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ABSTRACT: The thermal regime of a pho-
nolite scree slope on Klíč Mt., North Bohemia, 
Czech Republic, was monitored by miniature data 
loggers. The spiders were collected throughout the 
entire scree field area and on the adjacent cliff. In 
2005 and 2006, the mean internal temperatures at 
the lower margins of the scree slope were 0.1 and 
0.5°C, whereas the mean external ambient tem-
peratures were 6.8 and 7.2°C, respectively. The dif-
ference, therefore, is 6.7°C. The long-term cooling 
of the basal portions, along with the winter heat-
ing of the central and upper parts of the scree, are 
the most specific microclimatic phenomena. The 
boreomontane species inhabit the extremely cold 
vents at the lower margins of the scree slope. Spe-
cies of alpine origin inhabit the middle portions of 
the scree slope. Six thermophilous species inhabit 
the sun-exposed rock margins of Klíč Mt., which 
is nearly at the uppermost limit of their vertical 
distribution in the Czech Republic.
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1. INTRODUCTION

There are two main natural habitats that 
comprise bare bedrock: solid cliffs and scree 
slopes, that consist of accumulations of rock 
blocks and stones. Among terrestrial habitats 

there are few gradients of environmental fac-
tors and accompanying biota that have been 
shown to be more distinct than those found 
on scree slopes (Růžička et al. 1995), as well 
as on cliffs (L arson et al. 1989, 2000).

Scree accumulations represent island hab-
itats in the temperate zone (Růžička 1990b, 
Růžička and Kl imeš  2005). They exhibit 
distinct temperature gradient between the 
surface and the inner space of scree, and be-
tween the upper and lower margins of scree 
slopes (Molenda 1989, Růžička 1990b, 
Růžička et al. 1995, Wunder  and Möseler 
1996). Ice can form and periglacial microcli-
mate can persist on the lower margin of scree 
slopes, especially in lower altitudes (Balch 
1900, Molenda 1996, Růžička 1999b, 
Gude and Molenda 2000, Z acharda et al. 
2005, 2007). Extensive underground spaces 
represent a special type of underground envi-
ronment (Molenda 1989, Růžička 1990b, 
1999a). Cliffs are island-like habitats in the 
temperate zone and also exhibit specific 
microclimatic phenomena (L arson et al. 
2000, Bl ick  et al. 2002). However, these two 
habitats are usually studied separately. As-
semblages of spiders inhabiting screes in the 
Czech Republic are well known (Růžička 
and Kl imeš  2005), whereas those on the 
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rock walls are known poorly (Růžička 2000, 
2007).

The objectives of this study are (1) to pro-
vide ecological data on spider assemblages 
in the understudied cliff and adjacent scree 
slope habitat to elucidate their relationships 
along the thermal gradient in the scree slope; 
(2) to attempt to evaluate ecological demands 
and geographic distribution of the collected 
species of spiders.

2. MATERIALS AND METHODS

2.1. Study site

Klíč Mt. (759 m a.s.l.) is a solitary pho-
nolite knob in the Lužické Hory Mts (Fig. 1) 
within the Sudeten, North Bohemia, near the 
town of Nový Bor (50°47‘N, 14°34‘E). The 
climate at this site is temperate with mean an-
nual air temperature of 6.0–8.8°C, and typi-
cal January and July mean air temperature 
of 3.8°C and 16.8°C, respectively. Annual 

precipitation measured at nearby weather 
stations totals 600–750 mm with maximum 
snow depths in January of 20–35 cm.

The southwest-facing phonolite scree 
slope, with a gradient of approximately 35°, is 
composed of rockfall and weathering-derived 
blocks ranging from 40 to 80 cm in diameter. 
The frost cliff looms over the scree field at an 
altitude of 600 m a.s.l. (Sýkora  1972).

Most of the scree slope’s surface is bare. 
Cold air permanently seeps from the lower 
margins of the scree slope at an altitude of 
540 m a.s.l., which is covered with mosses 
and lichens. This part of the scree was inves-
tigated geophysically on June 19, 2001. The 
blocky layer’s thickness was estimated to be 
approximately 10 m, and small ice lenses were 
inferred (Gude et al. 2003).

The locality has the status of a Nature 
Reserve. Thermophilous oak forest and rel-
ict plant species growing on the west-facing 
cliff face are subject to nature conservation 
(Mackovčin et al. 2002).

Fig. 1. Klíč Mt. with the locations of the samples (Arabic numerals) and data-loggers (Roman numer-
als). Photo: M. Zacharda.
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2.2. Field temperature measurements

Data-loggers (Model TGU-0050, Gemini 
Data Loggers Ltd., UK) with internal thermis-
tors (accuracy ± 0.2°C) were used to measure 
the temperature, with a logging interval of 
three hours. The temperature measurements 
were carried out independent of the collec-
tion of spiders, using three data-loggers. The 
temperature was measured at the cold and 
humid lower scree margin, with the long-
term cold-air seepage (data-logger I); as well 
as in the hot and dry middle scree portion, 
with the winter warm air exhalations (data-
logger II). For the internal temperature mea-
surements, the loggers were placed into sub-
surface voids of the scree at depths of 50 cm. 
The external air temperature was monitored 
in a shady place, at which data-logger III was 
situated on a spruce tree, approximately 2.5 m 
above the soil surface (Fig. 1).

2.3. Sampling and data analysis

The spiders were primarily trapped in 
pitfall traps made of rigid plastic. The traps 
are comprised of a board (20 × 25 cm) which 
forms an artificial horizontal surface and a 
can (13 cm high, 10.5 cm in diameter) that 
is inserted in the center of the board. The 
traps contained a mixture of 7% formalde-
hyde and 10% glycerol with a few drops of a 
surfactant (Růžička 1982). The traps were 
placed among the stones inside the scree, 
at a depth of approx. 20–110 cm. Climbing 
equipment was used to collect the spiders on 
the steep cliff wall. The traps were hung on 
the cliff wall by means of wires and hooked 
nails, which were hammered into crevices of 
the wall. A band of emery tape was stuck on 
the back edge of the trap and shaped in order 
to bridge the gap between the pitfall and the 
rock surface (Růžička 2000). Spiders were 
also collected by means of sieving moss and 
detritus, as well as by hand sorting.

In total, 15 samples were collected at dif-
ferent parts of the mountain slope (Fig. 1):

1. Lower margin of the scree slope, pitfall 
trap (PT), depth of 20 cm, Oct 1999-Jun 2000

2. Lower margin of the scree slope, pitfall 
trap (PT), depth of 25 cm, Oct 1999-Jun 2000

3. Lower margin of the scree slope, pitfall 
trap (PT), depth of 30 cm, Oct 1999-Jun 2000

4. Lover margin of the scree slope, sieving 
of detritus, Oct 1999

5. Lover margin of the scree slope, sieving 
of mosses, Oct 1999

6. Middle part of the scree slope, hand 
picking among bare stones, Jun 2001

7. Middle part of the scree slope, PT, 
depth of 100 cm, Nov 1989-May 1991

8. Middle part of the scree slope, PT, 
depth of 110 cm, Nov 1989-May 1991

9. Middle part of the scree slope, PT, 
depth of 40 cm, Nov 1989-May 1991

10. Upper margin of the scree slope, pit-
fall trap, depth of 30 cm, Nov 1989-May 1991

11. Shady, rock wall, hanging PT, Apr-Sep 
2000

12. Sun exposed, steep upper rock mar-
gin, hanging PT, Apr-Sep 2000

13. Sun exposed, steep upper rock mar-
gin, hanging PT, Apr-Sep 2000

14. Sun exposed, vertical upper rock mar-
gin, hanging PT, Apr 2000-May 2001

15. Sun exposed, vertical upper rock mar-
gin, hanging PT, Apr-Sep 2000

Because the installation of a large num-
ber of pitfall traps and/or picking more sam-
ples would have conflicted with nature con-
servation policy, we could not obtain larger 
amounts of material.

The characteristics given by Buchar  and 
Růžička (2002) were used to provide the basic 
ecological information on the spider species.

The range of semi-quantitative humid-
ity data that characterizes habitats as: very 
dry, dry, semi-humid, humid, or very hu-
mid were used as well as phytogeographic 
district that characterizes the species occur-
rence. The Czech Republic can be divided 
into three districts: thermophyticum (a re-
gion of thermophilous flora and vegetation, 
where non-forest phytocoenoses with species 
of the sub-meridional vegetation zone pre-
vail), mesophyticum (a region of deciduous 
forests with the flora of the temperate zone) 
and oreophyticum (a region of mountain flora 
where spruce prevails in the natural forests).

The nomenclature of the taxa follows that 
of Platnick (2008) in the world spider cata-
logue. Voucher specimens were deposited in 
the collection of V. Růžička.

Species abundances were log-trans-
formed, and the community variation sum-
marized by the detrended correspondence 
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analysis (DCA) method, using Canoco for 
Windows 4.5 software (Ter  Braak and 
Šmilauer  2002). 

3. RESULTS

3.1. Thermal regime

In the colder basal parts of the scree, the 
year-round pattern of the internal tempera-
ture is influenced by the melt of the near-
surface interstitial ice. There, the cool down-
slope airflows of approx. 0°C stream out of 

the ground vents which cool the basal parts 
of the scree (Fig. 2).

In the vents of the central parts of the 
scree, the course of the temperature fluctua-
tions follows that of the external atmospheric 
temperature. However, particularly at the on-
set of the winter season, warm ascending ex-
halations are expelled from the middle inner 
portions of the scree, mainly during frosty 
spells, which increase the temperature of the 
scree slope (Fig. 3).

The mean, maximum, and minimum 
annual external air temperature were 6.8, 

Fig. 2. Temperature variations (°C) at the Klíč study site, in the years 2005 and 2006: EAT, external ambi-
ent air temperature; IT, internal temperature at the base of the scree slope; ZC, period of the ‘zero cur-
tain’ thermal regime, when the temperature remains at approx. 0°C, as near-surface interstitial ice melts.

Fig. 3. Temperature variations (°C) at the Klíč study site at the onset of the winter season in 1999: EAT, 
external ambient air temperature; IT, internal temperature at the base of the scree slope; CenIT, tem-
perature of the ascending warm air emissions, expelled in the central area of the scree slope.
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Table 1. List of species with the number of individuals in three sample groups and their ecological 
characteristics. A: lower margin of the scree slope. B: middle part of the scree slope and shady rocks. C: 
sun-exposed rocks. Humidity: vh, very humid; h, humid; s-h, semi-humid; d, dry; vd, very dry. Phy-
togeographic district: T, Thermophyticum; M, Mesophyticum; O, Oreophyticum. The basic values are 
printed in medium font, the markedly preferred values are printed in bold, and some marginal values 
are shown in parentheses.

Number of ind. Species       Species habitat preference

A  B  C         Humidity Phyto

80  -  - Diplocentria bidentata (Emerton, 1882)    h  M, O
62  -  - Anguliphantes tripartitus (Miller and Svatoň, 1978)  h  (M), O
1  -  - Centromerus arcanus (O. P.-Cambridge, 1873)   h, vh  M, O
1  -  - Tenuiphantes alacris (Blackwall, 1853)    s-h, h  M, O
1  -  - Diplocephalus latifrons (O. P.-Cambridge, 1863)   s-h, h  M, O
1  -  - Tallusia experta (O. P.-Cambridge, 1871)   h, vh  M, (O)
1  -  - Araeoncus humilis (Blackwall, 1841)    (d), s-h, h (T), M
1  -  - Centromerus sylvaticus (Blackwall, 1841)   vd, d, s-h, h T, M, O
3  19  - Bathyphantes eumenis buchari Růžička, 1988   s-h, h  (M), O
1  1  - Diplocephalus cristatus (Blackwall, 1833)   s-h  M, (O);
-  6  - Rugathodes bellicosus (Simon, 1873)    s-h  M, O
-  4  - Lepthyphantes notabilis Kulczyński, 1887   vd  (T), M, O
-  4  - Th eonoe minutissima (O. P.-Cambridge, 1879)   h, vh  M
-  3  - Tegenaria silvestris L. Koch, 1872    s-h, h  M, (O)
-  3  - Euryopis fl avomaculata (C. L. Koch, 1836)   d, s-h, h T, M
-  2  - Porrhomma myops Simon, 1884    h  M, O
-  2  - Trogloneta granulum Simon, 1922    h  M
-  2  - Pholcomma gibbum (Westring, 1851)    s-h  M
-  2  - Walckenaeria capito (Westring, 1861)    vd, h  M
-  1  - Harpactea lepida (C. L. Koch, 1838)    s-h  M, (O)
-  1  - Zora nemoralis (Blackwall, 1861)    d, s-h  (T), M
-  4  - Microneta viaria (Blackwall, 1841)    s-h  T, M, O
-  1  1 Dismodicus bifrons (Blackwall, 1841)    h  M, (O)
-  1  2 Trochosa terricola Th orell, 1856     vd, d, s-h, h T, M, (O)
-  1  4 Hahnia pusilla C. L. Koch, 1841    vd, d, s-h, h M
-  1  23 Drassodes lapidosus (Walckenaer, 1802)    vd, d  T, M
-  -  9 Xerolycosa nemoralis (Westring, 1861)    vd, d, s-h T, M, O
-  -  7 Gnaphosa bicolor (Hahn, 1833)     vd, d, s-h T, M
-  -  7 Th eridion betteni Wiehle, 1960     vd  M
-  -  5 Aelurillus v-insignitus (Clerck, 1757)    vd, d  T, M
-  -  5 Zelotes puritanus Chamberlin, 1922    vd  T, (M)
-  -  4 Talavera petrensis (C. L. Koch, 1837)    vd, d  T, M
-  -  2 Heliophanus aeneus (Hahn, 1832)    vd  (T), M
-  -  1 Evarcha laetabunda (C. L. Koch, 1846)    d, (h)  T, (M)
-  -  1 Echemus angustifrons (Westring, 1861)    vd  T, M
-  -  1 Harpactea hombergi (Scopoli, 1763)    d, s-h  T, M
-  -  1 Porrhomma microphthalmum (O. P.-Cbr., 1871)   vd, d, s-h T, M
-  -  1 Oedothorax apicatus (Blackwall, 1850)    vd, d, s-h T, M
-  -  1 Amaurobius jugorum L. Koch, 1868    vd, d  T, M
-  -  1 Apostenus fuscus Westring, 1851    (vd), d, s-h T, M
-  -  1 Walckenaeria furcillata (Menge, 1869)    d, s-h  T, M
-  -  1 Pachygnatha clercki Sundevall, 1823    s-h, h  T, M
-  -  1 Evarcha falcata (Clerck, 1757)     vd, d, s-h, (h) (T), M
-  -  1 Centromerus incilium (L. Koch, 1881)    vd, d, s-h (T), M
-  -  1 Pachygnatha degeeri Sundevall, 1830    vd, d, s-h, h T, M, (O)
-  -  1 Walckenaeria antica (Wider, 1834)    vd—vh (T),  M, (O)
-  -  1 Robertus lividus (Blackwall, 1836)    s-h  T, M, O
-  -  1 Pardosa pullata (Clerck, 1757)     s-h, h  T, M, O
-  -  1 Ceratinella brevis (Wider, 1834)     d, s-h  M, (O)
-  -  1 Macrargus rufus (Wider, 1834)     d, s-h  M, O
-  -  1 Callobius claustrarius (Hahn, 1833)    d, s-h, h M, O
-  -  1 Centromerus pabulator (O. P.-Cambridge, 1875)  h, vh  O
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29.4, and –13.9°C (2005), and 7.2, 30.6, and 
–20.7°C (2006). The mean, maximum, and 
minimum annual interior temperature of 
the basal part of the scree slope were 0.1, 5.1, 
and –9.9°C (2005), and 0.5, 6.7, and –14.8°C 
(2006). The mean annual negative tempera-
ture anomaly at the lower margin of the scree 
slope was 6.7°C. 

3.2. Diversity of spiders

A total of 298 spiders were captured. 
Fifty-two species and thirteen families were 
identified (Table 1). The catch in a pitfall trap 
amounts from 4 to 19 specimens in scree, 
and from 10 to 31 specimens on sun-exposed 
rock margin.

The DCA analysis represented by an or-
dination diagram showed the different po-
sitions of the collected samples of spiders 
(Fig. 4). The main gradient of the species 
compositional changes runs along the first 
(horizontal) ordination axis, and represents 
the two distinct groups: group A with samples 
1–5, and group C with samples 12–15. These 
two groups are interconnected by samples 
with an intermediate species composition: 
group B, samples 6–11. Each group is charac-
terised by the presence of stenotopic species.

Group A corresponds to the lower mar-
gins of the scree slope, where the cold exhala-
tions and ice formations were observed. It was 
there that 10 species of the family Linyphi-
idae were captured. This assemblage is char-
acterized by the presence of species with an 
affinity for humid habitats and Oreophyti-

cum. Diplocentria bidentata, Anguliphantes 
tripartitus, and Bathyphantes eumenis buchari 
were the most abundant species. Diplocentria 
bidentata and Bathyphantes eumenis have the 
boreomontane distribution area (Table 1).

Group B corresponds to the middle and 
upper parts of the scree slope, with a mod-
erate microclimate and a shady rock wall. 
In total, 18 species from nine families were 
captured. This assemblage is characterized 
by the presence of species with a preference 
for semi-humid habitats and Mesophyticum. 
Lepthyphantes notabilis, Rugathodes bellico-
sus, and Trogloneta granulum are of alpine 
origin (Table 1).

Group C corresponds to the sun exposed 
rocks. In total, 30 species from ten fami-
lies were captured there. This assemblage is 
characterized by the presence of species that 
prefer dry to very dry habitats, i.e., the Ther-
mophyticum and Mesophyticum. Here, the 
typical species are Drassodes lapidosus, Xer-
olycosa nemoralis, Gnaphosa bicolor, Therid-
ion betteni, Aelurillus v-insignitus, and Zelotes 
puritanus. Six species here occur near their 
uppermost limit of vertical distribution in the 
Czech Republic (Gnaphosa bicolor, Zelotes 
puritanus, Evarcha laetabunda, Echemus 
angustifrons, Amaurobius jugorum, Centro-
merus incilium) (Table 1).

4. DISCUSSION AND CONCLUSIONS

Scree habitats are extremely energy-poor 
environments, similar to caves (Culver  and 
Pipan 2009). Based on the material from 

Fig. 4. DCA ordination diagram with sample points, displaying the first two ordination axes of DCA 
(explaining, respectively, 15.5% and 8.4% of the total variation – inertia). Compact groups of samples: 
A (lower margin of scree slope) and C (sunexposed rocks), and interconnecting samples B (middle and 
upper parts of scree slope) were distinguished (see Table 1).
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128 pitfall traps processed by Růžička and 
Kl imeš  (2005), the mean annual catch in a 
pitfall trap exposed on the surface of a scree 
amounts 18 spiders, in a trap installed at 
a depth of 50 cm 10 spiders, and at a depth 
of 100 cm 7 spiders. For comparison, the 
mean annual catch in one trap installed in 
the meadow habitat amounts 430 spiders 
(Růžička 1987).

Though screes and rocks are different 
habitats, they are similar in some aspects. 
They are formed mainly by bare bedrock 
and they can exhibit similar microclimatic 
phenomena. This may result in constitution 
of similar assemblages of invertebrates. In 
contrast, some species of invertebrates are 
strictly specific either to the rock cliffs or 
screes. For example, Lepthyphantes notabilis, 
Rugathodes bellicosus, Trogloneta granulum, 
and Porrhomma myops are exclusively scree 
inhabitants. Theridion betteni is an exclusive 
cliff inhabitant.

Cold air seepage at the lower margins of 
the scree slope is the most important environ-
mental factor influencing the existence of the 
particular assemblage of spiders with a limit-
ed number of species (Růžička and Kl imeš 
2005). On Klíč Mt., spiders of boreal origin, 
Bathyphantes eumeis buchari and Diplocentria 
bidetata, inhabit the extremely cold spaces at 
the lower margins of the scree slope. Bathy-
phantes eumenis buchari also lives in the mid-
dle part of the scree slope, but only at a depth 
below one meter. This assemblage of spiders is 
complemented by the predatory mite Rhagid-
ia gelida Thorell, 1872 (Acari: Prostigmata). 
This Arctic mite proved to be a bio-indicator 
of the long-lasting periglacial microclimate in 
central Europe (Z acharda et al. 2005).

Species of alpine origin such as Rugath-
odes bellicosus, Lepthyphantes notabilis, and 
Trogloneta granulum avoid extremely cold 
scree voids and live in the middle parts of the 
scree slope (Růžička 1990a).

Thermophilous species Gnaphosa bi-
color, Zelotes puritanus, Evarcha laetabunda, 
Echemus angustifrons, Amaurobius jugorum, 
and Centromerus incilium were collected on 
the SW-exposed cliff face of Klíč Mt. at the 
altitude of approx. 650 m a.s.l., though these 
species usually occur at an altitude of 300 to 
500 m a.s.l., at most (Buchar  and Růžička 
2002). Similarly, Bl ick  et al. (2002) recorded 

the occurrence of species with mediterran 
and submediterran origin on south-exposed 
rocks in temperate zone. Some thermophi-
lous species narrow their ecological niche ex-
clusively to southern exposed rocky habitats 
towards the north (Růžička 2000). Jons-
son (1995) recorded the occurrence of sever-
al thermophilous species in the rocky habitats 
at high latitudes in Sweden.

Spiders associated with stony biotopes 
were studied in the taiga and tundra zones of 
Beringia by Marusik  (2004). Stony habitats 
of this region are very diverse and in some re-
gions cover more than 90% of the surface. The 
stony deserts occupy flat and semi-flat sur-
faces, and exhibit an extremely severe micro-
climate. Unlike in Europe, the stony habitats 
of north-east Siberia are not discontinuous 
insular refugia. Therefore, species can easily 
spread (also in an historical aspect) from one 
area to another. The northeastern Siberian 
stony habitats are rich in species of spiders. 
In the Beringian fauna over forty percent of 
the exclusive scree inhabitants of spiders are 
endemics. Consequently, the Beringian and 
European stony habitats are occupied by only 
a few common species of spiders.

In temperate zone, scree slopes with dy-
namic air regime are predisposed to form an 
undercooled core inside. The seepage of cold 
air from the permanently frozen (or under-
cooled) core causes the formation of a very 
narrow strip or spots of a relict arctic micro-
climate at the lower margin of the scree slope. 
Such scree slopes can host geographically iso-
lated populations of northern species of in-
vertebrates. On the other hand, sun-exposed 
rocks represent one of the warmest habitats of 
a landscape and can harbor isolated popula-
tions of thermophilous species in higher alti-
tudes and latitudes.

Despite both rock walls and scree slopes 
are explicitly cited as important habitats in 
the Directive on the Conservation of Natural 
Habitats and of Wild Fauna and Flora (Habi-
tats Directive No. 92/43/EEC), they still re-
main among the insufficiently explored habi-
tats. However, we must emphasize that these 
habitats, and especially the complexes of scree 
slope with adjacent rock wall, are exceedingly 
important for nature and global biodiversity 
conservation and deserve more of scientific 
attention.

367

journal 22 v02.indb   367journal 22 v02.indb   367 2010-06-18   20:20:382010-06-18   20:20:38



Vlastimil Růžička and Miloslav Zacharda

ACKNOWLEDGMENTS: We kindly ac-
knowledge the support of the Grant Agency of 
the Czech Republic (Project No. 205/06/1236), 
as well as institutional research plan Z50070508 
of the Institute of Entomology, Biology Centre, 
Academy of Sciences of Czech Republic, and 
AV0Z608705520 of the Institute of Systems Biol-
ogy and Ecology, AS CR, for funding of this study. 
We also owe our special thanks to Petr Šmilauer 
for his valuable guidance and help with the nu-
merical multivariate analysis.

5. REFERENCES

Balch E.S .  1900 – Glacières or freezing caverns 
– Allen, Lane and Scott, Philadelphia, 337 pp.

Bl ick  T. ,  Sachte leben J. ,  Weid R . ,  Witty 
S .  2002 – Fauna und Flora von isolierten Fel-
sköpfen der nördlichen Frankenalb – Online 
at http://spinnen.callistus.de/felsen_franke-
nalb.pdf.

Buchar  J. ,  Růžička V.  2002 – Catalogue of 
spiders of the Czech Republic – Peres, Praha, 
351 pp.

Culver  D.C. ,  Pipan T.  2009 – The biology of 
caves and other subterranean habitats – Ox-
ford University Press, Oxford, 254 pp.

Gude M. ,  Dietr ich S . ,  Mäusbacher  R . , 
Hauck C. ,  Molenda R . ,  Růžička V. , 
Z acharda M.  2003 – Probable occurrence of 
sporadic permafrost in non-alpine scree slopes 
in central Europe (In: Proceedings of the 8th In-
ternational Conference on Permafrost, Zurich 
2003, Eds: M. Phillips, S.M. Springman, L.U. 
Arenson) – Aa Balkema, Lisse, pp. 331–336. 

Gude M. ,  Molenda R .  2000 – Zeitliche Dy-
namik im Temeperaturregime von Blockhal-
den in Mitteleuropa – Acta Universitatis Pur-
kynianae, Biologica, 4: 31–35.

Jonsson L.J.  1995 – Cheiracanthium elegans, a 
new spider to Northern Europe, with a brief 
summary of the genus in Sweden – Entomolo-
gisk Tidskrift, 116: 55–58.

L arson D.W.,  Matthes  U. ,  Kel ly  P.E.  2000 
– Cliff Ecology. Pattern and Process in Cliff 
Ecosystems – University Press, Cambridge, 
360 pp.

L arson D.W.,  Spr ing S .H. ,  Matthes-S ears 
U. ,  Bar lett  R .M.  1989 – Organization of 
the Niagara Escarpment cliff community – 
Can. J. Bot. 67: 2731–2742.

Mackovčin P. ,  S edláček M. ,  Kuncová J. 
2002 – Chráněná území ČR [Protected areas 
of the Czech Republic], Vol. III, Liberecko – 
AOPK, Praha, 332 pp. (in Czech).

Marusik  Y.  M.  2004 – Fauna and populations 
of the petrophilous spiders (Arachnida: Ara-

neae) of north-east Siberia and north-west 
Canada (In: European arachnology 2003, Eds: 
D.M. Logunov, D. Penney) – KMK Scientific 
Press, Moscow, pp. 185–200. 

Molenda R .  1989 – Käfer in kaltlufterzeugen-
den Blockhladen – ökologische Untersuchun-
gen an einem stark bewetterten Spaltenöko-
system – Arbeitsgemeinschaft Rheinischer 
Koleopterologen, 4. Rundschreiben (Bonn): 
103–111.

Molenda R .  1996 – Zoogeographische Bedeu-
tung Kaltluft erzeugender Blockhalden im 
Außeralpinen Mitteleuropa: Untersuchun-
gen an Arthropoda, insbesondere Coleoptera 
– Verh. Naturwiss. Ver. Hamburg (NF), 35: 
5–93.

Platnick N.I .  2008 – The world spider catalog, 
version 9.0 – American Museum of Natural 
History. Online at http://research.amnh.org/
entomology/spiders/catalog/index.html.

Růžička V.  1982 – Modifications to improve 
the efficiency of pitfall traps – Newsletter of 
the British Arachnological Society, 34: 2–4.

Růžička V.  1987 – An analysis of spider com-
munities in the meadows of the Třeboň basin 
– Acta Sc. Nat. Brno, 21: 1–39.

Růžička V.  1990a – On the lithobionts Lepthy-
phantes notabilis, Rugathodes bellicosus and on 
Rugathodes instabilis (Araneae: Linyphiidae, 
Theridiidae) – Acta Entomol. Bohemoslov. 86 
[1989]: 432–441.

Růžička V.  1990b – The spiders of stony debris 
– Acta Zool. Fennica, 190: 333–337.

Růžička V.  1999a – The first steps in subterra-
nean evolution of spiders (Araneae) in Central 
Europe – J. Nat. Hist. 33: 255–265.

Růžička V.  1999b – The freezing scree slopes 
and their arachnofauna – Decheniana-Bei-
hefte, 37: 141–147.

Růžička V.  2000 – Spiders in rocky habitats in 
Central Bohemia – J. Arachnol. 28: 217–222.

Růžička V.  2007 – Spiders on sandstone rocks 
in Central Europe with particular reference to 
the Bohemian Switzerland National Park (In: 
Sandstone Landscapes, Eds: H. Härtel, V. Cí-
lek, T. Herben, A. Jackson, R. Williams) – Aca-
demia, Praha, pp. 143–147. 

Růžička  V. ,  Hajer  J. ,  Z acharda M.  1995 
– Arachnid population patterns in under-
ground cavities of a stony debris field (Ara-
neae, Opiliones, Pseudoscorpionidea, Acari: 
Prostigmata, Rhagidiidae) – Pedobiologia, 39: 
42–51.

Růžička V. ,  Kl imeš  L .  2005 – Spider (Arane-
ae) communities of scree slopes in the Czech 
Republic – J. Arachnol. 33: 280–289.

Sýkora  T.  1972 – Beitrag zur Vegetation der 
Kleiss-Umgebung im Lausitzer-Gebirge – 

368

journal 22 v02.indb   368journal 22 v02.indb   368 2010-06-18   20:20:382010-06-18   20:20:38



Spiders in screes and adjacent cliffs

Sborník Severočeského muzea – Přírodní 
vědy, 4: 53–96.

Ter  Braak C.J.F. ,  Šmilauer  P.  2002 – 
CANOCO reference manual and CanoDraw 
for Windows user’s guide: software for canoni-
cal community ordination (version 4.5) – Mi-
crocomputer Power, Ithaca, NY, USA.

Wunder  J. ,  Möseler  B.M.  1996 – Kaltluft-
ströme auf Basaltblockhladen und ihre Aus-
wirkung auf Mikroklima und Vegetation – 
Flora, 191: 335–344.

Z acharda M. ,  Gude M. ,  Kraus  S . ,  Hauck 
C. ,  Molenda R . ,  Růžička V.  2005 – The 
relict mite Rhagidia gelida (Acari, Rhagidi-
idae) as a biological cryoindicator of peri-
glacial microclimate in European highland 
screes – Arctic, Antarctic, and Alpine Res. 37: 
402–408.

Z acharda M. ,  Gude M. ,  Růžička V.  2007 
– Thermal regime of three low elevation scree 
slopes in central Europe – Permafrost and 
Periglacial Processes, 18: 301–308.

Received after revision September 2009

369

journal 22 v02.indb   369journal 22 v02.indb   369 2010-06-18   20:20:382010-06-18   20:20:38




