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Abstract
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Uprooting is a major disturbance factor in most natural forests. Little work has been done
concerning the effects of uprooting on soil properties and fauna. This paper focuses the effects of
tree uprooting on some soil properties, earthworm biomass and species diversity in Sardabrood
forests of Chalous in Hyrcanian forest, northern Iran. For this purpose, twenty seven single-
tree gap sites in mixed beech forests were selected at 700-1,300 m altitude range, seventeen
sites dominated by beech (Fagus orientalis Lipsky) and ten by hornbeam (Carpinus betulus L.).
Four microsites were distinguished at each site: mound top (mound), pit bottom (pit), gap in
the canopy (gap) and closed canopy (canopy). Soil samples were taken at 10 cm depth from all
microsites. Earthworms were collected by hand sorting, simultaneously with the soil sampling.
Soil acidity, water content, total carbon, total nitrogen and carbon to nitrogen ratio were measured
in the laboratory. The impact of uprooting disturbance on soil properties was found significant.
The total earthworm number and biomass differed significantly among the mentioned sites and
microsites. The number and biomass amount of earthworms showed decreasing trend from
undisturbed (closed canopy) to disturbed sites (gap, pit and mound). This trend is mainly
caused by number and biomass of endogeic ecological group of earthworms. No earthworms
were found in mound microsites. Thus, the windthrow generally reduced the activity and
abundance of the earthworms. Our results suggest that windthrow should be considered
effectively influencing soil diversity in context of forest ecology. This is significant for
evaluating forest management policies and practices with respect to impacts on soil and also
for the use of soils as indicators of forest ecosystems.
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MonIL et al., 2009). The most important type of distur-
bances in the temperate forests is blowdown connected

In disturbance ecology, disturbances are considered as  with the disturbance of soils (ULaNovA, 2000). Tree up-
an important part of dynamics of plant communities (SA-  rooting has important influences on forest ecology and
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implications for forest management (Uranova, 2000;
PETERSON, 2007; PHILLIPS et al., 2008). Ice storms, fi-
ring and other factors may cause uprooting, but wind is
the most common cause (PETERsON, 2007). Windthrow
events have significant impacts on forest structure, spe-
cies composition, gap succession and microtopography
(PETERSON, 2007).

Soil formation processes are affected by different
disturbances in forest ecosystems (Uranova, 2000).
One of the most important effects of windthrow is its
influence on the rate and quality of soil formation pro-
cesses (SaMonIL et al., 2008). Tree uprooting has dif-
ferent effects on the soil of forest ecosystems (GABET
et al., 2003). Tree uprooting is a pervasive source of
bio-perturbation in forests, with significant direct ef-
fects on soils, as well as indirect effects on soil forma-
tion and sediment transport. The direct effects include
soil mixing, soil profile inversion, local redistribution
of sediment mass, and creation of characteristic pit and
mound topography. Indirect effects include exposure of
unprotected sediment to erosion and mass wasting, and
creation of microscale differences in weathering, mois-
ture flux, organic matter dynamics, and microclimate in
the pit and mound topography (PHiLLIPs et al., 2008).

Because of the complexity of tree uprooting pro-
cess and the time elapsed since uprooting, the size of
pits and mounds varies greatly. Aproximately 10 to 50
percent of the forest floor in temperate forests may be
covered by pit and mound topography (ScHAETZL et al.,
1990). Tree uprooting and pit and mound topography
are not randomly distributed. They are strongly asso-
ciated with ecosystems having parent material and soil
favouring shallow rooting and systems with severe
windstorms (PHiLLips and MarioN, 2006). For ecosys-
tems with wet mineral or organic soils (high water ta-
bles), rocky soils or soils developing root restricting ho-
rizons is typical high incidence of uprooting (PETERSON,
2007). Tree uprooting and pit and mound features cre-
ate heterogeneous conditions in soil ecosystem. In case
of an uprooted mature tree, an average of 12 to 16 m? of
soil to a depth of one meter or more may be disturbed
(NorTon, et al. 1989).

Soil processes are controlled by a set of relatively
independent state factors including climate, organisms,
relief, parent material, time and by a group of interac-
tive controls such as disturbance regime and human
activities (ScHARENBROCH and BockuEm, 2007). Forest
gaps are a key component of the disturbance regime
and examples of natural interactive controls with direct
impacts on state factors including climate and orga-
nisms. Forest gaps represent dramatic top-down trophic
interactions between vegetation and the soil microbial
mediated processes (CHAPIN et al., 2002). Gaps may be
responsible for the creation of nutrient hot spots or is-
lands of fertility that increase forest productivity and
overall soil diversity (ScHARENBROCH and BOCKHEM,
2007; ScHaRENBROCH and BockHEM, 2008).
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Earthworms are perhaps the most important soil
organisms in terms of their influence on organic matter
breakdown, soil structural development, and nutrient
cycling, especially in productive ecosystems (Kooch
et al., 2008). Aristole called them the “intestines of the
earth” and the eminent nineteenth century biologist,
Charles Darwin, spent many years observing their ma-
jor influence on the soil humus formation and transport
(Kooch and Jarivanp, 2008). Despite of the vast in-
crease in scientific literature on earthworms in recent
years, they are major gaps in knowledge of their basic
biology and ecology (NACHTERGALE et al., 2002; KoocH
et al., 2008). However, to determine relations among
biomass and diversity of earthworms, pit and mound
disturbances and soil properties is essential for mana-
gement of forest ecosystems. The goal of this study
was to investigate windthrow effects on soil properties,
earthworm biomass and species diversity in Hyrcanian
forests of Iran. The survey was the first of this type in
these forests.

Material and methods
Study area

This research was performed in Sardabrood forests lo-
cated in lowland and midland of the Mazandaran prov-
ince in northern Iran (36°37'30"-36°40'52" N, 51°7'50"—
51°12'51" E). The study area was 2,347 ha, the maxi-
mum elevation 1,400 m and minimum 50 m. The lowest
temperature was measured in December (7.5 °C), the
highest in June (24.6 °C). The data on mean annual
precipitation of the study area: 47.5 to 237.6 mm were
provided by the Noushahr city meterological station,
which is 10 km far from the study area. The soils are
deep, moderately well drained. Their texture is silty
clay and clay loam, with pH of 4.9 to 6.3. The bedrock
is sandstone with silting and argillite, and lime stone.
Presence of logged and bare roots of trees indicates
rooting restrictions and heavy soil texture (Sardabrood
Forest Management, 2003).

Soil sampling and analysis

In the summer of 2008, twenty seven single-tree gap
sites in mixed beech forests at 700—1,300 m altitude
range were selected, seventeen sites dominated by
beech (Fagus orientalis Lipsky) and ten by hornbeam
(Carpinus betulus L.) (Table 1). In all the areas, the pit
and mounds resulted from the fall of a single tree. At
each site, four microsites were distinguished: mound
top (mound), pit bottom (pit), gap in the canopy (gap)
and closed canopy (canopy). Soil samples were taken at
10 cm depth from all microsites. Large live plant mate-
rial (root and shoots) and pebbles in each sample were
separated by hand and discarded. The soil samples were



air-dried and sieved. Soil acidity (with an electrode),
water content (by drying soil samples at 105 °C for 24
hours), total carbon (Walkey and Black method), total
nitrogen (Kjeldahl method) and carbon to nitrogen ra-
tio were measured in the laboratory (ScHARENBROCH and
BockHEIM, 2007).

Sampling and identification of earthworms

The earthworms were collected by hand sorting simul-
taneously with the soil sampling, washed in water and
weighed with a milligram precision. Earthworm species
were identified (epigeic, anecic, and endogeic) based on
their external characteristics using the key of BOUCH
(Epwarps and BoHLEN, 1996). Biomass was defined as
the weight of the worms after drying for 48 hours on
filter paper at room temperature (60 °C) (Epwarps and
BoHLEN, 1996).

Data analysis

Kolomogorov-Smirnov test was used for testing
normality and Levene test for data homogeneity tes-
ting. Analysis of variance (one-way ANovA) and Duncan
comparison were used to find differences in soil charac-
teristics among the microsites. Nonparametric Kruskal-
Wallis analysis of variance and Mann-Whitney com-
parison were used to find differences in earthworms
number and biomass among sites and microsites, be-
cause in some cases the variance lacked homogeneity.
Analysis of the whole data set was done in SPSS Ver.
13.5. Factor analysis is a statistic tool for exploring

Table 1. Characteristics of uprooted beech and hornbeam trees

complex relationships among variables. Relationships
between microsites and earthworms species were ana-
lyzed by Principle Component Analysis (McCune and
MEFFORD, 1999).

Results
Soil properties

Analysis of variance has revealed significant differences
in soil characteristics between the investigated micro-
sites of beech and hornbeam sites (Table 2). The maxi-
mum and minimum acidity were observed in mound and
canopy microsites, respectively, for both woody plants
(Table 3). The highest water content (moisture) occurred
in pit microsites and the least was observed on mounds
(Table 3). In beech site, maximum amount of carbon re-
lated to canopy and the lowest was found in mound mi-
crosites; but in hornbeam site, the highest was observed
in gap microsites (Table 3). Nitrogen manifested higher
amounts in canopy microsites and the lowest value re-
lated to mound (Table 3). Carbon to nitrogen ratio was
lower in canopy sites, the highest values were observed
in pits for beech sites and on mound in hornbeam sites
(Table 3).

Ecological groups of earthworms
Analysis of data showed that there were significant dif-

ferences in number and biomass of earthworms eco-
logical groups among the microsites (Table 4) and sites

Species Tree Average Average Dominant Slope
number D. B. H. [em] altitude [m] slope aspect
Fagus orientalis Lipsky 17 45.35(35-52)  1,202.1 (1,110-1,295)  40-50 Northeast
Carpinus betulus L. 10 48.60 (42-52)  771.5(725-910)
Table 2. Analysis of variance for soil characteristics in study area
Soil character / Site SS DF MS F Sig.

B H B H B H B H B H
pH 7.99 076 3 3 2.66 0.25 35.92 7.98  0.000%*  0.000**
Water content 15198.7 767417 3 3 5066.23 2558.05 128.20 3336 0.000**  0.000%*
Carbon 5.84 362 3 3 1.94 1.21 4.57 3.96  0.006%*  0.015%
Nitrogen 0.15 017 3 3 0.05 0.05 72.89  125.16  0.000**  0.000%*
Carbon to nitrogen 665.69 66396 3 3 221.89  221.32 7.29 9.69  0.000%*  0.000%*

ratio

**Difference is significant at the 0.01 level.
*Difference is significant at the 0.05 level.
DF, degree of freedom; B, beech site; H; hornbeam site.
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(Table 5). Earthworms number and biomass displayed
more amounts in canopy microsites, and the lowest were

observed on mound microsites (Table 4). The hornbeam

Table 3. Mean values of soil characteristics in different microsites of study sites

sites had more abundant earthworms in comparison to
the beech sites (Table 5).

Site Microsite pH Water content Carbon Nitrogen nitcrzrgl?e(l)lnr:zio

Beech Mound 6.82 (0.03)a 1598 (0.84)d  2.59(0.13)b 0.12 (0.006)c  21.05(1.39)ab
Pit 6.11 (0.09)b 5572 (1.97)a  2.68 (0.18)b 0.12 (0.003)c  22.00 (1.69)a
Gap 6.68 (0.04)a 29.38 (1.26)c ~ 3.00(0.16)ab ~ 0.17 (0.008)b  17.67 (1.37)bc
Canopy 6.03 (0.07)b 43.80(1.75)b 3.34(0.15)a 0.24 (0.006)a 14.04 (0.68)c

Hornbeam Mound 7.66 (0.05)a 14.84 (0.84)c  2.35(0.04)b 0.11 (0.005)b  20.37 (0.90)a
Pit 7.43 (0.01)b 53.74 (432)a  2.37(0.29)b 0.13 (0.007)b  18.67 (2.75)a
Gap 7.65 (0.04)a 37.61 (2.39)b  3.04(0.17)a 0.25 (0.006)a 12.05 (0.74)b
Canopy 7.34 (0.08)b 37.49 2.34)b  2.84(0.03)ab  0.26 (0.007)a 10.95 (0.38)b

Values are the means + St. error of the mean (in parentheses).
Within the same column the means followed by different letters are statistically different (P < 0.05).

Table 4. Kruskal-Wallis analysis for number and biomass of earthworms in different microsites

Site — Microsite / Earthworm Epigeic Anecic Endogeic
Statistical character Groups Biomass Number Number Biomass Number Biomass
Beech Microsite Mound 0 0 0 0 0 0
Pit 1 10.47 0 0 0 0
Gap 0 0 1.47 10.76 0 0
Canopy 0.52 2.76 0 0 1.23 7.41
Statistical Chi square 15.242 15.849 30.477 30.459 19.404 19.398
characters DF 3 3 3 3 3 3
Sig. 0.002%** 0.001** 0.000%* 0.000%* 0.000%* 0.000%*
Hornbeam  Microsite Mound 0 0 0 0 0 0
Pit 2.10 31 0.30 1 0 0
Gap 1 5.50 2.80 34.30 0 0
Canopy 1.30 10.40 4.50 13.20 2.80 26.90
Statistical Chi square 12.105 12.444 17.775 18.338 28.800 28.783
characters DF 3 3 3 3 3 3
Sig. 0.007** 0.006** 0.000%* 0.000%* 0.000%* 0.000%*
**Difference is significant at the 0.01 level.
DF, degrees of freedom.
Mean of earthworms’ numbers presented in m? and biomass in mg m=.
Table 5. Mann-Whitney analysis for number and biomass of earthworms in study sites
Earthworm / Epigeic Anecic Endogeic
Statistical character Number Biomass Number Biomass Number Biomass
Mann-Whitney U 945 950.50 957.50 951.50 1207 1201
Wilcoxon 3291 3296.50 3303.50 3297.50 3553 3547
Z -3.31 -3.26 -3.41 -3.46 -1.66 -1.733
Sig. 0.001** 0.001** 0.001** 0.001** 0.095 ns 0.083 ns

**Difference is significant at the 0.01 level.
ns, non significant differences (P > 0.05).
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Earthworm groups and soil properties

In beech sites, principle component analysis showed
that percentage of eigenvalue for the first and second
axis were about 53.91% and 31.69%, respectively. PCA
biplots of microsites, soil characteristics and earthworm
species are presented in Figure 1. The number of epigeic
is linked to positive direction of axis 1, but number and
biomass of anecic are connected to negative direction
of this axis. The negative direction of axis 2 is linked
to epigeic biomass and positive direction to number
and biomass of endogeic. Mound and gap microsites
covered left part of axis 1 and pit microsite occupied
left part of axis 2. Right part of axis 2 corresponded
to canopy microsite. Carbon and nitrogen are related
to negative direction of axis 1 and carbon to nitrogen
ratio linked to right part of this axis. Acidity and water
content (moisture) covered left and right parts of axis 2,
respectively (Fig. 1).

In hornbeam site, the first second of the PCA ac-
counted for 81.38% of the total variance; 48.13% by
axis 1, 33.25 % by axis 2. PCA biplots of microsites,
soil characteristics and earthworm groups for hornbeam
site are displayed in Figure 2. The negative direction
of axis 1 comprises numbers of anecic and endogeic
species and biomass of endogeic species. Number and
biomass of epigeics related to right part of axis 2 and
anecic biomass linked to left part of this axis. Canopy
microsite covered the negative direction of axis 1, the
pit and gap microsites occupied right and left parts of
axis 2, respectively. Mound linked to right part of axis
1 with eigenvector 1.46 and left part of axis 2 with ei-
genvector equal to —1.47. Carbon and nitrogen involved
negative direction of axis 1 and carbon to nitrogen ratio
lay in positive section of axis 1. Acidity and water con-
tent linked to left and right parts of axis 2, respectively

(Fig. 2).
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Fig. 1. PCA biplots of microsites, soil characteristics and earthworm species (PC1: eigenvalue = 3.23, percent of variance
= 53.91, cumulative variance percent = 53.91 and PC2: eigenvalue = 1.90, percent of variance = 31.69, cumulative variance
percent = 85.60).
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Fig. 2. PCA biplots of microsites, soil characteristics and earthworm species (PC1: eigenvalue = 2.88, percent of variance
=48.13, cumulative variance percent = 48.13 and PC2: eigenvalue = 1.99, percent of variance = 33.25, cumulative variance
percent = 81.38).

Discussion
Soil properties

Results of this research showed that all the studied
properties were variable among investigated microsites
(Tables 2 and 3). The most significant differences were
found in pit, mound and canopy microsites (Table 3).
Soil acidity manifested significant differences in mi-
crosites with the most and least amounts in mound and
canopy microsites (Table 3). Thus, it is possible that
gap creation increased soil acidity and lowered pH in
canopy microsites. Beech litters have low pH values,
but within gaps with occurrence of disturbances and
extensive changes, the decomposition rate is higher
and organic matter cycle are better in comparison to the
canopy. Therefore, the soil pH values were higher in
gap microsites, which is in accordance with the results
of Muscoro et al. (2007).

The highest average moisture content was found
in pits, the least water was in mound microsites (Table
3) — in accordance with Barton et al. (2000). The re-
sults of the current research show that pit and mound
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features were associated with basic changes in soil cha-
racteristics (Lutz 1940; PeTErRsON and PickerT, 1990;
BormaNN et al., 1995; PeTERSON, 2000) and changes in
soil moisture (BEATTY and SToNE, 1986). The gap crea-
tion decreased soil water content, and central areas of
gaps (mound microsites) had less moisture than border
areas (gap microsites). Water content changes are very
variable in different forest ecosystems (Mc DoNaLD and
ABBOTT, 1994; GAGNON et al., 2003). CHEN et al. (1999)
mentioned that gap creation in forest ecosystems in-
duces moisture decreasing and temperature increasing
in superficial soils.

Beech twigs and leaves need more time for decom-
position than hornbeam species. This is more evident in
old forest stands with higher litter volume in understory
(HuttL et al., 2000). Thick humus layers provide fa-
vourable conditions for moisture preservation in forest
lands. Spongy character under closed canopy improves
water and moisture preservation capacities in com-
parison with positions without closed canopy. Humus
reduction within gaps can be related to more solar ra-
diation and increased microclimate temperature (PAGE
and CaMERroN, 2006). Gaps have more plant diversity



than closed canopy (SHURE et al., 2006). Colonisation
by diverse plant species using different soil horizons is
due to increased root respiration followed by increased
temperature that can be effective in humus reduction.

In beech sites, the maximum values of carbon were
found in canopy microsites, the lowest on mound mi-
crosites; whereas in hornbeam sites, the most amount
of carbon was observed in gap microsites (Table 3).
CrintoN and Baker (2000) reported the following dis-
tribution pattern for organic carbon at Coweeta Basin in
North Carolina one year after a windthrow event: 2.15%
mound, 2.11% pit wall, 1.42% pit bottom, and 4.73% in
the undisturbed area. BEaTTY and StonE (1986) report or-
ganic matter distribution as 5.7% (3.31% C) for mound,
17.8% (10.32% C) for pit, and 10.0% (5.8% C) for un-
disturbed sites. Thus, the changes in carbon amounts
are different in diverse forest ecosystems. Nitrogen had
higher values in canopy, and the lowest were related to
mound (Table 3). It is worth to notice that soil characte-
ristics had different responses to various microsites.

Nitrogen was significantly increasing with closing
canopy cover. Soil nitrogen contents are controlled by
several factors such as soil moisture and temperature,
carbon accessibility, decomposers species, soil acidity,
soil texture, the value of absorbed nitrogen by roots
and its return to litter (PErRssoN et al., 2000). It is pos-
sible that bacteria converting organic nitrogen to mi-
neral form are activated in a specific temperature range.
Therefore, soil temperature displays multiple effects
which can explain different correlation values (from
positive to negative) in nitrogen content mentioned in
different studies (ScaMIDT et al., 2002). The presence of
microbial agents and oozing of created acids by activi-
ty of these organisms have an important role in carbon
storage (Frazer et al., 1990). NACHTERGALE et al. (2002)
mentioned that mounds have low carbon and nitrogen
contents due to leaching and drainage (mounds repre-
sent hilly areas on soil surface). This fact has been con-
firmed by our research, too (Table 3).

Carbon to nitrogen ratio, is an index for determina-
tion of humus and litter decomposition amount. There-
fore, it is appropriate for calculation of litter volume and
weight reduction (TayLor et al., 1989). Carbon to nitro-
gen ratio was found lower in canopy and the highest
value was observed in pits for beech sites and mounds
in hornbeam sites (Table 3). BarTon et al. (2000) inves-
tigated the amounts of carbon, nitrogen and values of
carbon to nitrogen ratio in various microsites of pit and
mound type. He found that the values of these charac-
ters were associated with undisturbed areas, and that
there were significant differences between these and the
other microsites.

Earthworm ecological groups

In general, most earthworms are sensitive to soil acidity
as their numbers and biomass are lower in soils with

low pH. Several studies of the issue resulted in finding
that earthworms preferred pH close to buffer (NERYNCK
et al., 2000). DeLePORTE (2001) introduced soil pH as
an effective negative agent affecting earthworm abun-
dance. The hornbeam site had higher pH values, so it
provided more appropriate conditions for abundance
and biomass of earthworm ecological groups (Tables 4
and 5). RaaMant and SALEH RAsTIN (2000) observed that
number and biomass of earhworms in hornbeam stands
were higher than in oak-hornbeam and beech stands.
However, no significant difference between oak-horn-
beam and beech stands was observed.

In the beech site, epigeic ecological groups (be-
longing to epi-anecic under-category) found in pit and
canopy microsites (Table 4) were related to high mois-
ture amounts in these microsites (Table 3). Almost 80 to
90% of earthworms” fresh weight represents water, thus
soil moisture is essential for their living, and soil drying
can cause their death (SALEH RasTiv, 1978). Consider-
ing the moisture of 55.72% in pit microsites (Table 3),
this moisture amount is due to gathering more epigeics
(Table 4). The most earthworms, especially anecic spe-
cies, prefer positions with rich nutrient supply. These
species consume litters with low C/N content. Endogeic
and anecic species are more resistant to inappropriate
soil textures and to drought. They can migrate in deeper
layers and avoid soil drought, especially in summer sea-
son (HALE and Host, 2005).

In the hornbeam site, different earthworms groups
were found in all studied microsites except of mound
microsites (Table 4). The superficial soil with mounds
is hilly, and has more volume and higher temperature
in comparison to other surfaces (Lonpo et al., 2001).
On the other hand, soil temperature exerts effects on
earthworms number and biomass and on their distribu-
tion (Brapy, 1990). Therefore, low moisture and high
temperature represent fatal conditions for earthworms
on mounds (NACHTERGALE et al., 2002), and, conse-
quently, no earthworms were found in mound micro-
site in both of site types (Table 4). The high amount of
epigeic biomass within the pits is related to hygrophil-
lous earthworms. Some of earthworms are semi-aquatic
and prefer positions with high moisture and deep water
(SchwerTt, 1990).

NAacCHTERGALE et al. (2002) mentioned that the in-
crease of epigeics biomass in pits is a response to more
tree litter gathered within these microsites. Pits creation
in forest floor produce an especial condition — due to
increase of litter thickness and water content, thus the
epigeics biomass will increase. Carbon to nitrogen ratio
in closed canopy microsite results from assemblage of
earthworms diverse groups in this hornbeam microsite.
In summary, it seems that the suitable temperature and
moisture, absence of inappropriate chemical substances
such as tanin, polyphenol, and low carbon to nitrogen
ratio (especially in closed canopy microsites) created
favourable conditions for increasing biologic activities
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of earthworms in hornbeam site compared to the beech
site. Therefore, the presence and abundance of earth-
worms diverse groups are more visible in the hornbeam
site.

The results of PCA for the two sites indicated that
the axis 1 and axis 2 accounted for most of the total
variance. Also, position of microsites, soil characteris-
tics and earthworm ecological groups manifest special
conditions — due to gathering and abundance of earth-
worms. Closed canopy microsites in beech sites were
associated with the highest density and biomass of en-
dogeics, and had high correlation with positive direc-
tion of axis 2. Gap microsites had the most abundance
of anecic species, and showed high correlation with
negative direction of axis 1. Epigeic species occupied
pit microsites and had high correlation with soil mois-
ture. In hornbeam sites, presence of different factors and
combination of environmental factors were an obstacle
of complete differentiation of earthworms ecological
groups in pit and gap microsites (Figs 1 and 2).

The results of this research show that the number
and biomass of earthworms had decreasing trend from
undisturbed (closed canopy) to disturbed sites (gap, pit
and mound), and no earthworms were found in mound
microsites. SAINT-GERMAIN and MAUFFETTE (2001) sug-
gest that the ice storms introduced disturbances and re-
duction in beetle populations in maple forest ecosystem.
BougeT (2005) and GanpHr et al. (2008) mention that
windthrows are associated with decrease in forest bee-
tles populations. Furthermore, the created disturbance
had the most impact on endogeic ecological group of
earthworms. These earthworms group were not visible
in disturbed areas (gap, pit and mound). It is supposed
that this earthworms groups are more sensitive to severe
light conditions and higher temperature within gaps in
comparison to the other earthworm groups. As indi-
viduals belonging into this group have more excavation
abilities than the other groups (Kooch and JALILVAND,
2008; KoocH et al., 2008), they migrate to deeper layers
of soil and no endogeic was found in 0—10 cm depth. On
the other hand, in closed canopy, with less light supply
and moderate temperature conditions on soil surface,
endogeics were found migrating to soil surface.

Conclusions

The results of this study show that earthworms can
serve as bioindicators for evaluation of changes in
forest stands after disturbance events. The windthrow
generally reduced the activity and abundance of earth-
worms. Our results suggest that windthrow should be
considered as an effective factor influencing soil diver-
sity in context of forest ecology. This is significant for
evaluating forest management policies and practices
with respect to impacts on soil and also for the use of
soils as indicators of forest ecosystems.
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Reakcia biomasy a diverzity dazd’oviek na vyvraty a podne vlastnosti
v hyrkanskych lesoch v Irane

Suhrn

Vyvraty sposobuji vyznamné skody vo vacsine prirodnych lesov. V oblasti skimania vplyvu vyvratov na vlast-
nosti lesnych pod a na lesni faunu sa vSak doposial’ urobilo dost’ malo. Tato praca sa zaobera vplyvom vyvratov
na urcité vlastnosti pod a na biomasu dazd’'oviek a ich druhovu diverzitu na lokalite Sardabrood v tidoli Chalous
v hyrkanskych (kaspickych) lesoch v severnom Irane. Za tymto G¢elom bolo vybranych 27 stanovist’ s porasto-
vymi medzerami o §irke jedného stromu v zmieSanych bukovych lesoch v nadmorskej vyske 700 — 1 300 m. Na
17 z tychto lokalit dominoval buk, na 10 hrab. Na kazdej z lokalit boli rozliSené Styri mikrolokality: vrchol kopy
(mound), dno jamy (pit), medzera v korunovom zapoji (gap) a uzatvoreny zapoj (canopy). Zo vsetkych Styroch
mikrolokalit boli odobrané vzorky pddy z hibky 10 cm.

Dazdovky sa vyberali ruéne pocas odberu pddnych vzoriek. V laboratdriu sa urcovali tieto pddne paramet-
re: kyslost’ pddy, obsah vody, obsah celkového uhlika a dusika a pomer C/N. Zistili sme, Ze vyvraty vyznamne
ovplyviuju vlastnosti lesnych pdd. Rozdiely v celkovom pocte dazd’oviek a v ich biomase medzi danymi lokali-
tami a mikrolokalitami boli vyznamné. Pocet dazd’oviek ako aj ich biomasa vykazovali klesajuci trend od nena-
rusenych lokalit k najviac naruSenym (medzera, kopa, jama). Tento trend bol vysledkom najmé poctu a biomasy
dazd’oviek patriacich do endogeickej ekologickej skupiny. Na mikrolokalitach s kopou neboli najdené ziadne daz-
dovky. Z toho vyplyva, ze vyvraty vo vSeobecnosti znizuju aktivitu a abundanciu u dazd’'oviek. Nase vysledky
naznacuj, Ze vyvraty mozno povazovat' za vyznamny faktor ovplyviujuci pddnu diverzitu v ramci ekologie lesa.
Toto ma vyznam pre posudzovanie lesohospodarskych opatreni vzhladom na ich vplyv na pddu a tiez aj pre vyu-
zivanie pdd ako indikatorov stavu lesnych ekosystémov.
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