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Abstract
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In an area with the differentiated extend of revitalization liming (1986-2002), soil fauna (Elateridae,
Staphylinidae, Diplura, Protura) determined through the method of tullgrens (2005) was confronted
with the actual soil chemistry (pH, soil exchange sorption, the degree of the sorption complex satura-
tion by basic cations, C/N ratio, available nutrients P, Mg, K and Ca).

Athous subfuscus (O. F. Miiller) and Dalopius marginatus (L.) accepted the broad extent of soil pH (2.8
6.15). The abundance of Elateridae and Protura was affected by soil chemistry and the content of
nutrient elements while Staphylinidae and Diplura were without any response. Canonical analy-
sis shows the complexity of applied factors whereas the environment showed a limited impact on

the abundance of monitored fauna.

liming, pH, nutrient elements, C/N ratio, Elateridae, Athous subfuscus, Staphylinidae, Protura, Diplura,

soil fauna

Through the long-term air-pollution impact in
forest ecosystems of the Ore Mountains, soil envi-
ronment has been disturbed and forest disintegra-
tion and changes in the species structure of forests
reflecting in the established stands of substitute spe-
cies occurred (Slodic¢ak et al., 2009).

In acid forest soils, the abundance of macro-
fauna is very low (Kautz and Topp, 1998). In conse-
quence of soil-chemical changes and the growth of
herb vegetation new environment is created for soil
fauna (Makeschin and Rodenkirchen, 1994; Kreut-
zer, 1995; Eisenbeis et al., 1997; Schiffer et al., 2001),
which can be changed due to the fast effect of lim-
ing within one year (Hartmann et al., 1989; Irmler
and Heydemann, 1989; Weber and Eisenbeis, 1992).
However, it differs from medium- and long-term
impacts of the application of dolomitic limestone
(Meyer and Steinberg, 1994; Engel, 1995; Schauer-
mann, 1987; Potthoff et al., 1999; Makeschin, 1994;
Deleporte and Tillier, 1999). Site conditions changed
due to air-pollution effects and soil and epigeal
fauna modified by them, the area became for ento-
mologists uninteresting. Thus, a survey is missing
on its qualitative and quantitative development of

soil fauna in the Ore Mountains area in the second
half of the 20™ century.

The soil and epigeal fauna in mountain spruce
forests is generally poor. With high probability it
was affected by acidification. On the other hand,
the high diversity of forest tree species and herb un-
dergrowth in the air-polluted area of Sné&znik (Kula
and Machov3, 20006) is the course of an extraordi-
nary food offer for caterpillars which is reflected in
the diversity of moths (Kula, 2007) and other phy-
tophages.

An animal component participating in decom-
position processes includes both acidophilous spe-
cies and species requiring neutral and alkaline reac-
tion (pH). In the 70s and the 80s of the last century,
the extensive terrestrial and aerial liming of stands
of the eastern Ore Mits. was realized (62 thousand
ha) (Kubelka et al., 1995) with the aim to contribute
to revitalization of the soil environment and thus in-
directly also the soil and epigeal fauna. At the same
time, established stands of substitute trees with
the high proportion of broadleaves (birch, moun-
tain ash, alder, aspen) also contributed to the im-
provement of soil conditions (Ulbrichova and Po-
drazsky, 2002; Mollerova, 2004).
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METHODS

From the many stands of aerial-limed substitute
species at the area of Forest District Klasterec nad
Ohii (1986-2002), 49 stands were selected, which
characterize a wide area according to time and fre-
quency of the application repetition at altitudes
740-960m. Both unlimed sites and localities with
one to four applications of dolomitic limestone (at
a rate of 2.5-3t.ha"!) were noted generally at an in-
terval of 5-6 years in the period 1986-2002. Con-
centration on stands in forest type groups 6K, 7K
and marginally 6S contributed to the homogeniza-
tion of conditions. Based on general characteristics,
(6K) Acidic Spruce-Beech forest (Piceeto-Fagetum aci-
dophilum) and (6S) Fresh, nutrient-medium Spruce-
Beech forest (Piceeto-Fagetum mesotrophicum) are typ-
ical sites for locations at altitudes 650-950m with
natural species composition Fagus sylvatica L., Abies
alba Mill. and Picea abies (L.) Karst. Mean annual tem-
perature reaches 4.5-5.5°C, annual precipitation
900-1050mm, growing season amounts to 115-
130 days. 7K - Acidic Beech-Spruce forest (Fageto-
Piceetum acidophilum) is the typical site of upland lo-
cations of the Ore Mts. (altitude 900-1050m) with
a mean annual temperature 4-4.5°C and annual
precipitation 1050-1200mm, growing season 100-
115 days and natural species composition P. abies, F.
sylvatica and A. alba (Prtga, 2001). Always four soil
samples (25 x 25 x 15 cm) were taken in each stand
in the spring (May/June) and late summer (Septem-
ber) aspect 2005 (= 392). In the course of field sam-
pling, samples were stored in a snow cache at a tem-
perature of 4°C before transport to the laboratory.
The temperature extraction in tullgrens took place
for a period of three weeks and soil fauna concen-
trated in an intercepting tray (basin) with 0.5% for-
maldehyde was subsequently preserved in 75% eth-
anol. Half of samples from the spring aspect was
stored in a cooling box with 5°C for 21 days, samples
from the late summer aspect were stored in a karst
cave with 5 °C (Kula, Mensik, 2010). The mean abun-
dance of soil fauna (pcs.m2) was determined sum-
marily from spring and late summer samplings
being evaluated in relation to the number of appli-
cations of dolomitic limestone, soil/site preparation
and soil chemistry (Tab. I). With respect to the nu-
merical representation and the extraordinary de-
mandingness of determination the species spec-
trum was specified only in Lumbricidae (Kula and
Mensik, 2010) and Elateridae (larvae), which were
determined by S. Laibner from Choceri. Other com-
ponents of soil fauna were dealt with from the point
of view of quantity. Soil characteristics of monitored
stands include exchangeable pH/KCI, total carbon
and nitrogen, soil exchangeable sorption (T) and
the degree of saturation of an adsorption complex
by basic cations (V) and available nutrients P, Mg,
K and Ca (Mensik and Kula, 2010). The abundance
of selected groups of species of invertebrates and
partial parameters of soils of a humus horizon were
subject to a canonical analysis (Meloun et al., 2005;

StatSoft CR s. r. 0., 2007). Before the analysis, data
were standardized and particular variables showed
normal distribution with parameters (0, 1).

RESULTS AND DISCUSSION

The monitored area with forest stands in Forest
District Klasterec nad Oh#i was affected by the long-
term process of acidification as well as by revitaliza-
tion liming, which took place with various intensity
in 1986-2002. Regardless of other partial characte-
ristics, we evaluated seven animal groups with direct
food and developmental relationships to the soil en-
vironment. Effects of liming depend on site factors,
the type of a preparation used, liming dose/rate,
grain size and the method of application, to task
the impact of liming is evaluated as a dynamic factor
(Persson, 1988), thus assessing its effects is related to
a period how long after application the monitoring
is carried out.

Elateridae

The coenosis of Elateridae shows specific position
because adults can occur as secondary pests on as-
similatory organs. Larvae (wireworms) are an im-
portant component of forest soils where the lar-
vac participate in decomposition (Nielsen, 1974,
1975, Schauermann, 1986). Elateridae rank among
species with a 3-year length of development (lar-
vae 2 years) Dalopius marginatus (L.) or up to 6-year
development Athous subfuscus (O. F. Miiller), Selato-
somus aeneus (L.). Thus, the cumulated reserve of lar-
vae is created in the soil environment (Miller, 1956;
Strey, 1972; Schwenke, 1974). The most important
species is A. subfuscus, which feeds on humus, ani-
mals or their residues (Strey, 1972), various plant
parts (Schaerffenberg, 1942, K¥istek, 1979), leaves of
beech (Moritz, 1986), seeds (Escherich, 1923, Blunck
and Miithlmann, 1954) and various types of litterfall
(Moritz, 1986). Imagoes do damage to bark of shoots
or buds and larvae are harmful to the root system of
plants. In mixed pine forests, larvae show relatively
small abundance (38ind.m2), of which A. subfuscus
16.2ind.m and D. marginatus 12.6ind.m2 In spruce
stands, D. marginatus and A. subfuscus are dominant
(Schwenke, 1974). Iller (1956) determined the abun-
dance of 40-50 larvae (wireworms) per m? as a criti-
cal limit for the origin of damage on field crops. In
stands of substitute species, such an abundance was
not found.

Wireworms of 17 species of Elateridae were caught
in the monitored area of the Klasterec Forest District
in stands limed differentially and soil/site treated
before reforestation. The abundance of wireworms
was defined by 12-72ind.m2. The highest abun-
dance of wireworms was noted at localities, which
were not limed or were limed only once but with-
out site preparation (66-72ind.m2). On the other
hand, decreased abundance 12-40ind.m2 occurred
in stands, which were repeatedly limed and at sites
disturbed by various technologies (Tab. 1). A. subfus-
cus (53.75%) and D. marginatus (20.16%) ranked among
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I: I: The abundance of larvae of Elateridae in stands with the differentiated preparation of site/soil and frequency of liming
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A 32 0.00 0.00 0.00 0.50 0.00 0.00 4550 1.00 0.50 10.50 7.00 3.00 1.00 2.00 0.50 0.00 0.00 1.00 72.50
B 8 0.00 0.00 0.00 0.00 2.00 0.00 400 2.00 0.00 400 0.00 800 0.00 0.00 0.00 0.00 0.00 2.00 22.00
C 96 0.00 1.00 0.00 2.50 0.00 0.17 25.00 1.00 2.00 13.17 3.67 3.50 0.00 0.00 0.00 0.17 0.00 0.67 52.83
D 88 0.00 0.55 0.00 1.09 0.8 0.18 18.55 0.18 1.27 11.64 1.64 2.73 0.00 0.00 0.18 036 0.18 0.91 39.64
E 24 0.00 0.00 0.00 0.00 0.00 1.33 13.33 0.00 0.00 133 133 6.00 0.00 0.00 0.00 0.00 0.00 133 24.67
F 40 0.00 0.00 0.40 0.00 0.00 0.00 30.00 0.40 3.20 0.80 2.00 0.40 0.00 0.00 0.00 0.00 0.40 0.00 37.60
G 40 0.00 0.00 0.00 040 0.00 040 17.60 0.00 2.00 6.00 2.00 1.20 0.00 0.00 0.80 0.00 0.00 0.80 31.20
H 48 033 0.00 033 0.00 0.00 0.00 17.67 0.33 1.00 5.00 1.67 2.33 033 033 0.00 0.00 0.00 0.00 29.33
CH 8 000 000 0.00 30.00 0.00 0.00 22.00 0.00 2.00 12.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 66.00
1 8 0.00 0.00 0.00 0.00 0.00 0.00 8.00 0.00 0.00 2.00 2.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 12.00
A Without liming and site preparation
B Without liming and with the “excavator” preparation of a site
C  Once limed without site preparation
D Oncelimed with the “excavator” preparation of a site
E  Oncelimed with the “bulldozer” preparation of a site
F  2-3times limed without site preparation
G 2-3times limed with the “excavator” preparation of a site
H  2-3times limed with the “bulldozer” preparation of a site
CH Without liming on agricultural land (field. meadow)
1 2-3 times limed on agricultural land (field. meadow)

generally distributed eudominant species. Hyp-
noidus riparius (Fabr.) (6.43%) reached a dominant po-
sition (Tab. II). From the analysis of abundance of
particular species of Elateridae in relation to the fo-
rest type group significant dependences did not be-
come evident through differentiated site conditions.
The soil environment chemistry of H horizon where
the development of larvae is concentrated appears
to be the decisive criterion of long influence of lim-
ing and soil preparation. The soil pH at monitored
localities with the occurrence of larvae was defined
by 2.84-6.15, which was accepted by A. subfuscus at
a balanced proportion. D. marginatus was profiled
by higher abundance at pH < 3.5. The high range of
soil pH (2.96-5.53) was determined at Ctenicera cuprea
(Fabr.). Although the abundance of larvae of Elateri-
dae was slightly decreased with the decreasing aci-
dity it is not possible to consider soil pH to be an im-
portant differentiation criterion (Tab. IT). The species
diversity was partly negatively affected by reced-
ing acidity (Tab. II). Detailed information on the ef-
fect of pH on the development of Elateridae has not
been mentioned in literature but it is not possible to
exclude that soil conditions can be one of causes of
the different species spectrum of Elateridae in field,
meadow and forest ecosystems. Differences were
determined at some species of Elateridae due to
the soil exchangeable sorption (Agriotes obscurus (L.).
Generally, very low abundance occurred at the high

degree of the sorption complex saturation by basic
cations. The decrease of abundance wireworms oc-
curred at the optimum C/N ratio (Tab. TI). Accord-
ing to the content of nutrient elements in a humus
horizon, the higher abundance of wireworms oc-
curs at the surplus of phosphorus, deficit of mag-
nesium, surplus of calcium and optimum of potas-
sium (Tab. ITI). Tn spite of facts mentioned above, it
is not possible to accept unambiguous conclusions
because limed areas show generally the increased
content of nutrients and a comparative site with
an insufficient supply is missing. If larvae of Elateri-
dae can be hardly classified from the point of view
of a trophic level (Axelsson et al., 1984, Persson et al.,
1980), results of Wolters (1989) class unambiguously
wireworms A. subfuscus to humiphagous specie their
unspecific feeding behaviour being widely inde-
pendent on soil conditions, which is in accordance
with other authors.

Staphylinidae

Data on the occurrence of Staphylinidae in
air-polluted areas and limed stands are missing.
The occurrence of larvae and adults determined by
the method of photoeclectors is a more objective
procedure than soil samples because more stable
and less fluctuating part of the Staphylinidae coe-
nosis is noted including often even more rare and
less numerous species. Nevertheless, experience
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IL: The abundance of species of Elateridae in the humus layer depending on its properties (Forest District Kldsterec)

Abundance (ks.m-2)

Species pH T \4 C:N
<3.5 3.5-45 >4.5 pH  125-250 >250 0-30 30-50 50-80 80-100 0-15 15-25
Actenicerus siaclandiscus ~ 0.08 0.00 0.00 3.46 0.00 0.04 0.06 0.00 0.00 0.00 0.00 0.05
Adrastus pallens 008 040 125 3.04-476 0.0 039 023 000 200 000 111 020
Adrastus rachifer 015 000 000 3.14-346  0.00 009 011 000 000 000 000 010
Agriotes obscurus 154 240 000 2.84-4.05 10.00 1.00 217 000 000 000 356 110
Agriotes pilosellus 0.00 0.13 025 3.52-5.53  0.00 009 006 000 000 100 000 010
Aplotarsus incanus 0.23 027 000 3.01-3.84  0.00 0.22 0.23 0.29  0.00 0.00  0.00 025
Athous subfuscus 22.69 2227 2250 2.84-6.15 1933 2274 23.83 1571 29.60  6.00 2533 21.90
Athous zebei 069 027 025 296-5.53  0.00 052 057 029 000 100 067 045
Ctenicera cuprea 131 213 100 291-563 133 152 166 086 200 000 156  1.50
Dalopius marginatus 11.15 467 675 2.84-6.15 533 865 1000 200 880 3.00 10.89  7.90
Elateridae sp. 223 253 375 x 1.33 265 240 257 440 100 378 230
Hypnoidus riparius 277 307 175 296-5.53  4.00 261 263 457 000 400 156 295
Idolus picipennis 000 040  0.00 4.04-448 0.0 013 000 086 000 000 044 005
Limonius aeneoniger 015 040 000 296-448  0.00 022 023 029 000 000 044 015
Limonius poneli 031 000 000 291-332 0.0 017 023 000 000 000 022 015
Melanotus castanipes 015 013 000 3.05-441  0.00 013 011 000 040 000 000 015
Prosternon tessellatum 008 0.3 000 3.16-403  0.00 009 011 000 000 000 000 010
Selatosomus aencus 085 053 025 291-5.53  0.00 070 086 000 000 100 044 070
Abundance 4446 39.73  37.75 4133 4196 4549 2743 4720 17.00 50.00 40.10
N -individuals 578 298 151 62 965 796 96 118 17 225 802
N - soil samples 208 120 64 24 368 280 56 40 16 72 320

T - the sorption capacity of soil
V - the sorption complex saturation by bases

IIL: The abundance of species of Elateridae in the humus layer depending on the content of nutrient elements (P. Mg. Ca. K) (Forest District
Kldsterec)

Abundance (ks.m2)

Nutrients
P Mg Ca K
Species <10 10-30 >30 <150 150-400 >400 150-500 >500 <200 200-400

Actenicerus siaelandiscus ~ 0.05 0.00 0.00 0.13 0.00 0.00 0.08 0.00 0.05 0.00
Adrastus pallens 0.19 0.00 333 0.13 0.00 1.23 0.08 0.70 0.18 2.00
Adrastus rachifer 0.09 0.00 0.00 0.13 0.10 0.00 0.15 0.00 0.09 0.00
Agriotes obscurus 0.79 4.00  10.00 4.53 0.29 0.15 2.38 0.61 1.45 2.40
Agriotes pilosellus 0.09 0.00 0.00 0.00 0.10 0.15 0.00 0.17 0.09 0.00
Aplotarsus incanus 0.23 0.00 0.00 0.13 0.10 0.46 0.08 0.35 0.18 0.40
Athous subfuscus 22.56 1400 30.67 21.07 2324 2308 20.77 2452 21.68  30.00
Athous zebei 0.56 0.00 0.00 0.53 0.67 0.15 0.62 0.35 0.45 0.80
Ctenicera cuprea 1.67 0.00 0.67 0.93 1.81 1.69 131 1.74 1.68 0.00
Dalopius marginatus 819 1000  10.67  14.67 6.38 4.62 7.38 9.65 8.14  11.20
Elateridae sp. 2.28 4.00 533 1.87 2.86 2.92 1.54 3.74 2.27 5.20
Hypnoidus riparius 2.93 0.67 133 2.13 2.76 3.23 1.77 3.74 2.86 1.20
Idolus picipennis 0.14 0.00 0.00 0.00 0.10 0.31 0.00 0.26 0.14 0.00
Limonius aenconiger 0.23 0.00 0.00 0.27 0.29 0.00 0.15 0.26 0.23 0.00
Limonius poneli 0.19 0.00 0.00 0.27 0.19 0.00 0.31 0.00 0.18 0.00
Melanotus castanipes 0.14 0.00 0.00 0.00 0.29 0.00 0.15 0.09 0.14 0.00
Prosternon tessellatum 0.09 0.00 0.00 0.00 0.10 0.15 0.08 0.09 0.09 0.00
Selatosomus aeneus 0.74 0.00 0.00 0.27 1.05 0.46 0.62 0.70 0.73 0.00
Abundance 4116  32.67  62.00 47.07 4029 38.62 3746 4696  40.64  53.20
N - individuals 885 49 93 353 423 251 487 540 894 133

N - probes 344 24 24 120 168 104 208 184 352 40
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IV: The mean abundance of soil fauna (ind.m-2) at localities according to the number of applications of dolomitic limestone and site prepara-

tion not differentiating FTG (Forest District Kldsterec)
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Abundance (pcs.m-2)
A 174 50 106 75 242 834 1641 3753 24
B 68 34 80 34 740 20 676 3336 38
C 146 57 127 72 351 461 2352 4313 99
D 124 74 112 73 235 256 1606 3674 70
E 81 77 95 60 184 41 2580 3042 31
F 121 72 124 61 357 301 1493 2559 46
G 82 44 85 66 240 685 933 2207 20
H 64 61 126 91 243 104 1142 2420 16
CH 78 62 140 46 898 22 3072 5512 158
I 28 70 122 78 194 50 1502 2392 0
V: The abundance of soil fauna in the humus layer depending on its properties (Forest District Kldsterec)
Abundance (ind.m-2)
Species PH A\ C:N
<3.5 3.5-4.5 >4.5 0-30 30-50 50-80  80-100 0-15 15-25
Staphylinidae imagoes 67 58 59 67 48 54 52 44 67
Staphylinidae larvae 113 110 96 115 87 97 101 76 115
Myriapoda 271 284 246 267 286 207 467 159 291
Protura 413 400 153 393 493 230 35 285 386
Diplura 51 60 29 54 40 49 19 37 53
Collembola 1611 1684 1326 1682 1164 1504 1089 1711 1569
Acarina 3499 3034 3035 3505 2433 3101 2864 3729 3215
V - the sorption complex saturation by bases
from a limed area of the Buttersteig site (Forest Dis- Protura

trict Litvinov) showed that even determination at
the level of a species did not specify an actual bioin-
dication species, which would be affected by liming
and responded to the change of a population den-
sity (Kula, 2009).

The abundance of larvae determined by tullg-
rens was twice higher than that of imagoes inde-
pendently of site conditions, namely 4-77 and 80—
140ind.m2, respectively. Based on the evaluation of
the total occurrence of Staphylinidae partial shift is
noticeable towards sites where repeated liming was
carried out (except an unlimed stand established on
agricultural land) (Tab. V). With respect to a fact that
chemistry characterizing a humus layer did not be-
come evident even in one indicator as significant for
abundance it was possible to state that Staphylinidae
were not affected by liming (Tab. V, VI).

Protura are typical inhabitants of forest humus.
According to Franz (1959), they are sensitive to
the application of dolomitic limestone, which was
also proved by Fritsche (1994) by the determined in-
crease of their abundance from high to the lowest
application rate.

In the monitored area, a significant difference be-
came evident in abundance (20-834ind.m2). Ma-
ximum values occurred in the control stand with
forest soil but, at the same time, high population
densities were also related to a repeatedly limed
stand. Nevertheless, there is a discrepancy of very
low population density (20-50ind.m-2) at sites with-
out application or only with the only application of
dolomitic limestone (Tab. IV). There are interest-
ing differences in abundance between forest type
groups (FTG) 6K (493ind.m?) and 7K (70ind.m2).
Protura rank among soil fauna responding most
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sensitively to soil properties. Decreased abundance
was determined at pH > 4.5, at a heavily saturated
soil sorption complex and low C/N ratio in H hori-
zon. Low population densities were noted at the op-
timum content of P, K and surplus of Mg and Ca
(Tabs. V, VI).

Diplura

Diplura are a saprophagous component of
the fauna of forest litter and humus. Relevant data
on impacts of acidification and liming are missing.
The abundance of Diplura was relatively low, never-
theless, they were profiled by the frequency of lim-
ing. The higher proportion of Diplura occurred in
unlimed soils and maximum abundance occurred
on afforested agricultural land (Tab. IV). At Diplura,
arelationship to soil chemistry was not identified al-
though the lower abundance of Diplura was related
to sites with pH > 4.5 and with heavily saturated soil
sorption complex, low C/N ratio and the insuffi-
cient content of P (Tabs. V, VI).

Canonical analysis

For canonical analysis (Meloun et al., 2005; StatSoft
CR s. 1. 0., 2007), two groups of data were selected.
The first group consisted of the soil fauna of inver-
tebrates including variable larvae of Elateridae, lar-
vae of Staphylinidae, Lumbricidae, Myriapoda, Pro-
tura, Diplura, Collembola and Acarina (ind.m-2).
Into the second group, variables were included cor-
responding to the soil profile H (pH/KCI, saturation

of the soil sorption complex by bases (V), C/N ra-
tio and the content of P, Mg, Ca, K and total sulphur
(S). Before the actual analysis, data were standard-
ized and particular variables showed normal distri-
bution with parameters (0, 1).

The estimated model was highly significant
(p = 0.00902) and the coefficient of determination
(canonical correlation coefficient R2= 0.148) corre-
sponded to the high dependence closeness. A test of
the significance of canonical roots showed that only
the first root with a canonical correlation coefficient
R = 0.8454 was statistically significant. The struc-
ture of factors (Tab. VII) indicates that a canonical
variable “invertebrates” shows higher loading for
original variables Myriapoda, Collembola, Acarina
and Diplura. However, all these loadings are neg-
ative, which indicates that soil conditions in hori-
zon H affect this soil animal component negatively.
The rate of effect is not high because it corresponds
to the relatively low value of variability (0.2337) and
redundancy (0.1670). The canonical variable “soil”
shows higher loading for original variables “pH/KCl,
C/N and S,”. All these loadings are positive. Thus, it
is possible to conclude that higher pH (less acid en-
vironment), higher C/N ratio (soil rich in carbon or
poor in nitrogen) and also the increased amount of
total sulphur create unfavourable conditions in soil
(H horizon) for the development of a monitored an-
imal component. Changes in the structure of fauna
after liming will be gradual and will follow (with

VI The abundance of the soil fauna in the humus layer depending on the content of nutrient elements (P. Mg. Ca. K) (Forest District Kldsterec)

Abundance (ind.m2)

Nutrients
P Mg Ca K
Species <10 10-30 <150 150-400 >400 150-500 >500 <200 200-400
Staphylinidae imagoes 63 67 70 55 70 69 58 63 64
Staphylinidae larvae 110 106 119 110 97 113 106 110 102
Myriapoda 278 199 286 289 224 283 261 276 218
Protura 400 40 457 430 166 425 323 400 51
Diplura 53 25 49 56 43 41 59 51 49
Collembola 1574 1772 1703 1489 1636 1547 1628 1525 2291
Acarina 3235 3895 3612 3262 2970 3332 3356 3189 4389

VII: Structure of factors — variable soil fauna — invertebrates (variance of the first root 0.2337; redundancy 0.1670) and variables soil - H

horizon (variance of the first root 0.1991; redundancy 0.1423)

Soil fauna Istroot - insect Soil (H) Istroot - soil (Ah)
Elateridae larvae 0.038802 H_pH (KCl) 0.648048
Staphylinidae imagoes 0.038802 HV 0.235188
Staphylinidae larvae 0.311328 H_C/N 0.641965
Lumbricidae 0.311328 H_P 0.160566
Myriapoda ~0.845907 H_Mg 0.388249
Protura 0.141043 H_Ca 0.094998
Collembola -0.751920 H_K 0.381304
Acarina -0.507551 H_St 0.611740
Diplura -0.600859
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a time delay) the process of changes in the chemistry
of soils subject to acidification for nearly 50 years.

CONCLUSION

The chemical composition of the humus horizon
H was evaluated (soil reaction, base-exchange com-
plex, C/N ratio, available nutrients) at 6K and 7K
sites in stands limed in various extent and differen-
tiated by the method of site treatment before refo-
restation. Elateridae show differences in abundance
without an unambiguous relationship to the site/
soil preparation and the number of repeated lim-
ing. On the basis of soil characteristics, indications
of a possible preference for acid site conditions oc-
cur (D. marginatus). A. subfuscus accepting the bal-
anced wide range of pH values (2.8-6.15). Partial ef-
fects on the increased abundance of larvae became
evident at the low degree of the sorption complex
saturation by basic cations, increased content of
Ca, P and the lack of Mg in the humus horizon. Sta-

phylinidae showed a partial shift towards repeatedly
limed stands but a relationship to the soil environ-
ment chemistry was not defined.

Protura were significantly profiled by their de-
creased occurrence at pH > 4.5, at the saturated soil
sorption complex, low C/N ratio in H horizon, and
the optimum P and K content and surplus of Mg. At
Diplura, a response to liming was not determined.

The canonical analysis showed that the evaluated
parameters of the soil environment (H horizon) af-
fected the monitored soil fauna of invertebrates.
The rate of this effect at particular species is not ge-
nerally high and, at the same time, it relates only to
some parameters of the soil environment. The ana-
lysis proves considerable complexity of problems
with the intent that it is necessary to suppose indis-
pensable effects of climatic conditions and the mu-
tual competition of species and other aspects of
the environment natural resistance to the abun-
dance of amonitored animal component.

SOUHRN

Revitaliza¢ni vapnéni a reakce ptidni fauny
V tzemi s diferencovanym rozsahem revitalizatniho vapnéni (1986-2002) byla metodou tullgrent
(2005) zachycend ptdni fauna (Elateridae, Staphylinidae, Diplura, Protura) konfrontovéna s aktual-
nim ptdnim chemismem (pH, ptidni vymé&nna sorpce, stuperi nasyceni sorpéniho komplexu bazic-
kymi kationy, C/N, p¥istupné ziviny P, Mg, K a Ca) (Tab. I-VT).
Z porostti ndhradnich d¥evin letecky vaipnénych na tizemi lesni spravy Klasterec nad Ohii bylo vroce
2005 vybrano 49 porostti, které charakterizuji iroké revitaliza¢ni izemi dle doby a Eetnosti opako-
vani aplikace v poloze 740-960m n. m. Byla podchycena stanovisté nevapnéna i lokality s jedinou
aZ ¢tyfmi aplikacemi vdpnitého dolomitu v ddvce (2,5-3 t.ha!) zpravidla v ¢asovém odstupu 5-6 let
z obdobi 1986-2002. Vzdy ¢&tyfi ptidni sondy (25 x 25 x 15 cm) byly odebrany v porostu v jarnim (V/
VI) a pozdné letnim (IX) aspektu (2005) (X 392). Tepelna extrakce v tullgrenech probthala po dobu ti
tydn.
Pramérnd abundance ptdni fauny (ks.m2) byla stanovena sumarné z odb&ru v jarnim a pozdné let-
nim terminu a hodnocena ve vazb& na pocet aplikaci vapnitého dolomitu a pfipravu ptady (Tab. I, IV)
a ptdni chemismus (Tab. II-III, V-VI). Vzhledem k poc¢etnimu zastoupeni a mimo¥adné naro¢nosti
determinace bylo druhové spektrum stanoveno pouze v ¢eledi Lumbricidae (Kula, Mensik; 2010)
a Elateridae (larvy), které determinoval prom. biol. S. Laibner z Chocné. Ostatni slozky ptadni fauny
byly FeSeny na drovni ¥ad z hlediska kvantity.
Abundance ptidni fauny a dil¢i parametry ptid humusového horizontu byly po standardizaci dat
podrobeny kanonické analyze (Tab. VII).
Abundance 17 druhti larev kovatikovitych byla vymezena 12-72 ks.m2, pfi¢emz nejvy33i byla vloka-
litach bez vapnéni, pfipadné jednou vapnénych, ale bez p¥ipravy stanoviste (66-72 ks.m-2). Naproti
tomu sniZend abundance 12-40ks.m2 byla v porostech opakované vapnénych a rtiznymi technolo-
giemi naruSenych stanovist (Tab. I).
Padni pH (2,84-6,15) na sledovanych lokalitich ve vyrovnaném zastoupeni akceptoval Athous subfus-
cus (O. F. Miiller), zatimco Dalopius marginatus (L.) se profiloval vy$si abundanci p¥i pH < 3,5. Siroké
rozpéti ptidniho pH (2,96-5,53) bylo stanoveno u druhu Ctenicera cuprea (Fabr.) (Tab. II). Abundance
a druhovd diverzita larev kovafikovitych se mirné snizovala s klesajici aciditou. Diference byly sta-
noveny u larev druhu Agriotes obscurus (L.) v diisledku ptidni vyménné sorpce (Tab. II), obecné velmi
nizka abundance byla pfi vysokém stupni nasyceni sorpéniho komplexu bazickymi kationy a sni-
Zeni abundance u drdtovct nastalo pfi optimalnim poméru C/N (Tab. II).
Z drovné€ obsahu zivinovych prvkt v humusovém horizontu se jevi vy3si abundance dratovet pii
nadbytku fosforu, nedostatku ho¥é¢iku, nadbytku vapniku, optimu drasliku (Tab. I11).
Staphylinidae vykazovali dil¢f posun k opakované vapnénym porostiim, ale vazba na chemismus
ptidniho prostfedinebyla definovana (Tab. IV-VI). Protura se vyznamné profilovala snizenym vysky-
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tem p¥i pH > 4.5, pfi nasyceném ptidnim sorpénim komplexu, nizkém poméru C/N v horizontu H
aoptimu P, K a nadbytku Mg (Tab. IT-III). U Diplura nebyla stanovena reakce na vipnéni.

Kanonicka analyza ukdzala, Ze hodnocené parametry ptidniho prost¥edi (horizont H) sledovanou
ptdni faunu bezobratlych ovliviiuji. Mira tohoto ptsobeni u jednotlivych zastupct neni obecné
velka a soucasné se vztahuje jen na n¢které parametry ptidniho prosttedi (Tab. VII). Statistickd ana-
lyza vychazejici z abundance zivo¢isnych skupin a podrobného vymezeni ptidnich podminek potvr-
dila zna¢nou komplexnost problematiky. Pro detailng&jsi analyzu faktort stanovené vy3e abundance

sledované zivo¢idné slozky nejsou dostupnd odpovidajici data charakterizujici mikroklimatické pod-
minky, vzdjemnou konkurenci druhti a dal3i aspekty pfFirozeného odporu prostredi.

vapnéni, pH, zivinové prvky, C/N, Elateridae, Athous subfuscus, ptidni fauna

This work was carried out under projects funded by the grant project NAZV QH 82113 and VZ MSM
6215648902, and on the financial support of regional join stock companies and concerns: Netex Ltd.
and Alcan D&¢in Extrusions Ltd. in D&Ein, District Authorities in D&¢in, CEZ Co. Prague, Lafarge ce-
ment Co. in Cizkovice, Severoteské doly Co. Chomutov, Dieter Bussmann Ltd. in Ustin. L.

SUMMARY

In an area with the differentiated extent of revitalization liming, soil fauna determined by the method
of tullgrens was confronted with the actual soil chemistry. Selected sites were evaluated (49), viz. both
unlimed and localities with the only to four applications of dolomitic limestone atarate of 2.5-3 t.ha™?,
generally at a time delay of 5-6 years in the period 1986-2002. Soil samples (25 x 25 x 15cm) were
taken in a stand in the spring (May/June) and in the late summer (September) aspect 2005 ( 392).
The temperature extraction in tullgrens took place for the period of three weeks.

The mean abundance of soil fauna (ind.m-2) was determined summarily from samplings carried outin
summer and autumn terms and evaluated in relation to FTG, the number of applications of dolomitic
limestone and site/soil preparation and soil chemistry. The soil fauna abundance and partial parame-
ters of soils of the humus horizon were subject to canonical analysis after the standardization of data.
On the basis of the analysis of abundance of particular species of Elateridae in relation to the FTG
a significant dependence did not become evident within differentiated site conditions. Soil pH at
monitored localities with the occurrence of larvae of Elateridae was defined by 2.84-6.15, which was
accepted by Athous subfuscus (O. F. Miiller) in balanced proportion while Dalopius marginatus (L.) was
profiled by higher abundance at pH < 3.5. The broad range of soil pH (2.96-5.53) was determined at
Ctenicera cuprea (Fabr.). Differences were determined at some species of wireworms of Elateridae due to
the soil exchangeable sorption (Agriotes obscurus (L.)). On the basis of the nutrient element content in
the humus horizon the higher abundance of wireworms occurs at the surplus of phosphorus, shor-
tage of magnesium, surplus of calcium and optimum of potassium. The canonical analysis showed
that evaluated parameters of the soil environment (H horizon) affected the monitored fauna of inver-
tebrates. The rate of the effect at particular species is not generally high and, at the same time, it is re-
lated only to some parameters of the soil environment. The analysis proved considerable complexity
of these problems, namely that it was necessary to suppose indispensable effects of climatic condi-
tions and the mutual competition of species and other aspects of the natural resistance of the envi-
ronment on the abundance of the monitored animal component.
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