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ANNA SLIACKA, Anton KRISTIN and Labistav NADO

Institute of Forest Ecology, Department of Animal Ecology, L. Stiira 2, SK-96053 Zvolen, Slovakia;
e-mails: asliacka@savzv.sk; kristin@savzv.sk

Key words. Ecology, Orthoptera, beech forest, forest succession, vegetation structure, central Europe

Abstract. Various disturbances in forests often result in the formation of open habitats with characteristics that are distinctly dif-
ferent from those of the original forest (microclimate, illumination, stand age and composition). These disturbances affect the habitat
heterogeneity in time and space and seem to drive forest succession and changes in biodiversity in forests. Little is known about how
the colonization of deforested habitats by Orthoptera is influenced by environmental factors. We studied the association between the
structure of orthopteran assemblages and the age of clear-cuts, vegetation structure and other environmental parameters (size, eleva-
tion, altitude). This involved 33 clear-cuts of three age categories in broadleaved forests dominated by European beech. The Ortho-
ptera were sampled using sweep netting and by counting individuals recorded along transects that ran parallel to those used for
recording the structure of the vegetation. We recorded significant differences in the number and abundance of species in the three
age categories of clear-cuts. Grasshopper species were more abundant than bush-crickets in first year clear-cuts. Species capable of
flight occured in all three age categories of clear-cuts (>62% of the 27 species recorded). All the species of Orthoptera identified
were present in two year-old clear-cuts. The species composition and abundance of Ensifera and Caelifera differed in their associa-
tion with the six vegetation parameters studied. While the Caelifera occurred in habitats with bare ground the Ensifera mainly
occurred in those with a higher proportion of shrubs and trees. There was also a positive correlation between number of species of

Orthoptera and area of the clear-cut regardless of its age as well between the number of species of Orthoptera and elevation.

INTRODUCTION

The forest environment is subject to natural distur-
bances (wind, deep snow, fire and floods) as well as
human exploitation (Schelhaas et al., 2003). For heliophi-
lous insects large areas of closed canopy forests act as
barriers to dispersal and can cause their genetic isolation
(Kohlmann & Schaw, 1991). Linear landscape elements,
nodes and landscape connectivity facilitate the coloniza-
tion process, settlement and survival of species in newly
established habitats (Berggren et al., 2001, 2002; Jordan
et al., 2003). Hence, the fragmentation of forests and the
creation of open habitats and a great variety of microhabi-
tats favours heliophilous arthropods (e.g. Willott et al.,
2000; Konvicka et al., 2004; Niemela et al., 2007; Vele et
al., 2011). Colonization of newly opened up plots in
closed-canopy woodlands by heliophilous insects, such as
Orthoptera and Lepidoptera, starts immediately after the
establishment of such plots (LauBBmann, 1993; Willott et
al., 2000). Based on this knowledge, rapid colonization of
newly established deforested plots (e.g. clear-cuts) by
Orthoptera living in surrounding sparse forest and forest
edges is to be expected. Forest edges are also an impor-
tant source habitat, e.g., for the recolonization by Ortho-
ptera of managed (mown) meadows (Guido & Gianelle,
2001; Marini et al., 2009b). In the case of insects capable
of flight, even more distant habitats can act as sources of
colonizers (Buchweitz, 1993; Detzel, 1998). These pio-
neer species are good dispersers and are able to colonize
quickly newly created habitats (Picaud & Petid, 2007;
Hochkirch et al., 2008). However, even the colonization
by short-winged or less mobile species can be quite rapid

(Jenni et al., 2007). Furthermore, the dispersal ability of
some species of Orthoptera can be influenced by wing
polymorphism, caused by changing environmental condi-
tions (Harrison, 1980; Poniatowski & Fartmann, 2011a,
b). High numbers and abundance of species is associated
with a high diversity of plants and of types of vegetation
in different habitats (Bergmann & Chaplin, 1992; Guido
& Gianelle, 2001; Picaud & Petit, 2007; Branson, 2011).
For example, the diversity of Orthoptera in open habitats
can be higher if there are shrubs and trees present (Kati et
al., 2003; Marini et al., 2009b). The colonization of open
plots by heliophilous species is not permanent, however,
because these species decline in abundance in these plots
as succession proceeds (e.g. Marini et al., 2009b; Vele et
al.,, 2011; Fartmann et al., 2012). On the other hand,
felling trees in large closed canopy forests can tempo-
rarily increase the biodiversity and in particular for the
study reported here, the diversity of heliophilous insects
(Kati et al., 2003; Konvicka et al., 2004). However, little
is known about how Orthoptera living on clear-cuts
respond to changes in the structure of the vegetation.

The area of open habitats, corridors and roads in forests
are important factors affecting the occurrence of Orthop-
tera in forests (Theuerkauf & Rouys, 2006). A positive
correlation between the diversity of Orthoptera and
clear-cut area is reported by Bergmann & Chaplin (1992).
However, there is a lack of knowledge on how the coloni-
zation of clear-cuts by Orthoptera in the first years after
deforestation is affected by environmental factors.

Several papers address the effects of deforestation (cut-
ting, fire) on the occurrence of Orthoptera in coniferous
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Fig. 1. Location of the 33 clear-cuts (white circles) studied in
Central Slovakia, (forest areas — grey, non-forest habitats —
white, settlements — black, extreme altitudes in the area — black
dots).

forests (Bergmann & Chaplin, 1992; Clayton, 2002; Jenni
et al., 2007). On the other hand, there are fewer studies on
the Orthoptera that inhabit clear-cuts in broadleaved for-
ests. LauBmann (1993) report the structure of Orthoptera
assemblages in only two plots in a mixed beech forest
(North Bavaria) and for the first two years following
deforestation. Therefore, in this study, we focussed on the
response of assemblages of Orthoptera (as bioindicators
of open habitats) to deforestation and formation of clear-
cuts in broadleaved forests dominated by beech. Our spe-
cific aims were:

(i) to investigate the effect of succession and other
environmental factors on the abundance and number of
species in assemblages of Orthoptera and (ii) identify the
effect of habitat vegetation structure and clear-cut age on
the occurrence of species of Ensifera and Caelifera, sepa-
rately.

MATERIAL AND METHODS

The study plots in clear-cuts (n = 33) were in extensively
managed, fragmented forests on south, SE and SW facing slopes
in the Western Carpathians Mts (460-740 m a.s.l., Kremnické
vrchy Mts, Stiavnické vrchy Mts, Polana and Javorie Mts, Fig.
1). The surrounding forest mainly consisted of beech (70-90%)
with oak, hornbeam, fir, spruce and lime (0-30%). Based on the
time since the areas were clear felled, we divided the clear-cuts
into three age categories: first-year (“agel”, n = 11); second-

year (“age2”, n = 11) and several-years (“age3”, 3—7 years since
felled, n = 11). In addition, the clear-cuts were managed in three
different ways: (a) a number of solitary adult trees of the
original stand were not felled and used as a source of seed,
which ensured natural regeneration; (b) replanted with seedlings
of mainly beech and spruce (yes 1/no 0); (c) or they were mown
(yes 1/no 0) (Table 1).

Data collection

Data on orthopteran assemblages were collected in June and
August of 2011 (always during the second half of the month)
and when weather conditions were favourable (sunny or half-
cloud and not raining, between 10 a.m. and 5 p.m.). We used
two independent methods: (a) by counting the numbers of each
species and of individuals along transects, identified visually or
acoustically, and (b) by sweep netting (Gardiner et al., 2005):

(a) In each clear-cut, we delineated four transects (30 x 1 m)
at regular intervals of 10 m. The minimum distance from the
forest edge was 5 m. The structure of the orthopteran assem-
blages (number and abundance of the species/taxons) was
recorded while slowly walking along each transect (10 min/tran-
sect) taking care not to disturb the insects.

(b) Number and abundance of species/taxons were also
obtained by sweeping (250 sweeps/clear-cut). One sweep means
moving once back and forth in one direction (Gardiner et al.,
2005). We recorded the number caught using a round shaped (@
= 35 cm) sweep net and those recorded visually and
acoustically. Sweep netting was carried out along a line that
included as many microhabitats as possible (bare ground, low
and high growing herbaceous plants and grasses, Rubus spp.,
seedlings and saplings of forest woody plants) but did not cross
the transects.

Altogether we recorded 6538 individuals, 5113 (78.2%) of
them were identified to species level. The unidentified indi-
viduals (1425) were not-caught adults and nymphs of the genus
Tetrix, and nymphs of the genera Tettigonia, Phaneroptera and
family Acrididae. Such individuals were rarely sampled because
it was difficult identify them as there are cryptic species in the
genera Tetrix and Chorthippus. All other Orthoptera were iden-
tified and classified using the keys of Kocarek et al., (2005).

Vegetation structure was recorded along the same transects as
the insects and each transect was divided into 6 m segments. We
recorded the cover (%) of four easily recognised categories of
vegetation (grass, herbaceous plants, shrubs, Rubus spp.) and of
bare ground (cf. Poore, 1955). The height of the vegetation was
calculated as the mean height of all categories of vegetation
along all transects sampled, which was measured immediately
after sampling the insects.

The altitude, elevation and area of the clear-cuts (min size >
2000 m?) were recorded using GPS navigation (Table 1). The

TaBLE 1. Means (= SD) of the continuous characteristics of the 33 clear-cuts in beech forests studied; numbers in the management
category is the mean number of clear-cuts managed in particular ways.

Parameter “agel” “age2” “age3”
Age 1 year 2 years 3—7 years
Number of sites 11 11 11
Area (m?) 4552 + 1845 7445 £ 3959 9770 + 4529
Altitude (m a. s. 1.) 587+70 560.5 +89.9 625.5+101.9
Elevation (m) 32+15.7 60 +28.7 41174
Aspect E,S,SW, W E, SE, SW, WNW S, SW, W
Management of clear-cuts 7 7 10

(a) solitary trees 5 1 5

(b) planted 2 2 2

(c) mown 0 4 7
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Fig. 2. Number of species (A) and abundance of Orthoptera
(B) recorded in clear-cuts of three different age categories (1 =
“agel”, 2 = “age2”, 3 = “age3”).

area of the clear-cuts was measured during sampling of the plots
using a projection polygon of the crowns of the trees on the
edges of each clear-cut.

Data analysis

The number of species and individuals in the clear-cuts of dif-
ferent ages (Fig. 2) were compared using one-way ANOVA fol-
lowed by Tukey multiple comparisons of means (p < 0.001).
The 33 clear-cuts were classified based on the number of spe-
cies of Orthoptera using Discriminant Function Analysis (DFA,
Fig. 3). The species Chorthippus dorsatus and Chorthippus
montanus that occurred at very low frequencies (recorded in
only two clear-cuts) were excluded from the analyses. The asso-
ciation of the number of species of Orthoptera with abiotic char-
acteristics of clear-cuts (area, elevation) was tested using either
the parametric Pearson’s or non-parametric Spearman’s correla-
tion tests.

The association between the number of species of Ensifera
and Caelifera and the age and structure of the vegetation was
analysed using Canonical Correspondence Analysis (CCA in the
following text) using the vegan package (Oksanen et al., 2012).
Three clear-cut age categories (agel, age2, age3) and six vege-
tation categories (bare ground, grass, herbaceous plants, shrubs,
Rubus spp., height of vegetation) were considered. All the statis-
tical analyses and evaluations were performed in Statistica 7
(Statsoft Inc., 2004) and “R 2.13.2“ (R Development Core
Team, 2011).

RESULTS

Orthopteran assemblages, age and abiotic
characteristics of clear-cuts

Altogether 27 species (12 Ensifera, 15 Caelifera) were
recorded in 33 clear-cuts of three age categories. Most
species were found in two-year-old clear-cuts (26
species), followed by several-year-old clear-cuts (25 spe-
cies) and ending with (16 species) in one-year-old clear-
cuts (Table 2). The most frequent of these was
Pholidoptera griseoaptera, which occurred in all clear-
cuts. Of the 27 species recorded, 66.7% were capable of
flight: 10 of which were found in “agel”, 18 in “age2”
and 17 in “age3” clear-cuts. Very frequent, regardless of
clear-cut age, were the long-winged species Chorthippus
brunneus (75.8% of all plots), Chorthippus vagans
(93.9%) and Tetrix undulata (69.7%). High frequencies
of no other species were recorded in first-year clear-cuts.
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Fig. 3. Classification of three age categories of clear-cuts
(clear-cut “agel”, clear-cut “age2”, clear-cut “age3”) based on
the DFA of the number of species and abundance of Orthoptera.
The Orthoptera included in the model are shown in Table 3.

The two- and several-year-old clear-cuts frequently
hosted the bush-crickets Tettigonia cantans, Phanerop-
tera falcata, and grasshoppers FEuthystira brachyptera
and Chorthippus parallelus. Several-year-old clear-cuts
hosted a higher frequency of the grasshoppers Oedipoda
caerulescens and Calliptamus italicus (Table 2).

The number of species differed significantly among the
three age categories (one-way analysis ANOVA, F =
28.45, df = 2, P < 0.001). The number of species
increased between “agel” and “age2” (Tukey’s multiple
comparison: P <0.001; Fig. 2), but did not differ between
“age2” and “age3” clear-cuts (P = 0.89; Fig. 2). The dif-
ferences in abundance of the individual species in the
three successional stages were also significant (ANOVA,
F=4638, df =2, P<0.001). The number of individuals
in “agel” clear-cuts was significantly lower than in
“age2”, (P < 0.001; Fig. 2) and lower still in “age2” than
in “age3” (P < 0.001; Fig. 2). We recorded an increase in
abundance, especially in the more numerous species of
Ensifera (Pholidoptera griseoaptera, P. aptera, T. can-
tans), in D. verrucivorus and I. camptoxypha and in eight
species of Caelifera (more numerous were Chorthippus
vagans, C. brunneus, E. brachyptera). We found any
decreasing abundance trend in Ensifera neither Caelifera
species.

In the three age categories of clear-cuts there were sig-
nificant differences in the abundance of 19 orthopteran
species (Wilks” A = 0.006, Fisp4= 7.84, P < 0.001). The
first discrimination function explains 73.1% of the varia-
tion in the data (Table 3), whereas both of the revealed
discriminant functions were statistically significant (P <
0.001). Tetrix tenuicornis, Calliptamus italicus, Chor-
thippus brunneus, C. parallelus, Chrysochraon dispar
and O. caerulescens were not included in the model
(Wilks” A = 0.005-0.006, Partial A = 0.997— 0.874; Table
3; Fig. 3). This analysis resulted in a clear distinction
between the three age categories of clear-cuts in terms of
species composition and abundance of Orthoptera. In
one-year-old clear-cuts, a typical species was T. undulata,
in two-year-old clear-cuts Gomphocerripus rufus and
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TaBLE 2. Percentages (%) of the 27 species of Orthoptera, and total number of species and abundance (mean = SD) of Orthoptera

occurring in 33 clear-cuts of three different age categories (“agel”, “age2”, “age3”).

. “agel” “age2” “age3”
Species Abbr. (ni 1) (ni 0 (ni i
Barbitistes constrictus Br. v. Wattenwyl, 1878 Bcon 273 273
Isophya camptoxypha (Fieber, 1853) Icam 9.1 18.2 36.4
Phaneroptera falcata (Poda, 1761) Pfal 36.4 90.9 81.8
Meconema thalassinum (Degeer, 1773) Mtha 9.1 27.3 18.2
Decticus verrucivorus (Linnaeus, 1958) Dver 9.1 36.4
Metrioptera roeselii (Hagenbach, 1822) Mroe 27.3 9.1
Pholidoptera aptera Matan, 1953 Papt 9.1 27.3 63.6
Pholidoptera griseoaptera (Degeer, 1773) Pgri 100 100 100
Platycleis albopunctata grisea (Fabricius, 1781) Plgr 45.5 18.2
Tettigonia cantans (Fussli, 1775) Tcan 45.5 100 100
Tettigonia viridissima Linnaeus, 1758 Tvir 45.5
Gryllus campestris Linnaeus, 1758 Gceam 273 273
Tetrix bipunctata (Linnaeus, 1758) Thip 36.4 45.5 27.3
Tetrix subulata (Linnaeus, 1758) Tsub 18.2 72.7 36.4
Tetrix undulata (Sowerby, 1806) Tund 90.9 90.9 27.3
Tetrix tenuicornis Sahlberg, 1893 Tten 45.5 63.6 72.7
Calliptamus italicus (Linnaeus, 1758) Cita 9.1 27.3 63.6
Oedipoda caerulescens (Linnaeus, 1758) Ocae 27.3 72.7
Euthystira brachyptera (Ocskay, 1826) Ebra 36.4 90.9 100
Gomphocerippus rufus (Linnaeus, 1758) Gruf 27.3 18.2
Chorthippus biguttulus (Linnaeus, 1758) Cbig 36.4 9.1
Chorthippus brunneus (Thunberg, 1815) Cbru 81.8 63.6 81.8
Chorthippus dorsatus (Zetterstedt, 1821) Cdor 18.2
Chorthippus montanus (Charpentier, 1825) Cmon 9.1
Chorthippus parallelus (Zetterstedt, 1821) Cpar 18.2 90.9 72.7
Chorthippus vagans (Eversmann, 1848) Cvag 90.9 90.9 100
Chrysochraon dispar (Germar, 1834) Cdis 9.1 36.4 72.7
Total species number 6.45+1.64 13.27 +3.00 12.82 £2.27
Total abundance 64.18 +£22.35 144.36 + 46.45 255.64 +70.43

Gryllus campestris and in several-year-old clear-cuts
fringe species such as Phaneroptera falcata, Pholido-
ptera aptera and the grassland species D. verrucivorus
and E. brachyptera (Table 3).

There was a significant correlation between the number
of species of Orthoptera and the following two abiotic
characteristics of the clear-cuts: (a) elevation (Pearson’s
correlation; ¢t = 2.92, df = 31, P = 0.006, » = 0.46); (b)
total area of all the clear-cuts regardless of their age
(Spearman’s rank correlation rho; §'=2142.14, P <0.001,
r = 0.64). The number of species was also correlated with
the area of two-year-old clear-cuts (Pearson’s correlation;
t=2098,df=9, P=0.016, »=0.70), but not with the area
of one-year-old (Pearson’s correlation; P > 0.05) and
several-year-old clear-cuts (Pearson’s correlation; P >
0.05).

Specific associations between species of Ensifera and
Caelifera and the structure of the vegetation and age
of the clear-cuts

We found differences in the colonization of all clear-
cuts by the two taxonomic groups, bush-crickets
(Ensifera) and grasshoppers (Caclifera), studied. CCA
models display the variability in the species spectrum and
abundance of both Ensifera and Caelifera along two ordi-
nation axes (eigenvalues: CCA1 = 0.045, CCA2 = 0.024
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for Ensifera; Fig. 4A and CCAl = 0.239, CCA2 = 0.048
for Caelifera; Fig. 4B). The bush-crickets (Ensifera) colo-
nized the deforested areas last. Apart from the species P.
griseoaptera, characteristic of fragmented forest land-
scapes, there were fewer species of Ensifera in “agel”
than older clear-cuts (Table 2). In the “age2” clear-cuts
there were the strong flying Ensifera, such as Tettigonia
viridissima, Phaneroptera falcata and Platycleis grisea,
and, surprisingly, also the brachypterous grassland spe-
cies G. campestris and Metrioptera roeselii. In the older
clear-cuts (“age3”) another grassland species, D. verru-
civorus, also occurred (Fig. 4A).

The grasshoppers (Caelifera) colonized deforested plots
in the first year and several of them were associated with
successional stages present at the end of the second year
and are mostly species occurring on bare-soil and in
ground vegetation, such as species of the genera Tetrix
and Chorthippus (C. brunneus, C. vagans, C. biguttulus)
and the species G. rufus. Older successional stages (3—7
years) provided an environment favourable for grassland
species (E. brachyptera, Chrysochraon dispar, Chor-
thippus parallelus) and for species of bare ground habi-
tats (C. italicus and O. caerulescens; Fig. 4B).

Response of Ensifera to the structure of the vegetation
is described in terms of the eigenvalues of the CCA



age 2 X
XTw'r

..................................................

oo

Papt fcam
‘Dver

CCA2 (35.33%)
]
|

iage3

T T T T T

CCA1 (64.67%)

"B
age2
me :
] Tu,:dd:Gruf
2 : Cpar
- 2 T gt gas Gl |
= a0
3 Tteno o :Cvag %Zae
g Chru
: age 3
X :
age 1 :
- s
T T T T T
-2 -1 0 1 2
CCAI (83.17%)

Fig. 4. Classification of species of Ensifera (A) and Caelifera (B) in relation to three clear-cut age categories. The abbreviations

for each species are listed in Table 2; “agel”™age 3”, see Methods.

model: CCA1 = 0.065, CCA2 = 0.018 (Fig. 5A), which
was more pronounced for Caelifera (eigenvalues: CCAl
=0.236, CCA2 = 0.104; Fig. 5B), regardless the ages of
the clear-cut. We found that the presence of species of
Ensifera were not associated with bare soil or the pres-
ence of Rubus spp. In contrast, their presence was associ-
ated with the height of the vegetation and presence of
herbaceous plants and grasses. The presence of shrubs
was clearly important for the occurrence of the bush-
cricket 7. viridissima (Fig. 5A). We recorded several
grasshopper species occurring in deforested plots where
there were large areas of bare soil and large quantities of
dead wood (Chorthippus vagans, C. brunneus, G. rufus,
Tetrix bipunctata, T. tenuicornis), or a few herbaceous
plants (Fig. 5B). The graminicolous species were mostly
associated with grassland (Chorthippus parallelus, O.
cearulescens, Calliptamus italicus), with Chrysochraon

dispar and E. brachyptera, exhibiting a positive correla-
tion with the height of the vegetation (Fig. 5B).

DISCUSSION

Colonization of clear-cuts by Orthoptera

Our study of the colonization of clear-cuts in beech
forest by Orthoptera support our assumption that helio-
philous Orthoptera are quick to colonize newly created
open areas. As early as in the second year, the newly cre-
ated clear-cuts hosted 27 of the species that were recorded
in all the age categories of clear-cuts (1-7 years). We also
thought that clear-cuts would be first colonized by species
that naturally occur in forest clearings (Kati et al., 2003;
Theuerkauf & Rouys, 2006) and are good flyers, e.g.
Chorthippus vagans (Hochkirch et al., 2008), Chor-
thippus brunneus (Laufimann, 1993; Jenni et al., 2007)
and macropterous individuals of primarily brachypterous

TaBLE 3. Relative importance of 19 species based on the DFA (the lower the value of Wilks’ A, the more important the species)

and standardized coefficients of the canonical roots.

Species Wilks’ A F—r(;n;())ve p-level Root 1 Root 2
Euthystira brachyptera (Ocskay, 1826) 0.011 5.57 0.019 1.53 0.47
Tettigonia viridissima Linnaeus, 1758 0.013 7.88 0.007 -2.03 0.41
Chorthippus vagans (Eversmann, 1848) 0.006 0.92 0.425 -0.72 0.54
Gomphocerippus rufus (Linnaeus, 1758) 0.029 25.12 0.001 -3.68 0.54
Barbitistes constrictus Br. v. Wattenwyl, 1878 0.021 16.94 0.001 —-1.89 0.11
Meconema thalassinum (Degeer, 1773) 0.009 3.48 0.064 2.43 -0.48
Tetrix subulata (Linnaeus, 1758) 0.017 12.49 0.001 -2.16 0.73
Chorthippus biguttulus (Linnaeus, 1758) 0.006 0.95 0.415 —0.72 —0.06
Phaneroptera falcata (Poda, 1761) 0.008 2.39 0.134 0.7 0.94
Tetrix undulata (Sowerby, 1806) 0.009 3.21 0.076 1.57 -0.61
Decticus verrucivorus (Linnaeus, 1958) 0.012 6.64 0.011 1.43 0.63
Pholidoptera aptera Matan, 1953 0.007 2.06 0.17 1.31 0.88
Gryllus campestris Linnaeus, 1758 0.013 8.08 0.006 -3.78 0.45
Pholidoptera griseoaptera (Degeer, 1773) 0.007 2.05 0.172 —0.94 0.08
Tettigonia cantans (Fussli, 1775) 0.007 1.78 0.21 —0.61 0.43
Metrioptera roeselii (Hagenbach, 1822) 0.012 7.01 0.01 291 -0.56
Platycleis albopunctata grisea (Fabricius, 1781) 0.01 4.66 0.032 -2.23 -0.15
Tetrix bipunctata (Linnaeus, 1758) 0.009 39 0.05 -1.23 0.03
Isophya camptoxypha (Fieber, 1853) 0.007 1.27 0.315 0.71 —0.22
Eigenvalues 20.25 7.47
Cummulative proportion 0.73 1.00
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Fig. 5. Classification of species of Ensifera (A) and Caelifera (B) in relation to six structural categories of vegetation (bare ground,
grass, herbs, shrubs, Rubus spp. and height of vegetation). The species abbreviations are listed in Table 2.

species (Poniatowski & Fartmann, 2011b). We found that
of the total number of species recorded two thirds were
capable of flying. However, the brachypterous bush-
cricket P. griseoaptera was recorded most frequenly and
was the most abundant species in all deforested plots
where dead wood, shrubs and ecotones abounded (cf.
Diekotter et al., 2005, 2009). Of the Caeclifera group, the
most frequent species in all age categories of clear-cuts
was the long-winged species C. vagans, which is an
inhabitant of forest edges and sparse forests (Hochkirch et
al., 2008). Colonization by some long-winged species of
Caelifera, e.g. Calliptamus italicus and Oedipoda caeru-
lescens, might be impeded by the nature of the landscape
relief, which is well known to affect the distribution of
brachypterous ground dwelling species (Kanuch et al.,
2012). Closed canopy forests are another barrier for
flying heliophilous species of Orthoptera (Gerber & Tem-
plenton, 1996). Primary brachypterous species, e.g. E.
brachyptera, C. parallelus and M. roeselii, colonize clear-
cuts later on when the microclimate there is more suitable
in terms of a high light intensity and the composition and
structure of the vegetation. These conditions occur more
consistently after the first year following tree-cutting
(Clayton, 2002; Kati et al., 2003; Jenni et al., 2007).
The significant increase in the number and abundance of
species in “age2” clear-cuts may be due to the greater het-
erogeneity in vegetation and food supply in them com-
pared to “agel” clear-cuts (Guido & Gianelle, 2001). We
also suppose that in “agel” clear-cuts with a high propor-
tion of bare ground and low habitat heterogeneity, the
roosting and foraging conditions for some species of
Orthoptera are unsuitable. Furthermore, species might be
exposed to a higher risk of predation in open habitats
(Berggren et al., 2001). We found no marked differences
in vegetation characteristics of “age2” and “age3” clear-
cuts (c.f. Godefroid et al., 2005), which is reflected in the
small differences in the numbers of species of Orthoptera
recorded in them. Higher numbers of species in “age3”
than “age2” clear-cuts can be attributed to the greater
colonization of older clear-cuts and more species repro-
ducing in them.

324

Environmental factors associated with the occurrence
of Orthoptera in clear-cuts

Environmental factors can significantly influence the
distribution and species richness in various habitats and
countries (Theuerkauf & Rouys, 2006; Baldi, 2008;
Marini et al., 2008; Fabriciusova et al., 2011; Essl &
Dirnbock, 2012). We found that small-area clear-cuts
may play an important role in determining the insect bio-
diversity in homogenous closed canopy forests. Clear-
cuts in closed forest are not only new open habitats but
also new forest edges, which enhance the diversity of
insects and other animals (e.g. Horvath et al., 2000;
Bouget & Duelli, 2004; Deans et al., 2005). Clear-cutting
and thinning small areas of forest can do today what was
done in the past by large herbivores in terms of clearing
areas of vegetation and creating new forest edges
(Bengtsson et al., 2000; Konvicka et al., 2004). Our study
of Orthoptera revealed that there are more species in
clear-cuts and at the forest edges than in the interior of the
surrounding forest, forest clearings and grassland (Sliacka
& Kristin, 2012). We recorded a total of 27 species in all
three age categories of clear-cuts, which is more than
reported by other authors in deforested plots (Detzel
1998; Clayton, 2002; Jenni et al., 2007). This may be due
to differences in orthopteran species richness of different
countries (compare Detzel, 1998 for Baden Wiirttemberg,
Germany; Thorens & Nadig, 1997 for Switzerland,
Kocarek et al., 2005 for Czech and Slovak Rebublics).

The overall area of habitat suitable for Orthoptera is
considered to be an essential factor determining their
presence and composition (e.g. Bergmann & Chaplin,
1992; Theuerkauf & Rouys, 2006). In our study, we con-
firmed that the number of species increased with increase
in the area of all the age categories of the clear-cuts stud-
ied. Clear-cuts on steeper slopes were drier and the suc-
cession there was slower than in those in less steep areas,
which resulted in the higher number of xerothermophi-
lous species (e.g. C. italicus, O. caerulescens, G. rufus)
recorded in this study.



Specific associations between species of Ensifera and
Caelifera with the vegetation and age of the clear-cuts

It is well known that Ensifera are mainly associated
with shrubs and Caeclifera with bare soil and grassland
(Ingrisch & Kohler, 1998). Because changes in the struc-
ture of vegetation are not always age dependent, we
evaluated the association between changes in Ensifera
and Caelifera assemblages and the age and characteristics
of the vegetation, separately .

In “agel” plots, species of Caelifera were dominant and
consisted most frequently of the ground dwelling gener-
alist species of the genus Tetrix, and Chorthippus brun-
neus and C. vagans (cf. Detzel, 1998), which supports the
findings of Jenni et al. (2007) recorded in burnt areas in
Swiss coniferous forests. For “age2” plots we confirm
that other species of Caelifera occur, namely the gramini-
colous C. parallelus and E. brachyptera, as previously
recorded (LauBmann, 1993). However, two year old
clear-cuts were also well colonized by many species of
Ensifera, the most frequent being the good fliers Tetti-
gonia viridissima, T. cantans, Phaneroptera falcata and
Platycleis grisea.

We found differences in the association between spe-
cies of Ensifera and Caelifera and six categories of vege-
tation. This is a result of the differences in their habitat
requirements (Guido & Gianelle, 2001) and food (Shields
et al., 2008), which are linked to the structure of the vege-
tation in different successional stages of the clear-cuts
(Schmidt & Schlagbauer, 1965; Marini et al., 2009a; Fab-
riciusova et al., 2011; Fartmann et al., 2012). Bare ground
in new clear-cuts provides favourable conditions for terri-
colous, xerophilous and thermophilous grasshopper spe-
cies of the genus Tetrix, and Chorthippus brunneus, C.
biguttulus, C. vagans, O. caerulescens and Calliptamus
italicus (cf. Jenni et al., 2007). The low and sparse vege-
tation in “agel” clear-cuts was probably not suitable for
the species of Ensifera that are good flyers (e.g. P.
falcata, Tettigonia cantans, T. viridissima) and therefore
likely to be early colonizers. We confirmed that coloniza-
tion by graminicolous grassland species, especially grass-
hoppers such as Chorthippus parallelus, E. brachyptera
and Chrysochraon dispar (cf. Guido & Gianelle, 2001),
and the bush-crickets P. falcata and M. roeselii is associ-
ated with presence of grassy patches in clear-cuts. The
number of species of Ensifera is positively associated
with the presence of shrubs (Kati et al., 2003; Marini et
al., 2009a; Fabriciusova et al.,, 2011; Fartmann et al.,
2012). In clumps of shrubs and Rubus spp., we recorded
the bush-crickets Tettigonia cantans, T. viridissima and a
common species, P. griseoaptera, as well as occasionally
Meconema thalassinum, Barbitistes constrictus and Iso-
phya camptoxypha. However, this may be an underesti-
mate due to the sampling methods used, according to
Dalbeck (2011). In addition, the association of the bush-
cricket, T. viridissima, with shrubs is also recorded by
Schirmel et al. (2011). We also confirmed that the
number of graminicolous species of Caelifera is nega-
tively associated with a high proportion of tall trees and

shrubs in clear-cuts as is recorded in studies of grassland
(cf. Bieringer & Zulka, 2003; Marini et al., 2009a).

The main contribution of this study is recognition that
certain key factors (clear-cut age and vegetation structure)
affect the colonization of clear-cuts in beech forests by
Orthoptera. The diverse structure of the vegetation and
the size of the clear-cuts may account for why they were
quickly colonized by all of the 27 species of Orthoptera
recorded by the end of the second year after felling the
trees. The higher proportion of Ensifera recorded in this
compared to previous studies also indicates that there was
a high proportion of shrub and tree vegetation in the plots
we studied.

When and under what conditions such clear-cuts no
longer enhance the diversity of heliophilous species in
closed canopy forests is a question that remains to be
answered.
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