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Abstract
The shallow underground of forested scree slopes represents a little-studied subterranean biotope. In this
paper, species diversity and depth distribution of terrestrial isopod communities studied in the depth
profile (5–95 cm from the surface) of eight forested scree slopes in the Western Carpathians (Slovakia) is
discussed. The southern edge of the Western Carpathians where the study sites are located represents the
northernmost limit of distribution of obligate subterranean fauna in Europe. The sites differ from each
other in type of bedrock, forest composition, slope aspect, and altitude. To sample isopods, a set of three
subterranean pitfall traps consisting of a plastic cylinder (Ø 110 mm) and ten plastic cups was buried in
each studied scree slope. In total, 252 isopods belonging to eleven species were sampled (1–5 species per
site). Of the species found, the blind and depigmented Mesoniscus graniger was the sole species closely associated with deeper parts of the depth profile and was present in most of the sites studied. Another ten
species were represented by a small number of individuals and their occurrence deeper in the scree slope
profile was rather accidental. A comparison between winter and summer periods indicates apparent differences in seasonal activities of isopods. Ethylene glycol seems to be more appropriate fixative solution for
trapping isopods than formaldehyde.
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Introduction
An extensive labyrinth of air-filled dark voids among the rocky fragments found inside the
forested scree slopes represents a peculiar type of shallow subterranean habitat (Culver and
Pipan 2014). The mesovoid shallow substratum, as this habitat is ordinarily referred to, lies
immediately below the soil, ranges from a depth of several centimeters up to several dozen
meters and in the karst areas, it is interconnected with caves and narrow cracks situated
deep below the ground surface (Juberthie et al. 1980, Giachino and Vailati 2010, Mammola et al. 2016). The soil and the forest growing above ameliorate fluctuations in temperature and humidity throughout the depth profile of scree slope. Leaves falling from trees
onto the scree slope surface during autumn represent a rich and easily accessible source of
nutrients that are brought to the scree slope interior either passively by percolating rainwater or actively by the migration of soil macrofauna (Gers 1998, Pipan et al. 2010). Due to
environmental conditions that are intermediate between stable caves and variable surface,
the mesovoid shallow substratum is populated, beside common soil dwelling species of invertebrates, by rare subterranean species, most of which possess morphological adaptations
towards life in constant darkness such as anophthalmia, depigmentation, and elongation
of appendages (Sket 2008, Nitzu et al. 2014, Jiménez-Valverde et al. 2015).
Communities of terrestrial isopods dwelling shallowly underground in forested
scree slopes have been explored minutely so far only in the Czech Republic (Tuf et al.
2008), Romania (Nitzu et al. 2010, 2011) and Spain (Jiménez-Valverde et al. 2015).
Comparing the species richness of mesovoid shallow substratum with the adjacent
subterranean habitats, these studies found that the number of isopod species tend to
decline in the gradient between soil and cave and some isopod species, particularly
troglophiles, show high affinity to mesovoid shallow substratum.
Previous research in subterranean biology in the Western Carpathians has favored
caves (Košel 2012, Kováč et al. 2014). Mock et al. (2015) and Rendoš et al. (2012,
2016a) conducted the initial thorough survey focused on diversity and depth distribution
of subterranean invertebrate communities, including terrestrial isopods, at three model
sites. In this paper, we summarize existing knowledge, both published and unpublished,
of terrestrial isopod communities sampled intensely over the past years in the forested
scree slopes along the southern edge of the Western Carpathians. Our aim was to (1)
evaluate α and γ diversity of terrestrial isopod communities inhabiting interior of forested
scree slopes, and (2) to describe the depth distribution of particular species with a special
emphasis on subterranean species. Some methodological aspects are also discussed.

Materials and methods
Study sites
Our study was carried out successively from November 2008 to January 2016 on 8
forested scree slopes situated in 5 geomorphological units of the Western Carpathians
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(Slovakia). The studied scree slopes were predominately formed during the Pleistocene
to Holocene by frost weathering and they differ in the type of bedrock (Figure 1 and
Table 1), forest composition, structure of depth profile.
1

2

3

4

5

6

7

Scree slope in the Strmina Natural Reserve (Malé Karpaty Mountains) overgrown
with beech forest (Fagus). This study site lies on acidic granitoid bedrock but in
its immediate vicinity, there is a karst area (Borinka Karst) characterized by several
karst formations such as caves and sinkholes. The scree slope profile has four distinct layers: litter and humus (0–5 cm), organo-mineral layer (5–20 cm), a layer
consisting of mixture of mineralized soil and rocks (20–75 cm) and scree partially
clogged with soil (75–110 cm).
Scree slope on basalt bedrock in the Belinské skaly National Nature Monument
belonging to the Cerová vrchovina Highlands, an area known for the presence of
a number of shallow pseudokarst caves. The scree slope profile is covered with a
xerophilous oak-hornbeam forest (Querco-Carpinetum) and its profile consists of
three different layers: litter and humus (0–5cm), organo-mineral layer (5–30 cm)
and scree with spaces filled substantially with mineralized soils (30–110).
Limestone scree slope in the Drienok Valley (Revúcka vrchovina Highlands) situated a few meters below the entrance to the Špaňopoľská Cave. The site is surrounded by beech-hornbeam forest (Fago-Carpinetum) and in the scree slope profile, there are four distinct layers: leaf litter and humus (0–5 cm), organo-mineral
layer (5–25 cm), mixture of rocks and soil (25–70 cm) and scree partly filled with
soil (70–110 cm).
Limestone scree directly at the entrance to the Malá drienčanská Cave without
apparent stratification of the profile. The interior of the scree includes a mixture of
humus, soil and rocky fragments up to a depth of 30 cm. Below this, large compact
boulders predominate.
Scree slope within the collapse above the Veľká drienčanská Cave. The slope profile
without evident stratification consists predominately of rocky fragments originating from the previously collapsed cave ceiling. The spaces among the large limestone boulders are slightly filled with the mixture of soil and humus. Both sites (4
and 5) are located approximately 10 km west of the Drienok Valley (site 3) and are
overgrown with beech hornbeam forest (Fago-Carpinetum).
Limestone scree slope in the Slovak Karst National Park situated about 30 m west
of the entrance to the Ardovská Cave. The slope is overgrown with dogwoodmaple forest (Corno-Carpinetum). On the scree slope surface, there are several large
boulders, most of them covered by bryophytes. Three clearly separated layers are
recognizable inside the scree slope: a layer consisting of litter and humus (0–15
cm) is followed by organo-mineral layer with admixtures of tiny rocks (15–75 cm)
and scree formed by large rock fragments (75–110 cm).
Limestone scree slope along the doline near the entrance to the ice cave Silická
ľadnica situated in the Slovak Karst National Park. The site is forested by lindenhornbeam, and maple (Tilio-Aceretum with Carpinus betulus) trees and the scree

326

8

Ján Rudy et al. / ZooKeys 801: 323–335 (2018)

slope profile is divided into three layers: leaf litter and humus (0–5 cm), thick
organo-mineral layer (5–30 cm) and scree (30–110 cm).
Limestone scree slope in the Sivec National Reserve (Čierna Hora Mountains)
including a massive limestone cliff with several shallow caves. The vertical profile
of the scree slope covered with linden-maple forest (Tilio-Aceretum) is composed of
the following layers: leaf litter and humus (0–15cm), organo-mineral layer (15–45
cm) clearly separated from scree (45–110).

Sampling
To sample isopods, non-baited subterranean pitfall traps designed by Schlick-Steiner
and Steiner (2000) and subsequently modified by Rendoš et al. (2016a) were used.
Each trap consists of a plastic cylinder (length 110 cm, diameter 10.5 cm) circumferentially perforated with openings (Ø0.8 cm) in ten regular horizontal levels (5,
15, 25...95 cm). A removable set of ten plastic cups (volume 500 ml) filled with 4%
formaldehyde or 50% ethylene glycol fixative solution is inserted into the plastic cylinder interior. The cups are placed right under the openings on the cylinder surface,
enabling animals to be trapped at that particular level. At each studied scree slope, a
triad of subterranean pitfall traps were placed 50 cm apart in a previously excavated
pit over a meter deep. On the scree slope next to the Malá drienčanská Cave, and
on the collapse above the Veľká drienčanská Cave (sites 4 and 5), we buried shorter
(30 cm long) subterranean pitfall traps due to the presence of large boulders that
prevented us from digging a deeper pit. Afterwards, the pit was backfilled to the
maximum possible extent with the dugout soil and rocks in the original order of
the layers and the cylinders were tightly closed by a plastic lid and covered by rocks
and leaves found around the study site. To empty the traps and retrieve the sampled
specimens, the set of plastic cups was pulled out of the cylinder; the content of each
cup was poured into a plastic bottle and transported to the laboratory of soil biology
(Institute of Biology and Ecology, PJ Šafárik University in Košice). The isopod material was later fixed in 75% ethyl alcohol and determined to the species level using several determination keys, such as Frankenberger (1959) and Radu (1985). Systematics
and nomenclature of Isopoda species found follow the World Catalogue of Terrestrial
Isopods by Schmalfuss (2003). The subterranean pitfall traps were emptied for the
first time approximately a month after burial. This is, according to our previous experience, the period needed for regeneration of excavated soil layers and revival the
locomotor activity of some sensitive species (Mock et al. 2015). Thereafter, the isopod sampling was timed so as to include at least one “cold” (winter) and one “warm”
(summer) period of the year. The cold period refers to the months between October
and April / May while warm period refers to the months between May and October.
Sampling periods for each scree slope site studied are stated precisely in Table 1. In
total, 195 traps were used.
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Table 1. Characteristics of scree slope sites studied. pH(H20) and C(ox) values, both after Rendoš et al.
(2016b), were measured at four depths (5, 35, 55, and 95 cm). The numbers indicating particular studied
scree slopes are stated in Figure 1.
Locality Bedrock GPS coordinates
1
2
3
4
5
6
7
8

Granitoid
Basalt
Limestone
Limestone
Limestone
Limestone
Limestone
Limestone

Altitude
Exposition
(m)

49°77'N, 17°66'E
48°13'N, 19°52'E
48°32'N, 20°07'E
48°29'N, 20°04'E
48°29'N, 20°03'E
48°31'N, 20°25'E
48°33'N, 20°30'E
48°50'N, 21°06'E

410
460
315
248
246
328
489
530

Sampling period

southwest 15 Jan 2015-16 Jan 2016
southwest 15 May 2012–17 Oct 2013
north
15 May 2012–17 Oct 2013
southwest 18 Oct 2013–4 Jun 2014
southwest 18 Oct 2013–4 Jun 2014
southwest 11 Jun 2014–29 Apr 2015
west
11 Jun 2014–29 Apr 2015
northeast 15 Nov 2008–15 Jul 2010

Sampling pH(H2O)
days
(5–95 cm)
365
4.1-4.7
520
5-6.4
520
6.6-8.3
229
–
251
–
322
7.3-8.3
322
6.8-7.9
607
7.7-8.3

C(ox)
(5–95 cm)
10.8-1.1
3.2-0.5
7.3-1.7
–
–
12.5-2.3
10-3.7
15.5-8.8

Figure 1. Location of the study sites. 1/ Borinka (Malé Karpaty Mts.), 2/ Belinské skaly (Cerová vrchovina
Highlands), 3/ Drienok Valley, 4/ Slope next to the Malá drienčanská Cave, 5/ Collapse above the Veľká
drienčanská Cave (three sites are in the Revúcka vrchovina Highlands), 6/ Vysoký vrch Hill, 7/ Doline
next to Silická ľadnica Ice Cave (both sites in Slovak Karst), 8/ Malý Ružinok Valley (Čierna hora Mts.).

Community characteristics
To describe quantitative and qualitative characteristics of isopod communities, we calculated dominance, constancy, Shannon’s diversity index, and Pielou’s evenness index.
The last two indices were first calculated for the material from each scree slope site
separately and then collectively for the material from all sites. Due to the low number
of isopods sampled, we were not able to perform more complex statistical analysis of
our results. Dominance (D) was calculated by the formula D = 100*n/N where n is
the number of individuals belonging to the specific species and N is the number of all
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individuals sampled. Constancy (C) was calculated using the formula C=100*pA/P
where pA is the number of study sites on which, the specific species were sampled and
P is the total number of study sites. Then after calculations, species were subdivided
into the categories reflecting their dominance: subrecedent (D < 1%), recedent (D =
1–2%), subdominant (D = 2–5%), dominant (D = 5–10%), eudominant (D > 10%)
and constancy: rare (C < 25%), widespread (C = 25–50%), constant (C = 50–75%),
common (C > 75%). Shannon’s diversity index (H’) was calculated by the formula H =
-∑(Pi*lnPi), where Pi is the fraction of the entire population made up of species i (proportion of a species is relative to a total number of species present, not encountered).
Pielou’s evenness index (J’) was computed by the formula J’ = H’/H’max = H’/lnS where
S is the number of species encountered (Heip et al. 1998).

Results
In total, 252 isopod specimens belonging to eleven species and six families were sampled from eight investigated scree slope sites (Table 2) The number of species sampled
on individual study site varied from 1 to 5, with 2.8 species sampled on average per
site. On the scree slopes near the Malá drienčanská and Veľká drienčanská caves, the
values of Shannon’s diversity index equalled 0. The highest value of both Shannon
diversity index and Pielou evenness index (H’=1.35 and J’=0.32) was recorded on the
scree slope near the entrance to the Ardovská Cave. Among the captured Isopoda,
Mesoniscus graniger was characterized as common, because of its highest constancy
(C = 75.0%, the species occurred at 6 of 8 sites); one species was classified as constant,
three other species as widespread, and six species as rare. At the same time, M. graniger
represented the only eudominant isopod species (D = 54.4%). The remaining species
were classified as dominant (2 spp.), subdominant (3 spp.), subrecedent (3 spp.), and
recedent (2 spp.) (Table 2).
Looking at depth distribution, the vast majority of species were exclusively sampled in the uppermost levels of the depth profile (5–15 cm). Only three species were
distributed deeper in higher numbers, M. graniger, Porcellium collicola, and Hyloniscus
riparius. The occurrence of other species in the lower parts of the scree slope profile was
rather infrequent (Table 3). The individuals of M. graniger occurred abundantly in two
parts of the depth profile: at the depths between 15–45 cm and 65–85 cm (Figure 2).
Assessment of isopod seasonal activity was based on M. graniger sampled on two
pairs of sites with the same duration of samplings: the first pair is represented by the
scree slopes in the Belinské skaly and Drienok Valley (sites 2 and 3, respectively) while
the second pair by the scree slopes next to the Ardovská Cave and ice cave Silická
ľadnica (sites 6 and 7, respectively). On the sites 2 and 6, warm/cold (= May-October/
November-April) season ratio was almost 50:50 but on the sites 3 and 7, markedly
more specimens were collected during the warm sampling period. Taking into account
all 4 study sites together, 70% of specimens were collected during the warmer sampling
periods (Figure 3). Chi square test confirmed warm period to be a season of higher
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Table 2. List of sampled isopod species and community characteristics. Abbreviations: C-Constancy: com-common, con-constant, wi-widespread, ra-rare; D-Dominance: ed-eudominant, do-dominant,
sd-subdominant, re-recedent, sr-subrecedent. The numbers indicating particular studied scree slopes are
stated in Figure 1.
Study sites / ex
1
2
3
4
5
6
Hyloniscus riparius (C Koch, 1838)
7
–
1
–
1
2
Lepidoniscus minutus (C Koch, 1838)
–
–
–
–
–
25
Ligidium germanicum Verhoeff, 1901
–
–
–
–
–
–
Ligidium hypnorum (Cuvier, 1792)
–
–
–
–
–
–
Mesoniscus graniger (Frivaldsky, 1865)
–
7
15 40
–
16
Orthometopon planum (Budde-Lund, 1885) –
–
–
–
–
4
Porcellium collicola (Verhoeff, 1907)
–
–
–
–
–
17
Porcellium conspersum (C Koch, 1841)
–
–
–
–
–
–
Protracheoniscus politus (C Koch, 1841)
–
2
1
–
–
–
Trachelipus ratzeburgii (Brandt, 1833)
2
–
–
–
–
–
Trichoniscus carpaticus Tabacaru, 1974
–
–
1
–
–
–
∑ ex.
9
9
18 40
1
64
∑spp.
2
2
4
1
1
5
Shannon’s diversity index
0.53 0.53 0.63 0
0 1.35
Pielou’s evenness index
0.2 0.24 0.22 0
0 0.32
Species

7
–
–
–
–
14
–
–
1
1
–
–
16
3
0.46
0.17

8
–
2
37
2
45
–
–
–
–
–
9
95
5
1.11
0.24

∑
11
27
37
2
137
4
17
1
4
2
10
252
11
–
–

C
D
(%) degree (%) degree
50 con 4.4
sd
25
wi 10.7 do
12.5 ra 14.7 do
12.5 ra
0.8
sr
75 com 54.4 ed
12.5 ra
1.6
re
12.5 ra
6.8
sd
12.5 ra
0.4
sr
37.5 wi
1.6
re
12.3 ra
0.8
sr
25
wi
4.0
sd
100
–
100
–
–
–
–
–
–
–
–
–
–
–
–
–

Depth (cm)

H. riparius

M. graniger

L. minutus

Li. germanicum

Li. hypnorum

O. planum

P. collicola

P. conspersum

Pr. politus

Tra. ratzeburgii

T. carpaticus

Table 3. A summary overview of the isopod depth distribution in the eight Western Carpathian scree slopes.

5
15
25
35
45
55
65
75
85
95
∑

2
3
–
–
–
3
–
1
–
2
11

1
14
25
29
18
7
11
11
14
7
137

26
–
–
–
–
1
–
–
–
–
27

36
1
–
–
–
–
–
–
–
–
37

2
–
–
–
–
–
–
–
–
–
2

4
–
–
–
–
–
–
–
–
–
4

7
4
1
1
1
–
–
1
1
1
17

–
–
–
1
–
–
–
–
–
–
1

2
2
–
–
–
–
–
–
–
–
4

2
–
–
–
–
–
–
–
–
–
2

10
–
–
–
–
–
–
–
–
–
10

∑

92
24
26
31
19
11
11
13
15
10
252

activity (Chi square test p-value 0.0009). As regards the comparison of effectiveness of
two types of fixative solutions used in this study, ethylene glycol appears to be significantly more attractive (or less repellent) for isopods than formaldehyde (Figure 4).
Regarding pH, more study sites are located on limestone, thus soil pH is alkaline.
Only two study sites have acidic soil pH. In comparison of abundance, on alkaline
study sites 193 specimens were sampled, but on acidic sites only 18 (soil pH was not
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Figure 2. Ethylene glycol to formaldehyde ratio of sampled specimens from all study sites, where both
fixating solutions were used.

Figure 3. Depth distribution of Mesoniscus graniger. Site 1 is out of the species range. Study sites 4 and 5
were not depicted, because whole depth gradient was not represented (see locality description).

Figure 4. Comparison of warm and cold period sampling of Mesoniscus graniger on study sites 2, 3, 6, 7.
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measured on study sites 3 and 4). Alkaline study sites are more diverse with average
of four species on one study site, against two species on both acidic study sites. Total
number of species on alkaline study sites is ten, on acidic study sites it is only four.

Discussion
Rather scarce communities of terrestrial isopods, in terms of species number, were found
to inhabit shallow depths on forested scree slopes in the Western Carpathians. This finding reflects the distributional pattern of terrestrial isopods in Europe with the most important hotspots situated in the Mediterranean regions (Manicastri and Argano 1989,
Sfenthourakis and Taiti 2015). Eleven species documented within the studied forested
screes represent approximately 20% of the entire Isopod fauna known from the territory
of the W. Carpathians. All species can be considered as autochtonous and indicate the
undisturbed state of the sites. They account for more than one third of all autochthonous
isopod fauna in Slovakia (Frankenberger 1959, upgraded by our own unpublished data).
Only two cavernicolous isopods are known from Slovakia: Mesoniscus graniger (Mesoniscidae) and an undescribed blind species from the family Trichoniscidae (Kováč et al. 2014).
In the case of Isopoda, the typical number of species sampled in various surface
habitats, such as forests, groves or pastures, ranges from 3 to7 (Farkas et al. 1999). The
number of species sampled in the depth profile of forested scree slopes varied between
1 and 5 with average count of almost 3 species per study site. The lowest counts of species were recorded on the scree slopes built on basalt and quartzite rocks (two species).
The most diverse isopod communities were observed on limestone bedrock (five species captured on a single site at the most). Two sites where shortened traps were buried
revealed very low species diversity (one species captured per site). This was probably
caused by the short and unsuitable period of subterranean pitfall traps exposition. A
considerable similarity of the results was confirmed between the forested scree slopes
and the caves from the same region. Some large-body forms of terrestrial isopods,
frequently found in the entrance zone of caves, were missing in the screes (Papáč et al.
2009, Rendoš et al. 2016a). Differences in depth distribution of isopods among the
studied scree slopes are ambiguous due to the low count of specimens sampled on the
quartzite and basalt sites. What all studied scree slopes have in common is that the
highest counts of specimens were sampled at depths of 5 and 15 cm. Associations of
some isopods with basalt or quartzite bedrock is not assumed, since all species sampled
on these two types of bedrocks were also found on the limestone scree slopes.
Relative abundance and depth distribution of isopods sampled inside the forested
scree slopes clearly reflect the amount of organic residues along the depth profile, which
tends to be the highest in the uppermost layers and to decrease downwards the depth
profile as observed by Rendoš et al. (2016b). The vast majority of species were sampled
in the nutrient-rich topsoil layers (5–15 cm) characterized by a high content of leaf
litter and humus. Based on Sket’s (2008) classification of subterranean organisms, the
isopods inhabiting these uppermost levels can be divided into two groups. The first

332

Ján Rudy et al. / ZooKeys 801: 323–335 (2018)

group includes well pigmented trogloxenes: Lepidoniscus minutus, Ligidium germanicum, Ligidium hypnorum, Orthometopon planum, Protracheoniscus politus, Trachelipus
ratzeburgii, and Trichoniscus carpaticus which penetrate cave and other subterranean
habitats very occasionally. The smallest species, T. carpaticus, only recently documented
in Slovakia (Rendoš et al. 2016a), is probably a hemiedaphic woodlouse. It does not
penetrate any deeper underground in screes or caves in the Western Carpathians. It was
described in Romania and is often present in caves and is considered to be troglophilous
(Tabacaru and Giurginca 2013). The second group is represented by subtroglophiles
Hyloniscus riparius, Porcellium collicola, and Porcellium conspersum possessing no morphological adaptations to life in dark subterranean environment. These mostly surface
dwelling species often use deeper soil horizons to overcome drought. Deeper parts of
the scree slope profiles (from 15 cm downwards), characterized by a stable microclimate
and much higher organic matter content than in deep caves, are almost exclusively inhabited by Mesoniscus graniger – an eyeless and depigmented eutroglophile often found
in subterranean habitats of the Carpathian and Dinaric Mountains (Mock et al. 2005,
Giurginca 2009, Bedek et al. 2011, Tabacaru and Giurginca 2013)
As regards seasonal activity of M. graniger, our results prove the warm period of the
year (vegetation period) to be the seasons with higher activity of M. graniger. Seasonal
activity of other species was not assessed, due to their low abundance. This indirectly suggests that there is no massive seasonal vertical migration of the isopods into deeper layers
of the forest scree slopes. Migration of terrestrial isopods into the deep soil is not necessary, since they can spend winter periods at shallow depths. Fallen leaves and snow cover
provide a sufficient isolating layer to prevent lower lethal temperatures to isopods from being reached. Avoiding the uppermost layer of substrate, where the temperature has fallen
below freezing point for several winter months, as overwintering isopod strategy could be
minimized to move to a depth of a few centimeters under appropriate conditions, when
the surface of soil is covered by fallen leaves and snow (Tanaka and Udagawa 1993).
Comparison of fixative solutions ended up more positively for ethylene glycol in
which, more than 50% individuals of Isopoda were sampled. This was probably caused
by the repelling effect of formaldehyde, since ethylene glycol was confirmed to show
neither strong repellent nor strong attractive effect on arthropods (Gerlach et al. 2009).
Another possible cause of lower number of Isopoda caught by formaldehyde traps
could be also the non-mixing of detergent into formaldehyde solution. Using attractive
bait in the traps, highly favored by coleopterists, will bring more faunistic knowledge,
including unique findings (Mammola et al. 2016), but without the possibility to interpret the depth preferences of invertebrates.
It is not clear from our research, how pH is affecting terrestrial isopods assemblages, since our species and specimens counts are very low. If we take a look at the
dominant M. graniger, we can see that this species is not affected by pH, due to the
presence of this species on both alkaline and acidic study sites. The reason why this species is missing from study site 1 is that it is outside the distribution area of this species
(Košel 2012). Terrestrial isopods need calcium, because of their exoskeleton structure
(Zimmer et al. 2000). Limestone bedrock is a very good source of calcium ions, so this
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could be a reason why alkaline study sites (on limestone bedrock) are more abundant
and diverse. Soil pH is not the sole reason of this phenomenon. We assume that it is a
combination of soil pH, temperature, humidity and other externalities.

Conclusions
The shallow underground of forested scree slopes in Slovakia is not inhabited by unique
terrestrial isopods, but is uncommonly visited by surface (forest) species or by the sole
subterranean species sampled (Mesoniscus graniger). The interior of forested scree slope
can be considered as a part of subterranean environment inhabited in the long term by
fauna specialized to live in permanent darkness. Eleven species were sampled in total,
which is more than one third of the autochthonous isopod fauna in Slovakia. Wellpreserved status of scree habitats is supported by the presence of the rare species, Mesoniscus graniger, Orthometopon planum, and minute Carpathian endemic Trichoniscus
carpaticus. Subterranean pitfall traps with ethylene glycol proved themselves as suitable
apparatuses to collect macrofauna from this environment.

Acknowledgements
We express our gratitude to all the colleagues who enthusiastically helped us during the field work: Martina Červená, Maroš Dzurinka, Peter Fenďa, Jana Frisová,
Beáta Haľková, Alexandra Jászayová, Nikola Jureková, Ľubomír Kováč, Katarína
Krajčovičová, Michal Krajňák, Vladimír Papáč, Tamara Šašková, and Richard Zamec.
Sincere thanks for proofreading of the manuscript are due to Steve J Gregory. The study
was supported by the grant 1/0199/14, financed by the Slovak Grant Agency VEGA.
Grant 1/0346/18 financed by Slovak Grant Agency VEGA and grant APVV-17-0477
financed by Slovak Research and Development Agency.

References
Bedek J, Taiti S, Gottstein S (2011) Catalogue and atlas of cave-dwelling terrestrial isopods
(Crustacea: Oniscidea) from Croatia. Natura Croatica 20(2): 237–354.
Culver DC, Pipan T (2014) Shallow subterranean habitats: ecology, evolution, and conservation. Oxford University Press, Oxford, 257 pp. https://doi.org/10.1093/acprof:o
so/9780199646173.001.0001
Farkas S, Hornung E, Morschhauser T (1999) Composition of isopod assemblages in different habitat types. In: Tajovský K, Pižl V (Eds) Soil Zoology in Central Europe. České
Budějovice (Czech Republic), 37–44.
Frankenberger Z (1959) Stejnonožci suchozemští. Fauna ČSR. Nakladatelství ČSAV –
Československá akademie věd, Praha, 212 pp.

334

Ján Rudy et al. / ZooKeys 801: 323–335 (2018)

Gerlach A, Voigtländer K, Heidger CM (2009) Influences of the behaviour of epigeic arthropods (Diplopoda, Chilopoda, Carabidae) on the efficiency of pitfall trapping. Soil Organisms 81(3): 773–790.
Gers C (1998) Diversity of energy fluxes and interactions between arthropod communities:
from soil to cave. Acta Oecologica 19(3): 205–213. https://doi.org/10.1016/S1146609X(98)80025-8
Giachino PM, Vailati D (2010) The subterranean environment: hypogean life, concepts and
collecting techniques. WBA Handbooks, Verona, 132 pp.
Giurginca A (2009) Aspects concerning the genus Mesoniscus. Morphology, Spreading, Historical Biogeography. Politehnica Press, Bucharest, 124 pp.
Heip CH, Herman PM, Soetaert K (1998) Indices of diversity and evenness. Océanis 24(4):
61–88.
Jiménez-Valverde A, Gilgado JD, Sendra A, Pérez-Suárez G, Herrero-Borgoñón JJ, Ortuño VM
(2015) Exceptional invertebrate diversity in a scree slope in Eastern Spain. Journal of insect
conservation 19(4): 713–728. https://doi.org/10.1007/s10841-015-9794-1
Juberthie C, Delay B, Bouillon M (1980) Extension du milieu souterrain en zone non calcaire:
description d’un nouveau milieu et de son peuplement par les Coléoptères troglobies.
(Extension of underground environment in non-calcareous zone: description of new environment and population of troglobiotic beetles). Mémoires de biospéologie 7: 19–52.
Košel V (2012) Subterranean fauna of the Western Carpathians. Tribun EU, Brno, 209 pp.
Kováč Ľ, Elhottová D, Mock A, Nováková A, Krištůfek V, Chroňáková A, Lukešová A, Mulec
J, Košel V, Papáč V, Ľuptáčik P, Uhrin M, Višňovská Z, Hudec I, Gaál Ľ, Bella P (2014)
The cave biota of Slovakia. State Nature Conservancy SR, Slovak Caves Administration,
Liptovský Mikuláš, 192 pp. https://doi.org./10.13140/2.1.3473.0569
Mammola S, Giachino PM, Piano E, Jones A, Barberis M, Badino G, Isaia M (2016) Ecology
and sampling techniques of an understudied subterranean habitat: the Milieu Souterrain
Superficiel (MSS). The Science of Nature 103(11–12): 1–24. https://doi.org/10.1007/
s00114-016-1413-9
Manicastri C, Argano R (1989) An analytical synopsis of the troglobitic terrestrial isopods.
Monitore Zoologico Italiano (Nuova Serie), Monografia 4: 63–73.
Mock A, Ľuptáčik P, Fenďa P, Svatoň J, Országh I, Krumpál M (2005) Terrestrial arthropods
inhabiting caves near Veľký Folkmar (Čierna hora Mts., Slovakia). In: Tajovský K, Schlaghamerský J, Pižl V (Eds) Contributions to Soil Zoology in Central Europe I. Institute
of Soil Biology, Academy of Sciences of the Czech Republic, České Budějovice, 95–101.
Mock A, Šašková T, Raschmanová N, Jászay T, Ľuptáčik P, Rendoš M, Tajovský K, Jászayová
A (2015) An introductory study of subterranean communities of invertebrates in forested
talus habitats in southern Slovakia. Acta Societatis Zoologicae Bohemicae 79: 243–256.
Nitzu E, Nae A, Giurginca A, Popa I (2010) Invertebrate communities from the mesovoid
shallow substratum of the carpatho-euxinic area: eco-faunistic and zoogeographic analysis.
Travaux de l’Institut de Spéologie Émile Racovitza 49: 41–79.
Nitzu E, Nae A, Băncilă R, Popa I, Giurginca A, Plăiaşu R (2014) Scree habitats: ecological function, species conservation and spatial-temporal variation in the arthropod community. Systematics and Biodiversity 12(1): 65–75. https://doi.org/10.1080/14772000.2013.878766

Terrestrial isopods associated with shallow underground of forested scree slopes...

335

Nitzu E, Popa I, Giurginca A (2011) Invertebrate fauna (Coleoptera, Collembola, Diplopoda,
Isopoda) collected in the karst areas of the Aninei-Locvei Mountains. Travaux de l´Institute
de Spéologie Émile Racovitza 50: 15–35.
Papáč V, Fenďa P, Ľuptáčik P, Mock A, Svatoň J, Christophoryová J (2009) Terestrické bezstavovce (Evertebrata) jaskýň vo vulkanitoch Cerovej vrchoviny. Aragonit 14: 32–4.
Pipan T, López H, Oromí P, Polak S, Culver DC (2010) Temperature variation and the presence of troglobionts in terrestrial shallow subterranean habitats. Journal of Natural History
45(3–4): 253–273. https://doi.org/10.1080/00222933.2010.523797
Radu VG (1985) Isopoda, Oniscoidea, Crinocheta. Fauna RSR, Crustacea 4 (14). Editura
Academiei RSR, Bucharesti, 155 pp.
Rendoš M, Mock A, Jászay T (2012) Spatial and temporal dynamics of invertebrates dwelling
karstic mesovoid shallow substratum of Sivec National Nature Reserve (Slovakia), with emphasis on Coleoptera. Biologia 67: 1143–1151. https://doi.org/10.2478/s11756-012-0113-y
Rendoš M, Mock A, Miklisová D (2016a) Terrestrial isopods and myriapods in a forested scree
slope: subterranean biodiversity, depth gradient and annual dynamics. Journal of Natural
History 50(33–34): 2129–2142. https://doi.org/10.1080/00222933.2016.1193642
Rendoš M, Raschmanová N, Kováč Ľ, Miklisová D, Mock A, Ľuptáčik, P (2016b) Organic
carbon content and temperature as substantial factors affecting diversity and vertical distribution of Collembola on forested scree slopes. European Journal of Soil Biology 75:
180–187. https://doi.org/10.1016/j.ejsobi.2016.06.001
Schlick-Steiner BC, Steiner FM (2000) Eine neue Subterranfalle und Fänge aus Kärnten.
Carinthia II 190/110: 475–482.
Schmalfuss H (2003) World catalog of terrestrial isopods (Isopoda: Oniscidea). Stuttgarter
Beiträge zur Naturkunde, Serie A 654: 341 pp.
Sfenthourakis S, Taiti S (2015) Patterns of taxonomic diversity among terrestrial isopods.
ZooKeys 515: 13–25. https://doi.org/10.3897/zookeys.515.9332
Sket B (2008) Can we agree on an ecological classification of subterranean animals? Journal of
Natural History 42(21–22): 1549–1563. https://doi.org/10.1080/00222930801995762
Tabacaru I, Giurginca A (2013) Cavernicolous Oniscidea of Romania. Travaux de l’Institut de
Spéologie Emile Racovitza 52: 3–26.
Tanaka K, Udagawa T (1993) Cold adaptation of the terrestrial isopod, Porcellio scaber, to
subnivean environments. Journal of Comparative Physiology B 163: 439–444. https://doi.
org/10.1007/BF00346927
Tuf IH, Tajovský K, Mikula J, Laška V, Mlejnek R (2008) Terrestrial isopods (Isopoda: Oniscidea) in and near the Zbrašov Aragonit Caves (Czech Republic). In: Zimmer M, CharfiCheikhrouha F, Taiti S (Eds) Proceedings of the international symposium on terrestrial
isopod biology: ISTIB-07. Shaker, Aachen, 33–36.
Zimmer M, Brauckmann HJ, Broll G, Topp W (2000) Correspondence analytical evaluation of
factors that influence soil macro-arthropod distribution in abandoned grassland. Pedobiologia 44(6): 695–704. https://doi.org/10.1078/S0031-4056(04)70082-7

