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a  b  s  t  r  a  c  t

Despite  the increasing  evidence  that  post-mining  sites  often  provide  biodiversity  refuges  in anthropogeni-
cally  impacted  landscapes,  thus  offering  valuable  analogues  of  natural  habitats,  technocratic  methods  still
prevail  over  natural  processes  in  restoration  practice.  Selection  of  the  restoration  approach,  however,  cru-
cially  affects  the  future  conservation  value  of every  site.  As  a contribution  to recent  debates,  we studied  the
communities  of  vascular  plants  and  seven  arthropod  groups  (orthopteroids,  spiders,  leafhoppers,  ground
beetles,  herbivorous  beetles,  true  bugs,  and  butterflies  and  moths)  colonising  technically  reclaimed  versus
spontaneously  developed  plots  on black  coal spoil  dumps  in the  Kladno  district,  Czech  Republic.  In all stud-
ied  groups,  spontaneously  developed  sites  hosted  a  high  proportion  of  species  of  conservation  concern,
which  were  nearly  absent  from  the  technically  reclaimed  plots.  Combined  with  existing  single-taxon
studies  of diverse  post-mining  sites,  and  our previous  similarly  broad  study  of  limestone  quarries,  our
results  provide  strong  evidence  of the counterproductivity  of  costly  technical  reclamations  of postindus-
trial  sites  with  respect  to biodiversity  conservation.  Relevant  legislation  should  favour  natural  processes
over  technical  reclamation  when  deciding  the  fates  of  post-mining  localities.  Technical  reclamation  should
be reserved  just  for those  cases  of  well-justified  public  concerns.

© 2011 Elsevier B.V. All rights reserved.

1. Introduction

Post-mining sites, an unavoidable consequence of the min-
ing industry, cover almost 1% of the world’s land (Walker, 1992)
and represent important land forms in many regions. Recently,
it has been repeatedly documented that their dry, rugged and
often sparsely vegetated surfaces often host endangered species
of declining unproductive and/or periodically disturbed biotopes
(e.g., Schulz and Wiegleb, 2000; Benes et al., 2003; Krauss et al.,
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2009; Lundholm and Richardson, 2010), thus providing refuge
and/or compensatory habitats for species that are rapidly declin-
ing from modern landscapes (Thomas et al., 1994; Dennis et al.,
2004). On the other hand, the conservation potential of post-mining
sites depends on their fate after the mining has been terminated
(Prach and Hobbs, 2008; Tropek et al., 2010). The two most common
contrasting approaches are (1) technical reclamation, typically com-
prising of covering the sites with fertile topsoil, sowing grass–herb
mixtures and planting trees; and (2) spontaneous succession with-
out any human intervention. Still rarely used is directed succession,
when natural processes are actively influenced; e.g., through sup-
port of conservation-desired plants (by sowing or species-rich hay
transferring), or suppressing invasive plants (Rydgren et al., 2010;
Novak and Prach, 2010; Richardson et al., 2010).

Several recent papers, based on single-taxa (Hodacova and
Prach, 2003; Holec and Frouz, 2005; Mudrak et al., 2010) and a
broad multi-taxa study (Tropek et al., 2010), revealed that tech-
nical reclamation is both counterproductive for biodiversity, and
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economically costly. Simultaneously, the strongly positive effects
of spontaneous and directed succession in diverse post-mining
sites have been repeatedly showed (e.g., Bradshaw, 1997; Prach and
Pysek, 2001; Wiegleb and Felinks, 2001; Benes et al., 2003). Despite
this, the technical reclamations still prevail overwhelmingly (Prach
and Hobbs, 2008; Prach et al., 2011), whereas non-technical
restoration practices remain discouraged by national environmen-
tal laws (e.g., Schulz and Wiegleb, 2000; Prach and Hobbs, 2008;
Prach et al., 2011). This situation is increasingly criticised by both
non-governmental conservation groups and academia, advocating
that it is both ethical and scientifically wiser to utilise the biodi-
versity conservation potential of once-exploited and subsequently
abandoned localities (e.g., Rosenzweig, 2003; Prach et al., 2011;
Tropek and Konvicka, 2011).

In this study, we compare the biodiversity conservation bene-
fits of technical restoration versus spontaneous succession of black
coal spoil dumps (after bituminous coal mining), a post-mining
land form little appreciated in the conservation literature, using
vascular plants and seven arthropod taxa. Our approach closely fol-
lows our previous study of limestone quarries (Tropek et al., 2010).
Taken together, these studies should provide robust arguments for
the ongoing legislative debates on the restoration of post-mining
localities, and the utilisation of their conservation potential.

2. Methods

2.1. Study area

The study was carried out in the Kladno district, Central
Bohemia, Czech Republic. It is a hilly, mildly warm and relatively
dry (250–400 m a.s.l.; mean annual temperatures: 7–8.7 ◦C; annual
precipitation: 450–500 mm)  region covered by intensive farm-
lands, plantation forests, historically industrial (coal and steel)
towns, and brownfields. The intensive land use and high degree
of urbanisation (population density: 220 persons/km2) resulted in
severe degradation of natural habitats. The region thus represents
many industry-dominated regions of Europe.

Until the 1990s, when the mines were closed, the Kladno district
ranked among the most important black (bituminous) coal mining
areas in the Czech Republic. As a side effect of the mining, 37 spoil
dumps, forming either hills or hillsides, are scattered in a 100 km2

area. Little reclamation was carried out in the past, but the recent
closures are generating pressure for rapid technical reclamation of
these localities. As a consequence, the majority of them are now
partly reclaimed or technical reclamation is planned in the near
future, mainly by a fertile topsoil covering supplemented by com-
mercial grass-herb mixture sowing and/or trees planting. Only a
few spoil dumps still stay abandoned for spontaneous succession
outside these pressures.

2.2. Taxonomic groups and species categorisation

We  targeted vascular plants, and seven arthropod taxa:
orthopteroids (Orthoptera, Dermaptera, and Blattodea), spi-
ders (Araneae), leafhoppers (Auchenorrhyncha), ground beetles
(Coleoptera: Carabidae), herbivorous beetles (Coleoptera: Api-
onidae, Curculionidae, Dryophthoridae, Elateridae, Rhynchitidae),
true bugs (Heteroptera), and day-active butterflies and moths
(Lepidoptera) (see Appendix A for nomenclature references). The
studied arthropods cover a broad diversity of life history features
representing terrestrial invertebrates in general.

Besides species richness, we analysed the conservation value of
the communities, based on the Czech Republic red lists (plants:
Prochazka, 2001; arthropods: Farkac et al., 2005) distinguishing

six ranked threat categories (EX – considered as extinct in the
Czech Republic; CR – critically endangered; EN – endangered; VU
– vulnerable; NT – near threatened; and LI – low interest, not
threatened), and the xeric specialisation of the communities, accord-
ing to the species’ requirements for xeric habitats, distinguishing
three ranked categories (ST – restricted to well-preserved xeric
grasslands; XE – common xerothermophilous species; and GE –
widespread generalists or species of non-xeric habitats). Appendix
A lists these categories (including references) for all recorded
species.

2.3. Data sampling

We  targeted open habitats as one of the most endangered habi-
tats in Europe (WallisDeVries et al., 2002; Cremene et al., 2005).
Only three spoil dumps in the area contained larger (>0.2 ha)
treeless parts, not affected by any technical reclamation uses for
>20 years, appropriate as non-reclaimed treatments in this study.
For comparison, three treeless plots of similar age reclaimed by
topsoil covering and grass–herb mixture sowing were chosen.
Summarizing, six study plots (ca 0.2–0.3 ha) were established,
three technically reclaimed and three left to spontaneous succes-
sion, within five black coal spoil dumps (Table 1). Two  differently
restored plots were situated in the same spoil dump, the other ones
were established in distinct spoil dumps. The minimum (Prago
Tragy and Ronna) and maximum (Max and Theodor) distances
between the studied spoil dumps were 1.3 and 6.1 km,  respectively.

We closely followed the sampling protocol used by Tropek et al.
(2010), including the numbers of samples taken the season, to
achieve as high as possible comparability between the two types
(black coal spoil dumps and limestone quarries) of post-mining
sites. In the center of each plot, a line of five 3 m × 3 m quadrates,
situated 2 m apart, was  established. Within each quadrate, the per-
centage cover of all vascular plant species was estimated in June
2008. Arthropods were sampled using a standardized pit-fall trap
(diameter 9 cm,  depth 15 cm, containing 5% formaldehyde) per a
quadrate, exposed from 7 May  to 19 August 2008 and emptied
four times during the study period, at approximately four-week
intervals. The entire vegetation within each quadrate was  swept
on each day of the traps emptying and all arthropods were killed
and preserved. The pitfall and sweeping material were sorted to
target taxa and identified as to species. Butterflies and moths were
recorded on two intersecting linear transects per plot (50 m/5  min;
Kadlec et al., in press). Each transect was  walked five times dur-
ing the study season (7–8 May, 6 June, 2–4 July, 28–29 July, 19
August), between 9:30 and 16:30 CEST and under suitable weather
conditions (>17 ◦C, sunny, no wind).

2.4. Statistical analyses

All analyses were computed in Canoco for Windows 4.5 (ter
Braak and Smilauer, 2002). To compare species richness, conser-
vation value and xeric specialisation between the two  restoration
methods (METHOD: reclamation vs. succession), a redundancy
analysis (RDA) with Monte-Carlo significance testing (999 permu-
tations, full model) was  used. For species richness, the response
variables were the numbers of species in the eight studied taxa,
summed per plot. For conservation value and xeric specialisation, we
weighted the numbers of individuals of all species in each taxon,
recorded per plot, by the ranked values denoting the respective
species’ red-list status (EX – 5; CR – 4; EN – 3; VU – 2; NT – 1; LI –
0) and xeric specialisation (ST – 2; XE – 1; GE – 0). Orthopteroids
and vascular plants, containing none and a single red-listed species,
respectively, were excluded from the conservation value analyses.
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Table 1
Characterisation of individual study plots.

Spoil dump Restoration method Coordinates Age (years)a Speciesb Red-listed speciesc Specialised speciesd

Max  Reclamation 50◦09′27′′N, 14◦03′28′′E 36 169 2 11
Mayrau  – R Reclamation 50◦09′48′′N, 14◦04′59′′E 35 216 4 11
Mayrau  – S Succession 50◦09′46′′N, 14◦04′53′′E 35 203 11 19
Prago  Tragy Reclamation 50◦09′57′′N, 14◦07′36′′E 20 121 0 6
Ronna Succession 50◦10′40′′N, 14◦06′57′′E 26 200 6 17
Theodor Succession 50◦10′56′′N, 14◦08′09′′E 73 202 16 32

a Age refers to the cessation of dumping.
b Total number of all recorded species of the target groups.
c Total number of all recorded species included in the national red lists (Prochazka, 2001; Farkac et al., 2005)
d Total number of all recorded species specialised to well-preserved xeric grasslands (see Appendix A for details).

Canonical correspondence analysis (CCA) was  used to test the
effects of restoration METHOD on the species compositions of sam-
ples. We  used square-root transformation and downweighting of
rare species options. For all taxa except vascular plants and butter-
flies and moths, the pitfall-trapped and swept material from each
quadrate and visit were combined to form a sample. The Monte-
Carlo permutation test (999 runs, full model) design reflected the
spatiotemporal arrangements of the samples: quadrates were per-
muted as line transects and visits as time series. For butterflies
and moths, the two transects per plot were permuted as freely
exchangeable within each visit. For vascular plants, only the lines
of quadrates formed the permutation design. Because these per-
mutation designs do not allow for empty cells, we added a fictional
species with abundance = 1 to each sample (cf. Leps and Smilauer,
2003).

3. Results

We recorded 93 species of vascular plants, 728 individuals/19
species of orthopteroids, 1780/100 spiders, 930/59 leafhoppers,
1379/68 ground beetles, 461/56 herbivorous beetles, 828/78 true
bugs, and 472/49 butterflies and moths. Out of the 522 recorded
species, 26 (∼5% of the total) are included on the national red-lists
and 52 (∼10% of the total) are considered as specialists of well-
preserved xeric grasslands or forest steppes (see Appendix A). Total
numbers of all, red-listed and xeric grassland specialised species
per individual studied plots are summarized in Table 1.

The species richness (Fig. 1a) of the spontaneously developed
plots was considerably higher for orthopteroids and true bugs,
slightly higher for butterflies and moths, spiders, vascular plants,
and ground beetles, and slightly lower for leafhoppers and herbiv-
orous beetles (1st axis variation = 33.3%, F = 1.996, p = 0.001). The
conservation value (Fig. 1b) of all studied groups was  higher in the
spontaneously developed plots: considerably higher for leafhop-
pers and butterflies and moths, and slightly higher for herbivorous
beetles, true bugs, ground beetles, and spiders (1st axis varia-
tion = 43.1%, F = 2.269, p = 0.001). Similarly, the xeric specialisation
(Fig. 1c) of almost all targeted groups was higher in the sponta-
neously developed plots: considerably higher for spiders, true bugs,
orthopteroids and herbivorous and ground beetles, while no visible
effects for leafhoppers and butterflies and moths were found (1st
axis variation = 39.2%, F = 2.581, p = 0.001). Therefore, all the anal-
yses pointed to negative impacts of technical reclamation, while
none of them revealed any negative impact of spontaneous succes-
sion, on species richness, conservation value or xeric specialisation.

The CCA analyses revealed significant effects of the restoration
METHOD on community compositions of all sampled taxa (Table 2).
Species of conservation concern (red-listed and xeric specialists
combined) preferred spontaneous succession to technical reclama-
tion (Fig. 2). Appendix A presents individual species responses as
1st axis scores.

Fig. 1. Results of RDA ordination comparing differently restored black coal spoil
dumps. (a) Species richness (number of species per plot); (b) conservation value (indi-
viduals recorded per plot weighted by their ranked red-list status); and (c) xeric
specialisation (individuals recorded per plot weighted by ranked degree of xeric
habitats requirements).
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Fig. 2. CCA diagrams showing the relationships of vascular plants and seven studied arthropod groups to the restoration METHOD. Only species with the highest fits to
the  ordination models (>4%) are visualised. The symbols distinguish red-listed species (red diamonds), non red-listed species restricted to well-preserved xeric grasslands
(green  triangles), common xerothermophilous species (blue stars) and generalists plus species of non-xeric habitats (black crosses). See Table 2 for associated statistics and
Appendix A for individual species’ 1st axis ordination scores.

4. Discussion

In the heavily industrialised and agricultural Kladno district, a
relatively high proportion of species colonising black coal spoil
dumps are either nationally threatened, or represent xeric habi-
tat specialists (see Table 1 and Appendix A). This illustrates a
high conservation value of these land forms in the biologically
depauperate landscape. Further, none of the studied groups of
vascular plants and arthropods responded positively to techni-
cal reclamation, documenting that technical reclamation decreases
the conservation value. Only leafhoppers and herbivorous beetles

displayed slightly higher species richness in technically reclaimed
plots, but threatened and xeric specialist representatives of these
groups still inclined towards spontaneous succession, and the
species traits such as rarity or decline should be primarily con-
sidered in conservation prioritisation (Thomas et al., 1994; Tropek
et al., 2008).

We interpret our results by the starkly contrasting impact
of the two  restoration methods on the resulting habitats struc-
ture. Covering sites by fertile soil diminishes microtopographic
heterogeneity and increases nutrients, as was shown in Tropek
et al. (2010) in detail. These conditions disfavour stress-tolerant
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Table 2
Results of the canonical correspondence analyses (CCA) of the restoration METHOD
impact on the community composition of the studied taxa.

1st axis F 1st axis eigenvalue % Explained variationa

Orthopteroids 17.3*** 0.33 12.8
Vascular plants 4.0*** 0.51 12.6
Spiders 14.8*** 0.47 11.1
Leafhoppers 11.3*** 0.35 8.8
Ground beetles 10.3*** 0.37 8.0
Herbivorous beetles 6.9*** 0.24 5.5
True bugs 6.7*** 0.31 5.4
Butterflies and moths 3.1*** 0.22 5.0

a The variation in species data explained by the first ordination axis.
*** P < 0.001.

slowly growing plants, including rare xerothermophilous species
(Prach et al., 1999), and this is further augmented by sowing mix-
tures of well-establishing competitive species. Following these
arguments, we interpret the general negative response of vascular
plants to technical reclamation in all analyses, consistently with
the previous studies of limestone quarries (Tropek et al., 2010)
and lignite spoil dumps (Hodacova and Prach, 2003; Mudrak et al.,
2010).

The responses of prevailingly herbivorous arthropods (i.e.,
orthopteroids, leafhoppers, herbivorous beetles, true bugs, and
butterflies and moths) are more complicated. The general pref-
erence of the red-listed species to spontaneous succession is
consistent across all groups and corroborates the findings by
Tropek et al. (2010).  It could be easily attributed to the higher
microhabitat heterogeneity of the spontaneously restored plots
(e.g., Haddad et al., 2001; Tropek et al., 2010), and perhaps to
a dependency of many endangered herbivores on stress-tolerant
plants, many of which are declining (e.g., Dennis et al., 2004).

In terms of species richness, the technically restored plots
hosted slightly richer communities of leafhoppers and herbivo-
rous beetles. This pattern could be partly due to relatively low
total species richness of the studied groups on the dumps, with
a high proportion of the common generalists. Herbivorous gen-
eralists rarely appreciate the higher habitat heterogeneity of the
spontaneously restored sites, preferring the higher productivity of
technically reclaimed ones (Huston, 1979; Haddad et al., 2001). We
also found no difference between leafhoppers and butterflies and
moths communities, with regard to the restoration methods, in
xeric specialisation. As the most specialised species of well pre-
served xeric grasslands preferred the spontaneously restored plots
(Fig. 2), we explain this by non-significant patterns in less spe-
cialised xerothermophilous species. Xeric specialisation of these
groups did not differ between restoration methods also in lime-
stone quarries (Tropek et al., 2010) which would be caused by some
unrevealed more general traits. Still, the overwhelming majority
of individuals of highly specialised and/or endangered species pre-
ferred the spontaneous succession both in this study (Fig. 2) and in
our previous study of limestone quarries (Tropek et al., 2010).

The communities of both prevailingly carnivorous groups (i.e.,
spiders and ground beetles) have positive affinities to the spon-
taneously restored plots in all analyses. While these results are
in concordance with the limestone quarries study (Tropek et al.,
2010) in case of spiders, ground beetles exhibited no significant
response in the previous study. We  interpret it by a higher propor-
tion of the endangered and/or highly specialised ground beetles
recorded on the black coal spoil dumps than in the quarries. As a
rule, more specialised species of both groups require richly struc-
tured environments, provided by spontaneous succession but not
by technical reclamation, which replaces structural diversity by

uniformity (Prach and Hobbs, 2008; Mudrak et al., 2010; Tropek
et al., 2010).

The evidence that black coal spoil dumps left to spontaneous
succession offer great conservation potential thus corroborates
our earlier multi-taxa study of limestone quarries (Tropek et al.,
2010). While the limestone quarries study targeted a protected
area, where colonisation by endangered species from a rich regional
species pool was  expected, the present study originated from an
anthropically impoverished region with very few natural habi-
tats. Both studies and multiple single-taxa comparisons of lignite
spoil dumps (Hodacova and Prach, 2003; Holec and Frouz, 2005;
Mudrak et al., 2010) document that in increasingly homogenised
landscapes, post-mining features left to spontaneous succession
provide surrogate habitats for sensitive and declining specialists
(reviewed in Lundholm and Richardson, 2010).

Spontaneous vegetation succession in post-mining sites is
remarkably slower, creating heterogeneous mosaics of microhab-
itats such as open rocks, sparse grasslands and xeric scrubs (e.g.,
Wheater and Cullen, 1997; Prach and Pysek, 2001; Tropek et al.,
2010). This heterogeneity is crucial for the coexistence of multi-
ple species, whose original environments, such as riverine gravel
beds, landslides or nutrient-poor grasslands, have declined across
Europe (e.g., Benes et al., 2003; Schulz and Wiegleb, 2000; Wenzel
et al., 2006). The conservation value of spontaneously vegetated
sites can be further augmented by such cheap interventions as
sowing of conservation-desired plants from nearby natural habi-
tats, and/or suppression of invasive and/or strongly competitive
plants (Novak and Prach, 2010; Richardson et al., 2010). It follows
that technical interventions such as levelling off sites, import-
ing topsoil and sowing/planting fast growing plants should be
avoided as hostile for biodiversity unless other public concerns
(e.g., erosion risks, acid rock drainage, stream sedimentation, toxin
leaks, public safety issues) outweigh it (Benes et al., 2003; Prach
and Hobbs, 2008; Tropek et al., 2010). Admittedly, the available
evidence mainly originates from densely populated temperate
regions, where homogenisation of once-diverse land uses, rather
than direct habitat loss, represents the greatest threat to biodi-
versity (e.g., Reif et al., 2009; Ekroos et al., 2010). The restoration
goals might differ, e.g., in forested regions, where mining causes
rapid attrition of otherwise intact land covers. Research on the con-
servation efficiency of various restoration methods from diverse
regions is hence much needed. Still, we suppose that post-mining
sites might offer valuable habitat surrogates in such long-cultivated
regions as temperate and subtropical Asia, or regions with Mediter-
ranean climate, where the biodiversity also long coexisted with
traditional land use patterns (cf. Grove and Rackham, 2001; Katoh
et al., 2009).

Even in temperate Europe, however, a strong discrepancy
between the rapidly advancing knowledge and practical routines
still exists. For reasons discussed elsewhere (Prach and Hobbs,
2008; Tropek et al., 2010; Lundholm and Richardson, 2010; Tropek
and Konvicka, 2011), many national legislations strongly favour
technical reclamation. No post-mining site is formally reserved for
natural processes in the Czech Republic (Prach et al., 2011); only
15% of each mining region is reserved for spontaneous succession
in Germany (Schulz and Wiegleb, 2000); and the situation is likely
to be similar elsewhere (e.g., Ursic et al., 1997; Carrick and Kruger,
2007).

In summary, the conservation potential of post-mining sites,
the low cost of directed successional processes, and the moral
imperative to slow down the biodiversity decline all advocate
for replacement of costly reclamation schemes by sponta-
neous succession processes wherever possible. At present, the
necessary legal changes are being intensively discussed, and
we hope that our results will strengthen the endeavours
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towards the more biologically benign restoration of post-mining
sites.
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