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Abstract:  Observations on spoil heaps of brown coal mining region Sokolov (Czech Republic) showed, that 
progress in plant succession is highly affected by changes in soil profile. Important is mainly formation of 
humus layer formed by earthworms’ activity.  
We have further test effect of earthworms (Aporrectodea caliginosa, Lumbricus rubellus) on late successional 
species in two field and two laboratory manipulative experiments. Generally we observed higher productivity 
of plants in presence of earthworms in laboratory experiments. It was caused mostly by higher nutrient 
availability. In field experiments the response of individual species was more variable.  
In revegetation of heavily disturbed areas mainly abiotic condition are considered. We have shown that biotic 
conditions could be also very important, especially when more natural approaches like spontaneous or 
directed succession are used. 
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Introduction 

Surface brown coal mining cause large destruction of landscape. Total area which will 
be affected by mining in Sokolov region (NW of the Czech Republic) is estimated to be 
90000 ha. And it is not only extensive but also very intensive destruction. Original 
ecosystems are excavated or overlayed by thick layer (tens of meters) of spoil substrate.  
Prewious observations on spontaneously revegetated sites (from 1 to 41 years old) 
found that progress in plant succession is affected by changes in soil profile. Important 
is mainly formation of humus layer. Which is created mostly by earthworm activity. In 
presence of humus layer (on sites 24 years old and older) decrease cover of early 
succession ruderal species and increase cover of late successional non ruderal species 
(Frouz et al. 2008). 
We have further tested in two field and two laboratory manipulative experiments 
hypothesis that earthworms can enhance growth of late successional plant species.  
 
 
 
 
 
 
 
 

Figure 1. From left to the right: site 5 years old, site 23 years old where colonisation of earthworms just 
started, site 46 years old colonised by earthworms for a long time. (Ondrej Mudrak) 
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Materials and methods 

Study sites are situated in Sokolov brown coal mining area (North West of the Czech 
Republic). Substrate excavated by mining is alkaline tertiary clay. The major 
earthworms colonisators are Lumricus rubellus and Aporrectodea caliginosa both are 
used in experiments. For more detailed site description see Frouz et al. (2008). 
Experiments we carried out in microcosms preventing migration of earthworms. It was 
consisted of container, which was provided with fine mesh (0.5mm) on the top and on 
the holes made in bottom. In field experiments container had content of 12l in 
laboratory experiment it have content of 0.75l in experiment 1 and 1l in experiment 2. 
In field experiment 1 we tested effect of earthworms on grass Festuca rubra and 
legume Trifolium repens. However more plants colonised microcosms from surrounding 
vegetation. Therefore we sorted them into a grasses and legumes and others. 
Experiment was conducted from September 2005 to September 2006. 
In Field experiment 2 we tested effect of earthworms on three plants species replanted 
from surrounding vegetation (Calamagrostis epigejos, Hieracium pillosela and 
Fragaria vesca). Experiment was established in year 2006 and is still running. Thus we 
only estimated the cover of individual species by point-quadrate method. 
In laboratory experiment 1 we tested effect of earthworms on 6 late successional plant 
species (Arrhenatherum elatius, Centaurea jacea, Lotus corniculatus, Plantago 
lanceolata and Trifolium medium) and how it differ in addition of plant litter of different 
quality (litter is food for earthworms). We used litter of Calamagrostis epigejos (grass 
present in all succession stages with litter poor on nutrients), willow Salix caprea (their 
litter dominate on sites freshly colonized by earthworms) and alder Alnus glutinosa (tree 
comonly planted on spoil heap, which is known to produce litter rich on nutrients). 
In laboratory experiment 2 we carefully took monolihts of the substrate from sites 17, 
23, 46 years old and putted into the microcosms. Moreover we improved the substrate 
from youngest site by addition of earthworms We sow seeds of the same species as in 
laboratory experiment 1. 
We analysed data by t-test and by various models of Analysys of Variance (ANOVA). 
For post hoc comparisons we used Fisher LSD test (StatSoft). Multivariate data we 
analysed by Redundancy Analysis (RDA) using programme Canoco 4.5 (Ter Braak & 
Šmilauer 2002). 
 
 
Results and discussion 

In all of our experiments we observed rather higher above ground biomass (or cover) of 
plants in presence of earthworms. Simillar pattern we obseved in the case of bellow 
ground biomass (figure 2,3,4,5). It indicate that in spontaneous succession on raw 
substrate earthworms can really enhance plant growth. However not for all species and 
it is dependent on plant litter quality present on site. 
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Figure 2. In field experiment 1 significantly higher biomass of grasses, namely Festuca rubra, was found in 
treatment with worms in comparison with no worm treatment (p<0.5, t-test). Other groups do not differ. 
Higher biomass of grasses resulted also in higher overall biomass but differences between worm and no 
worm treatment were only marginally significant (p=0.090, t-test). Shown are averages with standart 
deviation. 
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Figure 3. Cover of plant species in field experiment 2 was changed by the earthworms (p= 0.049, RDA). 
Presence of earthworms favor Hieracium pilosella (p= 0.026, ANOVA). Calamagrostis epigejos and 
Fragaria vesca had rather lower cover in presence of earthworms but not significantly (p= 0.17– C. epigejos; 
p= 0.264  – F. vesca, ANOVA). 
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Figure 4. In laboratory experiment 1 total above ground biomass of plants (left part)  was higher in presence 
of earthworms, but the length of their presence was not important (p= 0.006, ANOVA). Fisher LSD test found 
different only no earthworm treatment. Difference was also among the litter types (p= 0.009 ANOVA). 
Interaction of earthworms and litter treatments was not significant (p= 0.30, ANOVA). Total bellow ground 
biomass (right part) differ only among litter types (p= 0.004, ANOVA) not among earthworms treatments 
(p= 0.24, ANOVA). Interaction was not significant (p= 0.66, ANOVA). For both above ground and bellow 
ground we observed highest biomass in microcosms with litter of Salix caprea (in both cases the only litter 
treatment found by Fisher LSD test as different). Shown are averages with standart deviation. 



Towards a sustainable future for European ecosystems – Providing restoration guidelines for 
Natura 2000 habitats and species 

 4 

 

0

0.2

0.4

0.6

0.8

1

1.2

17E 17 23 46

pl
an

t b
io

m
as

s 
g/

po
t

aboveground belowgroud

ab

ab
ab

ab

a
a

b b

 
Figure 5. Total above ground as well as bellow ground biomass followed the age of the substrate. The lowest 
amount of biomass was in the youngest substrate and the highest in the oldest. However earthworms improved 
conditions for plants in the youngest substrate so its biomass was comparable with the oldest substrate 
(F= 2.64, p= 0.064 – above ground; F= 3.41; p= 0.028 – bellow ground, ANOVA). Shown are averages with 
standart deviation. 

Conclusions  

Our experiments confirmed the results of field observations that earthworm benefit 
nonruderal late succession species. Promoting earthworm colonisation can thus enhance 
plant succession on raw substrates. Such biomanipulation can be usefull when more 
natural aproaches like directed succession are used for revegetation of heavily disturbed 
areas. 
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