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TOPOGRAPHY OF SPOIL HEAPS AND ITS ROLE IN
PLANT SUCCESSION AND SOIL FAUNA PRESENCE

A. Walmsley, P. Vachova, M. Vach

Czech University of Life Sciences Prague, Faculty of Environmental Sciences, Prague,
Czech Republic

The spoil heaps from brown coal mining without technical reclamation are interesting specific sites for ecological relation-
ships observation. This research was aimed at investigating whether topographic features, which determine soil nutrient
and moisture distribution, in combination with soil fauna (wireworm and earthworm) presence, affect plant community
composition at a spontaneously revegetated post mining area with an undulating surface. Two sites of different age with
three types of topographic features were selected, soil moisture and nutrient contents were measured, and plant community
composition and soil macrofauna community were sampled at each position. Wireworms were present at all positions
and were most abundant at the bottoms of waves at the younger site; their presence was correlated with the presence of
several plant species with high palatability for wireworms, but the direction of the interaction is not clear. Earthworms
were only present at the older site and had the highest abundance at flat sections. Earthworm presence affected the amount
of nitrogen in soil — the highest nitrogen content was at the site with the highest earthworm density and was followed by
a higher diversity of plant community. The plant community composition was generally correlated with plant available
nutrient content — especially P and N. We infer that topographic features affect nutrient and soil fauna distribution, which
consequently influences the plant community composition.
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INTRODUCTION

During formation of spoil heaps in the brown coal
mining areas, the overburden is heaped in longitudi-
nal rows. Most areas are subject to technical recla-
mations, where the surface is levelled out and later
trees or herbs are planted there. However, some parts
have been left in their original state, preserving the
unique microtopography — waves 1-1.5 m high and
6—7 m wide. These areas are also left to spontaneous
development without human intervention. Adjacent to
some of these sites we can find areas that have been
levelled out but not revegetated, so there is a pos-
sibility of comparison of soil and plant community
development on flat and undulating landscape during
primary succession (Frouz etal.,2001). Studies on
succession at various post mining sites showed that
leaving spoil material in heaps has a positive effect
on diversity of plant and animal assemblages mostly
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due to high spatial diversity of the stands, age (the
older stands have higher diversity than the same old
sites with technical recultivation), and material type
of heaps. The spontaneous succession can be used on
the non-extreme stands surrounded by natural vegeta-
tion (Prach, Pysek, 2001; Topp et al., 2001,
2010; Hodacova, Prach, 2003). Spatial vari-
ability causes diversity in nutrient availability, soil
moisture, soil texture, which then causes diversity in
plant community composition (Frouz etal., 2011).

Spatial variability also affects soil fauna — moisture
availability, accumulation of litter, accumulation of
loose material, accumulation of plants. There is some
evidence in literature that wireworms are highly af-
fected by soil moisture and temperature in their activity
and distribution, but also depending on the soil type
and structure and plant community composition; they
generally tend to migrate into areas with higher soil
moisture, although avoid soils that are subject to flood-
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ing (Campbell, 1937; Evans, 1944; Finney,
1946; Parker, Howard, 2001). At some stands
on the spoil heaps the grass Calamagrostis epigejos
becomes abundant and eventually dominates the plant
community, as is common in other disturbed ecosystems
at early successional stages (Prach,1987; Wiegleb,
Felinks, 2001; Somodi et al., 2008). This fast
growing plant often out-competes all other plant spe-
cies and creates monospecific stands on soils rich in
nitrogen. It is an important ecosystem engineer which
alters condition of soil surface. Dominance of this spe-
cies is caused by very rapid vegetative reproduction
and also by very tough, slowly decomposable litter,
which inhibits the growth of other plant seedlings
(Rebele, Lehmann,200l;Massey etal., 2007,
Mudrak etal., 2010). Even though the autecology
of C. epigejos has been intensively studied (Rebele,
Lehmann, 2001; Gloser, 2002; Kavanova,
Gloser, 2005), little is known about its interaction
with belowground herbivores and other soil fauna.

It is well known that soil development is driven by
changes in vegetation during spontaneous succession
(Frouz etal., 2001, 2008), but at the same time,
soil organisms can influence plant performance and
the composition of the plant community during suc-
cession by changing the soil environment or by direct
consumption of plant tissue (Brown, Gange,
1989, 1992; Thompson et al.,, 1993; Wurst et
al.,2004;De Deyn, Van Der Putten, 2005;
Roubickova etal., 2009).

In the present study we tested whether the method
of levelling the ground (which was originally un-
dulating, as a result of the heaping process) at the
spoil heaps, without consequent introduction of new
species, affects abiotic conditions (moisture, nutrient
content). We investigated the change of plant com-
munity composition and soil macrofauna presence
caused by landscaping consequently. We tested this
at two sites of different age, to assess how this effect
changes during succession.

MATERIAL AND METHODS

Study area

The study was carried out at a post-mining area
in the Sokolov brown-coal mining district in the
Czech Republic (50°14" 30.711"N, 12°40°44.96"E).
The average altitude of the spoil heaps is about
500—- 600 m a. s. 1., mean annual precipitation 650 mm
and temperature 6.8°C. The spoil heaps originated from
open-cast brown-coal mining and consist mainly of
Tertiary clays of the so-called Cypris Formation, which
are well supplied with mineral nutrients (Frouz et
al., 2001). The pH of the substrate in initial succes-
sional stages is 8-9. The study was conducted in two

unreclaimed areas — the younger plot (E) was about
18 years old (i.e. the spoil heaps were deposited 18 years
ago), the older plot (I) was about 29 years old. Both
are characterized by longitudinal rows of depressions
and elevations formed during the heaping process, with
an adjacent flat area, that has been levelled out but is
of similar age. The tops of waves are about 1.5-2 m
above the base of the depressions and individual rows
are 6—7 m apart.

The younger site has a plant community formed
mainly by herbaceous vegetation with dominant C.
epigejos and with scattered shrubs and small trees
(Betula pendula, Salix caprea, Populus tremula), the
soil surface is bare or has a very thin layer of litter
in depressions.

The older site has plant cover formed mainly by
herbaceous vegetation with dominant C. epigejos
and with scattered trees. The litter layer in depres-
sions can be 3-5 cm thick, with greater thickness
underneath trees.

At each site we selected three positions according
to topography: tops of waves (top), depressions in
between waves (bottom), and ground that has been
levelled out (flat). At each position we randomly se-
lected 5 plots — replicates.

Soil fauna and plant sampling

A total of 30 samples were collected (15 on younger
site and 15 on older site). Five 20 x 20 x 20 cm soil
core samples were taken from each plot and each topo-
graphic position (tops of waves, bottoms, and levelled
ground) and hand-sorted for soil macrofauna, namely
wireworms and earthworms. Wireworms were then
classified into three groups by sizes — stage 1 (<5 mm),
stage 2 (5-10 mm), and stage 3 (> 10 mm), which
roughly correspond with age of the larvae. The Elaterid
larvae were then determined into genus according to
Klausnitzer (1978). Earthworms were classified
as adults and subadults and determined into species
according to Pizl (2001). All of the soil sampling
was done in late September 2015.

Plant community composition was assessed based
on phytosociological plots 1 x 1 m, lying next to soil
core samples.

Soil parameters measurements

Composite soil samples were taken from the depth
of 0-20 cm at each sampling point for soil moisture,
microbial respiration, C, N, and other major element
measurements. The soil samples were then kept at
4°C prior to analyses.

Soil microbial respiration was measured in 100 g
of dry soil weight accordingto Frouz, Novakova
(2005). CO, produced in the vials was trapped by 3 ml
of 1M NaOH. Vials were kept at 20°C, and after 10
days the amount of trapped CO, was established by
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Table 1.Results of ANOVA and Tukey’spost hoc test for contents of nutrients at individual plots

Plot Nutrients content (mg/kg) Moisture (%) Microbial respiration
P Ca Mg K C N (mg CO,/100 g/day)

EB 8.962 4085.722b 1247.74 335.30 4962 358abe 28.21 11.64

EF 13.025%0 | 4480.782b 1372.38 291.58 4868 2952 27.04 10.93

ET 9.06* 3887.902 1343.80 306.26 4702 286° 26.47 10.34

1B 18.502b 5011.002° 1264.35 254.30 3718 46020 30.02 12.28

IF 23.02° 5103.30° 1241.68 263.70 4150 494b 26.90 10.76

1T 21.12b 4989.022b 1268.00 270.96 3974 45420 24.30 10.96

F(5;22) 4.965 3.81 1.248 2.118 1.479 6.201 1.696 1.7

P 0.003 0.012 0.321 0.142 0.237 0.001 0.177 0.177

EB = bottoms of waves on younger plot, EF = flats on younger plot, ET = tops of waves on younger plot, IB = bottoms of waves on older plot,

IF = flats on older plot, IT = tops of waves on older plot
2°plots with the same letter did not differ significantly at P<0.05

HCI titration, after the addition of BaCl,. The soil
moisture was measured gravimetrically — 50 g of
sample was dried for 24 h at 105°C.

The rest of the soil sample was dried at room temper-
ature and homogenized by dry sieving through a 2 mm
mesh. Afterwards it was analyzed for main elements.
P, Ca, Mg, and K were analyzed in the plant available
forms in the extract solution according to Mehlich I11
(Tran etal., 1990). Plant available phosphorus was
assessed spectrophotometrically, as phosphomolybdate
blue, at wavelength 750 nm on spectrophotometer
Cary 60 UV-Vis, Agient Technologies, Santa Clara,
USA, . Potassium was measured on atomic absorption
spectrophotometer (55B AA Spectrometer, Agient
Technologies, Santa Clara, USA), using acetylene-air
mixture flame. Calcium and magnesium contents were
assessed by the same method, but lanthanum solution
was added to the sample for ionization elimination.

Total carbon and total nitrogen were analyzed using
high temperature catalytic combustion on the Primacs
SNC, Scalar, Breda, Netherlands. The samples were
introduced into the high temperature combustion oven,
there at 1050°C the carbon was completely oxidized
to CO, in the presence of a catalyst. The CO, was
measured by non-dispersive infrared detection for
total carbon. Total nitrogen was converted to NxOy
which was reduced at 600°C to N,. The N, gas was
measured by thermal conductivity detection.

Statistical analyses

One way ANOVA was used to evaluate the effect
of plot age and topographic position on all collected
data (plants and fauna). For evaluating differences
between individual treatments, Tukey’s HSD test
was used. These analyses were performed in program
STATISTICA Version 9.0 (Statsoft, Tulsa). Program
CANOCO 5 (Smilauer, Leps, 2014) was used
for Canonical Correspondence Analysis (CCA), for
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Fig. 1. Regression biplot of environmental variables and species found
by Canonical Correspondence Analysis

black arrows indicate species (showing 15 best fitting species), grey
arrows indicate the nutrient content of soil (N — nitrogen, P — phos-
phorus, C — carbon) and soil properties (CO, — microbial respiration);
environmental variables were selected from a total of 11 using for-
ward selection; the first axis explains 10.0% of cumulative variance;
total explanatory variables account 26.3%

ArenSerp = Arenaria serpyllifolia, CalmEpig = Calamagrostis epi-
gejos, CentStoe — Centaurea stoebe, CersHols = Cerastium holos-
teoides, CirsArve = Cirsium arevense, DaucCart = Daucus carota,
EchiVulg = Echium vulgare, FragVesc = Fragaria vesca, HierLaev

= Hieracium laevigatum, HierPill = Hieracium pilosella, HierFlor =
Hieracium floribundum, LeucVulg = Leucanthenum vulgare, SalixJuv
= Salix juvenile, TrifRepn = Trifolium repens, TussFarf = Tussilago

farfara

SCIENTIA AGRICULTURAE BOHEMICA, 48, 2017 (1): 30-38



establishing the interactions between individual phy-
tosociological plots, plant species, soil macrofauna
presence, and environmental conditions. Variation
partitioning from CANOCO 5 was used to investigate
the contribution of vegetation and soil properties effect
on earthworm and wireworm diversity. Vegetation in
this analysis was represented by the first axis from
RDA (Redundancy analysis) and the soil properties
were represented by available phosphorus, soil mois-
ture, and soil microbial respiration.

RESULTS

Nutrient availability, moisture, and microbial respiration

There were statistically significant differences in
the content of total N at different positions (¥ = 6.20;
P =0.001). The highest content of total N was at flat
areas at site I (494 mg kg™ !). The lowest content was
at the tops of waves at site E (286 mg kg™ ). The other
plots cannot be significantly different from each other
(Table 1). Statistically significant differences were
also recorded for the amounts of plant available P
(F=4.97; P=0.003). The highest content of plant
available P was at flat areas of site I (23.02 mg kg™ !).
Similar values were measured for the tops of waves
atsite I (21.12 mg kg™ !). The lowest P content was at
the bottom of waves at site E (8.96 mg kg™!). Similar
values were measured at the tops of waves at site E
(9.06 mg kg ') (Table 1). There were also statisti-
cally significant differences in the amount of calcium
(F=3.81; P=0.012) at different positions. The highest
content of Ca was at flat areas at site I (5103.3 mgkg ™).
The lowest content was at the tops of waves at site E
(3887.9 mg kg!) (Table 1).

There were no statistically significant differences
in soil moisture (F = 1.70; P = 0.177). Soil moisture
was the highest in the depressions — at site I 31.7%
and at site E 28.2%. Moisture at the tops of waves and
flat areas was similar — at site E 26.5% and 26.9% (top
and flat respectively) and at site I 24.3% and 26.9%.

There were no statistically significant differences
in microbial respiration between the positions or the
sites. Respiration was the highest in depressions and
similar at the tops of waves and flat parts (Table 1).

Plant community composition

There were thirty plant species in total. Species
Salix sp., Cirsium arvense, Fragaria vesca, Hieracium
laevigatum, and Leucanthemum vulgare are gener-
ally found together and at locations with high soil
N content. Trifolium repens, Daucus carota, Arenaria
serpyllifolia, Centaurea stoebe, and Echium vulgare,
on contrary, grow on N poor stands (Fig. 1). Hieracium
pilosella, Cirsium arvense, Faragaria vesca, Salix

Table 2. Result of ANOVA and Tukey’spost hoc test for morphological
parameters of C. epigejos in plots

Length of rhizome Number of ramets | Sheet width
E 8.99° 10.57° 0.57°
1 7.912 14.21° 0.492
F(1;26) | 4.308 4.393 8.411
P 0.048 0.046 0.008

E = younger plot, I = older plot
abplots with the same letter did not differ significantly at P< 0.05

juv., Hieracium laevigatum, and variosus hybrids
by Epilobium sp. are plant species that grow at the
older site (I), while Cerastium holosteum, Trifolium
repens, and Echium vulgare were only found at the
younger site (E) (Fig. 2). Calamagrostis epigejos
was unaffected by environmental variables, by site
or topographic position.

The phytosociological plots show similarities be-
tween the tops of waves and the flat sections, and they
are most closely correlated with available P (Fig. 3).
However, tops of waves had significantly lower number
of species than flat sections at both sites (F' (2, 25) =3.480;
P =10.046). The plots at the bottoms of waves have a
uniform plant community composition and are best
correlated with microbial respiration.

We also followed the morphological differences
in plants of C. epigejos represented by the number of
ramets, numbers of inflorescences, weight and length
of inflorescences, surface area of leaves, and length
of underground shoots in one patch.

The statistically significant differences were
recorded for the average length of rhizome (P =
0.048), number of ramets (P = 0.046), and leaf width
(P = 0.008) among the younger plot (E) and older
plot (I) (Table 2).

Soil macrofauna presence

The wireworms were determined as Agriotes lin-
eatus (L.) according to Klausnitzer (1978). The
highest numbers of wireworms were found at site E
in depressions, 3 individuals per sample on average,
which equals to 75 individuals per m?. At the tops
of waves the numbers were the lowest, at both sites
there was only one individual in one out of 5 samples
(on average 5 individuals per m? for both sites). In
general, there were higher numbers of wireworms at
site E — 22 in total. At site I there were only 4 indi-
viduals in total (from all soil samples) (Fig. 4). The
differences were statistically significant, with the site
effect being stronger (F = 10.75; P = 0.003) than the
topographic position (F = 6.72; P = 0.004). Most of
the larvae were in medium size group (68%).
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Fig. 2. Canonical Correspondence Analysis species scatter plot

species are displayed by pie charts with individual sections show-
ing their presence at individual stands; the 15 best fitting species

are shown as triangle; the first axis explains 10.0% of cumulative
variance; total explanatory variables account 26.3%; bar graph shows
the ratio of topographic position at 15 best fitting species; species

registered in different positions

transparent circle = bottoms of waves on younger plot, transparent
square = flats on younger plot, transparent diamond = tops of waves
on younger plot, full circle = bottoms of waves on older plot, full
square = flats on older plot, full diamond = tops of waves on older
plot, ArenSerp = Arenaria serpyllifolia, CalmEpig = Calamagrostis
epigejos, CentStoe = Centaurea stoebe, CersHols = Cerastium hol-
osteoides, CirsArve = Cirsium arvense, DaucCart = Daucus carota,
EchiVulg = Echium vulgare, EpilbSp = Epilobium sp., FragVesc =
Fragaria vesca, HierLaev = Hieracium laevigatum, HierPill = Hiera-
cium pilosella, HierFLor = Hieracium floribundum, SalixJuv = Salix

Juvenile, TrifRepn = Trifolium repens, TussFarf = Tussilago farfara

There were no earthworms found at site E. At site
I there were 11 earthworms found in total, 55% were
adults and all were determined as species Aporrectodea
caliginosa according to Piz1 (2001). Numbers of
earthworms were higher in the flat areas (average
1.4 individuals per sample, 35 individuals per m?2),
however the differences, due to overall low numbers
of earthworms, were not statistically significant.

We also tested the effect of the environmental
variables (nutrients, moisture, respiration) and vegeta-
tion on earthworms and wireworms by CCA analysis.
Environment and vegetation together explained 32.4%
of the variability of the net effect; vegetation explained
16.4% (P =0.004), environment only 1.9% (P =0.286),
14.1% was explained jointly (Fig. 5).

DISCUSSION

The content of total N, K, Mg, and Ca was rather
higher than the average values from grassland areas
of the Czech Republic (Kalina,2005;Mladek et
al., 2006). Nitrogen is a very important element that
affects growth of plants, their spreading, and is also
building material of plant biomass. The contents of
total N generally increase with increasing age of soils
(Ciarkowska etal.,2016). In our study, the highest
total N was measured at the bottoms of waves at the
younger site. Tops of waves were poor in N probably
due to erosion, greater temperature swings, and smaller
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retention of water at these positions, which causes faster
mineralization and depletion from tops and transport
to the depressions, together with water, litter, and finer
soil particles (Zhu etal., 2014). The alkaline Tertiary
clays that form these spoil heaps are generally rich
in total P (Sourkova etal., 2005; Frouz et al.,
2008), but situation is different for the content of the
plant available P — compared to the amount of available
P from permanent grasslands in the Czech Republic
(Kalina, 2005), we found a very low content. This is
most probably related to the high content of Ca, which
forms insoluble calcium phosphate, which generally
reduces P availability to plants in soil (Tunesi et
al., 1999;Addiscott, Thomas,2000;Braschi
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et al., 2003). Higher amounts of available P at the
older site are results of the combination of biotic and
abiotic processes during succession, which involve
P uptake by plants, mineralization of organic matter,
extraction of the insoluble forms of P by mycorrhizal
fungi and decrease in pH, which causes dissolution
of calcium phosphate (Ciarkowska etal., 2016).
Higher contents of P, Mg, and Ca in the flat areas
could be attributed to higher levels of weathering on
the flats — during the process of levelling of ground
the layers of cypris clays are disrupted and broken into
smaller particles, which are then more susceptible to
mineral and chemical weathering (Smeck, 1985;
Sourkova etal., 2005).

The plant community composition differed between
the two sites, which can be attributed to different
successional stages but also to different positions at
the spoil heap, causing differences in species pool
sources. The species found only at the younger site
are Cerastium holosteum, Tussilago farfara, Daucus
carota, Trifolium repens, and Echium vulgare. These
species belong to the intermediate strategy type (CSR),
except E. vulgare, which poorly copes with stress and
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Fig. 3. Canonical Correspondence Analysis shows the samples and four
environmental variables by forward selection (P — phosphorus, N — total
nitrogen, CO, — soil microbial respiration, C — total carbon)

the first axis explains 10.0% of cumulative variance; total explana-
tory variables account for 26.3%

transparent circle = bottoms of waves on younger plot, transparent
square = flats on younger plot, transparent triangle = tops of waves
on younger plot, full circle = bottoms of waves on older plot, full
square = flats on older plot, full triangle = tops of waves on older
plot

is rather an R-strategy plant. Fragaria vesca, Cirsium
vulgare, Arenaria serpyllifolia or Centaurea jacea were
found only at the older site, but even these species
are not clear-cut in life strategy. Ellenberg’s indicator
value did not show different ecological claims. The
plant community composition differed between sites
E and I, which can be attributed to the different age
(difference between sites is 11 years) and associated
successional stage of these sites, but the plant com-
munities do not show distinct life-strategies shifts at
this stage.

The plant communities on leveled-out areas were
similar to the ones at the tops of waves, which is
related to similar moisture, N content, and microbial
respiration values (Fig. 3). This can be caused by the
properties of the soils — they are very rich in swell-
ing clay (montmorillonite), which has a high water-
holding capacity (Frouz et al., 2001, 2008) so as
our measurements were conducted in periods with
relatively high precipitation (end of May, September),
there was not time for them to dry out. Nevertheless,
when the montmorillonite clay does dry out, in tends
to shrink and become very hard, so it presents hostile
conditions for plant roots as well as for soil fauna and
may reduce their migration (Lavelle, Spain,
2001; Dunger, Voigtlander, 2009) or cause
absence of some species that cannot cope with these
conditions. The fact that C. epigejos can grow well
under various conditions corresponds with the findings
of Rebele, Lehmann (2001) and Lehmann,
Rebele (2005). However Lehmann, Rebele
(2005) found high phenotypic plasticity in populations
growing in diverse conditions, which is not the case
at the stands followed by us. This could be caused by
smaller initial pool of genotypes, as the spoil heaps
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top E bott E flatE top |
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Fig. 4. Average numbers of wireworms at individual topographic posi-
tions at both investigated sites top E = tops of waves, site E; bott E =
bottoms of waves, site E; flat E = flat section, site E; top I = tops of
waves, site [; bott I = bottoms of waves, site [; flat [ = flat section, site
I. Error bars show standard deviation, asterisk indicates a significantly
different result
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function as an island in the surrounding landscape,
therefore some of the rules of island biogeography
imply here (Ash etal., 1994; Prach, 2003).

Numbers of soil fauna were affected both by site
age and by topographic position. Wireworms were most
numerous in depressions at both sites. This could be
attributed to higher moisture content (Campbell,
1937; Evans, 1944; Finney, 1946; Parker,
Howard,2001) or more shade, therefore less extreme
temperatures, but according to results of multivariate
analysis it seems to be related more to biotic interac-
tions between the soil fauna and vegetation. This is
also supported by the fact that numbers of wireworms
are lower at site I, which has different plant commu-
nity composition from site E. Because wireworms
are generalist root herbivores, they prefer roots with
high palatability and high nutrient content (Brown,
Gange,1989,1992;Rasmann, Agrawal,2008),
such as are the roots of Tussilago farfara, Cerastium
holosteoides or Daucus carota, plant species that are
most abundant at depressions at site E.

The finding that earthworms occur only at sites
20 years old or older corresponds with results of
Frouz etal. (2008) and is related mainly to soil
conditions (Roubickova, Frouz, 2014). These
soil animals seem to prefer the flat areas, although
soil moisture is lower here than in the depressions,
which may be due to patchiness of the habitat in the
undulating part, as hills present migration constraints
for earthworms. Because site I has been colonized only
recently (A. Walmsley, personal observation; Frouz
et al., 2008), earthworms have not yet reached their
potential population densities. Earthworm presence
is generally followed by quick increase of N content

Fig. 5. Venn diagram, graphical representation of results from the
variation partitioning.

The effects of environment and vegetation explain 32.4% of variability (a
+b+ c), net effect of vegetation is 16.4% (P = 0.004) (a); the ambience
effectis 1.9% (P =0.286) (b); 14.1% jointly explained (¢). Explanatory
data: vegetation, environmental; response data: worms. The first group
( the bigger circle) is represented by CaseR1 from vegetation data, the
second group (the smaller circle) is represented by phosphorus amount
in soil from environmental dat

in soil (Bohlen etal., 2004; Frouz et al., 2006),
which could explain why there is the highest N content
in the soil at flat areas of site I, while at site E it is by
far highest in depressions.

It seems that vegetation is a better predictor of
wireworm and earthworm presence than the measured
environmental factors. Variability, which is explained
by the vegetation, reflects the biotic interactions be-
tween the soil macrofauna and vegetation. These rela-
tionships were noted in other studies as well (Frouz
et al., 2008; Roubickova etal., 2009, 2012) and
can be explained by direct or indirect trophic interac-
tions. Plants present a food source for both wireworms
and earthworms and therefore their life strategy that
is related to chemical composition of their body and
consequent palatability for herbivores and saprophags,
can affect the abundance of soil fauna (Frouz etal.,
2001, 2008; Wardle etal., 2005). On the other hand,
earthworms affect soil properties and processes, such
as aggregate formation (Marashi, Scullion,
2003), water holding capacity (Frouz et al., 2006),
activity of microflora by mixing plant litter and min-
eral soil (Frouz et al., 2006), and nutrient avail-
ability (Lavelle, Spain, 2001). Generalist root
herbivores can also substantially affect the abundance
of some plant species and that way change the plant
community composition (Brown, Gange, 1989,
1992; Blossey, Hunt-Joshi, 2003).

Spontaneous succession is a reclamation tech-
nique successfully used in areas with anthropogenic
disturbances, especially in post-minig landscapes.
Our study shows that mechanical terrain reshaping
following overburden deposition affects the nutrient
distribution in soils, which then influences plant com-
munity composition and soil fauna presence. It can
also speed up the migration of some soil fauna to the
sites. Presence of levelled-out areas together with areas
with wave-like structure therefore presents a positive
contribution to the habitat diversity at spontaneously
revegetated sites.

ACKNOWLEDGEMENT

We would like to thank Jan Frouz for his kind
advice, Jarda Kukla for help in getting around the
mining sites, Sokolovska Uhelna a.s. for enabling us
to perform the research at the spoil heaps, and Tereza
Bfezinova for help with the chemical analyses.

REFERENCES

Addiscott TM, Thomas D (2000): Tillage, mineralization and
leaching: phosphate. Soil and Tillage Research, 53, 255-273.
doi: 10.1016/S0167-1987(99)00110-5.

Ash HJ, Gemmell RP, Bradshaw AD (1994): The introduction of

native plant species on industrial waste heaps: a test of im-

36 SCIENTIA AGRICULTURAE BOHEMICA, 48, 2017 (1): 30-38



migration and other factors affecting primary succession. The
Journal of Applied Ecology, 31, 74. doi: 10.2307/2404600.

Blossey B, Hunt-Joshi TR (2003): Belowground herbivory by
insects: influence on plants and aboveground herbivores.
Annual Review of Entomology, 48, 521-47. doi: 10.1146/
annurev.ento.48.091801.112700.

Bohlen PJ, Scheu S, Hale CM, McLean MA, Migge S, Groff-
man PM, Parkinson D (2004): Non-native invasive earth-
worms as agents of change in northern temperate forests.
Frontiers in Ecology and the Environment, 2, 427-435. doi:
10.1890/1540-9295(2004)002[0427:NIEAAO]2.0.CO;2.

Braschi I, Ciavatta C, Giovannini C, Gessa C (2003): Combined
effect of water and organic matter on phosphorus availability
in calcareous soils. Nutrient Cycling in Agroecosystems, 67,
67-74. doi: 10.1023/A:1025143809825.

Brown VK, Gange AC (1989): Herbivory by soil-dwelling in-
sects depresses plant species richness. Functional Ecology,
3, 667. doi: 10.2307/2389498.

Brown VK, Gange AC (1992): Secondary plant succession: how
is it modified by insect herbivory? Vegetatio, 101, 3—13. doi:
10.1007/BF00031910.

Campbell RE (1937): Temperature and moisture preferences
of wireworms. Ecology, 18, 479-489.

Ciarkowska K, Gargiulo L, Mele G (2016): Natural restora-
tion of soils on mine heaps with similar technogenic par-
ent material: a case study of long-term soil evolution in
Silesian-Krakow Upland Poland. Geoderma, 261, 141-150.
doi: 10.1016/j.geoderma.2015.07.018.

De Deyn GB, Van der Putten WH (2005): Linking aboveground
and belowground diversity. Trends in Ecology and Evolution,
20, 625-633. doi: 10.1016/j.tree.2005.08.009.

Dunger W, Voigtlander K (2009): Soil fauna (Lumbricidae,
Collembola, Diplopoda and Chilopoda) as indicators of soil
ecosubsystem development in post-mining sites of Eastern
Germany. Soil Organisms, 81, 1-51.

Evans AC (1944): Observations on the biology and physiology
of wireworms of the genus Agriotes Esch. Annals of Applied
Biology, 31, 235-250.

Finney DJ (1946): Field sampling for the estimation of
wireworm populations. Biometrics Bulletin, 2, 1-7. doi:
10.2307/3002005.

Frouz J, Novakova A (2005): Development of soil microbial
properties in topsoil layer during spontaneous succession
in heaps after brown coal mining in relation to humus mi-
crostructure development. Geoderma, 129, 54-64. doi:
10.1016/j.geoderma.2004.12.033.

Frouz J, Keplin B, Pizl V, Tajovsky K, Stary J, Lukesova A,
Novakova A, Balik V, Hanel L, Materna J, Duker C, Cha-
lupsky J, Rusek J, Heinkele T (2001): Soil biota and up-
per soil layer development in two contrasting post-mining
chronosequences. Ecological Engineering, 17, 275-284. doi:
10.1016/S0925-8574(00)00144-0.

Frouz J, Elhottova D, Kuraz V, Sourkova M (2006): Effects
of soil macrofauna on other soil biota and soil formation

in reclaimed and unreclaimed post mining sites: results of
a field microcosm experiment. Applied Soil Ecology, 33,
308-320. doi: 10.1016/j.aps0il.2005.11.001.

Frouz J, Prach K, Pizl V, Hanel L, Stary J, Tajovsky K, Ma-
terna J, Balik V, Kalcik J, Rehounkova K (2008): Interac-
tions between soil development, vegetation and soil fauna
during spontaneous succession in post mining sites. Euro-
pean Journal of Soil Biology, 44, 109-121. doi: 10.1016/j.
¢jsobi.2007.09.002.

Frouz J, Kalcik J, Velichova V (2011): Factors causing spatial
heterogeneity in soil properties, plant cover, and soil fauna
in a non-reclaimed post-mining site. Ecological Engineer-
ing, 37, 1910-1913. doi: 10.1016/j.ecoleng.2011.06.039.

Gloser V (2002): Seasonal changes of nitrogen stor-
age compounds in a rhizomatous grass Calamagros-
tis epigeios. Biologia Plantarum, 45, 563-568. doi:
10.1023/A:1022329210127.

Hodacova D, Prach K (2003): Spoil heaps from brown coal
mining: technical reclamation versus spontaneous revegeta-
tion. Restoration Ecology, 11, 385-391. doi: 10.1046/j.1526-
100X.2003.00202.x.

Kalina M (2005): The garden fertilization. Grada Publishing
a.s., Prague. (in Czech)

Kavanova M, Gloser V (2005): The use of internal nitrogen
stores in the rhizomatous grass Calamagrostis epigejos
during regrowth after defoliation. Annals of Botany, 95,
457-63. doi: 10.1093/a0b/mci054.

Klausnitzer B (1978): The order Coleoptera (larvae). Akademie-
Verlag, Berlin. (in German)

Lavelle P, Spain A (2001): Soil ecology. Springer Science &
Business Media, Dordrecht.

Lehmann C, Rebele F (2005): Phenotypic plasticity in Calama-
grostis epigejos (Poaceae): response capacities of genotypes
from different populations of contrasting habitats to a range
of soil fertility. Acta Oecologica, 28, 127-140. doi: 10.1016/j.
actao.2005.03.005.

Marashi A, Scullion J (2003): Earthworm casts form stable ag-
gregates in physically degraded soils. Biology and Fertility
of Soils, 37, 375-380. doi: 10.1007/s00374-003-0617-2.

Massey FP, Ennos AR, Hartley SE (2007): Grasses and the
resource availability hypothesis: the importance of sili-
ca-based defences. Journal of Ecology, 95, 414—424. doi:
10.1111/5.1365-2745.2007.01223 .x.

Mladek J, Pavlu V, Hejecman M, Gaisler J (2006): Grazing as
an instrument for maintenance of permanent grasslands in
protected areas. Crop Research Institute, Prague. (in Czech)

Mudrak O, Frouz J, Velichova V (2010): Understory vegetation
in reclaimed and unreclaimed post-mining forest stands.
Ecological Engineering, 36, 783-790. doi: 10.1016/j.eco-
leng.2010.02.003.

Parker WE, Howard JJ (2001): The biology and management of
wireworms (Agriotes spp.) on potato with particular reference
to the U.K. Agricultural and Forest Entomology, 3, 85-98.
doi: 10.1046/j.1461-9563.2001.00094 .x.

SCIENTIA AGRICULTURAE BOHEMICA, 48, 2017 (1): 30-38 37



Pizl V (2001): Earthworm succession in afforested colliery spoil
heaps in the Sokolov region, Czech Republic. Restoration
Ecology, 9, 359-364.

Prach K (1987): Succession of vegetation on dumps from strip
coal mining, N.W. Bohemia, Czechoslovakia. Folia Geobo-
tanica and Phytotaxonomica, 22, 339-354.

Prach K (2003): Spontaneous succession in Central-European
man-made habitats: What information can be used in res-
toration practice? Applied Vegetation Science, 6, 125-129.
doi: 10.1658/1402-2001(2003)006[0125:SSICMH]2.0.CO;2.

Prach K, Pysek P (2001): Using spontaneous succession for
restoration of human-disturbed habitats: experience from
Central Europe. Ecological Engineering, 17, 55-62. doi:
10.1016/S0925-8574(00)00132-4.

Rasmann S, Agrawal AA (2008): In defense of roots: a re-
search agenda for studying plant resistance to belowground
herbivory. Plant Physiology, 146, 875-880. doi: 10.1104/
pp-107.112045.

Rebele F, Lehmann C (2001): Biological flora of Central Europe:
Calamagrostis epigejos (L.) Roth. Flora, 196, 325-344.
Roubickova A, Frouz J (2014): Performance of the earthworm
Aporrectodea caliginosa on unreclaimed spoil heaps at dif-
ferent successional stages. European Journal of Soil Biology,

65, 57-61. doi: 10.1016/j.ejsobi.2014.09.004.

Roubickova A, Mudrak O, Frouz J (2009): Effect of earthworm
on growth of late succession plant species in postmining
sites under laboratory and field conditions. Biology and
Fertility of Soils, 45, 769-774. doi: 10.1007/s00374-
009-0386-7.

Roubickova A, Mudrak O, Frouz J (2012): The effect of below-
ground herbivory by wireworms (Coleoptera: Elateridae) on
performance of Calamagrostis epigejos (L.) Roth in post-
mining sites. European Journal of Soil Biology, 50, 51-55.
doi: 10.1016/j.ejsobi.2011.12.004.

Tran TS, Giroux M, Guilbeault J, Audesse P (1990): Evalua-
tion of Mehlich-III extractant to estimate the available P in
Quebec soils. Communications in Soil Science and Plant
Analysis, 21, 1-28. doi: 10.1080/00103629009368212.

Smeck NE (1985): Phosphorus dynamics in soils and landscapes.
Geoderma, 36, 185-199. doi: 10.1016/0016-7061(85)90001-1.

Smilauer P, Leps J (2014): Multivariate analysis of ecological

data using Canoco 5. Cambridge University Press, New York.

Somodi I, Viragh K, Podani J (2008): The effect of the expansion
of the clonal grass Calamagrostis epigejos on the species
turnover of a semi-arid grassland. Applied Vegetation Sci-
ence, 11, 187-192. doi: 10.3170/2008-7-18354.

Sourkova M, Frouz J, Fettweis U, Bens O, Huttl RF, Santruck-
ova H (2005): Soil development and properties of microbial
biomass succession in reclaimed post mining sites near
Sokolov (Czech Republic) and near Cottbus (Germany). Geo-
derma, 129, 73-80. doi: 10.1016/j.geoderma.2004.12.032.

Thompson L, Thomas CD, Radley JIMA, Williamson S, Lawton JH
(1993): The effect of earthworms and snails in a simple plant
community. Oecologia, 95, 171-178. doi: 10.1007/BF00323487.

Topp W, Simon M, Kautz G, Dworschak U, Nicolini F, Priickner
S (2001): Soil fauna of a reclaimed lignite open-cast mine
of the Rhineland: improvement of soil quality by surface
pattern. Ecological Engineering, 17, 307-322. doi: 10.1016/
S0925-8574(00)00147-6.

Topp W, Thelen K, Kappes H (2010): Soil dumping tech-
niques and afforestation drive ground-dwelling beetle as-
semblages in a 25-year-old open-cast mining reclamation
area. Ecological Engineering, 36, 751-756. doi: 10.1016/j.
ecoleng.2009.12.011.

Tunesi S, Poggi V, Gessa C (1999): Phosphate adsorption and
precipitation in calcareous soils: the role of calcium ions in
solution and carbonate minerals. Nutrient Cycling in Agro-
ecosystems, 53, 219-227. doi: 10.1023/A:1009709005147.

Wardle DA, Williamson WM, Yeates GW, Bonner KI (2005):
Trickle-down effects of aboveground trophic cascades on
the soil food web. Oikos, 111, 348-358. doi: 10.1111/j.0030-
1299.2005.14092 ..

Wiegleb G, Felinks B (2001): Primary succession in post-
mining landscapes of Lower Lusatia — chance or necessity.
Ecological Engineering, 17, 199-217. doi: 10.1016/S0925-
8574(00)00159-2.

Wurst S, Dugassa-Gobena D, Scheu S (2004): Earthworms
and litter distribution affect plant-defensive chemis-
try. Journal of Chemical Ecology, 30, 691-701. doi:
10.1023/B:JOEC.0000028425.43869.b8.

Zhu H, Wu J, Guo S, Huang D, Zhu Q, Ge T, Lei T (2014): Land
use and topographic position control soil organic C and N
accumulation in eroded hilly watershed of the Loess Plateau.
Catena, 120, 64—72. doi: 10.1016/j.catena.2014.04.007.

Corresponding Author:

Ing. Pavla Vachova, Czech University of Life Sciences Prague, Faculty of Environmental Sciences, Kamycka 129,
165 00 Prague-Suchdol, Czech Republic, phone: +420 224 383 781, e-mail: vachovap@fzp.czu.cz

38 SCIENTIA AGRICULTURAE BOHEMICA, 48, 2017 (1): 30-38



