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Do traditional land rehabilitation processes  
improve habitat quality and function? Life-history traits 
of ground beetles (Coleoptera, Carabidae) say no.

Abstract

Background and purpose: In the thermal power station industry, 
waste is deposited on various types of slag heaps, which should be rehabili-
tated in order to restore ecosystem functioning. Traditional restoration proc-
esses focus mainly on recreating a tree zone, while the function of the soil is 
neglected. The aim of the project was to estimate the influence of land res-
toration (traditional tree plantation without rehabilitation of the soil layer) 
on the life traits of ground beetles in slag deposition areas.

Materials and methods: In a habitat restoration experiment, five sites 
sampled using pitfall traps were established in a rehabilitated forest and an 
untreated meadow, with the same number of traps set up on reference forest 
and meadow sites. Carabid beetles were classified into five categories accord-
ing to life-history traits: body size, feeding strategy, breeding type, wing 
development and habitat preferences.

Results and conclusions: Non-metric multidimensional scaling indi-
cated that twenty years of rehabilitation processes had had no effect on the 
species composition of slag heap forest carabid assemblages. These forest as-
semblages consisted mainly of species having broad ecological requirements, 
which are characteristic of initial succession. The most notable feature of the 
distribution of carabid life-history traits on the slag heap is the reduction in 
abundances of such groups as large and small predatory specialists having 
an autumn breeding type of reproduction, with limited dispersal abilities, 
and preferring forests. The results showed that restoration involving only tree 
plantation does not guarantee the successful recreation of a functioning and 
stable ecosystem, as the ecosystem remains in the initial stage.

 
IntRoductIon

The main objective of ecosystem restoration measures is to attempt 
to restore the natural level of species diversity in areas degraded by 

human activity (1). This is particularly important in the case of post-
industrial land, where physical deformations of the surface of the land 
in the form of pits or waste heaps lead to dramatic changes in both 
abiotic and biotic elements of the environment (2). Due to the large 
surface occupied by these areas worldwide, they are subjected to a vari-
ety of reclamation techniques aimed at restoring biological diversity (3, 
4). Most reclamation measures focus on restoring forest ecosystems by 
planting trees in an appropriate sequence for a given region (Forestry 
Reclamation Approach) (5). Such measures, however, which neglect 
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restoration of the soil fauna diversity responsible for prop-
er circulation of elements (2, 6), do not allow for rapid 
colonization of the degraded land.

The rate of secondary succession and recolonization of 
post-industrial areas is strongly dependent on many fac-
tors, including the nature of the degraded area, the type 
of soil or substrate, availability of light, moisture condi-
tions, and availability of resources from the surrounding 
environment. All of these affect and determine the poten-
tial group of re-colonizers in a given post-industrial area. 
Most research focuses on describing potential plant com-
munities, particularly forests formed on degraded land 
(7), while there have been few studies concerning recolo-
nization by animals, particularly forest fauna. Research 
on the rate of recolonization of post-industrial areas by 
invertebrates has concerned only bees (8), butterflies, leaf-
hoppers (9), spiders (10) and beetles (10, 11).

Carabid beetles (Coleoptera Carabidae) have found 
application, confirmed by numerous studies, as bioindica-
tors of environmental disturbances and as a target for 
conservation efforts (12, 13). As a group whose ecology 
and taxonomy are well known, characterized by high sen-
sitivity to environmental changes, carabids are often cho-
sen for studies on disturbances, e.g. habitat fragmentation 
(14), grazing (15), pesticides (16), agriculture (17), forest 
management (18), inundation (19), urbanization (20), 
heavy metal concentration (21, 22, 23) and slag heap res-
toration (24). In the case of severely degraded post-indus-
trial areas, various elements of the life history of carabids 
enable them to successfully recolonize the area, and char-
acteristic adaptations constitute an important bioindica-
tor element (25, 26). Numerous studies have confirmed 
that analyses based on elements of the life-history traits 
of selected organisms are extremely important for restora-
tion projects on fallow land or disfigured post-industrial 
areas, which would include slag heaps (27, 28, 29).

In this study we wanted to ask the question if tradi-
tional land rehabilitation processes improve habitat qual-
ity and function in the forest using ground beetles as in-
dicators. We expected that: (i) Carabid assemblages in 
areas where restoration procedures were based solely on 
planting of trees have a similar composition as assem-
blages in early-successional, unrehabilitated areas. (ii) The 
distribution of life-history traits of ground beetles on re-
stored slag deposits resembles early-successional stages in 
which the present species have broad ecological require-
ments, indicating that the rate of regeneration of the for-
est ecosystem is very slow.

MAteRIALs And MetHods

study Area

The study was carried out in an industrially degraded 
area, i.e. a slag heap of post-industrial waste produced by 
the Skawina Power Plant (Elektrownia Skawina S.A.) in 
southern Poland (48°58’13.7’’ N, 19°46’03.3’’ E). Com-

bustion waste in the form of a mixture of ash and slag had 
been deposited from 1975 on a slag heap with a total area 
of 68 ha. After the slag heap was formed and waste depo-
sition ceased in 1995, the slopes of the slag heap were 
planted with native tree species (birch, poplar, aspen and 
oak). After exploitation ended in 2010, the unused top of 
the slag heap was filled in with non-hazardous construc-
tion waste (rubble and sand) in order to even out the 
misshapen surface of the land, which led to spontaneous 
succession of grasses (Calamagrostis epigeios, Elymus repens 
and Agrostis gigantea) and herbs (Solidago gigantea, Gal-
lium aparine and Cirsium arvense). The study area com-
prised surfaces on the slag heap divided into the restored 
part (the sides, 20 years old, planted with trees) and the 
unrehabilitated, early-successional top (3-year-old mead-
ow). The reference areas were chosen within a distance of 
half a kilometre from the slag heap and were of similar 
age and vegetation composition (trees with dominance of 
alder, poplar and birch, and meadows with Calamagrostis 
epigeios and Deschampsia caespitosa). Twenty 50x50 m re-
search plots were established, evenly distributed on the 
meadow and forest in the slag and reference areas.

carabid beetle sampling

Carabid beetles were caught during the 2012 growing 
season using pitfall traps. On each of the four types of 
treatments (slag heap x meadow and forest; and adjacent 
reference areas x meadow and forest), five transects were 
established (Figure 1). The study sites were dispersed ran-
domly across the area, but with the limitations given by 
the availability of similar habitats. To minimize pseudor-
eplication arising from the proximity of an identical hab-
itat, slag heap sites were selected close to the reference sites 
in the same habitat type, but sites within each treatment 
class were farther apart (ANOVA Fforest = 73. 06, p<0.001, 
Fmeadow = 15.12, p<0.01). In each transect, 5 traps contain-

Figure 1. Distribution of sample sites in relation to habitat type 
(circle- meadow, square- forest, diamond- rehabilitated forest on 
the slag heap, triangle- unrehabilitated top of the slag heap)
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ing ethylene glycol solution were set up linearly. The aver-
age distance between traps was no more than 10 m. To 
investigate seasonal variation, the material was collected 
over the entire growing season from May to October and 
the pitfall traps were emptied twice a month in two peri-
ods (three samples in spring and two in autumn) (30).

field assessments

On each type of surface of the study area soil material 
was collected for determination of the content of heavy 
metals, content of organic matter, and pH (Table 1). In 
the laboratory the soil underwent wet mineralization in a 
mixture of concentrated acids (nitric and perchloric), and 
hydrogen chloride was used for extraction of Cd, Pb, Zn 
and Cu (31). Content of these trace elements was deter-
mined by FAAS in a Solaar M6 Atomic Absorption Spec-
trometer. Organic matter content was measured by ther-
mogravimetry (31) and pH in a KCl suspension by 
potentiometry. The results obtained indicate low content 
of heavy metals in the substrate, within standards for soils 
in Poland, which was rejected as a factor influencing the 
composition of carabid beetle assemblages (32).

data analysis

Principal component analysis was used to estimate the 
main gradients of environmental factors along 20 sample 
site transects. Non-metric multidimensional scaling 
(NMDS) was used to test the relationships between cara-
bid assemblages in different habitat categories (slag heap 
and habitat type – meadow or forest). The NMDS analysis 
was performed with WinKyst 1.0 software using the 
Morisita index as modified by Horn, eliminating the effect 
of sample size (33). Significance of differences between 
habitat categories was tested using PERMANOVA analy-
sis followed the Bonferroni correction (34). The percent-
ages of individual species in statistically significant groups 
were determined by SIMPER analysis (Past for Windows 
2.17c) (35). Literature data were used to classify carabid 
beetles in life-history trait categories on the basis of mor-
pho-physiological and phenological features (36). The fol-

lowing life-history traits were analysed: body size (small < 
10 mm, medium 10-20 mm and large > 20 mm), feeding 
strategy (predators or herbivores), breeding type (autumn 
and spring breeders), wing development (brachypterous or 
macropterous), and habitat preferences (forest or meadow). 
Due to right-skewed distribution of abundance in life-
history trait groups (Shapiro-Wilk test), the relationship of 
the habitat type and slag heap presence with life-history 
trait parameters was determined by a generalized linear 
model for Poisson distributions with the log link function. 
The differences between means were compared using the 
multiple Bonferroni comparison test. Both analyses were 
performed in Statistica for Windows v.10 (37).

ResuLts

The principal component analysis for environmental 
factors showed one significant gradient of variables. The 
first PCA axis described 88.9% of the total variation in 

Table 1. Mean ±SD content of organic matter, pH and heavy metals in the soil

Sampling plots Organic 
matter [%] pH H20 pH KCl

Cd Pb Zn Cu 

mg kg-1

Reference

Meadow
4.55 5.83 4.65 0.25 19.25 56.75 20.75

±0.43 ±0.33 ±0.23 ±0.21 ±8.91 ±14.77 ±0.83

Forest
3.50 5.30 4.35 0.59 24.10 79.50 20.18

±0.40 ±0.31 ±0 ±0.31 ±5.11 ±10.27 ±20.12

Slag

Meadow
13.40 7.20 7.03 0.29 23.23 126.75 71.88
±4.29 ±0.49 ±0.47 ±0.12 ±7.16 ±20.59 ±11.33

Forest
5.78 7.63 7.30 0.32 24.90 87.25 37.13

±0.69 ±0.05 ±0.31 ±0.13 ±9.28 ±24.00 ±1.18

Figure 2. Principal component analysis of environmental data 
(circle- meadow, square- forest, diamond- rehabilitated forest on 
the slag heap, triangle– unrehabilitated top of the slag heap)
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the data (Figure 2), clearly dividing slag heap sites from 
reference sites. The first axis was positively correlated with 
the following parameters: concentration of zinc (load. 
0.97) and copper (load. 0.94), content of organic matter 
(load. 0.57) and pH (load. 0.57). The second axis, describ-
ing only 8.4% of the total variation, was mainly related 
to concentration of cadmium (load. -0.83) and lead (load. 
-0.71) and to habitat type – forest or meadow (load -0.34, 
0.34). The distribution of the sites showed high variation 
in environmental parameters between the slag heap and 
reference sites.

During the field study a total of 1,639 beetles of the 
carabid family (Coleoptera; Carabidae), belonging to 47 
species, were collected. The most abundant species were 
Harpalus rufipes (accounting for 36% of all individuals), 
Poecilus versicolor (20% of all individuals) and Pterostihus 
niger (7% of the assemblage). The results of NMDS (stress 
= 0.1) indicated that the species composition of the cara-
bid assemblages was closely related to the type of habitat 
(meadow or forest) on the reference sites and slag heap 
(Figure 3). Notably, however, the forest assemblages of the 
slag heap were not clearly separated from the early succes-
sional sites of the slag heap meadow.

The PERMANOVA analysis of the Moristita-Horn 
distances of similarity showed that the reference assem-
blages of the meadow and forest areas were statistically 
significantly different from the assemblages of the slag 
heap. Within the slag heap itself there was no statistically 
significant differentiation of the species composition be-
tween the early-successional assemblages of the meadow 
on the top and the forest on the sides, where a rehabilita-
tion procedure involving solely planting of trees was car-
ried out (Table 2).

SIMPER analysis, based on the degree of similarity 
(slag heap meadow and foreset treated as single slag heap 
assemblage according to PERMANOVA analysis), speci-
fied which species have the greatest influence on the oc-
currence of differences between classes of assemblages 
(Table 3). In the case of assemblages of the slag heap plots 
(Slag heap) and the forest the total percentage of dissimi-
larity, for which ten species were responsible, was 90.4% 
(Table 3). Among these only three species (Harpalus ru-
fipes, Poecilus versicolor and Harpalus hirtipes) were present 
in greater densities on the transformed area of the slag 
heap (the sides of the slag heap planted with trees). The 
remaining eight species, including Platynus assimilis, 
Pterostichus oblongopunctatus, Pterostichus niger, Carabus 
granulatus and Carabus ulrichii, clearly preferred the refer-
ence forest areas. In the case of the slag heap plots (Slag 
heap) and the reference meadows (Meadow), the total 
percentage of dissimilarity was 92.1% (Table 3).

SIMPER analysis made it possible to identify the spe-
cies which were the main dominants on the severely trans-
formed and disturbed slag heap in comparison with the 
reference areas. A total of 15 species were responsible for 
this distribution, among which Harpalus rufipes and 
Harpalus hirtipes were clearly dominant in the slag heap 
area in both habitat types (forest and meadow). The re-
maining species, including Poecilus versicolor, Pterostichus 
niger, Carabus cancellatus, Carabus granulatus, Oodes he-
lopioides and Bembidion guttula, were more abundant in 
the reference meadow habitats.

The generalized linear model showed a significant in-
fluence of the slag heap itself or in combination with 
habitat type on the abundance of all individual carabid 
life-history traits (Table 4).

The distribution of abundances in three body-size 
classes in relation to habitat type and slag heap presence 
showed that large ground beetles are significantly elimi-
nated from the slag heap in both meadow and forest 
habitats (Figure 4). Multiple Bonferroni comparison 
showed strong separation of large species between slag 
heap and reference sites. In the case of the medium and 

Figure 3. NMDS for ground beetle assemblages in relation to habitat 
type and slag heap presence (circle- reference meadow, square- refer-
ence forest, diamond- slag heap forest, triangle–slag heap meadow)

Table 2. F statistics of PERMANOVA analysis comparing ground 
beetle variation between habitat types of twenty transects of pitfall 
traps in four classes (* p<0.05, significance after Bonferroni correc-
tion)

Reference Slag heap

Forest Meadow Forest Meadow

Reference
Forest - - - -

Meadow 14.15* - - -

Slag heap
Forest 20.53* 36.26* - -

Meadow 26.54* 41.27* 1.1 -
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small body-size classes, this relationship is not specific and 
habitat-dependent.

The abundance of predators showed a similar pattern 
as in the case of the large body-size class (Figure 5). In the 
case of herbivores, however, an increase in mean abun-
dance was observed on slag heap meadow sites. Signifi-
cantly more herbivores were observed in forest habitats 
than on slag heap sites. A significant negative effect on 
autumn breeding species was observed on both slag heap 
habitats, while spring breeders were much more habitat-
dependent (Figure 6).

The variation in brachypterous species with low dis-
persal power was also slag-heap-dependent, but surpris-
ingly there was no significant difference in abundance 
between habitat types on either the slag heap or the refer-
ence sites. The abundance of macropterous beetles was 
significantly increased by the early colonization of the 
meadow on the top of the slag heap (Figure 7). The dis-
tribution of habitat specialists among the slag heap and 

reference sites was also unusual (Figure 8). Forest special-
ist distribution depended negatively on the slag heap. 
Meadow specialists were much more habitat-dependent. 
The slag heap negatively influenced forest specialists, 
while habitat type had a pronounced effect on meadow 
specialists.

dIscussIon

First we wanted to establish whether adjacent areas 
affect the composition of ground beetles. The study sites 
on the slag heap meadows and forest were not spatially 
correlated. The average distance between slag heap 
transects was significantly higher than their distance to 
the reference sites (Figure 1). Therefore we can exclude the 
effect of spontaneous succession from reference sites to 
forested slopes to the meadow at the top. If the coloniza-
tion direction are correct, we should then expect close 
relationships between the reference forest and adjacent 
slag heap forest. There was no barrier between these hab-

Table 3. Simper analysis for the ground beetles species contributing more than 1% to the dissimilarity between slag heap and reference forest and 
meadow assemblages. The colour grey indicates higher abundance in slag heap assemblages and white indicates higher abundance in reference 
assemblages.

Taxon Mean abundance 
(Forest)

Mean abundance 
(Slag heap)

Average 
dissimilarity

Contribution 
(%)

Forest – slag heap
Harpalus rufipes (De Geer, 1774) 0.8 57.1 38.5 41.4
Poecilus versicolor (Sturm, 1824) 3.2 3.3 3.8 4.1
Harpalus hirtipes (Panzer, 1796) 0.0 1.8 1.8 1.9
Platynus assimilis (Paykull, 1790) 14.6 0.0 11.1 11.9
Pterostichus oblongopunctatus (Fabricius, 1787) 11.0 0.3 9.0 9.7
Pterostichus niger (Schaller, 1783) 8.0 0.9 5.6 6.0
Carabus granulatus Linné, 1758 6.0 0.2 5.1 5.5
Carabus ulrichii Germar, 1824 5.2 0.4 4.4 4.8
Carabus cancelatus Illiger, 1798 3.2 0.4 2.6 2.8
Pterostichus nigrita (Paykull, 1790) 2.6 0.0 2.1 2.3
Meadow – slag heap
Harpalus rufipes (De Geer, 1774) 3.2 57.1 23.0 26.1
Harpalus hirtipes (Panzer, 1796) 0.6 1.8 1.0 1.1
Poecilus versicolor (Sturm, 1824) 55.0 3.3 25.5 29.0
Pterostichus niger (Schaller, 1783) 13.4 0.9 6.9 7.9
Carabus cancelatus Illiger, 1798 11.8 0.4 6.1 7.0
Carabus granulatus Linné, 1758 6.4 0.2 2.8 3.2
Oodes helopioides (Fabricius, 1792) 6.0 0.0 2.8 3.1
Bembidion guttula (Fabricius, 1792) 5.4 0.0 3.2 3.6
Carabus ulrichii Germar, 1824 4.8 0.4 2.3 2.6
Amara curta Dejean, 1828 3.2 0.5 1.7 1.9
Poecilus cupreus (Linné, 1758) 2.6 0.5 1.2 1.4
Pterostichus strenuus (Panzer, 1796) 2.2 0.0 1.2 1.3
Harpalus affinis (Schrank, 1781) 2.0 0.6 1.3 1.5
Dyschirius globosus (Herbst, 1784) 2.0 0.0 1.0 1.2
Clivina fossor (Linné, 1758) 1.8 0.0 1.0 1.2
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itats and species should have been able to migrate very 
freely. There were no differences with respect to habitat 
conditions, such as heavy metal concentrations or pH 
(Figure 2). The reference forest was formed as a result of 
spontaneous secondary succession, while the slag heap 
forest was planned de novo on newly established ground. 
Communities of slag heap forest differ from those of the 
reference sites despite 20 years of rehabilitation. NMDS 
analysis confirmed by PERMANOVA revealed differ-
ences in carabid species composition on the degraded slag 
heap with respect to the reference plots, but showed no 
significant differences between the early-successional 
meadow of the slag heap and its forested sides (Figure 3), 
which underwent restoration about 20 years ago. Affor-
estation should disrupt the characteristic ground beetle 
communities of these open-character habitats (38). A 
drastic change in ground beetle communities in concert 
with canopy closure 20–30 years after clear-cutting was 
observed by Koivula et al (39). Clear differences in both 
species list and assemblage composition between young, 
open succession stages and older stages with taller trees 
and closed canopy have been observed (40). A long-time 

effect on regeneration of ground beetle assemblages has 
been observed in several studies of forest regeneration af-
ter clear-cutting (41). These results showed that the resto-
ration process is very slow, even if the adjacent area is a 
source of colonizers allowing rapid and successful recrea-
tion of ground beetle forest assemblages.

In each of the systems studied it was possible to distin-
guish species that react positively or negatively to a par-
ticular type of habitat (Table 3). In the slag heap area there 
were species whose abundance was much higher than in 
the reference areas, belonging to the genus Harpalus. This 
was true of both open and reforested areas. A character-
istic trait of species of this genus is their high degree of 
dietary flexibility and their ability to feed on plant mate-
rial. The occurrence of these species on the slag heap is 
indicative of a specific type of response of carabid assem-
blages to environmental disturbances. Species properties 
such as food requirements respond to environmental 
changes (42). High abundance of Harpalus species and a 
reduction in the mean abundance of Carabus and Pteros-
tichus predators indicate a decrease in food capacity in the 
environment of the slag heap. The main food source for 

Table 4. GLM (Wald statistics) for changes in life-history trait distribution in relation to slag heap presence and habitat type (forest – meadow) 
(*p<0.05, **p<0.001, ***p<0.0001)

Life-history traits Slag heap Habitat type Slag heap * Habitat type

Body size
Large 71.36*** 2.18 8.93*

Medium 1.64 271.57*** 11.38**
Small 30.37*** 8.57* 4.39*

Feeding strategy
Predators 387.25*** 13.36** 4.37*

Herbivores 131.91*** 75.18*** 7.43**

Breeding type
Autumn 22.47*** 3.78 7.43*

Spring 30.42*** 308.04*** 10.40*

Wing development
Brachypterous 48.27*** 3.68 12.26**

Macropterous 4.38* 294.70*** 9.06*

Habitat
Forest 163.51*** 9.37** 0.26

Open 42.73*** 413.24*** 40.49***

Figure 4. Average abundance of ground beetle body-size classes in two habitat types – forest (square) and meadow (circle) of slag heap and refer-
ence sites. Different letters indicate significant differences between treatments. Multiple comparisons of means were performed using the Bonfer-
roni test at 0.05 significance.
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these predators is earthworms and springtails (43). Abun-
dance and total biomass of earthworms significantly de-
crease in post-industrial areas without reclamation of the 
soil (44, 45). Therefore the dominance of herbivorous 
ground beetles is a consequence of food limitation in soil 
fauna (earthworms and springtails as detritivores) and 
thus the absence of fundamental processes associated with 
decomposition and the proper functioning of ecosystems 
(2).

The poor conditions in the slag heap forest are con-
firmed by carabid life-history trait distribution. Elements 
of life history are strongly dependent on the environment. 
Habitat is a fundamental selective factor for species with 
defined life-history traits (10, 46 ). The slag heap assem-
blages consisted mainly of species having broad ecological 
requirements. The most notable feature of the distribution 
of carabid life-history traits on the slag heap is the reduc-
tion in abundances of such groups as large and small 
predators having an autumn breeding type of reproduc-
tion, with limited dispersal abilities and preferring forests. 
In all of these groups abundance was significantly lower 
in slag heap habitats than on reference sites (Figures 4-7). 

Surprisingly, rehabilitation procedures in slag heap areas 
had no significant effect in any of these groups.

Many authors link body-size distribution of beetles 
with the intensity of the disturbance (10, 21, 36, 47). 
Large carnivores are more sensitive to disturbance then 
smaller ones. This is confirmed by the fact that abundance 
of large carnivores was higher in reference assemblages 
than in slag heap assemblages (Figure 4). However, the 
distribution of large beetles between the rehabilitated for-
est on the slag heap and the unrehabilitated early-succes-
sional meadow does not confirm this hypothesis.

We should then expect many more large carabids in 
the slag heap forest than in the reference meadow, but this 
was not confirmed, indicating the presence of similar un-
favourable conditions at the rehabilitated and unreha-
bilitated sites. We should also expect many more small-
sized beetles in the slag heap areas than in reference sites. 
However, the body-size hypothesis should not be applied 
more generally to food availability. In the case of slag as-
semblages, small-bodied species are predators and rely on 
distribution of food resources. The abundance of preda-

Figure 5. Average abundance of ground beetles with different food preferences recorded in slag heap and reference sites of two habitat types: for-
est (square) and meadow (circle). Different letters indicate significant differences between treatments. Multiple comparisons of means were 
performed using the Bonferroni test at 0.05 significance.

Figure 6. Average abundance of ground beetles with different breeding types recorded in slag heap and reference sites two habitat types: Forest 
(square) and meadow (circle). Different letters indicate significant differences between treatments. Multiple comparisons of means were performed 
using the Bonferroni test at 0.05 significance.
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tors was significantly lower on slag heap areas (Figure 5). 
On the slag heap where the soil was not rehabilitated, 
large and small-sized species were eliminated, which 
might be explained by prey limitation (mainly earth-
worms) in both slag heap habitat types.

Dispersal power is another life-history trait which, like 
feeding strategy and body size, is dependent on the inten-
sity of disturbances. Abundance of macropterous ground 
beetles usually increases along a gradient of habitat distur-
bance intensity (31, 36). New colonizers are mostly winged, 
which allows them to colonize new habitats very rapidly 
after environmental conditions have stabilized (19). The 
abundance of carabids with low dispersal power (brach-
ypterous) significantly decreases on slag heap forest and 
meadows (Figure 7). If the slag forest is more stable than 
the meadow on the top of the slag heap, we should have 
significantly more brachypteres on rehabilitated sites. Their 
very low abundance in the slag heap forest may indicate 
inadequate resources crucial for carabid development, due 
in part to unsuccessful rehabilitation procedures. Our 
study than indicates that land rehabilitation procedures 

involving only tree plantation are incapable of restoring 
ecosystems functioning. In the case of the slag heap forest 
the substrate was not rehabilitated with respect to soil or-
ganisms. The process of recolonization by soil organisms is 
extremely slow and does not change even after 100 years 
of regeneration (33). Hence the main consequence of reha-
bilitation do not allow a rapid enrichment of the soil fauna, 
which is the source of food for carabid beetles.

Severely degraded post-industrial areas cause severe 
disturbances not only at the level of the landscape but also 
in the functioning of entire ecosystems (44, 48), causing 
irreversible changes (7). A variety of land rehabilitation 
techniques are used to restore the natural biological di-
versity of these areas (9, 33, 44) and their effects depend 
on numerous factors, including the degree of degradation 
of the land, the water regime, and soil properties (3). 
Without restoration of the soil, ecosystems cannot func-
tion properly (13, 33). The importance of soil properties 
has been underscored in numerous studies as a factor 
shaping the diversity of ground-dwelling fauna (including 
carabids), as well as the rate of succession (18, 29, 33). Of 

Figure 7. Average abundance of ground beetle habitat specialists recorded in slag heap and reference sites of two habitat types: forest (square) and 
meadow (circle). Different letters indicate significant differences between treatments. Multiple comparisons of means were performed using the 
Bonferroni test at 0.05 significance.

Figure 8. Average abundance of ground beetles of different dispersal abilities recorded in slag heap and reference sites of two habitat types: forest 
(square) and meadow (circle). Different letters indicate significant differences between treatments. Multiple comparisons of means were performed 
using Bonferroni test at 0.05 significance.
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particular importance for carabids is the surface layer of 
the soil, rich in litter (32) and organic matter (8), where 
fluctuations in temperature are smaller, moisture and de-
velopmental conditions are better, and food is more avail-
able (47). Elimination or disturbance of this important 
habitat element leads to the disappearance and replace-
ment of many species of ground-dwelling specialists by 
generalists (22). Future studies should be performed to 
investigate the role of different soil elements and soil re-
habilitation in ecosystem rehabilitation of slag heaps.
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