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Abstract. We studied the effects of the overstory canopy cover on ground-dwelling harvestmen communities in European beech
forests in the Western Carpathian Mts. We analyzed the differences in species richness, abundance and composition in two tree
canopy cover categories (closed and open canopy). Overall, 1765 individuals belonging to 16 species were caught using pitfall
traps. Repeated-measures ANOVA revealed that under both closed and open canopies a similar absolute and rarefied species
richness and number of individuals (standardized to 100 pitfall trap days) were caught, and that both species richness and abun-
dance were affected by the season (i.e., time of trap replacement); yet the total number of individuals trapped was more than two
times greater under the open canopy than under the closed canopy. Despite the subtle differences in the taxonomic composi-
tion of the catches under the open and closed canopies revealed by DCA followed by RDA, the composition of ground-dwelling
harvestmen assemblages differed under the two canopy covers. The open canopy was more suitable for heliophilic, xerothermic
eurytopic harvestmen species typical for open and ecotonal habitats, such as Egaenus convexus (C.L. Koch) and Oligolophus
tridens (C.L. Koch) but still suitable for hemihygrophilic Lophopilio palpinalis (Herbst). The closed canopy stands were preferred by
shade-tolerant, hygrophilic eurytopic harvestmen species, such as Trogulus sp. Latreille, Dicranolasma scabrum (Herbst) and Pla-
tybunus bucephalus (C.L. Koch). Our results highlight the importance of intra-habitat heterogeneity of a harvestmen community.

INTRODUCTION

The extent of tree canopy cover in a forest controls, di-
rectly or indirectly, the environmental conditions in the
forest understory (Canham et al., 1990). The canopy is
the layer with the greatest effect in determining the con-
ditions in habitats in the forest understory (Edgar, 1971).
The canopy may act directly through litterfall quality and
quantity (Binkley & Giardina, 1998; Wardle et al., 2004)
and indirectly through light availability (Canham et al.,
1990), the amount and chemical composition of through
fall (Zimmermann et al., 2007) and air and soil tempera-
ture (Lemenih et al., 2004). All of these factors affect soil
moisture, the rate of decomposition and soil mineraliza-
tion (Binkley & Giardina, 1998). Interlinked associations
in forest understories lead to changes in forest processes
and thus to variability in the properties of the biotic com-
munities inhabiting the forest understory (e.g. Wardle et
al., 2004; Smith et al., 2008; Tinya et al., 2009; Barna &
Bosela, 2015; Kosuli¢ et al., 2016).

Characteristics of invertebrate communities inhabiting
forest ecosystems are also affected by the environmen-
tal heterogeneity associated with the canopy of overstory

trees. The effects of the species composition of overstory
trees and/or their age (Heyborne et al., 2003; Wiezik et al.,
2007; Samu et al., 2014; Stasiov et al., 2017), quality and
amount of leaf litter and coarse woody debris (Castro &
Wise, 2010; Ranius et al., 2015), canopy closure and/or
deer density (Spitzer et al., 2008; Isaia et al., 2015; Kosuli¢
et al., 2016) on spatial distribution of invertebrates, spe-
cies richness, abundance and composition have been docu-
mented in many studies.

While the effect of canopy cover is well documented for
such organisms as plants, butterflies, orthopterans, bee-
tles and birds, the effect of canopy cover on other groups
of organisms, such as e.g. epigeic invertebrates, is less
well known (see Spitzer et al., 2008; Zakkak et al., 2014;
Isaia et al., 2015; Stephens et al., 2016). Harvestmen are
among such under-studied organisms (Curtis & Machado,
2007). Harvestmen are generalist predators that feed on
other small invertebrates and are also scavengers of dead
animals, plants (fruits) and fungi (Adams, 1984; Halaj &
Cady, 2000; Hicks et al., 2003; Schaus et al., 2013). Most
of the knowledge on the ecology of different species of
harvestmen is based on subjective classification of species’
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affinities with particular environmental conditions (Mitov
& Stoyanov, 2005). Most ecological studies on harvestmen
are in agroecosystems (Drummond et al., 2010), because
some phalangid species are important predators of pests
in fields (Dixon & McKinlay, 1989; Hilbeck & Kennedy,
1996), while studies in forest environments are scarce (Bra-
gagnolo et al., 2007; Spitzer et al., 2008; Proud et al., 2012;
Merino-Sainz & Anadén, 2015; Lira & DeSouza, 2016).

The most important ecological factors affecting assem-
blages of harvestmen at large scales are altitude, habitat
and moisture regime at the landscape level (Vitosha Mt.,
Bulgaria; Mitov & Stoyanov, 2005) and altitude, tem-
perature, human effect and moisture at the country level
(Czech Republic; Klimes, 1997). At a local scale, soil tem-
perature and humidity are the main abiotic factors influenc-
ing the structure of communities of harvestmen (Curtis &
Machado, 2007). The effect of the differences in habitats
and within-habitat structure on the abundance and distri-
bution of harvestmen is rarely studied (reviewed in Curtis
& Machado, 2007). Microclimatic conditions associated
with different types of vegetation could be responsible
for differences in the species composition of harvestmen
in the north-eastern USA (Edgar, 1971). In Kent, England,
Adams (1984) found that the density and compressibility
of the litter layer, due to the presence of leaves of different
sizes, had an effect on the species composition of harvest-
man, but that there is a weak effect of litter depth on the
richness and density of harvestman in a coniferous stand
in Maine, USA (Jennings et al., 1984). Vertical distribution
of harvestmen is associated with the forest layer in Michi-
gan broadleaved forests (Edgar, 1971). The importance of
the species of trees in the tree canopy for communities of
harvestmen is confirmed by Stasiov et al. (2017). Jennings
et al. (1984) report a higher abundance and species rich-
ness in uncut coniferous forest than in clear cut forests.
The temporal pattern and seasonal variation also affects the
richness and abundance of harvestmen in forests (Hicks et
al., 2003; Urbanovicova et al., 2014).

The aim of this study was to reveal the effect of the over-
story canopy cover on assemblages of ground-dwelling
harvestmen in European beech (Fagus sylvatica Linnaeus)
stands in the Western Carpathian Mts. in Central Europe.
We determined the species richness, abundance and com-
position of assemblages of harvestmen under two different
types of canopy cover (closed vs. open canopy) in forest
stands. Generally, structurally complex habitats like open
canopy forests provide more niches, which are assumed to
increase species diversity (Tews et al., 2004). Therefore,
we assumed that the species-specific distribution pattern
of harvestmen would depend on within-habitat heterogene-
ity. Taking into account the greater structural complexity
of open canopy stands, which provide a greater diversity
of suitable habitats, we expect that number of species and
the abundance of individuals trapped would be greater in
forests with an open canopy than in closed canopy stands.
We also focused on seasonal trends in species richness and
abundance within the two forests that differed in their ex-
tent of canopy cover.
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MATERIAL AND METHODS
Study localities

This study was done in two managed beech forests in Cen-
tral Slovakia, in the Western Carpathians. The locality Kovacova
(48°38°04.8"N, 19°04°12.4"E; 475-490 m a.s.1.) is located in the
Kremnické vrchy Mts, which is a moderately warm region with a
mean annual temperature of about 6.8°C and mean annual precip-
itation of 780 mm (Barna & Schieber, 2011). This site is part of
the Long-Term Ecosystem Research (LTER) sites network. The
locality Jalna (48°33°05.7"N, 18°56°51.9"E; 610-620 m a.s.l.) is
located in the Stiavnické vrchy Mts and has a mean annual tem-
perature of 6.2°C and mean annual precipitation of 850 mm. The
canopy layer in stands in these localities consists mostly of Euro-
pean beech (more than 95%). Other canopy species are European
silver fir (4bies alba Miller), oak [Quercus petraea (Mattuschka)
Lieblein] and hornbeam (Carpinus betulus Linnaeus).

The soil type is cambisol at both localities, which has devel-
oped on andesite tuff agglomerates, on the western-facing slope
at Kovacova and south-west facing slopes at Jalnd. The slope
inclination at both localities was between 15-20°. Plant asso-
ciations were Dentario bulbiferae-Fagetum and Carici pilosae-
Fagetum at Kovacova, and Dentario bulbiferae-Fagetum at Jalna
(Vacek et al., 1996).

Characteristics of the stands studied

At each locality, two plots with a closed canopy and two with
an open canopy were selected, i.e., four plots per locality and al-
together & plots. The closed canopy stands were dense stands ca.
25 (n=1) and 100 years old (n = 3); the open canopy stands were
stands with plots after shelterwood-cutting with natural regenera-
tion of beech (2 and 9 years since final cuts at Jalnd, and 3 and 10
years at Kovacova). The closest distance between two plots was
at least 100 m. The sizes of the plots with an open canopy were
0.25 ha at Jalna and 0.35 ha at Kovacova.

The altitude, light conditions (canopy openness; %), cover of
forest floor vegetation (up to 10 cm in height, 10-30 cm, and
above 30 cm in height; %) and the litter characteristics (ground
coverage; %) were recorded for each pitfall trap at the site. Light
conditions, i.e., canopy openness, were determined for each trap
using hemispherical images captured 1 m above the ground by a
fish-eye lens (Sigma 4.5 mm F2.8 EX DC, Sigma, Japan). These
images were analyzed and the relative proportion of open canopy
was estimated using the software Gap Light Analyser 2.0 (GLA)
(Frazer et al., 1999). The cover of forest floor vegetation and litter
were estimated visually (up to 20% to the nearest 1%, over 20%
to the nearest 5%) in circular plots with a 1 m diameter around
each pitfall trap.

Sampling design and data collection

Pitfall traps were used to study the activity of harvestmen as-
semblages. In each stand, eight traps were placed in an 80 m long
line (distance between traps 10 m) from March 2012 to Septem-
ber 2013, that is 64 traps in total for ca 18 months. Plastic cups of
0.5 1 volume, 8.8 cm in diameter and 13.5 cm deep were used as
traps. The traps were filled up to one-third with a formalin solution
(4%) with a few drops of detergent. The pitfall traps were covered
with square wooden covers (15 x 15 cm) 2 cm above the trap
opening and traps were covered by a wire grids to prevent leaves,
debris and small mammals falling into the traps. We emptied the
traps 12 and 13 times during the study at Jalnd and Kovacova,
respectively. When replacing the traps at a locality, individuals
from all the traps were pooled into one sample. Harvestmen were
identified according to morphological keys (Silhavy, 1956, 1971;
Martens, 1978). Scientific nomenclature of the species was ob-
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tained from Blick & Komposch (2004). Ecological classification
of harvestmen was done according to Stasiov (2004). The major-
ity of the material was preserved in 70% ethanol and deposited at
the Institute of Forest Ecology SAS Zvolen, Slovakia.

Data analysis

Differences in the environmental characteristics recorded in
open and closed canopy stands were assessed using one-way
ANOVA.

To characterize the effect of stand cover and season on the num-
ber of species of harvestmen (species richness) and abundance,
the Repeated Measures ANOVA (RM ANOVA) in software Sta-
tistica 7.0 was used (StatSoft, USA). We used one replacement
of all traps at a study stand as the basic sample unit (replicates of
temporal within-stand variation). For logistical reasons it was not
possible to collect material at both localities on the same dates. If
there was a difference of more than 14 days between the chang-
ing of traps at the two localities, the data obtained were merged
with those collected during the subsequent traps replacement.
Thus, in the end we acquired data for 11 periods. As the length
of the trappings periods varied, number of individuals trapped
(abundance) was calculated per 100 trap days for each stand and
each trapping period. The number of individuals trapped per 100
days was log, -transformed prior to analysis to obtain a normally
distributed error structure and homogenous variance. The rare-
fied number of species was also calculated after standardizing for
sampling effort with the number of individuals set at 20. In RM
ANOVA, canopy cover (open or closed) was considered as the
between-subject factor and time (the 11 trap changing periods) as
the within-subject factor. Mauchly’s test was used to check the as-
sumption of sphericity of variance (which was not violated). Rar-
efied species richness was estimated by individual-based rarefac-
tion using the rarefy function in the package “vegan” (Oksanen et
al., 2016) within the R software (R Core Team, 2015).

We assessed the association between species composition of
harvestmen assemblages and canopy cover using the ordination
techniques in Canoco for Windows 4.5 (Microcomputer Power,
USA,; ter Braak & Smilauer, 2002). First, Detrended Correspond-
ence Analysis (DCA) was performed with detrending by seg-
ments, with log-transformed species (the summed number of spe-
cies) data and down-weighting of rare species. Since the lengths
of the gradients were well below 4 (1.625) (Leps & Smilauer,
2003), we used Redundancy Analysis (RDA) in the next step. As
the response variable we used data on the annual abundance of
harvestmen, with the canopy cover, year of trapping and local-
ity as the categorical explanatory variables. In RDA, scaling was
focused on inter-species correlations; species scores were divided
by the standard deviation; species data were log-transformed and
centred by species, and the Monte-Carlo permutation test with
9999 unrestricted permutations was used in a reduced model. To
determine the relative contributions of each variable, alone or
in combination with another (interaction), full RDA and partial
RDAs (Leps & Smilauer, 2003) were used. The partitioning as-
sessed the pure effect of a variable (pure fraction), thus the per-
centage variance explained by this variable after all other vari-
ables were used as covariables. The joint effect of two or more
variables expresses the proportion of variance in which the vari-
ables cannot be separated due to their collinearity. Variance ex-
plained is shown as percentage of total inertia.

RESULTS

Characteristics of stands studied

Open and closed canopy stands (Fig. 1) differ significant-
ly in all variables, litter cover: Fl, o = 70.771, P < 0.001;
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Fig. 1. Beech forest stands with a closed canopy at Jalna (A) and
open canopy at Kovacova (B). Photographs by L. Cernecka.

canopy openness: F, , =164.807, P <0.001; cover of for-
est floor vegetation up to 10 cm in height: F, ., = 89.394,
P < 0.001; cover of vegetation between 10 to 30 cm: F
o = 99.326, P < 0.001; and cover of vegetation above 30
cm: Fl’62 =100.545, P <0.001. No differences were found
between the altitude of traps in open and closed canopy
stands: F, , = 0.813, P = 0.371. The mean [+ 1 standard
error (SE)] litter cover in open and closed canopy stands
was 38.7% (£5.2) and 87.3% (£2.5), and mean canopy
openness was 44.9% (x3.1) and 4.4% (= 0.3), respectively
(Table S1). Ground vegetation cover in open canopy stands

reached approx. 50% and in closed canopy stands ca. 5%.

Harvestmen species richness, abundance and
composition of assemblages

From March 2012 to September 2013, we collected 16
species of harvestmen (1765 individuals) in 64 pitfall traps
placed in 8 stands (Table 1). We did not observe a statisti-
cally significant effect of canopy cover, alone or in interac-
tion with time, on the number of species (RM ANOVA,
absolute: F1’6= 1.968, P =0.210; interaction: FIO)60 =0.895,
P = 0.543; rarefied: F1’6< 0.001, P = 0.995; interaction:
Floe = 1.646, P = 0.116) or abundance of harvestmen
(RM ANOVA, F1,6= 3.305, P = 0.119; interaction: Flo,so
= 0.907, P = 0.532). However, the total number of indi-
viduals trapped was more than two times greater under an
open canopy than a closed canopy (Table 1). The time of
trap replacement had a statistically significant effect on
both response variables, species number and abundance
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Table 1. Species list of harvestmen trapped in European beech forest in the Western Carpathians Mts, central Slovakia. The numbers
denote total numbers of individuals trapped in 64 pitfall traps placed in 8 closed and open canopy cover stands in 2 localities during 18

months.
. ) Abundance (n) Relative abundance (%)
Suborder Species / Habitat
Closed canopy Open canopy Closed canopy Open canopy
Dyspnoi Dicranolasma scabrum 64 34 12.0 2.8
Disznoi Nemastoma lugubre 27 95 5.1 7.7
Dyspnoi Trogulus nepaeformis 171 158 32.1 12.8
Dyspnoi Trogulus tricarinatus 112 96 21.0 7.8
Dyspnoi Mitostoma chrysomelas 1 2 0.2 0.2
Eupnoi Egaenus convexus 4 80 0.8 6.5
Eupnoi Lophopilio palpinalis 27 392 5.1 31.8
Eupnoi Lacinius ephippiatus 46 177 8.6 144
Eupnoi Oligolophus tridens 10 182 1.9 14.8
Eupnoi Platybunus bucephalus 35 1 6.6 0.1
Eupnoi Platybunus pallidus 19 1 3.6 0.1
Eupnoi Phalangium opilio 0 4 0.0 0.3
Eupnoi Leiobunum rupestre 5 3 0.9 0.2
Eupnoi Zacheus crista 1 1 0.2 0.1
Eupnoi Mitopus morio 10 6 1.9 0.5
Eupnoi Nelima semproni 1 0 0.2 0.0
> species 15 15
> individuals 533 1232 100.0 100.0
(RM ANOVA, absolute: F, . = 2.845, P =0.006, rarefied: 65
F e = 3.103, P = 0.003; and F 0 = 4639, P < 0.001, 6.0} absolute
respectively). When standardized, the average number of 55
individuals trapped per stand per 100 days was 30.0 (SE -
=28.9-31.2, back-transformed, n = 88) and 8.4 + 0.6 (SE) 40 [
(rarefied 9.6 + 0.6) species (n = 8). The mean absolute 35
number of species trapped in the trapping periods varied 7:— 30
from 2.1 + 0.4 to 5.5 + 0.4 (rarefied from 2.2 £ 0.5t04.9 3§ 22
+0.2) (n = 88). The lowest number of species was trapped é’ 15
. . . . . Y- ab a ab a ab ab a b ab ab ab

after winter, the largest during the vegetative period, main- & 10
ly after spring (Fig. 2). A similar pattern was found for the 8 oo rarefied
abundance of harvestmen (Fig. 2), and their mean number 5 50
varied from 5.6 (SE = 4.2-7.0) to 53.0 (51.7-54.3) (back- 48
transformed data, n = 88). 4.0

The effect of canopy cover on the taxonomic composi- 3.5
tion of harvestman assemblages differed only slightly be- 3.0
tween stands with closed and open canopies; however, the 25
number of individuals trapped per species differed in the 20
forests with open and closed canopies (Table 1). Partition- 15
ing the variance using RDA and partial RDA analyses re- & 20 100.0
vealed that canopy cover can explain differences between & 18 I 18t E
harvestman assemblages in forests with closed and open = 16 _{/l} 398 2
canopies (marginal effect: » =23.2, P=0.0125) while nei- TE 14 I 251 3
ther year of sampling nor locality do (marginal effect: # = 12 15.8 'E
3.2, P=0.456,and > = 10.9, P = 0.144, respectively) (Fig. 2 1o 100 %5
3; Table S2). S s 63 8

The ordination diagram (Fig. 3) indicates that an open é 06 [ a0 S
canopy was more suitable for heliophilic, xerothermic 3 b & a a a a b a a a a
eurytopic species of harvestmen typical of open and eco- 512 7 8 9 10 12124713 6 7 8 913

Month/Year

tonal habitats, such as Egaenus convexus and Oligolophus
tridens. The closed canopy stands were preferred by shade-
tolerant, hygrophilic eurytopic species of harvestmen, such
as Trogulus sp., Dicranolasma scabrum and Platybunus
bucephalus.

Fig. 2. Mean and standard errors of absolute (A) and rarefied (B)
species richness, and the number of individuals standardized to
100 pitfall-trap days (C) trapped in 11 periods at 8 sites. The month
and year of the traps’ replacement is on the x-axis. The catches of
traps replaced on the different dates with the same letter do not
differ significantly (P > 0.05).
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Fig. 3. RDA ordination plot showing the relationship between the
composition of the harvestman assemblages and the explanatory
variables. Explanatory variables are: canopy cover (closed and
open), two localities [Kovacova (1) and Jalna (2)] and year of sam-
pling (2012 and 2013). Centroids of the statistically significant vari-
able, canopy cover, are in bold. Abbreviations for the harvestmen
are composed of the first four letters of their genus and species
names. Explained variance for each the species data is shown.
Species list: Dicranolasma scabrum, Nemastoma lugubre (Miiller),
Trogulus nepaeformis (Scopoli), Trogulus tricarinatus Linnaeus,
Egaenus convexus, Lophopilio palpinalis, Lacinius ephippiatus
(C.L. Koch), Oligolophus tridens, Platybunus bucephalus, Platybu-
nus pallidus Silhavy, Phalangium opilio, Mitostoma chrysomelas
(Hermann), Leiobunum rupestre (Herbst), Zacheus crista (Brullé),
Mitopus morio, Nelima semproni Szalay.

DISCUSSION

In this study, we analyzed how a different type of over-
story canopy cover in Central Europe beech forests in-
fluences communities of harvestmen, in terms of species
richness, abundance and species composition. We found
that the species richness of harvestmen did not differ in
open and closed canopy stands, but the species diversity
did. Despite being statistically insignificant (P = 0.119),
the abundance based on the number of individuals trapped
was more than two-times greater in open canopy than in
closed canopy forests. Even though the denser, higher
and structurally more diverse understory vegetation in the
stands with an open canopy might have prevented ani-
mals from falling into the pitfall traps (see Paschetta et al.,
2013), more specimens were trapped in the plots with an
open canopy.

Open canopy stands offer higher structural diversity
compared with closed canopy stands. Open canopy stands
contain a mosaic of different microhabitats, such as her-
baceous and grassy vegetation of various heights, bare
ground, shrubs and both young and mature trees. A higher
availability of prey, shelter and living space (Denno et al.,
2005; Mitov, 2007) and less seasonality in abiotic factors
in forest habitats, mainly temperature and humidity (Curtis
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Canopy cover

Year

Locality

Fig. 4. Partitioning of the variation in harvestman assemblages in
beech forests explained by canopy cover, year and locality in the
set of RDA models (see Table S2 for the model outputs). The statis-
tically significant variable is in bold. No overlap between the three
variables was found.

& Machado, 2007) are associated with the higher structural
diversity in open canopy stands . Therefore, a positive ef-
fect of open canopies and therefore stand heterogeneity on
species richness and abundance could be expected (Curtis
& Machado, 2007). This assumption has been confirmed
for centipedes (Grgi¢ & Kos, 2005), herbivorous insects
(Gittings et al., 2006) and spiders (Oxbrough et al., 2005;
Kosuli€ et al., 2016). In a Pannonian thermophilous for-
est, Spitzer et al. (2008) found a statistically significant
greater number of individuals of arachnids, i.e., spiders
and harvestmen, in sparse compared to dense stands, while
the number of species did not differ between stands with
a distinct canopy cover; however, canopy cover did affect
species composition. The authors also explained their find-
ing on the abundance of individuals as the positive effect of
herbaceous plants and shrubs in stands with a sparse cano-
py in promoting the hunting of spiders and thus increasing
the number of individuals; however, they did not discuss
possible reasons for the similar species richness in sparse
and dense forest stands. A similar pattern was recorded in
our study, though Jennings et al. (1984) in Maine, USA ob-
served the opposite pattern in species richness of harvest-
men in their study. They record a greater species richness
and abundance of individuals in spruce-fir forest stands
than in clear cuts. However, it is unclear whether the ob-
served pattern was the result of harvesting operations car-
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ried out in the clear cut areas (the plots had not yet been
colonized) or by spraying the study area with insecticide
against spruce budworm (a more detrimental effect on
clear cuts compared with a forest understory) (Jennings et
al., 1984). On the other hand, the response of carabids was
different in the study of Spitzer et al. (2008), in which the
greatest species richness and abundance of carabids was
recorded in forest stands where prey was most abundant,
i.e. in dense stands with deer and in sparse stands without
deer.

It is important to note that in this study and some of the
abovementioned studies characterize canopy cover as a
categorical variable with two levels, while canopy cover
is continuous in nature. This simplification of selecting
different levels of canopy cover can affect the results. For
example, Kosuli¢ et al. (2016) studied the effect of can-
opy cover on spider communities in formerly coppiced
oak forests using a gradient of canopy openness ranging
from 9 to 98%. They record a hump-shaped association of
species richness with the canopy openness; thus, richness
was highest in the middle of the canopy openness gradi-
ent, i.e. in 55% canopy openness, suggesting an ecotone
effect. In our study, the mean canopy openness under the
open canopy was ca. 45%; however, we recorded a similar
species richness there as under the closed canopy with ca.
4% canopy openness (mean + SE = 3.3 £ 0.27 and 3.9 +
0.27 species under closed and open canopy, respectively).
On the other hand, similar to our results, the abundance of
spiders has a positive linear relationship with canopy open-
ness (Kosuli¢ et al., 2016).

Generally, as mentioned above, a highly structured and
diverse forest habitat can contain more food, offer more
refuges from adverse environmental conditions and preda-
tors and thus more living space, and therefore can support
a greater abundance of arthropods (Denno et al., 2005;
Kosuli¢ et al., 2016); however, contradictory results are
reported (Tews et al., 2004). The pattern of association be-
tween habitat and species diversity depends on the taxo-
nomic group, the structure of the vegetation and the spatial
scale. The species diversity of an animal group is associ-
ated with structural characteristics occurring at a specific
scale, which reflect important habitat requirements of the
animal group in terms of protection against predators, for-
aging activity and reproduction. For example, forest gaps
can increase habitat heterogeneity for butterflies and birds
but fragment the habitats of ground beetles (Tews et al.,
2004). Diversity patterns of bark-dwelling spiders are scale
dependent in both vertical and horizontal space even at the
tree scale, driven by local dynamics such as niche avail-
ability and species interactions (Larrivée & Buddle, 2010).

Greater species richness and abundance of harvestmen
were recorded in this study during the vegetative period,
species richness mainly after spring and abundance evenly
during the vegetative period (Fig. 2). The same pattern of
seasonal activity of harvestmen is reported in wind thrown
Norway spruce forests in the High Tatras (Urbanovicova
et al., 2014). However, Urbanovicova et al. (2014) report
significant differentiation associated with season and stand
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structure, with a greater abundance in summer in unhar-
vested reference stands than in wind thrown plots harvest-
ed two years previously, but only subtle differences during
winter. Canopy tree can affect the seasonality in the diver-
sity and abundance of harvestmen; for example, they differ
in abundance in Scots pine and lodge pole pine habitats
(Hicks et al., 2003).

The taxonomic composition of assemblages in open
and closed canopy plots differed only by one species (Z.
crista); however, the number of individuals per species dif-
fered in the two types of plots (Table 1). Most of the spe-
cies of harvestmen recorded in both plots generally prefer
a humid habitat, mostly in forests. We recorded 16 of the
27 species of harvestmen known to occur in beech forests
in Slovakia (Stasiov, 2004). Five species (Dicranolasma
scabrum, Nemastoma lugubre, Mitostoma chrysomelas,
Trogulus nepaeformis, Trogulus tricarinatus) belonging
to the suborder Dyspnoi and superfamily Troguloidea
(Schonhofer, 2013). These soil-dwelling harvestmen are
short legged and are more likely to fall into pitfall traps
then long-legged harvestmen. Four species (Leiobunum
rupestre, Mitopus morio, Nelima semproni, Phalangium
opilio) belonging to the suborder Eupnoi are long-legged
species so they were less likely to fall into the pitfall traps.
In this study they comprised only 2% of the individuals
trapped. L. rupestre, M. morio, N. semproni, P. opilio and
Platybunus bucephalus rest on leaves or trunks of shrubs
or trees but forage on litter at night, which should not af-
fect the number of individuals falling into pitfall traps. The
most abundant species in this study was L. palpinalis (25%
of the individuals trapped). The species L. palpinalis is
primarily hemi-hygrophilic, preferring shaded habitats in
forests but can occur on humid open canopy areas, such
as wetlands (Martens, 1978; Stasiov, 2004). In this study
L. palpinalis and L. epphippiatus were more abundant in
open canopy stands; this could be due to better environ-
mental conditions for both species, which use moss and the
upper layers of humid soil for resting or feeding. L. palpi-
nalis sometimes can be found on shaded vegetation (Wijn-
hoven, 2009). In closed canopy stands the soil surface was
covered with compact beech leaf litter mostly without
moss and herbaceous plants, so these environmental con-
ditions were not suitable for them. In this study the species
Oligolophus tridens preferred open canopy stands, and is
reported living on the edges of coniferous and deciduous
forests, marshy ground, gardens and open wet places from
August till December (Bliss, 1982; Wijnhoven, 2009). We
confirmed this distribution and temporal pattern (data not
shown). The species Egaenus convexus was found only
in open canopy stands at both localities. This species is
thermophilic and the centre of its distribution is the Bal-
kan Peninsula (Martens, 1978). Dicranolasma scabrum
prefers leaf litter in deciduous forests (Stasiov, 2004) and
T nepaeformis is strongly associated with humid forests
(Komposch & Gruber, 2004).

Only minor differences in the taxonomic composition of
ground-dwelling harvestman assemblages were recorded
in the open and closed beech forest canopy plots in this
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study, which indicates that microsites with similar envi-
ronmental conditions (i.e. providing similar niches) occur
in the two canopy-cover categories, but with a lower inci-
dence in the closed canopy plots, which may account for
the pattern in diversity recorded in this study. Also, the
occurrence of various ubiquitous and euryoecious species
(Oligolophus tridens, Lacinius eppihiatus and Mitopus
morio), which mostly show no preference for any specific
vegetation structure in forest stands may be responsible for
the pattern of species richness and composition recorded
in this study. Edgar (1971) offers a similar explanation for
various species of harvestmen in different types of veg-
etation in floodplain forests in Michigan, USA. A closed
canopy beech forest matrix can limit the colonization by
open-habitat species of small plots with an open canopy
(cf. Stasiov et al., 2017). Moreover, such surrounded plots
generally have only a short-term existence due to forest
succession, which does not allow species of harvestmen
like Phalangium opilio, Mitostoma chrysomelas and other
typical species of open habitats to colonise these open can-
opy plots, or for their long-term existence.

In conclusion, our results highlight the importance of
considering not only inter-habitat variability in assessing
patterns in species richness, abundance and assemblage
composition but also intra-habitat variability. The canopy
cover of European beech forest affects the abundance of
particular species in ground-dwelling assemblages more
than their taxonomic composition, and the total abundance
of individuals trapped. Our findings support the importance
of habitat heterogeneity for assemblage composition in this
understudied group of epigeic organisms, the harvestmen.
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Table S1. Summary statistics of the environmental variables recorded at open and closed canopy stands (n = 32 traps per canopy cover
level).

Canopy

Variable Unit cover Mean Median SD Minimum Maximum  Coef. of var.
Litter cover o Open 38.8 40.0 29.3 0.0 85.0 75.7
° Closed 87.3 92.5 14.4 50.0 100.0 16.4
Canoby openess Y Open 44.9 45.7 17.8 13.8 69.4 23.6
Py op °®  Closed 44 3.9 1.6 2.1 8.8 36.5
Cover of forest floor vegetation Y Open 36.9 30.0 211 5.0 70.0 57.1
up to 10 cm of height ° Closed 1.5 1.0 2.1 0.0 10.0 135.6
Cover of forest floor vegetation Y Open 55.3 50.0 21.6 10.0 90.0 39.0
between 10-30 cm ° Closed 71 1.0 16.9 0.0 80.0 238.3
Cover of forest floor vegetation y Open 48.5 45.0 26.4 1.0 90.0 54.6
above 30 cm ° Closed 1.2 0.0 3.6 0.0 20.0 304.5
. m Open 576.7 531.0 113.0 465.0 768.0 19.6
Altitude of the trap asl  Closed 556.1 543.0 61.8 487.0 630.0 10.9

Table S2. Significance of RDA models and variation partitioning among canopy cover, year and locality explaining harvestman assem-
blages in beech forests.

Variable(s) Covariable(s) Explained variability (%) P

Canopy cover None 23.2 0.013
Year None 3.2 0.456
Locality None 10.9 0.144
Canopy cover Year + Locality 23.2 0.015
Year Canopy cover + Locality 3.2 0.662
Locality Canopy cover + Year 10.9 0.090
Canopy cover + Year Locality 26.4 0.042
Canopy cover + Locality Year 34.1 0.011
Year + Locality Canopy cover 3.2 0.727
Canopy cover + Year + Locality None 37.3 0.028
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