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Abstract. Nematodes in field microcosms filled with soil cores taken from a coal post-mining dump and stocked
with the earthworm Lumbricus rubellus Hoffmeister, 1843 were investigated. The microcosms were buried in a 
dump in October 2007, extracted in February 2008 in order to replace the earthworms, than buried again and the 
experiment concluded in May 2008 when the nematode fauna was analysed. The treatments were: no earthworms 
present during the entire experiment (L– –), earthworms absent in the first period of the experiment and present in
the second period (L–+), earthworms present in the first period of the experiment and absent in the second period
(L+–) and earthworms present throughout the whole experiment (L++). Diversity of nematode assemblages (species, 
genera, H’gen) was significantly lower in the L++ treatment compared to the L–+ treatment. Maturity of nematode
assemblages (∑MI) and the total nematode abundance was not significantly different between treatments, but there
were some significant differences in the abundance of the orders Araeolaimida and Aphelenchida. Cluster analyses
of genera showed no consistent grouping of microcosms according to treatments. Generally, presence of earthworms 
in the microcosms had little effect on the taxonomic composition of nematode assemblages.
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INTRODUCTION

Industrial activities disturb large areas and result in a serious loss of fertile soils. Open-cast coal 
mining extracts coal and leaves plains of bare spoil, which is re-colonised by a natural succession 
of organisms, which restore the soil profile (Frouz et al. 2008). This natural process is however
variable in space and time and as a result active measures are undertaken to speed up soil resto-
ration, such as mixing spoil with soil, planting various species of plants and introducing animals 
that have an important role in soil formation. 

Earthworms (Lumbricidae) (Lee 1985) and nematodes (Bongers & Bongers 1998) significantly
influence soil processes. Earthworms are larger than nematodes and are found in various situations
and depress, stimulate or have variable effects on nematode populations (Yeates 1981, Senapati 
1992, Ilieva-Makulec & Makulec 2002). A field microcosm experiment was established to inves-
tigate whether earthworms in spoil have a positive effect on transforming spoil into soil and how 
they interact with other soil-inhabiting biota. This paper deals with the effect of earthworms on 
nematode assemblages in microcosms. 
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MATERIAL AND METHODS

This experiment was carried out in the Sokolov coal mining district (12° 39’ E, 50° 11’ N), Western Bohemia, on the “Velká 
podkrušnohorská” coal post-mining dump established in 1984. This part of the dump was left to natural succession and 
is covered mainly with a shrubbery consisting of Salix caprea and the occassional Betula pendula. Details of this study 
area are given in Frouz et al. (2008).

Nematodes in field microcosms each either stocked with two Lumbricus rubellus Hoffmeister, 1843 earthworms 
or without earthworms depending on the period of experiment were investigated. The microcosms were plastic mesh 
(0.5×0.5 mm) cylinders 30 cm high and 6 cm in diameter filled with soil cores (15 cm high and 6 cm in diameter) taken
from the site where the experiment was conducted. Cores consisted of litter and fermentation layers about 6–7 cm deep 
and the mineral clay spoil underneath. The microcosms were buried in the dump in October 2007, extracted in February 
2008 to replace the earthworms, then buried again and the experiment concluded in May 2008 when the nematode fauna 
was analysed. The period from October 2007 to February 2008 is called hereafter the “first period” and from February
2008 to May 2008 the “second period”. The treatments were: no earthworms (L– –) during the entire experiment, no 
earthworms in the first period but present in the second period of the experiment (L–+), earthworms present in the first
period but absent in the second period of the experiment (L+–) and earthworms present throughout the entire experiment 
(L++). There were five replicates of each treatment.

The nematodes were isolated from 20 g of mixed spoil from each of the 20 microcosms by means of modified Baermann
funnels, exposed for 24 hours to 25 °C. Animals were killed and preserved in 3.5% solution of formaldehyde. Then they 
were transferred by the ethanol-glycerol procedure into glycerol and mounted on slides in glycerol. The total number of 
nematodes studied was 1,862.

Because of the heterogeneity of the variances even after logarithmically transforming the population densities Krus-
kal-Wallis ANOVA was used to test differences in the abundance of nematode orders and nematode assemblage indices. 
Statistical analyses were performed using STATISTICA (StatSoft 2001). The number of species, number of genera and 
Shannon index (H’gen) based on natural logarithm and nematode genera were used as indices of nematode diversity. 
∑MI according to Yeates (1994) with c-p values according to Bongers & Bongers (1998) was used as a measure of the 
maturity of the nematode assemblages.

Fig 1. Cluster analysis of nematode genera based on abundance data.
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Table 1. Mean abundance of nematode taxa (ind.g–1 spoil dried at 105 °C) and their percentage in field microcosms without
and with earthworms in the different treatments

 L – – L – – L – + L – + L + + L + +  L + – L + –
   %  %  %  %

MONHYSTERIDA 0.299 4.76 0.370 4.60 0.638 5.68 0.210 3.00
Eumonhystera Andrássy, 1981 0.249 3.96 0.307 3.81 0.456 4.06 0.126 1.80
Monhystrella Cobb, 1918 0.050 0.80 0.047 0.59 0.182 1.62 0.084 1.20
Geomonhystera Andrássy, 1981   0.016 0.19    

CHROMADORIDA 0.000 0.00 0.020 0.25 0.000 0.00 0.000 0.00
Prodesmodora Micoletzky, 1923   0.020 0.25    

ARAEOLAIMIDA 0.530 8.42 2.349 29.20 0.225 2.00 0.785 11.24
Plectus Bastian, 1865 0.311 4.94 0.815 10.14 0.146 1.30 0.461 6.60
Ereptonema Anderson, 1966 0.129 2.05 0.941 11.70 0.079 0.70 0.201 2.88
Ceratoplectus Andrássy, 1984 0.059 0.93 0.301 3.74   0.101 1.44
Tylocephalus Crossman, 1933 0.031 0.50 0.233 2.89    
Odontolaimus de Man, 1880   0.059 0.73   0.022 0.32

RHABDITIDA 1.741 27.69 0.602 7.48 6.169 54.96 1.593 22.81
Rhabditidae juvs. (2 spp.) 1.509 23.99 0.227 2.82 6.023 53.66 1.464 20.96
Acrobeloides Cobb, 1924 0.185 2.93 0.216 2.68 0.129 1.15 0.089 1.27
Protorhabditis Osche, 1952   0.101 1.25    
Mesorhabditis Osche, 1952   0.043 0.53    
Deficephalobus De Ley et Coomans, 1990     0.017 0.15 0.018 0.26
Teratocephalus de Man, 1876 0.032 0.51      
Acrolobus Boström, 1986       0.022 0.32
Cervidellus Thorne, 1937 0.016 0.25      
Panagrolaimus Fuchs, 1930   0.016 0.19    

APHELENCHIDA 0.277 4.40 1.597 19.85 0.555 4.94 0.288 4.13
Aphelenchoides Fischer, 1894 0.261 4.15 1.378 17.13 0.555 4.94 0.268 3.84
Aphelenchus Bastian, 1865 0.016 0.25 0.219 2.72   0.020 0.29

TYLENCHIDA 0.356 5.66 0.472 5.86 0.226 2.01 0.078 1.12
Ditylenchus Filipjev, 1936 0.325 5.17 0.391 4.86 0.226 2.01 0.078 1.12
Deladenus Thorne, 1941 0.016 0.25 0.064 0.80    
Pratylenchus Filipjev, 1936 0.015 0.24 0.016 0.20    

ENOPLIDA 0.310 4.93 0.368 4.57 0.132 1.18 0.298 4.27
Prismatolaimus de Man, 1880 0.016 0.26 0.194 2.42   0.080 1.14

ALAIMIDA        
Alaimus de Man, 1880 0.294 4.67 0.173 2.15 0.132 1.18 0.219 3.13

MONONCHIDA 1.807 28.73 0.676 8.40 1.674 14.91 2.120 30.36
Mylonchulus Cobb, 1916 1.685 26.79 0.660 8.20 1.503 13.39 2.046 29.29
Prionchulus Cobb, 1916 0.122 1.94 0.016 0.20 0.170 1.52 0.075 1.07

DORYLAIMIDA 0.969 15.41 1.591 19.78 1.606 14.31 1.612 23.08
Eudorylaimus Andrássy, 1959 0.403 6.40 0.455 5.65 0.775 6.90 0.999 14.31
Longidorella Thorne, 1939 0.157 2.49 0.630 7.84 0.488 4.35 0.338 4.84
Aporcelaimellus Heyns, 1965 0.347 5.51 0.433 5.38 0.312 2.78 0.275 3.93
Mesodorylaimus Andrássy, 1959 0.031 0.50 0.037 0.46 0.016 0.14  
Allodorylaimus Andrássy, 1986 0.032 0.51 0.016 0.19 0.016 0.14  
Ecumenicus Thorne, 1974   0.020 0.25    

sum 6.289 100.00 8.043 100.00 11.224 100.00 6.985 100.00
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RESULTS

Most nematodes belonged to the orders Rhabditida (31%, bacterivores), followed by Mononchida 
(19%, predators), Dorylaimida (18%, mostly omnivores) and Araeolaimida (12%, bacterivores) 
(Table 1). Kruskal-Wallis ANOVA of the effect of the treatments H (3, N=20) revealed significant
differences in population densities of Araeolaimida (H=12.406, p=0.006), Aphelenchida (H=7.801, 
p=0.050) and marginal differences in the population densities of Tylenchida (H=7.397, p=0.060). 
Other more abundant orders, and the total nematode densities, were not significantly different.

Cluster analysis of nematode abundance (Fig. 1) revealed that the two microcosms in which 
earthworms were present throughout the experiment differed from the others. In the two up-
per sub-clusters all kinds of treatments were present, except L–+. Cluster analysis on ln(x+1) 
transformed nematode abundance (Fig. 2) added one microcosm with no earthworms and one 
microcosm with earthworms present in the first period of experiment to those with a continuous
presence of earthworms. This group included microcosms with the greatest population densities 
of Rhabditidae dauer larvae. Two main clusters contain results for microcosms of all the different 
treatments, except L–+, which are only in the upper cluster.

Diversity indices (Table 2) suggest a decrease in nematode diversity in microcosms in which 
earthworm were present throughout the whole experiment (L++) compared to those where ear-
thworms were added at the beginning of the second period (L–+). The maturity of the nematode 
assemblages in the different treatments did not differ significantly.

Fig 2. Cluster analysis of nematode genera based on ln (x + 1) transformed abundance data.
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DISCUSSION

Except for the decrease in nematode diversity in the L++ treatment, the results accord with those 
of Yeates’ (1981) and indicate that earthworms had little effect on the taxonomic composition of 
nematode assemblages. When present throughout the experiment the earthworms “out-competed” 
some microbivores, namely bacterivorous Araeolaimida (Table 1). On the other hand, the greatest 
population densities of Rhabditidae juveniles were recorded in microcosms of the L++ treatment. 
These nematodes were very rare at the locality where the microcosms were placed (data not 
shown). This may indicate that the permanent presence of earthworms stimulated bacteria with 
fast population turnover, which Rhabditidae feed on (Bongers & Bongers 1998). Nevertheless, 
although the passage of soil through the gut of earthworms can result in a reduction in nematode 
numbers (Monroy et al. 2008), Rhabditidae that have a short generation time have a greater chance 
to rebuild their populations than the Plectidae that have a longer generation time. Total population 
densities of nematodes were relatively low and rare species possibly absent in the spoil available 
for this study but present in greater numbers in the spoil used in other analyses.

Decline in the population densities of predators (Mononchida) and omnivores (Dorylaimida, 
other than the plant-feeding Longidorella recorded in the present study) is an indication that the 
environment of the nematodes was disturbed (Wasilewska 1997). Because the earthworms had no 
significant effect on those K-strategy nematodes with long generation times the variations in the
taxonomic composition of nematode assemblages in individual microcosms were more a respon-
se to the sum of the various local factors than to the presence of earthworms. It is also possible 
that the relatively young soil, developing from clay spoil material, used in the microcosms, was 
not suitable for Lumbricus rubellus. Greater populations of earthworms are recorded in natural 
successions at post-mining sites older than 23 years whereas at sites with earlier successional 
stages the soil micro- and mesofauna developes relatively independently of the macrofauna (Háněl 
2007, Frouz et al. 2008).
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Table 2. Indices of nematode assemblages in microcosms stocked with earthworms in the different treaments. Results 
of Kruskal-Wallis ANOVA of treatments H (3, N=20) and post-hoc multiple comparisons of mean ranks of all pairs of 
groups (groups with a different letter are significantly different at p<0.05) given in the table

 H p L – –  L – +  L + +  L + –

total number of genera per whole treatment    24 29 17 20
(100 g wet spoil) 
mean number of genera per microcosm within treatment  9.764 0.021 13.2ab 17.0a 11.6b 11.8ab

(20 g wet spoil) 
total number of species per whole treatment    32 37 25 28
(100 g wet spoil) 
mean number of species per microcosm within treatment  8.694 0.034 16.4ab 20.2a 14.0b 14.8ab

(20 g wet spoil) 
H’gen (mean per microcosm) 10.029 0.018 2.01ab 2.41a 1.64b 1.91ab

∑MI (mean per microcosm) 2.577 0.462 2.96a 2.71a 2.47a 3.05a
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