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Abstract
Steppes and xerothermic grasslands are hotspots of biodiversity, but are threatened by habitat destruction and fragmentation. 
The heath bush-cricket, Gampsocleis glabra, is considered to be a specialist of xerothermic habitats and appears in national 
red lists as a threatened species in several European countries. The goal of the current research was to determine the habitat 
requirements of G. glabra in an isolated habitat patch in Poland, at the northern edge of its range. By comparing the com-
position of plant species and vegetation architecture of vacant and occupied sites in the summers of 2018 and 2019, it was 
found that this population of G. glabra still maintained a strict specialisation for the xerothermofilous Festuco-Brometea 
plant community. On the contrary to previous studies, however, Stipa-type grasses were not essential for the occurrence of 
the species and the majority of occupied areas were based on the plant Brachypodium pinnatum. The physiognomy of plant 
communities was crucial for the abundance of stridulating males, which showed a preference for dense grasses at 10 cm 
high. The habitat characteristics of patches occupied by males and females did not differ significantly. The study of habitat 
requirements of this endangered Orthoptera species in an isolated habitat patch could serve as a prelude to the restoration of 
similar locations before it becomes extinct. This study may also underpin the development of a global conservation strategy 
for G. glabra.
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Introduction

Steppes and xerothermic grasslands are among the most 
valuable and the most endangered habitats in Europe (Török 
et al. 2016). Such habitats were widely distributed through-
out Europe during glacial periods (Willis and van Andel 
2004; Markova et al. 2009; Kajtoch et al. 2016) and were 

limited to eastern and south-eastern regions during intergla-
cials (Fekete et al. 2014; Pokorný et al. 2015; Kajtoch et al. 
2016). Today’s xerothermophilous populations are probably 
remnants of much larger populations of species that were 
widely distributed during glaciations (Kajtoch et al. 2016). 
Xerothermic habitats from the class Festuco-Brometea are 
hotspots for plant and insect diversity (Kajtoch 2011; Wil-
son et al. 2012). Findings of studies conducted on steppes 
and xerothermic grasslands can help develop appropriate 
conservation strategies but are still insufficient (Valko et al. 
2016). Such habitats can be an excellent place to comple-
ment knowledge gaps concerning the extinction of rare spe-
cies (Steffan-Dewenter and Tscharntke 2002).

It is known that rare species inhabiting steppes and xero-
thermic grasslands depend on habitat quality (Thomas et al. 
2001; Poniatowski et al. 2018). Plant diversity of habitats 
has a positive effect on species richness, regardless of the 
patch size and mobility of organisms (Marini et al. 2010; 
Kajtoch et al. 2014). Plant species composition and diver-
sity are important for grasshoppers, bushcrickets, crickets 
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and relatives (Gardiner 2010; Lengyel et al. 2016; Gardiner 
2018). Orthoptera species may be, however, negatively 
affected by habitat fragmentation (Andrén 1994; Krauss 
et al. 2010; Poniatowski et al. 2016) and low habitat patch 
connectivity (Poniatowski et al. 2016). It is known that 
isolated patches are more exposed to species decline than 
fragmented, but connected, areas (Collinge 2000). In the 
case of grassland specialists, the area of the patch and habi-
tat quality are of key importance, while patch connectivity 
is less important (Poniatowski et al. 2018). Therefore, the 
protection of plant diversity of patchy steppes and xerother-
mic grasslands seems to be crucial for the survival of rare 
insect species (including Orthoptera) associated with these 
habitats.

Some research indicates that the occurrence of xerother-
mophilous insects, like Decticus verrucivorus and Platycleis 
albopunctata, depends on the presence of a habitat mosaic. 
Both species used different places e.g. to search for food and 
for oviposition (Schirmel et al. 2010). However, these spe-
cies are mobile and the presence of several isolated patches 
of steppe was sufficient for them to move. The habitat quality 
of a single patch tends to be more important for flightless 
and sedentary Orthoptera species with low dispersal ability 
(Poniatowski and Fartmann 2010). For example, the degree 
of patch occupancy increased with patch size in case of Met-
rioptera brachyptera in calcareous grasslands. In this case, 
patch occupancy was independent of the degree of isolation, 
which is not surprising because of the insects’ low disper-
sal ability. The population density was also determined by 
the habitat, as it generally increased with vegetation height 
(Poniatowski and Fartmann 2010).

To develop a conservation strategy, knowledge of habi-
tat factors favourable and unfavourable for the presence of 
rare insects in the patch is needed. The greatest threat of 
extinction concerns species which are highly specialized to 
the specific environment and also those living in isolated 
patches. An example of such a habitat specialist is the heath 
bush-cricket Gampsocleis glabra, which lives in xerothermic 
habitats (Schouten et al. 2007), and has been associated with 
steppes containing grasses of the Stipa genus (Liana 1976; 
Liana 2007; Stahi and Derjanschi 2011). We need to know 
the responses of rare species to habitat quality after isola-
tion (Pilskog et al. 2016) to protect them from extinction. 
The key is to understand the importance of the composition 
of plant species and vegetation architecture (Krausz et al. 
1995).

This study aims to determine habitat requirements of 
G. glabra living in the isolated Polish population. We test 
the following hypotheses: (1) sites occupied by males and 
females of G. glabra differ in habitat features from the 
vacant sites, (2) G. glabra is a specialist of the xerothermic 
plant community, even in an isolated patch, (3) the presence 
of Stipa grasses determines the occurrence of G. glabra, as 

in Poland this species has been assumed to be an indicator 
of the xerothermic Sisymbrio-Stipetum grasslands (Liana 
1976). In addition, the location of non-volatile nymphs were 
identified in the field to verify the degree of mobility of the 
species.

Materials and methods

Study species and study site

Gampsocleis glabra has a West-Siberian and European 
distribution (Ingrisch and Köhler 1998). It figures in the 
European national red lists as an endangered or critically 
endangered species in Austria (Berg and Zuna-Kratky 
1997), Germany (Maas et al. 2002), Poland (Liana 2007), 
and Moldova (Stahi and Derjanschi 2011). It has declined in 
the East-Slovakian lowland (Krištín et al. 2004), and is rare 
in Slovakia, although lately it has become more frequent in 
some parts of this country (Krištín et al. 2007, 2011). It is 
also rare in Romania (Iorgu and Iorgu 2008), and absent in 
the Transcarpathian Ukraine (Krištín et al. 2011). It reaches 
the northern edge of its range in Poland (Hochkirch 2014), 
and it is extinct in the neighbouring Czech Republic (Holuša 
2012). Although its IUCN category is LC (least concern), 
the number of heath bush-crickets in Europe and Asia shows 
a downward trend (Hochkirch 2014). Research on the iso-
lated Polish population is particularly urgent.

Adult G. glabra can be found from mid-June to the end of 
September, with a peak of abundance in July (Krištín et al. 
2007). Males stridulate from perches in the vegetation dur-
ing the day to attract females and tend to be regularly spaced 
in suitable habitat (Latimer 1980). Females use their long 
ovipositor to lay eggs in the soil (Vahed 1994). The eggs can 
have both an initial diapause and an embryonic diapause and 
can pass two or even three winters in the egg stage before 
they hatch in the spring (Hartley 1990). The species feeds 
on insects, grasses and grass seeds (Vahed 1994).

The study was carried out on xerothermic grasslands in 
south-eastern Poland, in the Nida Basin, which is a part of 
the Małopolska Upland, located north of Kraków (Fig. 1). 
Steppe grasslands in the Nida Basin are isolated from other 
similar habitats in Poland. Moreover, the Polish Uplands, 
on which those grasslands are located, are isolated from 
similar habitats in western and southern Europe, linked only 
with the Podolian Uplands in Ukraine (Kajtoch et al. 2016). 
Xerothermic habitats in the Nida Basin come from natural 
steppes but are affected by land use, especially agriculture 
(Towpasz 2011; Kajtoch et al. 2016). In the 1970s, there 
were at least five locations of G. glabra in the Małopolska 
Upland (Liana 1976), of which the only one within the Nida 
Basin has survived until the present. This location is a xero-
thermic compact patch with an area of about 15 ha on a 
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small hill surrounded by an agricultural landscape (Fig. 2a, 
b).

Field protocol

The study was conducted from June to August 2018 and 
from May to August 2019. In June 2018, three transects 
were marked out, leading through the centre of the patch and 
along its two long edges. The two marginal transects were 
at a distance of 2–4 m from the border, depending on how 
it was possible to move on the hilly terrain (Fig. 2b). Three 
transects ran through the wider half of habitat, and in the 
second (narrower) half, only one marginal transect was con-
tinued. The presence of G. glabra was checked by acoustic 
identification of stridulating males based on the methodol-
ogy of Krištín et al. (2004, 2007, 2011). Acoustic stridula-
tion of Orthoptera males is useful in species classification 
and in assessing population density (Fischer et al. 1997).

In 2018, transects were visited between 9 and 15 a.m. in 
the third week of June, in the third week of July and in the 

third week of August by one person (EG) under favourable 
weather conditions. The research was not performed on cold 
days, because temperature affects the acoustic behaviours 
and song traits of Orthoptera (von Helversen 1972; Pasinelli 
et al. 2013). Acoustic insect searches on each transect and 
each field inspection were limited to 2 h (Krištín et al. 2004). 
In most cases, stridulating males were easily noticeable. 
Females, in turn, were very secretive and hidden in the veg-
etation. The males usually sang after climbing a selected 
strong blade of grass or other plant (Fig. 2c). To ensure the 
correct species identification, the stridulation of males was 
recorded with a digital recorder Song Meter SM4 (Wild-
life Acoustics, Inc., Maynard, Massachusetts, USA) located 
about 1 m from the insect. Insects were not captured, so veg-
etation remained unchanged, and animal stress was minimal.

In May and June 2019, the presence of nymphs was 
checked (Fig. 2d). In the third week of July (peak of the 
heath bush-cricket) in 2019, stridulating males were located 
using transects designated in 2018. At 1-day inspections in 
June, July and August, females were found and the habitat 
around them was immediately described (see below).

Habitat characteristics

In 2018, 28 sites were marked in the form of 1 × 1 m squares, 
centred upon locations of calling male G. glabra. The num-
ber 28 is a random number of singing males found at inspec-
tions in June or July. A Song Meter SM4 was used to record 
the geographical position of the point located about 1 m 
from the singing male and half a meter from the edge of a 
1 × 1 m square defined around the insect. Thus, the site could 
be found during other inspections. Squares around stridu-
lating males on the researched patch were located at least 
3 m from its edge. To compare the occupied and unoccupied 
habitats, 25 squares with the same areas (1 × 1 m) without 
the researched species were designated. Squares without G. 
glabra were chosen at least 3 m from the occupied places, 
but no more than 10 m from the nearest occupied space, and 
at least 3 m from the habitat edge. These assumptions ensure 
that the comparison of occupied and unoccupied positions 
concerned habitat parameters without an edge effect. Both 
types of sites were placed in a mosaic in the same parts of 
the study area.

In 2018, the habitat within squares was also assessed 
twice per site in June and July to capture the full species 
richness of plants. Each square was characterized by one 
phytosociological relevé with the list of plant species and the 
relative coverage of plant species estimated in squares based 
on the Braun-Blanquet scale. Plant identification was based 
on Medwecka-Kornaś and Kornaś (1972), Łuszczyńska 
(1998), Mirek et al. (2002), Kostuch and Misztal (2006) 
and Misztal et al. (2015). Plant species were classified to 
meadow or xerothermic plant communities (Matuszkiewicz 

Fig. 1   The map of Poland with the location of the study area (free 
background source: geoportal.gov.pl)
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2005; Suppl. Table S2). The following habitat indicators 
were recorded on each square: number of all plant species, 
number of xerothermic species, number of meadow spe-
cies, cover of each of these two types of plants, cumula-
tive (summarised) coverage of all plants expressed in the 
Braun-Blanquet scale, cumulative coverage of xerothermic 
and meadow species separately in the Braun-Blanquet scale, 
their percentages in the cumulative coverage of plants, cover 
of the Stipa capillata and Brachypodium pinnatum in the 
Braun-Blanquet scale. Also, a total cover of vegetation at 
10 cm above the ground and at 40 cm above the ground was 
noted. In cases of varying values, the higher one was chosen 
from the two recorded on two field inspections.

In June and July 2019, 53 squares used for habitat 
descriptions in the previous year were used again. In cases 
of sites occupied by males of G. glabra in 2018, the clos-
est stridulating males in the second year of the study were 
found within those 1 × 1 m squares or within a maximum of 
1.5 m from the center of the square. Thus, it was assumed 
that male sites from 2018 were occupied also in 2019. All 
phytosociological relevés from 2018 were updated on each 
square in 2019. Sites that were not occupied by G. glabra in 

2018 were also unoccupied in 2019. In July 2019, 15 females 
were found at a distance of 1–3 m from the nearest stridu-
lating male and one relevé with an area of 1 × 1 m around 
each female was prepared immediately. Squares describing 
the habitat around females did not fully overlap with male 
site habitats nor with squares where the studied insect was 
searched and not found.

Statistical analyses

The distribution of data was verified using the Shapiro-Wilk 
test based on the results of 53 phytosociological relevés. 
Normally distributed parameters were compared using the 
Student t-test for unpaired comparison, while non-paramet-
ric Mann-Whitney U test was used for other habitat features, 
in both cases using JMP 8 software.

To check which habitat features determined the presence 
of G. glabra, a logistic regression model with a dependent 
variable having binomial distribution and logit link func-
tion was performed using data collected in 2018. The fol-
lowing habitat features per square were used as factors in 
the model: number of plant species, number of xerothermic 

Fig. 2   a Hilly patch with steppe habitat, in which G. glabra lives, 
with a view of the surrounding agricultural landscape; b the periph-
ery of the patch, along which one of the marginal transects for the 
acoustic detection of insects has been designated; c  male G. glabra 

during stridulation; d  a nymph of G. glabra on the studied isolated 
patch. The photo shows an immature male (photographs by: E. 
Grzędzicka)
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plant species, number of meadow plant species, plant cover, 
summarized cover of xerothermic plants, summarized cover 
of meadow plants, cover of S. capillata, cover of B. pinna-
tum, percent cover of vegetation at 10 cm above the ground 
and cover at 40 cm. Because habitat parameters were cor-
related with each other, the strength of multicollinearity was 
detected using the GGally package (Schloerke et al. 2018) 
and the location of multicollinearity with Spearman corre-
lation coefficient in corpcor package (Schafer et al. 2017). 
Then the mctest package (Imdadullah et al. 2016) was used 
to test if the model suffered from multicollinearity. The 
intercorrelated factors were removed from the model. How-
ever, to check to what extent the rejected factors explained 
the occurrence or absence of G. glabra, principal component 
analysis PCA was performed using factoextra (Kassambara 
and Mundt 2019), FactoMineR (Le et al. 2008) and ggplot2 
(Wickham 2016) packages.

To compare the qualitative and quantitative composition 
of G. glabra male and female habitat and uninhabited sites, 
PCA based on particular plant species covers was conducted. 
In this analysis, habitat data from 53 males’ squares and 
female habitat data collected in 2019 were used. Among the 
list of plant species, only those present in at least 5 phyto-
sociological relevés were selected. To check which habitat 
features could differentiate habitat occupancy by different 
sexes and whether these differences were statistically sig-
nificant, a linear regression model was calculated. Factors in 
the model were as follows: coverage of the square with com-
mon meadow species of grass Poa trivialis, coverage with 
meadow species of grass Arrhenatherum elatius, cumulative 
coverage of meadow plants, coverage of B. pinnatum, cover-
age of S. capillata and cumulative coverage of xerothermic 
species of plants. All the above models, analyses and graphs 
were conducted in R 3.6.2 (R Core Team 2019).

Results were treated significant if P < 0.05.

Results

A total of 112 plant species were recorded on the 28 occu-
pied and 25 unoccupied sites (Suppl. Table S2). 49 plant 
species were xerothermic, mostly from the Festuco-Brom-
etea class, and 63 were typical meadow plant species from 
the Molinio-Arrhenatheretea class. The species richness of 
plants based on their cumulative coverage was on average 
20% higher in sites occupied by G. glabra. This resulted 
from a higher number and coverage of xerothermic plant 
species (Table 1). In contrast, unoccupied sites were char-
acterized by a higher number and coverage of meadow plant 
species (Table 1). Generally, sites occupied by males of G. 
glabra had higher xerothermic coverage than unoccupied 
squares.

Grasses of the Stipa genus did not grow in sites without 
stridulating males (Table 1). On the other hand, S. capil-
lata grew only in 36% of the research areas inhabited by G. 
glabra. The tor-grass B. pinnatum, typical for xerothermic 
grasslands from the Festuco-Brometea class, grew in 93% of 
patches inhabited by G. glabra and in 16% of the other exam-
ined areas. Taking into account the results from all squares, 
the mean coverage of B. pinnatum from sites occupied by 
G. glabra was about 95% higher than in unoccupied sites 
(Table 1). In 21 sites without stridulating males, B. pinnatum 
was absent, while in the other four ones, its coverage was very 
low. 90% of squares occupied by G. glabra contained B. pin-
natum with coverage of 20–75%. Squares with G. glabra had 
an average vegetation coverage of 96.7% at 10 cm above the 
ground (about 10% more than in the case of squares without 
an insect—Table 1), while at a height of 40 cm, only 35.4%. 
The plant cover at 40 cm was on average 40% lower than on 
unoccupied sites (Table 1).

The logistic regression model showed that the number of 
xerothermic plant species, Brachypodium sp. grass cover and 
vegetation at 10 cm positively influenced the presence of G. 
glabra (Table 2; Figs. 3 and 4; Suppl. Fig. S1), while the num-
ber of meadow species and meadow cover had the opposite 
effect (Table 2; Fig. 4; Suppl. Fig. S1). PCA revealed a high 
degree of interrelatedness among habitat variables (Fig. 4). 
The two-dimensional PCA plot revealed two groups of inter-
related variables. The first two axes explained approximately 
81.5% of the total variance. Dim1 (correlated with: total 
plant coverage, the number of all plant species, xerothermic 
plants’ cover, number of xerothermic species, Stipa sp. cover-
age, Brachypodium sp. coverage and coverage of vegetation 
at 10 cm) had a significant impact on the insect occurrence. 
Dim2 (correlated with: meadow cover, number of meadow 
species, vegetation cover at 40 cm) concerned sites not inhab-
ited by G. glabra (Fig. 4).

PCA concerning data from 2019 confirmed the differ-
ences in plant communities between occupied and unoccu-
pied squares (Fig. 5), although the comparison based on the 
coverage of individual plant species explained only 30.3% of 
variance. The female habitat was only slightly wider than that 
of males in terms of the share of meadow species (Fig. 5). The 
habitats occupied by males and females of G. glabra were 
similar and none of the habitat features determined the pres-
ence of only one sex (Suppl. Table S1).

In May and June 2019, nymphs were observed in the central 
part of the isolated studied patch (Fig. 2d). During 4 days of 
searching, about 20 nymphs were found.
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Discussion

The present study shows that sites chosen by the heath 
bush-cricket differ significantly from unoccupied squares in 
a range of habitat characteristics, based on the composition 
of plant species and vegetation architecture. Thus, even in 
the patch of habitat isolated from the species’ main range, 
G. glabra still maintains preferences for steppes and xero-
thermic grasslands from the Festuco-Brometea class. In 
contrast, in two neighbouring countries, this species has not 
been found in thermophilous habitats: in the East-Slovakian 
lowland (Krištín et al. 2004) and SW Ukraine (Krištín et al. 
2011). G. glabra was unexpectedly among the most frequent 
insects in dunes and xeric sandy stands surrounded by wet 
grassy depressions located in SE Slovakia (Krištín et al. 
2007, 2011), with 54% occurrence frequency (Krištín et al. 
2011).

It interesting that in Poland, the relatively small habitat 
plasticity (strong connection with xerothermic habitat) of 
G.glabra does not seem to lead to its extinction, because 

the studied population is known to have occupied the loca-
tion for over 50 years (Liana 1976). On the other hand, this 
species in Poland was once considered to be an indicator 
of the xerothermic Sisymbrio-Stipetum grasslands (Liana 
1976). Excluding S. capillata, no other plant species from 
the Sisymbrio-Stipetum community grew in the 53 relevés 
in the present study area. This may be the result of habitat 
degradation and changes in land use. The study area used to 
be a grazed community, but this was discontinued in early 
2000 s. The high grassland typical of the steppes is disap-
pearing in the study area, and thin, xerothermic grasslands 
with a clumped structure are developing instead (Towpasz 
and Stachurska-Swakoń 2012). Therefore, it cannot be stated 
that the Polish heath bush-cricket population does not show 
any habitat plasticity. It still lives in the location previously 
described as the one with the largest G. glabra population 
size among a few in Poland (Liana 1976), despite a decline 
of some xerothermic plants.

In the PCA analysis, it was shown that Stipa sp. grass is 
a component of the system that promotes the presence of G. 

Table 1   Habitat differences 
between occupied (oc) and 
unoccupied (unoc) 1 × 1 m 
sites, along with the results 
of the Mann-Whitney U test 
or t Student test for variables 
with not normal and normal 
distribution, respectively

Data were collected in the year 2018
P-values: *Less than 0.05
**Less than 0.01
***Less than 0.001

Habitat factor Group N Mean Standard error t/ Z p-value

Number of all plant species Unoc
Oc

25
28

15.80
19.82

0.75
0.83

3.571 ***

Number of xerothermic plant species Unoc
Oc

25
28

3.48
10.93

0.30
0.44

− 6.235 ***

Percentage of xerothermic plants Unoc
Oc

25
28

21.75
55.79

1.56
1.45

− 6.230 ***

Number of meadow plant species Unoc
Oc

25
28

12.32
8.93

0.59
0.52

13.532 ***

Percentage of meadow plants Unoc
Oc

25
28

78.12
44.49

1.57
1.39

6.229 ***

Total plant cover Unoc
Oc

25
28

20.68
26.79

0.86
0.92

4.822 ***

Cumulative cover of xerothermic plants Unoc
Oc

25
28

3.64
16.75

0.32
0.54

− 6.246 ***

Percentage cover of xerothermic plants Unoc
Oc

25
28

17.49
63.11

1.36
1.34

− 6.228 ***

Cumulative cover of meadow plants Unoc
Oc

25
28

17.04
10.00

0.74
0.57

7.647 ***

Percentage cover of meadow plants Unoc
Oc

25
28

82.50
36.78

1.36
1.35

6.228 ***

Cover of Stipa capillata Unoc
Oc

25
28

0.00
0.71

0.00
0.22

− 3.255 **

Cover of Brachypodium pinnatum Unoc
Oc

25
28

0.16
3.43

0.07
0.27

− 5.942 ***

Coverage of vegetation at 10 cm Unoc
Oc

25
28

87.40
96.68

1.33
0.33

− 5.249 ***

Coverage of vegetation at 40 cm Unoc
oc

25
28

59.60
35.36

1.68
1.36

6.055 ***
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glabra. Despite the higher cover of S. capillata in squares 
with G. glabra than in others, these grasses were not neces-
sary for the singing males, which is surprising. In 2018, S. 
capillata grew only in 36% of the research areas inhabited 
by G. glabra. Interestingly, S. capillata was present also in 
some of the surveyed positions in Slovakia, even if it was not 
a dominant species in the area of occurrence of the examined 
insects (Krištín et al. 2011).

The present study reveals that in Poland, G. glabra occu-
pies sites of specific physiognomy. Squares occupied by the 
heath bush-cricket were dominated by B. pinnatum, which is 
a characteristic species of the xerothermic plant community. 
In this case, the plant community containing B. pinnatum 
resembles the physiognomy of steppes with tall, rather dense 
stems, freely moving in the wind (Fig. 2a, b). In Poland, G. 
glabra prefers dense grasses in the lower positions 10 cm 
above the ground. Vacant sites were based mainly on dense 
grasses reaching usually 50–60 cm, sometimes even 1–1.2 m 
in height, with the exception of two flowering plants: Galium 
verum and Thalictrum minus (Fig. 5). The degree of veg-
etation cover at a height of 40 cm and cover with meadow 
plants were both factors that were negatively associated with 
the occurrence of G. glabra. This is contrary to the results 
of other authors. In Slovakia, G. glabra prefers dense grassy 

Fig. 3   Results of the logistic regression analyses: the probability 
(p-value: *less than 0.05) of the occurrence of G. glabra in relation to 
the cover of B. pinnatum. Graph is based on data from 2018

Fig. 4   PCA chart showing dif-
ferences between sites occupied 
by G. glabra stridulating males 
and unoccupied squares; chart 
is based on data from the year 
2018
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and herbal stands taller than 50 cm (Krištín et al. 2007), 
while in Moldova it lives in grassland where the height 
of grasses reaches about 40–60 cm (Stahi and Derjanschi 

2011). In this study, some of the grass species dominating 
squares that were not occupied by G. glabra are most com-
monly found on flood plains (Fig. 5). The examples are: 

Table 2   Logistic regression 
model: relationship between 
patch occupancy of G. 
glabra (males) and several 
environmental parameters; 
adjusted R2 = 0.919

Model data were collected in year 2018
P-values: *Less than 0.05
**Less than 0.01
***Less than 0.001

Estimate Standard error z value p-value

(Intercept) − 0.136 0.281 − 0.483 n.s.
Number of xerotherm species 0.029 0.006 4.744 ***
Number of meadow species − 0.033 0.016 2.049 *
Meadow cover − 0.041 0.013 − 3.148 **
Stipa capillata cover 0.022 0.017 1.283 n.s.
Brachypodium pinnatum cover 0.029 0.013 2.186 *
Plant cover at 10 cm 0.006 0.002 2.086 *
Plant cover at 40 cm − 0.003 0.003 − 1.417 n.s.

Fig. 5   PCA chart showing dif-
ferences between sites occupied 
by G. glabra males and females 
and unoccupied squares. Plants 
in sites occupied by G. glabra: 
Astr dan = Astragalus danicus, 
Phle phle = Phleum phleoides, 
Car flac = Carex flacca, Fest 
stri = Fesctuca stricta, Ave 
prat = Avenastrum pratense, 
Dian car = Dianthus carthu-
sianorum, Gal vald = Galium 
valdepilosum, Brom ine = Bro-
mus inermis, Carl aca = Car-
lina acaulis, Stip cap = Stipa 
capillata, Ado vern = Adonis 
vernalis, Camp sib = Campan-
ula sibirica, Brach pin = Brach-
ypodium pinnatum, Gal 
lino = Galatella linosyris, Mela 
arv = Melampyrum arvense, 
Inul ens = Inula ensifolia, Scab 
och = Scabiosa ochroleuca, Thal 
min = Thalictrum minus, Scab 
col = Scabiosa columbaria; 
plants in unoccupied squares: 
Arrh ela = Arrhenatherum 
elatius, Agro stol = Agrostis 
stolonifera, Holc lan = Holcus 
lanatus, Poa triv = Poa trivialis, 
Gal ver = Galium verum, Anth 
vul = Anthyllis vulneraria, Dact 
glom = Dactylis glomerata, Lol 
per = Lolium perenne. Chart 
is based on plant covers on 53 
squares prepared in 2018 but 
updated in 2019; 15 squares 
with the female habitat were 
described in the year 2019
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Agrostis stolonifera, Dactylis glomerata and Deschampsia 
caespitosa. This is consistent with the results of Krištín et al. 
(2007, 2011) concerning dunes occupied by G. glabra sur-
rounded by wet depressions. In order to confirm this, how-
ever, it would be necessary to supplement the research with 
aspects of landform features and information on soil types 
and depths of groundwater.

The interesting preference for a dense sward at a height 
of 10 cm demonstrated in Poland may be related to the need 
to hide in the event of danger. This may be quite important 
for a relatively low mobile insect that has limited possibili-
ties to escape and may need shelter. The second reason may 
be a potentially lower temperature in dense vegetation near 
the ground, giving cover in the event of dangerously high 
temperatures on a sunlit, heated hill, although G. glabra is 
considered to be thermophilous. A thinning sward at 40 cm 
above ground may be, however, associated with better acous-
tic communication. Dense and tall plants suppress acous-
tics (Bennet-Clark 1998; Gardiner et al. 2005), and acoustic 
communication can be easier when the vegetation is sparse. 
It is difficult to say how much the choice of such physiog-
nomy resulted from its functionality for the study species. 
It may also just be the result of the construction of a plant 
community from the Festuco-Brometea class. The flowering 
grasslands from this class supplemented with few grass spe-
cies are rather sparse and densest down above the ground.

Our study confirms the established fact that Orthoptera 
are sensitive to discontinuity and changes in the environ-
ment. Therefore, they can be treated as bioindicators (Riede 
1998; Fartmann et al. 2012; Kenyeres et al. 2020). They 
are also ideal organisms to study occurrence and abundance 
in the context of environmental characteristics. They are 
easy to monitor and respond quickly to habitat changes, 
even within 1 year (Pasinelli et al. 2013). Fragmentation 
of habitats disturbing the integrity of the population is a 
serious threat to Orthoptera species (Zschokke et al. 2000). 
Loss of xerothermic meadows and lower habitat diversity 
are causes of the decline of Orthoptera in agricultural land-
scapes (Marini et al. 2010). A strict preference for xero-
thermic habitat may turn out to be fatal for G. glabra in the 
future on the studied patch of habitat.

Habitat fragmentation can have, however, various effects 
on different orthopterans. In Germany, the abundance of 
Pseudochorthippus parallelus is negatively affected by the 
heterogeneity of landscape. This trend is stronger in the 
case of medium and heavily used areas compared to those 
less intensively used (Wiesner et al. 2014). In contrast, after 
experimental fragmentation in Switzerland, P. albopunc-
tata—the most efficient flier among the studied Orthopter-
ans—occurs more frequently in fragments (Zschokke et al. 
2000). In addition, the role of the matrix in which the frag-
ments are located should not be omitted (Prugh et al. 2008). 
The network of links between patches allowing movement of 

species reduces the risk of their extinction (Steffan-Dewen-
ter and Tscharntke 2002). Sometimes, however, it decreases 
population density in a patch when insects leave it through 
terrain with optimal vegetation, as in the case of Saga pedo 
(Holuša et al. 2013). In the future, the researched patch of 
habitat should be prevented from separating into xerother-
mic parts and areas of meadows with grazing or mowing 
regimes and the best state of preservation of xerothermophil-
ous plants should be ensured.

Conclusions and conservation implications

The disappearance of vegetation with the physiognomy of 
steppes and strict habitat specialization of G. glabra prob-
ably contributed to the decline of most locations of this 
species in Poland and may contribute to the decline in the 
abundance of this species in central and western Europe. The 
cutting or grazing of habitats, divided into sectors, and rein-
troducing extensive sheep grazing into valuable xerother-
mic locations are suggested as complementary strategies to 
mitigate the possible further decline of G. glabra in Poland. 
In the case of the threat to isolated populations, transloca-
tion of insect species is promising, as long as the release 
localities contain sufficiently large areas of suitable habitat 
(Hochkirch et al. 2007). Unfortunately, colonization success 
decreases with increasing isolation (Kruess and Tscharntke 
2000). This may be a problem regarding the possible transfer 
of G. glabra living in isolated patches in many countries of 
Europe.

Another purpose of this work was to indicate to what 
extent a strict and relatively low mobile habitat specialist 
modifies its habitat preferences after a long period of isola-
tion. The results suggest that despite the long-term isolation 
of the study area, G. glabra still maintains its strict habitat 
specialization. Accurate characterization of patches of the 
xerothermic habitats occupied by G. glabra, like the one 
in this paper, allows the development of a population pro-
tection strategy. The study of habitat requirements of the 
endangered population in this isolated location could serve 
as a prelude to the restoration of similar locations potentially 
useful for the species before it becomes locally extinct. This 
study may be also an introduction to the development of a 
conservation strategy for the heath bush-cricket on a global 
scale.
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