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Abstract. Vegetation cover significantly affects ice formation at lower margin of scree slopes. Spiders were
studied on three scree slopes in the Czech Republic. The non-uniform spatial distribution of the spiders
reflected the temperature gradients within the scree slopes. Thermophilous species occured at the upper
margin, and psychrophilous species at the lower margin of a scree slope. The species that occured at the dry
upper margin of the scree slope tend to be the largest species.
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INTRODUCTION
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Accumulations of stones in Central Europe constitute island ecosystems (Rizicka 1990). Due to
the difficulty of exploiting them, they are among the few ecosystems that have been little affected
by man. The plant and animal communities there constitute edaphic climaxes.

In some accumulations, air can flow between the stones, which allows cold air to accumulate at
the bottom of a scree slope. This can lead to the formation of ice, which may persist until late
spring. Because of the specific substrate and microclimate, scree slopes are inhabited by specific
plant and animal communities and thus contribute significantly to the biodiversity of the land-
scape (Christian 1993, Riazicka 1993).

Spiders are well adapted to this type of habitat, and ants, probably their main competitors
elsewhere, do not occur there (Rtzicka et al. 1989, Ruzi¢ka & Zacharda 1994). Consequently
spiders are relatively numerous and their communities relatively species rich (Razicka 1989). Spi-
ders of various boulder and stone accumulations have been studied (e.g., Ruzicka & Kopecky
1994, Ruzicka & Zacharda 1994). This study is devoted to the spider fauna of scree slopes where
the stone size is relatively small (10-20 cm).

MATERIALS AND METHODS

Sites
Two of the study sites (Tyfov and Branov) were in the Kiivoklatsko Biosphere Reserve and Protected Landscape
Area, about 50 km west of Praha, and the third (Blansko-Skalni Mlyn) in the Moravsky Kras (Moravian Karst)
Protected Landscape Area, about 25 km north of Brno.

The Tyfov National Nature Reserve is located on the west slope of the Berounka river valley, approximately
3 km upstream of the village of Branov, 280 m a. s. . (Fig. 1). The lower part of the slope is covered by an
Aceri-Carpinetum forest (Knizetova 1975). At the foot of the slope, inside the forest, there is a totally bare scree
field about 120 m broad and 50 m high, consisting of andesite gravel 10 cm in size on average, with a slope angle
of about 35°.
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The Branov site has a scree slope located on the north slope of the Berounka river valley, near the village of
Branov, 270 m a. s. l. (Fig. 2). This scree field is about 50 m broad and 20 m high. It consists of andesite stones
about 15 cm in size on average, slope angle of 30—40°. The lower half of the scree slope is covered by a thick layer
of vegetation. Saxifraga rosacea Moench and Festuca ovina L. predominate in the herb layer, Polytrichum
Jjuniperinum Hedw., Bartramia pomiformis Hedw., Ptilidium ciliare (L.) Ness, Dicranum polysetum Sw. and
Hylocomium splendens (Hedw.) Br. Eur. predominate in the moss layer (Klika 1941, Kolbek 1983). The scree
field is surrounded by an Aceri-Carpinetum forest community.

The scree field at Blansko-Skalni Mlyn is about 50 m broad and 30 m high, consists of limestone stones about
15 cm in size on average, and has a slope angle of 40°. It is situated on the northwest slope of the Punkva river
valley, 350 m a. s. 1. The upper part of the field is bare, the lower third is overgrown with mixed forest, while the
transition zone between forest and bare debris is covered with moss.

Trapping

The spiders were trapped in pitfall traps made of rigid plastic, about 13 cm high and 10.5 cm in diameter. Each trap
consisted of a cylindrical can with a board fitted above the upper opening of the can (Ruzicka 1982). The traps
contained a water mixture of 7% formaldehyde and 10% glycerol with a few drops of a surfactant (Ruzicka 1988).
In the scree consisting of boulders 15 cm and more in size the traps were positioned in pits up to 1 m deep.
However, in the scree consisting of stones less than 20 cm in size constructing a pit proved impossible as the sides
of the pit collapsed during construction. Therefore, in the Kfivoklatsko Biosphere Reserve, a set of telescopic
metal rings were used to prevent the walls of the pits from collapsing. Progressively smaller rings are inserted and
the stones removed to a perpendicular depth of 1 m into the scree. A perforated plastic tube was inserted close to
the pit wall, enabling the temperature within the scree to be measured throughout the year. The traps were
installed and several stones placed on the board supporting the roof. The free space was then filled with stones and
the rings removed (Fig. 3). Three traps were set in each pit, at depths of 100 cm, 70 cm, and 40 cm and one on
the surface. Two sets of traps were installed at Tyfov site, one on the upper and the other on the lower margin of
the scree field. One set of traps was installed on the lower margin of the slope at the Branov site. Max/min
thermometers were used to measure the maximum and minimum temperatures experienced during the experiment
at the surface and at the depth of 1 m. Daily changes in temperature inside the scree was measured on 8 August
1994 using a digital thermometer. The whole experiment was started on 29 May 1994 and the traps were
removed, and the experiment was terminated on 21 May 1995.

Fig. 3. Cross-section through an probe inserted in the scree slopes. Telescopic metal rings share up the sides of the
hollow in the scree, in which pitfall traps with preserving fluid, and a roof are installed.
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Figs 1, 2. A bird’s eye view of the localities studied. 1. The sun exposed westerly sloping Tyfov and 2. shadowy
northerly sloping Branov screes; both photographed on 3 September 1997 at about midday.
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Tab. 1. Number of spiders collected and temperatures measured at different depths (cms) at the upper and lower

margins of the scree slopes at Tyfov and Branov

depth (cms)
maximum temperature
minimum temperature

Tyfov

upper margin
40 70 100 0

0
+39
-5

+23 +18
+1 -16

lower margin

+13 +10
-10 —-14

Branov

lower margin
40 70 100 0 40 70 100

+7
-10

number of specimens

Textrix denticulata (Olivier, 1789)
Drassodes lapidosus (Walckenaer, 1802)
Callilepis schuszteri (Hermann, 1879)
Heliophanus aeneus (Hahn, 1831)
Trochosa ruricola (Degeer, 1778)
Liocranum rupicola (Walckenaer, 1830)
Harpactea rubicunda (C. L. Koch, 1838)
Pholcomma gibbum (Westring, 1851)
Glyphesis servulus (Simon, 1881)
Pholcus opilionoides (Schrank, 1781)
Nesticus cellulanus (Clerck, 1757)
Tegenaria silvestris L. Koch, 1872
Pardosa lugubris (Walckenaer, 1802)
Walckenaeria capito (Westring, 1861)
Erigone atra Blackwall, 1833

Troxochrus scabriculus (Westring, 1851)
Walckenaeria simplex (Chyzer, 1894)
Zelotes erebeus (Thorell, 1870)
Harpactea lepida (C. L. Koch, 1838)
Lepthyphantes notabilis Kulczynski, 1887
Agraecina striata (Kulczynski, 1882)
Micrargus apertus (O. P.-Cambridge, 1871)
Porrhomma myops Simon, 1884
Porrhomma rosenhaueri (L. Koch, 1872)
Cicurina cicur (Fabricius, 1793)
Diplostyla concolor (Wider, 1834)
Centromerus sylvaticus (Blackwall, 1841)
Zelotes subterraneus (C. L. Koch, 1833)

Lepthyphantes tripartitus Miller et Svaton, 1978
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24

total

28

At the Blansko-Skalni Mlyn site the traps were positioned at a depth of 15-60 cm. One trap was positioned
in the upper bare part, two in the middle part with the moss cover, and three in the lower forest covered part of
the scree slope from 20 May 1993 to 11 May 1994. Spiders were also collected by hand.

The classification of the thermopreference is that of Buchar (1993). The spider species are divided in three
categories: thermophilous species, which occured mainly in the Thermophyticum, mesophilous species, in the
Mesophyticum, and psychrophilous species in the Oreophyticum. The nomenclature follows that in the check list
of the spiders of the Czech Republic produced by Buchar et al. (1995). Material is deposited in author’s collection.

RESULTS AND DISCUSSION

The temperature conditions and ice formation
There are two microclimatic gradients in aerated scree slopes. The first between the upper and lower
margins, and the second between the scree surface and the sheltered inner space (Ruzicka et al.
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1995). Brabec (1973) gives 25 cm as the minimal stone diameter required for air movement and ice
formation in a scree. The three scree slopes studied consist of stones of about 10—15 cm in size.

On the bare west facing scree slope at the Tyfov site, the temperature decreased with depth
(Fig. 4). A colder microclimate occurred at the lower margin while the inner space of the upper
margin did not freeze at all during the winter (Tab. 1). Ice formation was not observed.

The scree slopes at Branov and Blansko-Skalni Mlyn face north (northwest) and their lower
parts are overgrown with vegetation. The temperature in the scree under the moss cover at Branov
remained constant (Fig. 4). The temperature of the inner spaces in the scree at Branov did not
exceed 7 °C (Tab. 1). At the Branov and Blansko-Skalni Mlyn sites the spaces between the stones
in the lower part of the scree were full of ice both when the traps were installed and removed.

Cold air flows slowly down through the small spaces between the stones during winter at Tyiov

and the lower margin is colder than the upper margin, but the amount of cold air that accumulated
there was not sufficient for supercooling of the stones and ice formation. The cold air flows slowly
down through the bare upper parts of the screes at the other two localities and accumulates in the
lower static part of the system, which is almost entierly enclosed by vegetation forming a “pouch”.
Up until late spring cold air cools the lower margin of the scree slope (Rizicka 1999b).

It is generally accepted, that the occurrence of mountain plants on the lower margins of freezing
scree slopes is due to the extraordinarily cold environments there. However, the relationship is not
so simple. The conditions prevailing on the two freezing talus slopes were not only due to cold air
currents, but also to the growth of vegetation. The vegetation retains cold air within the stone
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Fig. 4. Temperature in experimental probes on 8 August 1994. A — Branov, B — Tyfov, lower margin, C — Tyfov,

upper margin.
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Tab. 2. Number of spiders caught by pitfall traps and by hand collecting at the upper, middle and lower parts of the
scree slope at Blansko-Skalni Mlyn

upper margin middle moss zone lower margin

Dysdera ninnii Canestrini, 1868 1
Porrhomma myops Simon, 1884 1
Ceratinella brevis (Wider, 1834) 1 - -
Lepthyphantes alutacius Simon, 1884 1
Rugathodes bellicosus (Simon, 1873) 3
Cybaeus angustiarum L. Koch, 1868 - -
Lepthyphantes tripartitus Miller et Svatonn 1978 - 23 6
Cicurina cicur (Fabricius, 1793) - 1 3
Lepthyphantes alacris (Blackwall, 1853) - - 1
Ceratinella major Kulczynski, 1894 - - 1
Neon reticulatus (Blackwall, 1853) - - 1

total 7 27 12

accumulation and contributes significantly to the formation of an extraordinarily cold microclimate
at the lower margin of the slope, resulting in the presence of psychrophilous plant and animal
species. The mosses require high humidity and a shaded environment, and thus are expected to
develop on north facing slopes. Shrubs and trees can grow at the lower margin of a debris field.
The taller vegetation contributes to the lower temperature by shading the slope. The great impor-
tance of an insulating layer of vegetation and detritus, which forms over tens of years, is revealed
when this insulating layer is destroyed during building activities (Spalek 1935, Christian 1993) or
prospecting for underground spaces (Lhotsky 1960) and the ice melts.

Spiders
A total of 129 spiders belonging to 28 species were collected from pitfall traps at localities in
Krivoklatsko Biosphere Reserve (Tab. 1).

A total of 46 spiders belonging to 11 species were collected from pitfall traps and by hand
collecting at Blansko-Skalni Mlyn (Tab. 2).

The samples collected at the Ktivoklatsko Biosphere Reserve come from three parts of the
continuous gradient, which develops in aerated scree slopes. The lower sample from Tyfov, where
ice does not form, is representative of the middle of this gradient, that from Branov, where ice
forms, the bottom of the gradient (Tab. 1). The distribution of species on this gradient is very
similar to that recorded for a basalt scree slope by Razicka et al. (1995). The thermophilous species
of spiders, i.e. Callilepis schuszteri and Pholcus opilionoides, were only observed on the surface
at top of the gradient, which experienced highest temperatures. Lepthyphantes notabilis and
Micrargus apertus were trapped in the middle of the gradient. Species of the genus Porrhomma
Simon, 1884 are characteristic colonizers of shallow underground spaces (Rizicka 1999a). The
scree slope at Tyfov site is inhabited by Porrhomma myops (the ratio metatarsus I/carapce width:
1.34; cf. Thaler 1968), that at Branov by Porrhomma rosenhaueri (the ratio metatarsus I/carapace
width: 1.62). Lepthyphantes tripartitus, a psychrophilous species, was dominant at the bottom of
scree slopes, where the very cold microclimate is.

Results from Blansko-Skalni Mlyn confirm these conclusions. Dysdera ninnii, a thermophilous
species, was collected on the dry upper margin of the scree, Lepthyphantes tripartitus occurs in
the moss zone and at the bottom of the scree, where ice forms in spring.

High temperatures and a dry microclimate occur on the upper scree slopes. Larger species, e.g.,
those from the families Gnaphosidae and Lycosidae, seem to be more resistant to desiccation. The
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Tab. 3. Average body lengths (in mm) + SE of spiders inhabiting various parts of the aerated scree slopes at (A)
three experimental stations (Branov-Tyfov, see text) and at (B) Brna (Ruzicka et al. 1995)

site dry upper margin middle part lower margin,
where ice had formed
A — surface 7.6+2.5 2.7+1.9 2.4+1.1
B — surface 6.5+£3.5 5.7£2.3 2.5+1.0
A —40 cm 5.4+3.5 3.542.0 2.0+0.0
B - 50 cm 7.5+6.1 3.3+£2.6 4.0+4.0
A —70 cm 4.1+1.9 4.3+0.0 2.4+0.4
A — 100 cm 4.5+1.3 2.6+1.0 2.14+0.2
B — 100 cm 5.0£3.0 2.0+0.0 2.4+0.4

long legs of the species Pholcus opilionoides may be advantageous for living under hot stones.
Small species of linyphiid spiders occur at the bottom of scree slopes. There were significant
differences in the body length (tested by ANOVA, p<0.05) of spiders collected at top and bottom,
and at the surface and inside the scree at Brna in North Bohemia (Riizicka et al. 1995), and at the
surface and inside the scree at the Kiivoklatsko Biosphere Reserve (Tab. 3).

Uneven spatial distributions of spiders on scree slopes were observed by V. Ruzicka (1994) and
of beetles by J. Razicka (1996). Comparing the field data presented here and that in the literature, it
is concluded that this phenomenon is caused by air movement within scree slopes and the conse-
quent formation of zones with different microclimatic conditions.

CONCLUSIONS

1. Vegetation cover can significantly contribute to the formation of an extremely cold microclimate
at the lower margin of northerly exposed scree slopes.

2. The non-uniform spatial distribution of spiders was associated with temperature gradients
within scree slopes. Thermophilous species occured on the surface at the upper margin of a
scree slope. Psychrophilous species occured predominantly in the moss cover in the middle
part and at the lower margin of scree slopes that froze.

3. Small spiders (mainly Linyphiidae) did not inhabit the surface at the upper margin of scree
slopes where there was a danger of desiccation. This area was inhabited by larger species, e.g.,
from the families Gnaphosidae and Lycosidae.
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