those that can be observed in unchanged forests. At the
moment many meadow and ruderal species participate in the herb layer structure. The
most frequent are the meadow species such as: Achillea millefolium, Agrostis capillaris,
Deschampsia caespitosa, Festuca rubra, Daucus carota, Taraxacum officinale and
Trifolium repens. Among the ruderal species the most frequent are Artemisia vulgaris,
Eupatorium cannabinum, Melilotus alba, Oenothera biennis, Polygonum aviculare and
Solidago canadensis. The presence of the last, neophyte species is especially interest-
ing. It is abundant on some heaps and sedimentation pools. It covers exclusively the
whole object and shows extraordinary expansiveness [4, 9, 11]. The psammophilous
species are present in many recorded patches. The class Sedo-Scleranthetea is repre-
sented by such species as: Hieracium pilosella, Festuca ovina, Trifolium arvense and
Corynephorus canescens.

Among the accompanying species the most frequent are such as: Calamagrostis
epigeios, Cirsium arvense, Medicago lupulina, Tussilago farfara, Symphoricarpos al-
bus, Lupinus polyphyllus, Lysimachia nummularia, Chamaenerion palustre, Conyza
canadensis and Poa annua. Particular abundant is also one moss species Ceratodon
purpureum.

CONCLUSIONS

1. The analyzed woodland vegetation patches (they are quite initial and the phytoso-
ciological classification is very difficult) resembling mostly the Querco roboris-
Pinetum J. Mat. (mscr.) plant community association. Betula pendula, Quercus ro-
bur, Pinus sylvestris and Populus tremula build the tree layer. In the herb layer
there is a remarkable number of species classified to the Vaccinio-Piceetea class.

2. Apart from the meadow species in the herb layer there are also some species from
the following ruderal phytosociological classes: Chenopodietea, Plantaginetea
majoris, Artemisietea and psammophilous vegetation of Sedo-Sclerantetea class.

3. The vegetation is not very site specific. The species composition is in general
similar on all the investigated objects.

4. Further investigation on the spontaneous woodland vegetation developing on coal
mine heaps and other post-industrial wastelands should be continued not only for
scientific, but also for economic reasons. The spontaneous development of vegeta-
tion takes a long time but the results are permanent and ecologically most appropri-
ate.
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