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Abstract. Epigeic arthropod communities, in particular Collembola, in spruce forest stands (REF) and heavily 
damaged stands from which fallen trees (EXT) were extracted, were studied one year after a severe wind storm 
that occurred in the High Tatra Mts. (Slovakia) in November 2004. Both REF and EXT stands were similar in 
terms of altitude, slope, exposure, soil and vegetation. Pitfall traps were set in three replicated plots within the 
REF and EXT stands, with a line of six traps set in each plot from July to October 2005. The dramatic changes 
in microclimate that occurred in the cleared plots (EXT) resulted in pronounced alterations in arthropod activity 
and community structure of Collembola. Mean activity of epigeic arthropods differed markedly between REF 
and EXT, being six times higher in cleared plots (EXT 2136±1107 ind./trap) compared to the intact stands (REF 
332±63 ind./trap). Number of arthropod groups caught was similar, 19–20 in the REF and 19–23 in the EXT 
plots. Shannon (H’) and Pielou (J’) diversity indices of the EXT plots (H’ 0.40–1.11; J’ 0.13–0.38) were lower 
than those of the REF plots (H’ 1.55–1.70; J’ 0.52–0.57), reflecting the dominance of Collembola in the arthropod
community (EXT 78.55%; REF 36.39%). Collembola were strikingly more active in cleared forest stands (EXT 
1 669±1 109 ind./trap) than the reference plots (REF 121±30 ind./trap). Species richness was similar in REF and 
EXT plots, 22–26 and 20–29, respectively. Shannon diversity and Pielou evenness were clearly higher in REF 
(H’ 2.10–2.34; J’ 0.64–0.76) than EXT plots (H’ 0.76–1.68; J’ 0.26–0.50). An abundance of eurytopic species 
(Orchesella flavescens (Bourlet, 1839), Lepidocyrtus lignorum (Fabricius, 1775)) and species characteristic of 
open habitats (Sminthurinus elegans (Fitch, 1863)) and mass occurrence of Hypogastrura socialis (Uzel, 1891) 
were responsible for the high activity and low diversity indices in EXT stands. In contrast, Desoria divergens 
(Axelson, 1900), D. hiemalis (Schött, 1893), Entomobrya nivalis (Linnaeus, 1758), Morulina verrucosa (Börner, 
1903), Orchesella triangulimaculata Stach, 1960 and Dicyrtomina signata Stach, 1957 clearly preferred intact 
forest stands. The differences between both managed stands (REF vs. EXT plots) were well documented by the 
cluster and ordination multivariate methods.

Key words. Soil zoology, ecology, arthropod communities, Collembola, Arthropoda, windthrow disaster, spruce 
forests, High Tatras, Slovakia.

INTRODUCTION

In November 2004 a severe storm destroyed 12, 000 hectares of spruce forest on the south-east 
slopes of the High Tatra National Park (Jankovič et al. 2007). Windthrow is a natural driving force 
in the dynamics of forest ecosystems causing a sudden change in a habitat by affecting structures, 
resources and microclimate (Wermelinger et al. 2003). It is one of the major agents generating 
a mosaic of heterogeneous habitats (Hirao et al. 2007). Most of the wind blown timber in the Tatra 
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National Park was harvested. Only a small area (about 1.55%) of the damaged forest was left to 
natural succession with its attendant increased risk of fire and outbreaks of bark beetles.

Wermelinger et al. (2003) reported the effect windthrows, caused by the storm Vivian in the 
Eastern Swiss Alps, had on the biodiversity of arthropod communities in cleared uncleared areas 
and intact forest. Rusek & Brůhová (2007) recorded the effect of a bark beetle outbreak and 
subsequent forest management on the activity of epigeic communities of Collembola in climax 
spruce forest in the Šumava National Park (Czech Republic). The effect of windthrow in spruce 
forests in the High Tatra Mts. on soil microarthropods was also investigated by Čuchta et al. 
(2009) in three differently managed parts of the forest, i.e. damaged stands from which the fallen 
trees were extracted, unmanaged windthrow forest stands left to natural succession and intact 
forest stands. 

In this study the effect of the storm on the activity of individual arthropod communities in re-
ference (intact) spruce forest stands and heavily damaged stands from which the fallen trees were 
extracted was compared one year after the storm in the High Tatra National Park in November 
2004. In heavily damaged stands from which the fallen trees were extracted extreme microclimatic 
conditions at the soil surface of these open habitats was expected. Soil surface and herbaceous 
plant cover is exposed to the sun, which results in greater fluctuations in soil temperature and
humidity and increases the probability of the upper soil layers dessicating. It is hypothesized that 
in these plots typical hygrophilous and forest species will disappear and be replaced by xerore-
sistant species or species preferring open habitats.

The aim of this contribution was to study the effect of the changes that occur in the initial stage 
of secondary succession on communities of epigeic arthropods with special reference to Collem-
bola. Particular attention was given to determining and comparing the structure and diversity of 
collembolan communities in spruce forest stands damaged by a severe wind from which the fallen 
trees were extracted and that in intact stands.

MATERIALS AND METHODS

Epigeic arthropods were studied in intact (reference) forest stands (REF) and damaged plots from which the fallen trees 
were clear-cut and harvested (EXT) in 2005, i.e. one year after the wind storm in the High Tatra Mts. The stands differed 
in their management (REF, EXT) but were situated at similar altitudes (1066–1268 m a. s. l.), on similar slopes (10–20%), 
which had similar exposures (S–SE), vegetation (Lariceto-Piceetum) and soil types (FAO dystric cambisol). Pitfall traps 
were set in three plots in both REF and EXT stands, the distance between plots being around 100 m. In each plot a 25 m 
long line consisting of six traps were exposed for 3 months during the summer and early autumn (19 July to 20 October 
2005). The distance between traps in a line was 5 m. Pitfall traps filled with a water solution of 4% formaldehyde were
used to study the activity of epigeic Arthropoda. The content of pitfall traps was transferred to 75% ethyl-alcohol for 
storage. Soil temperature was measured using a termohygrometer Commeter C3120 (19 July 2005) and Commeter D 3631 
(20 October 2005). Soil moisture was determined using the gravimetric method. The following soil-chemical parameters 
were analysed: pHH20 – soil acidity, Cox – carbon content, Ptot – total phosphorus content.

To characterize the arthropod communities at the plots studied the following community parameters were calculated: 
activity, dominance, Shannon index of diversity (H’) and Pielou index of evenness (J’). For the cluster analysis the PC-
ORD system package (McCune 1987) was performed using relative Euclidean distance and Ward’s method to determine 
the quantitative similarity of the communities at the particular sites; group average algorithm was used to assess qualita-
tive similarity of the communities in the plots. For the ordination analyses CANOCO version 4.5 (Ter Braak & Šmilauer 
2002) was used and for data processing Principal Component Analysis (PCA). The input data were not logarithmically 
transformed prior to the analyses. 

RESULTS

Soil of cleared spruce forest stands was warmer and dryer than that in intact forest stands due to 
higher exposure of the soil surface to solar radiation and wind, as a result of the absence of a tree 
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canopy. In EXT plots higher values of soil acidity were recorded than in REF plots. In contrast, 
carbon and total phosphorus content was lower in EXT than REF stands (Table 1). 

A total of 43,525 individuals of arthropods belonging to 24 systematic groups (taxa) were 
caught during this investigation (Table 2). Mean activity of epigeic arthropods differed between 
REF and EXT, being six times higher in the cleared plots (EXT 2136±1107 ind./trap) than in 
intact stands (REF 332±63 ind./trap). Number of arthropod groups detected was similar, 19–20 
in REF and 19–23 in EXT plots. Diversity indices (Shannon, Pielou) in EXT plots (H’ 0.40–1.11; 
J’ 0.13–0.38) were lower than in REF plots (H’ 1.55–1.70; J’ 0.52–0.57), which reflects that the
arthropod community there was dominanted by Collembola (EXT 78.55%; REF 36.39%). Indi-
viduals belonging to the Coleoptera families Curculionidae, Carabidae and Staphylinidae were 
less active in the EXT plots. Opiliones were more active in REF stands, whereas Collembola, 
Araneae, Acari, Chilopoda and Diplopoda preferred EXT plots. According to the quantitative 
cluster analysis of arthropod communities the most similar were REF1 and REF3, and to a less 
extent REF2. Communities in EXT2 and EXT3 plots were distinctly different from that in the 
REF stands. The Arthropod community of EXT1 was the most different (Fig.1). The ordination 
diagram of the arthropod groups showed the great difference between REF and EXT plots. Cole-
optera and Opiliones were associated with REF plots, Staphylinidae with REF1, Coleoptera larvae 
and Carabidae with REF2 and Curculionidae and Opiliones with REF3, respectively. Diplopoda, 

Table 1. Microclimatic and soil-chemical parameters of intact (REF) and cleared (EXT) forest plots in the High Tatras 
in 2005. Abbreviations: T – average soil temperature, W – gravimetric soil moisture, pHH20 – soil acidity, Cox – carbon 
content, Ptot – total phosphorus content

 T  W pHH20  Cox  Ptot 
 [oC] [%]  [%] [mg.kg–2]

REF1 8.60 43.58 3.48 13.68 911
REF2 8.55 31.99 3.25 14.30 867
REF3 8.65 40.86 3.47 13.72 903

EXT1 11.95 42.36 3.93 6.36 578
EXT2 11.50 36.59 3.69 7.69 764
EXT3 11.75 38.18 3.98 6.60 759

Fig. 1. Quantitative cluster analysis (Euclidean distance, Group Average method) of arthropod communities in the study 
plots. For abbreviations of plots see Table 1.
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Acarina, Coleoptera of the family Scarabeidae, Collembola, Aphidinea, Chilopoda and Aranea 
were characteristic of the EXT plots (Fig. 2).

Drastic changes in the microclimate of the EXT plots resulted in pronounced alterations in 
activity and community structure of epigeic Collembola. A total of 31,672 individuals of Collem-
bola belonging to 43 species were recorded during this investigation (Table 3). Collembola were 
strikingly more active in cleared forest stands (EXT 1 669±1 109 ind./trap) than the reference plots 
(REF 121±30 ind./trap). Species richness was similar in REF and EXT plots, 22–26 and 20–29, 
respectively. Shannon diversity and Pielou evenness were clearly higher in REF (H’ 2.10–2.34; 
J’ 0.64–0.76) than EXT plots (H’ 0.76–1.68; J’ 0.26–0.50). Hypogastrura socialis (dominance 
D=50.60%), Orchesella flavescens (D=22.22%), Lepidocyrtus lignorum (D=15.63%), Sminthu-
rinus elegans (D = 5.34%), Pogonognathellus flavecsens (D=2.32%), Ceratophysella armata 
(D=1.07%) and Orchesella bifasciata, (D=0.91%) clearly preferred EXT plots. An abundance 
of eurytopic species (Orchesella flavescens, Lepidocyrtus lignorum) and species characteristic 
of open habitats (Sminthurinus elegans) and mass occurrence of Hypogastrura socialis were the 
main reason for the high activity and low diversity indices in EXT stands. In contrast, Allacma 
fusca was more active in REF than EXT plots, where it was almost absent because of the change 
in habitat conditions. Desoria divergens, D. hiemalis, Entomobrya nivalis, Morulina verrucosa, 
Orchesella triangulimaculata and Dicyrtomina signata were clearly associated with intact spruce 
forest stands. 

Fig. 2. Ordination diagram (CANOCO, PCA method) of arthropod communities at the study sites, eigenvalues of axes: 
1=0.560, 2=0.243. For plot abbreviations see Table 1, for group abbreviations see Table 2.
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Cluster analysis revealed a quantitative simila-
rity between the collembolan communities of REF 
plots, which are all in the same cluster. Plots EXT1 
and EXT2 were in the same cluster, but less similar. 
The community in EXT3 was different from the 
others (Fig. 3). The technique that used only species 
presence (qualitative analysis) revealed a clear 
difference between REF and EXT plots, which 
were separated into two distinct clusters (Fig. 4). 
The obvious difference in activity of Collembola 
in cleared forest stands and intact spruce forests 
was also supported by the ordination analysis (Fig. 
5). There was a higher carbon and phosphorous 
content in the soils of the REF plots (Table 1) and 
the species Orchesella triangulimaculata, Allac-
ma fusca and Tomocerus juveniles were specific
to these plots in the ordination diagram. In EXT 
stands the pH was slightly higher than in REF 
stands. A greater number of collembolan species 
were associated with high pH: Hypogastrura 
socialis, Pogonognathellus flavescens, Sminthu-
rinus elegans, Orchesella flavescens, O. bifasci-
ata and Lepidocyrtus lignorum. Species Xenylla 
brevicauda, X. schillei, Pseudachorutes laricis, 
Ceratophysella armata and Anurophorus laricis 
were associated with the EXT1 plot. There was 
no species characteristic of the EXT2 plot, which 
is located almost in the centre of the ordination 
diagram. Hypogastrura socialis, Tetrodontophora 
bielanensis and Pogonognathellus flavescens were 
typical species of the EXT3 plot. 

DISCUSSION

One year after the storm that damaged stands from 
which the fallen trees were extracted there was a 
greater level of activity of epigeic arthropods than 
in the reference forests. Similarly, Wermelinger 
et al. (2003) reported that a wind storm caused an 
increase in Arthropod activity in cleared plots in 
the Eastern Swiss Alps. High activity of arthropods 
in cleared forest stands in the present study was 
associated with the high reproductive activity of 
ubiquitous and xeroresistant species of Collem-
bola of the original community taking advantage 
of the change in microclimate at the soil surface, 
i.e. Lepidocyrtus lignorum, Orchesella flavescens 
and Sminthurinus elegans. In general there was no 



148

significant difference between the number of species of Collembola in REF and EXT stands in
spite of the marked differences in abundances in the two stands. 

Interestingly, Araneae, an arthropod group that is generally very sensitive to even small changes 
in their habitat, showed an increase in activity in EXT stands. Higher activity of Araneae in this 
study accords with the results of Wermelinger et al. (2003) who report similar results for cleared 
plots in the Eastern Swiss Alps. The spatial distribution of Araneae depends on the density of 
above-ground vegetation (Moore et al. 2001). Therefore, it is likely that fast immigration of spe-
cies of spiders from neighbouring open habitats resulted in the high activity recorded in cleared 
stands with sparse grass vegetation (Calamagrostis sp.), cushions of Vaccinium myrtilus and 
dried mosses in this study. Opiliones in general prefer moist and shady habitats (Wallwork 1976). 
The decrease in their activity and that of the Coleoptera families Curculionidae, Carabidae and 
Staphylinidae in EXT plots is in good agreement with a similar study of Rusek (2006) carried 
out in the Šumava National Park (Czech Republic). Čuchta et al. (2009) reported the effect of 
windthrow in the High Tatra Mts. and consequent forest management on the abundance of soil 

Fig. 3. Quantitative cluster analysis (Euclidean distance, Group Average method) of collembolan communities at the study 
plots. For plot abbreviations see Table 1.

Fig. 4. Qualitative cluster analysis (Sörensen index, Group Average method) of collembolan species at the study plots.
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microarthropods on the same plots as used in the present study plus plots with fallen wood left 
to natural succession. One year after the storm they record higher abundance means of micro-
arthropods in intact spruce forest stands than in damaged stands with fallen trees and clear cut 
stands. According to these authors the abundance of soil microarthropods was negatively affected 
by changes in the upper soil layers. However, the activity of epigeic arthropods is not influenced
by changes in soil-chemical parameters as is the case for edaphic forms. Activity of soil surface 
dwelling arthropods is more likely to be due to the marked change in micro-climatic conditions 
at the soil surface, which favours particular species of Collembola and Acarina.

In the present study the striking increase in the activity of epigeic Collembola in plots from 
which the fallen trees were removed differs from that recorded by Rusek & Brůhová (2007) in 
a similar study carried out in the Šumava National Park, Czech Republic. However, in the High 
Tatras the study was conducted immediately after the fallen trees were removed in 2005, which 
may explain the difference. The studies of Brůhová & Rusek (2005), Rusek & Brůhová (2007) 
and the current one indicate that among the epigeic Collembola Allacma fusca is the best indica-
tor of intact mountain spruce forests. Orchesella triangulimaculata clearly preferred REF stands 
and probably could also be considered as an indicator of intact forest. Stach (1960) classified it
(originally as Orchesella flavescens var. triangulimaculata) as a montane form occurring in the 
Western and Eastern Carpathian Mountains. Another characteristic montane species is Morulina 
verrucosa, which is a Carpathian endemic and glacial relict, decreased in activity in cleared 
forest stands. Slawski & Slawska (2000) consider Lepidocyrtus lignorum to be a eurytopic xe-
romesophilous species. As reported by Eckert & Palissa (1999) this species preferred and was 
very active in open habitats (EXT plots). Thus, Lepidocyrtus lignorum could be considered as an 
indicator of forest clearings. According to Stach (1959) Pogonognathellus flavescens is common 
in various habitats, whereas according to Eckert & Palissa (1999) it is a hygrophilous species 
occupying high humidity microhabitats in forest stands. However, in the current study the expo-
sure of the soil surface in cleared forest stands had a positive affect on its activity. It is likely that 

Fig. 5. Ordination diagram (CANOCO, RDA method) of Collembola species at the study sites, eigenvalues of axes: 
1=0.510, 2=0.189. For plot abbreviations see Table 1, for species abbreviations see Table 3.
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the occurrence of Pogonognathellus flavescens was independent of soil moisture and that this 
species is ecologically more plastic. Stach (1960) considers Orchesella flavescens to be a shade 
tolerant species with preference for moderately humid, damp habitats. However, in this study it 
had a marked preference for the extracted open (EXT) stands immediately after the fallen trees 
were removed in 2005. According to Frouz et al. (2001) the species that is dominant in initial 
stages of succession at post-mining sites is Parisotoma notabilis, however, in the current study 
only a few individuals of this species were caught only in EXT1. As reported by Ponge (1993) 
Sminthurinus elegans is a xerotolerant species characteristic of open habitats and was consid-
erably more active in open cleared forest stands than in intact forest. Ceratophysella armata 
preferred the open habitats of the EXT plots. According to Stach (1959) Orchesella bifasciata 
is a forest species with preference for dry habitats. It had a higher activity in EXT than in REF 
plots. Rather surprisingly a slight increase in the activity of Tetrodontophora bielanensis was 
recorded in EXT stands. This species is considered to be a sensitive forest species with narrow 
preference for cold and moist microhabitats in montane forests (Stach 1959, Rusek 1997). Very 
probably it will eventually be completely eliminated from the clear cut stands during the course 
of secondary succession. Xenylla schillei, Dicyrtoma fusca, Anurophorus cuspidatus, A. laricis, 
Ceratophysella denticulata, Neanura pseudoparva, Pseudachorutes laricis, Xenylla schillei and 
Lipothrix lubbocki were not recorded in intact forest stands and Desoria hiemalis, Tetracanthella 
fjellbergi, Dicyrtomina signata, Hymenaphorura dentifera and Orchesella viridilutea were not 
recorded in cleared forest stands.

It is concluded that the harvesting of timber affected drastically the composition of epigeic 
arthropod communities and resulted in a considerable increase in the activity of several groups, i.e. 
Collembola, Acari, Coleoptera of the family Scarabeidae and Aphidinea. In the case of Collembola 
the increase was due to the higher activity of xerotolerant species preferring open habitats. On 
the other hand, in EXT stands the activity of hygrophilous forest species decreased. Thus, these 
pronounced structural changes in collembolan communities were the direct consequence of ex-
treme conditions at the soil surface of the clear cut plots (exposure to direct sunlight, temperature 
fluctuations and desiccation). During the following years (2006–2007) pioneer species of grasses
(especially Calamagrostis villosa) and other herbaceous plants colonized the EXT stands and 
produced dense growths. It is likely that the community structure of epigeic Collembola in clear 
cut plots will change considerably in the future depending on the secondary succession of the 
vegetation and alterations in the microhabitats at the soil surface. It is predicted that in subsequent 
years formerly forested areas will develop into open meadows with initially patchy growths of 
spruce tree seedlings. 

Little attention has been paid to the potential consequences of natural disturbances and sub-
sequent harvesting for communities of the soil fauna and soil system in general. In practical 
forestry the role of natural disturbances (windthrow, fire and outbreaks of bark beetles) and their
importance for boreal forest ecosystem succession is mostly ignored and inappropriate manage-
ment practices are applied. Forest management should avoid practices, such as clearing the soil 
surface in vast areas after wind storms, since they result in pronounced changes in the structure 
of the soil faunal communities, which are likely to be reflected in changes in processes that they
regulate – decomposition of organic matter, humification, mycorrhiza etc.

CONCLUSION

The removal of wind blown trees in the High Tatra Mts. in the first year after the storm caused:
–  Increase in soil temperature and pH, decrease in soil nutrient content (Cox, Ptot);
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–  pronounced increase in the activity of epigeic arthropod communities due to the high activity 
of Collembola and Acarina;

–  lower diversity indices of epigeic arthropods reflecting a considerable increase in Collembola
dominance,; 

–  marked increase in the activity of epigeic Collembola due to particular species, i.e. Hypogast-
rura socialis, Orchesella flavescens, Lepidocyrtus lignorum and Sminthurinus elegans;

–  decrease in the diversity indices of epigeic Collembola communities.
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