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Abstract:

Any newly created area includes human-created habitats such as the mineral material
of post-coal mining spoil heaps undergoing natural colonization and ecosystem
development during the succession processes of vegetation colonization. The study of
the factors that influence the succession dynamics, and the mechanisms behind this,
have a long history (including the species-area relationship or Arrhenius equation).
Nevertheless, the list of scientific questions is increasing. One of the significant issues
in the study of these processes is the relationship between factors influencing
the Biodiversity—Ecosystem Functioning (BEF) relationships. The main prerequisite
is the relationships between the plant species' assemblage mechanisms including
diversity and the variety of assembly rules concerning the environmental abiotic
habitat processes and these properties are not straightforward. At the large scale,
parameters such as age and area of the colonized sites are considered to be important.
These relationships are more complicated in newly established post-mineral
excavation habitats where novel ecosystems are developing. Regardless of the degree
of disturbances, vegetation re-establishes in such environments, as a result of
spontaneous succession, by the colonization and establishment of the best-adapted
organisms. In the habitats of post-coal mining spoil heaps with pure oligotrophic
mineral conditions, the non-analogous, newly formed composition of flora, fauna, and
saprophytes has been stated in many previous field studies. This study aimed to
explore the biodiversity versus area size relationships, in particular, it investigated
the species composition and diversity found in the development of the spontaneous
vegetation formed during primary succession on mineral substrate habitats of post-
coal mining spoil heaps of different area sizes. We tested the hypothesis: species
diversity of the vegetation patches on coal mine spoil heaps becomes more diverse on
larger sites over time. These results indicate that the area size of the spoil heap
significantly affects the diversity of the vegetation. Regardless of which of
the characteristics of the vegetation type (dominant species) is compared,
the vegetation on the heaps differs depending on its area size.

Keywords: species-area relationship, Arrhenius equation, spontaneous succession,
biodiversity—ecosystem functioning, non-analogous species composition, novel
ecosystems.
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1. Introduction

In the urban-industrial landscape, it is possible to observe diverse natural, semi-natural and
anthropogenic habitats that are undergoing natural ecosystem successional processes (Fig. 1).
The change in plant species composition of spontaneous vegetation is a process which depends on many
factors. The successional development is indicated by the sequential appearance and replacement of
plant species assemblages that follow a disturbance event or the establishment of new land. The new
habitat, and new area, can be the consequence of natural, or human, activity [1-4]. The biomass
established as a result of primary production is the prerequisite of a heterotroph's (all grazing animals)
survival. While the biochemistry of the organic matter of autotrophs and heterotrophs is the factor that
shapes the saprophytic species composition and the process associated with the decomposition of
organic matter e.g., bacteria, fungi, and mesiofauna assemblage that are consequently causing
environmental changes in the substrate [5]. The feedback changes in biotic and abiotic environmental
parameters induce the change in matter and energy flow during an ecosystem's successful development.
These dynamic processes have led to intense discussion and to further studies on biodiversity—ecosystem
functioning (BEF) relationships [6], which have now focused on a wide range of ecosystem functions
(e.g. biomass production, carbon sequestration, litter decomposition, water retention, nutrient cycling,
global change resistance) [7,8]. Clarifying the causality that is underlying the relationships between
the plant species assemblage’s mechanisms including diversity and the variety of possible assembly
rules and environmental abiotic habitat processes and properties is not straightforward [9]. This is
because synergetic influences and inherent feedback mechanisms between species assemblages,
the structure of communities and the environment's biotic and abiotic parameters are all involved [10].

Human activity, mostly urbanization and industrialization, affects a vast area of the Earth’s surface
[11-13]. Many of Earth's landscapes, existing vegetation and the abiotic and biotic soil components have
been disturbed or destroyed [14]. Frequently the resulting anthropogenic habitats provide unique
conditions such as no soil profile, inadequate water conditions in the soil substrate, high salinity, lack
of nutrients and diasporas, and a unigue microclimate [15-20].

The plant species compositions and spatial distribution of the vegetation of novel ecosystems of post-
industrial areas (e.g. coal mine spoil heaps) are usually different from that of plant communities known
from natural and semi-natural habitats which makes it difficult to classify them using the accepted
phytosociological (socio-ecological) which describe naturally occurring plant communities. Regardless
of the degree of the disturbance, plants return to such habitats as a result of spontaneous succession that
enhances the colonization and establishment of the best-adapted organisms. In these unusual habitats of
pure oligotrophic mineral conditions, the non-analogous newly formed flora, fauna, and saprophytes has
been described from many previous empirical studies [1,21-24]. The novel ecosystems which establish
on these de novo sites differ significantly from the original and surrounding habitats [25-27].
These novel ecosystems become established as a consequence of differences in the physical and
chemical properties of the primary substrate and thus the new soil substrate parameters [20,28,29].

This fact makes it difficult to assign them to commonly known phytosociological units of Braun-
Blanquet system. A characteristic feature of the vegetation growing on coal mine spoil heaps is
the mosaic of different vegetation patches which are dominated by various species confined to a variety
of microhabitats [30-32]. The abundance of the dominant plant species causes the distinctiveness of
each particular vegetation patch. The dominant species originate from a wide range of habitats, including
aquatic, swamp, mire and marsh, as well as those from dry meadows and other grassland communities,
stony gravel communities, and ruderal habitats. For the vegetation growing on the studied areas of post-
coal mine spoil heaps, the most precise diagnosis is the identification of the dominant plant species,
which determines the physiognomy of each distinctive vegetation patch. The dominant plant species (in
terms of their percentage cover abundance) can be accompanied by numerous other species with varied
abundances [32,33].
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Fig. 1. The mineral materials of coal mine spoil heaps provide an environmental island within
the urban-industrial landscape. The human-created habitats undergoing natural ecosystem
succession and developing into novel ecosystems (Photo: G. Wozniak)

Natural succession is the process of gradual change within plant species assemblages and
the associated organisms that are best adapted to the current biotic and abiotic habitat conditions.
In natural and semi-natural conditions, the mechanisms of primary and secondary succession are
relatively well understood [4]. At the large scale, time and area significantly influence the vegetation
and species composition during the development of succession. There have been many studies focused
on time as an important factor. There are fewer studies which consider the size of the area of a site that
is undergoing colonization and succession as a significant factor influencing the colonization,
establishment and persistence of species. In natural and semi-natural habitats, the dependence of
the number of species on the size of the study area has long been known as the species — area relationship
(SAR) [34]. Succession processes take place on all types of habitats and in all types of ecosystems, from
water and wetland habitats, oceans, deserts, salt marshes to tundra, and rainforests. During succession,
a pattern of changes is expected and appropriate for a particular habitat and ecosystem type whenever
a new habitat becomes available or whenever an environment is disturbed.

For habitats developing on the sites of post-mineral excavation and other man-made sites, less
research has been done to specify the Species — Area Relationship (SAR) and more studies are needed
to address such relationships.

The aim of this study was to explore the composition of the vegetation and species composition
diversity of the spontaneously developing de novo habitats on post coal mine spoil heaps of different
heap areas and to investigate some aspects of their functional diversity during the primary succession
process.

We tested the hypothesis on coal mining heap sites in Upper Silesia that species diversity of
the vegetation patches will become more diverse on larger sites as the SAR Arrhenius concept suggested.
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2. Methods

2.1. Study area

The study was conducted on one type of post-industrial mineral excavation site: coal mine spoil
heaps, located in the Upper Silesia coal mining district (Poland) (Fig. 2). The study area lies in
the transitional climate zone between a temperate oceanic climate in the west and a temperate
continental climate in the east. The mean annual temperature fluctuates between 7 and 9°C and
precipitation varies between 700 and 900 mm. The vegetation season (days with average temperature
> 5°C) is between 210 and 220 days [33].

A total of 112 post-coal mining sites were studied in the area. The studied heaps were of
carboniferous rock and were composed mainly of claystone, siltstone, sandstone, conglomerate, coal
shale, and small quantities of coal [33,35]. The surface of most of the heaps was characterized by
longitudinal elevations and depressions established by the heaping process. The resulting vegetation had
developed spontaneously since heaping and there were no subsequent manipulations of the heap
substrates at the studied.
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Fig. 2. The distribution of the coal mines of the Silesia Upland and heaps belonging to them:

1-5 — area size categories of heaps: blue triangle — up to 10 ha; purple triangle — up to 50 ha; green
triangle — up to 100 ha; orange triangle — more than 100 ha; purple-blue triangle — area size of heap up
to 10 ha and 50 ha; 6 — state border; 7 — borders of the Silesia Upland; 8 — minor geographical borders;

9 —rivers and lakes; 10 — towns and cities [33 — changed]

Coal mine spoil heaps are habitats that are difficult for plant colonization, establishment, and
development. They are characterized by extreme abiotic conditions, e.g., large variations in humidity
and daily temperatures (often reaching 50°C), high salinity, lack of soil, susceptibility to wind and water
erosion, substrate instability, dusting, chemical, and thermal activity, and also biotic parameters such as
lack of a seed bank and a deficiency of nutrients in the substrate. All of these determine the specificity
of the flora and vegetation types which can tolerate the conditions found on these post-industrial areas
[1,16,29,36-40]. These abiotic conditions are variable both in time and space, as well as are changing
with the depth of the substrate. All these factors combine to present the environment of unmanaged coal
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mine spoil heaps and these are model examples of a novel ecosystem. Despite the harsh environmental
conditions, including long periods of drought, and the high levels of compaction of spoil material [33],
these heaps can be spontaneously colonized by herbaceous vegetation.

2.2. Vegetation sampling

Before starting field studies, the selected heaps have been divided into four area size categories (A —
up to 10 ha; B — up to 50 ha; C — up to 100 ha; D — more than 100 ha). The vegetation sampling was
conducted in randomly chosen patches on coal mine spoil heaps of different area sizes. The vegetation
samples were collected in different environmental conditions in order to cover all the available habitat
conditions occurring on unmanaged coal mine spoil heaps which were independent of the studied heap
size. For each studied vegetation patch, a homogenous study plot was selected. The species composition
and abundance (expressed as percentage coverage) of all species present were visually estimated.
The cover abundance of species was estimated on a 12-point scale according to the rules (<1%, 1-5%,
5-10%, 10-20%, and then every 10%). The distribution of the studied heaps on the local map is shown in
Fig. 2.

2.3. Measure of vegetation diversity

On the basis of species composition and abundance for each recorded vegetation patch, the following
metrics were determined: the species richness, affinity of species to socio-ecological groups. The study
covered vegetation patches consisting of species identified as typical of e.g. meadow, grassland rush
and species without preferences to certain ecosystems and vegetation types.

Some of the analyses focused on dominant plant species according to the mass ratio hypothesis [41].
The identified dominant plant species were characterized by their socio-ecological origin, according to
Oberdorfer et al. [42]. The analyzed species represented the following habitats: forest species:
(Cl. Vaccinio-Piceetea) and (Cl. Ouerco-Fagetea, Alnetea glutinosae) and other species associated with
forest habitats; meadow species (Cl. Molinio-Arrhenatheretea); broadly defined grassland species:
(CI. Festuco-Brometea) and (Cl. Sedo-Scleranthetea, Nardo-Callunetea); species of rock habitats, rock
rubble — Karst species (Cl. Asplenietea rupestria, Violetea calaminariae, Thlaspietea rotundifolii),
species of clearings and fringes (Cl. Epilobietea angustifolii, Trifolio-Geranietea); ruderal species
(Cl. Artemisietea vulgaris, Agropyretea intermedio-repentis, Plantaginetea majoris, Agrostietea
stoloniferae-Potentilla anserina); salt marsh species (Cl. Zosteretea marinae, Ruppietea maritimae,
Asteretea tripolium, Honckenyo-Agropyretum juncei, Cakiletea maritimae, Ammophiletea); segetal
species (Cl. Chenopodietea, Secalietea); peatbog species (Cl. Montio-Cardaminetea, Scheuchzerio-
Caricetea, Oxycocco-Sphagnetea); rush and aquatic species: (Cl. Phragmitetea, Isoéto-Nanojuncetea,
Bidentetea tripartiti) and (Cl. Lemnetea, Utricularietea, Potametea).

The identified dominant species have also been analyzed in terms of geographical-historical groups,
the alien and native plant species represent [43]: K — kenophytes (neophytes), A — apophytes.

2.4. Data analysis

The recorded vegetation patches were divided into four groups in terms of the coal mine spoil heap
size area. Each group of records gathered data about vegetation patches growing on heaps with the same
area. The vegetation taxonomic diversity (TD) was measured using several approaches and indices. For
each vegetation patch, the dominant plant species were identified, the number of species were recorded,
and the diversity metric such as Shannon-Wiener diversity index was calculated.

Based on the calculated species richness and the diversity index for each spoil heap area size group,
the mean value, standard deviation, minimum and maximum were calculated. The list and frequency of
vegetation patches dominated by particular species was prepared for each of the four spoil heap area
sizes. The dominant plant species were categorized into socio-ecological and geographical-historical
groups.
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3. Results

3.1. Species richness, and diversity of vegetation patches on heaps of various area sizes

The lowest number (124) of patches was recorded on spoil heaps (of up to 100 ha), followed by 236
patches on the largest heaps (>100 ha), 475 patches were found on the smallest heaps up to 10 ha, and
the highest number (1732) were found in those patches from heaps (up to 50 ha).

Species richness was highest on spoil heaps of up to 100 ha (4.17), and smallest (3.43) on heaps of
up to 50 ha. However, differences found in species richness did not reach statistically significant level
(H (3.2567) = 2.34, p = 0.5043) (Table 1).

Table 1. Species richness in patches in relation to the heap size area

) Heap size area
Species

richness 10 ha 50 ha 100 ha >100 ha
n =475 n=1732 n =124 n =236

Mean 3.62 3.43 4.17 3.48

SD 2.31 2.23 3.44 2.03

Min. 1.12 1.00 1.25 1.15

Max. 12.88 17.11 16.62 1.15

n — the number of vegetation patches on each of the heap size area of the studied heaps

The highest number of different dominant plant species was recorded in vegetation patches growing
spontaneously on heaps, with an area size up to 50 ha. In the vegetation patches present on the heaps of
up to 100 ha, 29 different dominant plant species were identified, followed by 40 dominants in patches
of more than 100 ha and 49 dominant species in patches up to 10 hectares of area. Eight of all dominant
species were the most common (Table 2).

Table 2. Number of patches dominated by the most common dominant species
in relation to area of the heap

The most common The area of the heaps

dominant plant species 10ha | 50ha | 100ha |>100 ha| TOTAL
Betula pendula a 41 98 15 15 169
Betula pendula b 24 46 9 79
Betula pendula ¢ 4 8 12
Calamagrostis epigejos (Fig. 3) 59 170 13 15 257
Chamaenerion palustre 13 64 17 94
Daucus carota 31 74 3 6 114
Melilotus alba 9 98 6 10 123
Phragmites australis (Fig. 4) 8 86 4 3 101
Poa compressa 46 82 5 139
Tussilago farfara (Fig. 5) 54 142 5 21 222

Betula pendula (as a tree) (present in 41 patches), Calamagrostis epigejos (59) (Fig. 3), Poa
compressa (46) and Tussilago farfara (54) (Fig. 5) were the dominant species in more than 40 patches
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on the smallest spoil heaps (area up to 10 ha). On heaps with an area of 50 ha, 101 dominant plant
species were observed. There were, on average, 17 patches per dominant species. In this area group, two
dominant plant species such as Calamagrostis epigejos and Tussilago farfara were present in over 100,
170 and 142 vegetation patches respectively. On heaps with an area of up to 100 ha, 29 dominant species
were found, with, on average, only 4 patches per dominant plant. On heaps with an area of more than
100 ha, 40 dominant species were found, with almost 6 vegetation patches per dominant plant species.

Fig. 3. Spontaneous vegetation type with dominance of Calamagrostis epigejos
(Mystowice site, Upper Silesia, Poland) (Photo: G. WozZniak)
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Fig. 5. Spontaneously occurring common patches of Tussilago farfara on coal mine heaps (Mystowice
site, Upper Silesia, Poland) (Photo: G. Wozniak)
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3.2. The socio-ecological groups of dominant species on heaps of various sizes

The number of recorded patches of spontaneously developed vegetation dominated by species
representing different socio-ecological groups is unequal on heaps of different area size. The largest
number of vegetation patches dominated by ruderal, forests as well as segetal species was recorded on
heaps with an area of up to 50 ha. In this group of heaps worth underlying are also patches dominated
by aquatic or rush species. In contrast, the least number of vegetation patches was recorded on heaps
with an area up to 100 ha. They were dominated mainly by ruderal species (Fig. 6).

Aquatic, rush I
Peatbog
Agriculture weeds
Ruderal

Salt marsh

Fringe vegetation
Karst vegetation
Grasslands

Meadow

Socio-ecological groups

Forest

o

200 400 600 800 1000 1200 1400 1600

The number of patches
@10 ha m50 ha m100 ha @> 100 ha

Fig. 6. Distribution of the number of patches in relation to heap area and the socio-ecological group
of the dominant species in the patch

The distribution (percentage participation) of the number of patches dominated by particular socio-
ecological groups, depending on the heap area size, is presented in Table 3.

Table. 3. Percentage participation of vegetation patches dominated by plant species representing
particular socio-ecological groups in relation to spoil heap area and socio-ecological groups
of the dominant species in the patch

. . The area of the heaps
Socio-ecological groups
10 ha 50 ha 100 ha | >100 ha

Rushes and aquatic species 9 85 3 3
Peatbog species 71 15 0 14
Segetal species 15 73 4

Ruderal species 19 67 5

Salt marsh species 3 88 6

Species of clearings and fringes 17 61 16 6
Species of rock habitats, rock rubble — karst species 12 66 0 22
Broadly defined grassland species 7 83 1

Meadow species 18 68 7

Forest species (deciduous and coniferous) 26 56 7 11
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The observed distribution of the number of vegetation patches on heaps of varied area sizes reveals
significant differences and relationships (G=118.60; p <0.001) between the frequency of patches
dominated by species representing particular socio-ecological groups and the area size of the spoil heaps.

3.3. The origin of dominant species in patches on heaps that differ in terms of size

Among the varied plant species characteristics that could be applied, the division between the alien
(kenophytes =neophytes — neophytes recently introduced alien plants; archaeophytes — older alien plant
species), and native plant (apophytes) species is very important, as alien plants threaten some
ecosystems.

The distribution of the number of patches depending on the area of the spoil heap and
the geographical-historical group represented by the dominant species in a given patch is shown in Fig. 7.

> 100 ha
100 ha
(4]
o
(4]
o
3]
[«5)
e
& 50ha
'_
10 ha

0 200 400 600 800 1000 1200 1400 1600

The number of patches
m Kenophytes (neophytes) @ Archaeophytes @ Apophytes

Fig. 7. The number of patches in relation to heap area and geographical-historical group
of the dominant in the patch

It is worth underlying that apophytes predominate in patches developing on coal mine spoil heaps
regardless their size area.

Kenophytes and apophytes occur more often than archaeophytes (older alien plant species), on heaps
with an area of up to 10 ha. The highest number of patches with archaeophytes as well as apophytes as
dominance were found on heaps up to 50 ha (Fig. 7).

As many as 199 patches dominated by kenophytes were recorded on heaps up to 50 ha. Among them
are such species as Conyza canadensis, Datura stramonium, Helianthus tuberosus or Robinia
pseudoacacia. Archeophytes such as Lactuca serriola, Matricaria maritimia subsp. inodora or
Lepidium ruderale were found on coal mine spoil heaps. The observed regularities in patch proportions
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reflect the covariation (G = 35.785; p < 0.001) of the heap area and the geographical-historical groups
of the dominant species.

4. Discussion

The relations between size of the spoil heap area and the diversity of the spontaneous
vegetation

The species richness and species diversity of the vegetation patches recorded on the post-coal mine
heaps of various sizes differed insignificantly. However, a comparison of the number of dominant
species representing particular socio-ecological groups showed a dependence in terms of the area size
of the post-coal mining heaps, however, not all the differences were significant. The species-area
relationship [34] provided the theoretical background to formulate predictions regarding the results of
this relationship between the size of the heap and the plant species diversity of the vegetation.
The species-area relationship, or species-area curve expresses the relationship between the area of
a habitat, or part of a habitat, and the number of species recorded within the studied area. Larger areas
can contain more species, and empirically, the relative numbers seem to follow systematic mathematical
relationships [44].

Connor and McCoy [45] discussed two main hypotheses to explain the increase of the number of
species along with increasing area size. One is the habitat diversity hypothesis, and the other is
a hypothesis based on demographic processes. The first assumes that the regularities resulting from
the SAR are the result of the fact that there is a larger mosaic of habitats over a larger area and
the increase in habitat diversity generates a SAR dependency. The demographic explanation, on
the other hand, takes into account the dynamics of the spread and colonization process. Larger areas will
be more intensively colonized, and in addition, larger heaps similar to large islands, reduce the
probability that a given species will disappear [46,47]. The theory of island biogeography by MacArthur
and Wilson in 1967 [46] predicted that, small populations in habitat patches are more likely to disappear
than populations in large patches of habitat and that patches of habitat more isolated from the source of
diaspores are less likely to be recolonized than patches closer together. Considering the diversity of
dominant species on coal mine spoil heaps in terms of their life forms, it was found to be size dependent.
The vegetation (dominant structure) of heaps with an area of up to 100 ha differs the most from that in
the other three area size classes, due to the participation of patches dominated by species representing
particular life forms. Among patches of vegetation occurring on heaps of this size class, no dominant
plant species were found that represented the chamaephyte and nanophanerophyte life forms.

The species-area relationship is usually completed for one type of organism, e.g., in this study for
the plant species composition of the vegetation. In a different approach, all species of a specific trophic
level can be analyzed within a particular site. Rosenzweig [48] found that, a wide range of factors
specifying the slope and elevation of the species-area relationship. The discussed factors enclose
the proximate equilibrium between colonization, immigration and extinction, the number, rate and
extent of disturbance in small vs. large areas, and the grouping of individuals of the same species as
an effect of habitat heterogeneity or dispersal limitation [46,49]. However, the SAR was formulated as
the consequence and to follow the second law of thermodynamics in ecology, the environmental
scientific requirements have to be fulfilled [50]. The attractive-"mechanistic" explanation of the SAR
observation in some studies needs to be tested as to whether the outcome is only the result of an accident,
or whether it follows the rules of the environmental pattern and requirements.

To prove that the SAR observed in the field is genuine the results should be tested against the same
data set randomized by permutation tests [45]. The rules concluded from the SAR are often considered
in conservation science to forecast extinction rates in the case of habitat loss or habitat fragmentation
[51]. Scientists have classified the SAR according to the type of habitats and ecosystems being tested
and the census (period) procedure used. Preston [44], who investigated the theory of the SAR, divided
the studied issue into two types: samples (contiguous habitat types that grow in the extended area), called
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"mainland" species-area relationships the isolates (discontiguous habitats, such as islands), also called
"island" species-area relationships. Rosenzweig [48] emphasized those SARs for large areas, (those
containing various biogeographic provinces or continents), present different patterns from those SAR
from islands or smaller neighboring areas. The differences mentioned by Rosenzweig [48] are reflected
by the presumed "island"-like SARs, which have steeper slopes in the log-transformed relationship than
the "mainland" SARs [48,52]. Regardless of the time scale and habitat type, SARSs are often suited to
a simple function. Preston [44] supported the function based on his investigation of the relative species
abundance distribution (RAD) or species abundance distribution. The -RAD defines the relationship
between the number of species recorded in a field investigation as a function of their observed quantity
or amount. The result of which performs as an index of biodiversity in the ecosystem that is studied
[53].

Conversely, SARs for contiguous habitats will invariably rise as areas increase, provided that
the sample plots are nested within one another [34]. The SAR for mainland areas (contiguous habitats)
will differ according to the sampling design used [54]. A common method is to use quadrats of
successively larger size so that the area enclosed by each one includes the area enclosed by the smaller
one (i.e. sampling areas are nested). At the beginning of the 20th century, the species-area curve was
used to estimate the minimum size of a quadrat necessary to sufficiently characterize a community.
This is done by plotting the curve (usually on arithmetic axes) and assessing the area under it after which
the use of the larger quadrats results in finding only a few additional species. This is the way to assess
the minimal sampling area to be used. A quadrat that encloses the minimal area is called a vegetation
record, and the use of species-area curves in this way is called the relevé method and was largely
developed by Braun-Blanquet [55]. To avoid subjectiveness, some ecologists like to define the minimal
sampling area as the area has at least 95 per cent (or some other large proportion) of the total species
recorded. The species-area curve does not usually reach an asymptote, so it is not apparent what number
of species is the total. The number of species grows with the size of the area. It is not feasible during
fieldwork to achieve the point where the area accumulating all the species will be covered by the study
[56].

The tests performed (G test to check the frequency differences between the groups for qualitative
data) revealed that for the spontaneous vegetation developed on spoil heaps of different area sizes
the number and diversity of identified vegetation types (dominant plant species) differs significantly.
However, when considering the dependence of diversity on the size of the heap, it is hecessary to refer
to the concept of SAR (dependence of the number of species on the size of the area studied). This concept
assumes that the number of species increases as the area increases. The concept of SAR was created as
a result of searching for regularity in patterns of diversity. The assumption that the number of species
increases with an increase in the area has been recognized as a regularity since Arrhenius [34] described
this relationship. However, some researchers believe that the Arrhenius equation is not universally
applicable [46,48]. A slightly different mathematical description of the relationship between the number
of species and the size of the area was proposed by Gleason [57]. His studies have shown that
the equation does not apply to large and small areas [47,48]. Pueyo [58] believes that there is
a fundamental relationship between the SAR (increase in the number of species with an increase in
the size of the study area) and the patterns of SAD (species abundance distribution) with a small group
of dominant species and a large group of low-abundance species.

The number of vegetation patches diversity estimated by the different dominant plant species
representing particular geographical-historical groups reflects a dependence on the area size of the heap.
The participation of vegetation patches dominated by kenophyte (neophytes) plant species decreases
with increasing area. On the largest heaps, the participation of kenophytes (newcomers) is the smallest
and the participation of native plant species (vegetation patches dominated by apophytes) is the largest.

The results obtained from research on the factors determining the vegetation diversity on spoil heaps
differ from those results obtained from previous research e.g., in forest size as the analyzed factor is
taken into account. A study conducted in secondary forests revealed that the only variable affecting
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the total number of species was the area [59]. Recent studies indicate that in many types of communities,
species richness, apart from the size of the study area, is strongly influenced by other factors. Differences
in the species richness is strongly influenced by other factors apart from the size of the study area.
Differences in the species richness of a site during the initial stages of succession are associated less
with competition, animal interactions and population dynamics, but the importance of differences in
the number of species on a larger regional spatial scale is increasingly being [52,60].

Researchers testing the metacommunity theory [61-63] and the experiments of Cadotte & Fukami
[64] have also shown that the patterns of species coexistence should be seen in a spatial and area size
context. They emphasize the importance of connections and exchanges between local habitats and
the wider environment for maintaining regional species richness.

5. Conclusion

The natural processes observed, and recorded, in the novel ecosystems that are established based on
the analogous plant species composition of the primary producers need to be tested against the theories
and concepts formulated for undisturbed natural and semi-natural ecosystems. The novel ecosystems,
such as those developing on the mineral oligotrophic habitats of post-coal mining spoil heaps, can
present different organismal adaptations and solutions in the living organisms and the colonized habitats
relations due to the ecological threshold crossed.

The species-area relationship (SAR) is among the most fundamental of described relationships.
The results presented in the article indicate that the differences in the size of the area of the spoil heap
affects (significantly for some aspects) the diversity of plant species composition of the colonizing
vegetation. Regardless of which of the characteristics of the dominant species is compared,
the vegetation on the spoil heaps differs depending on their area size.

Despite differences in the proportions of the recorded number of vegetation patches, it is difficult to
indicate a pattern that would reflect the SAR of the colonizing vegetation. The results of this preliminary
study which explored the vegetation and species composition diversity of the spontaneous vegetation
development during the primary succession processes on mineral substrate habitats on post coal mining
spoil heaps of different area sizes, revealed that diversity is not greater on the larger heaps.

It is concluded that the species diversity of the vegetation patches is not more diverse on larger sites.
The development of the spontaneous vegetation in the novel ecosystems of the mineral oligotrophic
habitats of post-coal mining spoil heaps does not follow the species area relationship (SAR) of
Arrhenius.
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