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What determines the distribution of a flightless bush-cricket
(Metrioptera brachyptera) in a fragmented landscape?
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Abstract Based on metapopulation theory, isolation,

patch size and habitat quality within patches have recently

been identified as the most critical parameters determining

the persistence of species. In the special case of flightless

and sedentary Orthoptera species, taking into account the

low dispersal ability, species survival probably depends

more on habitat quality than on isolation. The aim of this

study was to document how landscape (patch size, isolation

and climate) and microhabitat (vegetation structure,

microclimate and land use) factors influence patch occu-

pancy and population densities, respectively, of a flightless

bush-cricket (Metrioptera brachyptera) in fragmented

calcareous grasslands. In summer 2005 patch occupancy of

M. brachyptera was assessed in 68 calcareous grassland

patches of the Diemel Valley (central Germany). Among

these, 26 patches with 80 plots were selected to charac-

terise M. brachyptera habitats in detail. On each plot, bush-

cricket density was sampled in an area of 20 m2 using a

0.5 m2 box quadrat. At the landscape level (patches) in 46

(68%) of 68 studied calcareous grassland patches M. brac-

hyptera was present. Patch occupancy increased with

annual precipitation and patch size but was independent of

altitude, annual temperature and isolation. At the micro-

habitat level (plots), population density of M. brachyptera

decreased with land-use intensity and increased with veg-

etation height. In addition, a high litter accumulation was

adverse for M. brachyptera. Given the low explanatory

power of isolation for patch occupancy, conservation of

flightless and sedentary insects, such as M. brachyptera,

should primarily focus on improving habitat quality. For

M. brachyptera and other stenotopic calcareous grassland

species we therefore recommend traditional rough grazing

with sheep, which creates a heterogenous habitat structure

and avoids the accumulation of too much litter.

Keywords Fragmentation � Habitat quality � Isolation �
Metapopulation � Orthoptera � Patch size

Introduction

All around the world, land-use change is among the most

severe drivers of terrestrial biodiversity loss (Sala et al.

2000). Thus, landscape structure and the consequences of

habitat degradation and fragmentation on species survival

has attracted considerable interest in ecology (Hanski and

Ovaskainen 2000; Fahrig 2003). Based on metapopulation

theory, patch isolation, patch size and habitat quality within

patches have been identified as the most critical parameters

determining persistence of species in cultivated landscapes

in many invertebrates (Thomas et al. 2001; Anthes et al.

2003; Eichel and Fartmann 2008). Species that form

metapopulations, like most butterflies (Hanski 1999),

depend on regular exchange of individuals between sub-

populations and, hence, are strongly affected by fragmen-

tation (Casula 2006; Polus et al. 2007). But how can a

flightless and sedentary species persist in a fragmented

landscape? Among central European Orthoptera, only a

few species reach the mobility of butterflies, and most of

them have a low dispersal ability (Reinhardt et al. 2005).

Moreover, in contrast to butterflies, many orthopterans are

able to persist in fairly small (Köhler 1996; Maes et al.

2006; Theuerkauf and Rouys 2006) and often isolated

habitat patches (Reinhardt and Köhler 2002). Taking this
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into account, one should expect that persistence of flight-

less and sedentary Orthoptera species depends more on

habitat quality than on isolation.

However, several studies have addressed the influence of

landscape structure on Orthoptera populations and have

confirmed some of the findings of metapopulation theory;

smaller patches are more often unoccupied and the respec-

tive local populations had a higher likelihood of extinction

(Kindvall and Ahlén 1992; Hjermann and Ims 1996; Berg-

gren et al. 2001; Carlsson and Kindvall 2001). Colonised

patches were usually less isolated than unoccupied ones

(Kindvall and Ahlén 1992; Hjermann and Ims 1996; Carls-

son and Kindvall 2001), and connectivity in form of linear

elements promoted movement between patches and coloni-

sation success (Berggren et al. 2001; Diekötter et al. 2007).

Habitat quality in Orthoptera is mainly determined by

land use (Kruess and Tscharntke 2002; Marini et al. 2009),

vegetation structure (Poniatowski and Fartmann 2008) and

microclimate (Willott and Hassall 1998; Gardiner and

Dover 2008). Predation, competition and food availability

are partly interrelated with the aforementioned parameters

and usually play a minor role for the persistence of species

in cultivated European landscapes (Ingrisch and Köhler

1998). Yet, whereas dispersal and mobility of many

flightless orthopterans were studied in detail (e.g. Kindvall

1999; Berggren et al. 2002; Diekötter et al. 2005),

knowledge of the key factors that determine habitat quality

of the species is often still poor.

The aim of this study was to document which key fac-

tors determine the distribution of a flightless bush-cricket

(Metrioptera brachyptera) in fragmented calcareous

grasslands. Therefore, two different scales were used: At

the landscape level we tested the impact of patch size,

isolation and climate on patch occupancy and at the

microhabitat level we examined the effect of vegetation

structure, microclimate and land use on population density.

Methods

Study organism

The bog bush-cricket Metrioptera brachyptera (Linnaeus,

1761) (Orthoptera: Tettigoniidae) is a medium-sized bush-

cricket, 11–21 mm in total length and usually flightless

(Marshall and Haes 1988). Individuals capable of flight

(macropterous form) are very rare (the proportion of

macropters in a population is generally less than 1%,

Poniatowski and Fartmann, unpublished data) and have as

yet not been found outside the native habitat (Schouten

et al. 2007). Moreover, M. brachyptera has a high habitat

specificity (Schouten et al. 2007); i.e. M. brachyptera

inhabits only a few habitat types such as wet heathlands or

stands of purple moorgrass (Marshall and Haes 1988;

Kleukers et al. 2004). However, the species can also be

found in semi-dry calcareous grasslands (Bruckhaus 1994),

occasionally even in high densities (Poniatowski and

Fartmann 2008). The habitats of M. brachyptera are

characterised as dense vegetation with long turf (e.g.

Bruckhaus 1994). More detailed information on habitat

requirements is rare (Poniatowski and Fartmann 2007).

Study area

The study area (hereafter called Diemel Valley) of about

500 km2 is located in central Germany along the border

between the federal states of North Rhine-Westphalia and

Hesse (51�220N/8�380E and 51�380N/9�250E) at an eleva-

tion of 160–480 m a.s.l. (Fig. 1). The climate is suboceanic

and varies greatly according to altitude (Müller-Wille

1981). The Upper Diemel Valley (300–500 m a.s.l.) is the

coldest and wettest section with mean temperatures of

6.5–8�C and an annual precipitation of 700–1,000 mm.

The Middle and Lower Diemel Valley (\300 m a.s.l.) in

the eastern part of the study area have a relatively mild

climate with less than 800 mm annual precipitation and an

average annual temperature of up to 9�C (Müller-Temme

1986; MURL NRW 1989; Fartmann 2004). The area south

of Warburg in the Middle Diemel Valley has an exposed

position; with an annual precipitation of 600–650 mm it is

the driest part of the whole study area (Müller-Temme

1986). Most of the study area consists of limestone with

often extended semi-dry grasslands. The surrounding

matrix of these habitat islands is dominated by a patchwork

of woodland, improved grassland and arable fields. On the

whole, it is the largest area of calcareous grasslands in the

northern half of Germany (Fartmann 2004, 2006).

Patch occupancy

The distribution of insects is generally influenced by

landscape factors, such as patch isolation, altitude and

annual precipitation (e.g. Thomas et al. 1998; Willott and

Hassall 1998; WallisDeVries 2004), as well as microhab-

itat factors such as vegetation structure, microclimate and

land-use intensity (e.g. Gardiner and Dover 2008; Ponia-

towski and Fartmann 2008; Marini et al. 2009). For this

reason, the habitat was evaluated at the landscape level and

the microhabitat level:

Landscape level (patches)

Between mid-July and mid-August 2005 all known semi-dry

calcareous grasslands (Npatches = 68) having a mean size of

7.8 ha (range = 0.02–69.00 ha; SD = 12.90 ha) were sear-

ched at least once for M. brachyptera individuals (in the study
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area the species is restricted to this habitat type; Poniatowski

and Fartmann 2008). Whenever the species was not detected

during the first visit, a second survey was carried out a few

days later. All surveys were conducted under favourable

weather conditions ([15�C and sunny) between 1000 and

1600 hours (cf. Kindvall and Ahlén 1992; Berggren et al.

2002). Following Hermann (1999) the search was conducted

in a success-oriented manner, predominantly on those parts of

a patch that promised a high likelihood of finding the species.

As the high-frequency song of M. brachyptera is only

detectable within a couple of metres, the survey was supported

by an ultrasound detector (Berggren et al. 2001). A patch was

classified as occupied if at least one individual of M. brac-

hyptera was detected. Patches were regarded as discrete when

they were isolated from the nearest neighbouring patch by

over 50 m of woodland, improved grassland or arable fields

(Fartmann 2006). Isolation of the patches was measured as the

geometric mean of the next three populated patches (Eichel

and Fartmann 2008). Mean isolation of the patches was

2.4 km (range = 0.7–6.8 km; SD = 1.4). Also, for each of

the patches, altitude (mean = 241 m a.s.l.; range = 160–

480 m a.s.l.; SD = 65.9 m a.s.l.), mean annual precipitation

(mean = 707 mm; range = 625–975 mm; SD = 76.8 mm)

and mean annual temperature (mean = 8.1�C; range = 6.75

8.75�C; SD = 0.3�C) were ascertained using the climate atlas

of North Rhine-Westphalia (resolution precipitation: 50 mm;

resolution temperature: 0.5�C) (MURL NRW 1989; Table 1).

Microhabitat level (plots)

In order to characterise details of M. brachyptera habitat

choice, 26 occupied patches were selected. The patches

cover the whole study area (Upper Diemel Valley:

Npatches = 9; Middle Diemel Valley: Npatches = 7; Lower

Diemel Valley: Npatches = 10) and they were representative

for the calcareous grasslands in the Diemel Valley

(Poniatowski and Fartmann 2008). Depending on their

structural heterogeneity, 1–7 plots per patch were defined

(80 plots in total; 36 occupied; 44 unoccupied). Each plot

had a homogenous vegetation structure according to Sän-

ger (1977) and could be differentiated by its structural

composition from the other plots per patch. To avoid edge

effects (Schirmel et al. 2010) the size of the plot was at

least 500 m2 and the bush-cricket densities were recorded

in the centre of the plot (for bush-cricket sampling see next

sub-section). The measurement of environmental parame-

ters took place after the quantitative sampling of bush-

crickets in an undisturbed section of the plot. For each plot,

several environmental parameters, such as inclination,

vegetation height and density, were measured (Table 1);

for further details see Poniatowski and Fartmann (2008).

Additionally, land-use intensity per plot was ascertained

(Table 2), because management regimes frequently dif-

fered at the plot level. For this purpose landowners were

interviewed.

Fig. 1 Study area Diemel Valley in central Germany (inlay), its subareas and patch occupancy of Metrioptera brachyptera in the Diemel Valley

in 2005 (Npatches = 68)
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Bush-cricket sampling

Quantitative sampling (counts of bush-cricket densities)

took place once per plot between mid-July and mid-August

2005. Densities were recorded with a box quadrat (Ingrisch

and Köhler 1998; Gardiner et al. 2005), which, according

to Gardiner and Hill (2006), is the best sampling method to

ascertain bush-cricket abundance. The box quadrat had an

area of 0.5 m2 (0.71 9 0.71 m) with white gauze covered

sides of 0.8 m height. It was randomly dropped over the

vegetation at 40 different points per plot; i.e., in total an

area of 20 m2 was studied on each plot (e.g. Fartmann et al.

2008; Poniatowski and Fartmann 2008).

Statistical analysis

For non-parametic comparisons of two independent and not

normally distributed samples (Kolmogorov–Smirnov test),

Mann–Whitney U test (MWU) was used. Differences

between more than two variables were analysed using Krus-

kal–Wallis H (KW) test. Binomial generalized linear model

(GLM) was applied to assess which environmental parameters

possessed the highest explanatory power for the patch occu-

pancy of the species on the landscape level (patches). For the

analysis, only such environmental parameters were used that

were constant within a patch (e.g. altitude, annual precipita-

tion and patch isolation; Table 1). At the microhabitat level

(plots), parameters that affect bush-cricket densities within the

patches (e.g. inclination, litter layer and vegetation height;

Table 1) were analysed by generalized linear mixed-effects

model (GLMM: lmer, Bates et al. 2008). The variable patch

was set up as a random factor (Table 1). A quasi-Poisson error

structure was used to counteract over-dispersion. Non-sig-

nificant predictors were excluded from the final model by

stepwise backward-selection (P [ 0.05). The significance of

the predictor variables were assessed with likelihood ratio

tests (Type III test). To assess inter-correlation between pre-

dictor variables Principal Component Analysis (PCA) was

used (Table 1). Statistical analyses were performed using R-

2.9.0 (R Development Core Team 2009), Canoco 4.5 and

SPSS 11.5 statistical packages. For graphical analysis, we

used SigmaPlot 11.0.

Results

Patch occupancy (landscape level)

M. brachyptera is widespread in the study area. In 46

(68%) of 68 studied calcareous grassland patches the spe-

cies was present (Fig. 1). The Lower Diemel Valley is the

stronghold of M. brachyptera in the study area (18 of 20

Table 1 Overview of parameters examined for the regression

analyses

Parameter Factor levels

Landscape level (Npatches = 68)

Response variable

Patch occupancy 2a

Predictor variables

Altitude (m a.s.l.) Metric

Mean annual precipitation (mm)b Metric

Mean annual temperature (�C)b Metric

Patch size (ha) Metric

Isolation (km)c Metric

Microhabitat level (Nplots = 80)

Response variable

Bush-cricket density (individuals/20 m2) Metric

Predictor variables

Fixed effects

Aspect (�)d Metric

Inclination(�)* Metric

Potential daily sunshine duration (h)e Metric

Total vegetation (%) Metric

Field layer (%)** Metric

Litter layer (%) Metric

Cryptogams layer (%) Metric

Bare ground and stony surface (%)f Metric

Vegetation height (cm) Metric

Horizontal vegetation density (%)g Metric

Land-use type 3 h

Random effect

Patch 26

Parameters marked with asterisks were eliminated prior to analyses,

because they had a short vector and were strongly intercorrelated with

another parameter (Principal Component Analysis)

* Inclination was not used for GLMM, because it was highly inter-

correlated with sunshine duration (PCA analysis)

** Field layer was not used for GLMM, because it was highly

intercorrelated with total vegetation (PCA analysis)
a Presence = 1, absence = 0
bSource: climate atlas of North Rhine-Westphalia (MURL NRW 1989)
c Geometric mean of the next three populated patches (Eichel and

Fartmann 2008)
d Conversion of aspect by sine and cosine into ‘eastness’ and

‘northness’ (eastness = 0 and northness = 1 meaning 360�, east-

ness = 1 and northness = 0 meaning 90�)
e Measured with a horizontoscope after Tonne (1954) for June,

accuracy: � h
f The sum of bare ground and stony surface (gravel/stones/rocks) was

used in GLMM
g Measured within a frame of 30 cm depth and 50 cm width for different

layers in 0–5, 5–10, …, 25–30 cm height above ground (Poniatowski and

Fartmann 2008), the sum of all layers was used in GLMM
h Three categories were used in GLMM: absent/low land-use inten-

sity, moderate land-use intensity and high land-use intensity (Table 2)
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patches [90%] occupied). In contrast, M. brachyptera was

absent in many semi-dry grasslands in the Middle Diemel

Valley (18 of 36 patches [50%] occupied). Most of the

unoccupied patches were in an area with low precipitation

in the south of Warburg. The occupied patches were pre-

dominantly found at the edge of the Middle Diemel Valley

with higher precipitation. Although the number of

remaining semi-dry grasslands is markedly lower in the

Upper Diemel Valley than in the other two subareas,

M. brachyptera is nearly always present (10 of 12 patches

[83%] occupied).

At the landscape level (patches) patch occupancy was

positively correlated with patch size and mean annual

precipitation (Table 3). M. brachyptera prefers areas with

more than 650 mm annual precipitation. The smallest

occupied habitat patch was 0.05 ha (mean = 9.9 ha; SD =

14.9 ha). In contrast, altitude, patch isolation and mean

annual temperature did not contribute to the model.

Habitat quality (microhabitat level)

The habitats of M. brachyptera in the Diemel Valley are

characterised by an almost closed vegetation coverage

(median = 95%; Fig. 2), a medium high field layer (med-

ian = 15 cm; Fig. 3) and a dense vegetation up to 15 cm

height (Fig. 4). The percentage of bare ground and stony

surface is low (Fig. 2) and reaches 15% at most. Litter and

cryptogams, in contrast, cover up to 95% (median = 50 and

25%, respectively; Fig. 2).

Table 2 Management regimes of surveyed plots and those occupied by Metrioptera brachyptera in the Diemel Valley in 2005

Management regime Land-use

intensity

Surveyed plots (N = 80) Occupied plots (N = 36)

Absolute Proportion (%) Absolute Proportion (%)

No land use, grazing not every year or crossing of a flock of sheep Absent/low 31 39 23 64

Rough grazing or paddock grazing with sheep once or several times

per year, but with low intensity

Moderate 13 16 11 31

Intensive rough grazing several times per year or sheep paddock grazing

with mulching in late summer or autumn

High 36 45 2 6

The classification of land-use intensity is based on interviews with landowners

Table 3 Statistics of GLM (landscape level)

Estimate SE Z P

Precipitation 0.010249 0.004746 2.159 \0.05

Patch size 0.097743 0.051019 1.916 \0.01

Pseudo R2 [McFadden] = 0.14

Relationship between patch occupancy (binomial response variable:

presence [Npatches = 46] vs. absence [Npatches = 22]) and several

environmental parameters (predictor variables) (Table 1). Non-sig-

nificant predictors were excluded from the final model by stepwise

backward-selection (P [ 0.05)

Coverage (%)
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Bare ground/stony surface

Cryptogams layer
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Total vegetation
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unoccupied
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*

Fig. 2 Horizontal structure (coverage [%]) of calcareous grassland

plots occupied (N = 36) and unoccupied (N = 44) by Metrioptera
brachyptera. Box-plots show 10th and 90th percentile (whiskers),

25th and 75th percentile (boundary of the box), and median (thick
line); Mann–Whitney U test for significance (a = 0.05): * P \ 0.05,

** P \ 0.01, *** P \ 0.001
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Fig. 3 Height of field layer in calcareous grassland plots occupied

(N = 36) and unoccupied (N = 44) by Metrioptera brachyptera.

Open dots (outliers) (see also Fig. 2)
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Bush-cricket densities were highest on plots with mod-

erate land-use intensity (median = 3.0 adults/10 m2), but

on abandoned plots and plots that were sporadically grazed

(absent/low land-use intensity) maximum values were much

higher (maximum = 14.0 adults/10 m2; Fig. 5). Calcareous

grasslands with high land-use intensity were mostly avoided

(Table 2); single individuals of M. brachyptera were

detected only very rarely (Fig. 5).

At the microhabitat level (plots) the distribution pattern

of M. brachyptera is best explained by a combination of

land-use intensity as well as vegetation height and litter

coverage (Table 4); population density decreased with

land-use intensity and a high litter accumulation and

increased with vegetation height. All other environmental

parameters had no significant influence.

Discussion

The persistence of M. brachyptera in the fragmented land-

scape of our study area is determined by mean annual pre-

cipitation and patch size, but not by patch isolation. This is in

line with the assumption of Reinhardt and Köhler (2002)

according to which the majority of Orthoptera populations

are isolated and metapopulation aspects play a minor role.

However, there are several studies that found a correlation

between isolation and patch occupancy in Orthoptera species

(Appelt and Poethke 1997; Carlsson and Kindvall 2001);

even in flightless/less mobile species (Kindvall and Ahlén

1992; Hjermann and Ims 1996). Why then did we not find a

correlation? Most of these studies examined metapopulation

parameters without considering habitat quality, although

habitat quality is one of the three most important metapop-

ulation parameters (e.g. Thomas et al. 2001; Anthes et al.

2003; Eichel and Fartmann 2008). Nevertheless, we believe

that the observed patterns are still valid for Orthoptera, but—

in comparison to butterflies (cf. Maes et al. 2006)—on a

much smaller scale, particularly for flightless species (cf.

Kindvall and Ahlén 1992; Hjermann and Ims 1996).

It is undisputable that immigrants are beneficial for the

genetic diversity, and therewith the long-term survival of

isolated populations (Frankham et al. 2009). However, we

believe that M. brachyptera and probably many other orth-

opterans (cf. Köhler 1996) are able to persist in highly iso-

lated populations over a very long time without individual
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Fig. 4 Horizontal vegetation density in calcareous grassland plots

occupied (N = 36) and unoccupied (N = 44) by Metrioptera brac-
hyptera (see also Fig. 2)
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Fig. 5 Adult densities of Metrioptera brachyptera and land-use

intensity of all surveyed plots (N = 80). For classification of land-use

intensities see Table 2. Kruskal–Wallis H test: v2 = 40.144, df = 2,

P \ 0.001. Different symbols indicate significant differences at the

P \ 0.05 level (Mann–Whitney U test for significance, a = 0.05) (see

also Fig. 2)

Table 4 Statistics of GLMM (microhabitat level)

Estimate SE T P

Litter layer -0.0066537 0.0005079 -13.10 0.01586

Vegetation height 0.0462785 0.0023957 19.32 \0.001

Land-use intensity \0.0001

Low 4.0468756 0.1609240 25.15

Moderate 3.7552980 0.1603397 23.42

Pseudo R2 [McFadden] = 0.38

Relationship between bush-cricket density (response variable: quasi-

Poisson error structure) and several environmental parameters (pre-

dictor variables) (Table 1). Non-significant predictors were excluded

from the final model by stepwise backward-selection (P [ 0.05)
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exchanges; given that the habitat requirements of the species

are continuously fulfilled. One example are the degenerated

bogs with M. brachyptera populations in the Münsterland

(North-West Germany), which lie in an intensively used

agricultural landscape and have been isolated for more than

100 years (Bömer 1893). M. brachyptera populations in

these habitat islands have been known for more than 60 years

(Röber 1951) and they still exist (Poniatowski, unpublished

data). Indeed, there is a long-winged (macropterous) form of

M. brachyptera, which is probably able to fly, but these

individuals are quite rare. In the Netherlands for instance,

only three long-winged individuals of M. brachyptera have

been found yet (Kleukers et al. 2004).

M. brachyptera is a sedentary species (Kleinert 1992)

and movement of (flightless) bush-crickets is generally

very limited. Most of them move only a few metres per

day; especially when they are moving in their preferred

habitat (Kindvall and Ahlén 1992; Hein et al. 2003; Die-

kötter et al. 2005, 2007). For example, most of the 440

studied Metrioptera bicolor individuals moved less than

1 m per day and the maximum daily movement distance

was a mere 40 m (Kindvall 1999). It might be argued that

the movement ratio is higher in an unsuitable matrix, but

one must keep in mind, that many animals—such as

M. bicolor (Kindvall and Ahlén 1992)—are unwilling to

leave their native habitat patches (Stamps et al. 1987). This

is probably the case for the habitat specialist M. brachyp-

tera. The species is restricted to semi-dry grasslands in the

Diemel Valley (Poniatowski and Fartmann 2008), and we

never observed any individual outside the native habitat.

Taking this into account, an exchange of individuals

between (sub) populations seems to be impossible for

flightless and sedentary Orthoptera species in highly frag-

mented landscapes like the Diemel Valley (mean of the

next suitable habitat patch: 2.4 km). This is in line with the

findings of Wettstein and Schmid (1999), who found no

effect of habitat fragmentation on Orthoptera persistence.

According to their study, Orthoptera species’ richness was,

beside altitude, only influenced by habitat quality.

In the case of M. brachyptera habitat quality is deter-

mined by a medium high field layer. Additionally, a

moderate litter and cryptogam (i.e. moss) coverage seems

to be important. In combination with sufficient precipita-

tion, these structures lead to a mesic microclimate near the

soil surface (Fartmann 2004, 2006), which is necessary for

successful embryonic development (cf. Ingrisch 1979).

Conservation

Harrison and Bruna (1999) stressed that many scientists

and conservationists deal with fashionable terms like

metapopulation and corridor but ignore the loss of habitat

quality within habitat fragments. Following the findings of

our study for the conservation of flightless and sedentary

Orthoptera species as well as many other immobile insects,

it would be more appropriate to improve habitat quality

within patches than to establish a better connectivity

between patches (cf. Reinhardt and Köhler 2002). Of

course, a better connectivity between patches would be

desirable, too. However, for sedentary habitat specialists

this is often not practicable, because they need well con-

nected stepping stones or even real corridors with a suitable

vegetation structure. Hence, conservation of flightless and

sedentary species should primary focus on improving

habitat quality.

In general, larger patches are of higher interest, as they

provide a connection to metapopulation theory. The bigger

the patch, the higher the habitat heterogeneity should be,

and thus the likelihood of having parts with high habitat

quality increases (cf. Thomas et al. 2001; Schouten et al.

2007). Especially due to climate change, spatial heteroge-

neity of patches becomes important elsewhere: habitat

heterogeneity can act as a climatic buffer and can reduce

the risk of population extinction (Kindvall 1996; Berggren

et al. 2001; Fartmann 2006).

The semi-dry calcareous grasslands of the Diemel Valley

are protected by the EU Habitats Directive and are of spe-

cial relevance for the persistence of M. brachyptera. In

almost 70% of the studied calcareous grassland patches the

habitat specialist occurred. As a chortobiont species the

densities of M. brachyptera are highest on abandoned pat-

ches (Fig. 5). However, this is only the case if the coverage

of litter is moderate. As with other Orthoptera species a

consecutive litter accumulation is adverse for M. brachyp-

tera because sooner or later it leads to a cooler microclimate

and, consequently, lower densities (Fartmann and Mattes

1997). Therefore, the range of densities in abandoned and

sporadically used patches is very wide. As an optimal land

use we recommend the traditional rough grazing with

sheep, which creates a heterogeneous habitat structure and

avoids the accumulation of too much litter (Fartmann and

Mattes 1997). This type of land use is not only beneficial for

M. brachyptera but also for a large number of other

stenotopic species breeding in calcareous grassland such as

Hamearis lucina (Fartmann 2006; Anthes et al. 2008) and

Melitaea aurelia (Eichel and Fartmann 2008).
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rierte Hochheiden in mikroklimatisch günstiger Lage—Leb-
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