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Abstract. The response of epigeic arthropod communities to management practices was studied in spruce 
forest stands of the High Tatra Mts. three years after a windthrow event. Investigations were carried out in 
four management treatments: (1) an intact reference forest stand – REF, (2) a windthrown stand from which 
fallen wood had been extracted – EXT, (3) a windthrown stand from which fallen wood had been extracted 
and which had subsequently been affected by fire – FIR, and (4) a windthrown stand left to natural 
regeneration – NEX. Epigeic arthropods were collected by pitfall trapping in separate bouts in the summer of 
2007 and the winter of 2007-2008. The study revealed significant differences in arthropod activity between 
windthrown forest stands under different treatment, as well as between summer and winter periods. 
Windthrown stands had greater activity of arthropod communities than intact forest stands in both periods, 
with springtails and mites being dominant groups. The highest arthropod activity in the summer period was 
recorded in the EXT stand, followed by NEX, FIR and REF stands, with a similar trend being observed in the 
winter period (EXT > FIR > NEX > REF stands). Nonmetric multidimensional scaling evidenced the fact that 
the extraction of fallen wood had a strong effect on communities of epigeic arthropods with communities in 
EXT plots, being rather dissimilar to those of other treatments. 
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Introduction 
 
Storm events are the most important natural large-
scale disturbances that affect stand structures of 
both natural and managed forests in Central 
Europe. Windthrow is a natural driving force in 
the dynamics of forest ecosystems causing a sud-
den change in habitat by affecting structures, re-
sources and microclimate (Wermelinger et al. 
2003). Windfall plays an active role in the succes-
sional cycle of natural forests, and it is less signifi-
cant than fire in boreal forests but more important 
in temperate forests (Peterken 1996). Fallen wood 
accumulating on the forest floor contributes to soil 
fertility and stability, serves as seed germination 
sites, acts as long-term storage for organic matter, 
moisture and nutrients (Van Lear 1993, Perry 
1998), and supports many organisms as a result of 
a wide range of microhabitats due to the variable 
size, texture and microclimate characteristics of 
wood (Irmler et al. 1996, Niemelä et al. 1996, Jabin 
et al. 2004, Foit 2010). Indeed, windthrow is one of 
the major agents generating a mosaic of heteroge-
neous habitats (Hirao et al. 2008). For example, 
uprooted trees increase environmental heteroge-
neity because of the creation of pit-mound micro-

topography. The intact forest floor scattered with 
decaying logs provides areas with very different 
microclimates and microhabitat conditions, and a 
high diversity of microsites is created, each with 
specific nutrient pools, microclimates, and surface 
structures (Peterson & Pickett 1990; Ulanova 2000). 
Therefore, windfall disturbance seems to be a 
driving force for forest succession as well as a 
source of regional biodiversity in forest ecosys-
tems (Bouget & Duelli 2004).  

The removal of fallen trees after a windthrow 
event not only reduces the coarse woody debris 
volume and environmental heterogeneity, but it 
also greatly disturbs the forest floor. Clear-cutting 
results in soil scarification, reduction of the micro-
topography, and the development of a dense 
cover of grass (Bouget & Duelli 2004). Removing 
fallen wood alters soil structure and forest floor 
habitat, contributes to a substantial loss of nutri-
ents and food resources, causes soil erosion and 
compaction (Worrell & Hampson 1997), fragments 
and reduces habitat (Perry 1998), modifies soil 
temperature and moisture regimes, increases wind 
and light levels (Ballard 2000), reduces soil fungal 
biomass (Pietikäinen & Fritze 1995), and simplifies 
ecosystem structure through a reduction of species 
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abundance and diversity (Perry 1998). These 
changes affect the litter and soil fauna of the forest 
floor and influence their functioning as a part of 
the decomposer community. Nevertheless, general 
forestry practice prescribes salvage harvesting af-
ter heavy storm damage because of the fear of in-
sect outbreaks and fire hazard, and the damaged 
areas are cleared and replanted within a short 
time.  

Arthropods play key roles in soil fertility and 
the productivity of forest ecosystems by taking 
part in nutrient turnover as well as maintaining 
soil structure and texture (Wallwork 1983; Lus-
senhop 1992). However, despite their importance, 
few studies have investigated the impact of forest 
management on epigeic arthropods, and there is 
an increasing desire to understand the natural dy-
namics following natural disturbances in Euro-
pean forests.  

In November 2004, a heavy windstorm de-
stroyed 12,000 hectares of spruce forest on the 
south-east slopes of the High Tatra National Park 
(Slovakia), with most of the fallen timber being 
harvested the following year. Indeed, only a small 
area (1.55 %) of the harmed spruce forest was left 
to natural succession. To add further damage, in 
July 2005 a large wildfire hit the windthrown 
stands that had previously been clear-cut, with 250 
ha being burnt (Šoltés et al. 2010). Long-term re-
search plots were established in 2005 in which in-
ternational and interdisciplinary comparative re-
search and monitoring of abiotic environments, 
vegetation and fauna between plots under differ-
ent management regimes were performed. For ex-
ample, a study on the vegetation was conducted 
by Šoltés et al. (2010), soil microbial biomass and 
activity was investigated by Gömöryová et al. 
(2011), nematode communities by Čerevková & 
Renčo (2009), and soil springtails by Čuchta et al. 
(2012 a, b). 

Changes in the locomotive activity of epigeic 
arthropods in stands from which fallen wood had 
been extracted and stands damaged by fire were 
expected due to extreme change in microclimatic 
conditions on the soil surface of such open habi-
tats. We also predicted a higher similarity of ar-
thropod communities between the uncleared plots 
and the reference forest contrary to extracted 
stands and stands damaged by fire. The aims of 
the present study were: (1) to evaluate the impact 
of different management treatments following a 
windthrow event on epigeic arthropod communi-
ties in spruce forest stands, and (2) to compare the 

activity of epigeic arthropods during summer and 
winter periods in the aforementioned differently 
managed forests stands. 

 
 

Materials and methods 
 
Study stands 
In the High Tatra National Park four differently managed 
research treatments (Table 1) with the area of 100 ha each 
were established for long-term monitoring in 2005 (Šoltés 
et al. 2010; Gömöryová et al. 2011). Three separate plots 
were chosen within each management treatment (REF 1-
3, EXT 1-3, NEX 1-3, FIR 1-3), with the distance between 
plots in each forest stand being around 100 m. 

REF stand (reference) - intact forest stands undam-
aged by windstorm, the locality Smrekovec situated near 
the Vyšné Hágy village (REF 1-3: 49° 7′ 16.5″-22.3″ N; 20° 
06′ 5.6″ - 12.1″ E). The forest floor was covered with 
patches of Polytrichum sp. moss cushions, coniferous litter 
(spruce needles), Vaccinium myrtillus, grasses (Calama-
grostis villosa, Avenella flexuosa) and Oxalis acetosella 
patches. 

EXT stand (extracted) - windthrown stand from 
which fallen wood had been extracted in 2005, the locality 
Danielov dom near the Nová Polianka village (EXT 1-3: 
49° 07′ 17.4″ - 22″ N; 20° 09′ 45.6″ - 48.2″ E). The under-
story moss and Vaccinium myrtilus cushions rapidly dis-
appeared in 2005. Dense growths of grasses and herbs 
covered the stand with dominating Calamagrostis villosa, 
C. arundinacea, Chamaenerion angustifolium and Avenella 
flexuosa.  

NEX stand (non-extracted) - windthrown forest 
stand left to natural succession, the locality Jamy situated 
near the Tatranská Lomnica village (NEX 1-3: 49° 09' 30" - 
31.8" N; 20° 15' 5" - 6" E). Ground-layer vegetation slightly 
changed after the windthrow event compared to closed 
forest; light-demanding grasses and herbs occurred in a 
mosaic of patches. Some acidophilous species (e.g. Vaccin-
ium myrtillus) decreased in abundance. The moss species 
Dicranum scoparium and Hylocomium splendens partly re-
treated after the windthrow. 

FIR stand (wild fire) - windthrown stand from which 
fallen wood had been extracted and which had subse-
quently been affected by fire in 2005, the locality Tatran-
ské Zruby village (FIR 1-3: 49° 08′ 10.92″ - 11.58″ N; 20° 11′ 
50.7″ - 55.26″ E). The moss and Vaccinium myrtilus cush-
ions disappeared in 2005. After the fire event, part of the 
plots was covered by thin layer of ash remnants and by 
dense growths of Chamaenerion angustifolium and grasses 
(Calamagrostis villosa, Avenella flexuosa). 

The aboveground humus layer on the study area was 
up to 10 cm thick with the predominant humus form mor 
(except FIR plots, where the organic layer burned to the 
mineral A – horizon).  

 
Sampling of arthropods 
Pitfall traps were used to study the activity of epigeic ar-
thropod communities. In each plot, six traps were ex- 
posed in a 25 m long line (distance between traps 5 m) 
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Table 1. Characteristics of study stands (Gömöryová et al. 2008);  
S – south, E – east; for abbreviations of treatments see text. 

 

 Treatment REF EXT NEX FIR 
Altitude (m a.s.l.) 1,100 - 1,250 1,040 - 1,260 1,050 - 1,150 1,000 - 1,200 
Aspect SE S SE-S SE 
Slope (%) 10-20 10 5-10 5-10 
Tree species  
composition (%) 

Spruce 80, larch 20 Spruce 90, larch 10 Spruce 70, larch 10,  
pine 20 

Spruce 70, larch 30 

Stand age 120/25 80 125/60/2 80 
Soil type Dystric Cambisol Dystric Cambisol Dystric Cambisol Dystric Cambisol 
Dominant humus form Mor Mor Mor Mor 
Parental rock Moraine Moraine Moraine Stone-centered polygons
 
 

from April to September 2007 (summer period) and from 
September 2007 to April 2008 (winter period). The traps 
were filled with a water solution of 4% formaldehyde. 
The content of pitfall traps was transferred to 75% ethy-
lalcohol for storage, and collected arthropods were identi-
fied to main taxonomical groups. 

 
Recording of soil temperature and moisture 
In the study plots soil temperature was measured con-
tinually from 25 April 2007 to 18 April 2008 using an iBut-
ton data logger DS1921 (in FIR stands from 3 July 2007 to 
18 April 2008). Soil moisture was analyzed gravimetri-
cally three times during the sampling period (25 April 
2007, 13 September 2007 and 18 April 2008).  

 
Data analyses 
To characterize the arthropod communities in study plots 
during summer and winter periods, the following com-
munity parameters were calculated: activity calculated as 
100 days per trap, Shannon index of diversity (H`) and 
Pielou index of evenness (J`). A log-normal transforma-
tion was performed to normalize activity data prior to the 
parametric ANOVA. A two-factor repeated measures 
analysis of variance (ANOVA) was used to test interac-
tion of study sites and study period on mean arthropod 
activity. Kruskal-Wallis nonparametric ANOVA with 
multiple comparisons of mean ranks for all groups was 
used to compare activity of dominant arthropod taxa in 
stands during summer and winter periods separately. 
The analyses were performed in Statistica for Windows, 
version 9.0 (StatSoft, Inc. 2009). 

Non-metric multidimensional scaling (NMS) ordina-
tion was used to examine the similarities/dissimilarities 
between arthropod community structure of study treat-
ments during summer and winter periods (s-summer, w-
winter) calculated as 100 days per trap in each period. 
Two-dimensional solution was recommended by Autopi-
lot with slow & thorough mode and Sørensen (Bray-
Curtis) distance for community data. The best two di-
mensional solution had a final stress of 5.69, p<0.00001, 
after 64 iterations confirmed by Monte Carlo permutation 
test with significant p = 0.004; and a mean stress of 6.58 
for real data and 250 runs for both real and randomized 
data. The variance explained by the first and second axes 
was 86.9 and 8.4, respectively. PC-ORD software 

(McCune & Mefford 2011) was used for the NMS analy-
sis.  

 
 

Results 
 
We recorded the highest values of mean soil mois-
ture in the REF stand (42.16%) followed by NEX 
(41.7%), EXT (38.55%), and FIR stands (35.58%). 
Soil temperature differed remarkably between the 
treatments (Fig. 1). 
 
Comparison of epigeic arthropods during  
summer and winter periods 
A total of 101,931 individuals of epigeic arthro-
pods belonging to 17 taxa were sampled during 
the trapping period (April 2007 – April 2008); 
69,411 individuals in summer and 32,520 indi-
viduals in the winter period. Generally, arthro-
pods decreased their activity during the winter 
period compared to summer, except for Aphidi-
nea, which increased activity in FIR and Pseudo-
scorpionida in EXT and NEX stands. The number 
of arthropod groups detected in summer (12-16) 
(Table 2) was similar to the winter period (10-15) 
(Table 4). The highest number of arthropod 
groups was recorded in windthrown forest stands 
from which fallen wood had been removed (EXT); 
however, values of diversity indices (Shannon, 
Pielou) were almost the lowest in this treatment. 
The highest diversity indices were recorded in ref-
erence forest stands (REF). Diversity indices in 
windthrown plots were in most cases lower (ex-
cept for NEX3 and FIR1 summer) in comparison to 
reference forest.  

Collembola had the highest activity per trap 
followed by Acari and Coleoptera. A repeated 
measures ANOVA confirmed the significant influ-
ence of both treatment (F(11, 60)=6.90, p<0.00001) 
and sampling period (F(1, 60)=170.10, p < 0.0001)  
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Figure 1. Mean daily temperature in study stands of the High Tatra Mts.  
during 2007-2008; for abbreviations of treatments see text. 

 
 

Table 2. Mean arthropod activity re-counted for 100 days per trap in stands of the High Tatra Mts. in the summer  
period 2007; H´- Shannon's diversity index, J´- Pielou's evenness index; for abbreviations of treatments see text. 

 

Group Abbrev REF1 REF2 REF3 EXT1 EXT2 EXT3 NEX1 NEX2 NEX3 FIR1 FIR2 FIR3 
Acarina Acari 168.1 101.3 116.9 196.0 195.0 145.5 355.0 338.4 214.8 185.3 193.6 213.7 
Aphidinea Aphid 1.2 0.2 1.2 0.8 0.8 1.2 3.2 2.7 3.6 0.5 1.1 1.1 
Araneae Aran 31.6 38.3 41.7 61.7 45.7 44.4 50.0 33.2 40.0 32.5 44.1 53.7 
Chilopoda Chilo 2.5 1.5 1.4 3.5 3.8 1.5 1.3 0.5 1.4 1.9 1.3 0.6 
Coleoptera Cole 116.8 97.5 111.9 58.9 73.2 38.3 54.3 56.9 74.0 39.5 54.4 29.8 
Collembola Coll 196.8 168.3 87.5 1034.6 621.5 294.8 122.6 233.5 161.0 120.7 191.7 366.3 
Dermaptera Derma 0.6 0.1 0.7 0.1 0.1 0.1 - - 0.7 - - - 
Diplopoda Diplo 0.1 1.8 0.2 2.2 3.1 3.8 - - - - - - 
Diplura = Campodeina Diplu - - - - - 0.2 0.1 0.1 0.1 0.6 0.1 - 
Heteroptera Hete 0.5 0.6 0.1 16.8 10.4 6.0 1.2 0.1 5.0 8.5 1.7 6.6 
Hymenoptera Hyme 7.6 9.6 4.8 4.3 6.6 2.2 2.8 3.1 3.3 5.2 3.8 1.8 
Isopoda Isop 0.1 - - 0.8 0.9 0.5 - - - - - -- 
Larvae Insecta Larv 3.2 2.8 4.8 11.2 39.1 20.3 3.2 1.8 5.9 41.7 9.1 28.72 
Opiliones Opil 14.7 13.4 16.5 1.2 5.9 3.5 0.9 5.0 3.1 0.9 1.4 0.71 
"Other" Insecta Iine 19.1 21.2 21.0 70.3 78.4 39.2 47.2 25.4 32.4 47.0 28.7 35.7 
Pseudoscorpionida Pseu 0.4 - 0.1 0.6 0.2 0.6 0.1 0.6 3.4 - - - 
Siphonaptera Siph 0.2 0.9 - 0.1 0.5 - 0.7 0.1 0.2 - 0.1 0.1 
Group number  16 14 14 16 16 16 14 14 15 12 13 12 
Total activity  563 458 409 1463 1085 602 643 701 549 484 531 738 
Standard deviation  181 75 61 407 336 237 253 94 195 235 108 347 
H´  1.57 1.66 1.72 1.07 1.41 1.53 1.36 1.30 1.60 1.71 1.50 1.38 
J´  0.57 0.63 0.65 0.39 0.51 0.55 0.52 0.49 0.59 0.69 0.59 0.55 

 
 

on the activity of arthropods. 
Differences in activity of epigeic arthropods 

were observed between summer and winter peri-
ods, as well as among windthrown forest stands 
under different treatment (Fig 2). The stands with 
arthropod groups collected in winter were clearly 

separated from the stands sampled in summer. 
The analysis also showed differences in arthropod 
activity between individual forest stands with 
clustered groups formed for individual treat-
ments. The group of reference stands (REF) was 
the most compact in both sampling periods. The  
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Figure 2. NMS analyses of Arthropoda communities in individual forest stands within different treatments and  

periods in the High Tatra Mts.; ▲-summer, ■-winter, for abbreviations of treatments see text. 
 
 
cluster of NEX stands fully overlapped the cluster 
of REF stands in the winter period, confirming 
close similarity of the communities studied.  The 
EXT stands were clearly separated from REF and 
NEX stands in both periods, from FIR stand more 
evident only in summer. 

 
Activity of arthropod communities during  
the summer period in different treatment  
The highest mean arthropod activity was recorded 
in EXT stands (1050 ind./trap), whereas consid-
erably lower activity was observed in other treat-
ments: NEX (631 ind./trap), FIR (585 ind./trap) 
and REF (477 ind./trap) (Table 2).  

The Kruskal-Wallis test (Table 3) confirmed a 
significant difference in total arthropod activity 
and selected taxa, except for Araneae, within the 
treatments. Subsequent multiple comparisons of 
mean ranks revealed significant differences in to-
tal arthropod activity between EXT1 vs. FIR1, 
REF2 and REF3; and EXT2 vs. REF3. The highest 
arthropod activity was observed in EXT1 and 
EXT2 stands due to the high activity of Collem-
bola. Besides this, stands high catches of Collem-
bola were observed in FIR3 and EXT3 stands 
documented by the NMS method (Fig. 2). Collem-
bolan activity differed significantly between EXT1, 
EXT2 vs. FIR1, REF3; and EXT1 vs. NEX1.  

Considerably higher activity of Acarina was 
observed in NEX stands compared to REF stands. 
Significant difference in Acarina activity was re-
corded between REF2 vs. NEX1 and NEX2; and 
REF3 vs. NEX2. Coleoptera had lower activity in 
windthrown areas under different treatment com-
pared to intact forest. Significant difference in the 
Coleoptera activity was observed between REF 

stands and FIR3; and REF1, REF3 vs. EXT3. In REF 
stands, the activity of arthropods grouped as 
“other” Insecta was the lowest compared to wind-
thrown areas under different treatment; a signifi-
cant difference in their activity was detected be-
tween REF stands and EXT2. Opiliones had ap-
parently lower activity in windthrown stands. 
Kruskal-Wallis test revealed significant difference 
in the Opiliones activity between REF stands vs. 
EXT1, FIR1, FIR3 and NEX1. The NMS analysis 
showed preference of Opiliones for REF stands. 
Activity of Chilopoda, Dermaptera, Diplopoda, 
Hymenoptera and Pseudoscorpionida was lower 
in FIR and NEX stands compared to REF.  

 
Activity of arthropod communities during  
the winter period in different treatment  
The highest activity of terrestrial arthropods dur-
ing the winter period was observed in EXT treat-
ment (392 ind./trap), with lower values of this pa-
rameter observed in FIR stands (162 ind./trap) fol-
lowed by NEX (139 ind./trap) and REF (106 
ind./trap) stands (Table 4). 

The Kruskal-Wallis test (Table 5) confirmed 
significant difference in total arthropod activity 
and selected taxa except for the groups Acarina, 
Araneae and ”other” Insecta within the treat-
ments. Subsequent multiple comparisons of mean 
ranks revealed significant difference in total ar-
thropod activity between NEX3, REF3 vs. EXT1 
and EXT2 stands. The highest total arthropod ac-
tivity was found in EXT1 and EXT2 stands fol-
lowed by FIR2 stands. Collembolan activity dif-
fered significantly between NEX3, REF3 vs. EXT1, 
EXT2, FIR2, with a strikingly higher value of the 
parameter recorded in EXT2, EXT1 and FIR2  
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Table 3. Kruskal-Wallis nonparametric ANOVA with multiple comparisons of mean ranks of significant differences of 
activity of dominant arthropod taxa (activity re-counted for 100 days per trap) between study plots in the High Tatra 
Mts., summer period; KW value (H (11, N=72)) - result of Kruskal-Wallis test, KW p - significance of Kruskal-Wallis 
test, significant differences of activity (p<0.05) between study plots are indicated by different lowercase letters in 
every row separately; for abbreviations of treatments see text. 

 
 

2007 KW KW p REF1 REF2 REF3 EXT1 EXT2 EXT3 NEX1 NEX2 NEX3 FIR1 FIR2 FIR3 
Acarina 27.38 <0.005 168.1abc 101.3a 116.9ab 196abc 195abc 145.5abc 355bc 338.4c 214.8abc 185.3abc 193.6abc 213.7abc 
Araneae 11.09 =0.435 31.6a 38.3a 41.7a 61.7a 45.7a 44.4a 50a 33.2a 40a 32.5a 44.1a 53.1a 
Coleoptera 43.39 <0.0001 116.8cd 97.5ad 111.9cd 58.9abc 73.2abc 38.3ab 54.3abc 56.9abc 74abc 39.5b 54.4abc 29.8b 
Collembola 44.22 <0.0001 196.8ab 168.3ab 87.5bd 1,034.6a 621.5ac 294.8ab 122.6bc 233.5ab 161ab 120.7ab 191.7ab 366.3ab 
Opiliones 54.07 <0.0001 14.7cbd 13.4bcd 16.5bd 1.2a 5.9ad 3.5ad 0.9a 5ad 3.1ad 0.9a 1.4ac 0.7a 
"Other" Insecta 30.99 <0.005 19.1a 21.2a 21a 70.3ab 78.4b 39.2ab 47.2ab 25.4ab 32.4ab 47ab 28.7ab 35.7ab 
Total activity  36.16 <0.0005 563.4ab 457.6ac 409.1a 1,463.2b 1,085.3bc 602.4ab 642.6ab 701.3ab 548.8ab 484.4ac 531.1ab 738.2ab 
 
 
Table 4. Mean arthropod activity re-counted for 100 days per trap in stands of the High Tatra Mts. in the winter period 

2007-2008; H´- Shannon's diversity index, J´- Pielou's evenness index; for abbreviations of treatments see text. 
 

Group Abbrev REF1 REF2 REF3 EXT1 EXT2 EXT3 NEX1 NEX2 NEX3 FIR1 FIR2 FIR3 
Acarina Acari 39.6 37.9 33.1 113.4 92.1 52.5 86.7 76.8 29.9 38.1 85.5 42.7 
Aphidinea Aphid 0.1 3.0 0.1 0.3 0.3  1.7 1.7 0.9 3.4 1.2 11.6 
Araneae Aran 9.3 15.1 16.8 14.9 10.6 12.6 8.3 7.8 6.3 5.0 8.3 7.4 
Chilopoda Chilo 0.9 1.2 1.7 1.7 3.0 2.9 1.0 1.4 0.2 0.2 0.5 0.7 
Coleoptera Cole 4.0 7.0 10.6 17.9 12.7 16.6 13.1 6.5 12.5 7.6 10.9 13.8 
Collembola Coll 49.4 40.6 22.1 307.3 338.3 130.0 50.9 62.3 25.4 91.5 244.8 140.6 
Dermaptera Derma 0.1  0.3  0.1 0.1   0.1    
Diplopoda Diplo 0.3 0.5 0.1 1.6 1.8 2.4 0.2 0.5   0.3 0.1 
Diplura = Campodeina Diplu       0.2  0.1    
Heteroptera Hete  0.3 0.1 1.3 0.5 0.2  0.2 0.4 0.4 0.1 0.5 
Hymenoptera Hyme 0.5  0.4 2.6 1.7 0.9 0.8 0.5 0.4 6.3 3.3 1.9 
Isopoda Isop    0.1 0.2 1.1       
Larvae Insecta Larv 1.4 1.2 1.5 1.9 2.2 4.1 0.8 0.5 1.8 2.1 3.8 2.2 
Opiliones Opil 1.0 1.9 2.0 0.7 1.1 1.2 0.3 0.8 1.0  0.2 0.1 
"Other" Insecta Iine 5.0 3.1 6.0 10.2 3.3 5.0 3.7 2.8 3.4 3.8 4.0 3.7 
Pseudoscorpionida Pseu    1.2 2.9 1.1 1.4 0.5 3.2    
Siphonaptera Siph    0.6        0.1 
Group number  12 11 13 15 15 14 13 13 14 10 12 13 
Total activity  112 112 95 476 471 231 169 162 86 158 363 225 
Standard deviation  32 37 6 153 204 77 129 98 69 131 155 147 
H´  1.38 1.58 1.71 1.08 0.94 1.38 1.33 1.26 1.71 1.29 0.98 1.2 
J´  0.56 0.66 0.67 0.40 0.35 0.52 0.52 0.49 0.65 0.56 0.39 0.5 

 
 
Table 5. Kruskal-Wallis nonparametric ANOVA with multiple comparisons of mean ranks of significant differences of 

activity of dominant arthropod taxa (activity re-counted for 100 days) per trap between study plots in the High Tatra 
Mts., winter period; KW value (H (11, N=68)) - result of Kruskal-Wallis test, KW p -significance of Kruskal-Wallis 
test, significant differences of activity (p<0.05) between study plots are indicated by different lowercase letters in 
every row separately; for abbreviations of treatments see text. 

 

2007-2008 KW KW p REF1 REF2 REF3 EXT1 EXT2 EXT3 NEX1 NEX2 NEX3 FIR1 FIR2 FIR3 
Acarina 23.62 <0.05 39.6a 37.9a 33.1a 113.4a 92.1a 52.5a 86.7a 76.8a 29.9a 38.1a 85.5a 42.7a 
Araneae 25.29 =0.0083 9.3a 15.1a 16.8a 14.9a 10.6a 12.6a 8.3a 7.8a 6.3a 5a 8.3a 7.4a 
Coleoptera 24.42 <0.05 4b 7ab 10.6ab 17.9a 12.7ab 16.6ab 13.1ab 6.5ab 12.5abc 7.6ab 10.9ab 13.8ab 
Collembola 42.56 <0.0001 49.4ab 40.6ab 22.1b 307.3a 338.3a 130ab 50.9ab 62.3ab 25.4b 91.5ab 244.8a 140.6ab 
Opiliones 34.68 <0.0005 1abc 1.9bc 2c 0.7abc 1.1abc 1.2abc 0.3abc 0.8abc 1abc 0a 0.2abc 0.1ab 
"Other" Insecta 18.50 =0.0707 5a 3.1a 6a 10.2a 3.3a 5a 3.7a 2.8a 3.4a 3.8a 4a 3.7a 
Total activity  36.16 <0.0005 111.7abc 111.8abc 94.6cb 475.7a 470.7a 230.8abc 169.2abc 162.2abc 85.6b 158.4abc 362.8abc 225.2acb 
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stands. By multiple comparisons there was no sig-
nificant difference in mean activity of Acarina and 
Araneae within any pairs of stands under different 
treatment observed despite its confirmation by 
Kruskall–Wallis test (Table 5). Coleopteran activity 
in REF stands was the lowest (in contrast to the 
summer period) compared to windthrown stands 
under different treatments; significant difference 
in the Coleopteran activity was observed between 
EXT1 vs. REF1. Opiliones showed significant dif-
ference between REF3 vs. FIR1 and FIR3; and 
REF2 vs. FIR1 in their activity, being the lowest in 
FIR treatment. In windthrown areas, higher ar-
thropod activity in managed stands (except NEX3) 
compared to reference forest was detected. 
 
 
Discussion 
 
After the work of Wallwork (1976) and Bengtsson 
(2002), we expected an overall decrease in activity 
of epigeic arthropods a few years after the re-
moval of fallen timber as a consequence of 
changes in soil properties, microclimatic regimes 
and the amount and quality of leaf litter. How-
ever, we recorded the highest arthropod activity in 
stands with extracted fallen wood. Windthrow 
might have a positive effect on arthropod com-
munities. Duelli et al. (2002) and Wermelinger et 
al. (2003) noted an overall increase in arthropod 
species numbers (mainly due to Heteroptera and 
carabid beetles) and biodiversity within 10 years, 
in both cleared and uncleared sites compared to 
the intact forest. We observed the same pattern in 
the activity of epigeic arthropod communities in 
windthrown stands under different treatments. 
Windthrown areas yielded a greater activity of ar-
thropods than intact forest stands apart from Opil-
iones, which are generally associated with shady 
habitats with higher humidity (Wallwork 1976). A 
lower activity in windthrown stands was also de-
tected in Coleoptera and Hymenoptera during the 
summer period.  

Generally, almost all animal groups identified 
showed an increase in activity in stands disturbed 
by the storm. During the summer period, Collem-
bola and Acarina had the highest activity: Collem-
bola in EXT and Acarina in NEX treatment. Addi-
son & Barber (1997) noted that abundance of soil 
Collembola remained unchanged in the first years 
after clear-cutting. Our results agree with Huhta et 
al. (1969). An increase in soil Collembola was re-
corded in the second and third years after the 

clear-cutting. However, in contrast to our results, 
the authors observed a rapid decrease of soil mite 
numbers after the clear-cutting, mainly Oribatida, 
which are considered as K-selected organisms 
having low fecundity, slow development and 
metabolic rates, and long life spans, and have been 
found to recover slowly from reduced population 
numbers (Norton 1990). On the other hand, Col-
lembola and mesostigmatid Acarina with usually 
short generation times may recover quickly after a 
disturbance (Hopkin 1997). After Behan-Pelletier 
(1999), we suggest that the high Acarina activity 
resulted from the dominance of parthenogenetic 
species. Many Collembola are able to respond 
numerically to disturbance with rapid reproduc-
tion rates (Coleman & Crossley 1996), especially 
when there is a sufficient food. Dead roots and or-
ganic debris remaining after the extraction of 
fallen timber may promote the growth of fungi 
and bacteria, and consequently also bacterivorous 
Nematoda and Enchytraeidae (Addison & Barber 
1997). Furthermore, Gömöryová et al. (2008) dis-
covered higher microbial activity in windthrown 
stands (identical with present study) than in the 
reference forest, which may explain high collem-
bolan activity in these stands. Using a nitrogen 
isotope technique, Chahartaghi et al. (2005) dem-
onstrated that collembolan genera Entomobrya, Fol-
somia, Orchesella and Tomocerus may function 
mainly as primary decomposers by feeding on lit-
ter material together with adhering fungi and bac-
teria. Thus, the different litter quality present at 
different treatment sites supports different micro-
bivorous arthropods (Collembola, Oribatida, etc.).  

In contrast to our results, Duelli et al. (2002) 
observed a higher total number of collected indi-
viduals and greater structural diversity of arthro-
pods in uncleared windthrown plots in Eastern 
Swiss Alps. They observed that ubiquitous species 
profited from the disturbance. Forest generalists 
have broader habitat requirements, and their 
abundance increases after the forest ecosystem is 
opened up (Koivula et al. 2002). A rapid coloniza-
tion of disturbed areas by generalist species with 
good dispersal abilities is a widely known phe-
nomenon (Rainio & Niemelä 2003, Marvier et al. 
2004). In the previous study (Urbanovičová et al. 
2010), we recorded a considerable increase in the 
epigeic activity of Collembola, Acari, Coleoptera 
of the family Scarabaeidae, and Aphidinea in 
windthrown areas from which fallen wood had 
been extracted. In Collembola, ubiquitous and 
xerotolerant species preferring open habitats had 
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apparently higher activities. In the contrast, hy-
grophilous forest species decreased their activity 
as a consequence of extreme conditions at the soil 
surface of the clear cut plots. Additionally, Rusek 
& Brůhová (2007) observed that epigeic collembo-
lan species characteristic of meadows or forest 
edges colonized areas from which fallen wood had 
been extracted. 

Species-specific life history strategies may in-
fluence the extent to which seasonal differences 
are detected (Peck & Niwa 2005). Seasonal migra-
tion within and between the forest floor and soil is 
a common response to temperature and moisture 
stress (Wallwork 1976, Hopkin 1997) and may ex-
plain differences in arthropod activity between 
summer and winter periods. Arthropod taxa re-
spond differently to habitat features related to dif-
ferent treatment e.g. microclimate, plant produc-
tivity or diversity, and habitat structural diversity 
created by forestry practices (McIver et al. 1992, 
Schowalter 1995, Peck & Niwa 2005). Windthrown 
plots were cooler than reference spruce forest dur-
ing the winter (FIR, NEX and EXT, respectively), 
with a higher frequency of frost events and were 
much warmer during summer (FIR, EXT and 
NEX, respectively).  

In accordance to our assumption, the activity 
of dominant groups of epigeic arthropods in the 
uncleared plots was more similar to the intact for-
est than to the extracted plots or plots affected by 
fire. Only activity of Acarina and Opiliones 
showed significant differences between wind-
thrown plots with fallen wood left and intact for-
est during the summer period. Fallen trees form a 
mattress of branches and trunks, shading the 
ground and maintaining the microclimate closer to 
that of the intact forest and enable forest species to 
survive.  

In this paper, we analyzed activity of epigeic 
arthropod groups in different forest treatments of 
the High Tatras Mts. Indeed, further analysis of ar-
thropod communities at the species level may 
bring more light to the topic and may help to ex-
plain the observed differences. 
 
 
Conclusions 
 
Our study demonstrated that responses of epigeic 
arthropods to different forest treatments are taxa- 
and time-dependent. As expected, the study re-
vealed significant differences in arthropod activity 
between summer and winter periods. Further-

more, considerable differences in arthropod activ-
ity between windthrown forest stands under dif-
ferent treatments were detected, with a similar 
trend being detected between summer and winter 
periods. The activity of most epigeic arthropod 
groups was greater in windthrown forest stands 
compared to reference forest.  
 
 
 
Acknowledgements. The study was supported from the 
Slovak Scientific Grant Agency VEGA project no. 
1/0282/11 and from VVGS grant (Faculty of Science, P.J. 
Šafárik University, Košice) no. 9/2011. We thank Ing. P. 
Fleischer and Ing. B. Chovancová (Administration of the 
Tatra National Park, Tatranská Lomnica) for help during 
the field work. We are very grateful to Kieran Green for 
valuable comments and language corrections of the 
manuscript.  
 
 
 
References 
 
Addison, J.A., Barber, K.N. (1997): Response of soil invertebrates to 

clear-cutting and partial cutting in a boreal mixedwood forest in 
Northern Ontario. Natural Resources Canada, Canadian Forest 
Service, Great Lakes Forestry Centre, Sault Ste. Marie, Ont. Info. 
Rep. GLC-X-1. 

Ballard, T.M. (2000): Impact of forest management on northern 
forest soils. Forest Ecology and Management 133: 37-42. 

Behan-Pelletier, V.M. (1999): Oribatid mite biodiversity in 
agroecosystems: role for bioindication. Agriculture, Ecosystems 
and Environment 74: 411-423. 

Bengtsson, J. (2002): Disturbance and resilience in soil animal 
communities. European Journal of Soil Biology 38: 119-125. 

Bouget, Ch., Duelli, P. (2004): The effects of windthrow on forest 
insect communities: a literature review. Biological Conservation 
118: 281-299. 

Chahartaghi, M., Langel, R., Scheu, S., Ruess, L. (2005): Feeding 
guilds in Collembola based on nitrogen stable isotope ratios. 
Soil Biology and Biochemistry 37: 1718-1725. 

Coleman, D.C., Crossley, Jr. D.A. (1996): Fundamentals of Soil 
Ecology. Academic Press. 

Čerevková, A., Renčo, M. (2009): Soil nematode community 
changes associated with windfall and wildfire in forest soil at 
the High Tatras National Park, Slovak Republic. Helminthologia 
46: 123-130. 

Čuchta, P., Miklisová, D., Kováč, Ľ. (2012a): Changes within 
collembolan communities in windthrown European montane 
spruce forests 2 years after disturbance by fire. Annals of Forest 
Science 69: 81-92. 

Čuchta, P., Miklisová, D., Kováč, Ľ. (2012b): A three-year study of 
soil Collembola communities in spruce forest stands of the High 
Tatra Mts (Slovakia) after a catastrophic windthrow event. 
European Journal of Soil Biology 50: 151-158. 

Duelli, P., Obrist, M.K., Wermelinger, B. (2002): Windthrow-
induced changes in faunistic biodiversity in alpine spruce 
forests. Forest, Snow and Landscape Research 77: 117-131. 

Foit, J. (2010): Distribution of early-arriving saproxylic beetles on 
standing dead Scots pine trees. Agricultural and Forest 
Entomology 12: 133-141. 

Gömöryová, E., Střelcová, K., Škvarenina, J. Bebej, J., Gömöry, D. 
(2008): The impact of windthrow and fire disturbance on 
selected soil properties in the Tatra National Park. Soil and 
Water Research 3: 74-80. 



Epigeic arthropods in windthrown forest stands of the High Tatra Mts. 
 

 

345 

Gömöryová, E., Střelcová, K., Fleischer, P., Gömöry, D. (2011): Soil 
microbial characteristics at the monitoring plots on windthrow 
areas of the Tatra National Park (Slovakia): their assessment as 
environmental indicators. Environmental Monitoring 
Assessment 174: 31-45. 

Hirao, T., Murakami, M., Iwamoto, J., Takafumi, H., Oguma, H. 
(2008): Scale-dependent effects of windthrow disturbance on 
forest arthropod communities. Ecological Research 23: 189-196. 

Hopkin, S.P. (1997): Biology of the Springtails. Insecta: Collembola. 
Oxford University Press, Oxford. 

Huhta, V., Nurminen, M., Valpas, A. (1969): Further notes on the 
effect of silvicultural practices upon the fauna of coniferous 
forest soil. Annales Zoologici Fennici 6: 327-334. 

Irmler, U., Heller, K., Warning, J. (1996): Age and tree species as 
factors influencing the populations of insects living in dead 
wood (Coleoptera, Diptera: Sciaridae, Mycetophilidae). 
Pedobiologia 40: 134-148. 

Jabin, M., Mohr, D., Kappes, H., Topp, W. (2004): Influence of 
deadwood on density of soil macro-arthropods in a managed 
oak-beech forest. Forest Ecology and Management 194: 61-69. 

Koivula, M., Kukkonen, J., Niemelä, J. (2002): Boreal carabid-beetle 
(Coleoptera, Carabidae) assemblages along the clear-cut 
originated succession gradient. Biodiversity and Conservation  
11: 1269-1288. 

Lussenhop, J. (1992): Mechanisms of microarthropod-microbial 
interaction in soil. Advances in Ecological Research 23: 1-33. 

Marvier, M., Kareiva, P., Neuber, M.G. (2004). Habitat destruction 
fragmentation and disturbance promote invasion by habitat 
generalists in a multispecies metapopulation. Risk Analysis 24: 
869-878. 

McCune, B., Mefford, M.J. (2011): PC-ORD. Multivariate Analysis 
of Ecological Data. Version 6.07 MjM Software, Gleneden Beach, 
Oregon, U.S.A. 

McIver, J.D., Parsons, G.L., Moldenke, A.R. (1992): Litter spider 
succession after clear-cutting in a western coniferous forest. 
Canadian Journal of Forest Research 22: 984-992. 

Niemelä, J., Haila, Y., Punttila, P. (1996): The importance of small-
scale heterogeneity in boreal forests: variation in diversity in 
forest-floor invertebrates across the succession gradient. 
Ecography 19: 352-368. 

Norton, R.A. (1990): Acarina: Oribatida, pp. 779-803. In: Dindal, 
D.L. (eds), Soil biology guide. John Wiley & Sons. 

Peck, R.W., Niwa, Ch.G. (2005): Longer-term effects of selective 
thinning on microarthropod communities in late-successional 
coniferous forest. Environmental Entomology 34: 646-655. 

Perry, D.A. (1998): The scientific basis of forestry. Annual Review 
of Ecology, Evolution and Systematics 29: 435-466. 

Peterken, G.F. (1996): Natural Woodland: Ecology and 
Conservation in Northern Temperate Regions. Cambridge 
University Press, Cambridge. 

Peterson, C.J., Pickett, S.T.A. (1990): Microsite and elevational 
influences on early forest regeneration after catastrophic 
windthrow. Journal of Vegetation Science 1: 657-662. 

Pietikäinen, J., Fritze, H. (1995): Clear-cutting and prescribed 
burning in coniferous forest: comparison of effects on soil fungal 
and total microbial biomass, respiration activity and 
nitrification. Soil Biology and Biochemistry 27: 101-109. 

Rainio, J., Niemelä, J. (2003): Ground beetles (Coleoptera: 
Carabidae) as bioindicators. Biodiversity and Conservation 12: 
487-506. 

Rusek, J., Brůhová, J. (2007): Impact of bark beetle outbreak on 
epigeic communities of Collembola (Insecta: Entognatha) in 
climax spruce forests in the Šumava National Park, Czech 
Republic, pp. 121-126. In: Tajovský, K., Schlaghamerský, J., Pižl, 
V. (eds), Contributions to Soil Zoology in Central Europe II. 
Institute of Soil Biology AS CR, České Budějovice. 

Schowalter, T.D. (1995): Canopy arthropod communities in relation 
to forest age and alternative harvest practices in western 
Oregon. Forest Ecology and Management 78: 115-125. 

StatSoft Inc. (2009): STATISTICA (data analysis software system), 
version 9.0. <www.statsoft.com> 

Šoltés, R., Školek, J., Homolová, Z., Kyselová, Z. (2010): Early 
successional pathways in the Tatra Mountains (Slovakia) forest 
ecosystems following natural disturbances. Biologia 65: 958-964. 

Ulanova, N.G. (2000): The effects of windthrow on forest at 
different spatial scales: a review. Forest Ecology and 
Management 135: 155-167. 

Urbanovičová, V., Kováč, Ľ., Miklisová, D. (2010): Epigeic 
arthropod communities of spruce forest stands in the High Tatra 
Mts. (Slovakia) with special reference to Collembola – first year 
after windthrow. Acta Societatis Zoologicae Bohemicae 74: 141-
152. 

Van Lear, D.H. (1993): Dynamics of coarse woody debris in 
southern forest ecosystems. Proceedings of the Workshop on 
Coarse Woody Debris in Southern Forests: Effects on 
Biodiversity. Athens, GA., United States Department of 
Agriculture Forest Service, 10-17. 

Wallwork, J.A. (1976): The Distribution and Diversity of Soil Fauna. 
Academic Press. 

Wallwork, J.A. (1983): Oribatids in forest ecosystems. Annual 
Review of Entomology 28: 109-130. 

Wermelinger, B., Duelli, P., Obrist, M.K. (2003): Dead wood: a key 
to biodiversity - Proceedings of the International Symposium 
29-31 May 2003, Mantova (Italy), 79-82. 

Worrell, R., Hampson, A. (1997): The influence of some forest 
operations on the sustainable management of forest soils – a 
review. Forestry 70: 61-85. 

 
 

 
 




