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Abstract

A labyrinth of air-filled voids in forested scree slopes represents one of the most common types of terrestrial shallow
subterranean habitats in the temperate zone, characterized by relatively strong seasonal fluctuations of temperature
and the occurrence of subterranean species of invertebrates. We carried out a year-long study to define the monthly
activity dynamics of Collembola communities inhabiting a depth profile (95 cm from the ground surface) of a forested
limestone scree in the Western Carpathians, Slovakia. We assessed the response of species sorted into four separate
ecological forms, reflecting their affinity to the subterranean environment and to temperature parameters fluctuating
over the year. Of the 62 collembolan species identified, 28 were assigned to trogloxenes, 19 to subtroglophiles, 12 to
eutroglophiles, and 3 to troglobionts. Fluctuations of activity/numbers during the year were observed in all four eco-
logical forms of Collembola and at all depths. Troglobionts and eutroglophiles, associated predominantly with deeper
layers of the scree slope profile, preferred the lower temperature ranges and were typical for the autumn months. Tro-
gloxenes and subtroglophiles were active most of the year near the surface, but specifically during the spring months
characterized by higher temperature ranges. The study contributes to the general knowledge of dynamics of inverte-
brate activity in a forested temperate zone scree slope.

Introduction

The interior of forested scree slopes at the foot of steep valley sides comprises a relatively common type of terres-
trial shallow subterranean habitat in the temperate climate zone (Culver and Pipan, 2008, 2014). The Milieu Souterrain
Superficiel (MSS), as this habitat is generally referred to (Juberthie et al., 1980, 1981), lies between the base of the soil
horizon and bedrock and consists of an extensive network of lightless air-filled voids that formed within the multiple lay-
ers of fragmented rocks. In karst areas, the network of voids is ordinarily interconnected with deep subterranean habi-
tats (i.e., caves, along with adjacent narrow fissures formed in the limestone bedrock) (Juberthie, 1983, 2000; Juberthie
and Decu, 2004; Giachino and Vailati, 2010; Mammola et al., 2016). Compared to the deepest parts of the caves, where
the temperature fluctuates only minimally during the year, an MSS habitat with a developed soil layer is still largely
influenced by the seasonality of the above-ground weather (Pipan et al., 2010; Mammola et al., 2016). Although the
temperature regime inside forested scree slopes is characterized by a reduction of temperature extremes, as well as
by moderating daily temperature fluctuations, it usually exhibits relatively strong seasonal temperature variations (e.g.
Nitzu et al., 2006—2007; Zacharda et al., 2007; Rendos et al., 2012; Gilgado et al., 2014; Mammola et al., 2017).

The proximity of soil and deep cave habitats causes the scree slope interior to be populated by diverse invertebrate
fauna varying in affinity to the subterranean environment. Besides the invertebrate species typically found to inhabit
soil, subterranean species known from caves, many of them with apparent morphological adaptations to life in a con-
stantly dark environment, occur in this habitat (Juberthie, 2000; Nitzu et al., 2014; Jiménez-Valverde et al., 2015; Mam-
mola et al. 2016; Rendos et al., 2016). Despite the intensive research on shallow subterranean habitats conducted in
several European countries over the last decades (e.g. Juberthie et al., 1980; Ruzi¢ka and Klimes, 2005; Giachino and
Vailiati, 2010; Laska et al., 2011; Pipan et al., 2010; Nitzu et al., 2014; Jiménez-Valverde et al., 2015; Mammola et al.,
2017), very little is still known about the impact of seasonal temperature variations on the activity of particular inverte-
brate species living therein. Previous authors (e.g. Racovitza and Serban, 1982; Rendos et al., 2012, Nitzu et al., 2014)
have pointed out that the activity of various invertebrate groups inhabiting shallow subterranean habitats fluctuates con-
siderably throughout the year. Crouau-Roy et al. (1992) observed the abundance of the troglobitic beetle Speonomus
hydrophilus (Jeannel, 1907) to be associated with seasonal temperature changes that occurred in the MSS; it markedly
declined in both summer and winter.

We carried out a year-long study focused on Collembola, one of the most diversified groups of invertebrates in
subterranean habitats (Deharveng, 2004), inhabiting a limestone forested scree slope in the Western Carpathians, Slo-
vakia. Our aim was: (1) to describe the activity dynamics of collembolan communities along the scree profile during the
year, and (2) to assess the response of particular collembolan species to temperature parameters fluctuating over the
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year. We hypothesized that subterranean species of Collembola would prefer, unlike the common soil-dwelling species,
narrow ranges of temperature and would be active in the scree slope predominantly in cooler months. We expected all
collembolans to be frost-sensitive.

Material and Methods

Study Site

The Sivec Nature Reserve, located 8 km southwest of the village of Mala Lodina in Eastern Slovakia, is a small karst
island within the Cierna Hora Mountains (Western Carpathians, Central Europe) built predominantly on old crystalline
rocks (Hochmuth, 2008). The reserve territory, with an area of 1.7 km?, includes the approximately 1.5 km long upper
part of the Maly Ruzinok Valley along with an extensive Mesozoic limestone cliff on the valley’s left side, flanked by
steep scree slopes. Several shallow caves harbouring endemic invertebrates, including Collembola, have formed in-
side the cliff (Mock and Tajovsky, 2008; Kova¢ and Papac, 2010).

The study site has a typical northern temperate climate. According to climatic data provided by the nearby meteo-
rological station of the Slovak Hydrometeorological Institute in the village of KoSicka Bela, the mean annual tempera-
ture (November 2008—October 2009) was +10.6 °C, and the average annual precipitation was 61.2 mm. The coldest
month was January with an average monthly temperature of -2.9 °C, and the warmest was July (+21.6 °C). The highest
precipitation amounts were recorded in December (96.5 mm) and the lowest in November (21.7 mm). A layer of snow
covered the nature reserve continuously from late January to early March. More details about the climatic characteris-
tics are given in Figure 1.

The sampling stand (coordinates: 48°50.5' N, 21°06.6' E) is situated a few metres below the top of an 15-20° in-
clined forested scree slope facing north-east at an altitude of 530 m and overgrown with Tilieto-Aceratum forest and a
scarce herbal layer formed by Asplenium alternifolium, Dentaria sp., Lamium sp., Mercurialis perennis, Urctica dioica,
young seedlings of Sambucus sp., and ferns. The investigated scree slope profile consists of three distinct layers: leaf
litter and humus (0—15 cm), an organo-mineral layer (15—45 cm) clearly separated from scree that occupies a horizon
from 45 cm downwards and is formed by rock fragments with a diameter of 10-15 cm. The dominant soil type on the
stand was rendzina (FAO classification of soil types) (IUSS Working Group WRB, 2015).

Sampling and Species Determination

To sample Collembola, subterranean pitfall traps were buried once beneath the scree slope surface after
Schlick-Steiner and Steiner (2000). Each trap consisted of a plastic cylinder (length 110 cm, diameter 10.5 cm) cir-
cumferentially perforated by openings (diameter 0.8 cm) at ten regular horizontal levels (5, 15, 25, up to 95 cm). A
demountable set of 10 plastic cups (volume 500 mil) filled with 4% formaldehyde preservative solution was inserted into
the plastic cylinder interior. The cups were placed right under the openings on the cylinder surface, enabling individuals
to be trapped at the particular level (for more details on subterranean trap design, see Rendo$ et al., 2016). A triplet
of subterranean pitfall traps were placed 50 cm from one another over a previously excavated pit more than a metre
deep. Thereafter, the pit was backfilled with the dugout soil and rocks in the original order of the layers and the tops of
cylinders were tightly closed with a plastic lid. The plastic cups were pulled out of the plastic cylinder and emptied once
a month, from November 2008 to October 2009. The individuals trapped were poured into plastic bottles, transferred to
the laboratory and sorted to the level of higher taxa. Collembola were mounted on permanent microscopic slides after
Rusek (1975) and determined to the species level using a Leica DM1000 phase-contrast microscope and identification
keys, such as those by Pomorski (1998), Bretfeld (1999), Potapov (2001), Thibaud et al. (2004), and others. Based on
the experience of biospeleological inventories carried out in the Slovak caves in the past decades (e.g., Kovac, 2000;
Kovag et al., 2016), the Collembola species were divided into four ecological forms reflecting their degree of affinity for
subterranean environment, as proposed by Sket (2008): (1) Trogloxenes — species inhabiting the ground surface and
uppermost layers of the soil horizon (leaf litter and humus). Their occurrence in subterranean habitats is accidental,
as they are unable to reproduce and complete their life cycle in them; (2) Subtroglophiles — species commonly found
in subterranean habitats but still intimately interacting with the surface and uppermost layers of the soil horizon during
certain periods to complete some of their biological functions, such as dispersal, feeding, or reproduction; (3) Eutroglo-
philes — essentially edaphic species that are able to maintain permanent and self-sustaining subterranean populations;
and (4) Troglobionts — species exclusively inhabiting subterranean habitats.

Temperature Measurements

The temperature was measured continuously throughout the study period at four-hour intervals using two series of
iButton DS1921G thermo-data loggers affixed to the top of the plastic lid (=surface) closing the subterranean trap and
to the walls of plastic cups at the depths of 15, 35, 55, 75 and 95 cm. For each sampling period and each measured
depth, the temperature data were converted into the following variables: monthly temperature mean (Tmean), monthly
temperature maximum (7Tmax) and minimum (Tmin), and derived monthly temperature range (Trange = Tmax — Tmin).
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Both thermo-data loggers placed at 75 cm stopped functioning for a long period, which caused incomplete temperature
data from this depth.

Data Analysis

The values of monthly collembolan activity were calculated as the average number of individuals sampled by the
triad of subterranean traps standardized for 30 days (1 month). The dynamics of collembolan activity during the study
period were depicted graphically for each depth and ecological form separately. We performed redundancy analysis
(RDA) to evaluate associations of collembolan communities from four depths (15, 35, 55 and 95 cm) with 12 months
and the measured temperature parameters. In this analysis, depth, month, temperature mean and temperature average
were employed as explanatory variables. Response variables were represented by the activity of selected collembolan
species based on numbers. To obtain a clear ordination plot, only species with total activity = 5 (19 species altogether)
were included in the analysis, covering 98.5 % of total collembolan numbers. A log-transformation was applied to the
data. The analyses were performed using Canoco for Windows 5 software package (Ter Braak and Smilauer, 2012).

Results

Temperature Characteristics

The temperature regime recorded within the scree slope profile was characterized by gradual reduction of daily
temperature fluctuations with increasing depth (i.e., the temperature remained constant for several consecutive days in
deeper layers of the scree slope profile; for more details, see Figure 1 in Rendos et al., 2012). Deeper under the sur-
face, the long-term temperature fluctuations still coincided with the seasonal climate variations occurring on the surface
(Fig. 1). In winter, the temperature dropped below the freezing point only on the surface for a few days at the turn of
December and January, with the lowest recorded temperature of —4.0 °C. The monthly temperature means increased
from the surface downwards, while the monthly temperature ranges were gradually diminished by increasing depth.
During the year, the monthly temperature means on the surface ranged between 0.2 °C (January) to 16.6 °C (July). In
contrast, these means at the depth of 95 cm ranged between 3.5 °C (March) to 15.2 °C (August). Monthly temperature
ranges varied from 5.0 °C (February) to 12.5 °C (September) on the surface and from 0.5°C (February, March) to 4.5
°C (June) at 95 cm (Table 1).
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Figure 1. Monthly data of mean air temperature (T air) and precipitation recorded by the nearest mete- species number to be the
orological station in the village of KoSicka Bela along with monthly data of mean air temperature during . .
the study period (Nov. 2008—Oct. 2009) measured by thermo-data loggers on the soil surface (T sur- highest betwec_an April and
face) and at the depths of 15 cm (T 15), 35 cm (T 35), 55 cm (T 55), and 95 cm (T 95). June. Deeper in the scree

20 « Journal of Cave and Karst Studies, March 2020



Table 1. Monthly temperature characteristics recorded
along the scree slope profile.

Monthly temperature, °C

Depth,
Month cm Mean Min Max Range
November 2008
Surface 7.0 1.8 12.3 10.5
15 8.5 5.0 11.5 6.5
35 9.0 6.3 11.5 5.3
55 9.7 75 11.5 4.0
95 10.5 9.0 11.8 2.8
December 2008
Surface 2.4 -1.3 6.0 7.3
15 4.3 2.5 5.5 3.0
35 51 3.8 6.8 3.0
55 6.1 5.0 7.8 2.8
95 7.6 6.5 9.0 2.5
January 2009
Surface 0.2 -2.3 3.5 5.8
15 2.2 1.5 2.5 1.0
35 2.9 2.3 3.8 1.5
55 3.8 3.0 5.0 2.0
95 5.4 4.5 6.5 2.0
February 2009
Surface 0.6 0.0 5.0 5.0
15 1.6 1.5 25 1.0
35 21 1.8 2.5 0.8
55 2.9 2.5 3.0 0.5
95 4.0 3.8 4.3 0.5
March 2009
Surface 1.5 -1.0 8.3 9.3
15 21 1.0 4.5 3.5
35 2.2 1.5 3.8 2.3
55 2.7 2.5 3.5 1.0
95 3.5 3.5 4.0 0.5
April 2009
Surface 8.4 5.5 12.8 7.3
15 7.4 5.0 8.5 3.5
35 6.9 4.3 7.8 3.5
55 6.7 4.0 7.8 3.8
95 6.0 4.0 7.3 3.3
May 2009
Surface 11.6 8.0 16.8 8.8
15 10.8 8.5 13.0 4.5
35 10.2 7.8 12.0 4.3
55 9.8 7.8 11.3 3.5
95 9.0 7.3 10.3 3.0
June 2009
Surface 15.3 10.0 19.3 9.3
15 14.2 11.0 16.5 5.5
35 134 10.3 15.8 5.5
55 12.8 10.0 15.5 5.5
95 11.7 9.8 14.3 4.5
July 2009
Surface 16.6 13.0 20.5 75
15 16.4 14.5 18.5 4.0
35 16.0 14.5 17.5 3.0
55 16.0 15.0 17.5 2.5
75 15.3 14.3 16.0 1.8
95 14.9 14.0 15.3 1.3
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Table 1. (Continued).

Depth, Monthly temperature, °C
Month cm Mean Min Max Range
August 2009
Surface 15.2 10.0 20.0 10.0
15 15.5 11.0 17.0 6.0
35 15.5 11.5 17.0 5.5
55 15.8 13.5 17.0 3.5
75 15.3 13.8 16.3 2.5
95 15.2 14.3 15.8 1.5
September 2009
Surface 11.2 3.5 16.0 12.5
15 12.4 8.0 14.5 6.5
35 12.8 9.0 14.0 5.0
55 13.4 10.8 14.8 4.0
75 13.3 11.3 14.8 3.5
95 13.4 11.8 14.8 3.0
October 2009
Surface 5.6 1.5 10.5 9.0
15 74 55 9.5 4.0
35 8.3 7.0 10.0 3.0
55 9.1 7.8 10.8 3.0
75 9.5 8.3 11.8 3.5
95 10.0 8.5 11.8 3.3

slope profile, the species number increased rather tardily
from the end of winter and attained the maximum values
at the turn of summer and autumn (August, September).
Looking at overall seasonal dynamics of locomotory
activity in particular ecological forms of Collembola, we
found troglobionts to have the lowest activity among the
other forms (Fig. 2). Throughout the study period, the
presence of troglobionts was concentrated primarily in
the deeper layers of the scree slope profile (65-95 cm).
Activity of troglobitic collembolans increased slightly from
the beginning of spring (March) to early summer (June).
After a mild summer decline, an autumn increase of tro-
globiont activity was recorded. In contrast, trogloxenes
occurred almost exclusively in the uppermost level (5 cm)
of the depth profile during the year, with maximum activity
registered in spring (April-June). Unlike the previous two
ecological forms, eutroglophiles and subtroglophiles were
active across the entire depth profile throughout the year.
At most depths, the activity of eutroglophiles had a simi-
lar pattern, characterized by the gradual increase from the
end of winter (March) to spring (April, May). After an ap-
parent decrease in summer, the activity of eutroglophiles
increased again, reaching a second peak at the end of
summer (August), which continued at the deepest levels
(85 and 95 cm) until the following autumn months (Sep-
tember, October). At the depths of 55 to 85 cm, the sec-
ond peak of eutroglophile activity was more pronounced
than the first one. During the year, the highest activity of
subtroglophiles was recorded at the uppermost levels (5
and 15 cm), with the maximum values attained in April.
At most deeper layers of the scree slope profile, two rath-
er prolonged activity peaks were observed during the
year in subtroglophiles: the first at the turn of spring and
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summer (May, June) and the second, after a
short-term decline, in August. An exception was
at the depth of 95 cm, where only one noticeable
activity peak (September) was found during the
year.

Collembolan Activity-Environmental Char-
acteristics Relationship

The redundancy analysis (RDA) revealed ac-
tivity of particular collembolan species to be af-
fected by thermal conditions fluctuating over the
year. The eigenvalues of RDA ordination axes 1
and 2 were 0.337 and 0.153, respectively, and
they accounted for 61 % of total variation. The
species-environment correlations were 0.883
in axis 1 and 0.949 in axis 2. The permutation
test on all axes confirmed their statistical signif-
icance (F = 4.7, p = 0.002). The resulting RDA
biplot diagram (Fig. 3) illustrates that the spring
months (April-May) were characterized by high-
er temperature ranges, and the species Cera-
tophysella silvatica, Desoria tigrina, Dicyrtomina
ornata, Parisotoma notabilis, Pogonognathellus
flavescens, and Pygmarrhopalites principalis
were specific to these months. In contrast, Meg-
alothorax hipmani, Neelus koseli, Oncopodura
crassicornis, Protaphorura armata, Pygmarrho-
palites elegans, P. pygmaeus, Plutomurus car-
paticus and Pygmarrhopalites bifidus, associat-
ed with deeper layers of the scree slope profile,
preferred rather lower temperature ranges and
were typical for the autumn months (Septem-
ber—October). Dicyrtoma fusca and Lepidocyr-
tus lignorum, the species inhabiting the upper
layers of the scree slope profile, were charac-
teristic for mid-summer (July). Folsomia fimetar-
ia and F. lawrencei were grouped with a higher
temperature means during the summer months,
while the occurrence of Desoria propinqua was
associated with lower temperatures in late au-
tumn (November) and early spring (March).

Discussion

Our earlier investigation (Rendos et al., 2012)
stressed the impact of seasonal temperature
changes on the activity dynamics of higher in-
vertebrate taxa inhabiting a limestone scree
slope identical with the present study. Subse-
quent identification of the sampled invertebrates
at the species level revealed Collembola to be
the only taxon among the others that includes
species representing all four ecological forms
differing in degree of affinity to subterranean en-
vironment. We used these Collembola as a suit-
able model group for the first thorough study on
activity dynamics of species communities in the
shallow subterranean habitat with differences in
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Figure 2. Activity dynamics of four collembolan ecological forms during the study period (Nov. 2008—
Oct. 2009) along the scree slope profile. The activity (numbers) of subtroglophiles is depicted on the
left y-axis, while the activity of trogloxenes, eutroglophiles, troglobionts and the collembolan species
number (s) is depicted on the right y-axis. The graphs depicting collembolan activity at the depths of
5 and 15 cm have different scaling due to the large number of individuals captured.
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temperature fluctuations be-
tween scree depth horizons.

It is important to point out
that burying subterranean
pitfall traps may disrupt the
structure of the scree slope
habitat by impermanent
clogging of the air-filled voids
(Mock et al., 2015; Ruzicka
and Dolansky, 2016), which
may subsequently result in
the mixing of invertebrate
communities occupying the
scree interior and the ab-
sence of some sensitive
subterranean species for a
period of several months to
even years. As already not-
ed by Rendos et al. (2016),
the effect of disruption of
the scree slope structure on
collembolans appears to be
negligible. The depth distri-
bution of particular ecologi-
cal forms as well as activities
of subterranean collembolan
species, including troglobi-
onts, were not found to be
noticeably altered a month
after the traps had been
buried in the scree slope.
The individual and species
number may vary within a
single studied site, as found
by Jiménez-Valverde et al.
(2015), who buried several
traps individually across a
scree slope. Our study was
primarily focused on activi-
ty dynamics of Collembola
communities along a scree
depth profile during the year.
To obtain as many individu-
als as possible with all eco-
logical collembolan forms
represented, we preferred to
bury a triplet of subterranean
pitfall traps into a single pit,
being aware of possible vari-
ations in community struc-
ture within the studied forest-
ed scree slope.

In temperate regions,
spring and autumn activity
peaks occur in collembo-
lans inhabiting leaf litter and
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Figure 3. The RDA ordination biplot indicating associations of collembolan communities with months (black
squares attended by Arabic numerals), depth, monthly temperature means (Tmean), and monthly temperature
ranges (Trange). Collembolan species included in the analysis: Trogloxenes: DCFU — Dicyrtoma fusca, DIOR
— D. ornata; Subtroglophiles: AREL — Pygmarrhopalites elegans, CESL — Ceratophysella silvatica, DRPQ
— Desoria propinqua DRTI — Desoria tigrina, FOF| — Folsomia fimetaria, ISNO — Parisotoma notabilis, LELI
— Lepidocyrtus lignorum, PGFL — Pogonognathellus flavescens; Eutroglophiles: ARBI — Pygmarrhopalites bifi-
dus, ARPR — Pygmarrhopalites principalis, ARPY — Pygmarrhopalites pygmaeus, FOLA — Folsomia lawrencei,
OPCR - Oncopodura crassicornis, PLCA — Plutomurus carpaticus, PRAR — Protaphorura armata; Troglobi-
onts: MGHI — Megalothorax hipmani, NLKO — Neelus koseli.

underlying  topsail,
which is largely re-
lated to the favour-
able  microclimatic
conditions (i.e. lower
temperature values
along with higher
relative humidity) for
oviposition and en-
suing development
of juveniles in these
seasons (Coleman
et al., 2017). A long-
term decline in soil
collembolans activity
is evident in winter.
In summer, the ac-
tivity usually drops
for a short period of
time (Christiansen,
1964; Hopkin, 1997).
In our study, such a
pattern of season-
al activity dynamics
continued from the
topsoil to the deep-
est part of the scree
slope profile and was
more or less typical
of all four ecological
forms of Collembola.
We support the find-
ings of previous au-
thors (Racovitza and
Serban, 1982; Crou-
au-Roy et al. 1992;
Rendos et al., 2012,
Nitzu et al., 2014)
that seasonal activi-
ty of invertebrates in
shallow subterranean
habitats is intensely
affected by microcli-

matic fluctuations during the year. The most prominent activity peak was observed in subtroglophiles occupying the
uppermost levels of the depth profile in spring due to a mass occurrence of juvenile stages of some species (especially
Desoria tigrina and Lepidocyrtus lignorum). Typically, the increase in collembolan activity, regardless of the ecological
form, was rather moderate within the scree slope. In deeper layers, the activity peaks tended to be long-term, i.e. they
lasted for several consecutive months, which was presumably associated with a reduction of daily temperature fluctu-

ations resulting in prolongation of microclimate suitable for collembolan development.

Some studies consider deep layers of screes to represent a seasonal refuge for some invertebrates seeking tem-
porary shelter during adverse environmental conditions. Nitzu et al. (2014), for instance, reported several Collembola
and Coleoptera species inhabiting the surface of loose screes stabilized by a tiny amount of soil to migrate vertically
into the scree interior during summer heat. Similarly, Polak (2012) observed subterranean coleopterans inhabiting an
ice cave migrating into the adjacent MSS to avoid temperatures below the freezing point, which tend to occur in this
cave during winter. In both cases, the authors found communities of subterranean and soil-dwelling species to overlap
within the MSS. In our study, no species migration was recorded. Furthermore, our results suggest a strong spatial
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separation of troglobiont and trogloxene activity all year round. While troglobionts were active predominantly at lower
and thermally more stable layers of the depth profile characterized by negligible fluctuations of daily temperatures, the
second form was almost exclusively found in the uppermost layer possessing the most variable temperature parame-
ters among all the investigated depths. Eutroglophiles as well as subtroglophiles were distributed along the entire depth
profile throughout the year. This pattern of seasonal activity of Collembola ecological forms along the depth profile was
presumably associated with the character of the scree slope site. In this study, we investigated a scree slope stabilized
with a relatively thick layer of soil and overgrown with dense forest. On such types of scree slopes, the treetops greatly
dampen high summer temperatures, thus protecting the soil surface from overheating and subsequent drying. In winter,
the scree surface seems to be influenced by warmer air deposited in the scree voids, which is consequently reflected in
attenuation of low temperatures. We recorded slight short-term frost on the scree slope surface in winter, although the
air temperature above the scree dropped deep below the freezing point in the long term (continuously less than -=10 °C)
in winter. Such thermal conditions seem to be favorable for all ecological forms of Collembola, and thus, none of them
was forced to migrate into deeper layers of the scree slope profile.

The present study supported our hypotheses, and its results are consistent with observations from cave habitats
that susceptibility to temperature fluctuations increases in proportion with degree of species affinity for subterranean
environment (Tobin et al., 2013; Mammola et al., 2015; Raschmanova et al., 2018). Species limited to a subterranean
environment are, in contrast to their soil-dwelling relatives, much more susceptible to desiccation due to the loss of
most of the physiological mechanisms to control water balance. Since evaporation increases exponentially with rising
temperature, subterranean species are considered to be capable of living exclusively within the areas with narrow
temperature ranges (Peck, 1976; Howarth, 1980). The RDA analysis applied in this study revealed a general pattern
of preferences of particular collembolan species to temperature parameters. Troglobionts and most eutroglophiles fa-
vored rather narrow temperature ranges deeper in the investigated scree slope profile in early autumn. On the contrary,
trogloxenes and most subtroglophiles inclined to wider temperature ranges typical of upper parts of the scree profile
during spring.

Conclusions

This study was focused on the activity dynamics of collembolan communities inhabiting the depth profile of a forest-
ed limestone scree slope — one of the most common types of terrestrial shallow subterranean habitats in temperate
regions. During the year, fluctuations of activity dynamics were observed in all four ecological forms of Collembola and
across the studied scree slope profile. Tolerance to temperature fluctuations decreases in proportion with the degree of
affinity for subterranean environment. Subterranean species (troglobionts and eutroglophiles) tended to occupy deeper
and thermally more stable parts of the depth profile, while soil-dwelling Collembola (trogloxenes and subtroglophiles)
occurred mostly in the upper and thermally more variable parts of the depth profile. This study contributes to the gen-
eral knowledge of invertebrate activity dynamics in forested scree slopes of the temperate zone.
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Appendix 1. Values of monthly minimum (Min) and maximum (Max) collembolan activities (calculated per 30 days) and

species numbers recorded during the year in individual subterranean pitfal traps.

Activity Species Number
Trap 1 Trap 2 Trap 3 Trap 1 Trap 2 Trap 3
Depth, cm - - - - - -
Min Max Min Max Min Max Min Max Min Max Min Max
5 3.2 6571 33.9 1234.5 21.4 2376.4 2 22 2 20 4 21
15 21 107.3 1.0 256.4 9.6 384.5 1 8 1 1 8
25 11 30.0 1.7 35.8 1.0 61.0 1 6 1 10 1 7
35 1.0 18.4 11 18.2 0.9 16.5 1 5 1 6 1 5
45 0.9 291 0.9 43.6 1.0 26.3 1 8 1 8 1 6
55 1.7 30.9 0.9 38.4 0.7 261 1 6 1 8 1 5
65 11 62.7 11 52.7 1.4 20.9 1 9 1 11 2 6
75 1.0 35.5 0.9 40.0 11 24.5 1 7 1 10 1 6
85 0.7 26.4 11 16.4 1.7 59.1 1 6 1 7 1 7
95 1.0 20.9 0.9 18.2 29 591 1 8 1 9 2 8
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