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Summary

Nematode communities in a Norway spruce forest in High Tatra National Park, Slovakia were moni-
tored for the period of several years (2006 and 2013). Unfortunately, in May 2014 natural windstorm
damaged the forest. This disastrous event, together with preliminary obtained results allowed us
to compare the direct impact of windstorm damage of forest habitat on soil nematode assemblag-
es. The forest destruction by windstorm had a significant effect on the total nematode abundance,
the abundance of omnivores and herbivores, as well as the nematode species diversity. The most
dominant species, representing 55 % of the total nematode fauna, in the plot studied were Ac-
robeloides nanus followed by Malenchus exiguus, Filenchus vulgaris, Plectus communis, Plectus
parvus and Tylencholaimus mirabilis. The abundance of bacterivorous significantly increased after
the windstorm, meanwhile the abundance of omnivores, fungivores, and herbivores ectoparasites
and epidermal/root hair feeders showed an opposite trend. Of the evaluative indicators, Shannon
species diversity (H'spp), maturity index (Ml), maturity index 2-5 (MI2-5), sigma maturity index (> M),
enrichment index (El) and structure index (SI) decreased significantly after windstorm. The El and
Sl indexes characterized soil ecosystems before windstorm (2006 — 2013) as maturing with low or
moderate disturbance, but soil ecosystems shortly after the windstorm (2014) were degraded and
nutrient depleted. This also corresponded with graphical display of metabolic footprints characteris-
tics of soil food web. Overall, the nematode communities differed significantly before and after forest
damage. These results suggest the role of nematode communities as indicators of environment
condition quality or its disruption.

Keywords: ecosystem; diversity indices; forest devastation; storm; nematode-fauna; metabolic foot-
prints

Introduction

Wind disasters can suddenly affect large areas, up to thousands
of hectares per event, and possibly are the most important event in

Norway spruce is the second most prevalent tree species in Slo-
vakia and forms about 17 % of the forest nationwide. However,
the current condition of these spruce forests is in decline due to
bark-beetles attack, pathogenic fungi, loss of vitality due to climat-
ic changes and weather conditions including windstorms events.

* — corresponding author
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terms of the effect on forest composition and dynamics (Everham
& Brokaw, 1996). Therefore, the understanding and prediction of
ways by which intense windstorms affect ecosystem structure,
composition and function is important for the successful forest
management.



Large or smaller windstorm events are appearing in the forest
ecosystems periodically. In the territory of the Slovak Republic
1.5x108 m?3 of timber in 1996; 1.0x10° m® of timber in 1999 and
1.5x10¢ m?® of timber in 2002 were damaged during the storms.
However, on November 19, 2004 (Gubka et al., 2014) the largest
windstorm event ever destroyed 5.3x10° m®of mostly natural/semi
natural Norway spruce forest in High Tatra National Park. Most
of the broken and uprooted trees were completely removed from
the affected areas in the following months, and 600x10° m® of the
intact fallen trees were left in their natural succession. A wildfire
in May 2005 burned approximately 250 hectares that had been
cleared after the storm in 2004. Several permanent research plots
were established in the damaged areas by the park administration.
The purpose was to set up a long-term study analysing the impact
of these natural catastrophes on the spruce forest ecosystem and
stage of ecosystem recovery under different management and fire
(Fleischer, 2008).

Regrettably, another large windstorm in May 2014 ten years after
the first storm damaged again the forests in the High Tatra Moun-
tains (135 thousands m?® of timber), including the site that had been
monitored since 2006 as a control plot. Moreover, this windstorm
damaged about 30 ha of young forest which grew up after the
storm in 2004 as well as deciduous forests (Gubka et al., 2014).
The destruction of the control plot by storm in 2014 and availability
of collected data from this plot since 2006 to 2013 provided an
ideal opportunity to investigate direct effect of windstorm on eco-
systems changes utilising soil nematodes as bioindicators.
Various species of soil dwellers (nematodes, collembolans, mites
etc.) have been used as biological indicators of soil health and
sustainability and for monitoring the changes in soil environment
by various spatial and temporal scales (Lindenmayer, 1999; Doran
& Zeiss, 2000), but nematodes are also used frequently (Bongers
1990; Yeates et al., 1993; Ferris et al., 2001). Nematode densities
can reach several million individuals per square metre and forest
nematode communities often comprise more than 100 species
(Yeates et al., 2000). Species richness is generally higher in undis-
turbed than disturbed ecosystems (Neher et al., 2005; Cerevkova
& Renco, 2009).

In previous study realized after the 2004 storm we monitored
changes of soil nematode communities in several spruce forest
plots after the event nevertheless that nematode assemblage was
not investigated in destroyed plots before windstorm (Cerevkova
& Renco, 2009). Here, we investigate direct impact of forest de-
struction by 2014 storm on nematode communities in plot that has
been monitored since 2006 as intact control forest. The primary
aims of this study were to 1/ check whether the soil nematode
communities were sensitive to spruce forest devastation; 2/ com-
pare the nematode community composition between undisturbed
and disturbed forest soils; 3/ analyse and compare the impact
of windstorms on nematode communities, abundance, species
numbers and diversity, composite indices, metabolic footprints
and nematode biomass. We assumed that changes in nematode

assemblages will be similar to those recorded after windstorm in
2004, and thus acquire direct confirmation, that nematodes can
serve as valuable bioindicators for ecosystem disturbance.

Materials and Methods

Characteristics of the study sites and soil sampling method

Study has been carried out in the natural spruce forest in the High
Tatra Mountains. Stand was covered with a 120-year-old stand of
80 % Picea abies (L.) Karst, and 20 % Larix decidua Mill. The
ground vegetation was rich in mosses, spruce needles, Vaccin-
ium myrtillus L., and Oxalis acetosella L. and in open areas by
Avenella flexuosa (L.) Drejer and Calamagrostis villosa (Chaix), J.
F. Gmel. The botanical characterization of the study area has been
described by Soltés et al. (2010). The entire area is characterised
by cold climate with an average annual temperature of 5.3 °C and
annual rain precipitation of about 833 mm (Fleischer, 2008). The
dominant soil type is a Dystric Cambisol developed on glacial mo-
raine deposits with an above ground humus layer 12 cm thick on
the study plot, with pH 3.2 — 3.3; for more detailed characteristic
see (Renco et al., 2015).

Soil samples were collected between October 2006 and 2013,
when forest was undisturbed and from the same plot in October
2014 after the large windstorm which took place in May 2014 (dis-
turbed forest). All fallen trees were laid down in area at the time of
soil samples collection (October 2014).

A quadrant soil sampling method was used. Five quadrants (10
x 10 m) were marked within the plot area. From each quadrant
(100 m?) five sub-samples were collected. One from each corner
and one from the centre, to obtain five representative compos-
ite soil samples (1 kg). Sampling was conducted using a garden
trowel up to the depth of 10 cm including litter layer. The five com-
posite soil samples were preserved in plastic bags and maintained
in refrigerator at 5 °C until processing. For laboratory processing,
each sample was homogenized by soft hand mixing. A total of 15
representative soil samples were collected and analysed, five in
2006 and 2013 (before windstorm) and five in 2014.

Nematode extraction and identification

Each composite sample was homogenized by gentle hand mixing,
and 100 g of soil were then soaked with 1 | of tap water for 30
— 60 min and processed by Cobb sieving and decanting (Cobb,
1918) followed by a modified Baermann’s technique (van Ben-
zojen, 2006). Nematodes were extracted from the aqueous soil
suspensions using a set of two cotton-propylene filters. One or
two filter trays were used per sample to prevent material from ex-
ceeding 0.5 cm in depth above the filter. Subsamples were collect-
ed after subsequent extraction for 48 h at room temperature. The
aqueous suspensions were examined under a stereomicroscope
(Leica S8APO, magnification 20, 40, 60, 80x). The excessive wa-
ter was removed, and the nematodes were fixed with a hot 99:1
solution of 4 % formaldehyde: pure glycerol (Seinhorst, 1962).
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The all extracted nematodes were microscopically identified to the
species level (juveniles to genus) based on their morphological
markers and morphometries with assistance of original species
description and identification keys Andrassy (2005, 2007, 2009),
Geraert (2008, 2010), Loof (1999) and others. The Eclipse 90i
Nikon, Japan light microscope at 100, 200, 400, 600, and 1000
magnification has been used.

Nematode community and data analysis

Identified nematode species were allocated to eight trophic groups
based on their feeding habits as recommended by Yeates et al.
(1993) and Wasilewska (1997). Than adjusted and supplemented
according Srieriebriennikov et al. (2014): bacterivores (B), fungi-
vores (F), herbivores/ectoparasites (Hect); herbivores/epidermal
root hair feeders (Hroot); herbivores/migratory endoparasites
(Hmig); herbivores/semi-endoparasites (Hsem); predators (P) and
omnivores (O). Number of species, nematode abundance, mean
number of nematodes per trophic group and the Shannon-Weaver
index of species diversity were determined. The Shannon-Weaver
index of species diversity (H'spp.) was calculated as:

H'spp. = -3 PxIn P, where P is the proportion of individuals of the
ith taxon (Shannon & Weaver, 1949)

Ecological and functional indices

Basic ecological and functional indices were used to assess the
status of the soil ecosystem using the nematode communities. The
Maturity Index for free-living taxa, MI = 3 [v, x f)]/n, where v, is the
colonizer-persister (c-p) value of taxon i, . is the frequency of taxon

jin a sample and n is the total number of individuals in a sample;
the Plant Parasite Index (PPI), determined similarly as MI but for
plant parasitic taxa (Yeates et al., 1993); the Maturity Index 2-5
(MI2-5) (Bongers & Korthals, 1993), determined similarly as Ml but
excludes the ¢-p1 enrichment opportunists and the sigma Maturity
Index (> MI), determined for all taxa (Yeates, 1994). All maturi-
ty indices were calculated using a c-p value that represented the
life-history characteristics of the nematode taxa associated with
r- and K-selection (Bongers, 1990). To evaluate food web charac-
teristics, Enrichment Index (El), Structure Index (SI), and Channel
Index (Cl) were calculated according the Ferris et al. (2001).
Finally, functional metabolic footprints were calculated. Metabolic
footprints provide metrics for the magnitudes of ecosystem functions
and services provided by component organisms of the soil food web
(Ferris, 2010). All indices and metabolic footprints were calculated
with the NINJA online program (Srieriebriennikov et al., 2014) (http:/
spark.rstudio.com/bsierieb/ninja; accessed 21 July 2014).

Statistical analysis

Relative population densities of nematodes in each trophic group
were calculated as means for the individual sampling dates. Data
were statistically analysed after transformation in arcsen root
square values by ANOVA and compared by Least Significant
Differences (LSD). Total abundance, the species diversity index
(H'spp.) and the data of ecological and functional indices were
analysed by analyses of variance (ANOVA), and then compared
by the Least Significant Differences (LSD) test of the Plotlt 3.2
program.

Table 2. A comparison of means of nematode abundance, diversity index for species H'spp. and selected nematode community indices in the investigated forest plot
in the High Tatra Mountains in October 2006, 2013 and 2014

Index name U 2006 U 2013 D 2014 ANOVA. p
Abundance 287.3+1516 a 489411648 a 67522123 b 0.016
H’spp. 2.4340.34 a 2.8240.13 b 2.45+0.14 a 0.024
Maturity Index 2.69+0.39 a 2.5040.16 a 2.10£0.07 b 0.008
Maturity Index 2-5 2.80+0.35 a 2.6640.25 a 2.17+0.05 b 0.004
Sigma Maturity Index 2.57+0.24 a 2441010 a 2.13+0.06 b 0.002
Plant Parasitic Index 2.47+0.37 a 2.23+0.26 a 2.4240.25 a 0.467
Channel Index 40.6+31.5 a 51.5425.1 a 28.0+7.8 b 0.327
Enrichment Index 44.0+9.8 a 52.05£14.2 a 27446 b 0.011
Structure Index 711137 a 66.6+10.4 a 27.816.1 b <0.001
Total Biomass 1.52+0.42 a 0.5110.26 a 0.68+0.28 a 0.247
Composite footprint 300.1+£301.2 a 138.74£57.1 a 17884634 a 0.370
Enrichment footprint 24232877 a 65.8+44.7 a 91.6+50.9 a 0.250
Structure footprint 38.2420.7 a 40.9+214 a 20.215.4 a 0.167
Herbivore footprint 5.8+1.3 a 15.6+7.4 a 7.6+3.9 a 0.154
Fungivore footprint 7.145.0 a 15.7£7.5 b 7.2£1.8 a 0.042
Bacterivore footprint 25451968 a 75.9+44 1 a 14794593 a 0.309
Predator footprint 0.7+0.9 a 6.9+11.2 a 2.6+1.6 a 0.334
Omnivore footprint 32.2£19.9 a 24.648.8 a 13.744.7 b 0.016

Mean values followed by the same letters (a. b. etc.) are not statistically different according to the Least Significant Difference test (P=0.05)
(n=5). Selected ecological and functional indices and metabolic footprints were calculated according Sieriebriennikov et al. (2014). U 2006

and U 2013, forest unaffected by windstorm - undisturbed; D 2014, forest affected by windstorm in 2014 - disturbed unmanaged.
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Results

Nematode community analysis

A total of 7 205 individuals, comprising 54 species and 39 genera
were identified by this study. The highest number of species in
2013 was found in undisturbed forest and was slightly higher than
in disturbed forest in 2014 (Table 1). ANOVA test showed signif-
icant differences in nematode abundance between years of soil
sampling on the plot (P=0.016) (Table 2). Overall, the nematode
abundance was significantly higher in the 2014 disturbed forest in
comparison with both sampling dates before the windstorm event
(LSD, P=0.05).

The abundance of nematode species as well as densities of nem-
atode trophic groups was affected by windstorm disaster. Nineteen
bacterivorous species, 11 fungal feeders and herbivores, 9 om-
nivores and 4 predators were found. Overall, the most abundant
species in the studied spruce forest stand was Acrobeloides nanus.
Windstorm disaster influenced the total number as well as relative

Food web analysis

densities of nematode trophic groups and the abundance of par-
ticular nematode species. Relative density of B nematodes was
significantly higher in disturbed (2014) when compared to undis-
turbed forests (2006 — 2013; Table 3). It was caused by abundance
increase in the following species: A. nanus, Cephalobus persegnis,
Plectus communis, P. decens and P. parvus (Table 1). In contrast,
the density of F nematodes significantly decreased after the event
in 2014 (Table 3). This was instigated by declining in abundance or
dominance of previously prevalent fungivores species F. vulgaris,
T. mirabilis, Tylencholaimus minimus, Aphelenchoides compostico-
la and A. parietinus (Table 1). The mean Hect and Hroot relative
abundances showed a similar pattern (LSD, P=0.05) (Table 3).
The species which prevailed in the 2006 and 2013 (Paratylenchus
microdorus, Trichodorus sparsus, M. exiguus, Helicotylenchus
pseudorobustus and Rotylenchus robustus), contrary declined in
abundance after the windstorm event in 2014 (Table 1).

The mean O nematode abundance was also significantly lower
after the forest devastation (LSD, P=0.05); O nematodes were
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Fig. 1. Diagram of the Enrichment and Structure indices calculated separately for each sampling date in the research plot of spruce forest in the High Tatra Mountains
(n=5). U 2006 and U 2013, forest unaffected by windstorm - undisturbed; D 2014, forest affected by windstorm in 2014 - disturbed unmanaged.
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Table 3. Relative abundance (%) of nematode in trophic groups in the investigated plot of spruce forest in the High Tatra Mountains in October 2006, 2013 and 2014.

Trophic groups U 2006 U 2013 D 2014

Bacterivores 35.7+153 a 274458 a 76.5+6.4 b
Fungivores 26.6+8.7 a 31.1£7.8 a 11.0£3.3 b
Predators 1.0£1.9 a 41+7.0 b 0.8+0.5 a
Omnivores 15.6+3.1 a 6.2+1.2 a 3.3£0.8 b
Herbivores migratory endoparasites 0.0£0.0 a 0.0£0.0 a 0.2+04 a
Herbivores semi-endoparasites 2.5+2.3 a 8.3+1.9 b 3.0£1.2 b
Herbivores Ectoparasites 6.312.5 a 3717 a 0.4+0.2 b
Herbivores Epidermal/root hair feeders 12.2+1.4 a 19.4+7.4 a 49424 b

Mean values followed by the same letters (a. b. etc.) are not statistically different according to the Least Significant Difference test (P=0.05)
(n=5). Nematode species were assigned to trophic groups according Sieriebriennikov et al. (2014). U 2006 and U 2013, forest unaffected
by windstorm - undisturbed; D 2014, forest affected by windstorm in 2014 - disturbed unmanaged

more abundant with the dominance of Eudorylaimus spp. in un-
disturbed 2006 and 2013 (Table 3) plot. The abundance of P and
Hmig nematodes did not differ significantly between examined
years (Table 3). Total nematode biomass varied inconsistently, but
the highest biomass in 2006 was due to the higher abundance of
large omnivorous nematodes (Table 2).

Ecological, functional, and diversity indices of nematode commu-
nities

Mean values of the community indices and metabolic footprints for
the three years are shown on Table 2. H'spp. of the soil-nematode
communities differ between years examined. H'spp. was signifi-
cantly higher in undisturbed stand in 2013 than in disturbed forest

Metabolic footprint
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full line - treatment mean, dotted line - SD

Fig. 2. Metabolic footprints calculated separately for each sampling date in in the research plot of spruce forest in the High Tatra Mountains (n=5). U 2006 and U 2013,
forest unaffected by windstorm - undisturbed; D 2014, forest affected by windstorm in 2014 - disturbed unmanaged.
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from 2014 (P<0.024) (Table 2). Forest devastation by windstorm
significantly influenced all maturity indices (MI, MI2-5 and > MI).
These indices were significantly lower in disturbed forest from
2014 than in undisturbed forest in 2006 and 2013 without signifi-
cant difference between years 2006 and 2013 (Table 2).

The Channel Index (Cl), which indicates the predominant decom-
position channel in the soil food web, did not differ between the
sampling dates (Table 2). The Enrichment Index (El), which char-
acterizes the intensity of nutrient enrichment (high EI) or deple-
tion (low El) was always significantly higher in undisturbed forests
in 2006 and 2013 when compared with disturbed forest in 2014
(ANOVA, P=0.011). The Structure Index (SI) which indicates if the
soil ecosystem is structured with stronger (high Sl) or degraded
(low SI) trophic links, was also significantly higher in 2006 and
2013 than after forest destruction in 2014 (ANOVA, P=<0.001) (Ta-
ble 2). The Enrichment Index and the Structure Index, separated
all the samples collected in undisturbed forest in 2006 and 2013 to
quadrant “B” and “C” characterizing the soil environment as matur-
ing and structured, fertile, having low to moderate damage, N-rich,
and with a low or moderate C:N ratio (Fig. 1). In contrast, all of
the samples collected after forest damage in 2014 were assigned
to quadrant “D”, characterizing the soil environment as degraded,
stressed, nutrient depleted and with a high C:N ratio (Fig. 1). This
finding corresponded with the metabolic footprints characteristics
of the soil food web which is displayed graphically in Fig. 2. The
soil samples collected in plot before the forest devastation by wind-
storm (2006, 2013) were located in quadrant “B” and “C”, whereas
the nematode community in soil samples collected after windstorm
was clustered in quadrant “D”. Moreover, soil ecosystem before
windstorm was more metabolically balanced in undisturbed 2013
(illustrated area had a square shape) when compared with undis-
turbed plot from 2006 (rhomboid shape; Fig. 2). The order of the
values of nematode metabolic footprints was bacteriovores > fun-
givores > herbivores > omnivores > predators. Nevertheless, only
the values from fungivore footprint and omnivore footprint signifi-
cantly differed between sampling dates (Table 2).

Discussion

Since November 2004 when large windstorm destroyed thousands
hectares of Norway spruce forests in High Tatras National Park,
many studies have been conducted to elucidate the storm impact
on changes of all ecosystem components including soil organisms
(Fleisher & Homolova, 2011). Our previous study (Cerevkova &
Renco, 2009; Cerevkova et al., 2013), showed that the windstorm
did not negatively affected nematode abundance. The higher nem-
atode abundance may be attributed to the secondary plant suc-
cession and changes in the herbaceous cover, which can directly
or indirectly affect food sources for different nematode trophic
groups. Such changes in plant communities occurred the first year
after the 2004 windstorm (Soltés et al., 2010) and appeared also in
our research plot, few months after its destruction by stormin 2014

(Homolova et al., 2015). The heliophilous grass C. villosa and the
acidophilous grass A. flexuosa rapidly colonized damaged area
after the 2004 storm (Soltés et al.,, 2010) and have remained dom-
inant in damaged plots (Renco et al., 2015). These species are
good indicators regarding its availability to light and water (Soltés
et al., 2010) and consistent with the findings of Magnusson (1983)
and Hanél (1993) who found dominance of grasses such as C.
villosa, A. flexuosa or C. arundinacea in spruce forests after the
clearings or destruction by industrial emissions during early stages
of reforestation.

Overall, the total number of species recorded in spruce forest of
High Tatras Mountains (54) corresponds with records of Ruess
(1995) from spruce forests in Germany (33 — 65) or Hanél (1996,
2004) from spruce forests in the Czech Republic (54 — 74). Al
these spruce forests have extremely acidified soils with pH range
from 2.9 to 4.5. Thus, we can consider this nematode species
numbers as typical for acid soils of European spruce forests. In
contrast, Querceto-Fageto-Aceretum deciduous forest soils with
pH 7.0 - 7.7 in the PLA Vihorlat (Slovakia) reached number of
nematode species up 68 to 167 (Hanél & Cerevkova, 2010). The
number of nematode species in our study slightly decreased after
the windstorm, but not significantly.

The distribution of nematode trophic groups in the research plot
before its destruction by 2014 windstorm was typical for European
natural coniferous forests with prevalence of B and F, followed by
Hroot and O nematodes with relatively low proportion of P nema-
todes. However, the forest devastation by windstorm in May 2014
caused significant changes in relative densities of these nema-
tode trophic groups, with the exception for P nematodes. While,
B nematodes significantly increased and double the abundance
recorded before event; F, O and Hroot nematodes significantly
declined. Bacterivorous nematodes are often the most dominant
trophic group in forests (Raty & Huhta, 2003; Liskova et al., 2008;
Rendo et al., 2012; Zhang, 2015) and their abundance and pro-
portion in the nematode community can increase after ecosystem
disturbance (Hanél, 2004: Sohlenius 2002; Salamun et al., 2014;
Renco & Balezentiené, 2015; Liu et al., 2015). According to Wa-
silewska (1998) bacterivorous soil nematodes are linked with the
decomposition of organic matter through their feeding on sapro-
phytic microbes. Increased abundance in this group attests to an
abundance of easily-decomposable organic matter, be this of plant
origin (grasses). As shown by our long-term study (Renco et al.,
2015) the significantly higher abundance of B in storm affected
sites persists even nine years after the disaster. It suggests a pro-
longed availability of readily decomposing organic matter and en-
hanced microbiological activity. Thus this confirms data from long-
term analysis (2006 — 2013) of soil microbial communities after the
2004 windstorm (Gomoryova et al., 2014) as well as data recorded
in our research plot after the 2014 storm (Gémoryova, unpublished
data). She recorded significant increase in richness and diversity
of microbial community what resulted in increase of basal respi-
ration and microbial biomass C five months after the 2014 event
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when compared to data recorded from undisturbed plotin 2013. In
contrast, (Brzeski, 1993) recorded rapid increase of bacteria and
consequently abundance of B nematodes after green manure, but
the effect of amendments on B nematodes was short timed and
population has declined, six months after fertilisation.

The most dominant nematode species in researched plot in High
Tatras, with rapid increasing abundance after forest devastation
by windstorm, was bacterivore A. nanus, confirming our previ-
ous records (Cerevkova & Renco, 2009) and the other reports
from Czech Republic (Hanél 1993, 1996, 1999, 2004), Germany
(Ruess, 1995) or Sweden (Sohlenius & Bostrém, 2001) where high
abundance of genus Acrobeloides in vital spruce or pine forests
with low soil pH was found. We can therefore consider the nema-
todes of this genus as ecological indicator of acidic soil condition
for European coniferous forests.

In our study, fungivores were the second most abundant trophic
group in forest soil before (2006, 2013) but also after the forest
devastation in 2014. However their relative density significantly
decreased after forest damage compared with time before event.
According to Wasilewska (1997) fungivores are strongly associat-
ed with soil pH level and thus provide good indicator for changes
of this characteristic soil. An increase in abundance of FFs, or as
a proportion of the total nematode community, provides informa-
tion about increasing soil acidity (Reuss, 1995; Ruess et al., 1996;
Sohlenius & Wasilewska, 1984). Since the soil acidity remained un-
affected five months after the event (Gomoryova, unpublished data)
decline in the proportion of F in the nematode community could be
attributed to the dramatic increase of abundance for BFs. Predators
and omnivores comprising K-selected nematode species (Bongers,
1990) are regarded as bioindicators of environmental perturbance
having long-life cycles, low reproduction rate and low colonization
ability. Our ten-year research in the research plots in High Tatras
spruce forests affected by two windstorms showed that predators in
general have relatively low abundance in this ecosystem what com-
plicates their use as bio-indicators of spruce forest devastation as
presented in previous studies (Hanél, 2004). Overall, the predators
have very low numbers or absent in acidic coniferous soils through-
out the Europe (Ruess, 1995; Hanél, 1996, 1999, 2004; Sohlenius
& Bostrém 2001; Bassus, 1962) what was confirmed also by obser-
vation of Ruess et al., (1996) where acid precipitation significant-
ly decreased number of predators in spruce forests. In contrary,
Mladenov et al. (2004) found in urban Querceto-Fraxinus forest in
Bulgaria, with soil pH 6.5, much higher predators abundance.
Quite the opposite, in our study omnivores had relatively high abun-
dance in the nematode community before forest damage, but have
been found very sensitive to the ecosystem deterioration. Mainly
Eudorylaimus spp.; they rapidly fall in abundance, consistent with
the data from clear-cut spruce forests in short-term study (Hanél &
Cerevkova, 2010) or after clear-cutting of spruce trees that died of
bark beetle attack (Hanél, 2004). Although contradicting with our
previous findings, when the abundance of O nematodes did not
differ between control and windstorm disturbed plots (Cerevkova
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et al., 2013). A causal explanation for this contradiction could be
that destruction of spruce forests by two windstorms occurred in
different period of year 2004 or 2014, respectively. The 2004 wind-
storm formed in November 19 (late autumn) when soil was frozen
with snow covering the land. Therefore soil fauna hibernating and
abundance of sensitive nematode taxa of omnivores were thus not
directly affected by the disaster. In contrast, the storm in 2014 hap-
pened in May 15 when soil inhabitant have been continuing their
live cycles, so ecosystem deterioration could affect development
of sensitive omnivorous species, which did not recover until our
soil sampling in October 2014.

Nematode community structure can be determined by many ways.
The abundance of each species in a community as descriptive in-
dicator can be transformed into ecological indices and parameters
as evaluative indicators, by measuring changes in the diversity and
trophic structure of the community and by assessing the levels of sail
disturbance and decomposition pathways (Bongers, 1990; Heink &
Kowarik, 2010). Maturity indices can represent the degree of en-
vironmental disturbance, with lower values indicating a more dis-
turbed and enriched environment and higher values indicating a less
disturbed and steadier environment (Bongers, 1990). In our study,
all maturity indices (MI, MI2-5, Y MI) were significantly lower five
month after the 2014 windstorm, when compared with data recorded
before that event. Thus confirming our previous findings (Cerevkova
et al., 2013) and those recorded by other researchers (Bjgrnlund et
al., 2002; Forge & Simard, 2001). However, time may be a positive
factor for the rehabilitation of soil-nematode communities, because
neither Maturity Index (MI or Y MI) differed significantly between the
damaged and undamaged spruce forest plots in the High Tatras Mts.
nine years after the 2004 windstorm (Renco et al., 2015).

Sl and El provide strong interpretative tool for the assessment of
environmental disturbances (Ferris et al., 2001). Our analysis of
the functional guilds in forest plot before and after its devastation
by 2014 windstorm indicated significant differences in both El and
Sl. The disturbed forest plot in 2014 had lower Els and Sls than
undisturbed in 2006 and 2013. It suggests that the soil ecosystem
five months after windstorm is nutrient depleted with degraded
trophic links (Ferris et al., 2001). These findings corresponded
with our previous recorded within first three years after the 2004
windstorm (Cerevkova & Ren¢o, 2009). Time has been found as
positive factor for nutrient and trophic links recovery (Renco et
al., 2015). The order of values of nematode metabolic footprints
was bacterivores > fungivores > herbivores that revealed bacte-
rial-based energy channel in High Tatra spruce forest confirmed
results and conclusions of Ciobanu et al. (2015) from analyses of
soil samples collected in the Romanian coniferous forests.

Conclusion
Natural catastrophes are natural events occurring in every eco-

system. However, it cannot be predicted where and which eco-
systems will be exposed to the natural disturbance agents in or-



der to collect relevant data as valuable indicators (fauna, flora)
before event. Therefore, the destruction of spruce forest by 2014
windstorm what included the site that has been monitored since
2004 windstorm as a control plot provided an ideal opportunity to
follow up a direct impact of storm to changes within soil nematode
communities. We conclude that the total nematode abundance
increased, species diversity decreased but total number of nem-
atode species remained similar after the event. Total number and
relative population density of bacterivorous nematodes increased;
fungivores, omnivores and herbivores decreased after the wind-
storm. Low abundance of predators in the High Tatras acidic
spruce forest soils complicate their use as bio-indicators for the
ecosystem disturbance. The low values of all maturity indices in-
dicated the existence of not mature nematode assemblages. The
weighted faunal analysis also suggests that windstorm disturbed
the forest soil nematode communities. These results supported
the role of nematode communities as potential indicators of envi-
ronmental conditions and its disruption.
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