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Abstract: We studied the development of soil and soil fauna, as well as selected vegetation parameters
important for litter input into soil, in two chronosequences of postmining sites after opencast lignite
mining near the town of Most (Czechia). Both chronosequences did not have tree planting. On the
first chronosequence, no leveling or any other measures had taken place after heaping, and the site
kept the wavelike appearance created by the dumping process. The second chronosequence was
formed by sites levelled by earthmoving machinery and in which shallow topsoil layers were spread.
Both chronosequences were about 30 years old, and consisted of 8 and 11 sites for wavelike and
levelled sites, respectively. In addition, samples were taken from a birch site outside of the heaps.
Results showed differences in the development of tree and herb layers in both chronosequences. In the
levelled sites, herb and tree cover increased after levelling, and woody cover developed much slower.
In ungraded sites, woody cover developed faster, and the herb layer slower. Soil chemistry showed a
similar pattern in both sites over time, characterized by a decrease in pH and sodium ion content.
Soil macrofauna in levelled sites showed random oscillations, while it gradually increased with time
in wavelike sites. The study suggested that site levelling alters long-term ecosystem development in
postmining sites. Wavelike sites tend to develop towards pioneer forests, while leveled sites tend to
be covered by grass and herb vegetation.

Keywords: biodiversity conservation; restoration ecology; habitat heterogeneity; vegetation dynamics;
fauna colonization

1. Introduction

Postmining sites offer a unique opportunity to investigate environmental processes due to the
synchronic presence of different stages of soil succession in a restricted area. Procedures to preserve
and implement benefits to the ecosystem that postmining sites offer are a topic open for further
investigation and discussion [1–4].

The levelling or bulldozing of heaps of overburden left behind after mineral extraction is a
common practice that takes place at the start of the restoration of postmining sites [5–7]. As a
result of this intervention, microtopographic heterogeneity, represented by heaps that form waves
on the land, is typically suppressed, reducing the landscape to a levelled area that reduces the
variability of environments available for plants and fauna. Furthermore, bulldozing is often followed
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by fertilizer application that increases site ruderalization and results in a decrease of their conservation
potential [3,4,6,8].

Previous studies showed that bulldozing in the western mining areas of the Czech Republic
suppressed tree growth and promoted grasses, especially the grass Calamagrostis epigejos, which is
known to outcompete herbs and other plants and to reduce the diversity of plant communities [1,9].
Similar results were observed in other studies in different geographic areas [10,11], causing an
impoverishment of the land. These are opposed to outcomes obtained by spontaneous succession
where the lack of bulldozing and fertilization was related positively to a restoration of postmining
ecosystems that led to them harboring substantial diversity and habitats for rare and endangered
species [7]. Such studies showed how overburden, which experienced several decades of spontaneous
succession, achieved a quality comparable with technically reclaimed sites with respect to providing
ecosystem services such as water retention or the production of woody biomass [12,13].

In this study, we used a chronosequence approach to evaluate ecosystem changes during succession.
A chronosequence approach is commonly used to study long-term ecosystem processes, and it is based
on a comparison of sites of various ages following a similar trajectory of development. Chronosequence
studies of postmining sites are very common in botany, and vast numbers of studies exist about changes
of plant communities during succession in these sites, including the area that we studied [14–16].
However, other parts of the ecosystem, such as soil development or soil fauna, are studied less often.
Here, we used a chronosequence approach to study changes in soil chemistry, soil fauna, and a
major component of vegetation responsible for input of organic matter to the soil during ecosystem
development. This was done on two parallel chronosequences with different site topographies.

Heterogeneity in the environment is considered a key factor in biodiversity [17–19], as it offers
a higher number of ecological niches from which a more variegated community of organisms is
capable of benefitting [17,20,21]. Various studies focused on arthropods and their primary succession
in postindustrial landscapes [4,7,8,22,23]. The effects of habitat heterogeneity on the biodiversity of
postmining sites are usually studied on a large scale [17,18,22,24,25], whereas the microtopographic
scale (i.e., the influence of environmental heterogeneity measured over a few meters) is rarely
studied [5,26–28].

Previous studies showed that grading the surface of the heap promotes plant communities
dominated by grasses, which prefer a flat and compacted surface. On the other hand, keeping the
wavelike topography of the heap created during the heaping process results in a heterogeneous
habitat and a loose substrate, which results in the establishment of woody vegetation and affects
the composition of soil invertebrates [5,29]. However, these studies were conducted in a limited
geographical area, and focused only on the initial stages of succession. Here we used a chronosequence
of graded and nongraded wavelike postmining sites near Most to test the validity of conclusions from
studies on the effect of grading on woody vegetation in other areas and during long-term ecosystem
development. In particular, we tested three hypotheses: (H1) grading supports the development
of dense grass cover that slows down the establishment of woody vegetation, while on ungraded
substrate, woody vegetation establishes much faster and develops toward forest over time; (H2) this
results in the fast development of soil fauna in graded plots that stagnate or even decrease, while in
ungraded sites, development is slower but gradually increases over time.

2. Materials and Methods

2.1. Study Sites

The study was carried out in two chronosequences of postmining sites after opencast lignite
mining near the town of Most (northwest part of the Czech Republic, central Europe). Mean annual
temperature is 9 ◦C and annual precipitation 837 mm. Both chronosequences were created by the
dumping of overburden consisting of tertiary clays. No trees had been planted in either chronosequence.
The first chronosequence consisted of sites where no levelling or any other technical measures had



Forests 2020, 11, 602 3 of 10

taken place after heaping, and sites kept their wavelike appearance created by the dumping process.
The second chronosequence was formed by sites that were levelled by earthmoving machinery, and, in
most sites, a shallow topsoil layer was spread. After initial establishment, both types of sites developed
spontaneously. Both chronosequences were about 30 years old and consisted of 8–11 sites. In addition,
a birch site outside of the heaps was sampled. This site was similar in age to the oldest chronosequence,
but had soil that was not affected by mining. It was used to investigate how soil properties in
chronosequence sites compared to mature soil. Plot age (time since heaping) was determined on the
basis of historical data supplied by the coal-mining company. As a result of the heaping process,
parallel rows of depressions and elevations were formed in each site. The distance between rows
was 4–8 m and elevation about 1 m. In all sites selected for the study, no tree planting or subsequent
manipulation, in addition to what has been described above, was performed. The sites developed
spontaneously from heaping and initial treatment with levelling as described above. For pictures of
the sites, see Figure S1. Coordinates of the sites are given in Table S1.

2.2. Sampling and Analyses

A vegetation survey was conducted in the center of each site in a 5 × 5 m quadrant. In this
quadrant, the coverage of herbs, grasses, and woody vegetation, expressed as percentages, was visually
estimated, as well as the cover of woody species. To measure the litter input from woody vegetation,
the litter was collected using litter collectors. The litter collectors consisted of sacks made from nylon
mesh with 0.5 mm mesh size fixed on a wooden 0.5 × 0.5 m frame about 0.5 m above the soil surface.
Two collectors (one in the depression and one in the elevation) were used on each plot close to the
center of the sampling site. If woody vegetation was present, the collectors were located equidistant
between neighboring shrubs or trees. The litter collectors were deployed from August until all the
leaves had fallen by the end of November. The litter was collected and transported to the laboratory.
The litter and above-ground biomass samples were dried at 35 ◦C for 7 days and weighed, with weights
expressed per m2.

For chemical analyses, composite soil samples consisting of 5 individual subsamples (100 g of
topsoil up to a depth of 5 cm below the litter layer) were taken in each plot in March 2004 from
levelled and wavy sites (Figure 1). In the wavy sites, composite samples were obtained by combining
a subsample from the depressions with one from the elevations. Samples were transported to the
laboratory, homogenized, sieved through a 2 mm sieve, and dried. pH was measured in suspensions
consisting of a 1:5 sample-to-liquid ratio. The content of available Na, K, and Ca was determined
using ion-sensitive electrodes in an extract with a 1% citric acid solution (sample:liquid ratio of 1:5;
shaken for 1 h). Total P content was determined after mineralization of the sample in perchloric acid,
and water-soluble P was determined in a water solution (sample:liquid ratio of 1:5; shaken for 1 h).

Soil fauna was sampled in March 2004. To study soil fauna, two composite samples were taken
(one from the depression and the one from the elevation) in each plot, each consisting of five particular
samples (area of each 10 cm in diameter, depth 5 cm). Fauna was extracted with a Kempson apparatus.
Soil macrofauna (invertebrates bigger that 2 mm) was identified into orders. Lumbricidae, Diplopoda,
Isopoda, and Chilopoda were identified to the species level.
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environmental variables was computed using CANOCO 4.5. The positions of individual sites on the 
first two ordination axes were tested using Student’s t-test. 
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where the original wavelike surface was maintained. In flat graded areas, there was significantly 
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the younger phases and, in the 20-year-old site, it reached 60%–80% cover. The most abundant woody 
vegetation in flat areas was elder (Sambucus nigra) and roses (Rosa canina). Woody vegetation in wavy 
sites was dominated by birch (Betula pendula), with Salix caprea and Populus tremula being common 
(Table S2). PCA showed distinct differences in the composition of dominant woody species between 
flat, levelled, and unlevelled sites that kept a wavy appearance (Figure 3). This was supported by a 
significant difference in the position of wavy and flat sites along the first ordination axis (p < 0.01, t-
test). In a similar manner as woody and herb covers behave, woody and herb litters also do, which 
differ in development over time with regard to wavy and flat sites (Table S1). 

Figure 1. Sampling design applied on individual plots.

2.3. Statistical Evaluation

Individual parameters were fitted by a linear Statistica 10.0 program package to analyze the main
trends of temporal changes. Only significant relationships were considered. To test the differences in
individual parameters between particular time periods, general linear models (GLM) with an LSD
post hoc test were computed using the Statistica 10.0 program package, with plot age as a continual
predictor, and heterogeneity, i.e., flat vs. wavy, as a categorical predictor. Principal-component analysis
(PCA) of woody plant and soil invertebrate communities in relation to environmental variables was
computed using CANOCO 4.5. The positions of individual sites on the first two ordination axes were
tested using Student’s t-test.

3. Results

The development of vegetation cover with site age was different between graded sites and sites
where the original wavelike surface was maintained. In flat graded areas, there was significantly
greater herb cover (Figure 2a). Moreover, percentage herb cover in these sites was already high during
the initial stages and slightly decreased with site age. Most of the herb layer in all sites was formed
by the Calamagrostis epigejos grass. In contrast, no herb cover was present during initial stages in
wavy sites and increased with time. Consequently, the difference in herb cover between flat and wavy
sites decreased in the older, later stages of succession. Woody cover (Figure 2b) was significantly
higher in wavy areas than that in levelled sites in all stages of succession. In flat areas, woody cover
increased slowly in the last stages, whereas in wavy areas, the increment started during the younger
phases and, in the 20-year-old site, it reached 60%–80% cover. The most abundant woody vegetation
in flat areas was elder (Sambucus nigra) and roses (Rosa canina). Woody vegetation in wavy sites was
dominated by birch (Betula pendula), with Salix caprea and Populus tremula being common (Table S2).
PCA showed distinct differences in the composition of dominant woody species between flat, levelled,
and unlevelled sites that kept a wavy appearance (Figure 3). This was supported by a significant
difference in the position of wavy and flat sites along the first ordination axis (p < 0.01, t-test). In a
similar manner as woody and herb covers behave, woody and herb litters also do, which differ in
development over time with regard to wavy and flat sites (Table S1).



Forests 2020, 11, 602 5 of 10
Forests 2020, 11, x FOR PEER REVIEW 5 of 10 

 

 
(a) (b) 

Figure 2. (a) Herb and (b) woody cover in postmining sites of various ages that were either levelled 
(flat) or not (wave). Control was forest unaffected by mining; p values shown for effect of plot age 
(time) and presence of wavy surfaces (waves). 

 
Figure 3. Principal-component analysis (PCA) of dominant tree and shrub composition in postmining 
sites of various ages that were either levelled (orange squares) or not (blue circles), and a forest 
unaffected by mining (grey triangle). 

Soil-chemistry conditions were similar in both types of overburden management (Figure 4). pH 
in both graded and undegraded areas decreased slowly with site age, generally being  more basic in 
the younger sites and becoming more acidic in the older sites (Figure 4a). Available phosphorus was 
not affected by site age or levelling (Figure 4b). Sodium concentration (Figure 4c) was significantly 
decreased by site age, and there was no significant effect of overburden grading, although it remained 
in higher concentrations in wave areas than in flat areas over time. 
  

0 10 20 30 40 50
0

20

40

60

80

100

age years

he
rb

 c
ov

er
  %

wave flat control

0 10 20 30 40 50
0

10
20
30
40
50
60
70
80
90

100

age  years

w
oo

dy
 co

ve
r %

wave flat control

time ns
waves 0.002

time    0.027
waves 0.007

Figure 2. (a) Herb and (b) woody cover in postmining sites of various ages that were either levelled
(flat) or not (wave). Control was forest unaffected by mining; p values shown for effect of plot age (time)
and presence of wavy surfaces (waves).
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Figure 3. Principal-component analysis (PCA) of dominant tree and shrub composition in postmining
sites of various ages that were either levelled (orange squares) or not (blue circles), and a forest
unaffected by mining (grey triangle).

Soil-chemistry conditions were similar in both types of overburden management (Figure 4). pH
in both graded and undegraded areas decreased slowly with site age, generally being more basic in
the younger sites and becoming more acidic in the older sites (Figure 4a). Available phosphorus was
not affected by site age or levelling (Figure 4b). Sodium concentration (Figure 4c) was significantly
decreased by site age, and there was no significant effect of overburden grading, although it remained
in higher concentrations in wave areas than in flat areas over time.
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Figure 4. Chemical factors: (a) pH, (b) available phosphorus, and (c) sodium in postmining sites of
various ages that were either levelled (flat) or not (wave). Control was a forest unaffected by mining;
p values shown for effect of plot age (time) and presence of wavy surfaces (waves).

None of the soil fauna groups was significantly affected by either age or surface levelling (Figure 5).
In most groups, populations in wavy ungraded sites showed a tendency to increase over time, while in
graded sites, maximal abundance was found in sites of early or middle age. Different parameters
between flat and wavy areas were identified by PCA (Figure 6) when age and type of substrate
were considered together. There was a clear distinction between levelled and wavy sites, but no
clear effect over time, as supported by a significant difference between the position of flat and wavy
sites along the second ordination axis (Figure 6; p < 0.05, t-test). Earthworms (Lumbricidae) and
terrestrial isopods (Oniscidea) tended to be more abundant in wavy sites, while millipedes (Diplopoda),
fly larvae (Diptera), and centipedes (Chilopoda) were found in greater densities in levelled sites.
Considering the species composition of dominant groups (Table S3), four species of earthworm were
found. Endogenic Aporectodea calliginosa dominated among earthworms. Two eurytopic species of
isopods, Trachelipus rathkii and Armadillidium vulgare, were found. Ten species of millipedes dominated
by Polyzonium germanicum and Megaphyllum unilineatum, and eight species of centipedes, dominated
by Lithobius microps and Schendyla nemorensis, were found.
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Figure 5. (a) Earthworms, (b) dipterans, (c) centipedes, and (d) millipedes in postmining sites of
various ages which were either levelled (flat) or not (wave). Control was a forest unaffected by mining;
p values shown for effect of plot age (time) and presence of wavy surfaces (waves).



Forests 2020, 11, 602 7 of 10
Forests 2020, 11, x FOR PEER REVIEW 7 of 10 

 

 
Figure 6. PCA of fauna composition in postmining sites of various ages that were either levelled 
(orange squares) or not (blue circles). Control is a forest unaffected by mining (grey triangle). 

4. Discussion 

In agreement with our hypothesis, we observed that grass vegetation dominated in levelled sites 
and remained the principal component as the site aged. In contrast, grass cover receded with age in 
wavy sites, leaving wood cover to take over in the older stages. Frouz et al. [5] mentioned that 
levelling caused substrate compaction that could suppress tree development and lead to the 
increased presence of grass species with major competitive capacity, such as Calamagrostis epigejos. 
Adverse effects of overburden compaction on tree establishment were reported in studies from the 
eastern United States [10,11,30,31]. Levelling of the site was followed by a supply of nutrients derived 
from covering the soil surface with a layer of fertile topsoil or applying various fertilizers. This 
practice may even more support grass in levelled site [8,10]. Moreover, levelling is known to reduce 
the heterogeneity of various environmental conditions and homogenize habitats [5,15] that can 
reduce the availability of space needed for woody-vegetation establishment. Most previous studies 
on the effects of levelling compared sites of one age or over a relatively short period of time, whereas 
our study showed that initial site levelling may affect future ecosystem development for a long period 
of time, such as several decades or over a century. 

In contrast to the apparent effect on the proportion of grass and woody vegetation, the mean 
values of soil chemistry did not seem to be much affected by levelling, although some measurements 
showed apparent changes with site age. The absence of differences in soil chemistry contrasted with 
findings in several previous studies that showed pronounced effects of surface heterogeneity on soil 
chemistry [27,32,33]. However, previous studies compared individual microhabitats within wavelike 
sites such as elevation and depression, which showed remarkable differences. In our study, we 
sampled all these microhabitats and pooled them in a composite sample so that the data represented 
mean values of the plot. These mean values did not differ between levelled and wavelike sites. This 
conclusion agrees with studies conducted in other postmining sites [9,34] that showed that, when 
mean values from individual sites were considered, the overall pattern was similar in levelled and 
wavelike sites. Concerning the effects on soil chemistry over time, the most pronounced change was 
a decrease in pH and in sodium content. This agrees with observations made of other sites where 
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4. Discussion

In agreement with our hypothesis, we observed that grass vegetation dominated in levelled sites
and remained the principal component as the site aged. In contrast, grass cover receded with age
in wavy sites, leaving wood cover to take over in the older stages. Frouz et al. [5] mentioned that
levelling caused substrate compaction that could suppress tree development and lead to the increased
presence of grass species with major competitive capacity, such as Calamagrostis epigejos. Adverse effects
of overburden compaction on tree establishment were reported in studies from the eastern United
States [10,11,30,31]. Levelling of the site was followed by a supply of nutrients derived from covering
the soil surface with a layer of fertile topsoil or applying various fertilizers. This practice may even
more support grass in levelled site [8,10]. Moreover, levelling is known to reduce the heterogeneity of
various environmental conditions and homogenize habitats [5,15] that can reduce the availability of
space needed for woody-vegetation establishment. Most previous studies on the effects of levelling
compared sites of one age or over a relatively short period of time, whereas our study showed that
initial site levelling may affect future ecosystem development for a long period of time, such as several
decades or over a century.

In contrast to the apparent effect on the proportion of grass and woody vegetation, the mean
values of soil chemistry did not seem to be much affected by levelling, although some measurements
showed apparent changes with site age. The absence of differences in soil chemistry contrasted with
findings in several previous studies that showed pronounced effects of surface heterogeneity on soil
chemistry [27,32,33]. However, previous studies compared individual microhabitats within wavelike
sites such as elevation and depression, which showed remarkable differences. In our study, we sampled
all these microhabitats and pooled them in a composite sample so that the data represented mean values
of the plot. These mean values did not differ between levelled and wavelike sites. This conclusion
agrees with studies conducted in other postmining sites [9,34] that showed that, when mean values
from individual sites were considered, the overall pattern was similar in levelled and wavelike sites.
Concerning the effects on soil chemistry over time, the most pronounced change was a decrease in pH
and in sodium content. This agrees with observations made of other sites where Miocene clays formed
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the dominant part of the overburden [9,33,34]; this is due to, most likely, the gradual leaching of basic
cations from the substrate, which was highly alkaline at the beginning.

Fauna showed remarkable differences between levelled and wavy areas. Despite higher heterogeneity
in wavy areas, the community of investigated invertebrates was richer in flat areas than that in wavy
areas. This is in contrast to some other studies, showing that wavy surface structures offer highly
heterogeneous biotic and abiotic habitat conditions for their soil fauna and vegetation [3], and that
levelling may reduce this diversity [35], causing a lack of suitable niches for organisms. This supports
the conclusion by Moradi et al. [29] that, to maximize the diversity and nature-protection value of
postmining sites, we need to maintain a mosaic of levelled and nonlevelled wavelike sites. The species
composition of the dominant groups of soil fauna was similar to that of other postmining sites in
Europe [20].

5. Conclusions

Surface levelling supports the dominance of expansive grasses, and reduces woody vegetation,
which is promoted on ungraded surfaces. As a consequence, macrofauna colonizes graded sites sooner
but does not show much development over time, while it increases over time in wavy sites.

Supplementary Materials: The following are available online at http://www.mdpi.com/1999-4907/11/5/602/s1,
Figure S1 examples freshly dumped post mining site (a), and older site with wave like surface (b) and flat site
with leveled surface (c). Table S1 Location of studied post mining sites and basic vegetation and chemistry data.
Table S2 Percentage of cover of dominant woody species, in individual sites, C means control forest outside mining
site. Table S3 Presence and absence of individual species of Diplopoda, Isopoda, Chilopoda and Lumbricidae, C
means control forest outside post mining sites.
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2. Tropek, R.; Cerna, I.; Straka, J.; Čížek, O.; Konvička, M. Is coal combustion the last chance for vanishing
insects of inland drift sand dunes in Europe? Biol. Conserv. 2013, 162, 60–64. [CrossRef]

3. Tropek, R.; Hejda, M.; Kadlec, T.; Spitzer, L. Local and landscape factors affecting communities of plants and
diurnal Lepidoptera in black coal spoil heaps: Implications for restoration management. Ecol. Eng. 2013, 57,
252–260. [CrossRef]

4. Tropek, R.; Kadlec, T.; Hejda, M.; Kocarek, P.; Skuhrovec, J.; Malenovsky, I.; Vodka, S.; Spitzer, L.; Banar, P.;
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