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Biodiversity loss  

 

Biodiversity faces a multiplicity of threats caused by human-induced changes in the 

environment. Main drivers for biodiversity loss in terrestrial ecosystems are changes in 

land use, climate change, enhanced nitrogen deposition, biotic exchange (invasive 

species) and enhanced atmospheric CO2 (Sala et al. 2000). The impact of each driver 

varies among different regions of the world and among different ecosystems (Petit et 

al. 2000; Sala et al. 2000). In Europe, land use changes including agricultural 

intensification, abandonment, and afforestation are regarded as key drivers of the 

biodiversity crisis (Petit et al. 2000).  

To counteract biodiversity loss, a basic step is the assessment of the various threats on 

ecosystems, plants or different animal taxa (e.g. Burel et al. 2004; Giama et al. 2010; 

Morris 2010). In this context it is important to select suitable model organisms for 

analyses of biodiversity dynamics (see below; Kremen et al. 1993). Only if responses 

of biota to these drivers are understood and causes of biodiversity loss are identified, 

applicable implications for conservation or restoration of habitats and their 

biodiversity can be addressed (Lee and Jetz 2008; Speight et al. 2008). This is 

especially true for ecosystems of high community and conservation interest such as 

habitats protected by the European Habitats Directive (EC Habitats Directive 

92/43/EEC).  

 

 

Heathlands and threatening impacts 

 

Dry, nutrient-poor open habitats often harbor a high biodiversity, in particular of 

invertebrates (Riksen et al. 2006; van Swaay 2002; Webb 1998). Anthropo-zoogenic 

inland and coastal heathlands belong to such ecosystems and are regarded as important 

ecosystems for the conservation of biodiversity (Webb 1998). They contain (priority) 

habitats of special conservation interest (EU Habitats Directive) such as lichen-rich 

grey dunes (2130*) and dry heaths with the dwarf-shrubs Calluna vulgaris and 

Emptrum nigrum (2140*, 2150*, 4030) (Ssymank et al. 1998). 

In former times, this cultural landscape developed in large areas throughout the 

Atlantic biogeographic region of Europe mainly on dry, acidic, and nutrient-poor soils 

(Gimingham 1972). Mainly due to land use changes, heathlands are today restricted to 

small and fragmented areas (Rose et al. 2000; Webb 1998). Presence and quality of 

this man-made habitat strongly depend on traditional land use practices. In north-west 

Europe these were mainly sheep grazing, sod-cutting (also known as turf cutting or 

plaggen), and burning (Webb 1998). By such land use forms, nutrients were 
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continuously removed, and natural succession towards a vegetation dominated by 

shrubs or trees was arrested (Britton et al. 2001; Gimingham 1972; Webb 1998).  

Increasing amounts of atmospheric nitrogen deposition present an additional threat to 

nutrient-poor heathland ecosystems (Heil and Diemont 1983). During the last decades 

this heathland eutrophication caused enhanced encroachment of grasses and a decline 

of specialized species (Britton et al. 2001; Littlewood et al. 2006; Heil and Diemont 

1983; Marrs 1993; Roem et al. 2002). Thereby even low nitrogen inputs can induce 

grass encroachment in dry heathlands and dune ecosystem (Remke et al. 2009a, 

2009b). Both, the abandonment of traditional land use and eutrophication, enhance 

successional processes including negative effects such as accumulation of soil organic 

matter, decreasing biodiversity and the loss of a typical heathland fauna (Irmler 2004; 

Marrs and Le Duc 2000; Roem and Berendse 2000).  

Within heathlands open and sparsely vegetated acidic dunes (grey dunes) present 

particularly important habitats for many thermo- and xerophilous invertebrates (e.g. 

Maes et al. 2006; Maes and Bonte 2006; Riksen et al. 2006) and may be regarded as a 

keystone structure (Tews et al. 2004). Apart from land use changes and eutrophication, 

grey dunes are threatened by the invasion of the exotic moss Campylopus introflexus 

which is able to alter habitat conditions by building dense and extensive carpets (Hasse 

2007; Ketner-Oostra and Sýkora 2004). 

 

 

Coastal heathlands on the Baltic island of Hiddensee 

 

All research was conducted in coastal heathlands on the Baltic island of Hiddensee 

(54°32’N, 13°5’E), north-east Germany. Exception was one methodological study 

(Chapter 10) which was carried out near Münster (51°59’N, 7°40’E), North Rhine-

Westphalia, in cooperation with the Institute of Landscape Ecology of the University 

of Münster. Hiddensee belongs to the Baltic ecoregion (Olsen et al. 2004) with a mean 

annual temperature of 7.5°C and annual mean precipitation of 547 mm (Reinhard 

1962). Compared to the adjacent mainland, the climate is drier, especially during the 

growing season (Kliewe 1951). The north-south extent of the island is about 19 km 

with a maximum width of about 3 km (total area: approx. 16 km²). Hiddensee is 

divided into a Pleistocene hilly part in the north (up to 72.5 m a.s.l.) and an adjacent 

plain in the south, which evolved from Holocene sandy deposits (Möbus 2000). The 

island is part of the national park ‘Vorpommersche Boddenlandschaft’. 

An anthropo-zoogenic coastal heathland is situated in the centre of the island which 

belongs to the largest heathlands in the Baltic Sea region with a total area of about 200 

ha (Fig. 1; Blindow pers. comm.). The vegetation on the acidic, nutrient-poor and 

sandy soils (Bauer 1972) is dominated by a mosaic of different dune and heath 
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vegetation types and feature characteristics of both natural coastal heathlands (as seral 

stages of dune succession) and of man-made inland heathlands. Dwarf-shrub stands 

are characterized by Calluna vulgaris and Empetrum nigrum and, to a lower extent, 

Erica tetralix and Salix repens. Acidic coastal dunes (‘grey dunes’) are dominated by 

Corynephorus canescens, Carex arenaria, and cryptogams. Scattered grassy heath 

stands occur in the heathland, where dwarf shrubs are partly displaced by tall 

graminoids, especially by C. arenaria. This species is usually a pioneer plant of grey 

dunes along the Baltic Sea (Remke et al. 2009b), but it can build up very dense and 

high stands within heathland vegetation. In some parts of the heathland the dwarf-

shrub vegetation is encroached by shrubs (mainly Betula pendula, B. pubescens or 

Prunus serotina), or even replaced by a young birch forest. 

The heathland was traditionally used as grazing ground for domestic animals and as 

source for fuel and building material. This land use ceased totally, however, after the 

Second World War (Umweltministerium Mecklenburg-Vorpommern 2003). Today, 

the heathland is preserved as open landscape by several conservation measures. 

Manual shrub clearing has been applied sporadically since 1978 (Umweltministerium 

Mecklenburg-Vorpommern 2003) and regularly since 2000 (Blindow pers. comm.). In 

2004 sheep grazing was reintroduced with up to 550 individuals, which are herd by a 

shepherd. Some parts of the heathland were recently treated by modern mechanical 

techniques like sod-cutting, choppering and mowing.  

 

 
 
Fig. 1   Location of the island of Hiddensee at the Baltic Sea coast in Germany (left) and impression of 
the coastal heathland. 
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Why analyzing arthropods? 

 

Arthropods present the dominant faunal component of terrestrial habitats. They are 

diverse, abundant and occupy a wide range of habitats and microhabitats (Kremen et 

al. 1993). Arthropods exhibit a vast multiplicity of functional traits such as differences 

in body size, dispersal power or feeding behavior (Kremen et al. 1993; Speight et al. 

2008). They occur in a broad variety of ecological niches and take important 

functional roles in ecosystems processes (Dunn 2005; Kremen et al. 1993). They are 

primary, secondary or even tertiary consumers or decomposers, and some were 

regarded to play key ecological roles (‘ecosystem engineers’) (Speight et al. 2008). In 

addition, many arthropod groups are sensitive to environmental changes such as 

anthropogenic disturbances or management activities (Kremen et al. 1993). 

Arthropods often respond on a small-scale level to microenvironmental gradients (e.g. 

temperature) and react quickly to habitat changes due to their short generation times 

(Kremen et al. 1993). Because of all these features, arthropods are very useful 

indicators to shifts in ecosystem conditions (Kremen et al. 1993).  

Insects (or more generally arthropods) are expected to contribute most to species 

extinctions in the near future (Dunn 2005). Because of the high importance of this 

group in ecological processes (see above), “losses of ecosystem function due to the 

losses of insect species will arguably be potentially great” (Dunn 2005). 

In my thesis I concentrate on three groups which all are known to be useful indicators: 

Orthoptera, carabid beetles (Coleoptera: Carabidae) and spiders (Araneae). Orthoptera 

(Ensifera and Caelifera) occur in a wide variety of open terrestrial ecosystems. They 

have an important position in food webs of open ecosystems where they often are both 

the main invertebrate consumers and food source (Curry 1994; Samways 1997). Due 

to their high sensitivity to environmental changes like grazing, mowing, and 

abandonment they are highly indicative for grassland characteristics (Báldi and 

Kisbenedek 1997; Samways 1997). The ground-dwelling arthropods carabid beetles 

and spiders are suitable taxa to indicate a broad range of shifts in terrestrial ecosystem 

conditions (carabids: Dauber et al. 2005; Lövei et al. 2006; spiders: Horvath et al. 

2009; Hsieh 2003). Both taxa are diverse and rich in individuals and include several 

stenotopic and specialized species also in heathland ecosystems (Buchholz 2010; 

Usher 1992). Like for Orthoptera, the ecology of carabid beetles and spiders is rather 

well-known (Entling et al. 2007; Ingrisch and Köhler 1998; Irmler and Gürlich 2004; 

Lövei and Sunderland 1996; Turin 2000).  

The use of different taxonomic groups as indicators can give a more complex view on 

the status of biodiversity and on responses to pressures on diversity within a certain 

habitat. This is especially important for conservation, as the analysis of one single 
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species or taxonomic group might result in contradictory implications for management 

than an analysis combining several taxa (Kremen et al. 1993; Maes and Bonte 2006).  

 

 

Outline of the thesis 

 

The thesis aims to analyze the impacts of the most threatening drivers of heathland 

biodiversity loss, namely land use changes (succession), nitrogen deposition (grass 

encroachment) and biotic exchange (invasive moss species) on the selected indicator 

arthropod groups. The main questions are: 

 

(i) Driver ‘land use change’, expressed as succession following the abandonment of 

traditional land use:  

How do successional processes affect diversity and abundance patterns (species and 

individual richness, functional groups, life-history traits, functional diversity)? How 

does species composition respond to succession? Which environmental parameters are 

responsible for shifts in species diversity and composition?  

 (ii) Driver ‘nitrogen deposition’, expressed as grass encroachment: 

Which impact does grass encroachment has on diversity and abundance patterns? Is 

species composition affected? 

 (iii) Driver ‘biotic exchange’ (biological invasions), expressed as the invasion by the 

moss Campylopus introflexus:  

Are species richness and abundance in grey dunes reduced by invading C. introflexus? 

Which species are affected and does species composition change? 

(iv) Which habitats within the coastal heathland ecosystem are of special 

conservation interest regarding specialized and endangered species? Which role do 

habitat mosaics play? 

(v) Based on the multi-level and -species approach: What can be concluded for the 

conservation of coastal heathlands? 

 

As the impacts in question affect different spatial scales and might vary across 

taxonomic groups, a multi-level and -species approach was conducted (Table 1). The 

impacts of succession and grass encroachment were analyzed at the largest scale. 

Therefore the five main stages along the coastal heathland successional gradient 

ranging from grey dunes to birch forest were investigated (Chapter 2, 3, and 4). 
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First results indicated a high value of open and young successional stages for several 

endangered and specialized species. Thus the importance of the mosaic patterns in 

grey dunes and dwarf-shrubs was investigated in a case study on Orthoptera  

(Chapter 5). Especially the youngest successional stage (grey dunes) presents a 

keystone habitat within the costal heathland ecosystem. Grey dunes in turn are 

threatened by the invasive moss species Campylopus introflexus. The impact of this 

species on carabid beetles, spiders and Orthoptera was explored on the smallest scale 

(Chapter 6 and 7). Different development stages of grey dunes are important 

oviposition sites for several xerothermic Orthoptera species. This was analyzed in a 

combined study including a field survey and a labor experiment on nature-

conservation target species (Chapter 8). 

Reliable field data are the basis for all findings, analysis and argumentation. Before 

starting a field study, the choice of an adequate sampling design and sampling method 

is essential. In studies of ground-dwelling arthropods such as carabid beetles or spiders 

pitfall trapping is the most frequently used sampling method (e.g. Lövei and 

Sunderland 1996). However, pitfall capture efficiency is influenced by several factors 

(e.g. Brennan et al. 1999; Jud and Schmidt-Entling 2008). The value and accuracy of 

pitfall traps for detecting Orthoptera species and abundances are poorly understood 

(Gardiner et al. 2005; Harvey and Gardiner 2006). Chapter 9 demonstrates in which 

habitats pitfall trapping might be a useful sampling method. In Chapter 10 the impact 

of different sampling intervals (‘digging-in effect’) was analyzed for a broad spectrum 

of arthropods usually captured in pitfalls traps. 

 

 

Contributions to articles with several authors 

 

All studies were planned and designed by the author of the thesis. He also analysed the 

data material (one exception, see below) and wrote each of the papers. In Chapter 2, 5 

and 9, the author sampled and determined the Orthoptera and collected all 

environmental data. In Chapter 3 and 4, the author did all field work except the 

vegetation sampling and determined the carabid beetles; spiders were determined by 

Dr. Sascha Buchholz (Berlin) who also analysed part of the data material in Chapter 4. 

In Chapter 6, the author and Lars Timler (Berlin) determined the carabid beetles, while 

spiders were determined by Lars Timler and Sascha Buchholz. In Chapter 8, field 

work was done by Yvonne Wünsch, the laboratory experiment was conducted by 

Yvonne Wünsch and the author. In Chapter 10, the field work was done by Sarah 

Lenze and Daniel Katzmann. In Chapter 2, 3, and 4 vegetation was sampled by Dr. 

Jasmin Mantilla-Contreras. 
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Eutrophication can lead to grass encroachment in heathlands. On the Baltic island of 

Hiddensee the sedge Carex arenaria can build high and dense stands where dwarf-shrubs 

are displaced (left). Without traditional land use such as sheep grazing or sod-cutting 

heathland vegetation undergoes succession towards shrub and tree dominated vegetation 

(right). Photos: Jens Schirmel.  
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Abstract For the conservation of biodiversity, heathlands

present important ecosystems throughout Europe. The for-

merly widespread habitats are nowadays restricted to small

and isolated remnants. Without land use heathland vegeta-

tion undergoes succession and, in addition, the increasing

amount of atmospheric nitrogen deposition has resulted in an

encroachment of grasses. In the present study we analysed

the effects of succession and grass encroachment on

Orthoptera in a coastal heathland on the Baltic island of

Hiddensee, Germany. Vegetation, microclimate, soil

humidity and Orthoptera were sampled in the five main

stages of heathland succession, namely grey dunes, dwarf-

shrub heath, grassy heath, heath with shrubs, and birch forest.

Vegetation and environmental parameters showed strong

differences among the successional stages. Orthoptera spe-

cies richness was highest in transitional stages. The high

proportion of grasses offer favourable habitat conditions for

graminivorous, chorto- and thamnobiont species. Orthoptera

density was highest in grey dunes. Threatened and specia-

lised species were restricted to the young stages grey dunes

and dwarf-shrub heath. Hence, in order to maintain a high

diversity of Orthoptera in heathlands, maintaining different

successional stages is of critical importance and this should

be integrated into heathland management practices.

Keywords Biodiversity � Calluna heath � Eutrophication �
Global change � Microclimate � Vegetation structure

Introduction

European heathlands are important ecosystems for the

conservation of biodiversity (Webb 1998) and thus pro-

tected by the EU Habitats Directive (Ssymank et al. 1998).

Due to intensification of land use and afforestation these

formerly widespread habitats are today restricted to small

and isolated remnants (Rose et al. 2000; Webb 1998). As a

man-made habitat the presence and quality of heathlands

strongly depend on traditional land uses like sheep grazing,

sod cutting and burning. Without land use or management,

the depletion of nutrients is inhibited and heathland vege-

tation undergoes succession towards shrub or tree domi-

nated vegetation (Britton et al. 2001; Gimingham 1972;

Webb 1998). In addition, the increasing amount of atmo-

spheric nitrogen deposition during the last decades resulted

in an eutrophication of nutrient-poor heathland ecosystems

(Heil and Diemont 1983; Remke et al. 2009a), causing

encroachment of grasses like Deschampsia flexuosa and

Molinia caerulea (Britton et al. 2001; Marrs 1993; Roem

et al. 2002). As shown for heathlands and dune ecosystems

in the Baltic Sea region, even low nitrogen inputs can led to

such grass encroachment, especially of Carex arenaria

(Remke 2003; Remke et al. 2009a, b).
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The responses of open terrestrial ecosystems to succes-

sional processes have been studied for several invertebrate

groups indicating both positive (butterflies: Balmer and

Erhardt 2000) and negative effects on diversity (Orthop-

tera: Köhler and Kopetz 1993; Marini et al. 2009). While

most studies concentrate on grassland ecosystems (e.g.

Balmer and Erhardt 2000; Baur et al. 2006; Kruess and

Tscharntke 2002a, b; Marini et al. 2009; Öckinger et al.

2006; Skórka et al. 2007), the knowledge of successional

effects on insects in heathlands is rare. Moreover, effects of

eutrophication on arthropods have poorly been analyzed in

general (Cuesta et al. 2008; Sjursen et al. 2005) and par-

ticularly the impact of grass encroachment in heathland

ecosystems is hardly known.

Orthoptera are highly sensitive to environmental chan-

ges like grazing, mowing and abandonment (Báldi and

Kisbenedek 1997; Fartmann and Mattes 1997; Samways

1997). They have an important position in food webs of

open ecosystems where they often are both the main

invertebrate consumers (Curry 1994) and food source

(Samways 1997).

The present study investigates the effects of succession

and grass encroachment, as the main recent threats to

heathland ecosystems, on Orthoptera in a coastal heath at

the Baltic Sea island of Hiddensee, Germany. The study

aims to assess changes in Orthoptera species richness and

assemblage structure along a successional gradient. In

addition, we try to determine the impact of the potential

drivers (microclimate, vegetation, soil humidity) of these

changes. Based on our results, we give recommendations

for the management of heathland ecosystemes. The fol-

lowing questions are addressed: (1) How do the succes-

sional stages differ in their abiotic conditions and

vegetation composition? (2) Do Orthoptera species rich-

ness and density differ along the successional gradient, and

how does the Orthoptera composition change? (3) Which

are the most important drivers for the shifts in Orthoptera

composition?

Materials and methods

Study site

The study was conducted in a coastal heathland on the

Baltic island of Hiddensee (54�320N, 13�50E) in north-

eastern Germany in spring/summer 2008. Mean annual

temperature in this region is 7.5�C and mean annual pre-

cipitation is 547 mm (Reinhard 1962).

We chose an area of approx. 2.5 km2 in the centre of the

island were the five main stages of heathland succession

could be found. The number of replicates per stage corre-

sponded approximately to their respective area fraction in

the study area. In total, 31 plots were established with a

size of 500 m2 each and a homogeneous vegetation struc-

ture (for the representing stage type). The following suc-

cessional stages were studied: (1) open and sparsely

vegetated grey dunes (GD) dominated by Corynephorus

canescens, Carex arenaria and cryptogams (N = 6). (2)

the main (dominant) vegetation type, dwarf-shrub heath

(DH) with dominance of Calluna vulgaris, Empetrum

nigrum, Salix repens and Erica tetralix as less frequent

species (N = 10). (3) Grassy heath (HG; N = 7), where

heather species are regularly displaced by tall graminoids,

especially by C. arenaria. This species, usually a pioneer

plant of acidic coastal dunes at the Baltic Sea (Remke et al.

2009b), can build up very dense and high ([1 m) stands

within heathland vegetation (Fig. 1; Remke 2003; own

observations). In the following, we therefore distinguish

between ‘‘tall C. arenaria’’ as the eutrophic form occuring

Fig. 1 Typical stands of a dwarf-shrub heath and b heath encroached by tall Carex arenaria within the study area of the coastal heath on the

Baltic isle of Hiddensee, Germany
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in grassy heath (HG) and ‘‘small C. arenaria’’ as the typical

pioneer form occuring in grey dunes (GD). (4) Unmanaged

heath encroached by shrubs like Betula pendula, B. pu-

bescens or Prunus serotina (HS; N = 4). (5) Young birch

forest (BF), which had developed due to the lack of land

use during the last 30–40 years (N = 4).

Vegetation

Vegetation was sampled three times during May and

August 2008 in all plots. In each plot, two sub-plots were

established with a specific size depending on the vegetation

type: 25 m2 in grey dunes (GD) and dwarf-shrub heath

(DH), 50 m2 in grassy heath (HG) and heath with shrubs

(HS) and 100 m2 in birch forest (BF). In each sub-plot, we

recorded cover of total vegetation (CTV), trees (CTR),

shrubs (CSH), grasses (CGR), tall C. arenaria (CTC),

small C. arenaria (CSC), cryptogams (CCR) and bare soil

(CBS). Species cover was estimated according to the scale

of Londo (1976, 1984). Density of field layer was esti-

mated in % for the vegetation heights 0–10, 10–20, 20–30,

30–40, and 40–50 cm (Sundermeier 1998) and summed up

for further analyses (DFL). Height of field layer (HFL) was

measured in cm.

Microclimate and soil moisture

Microclimate (air temperature and air humidity) was

recorded from June to October 2008 with micro-weather

stations consisting of an air temperature and a capacitive

air humidity sensor (DS 1923, Maxim/Dallas, USA)

equipped with a self-constructed radiation shield (Leusch-

ner and Lendzion 2009). One micro-weather station was

installed in the centre of each plot at middle height of the

field layer. Air temperature (ATE) and air humidity (AHU)

were measured and recorded hourly. For statistical analy-

sis, mean values of only the daylight period (8:00–18:00 h)

were used excluding incompletely measured days (24–25

June, 05–06 August, 25–26 September 2008).

Soil moisture (SHU) was determined gravimetrically at

different intervals between July and September 2008. On

each occasion and plot, three soil samples were taken at

depths of 5 cm and combined to one sample.

Orthoptera survey

Orthoptera assemblages and relative abundances were

estimated by using a transect method. Transect counts

belong to the most commonly used sampling methods for

Orthoptera (Gardiner et al. 2005), and the adopted method

was more feasible in the stiff dwarf-shrub vegetation in

comparison to sweep-netting or the use of a box quadrat.

All study plots were paced off in loops, and within a band

of 1 m all optically and acoustically observed Orthoptera

were counted (total observed area per plot: 70 m2). Indi-

viduals which could not be determined by observation were

caught (by sweep net or hand) and released after determi-

nation in the field. The loops had a distance of about 5 m to

each other to minimize double counting. Surveys were

conducted at three dates during main activity period of

adult Orthoptera between the end of July and the end of

August under favorable weather conditions (warm, sunny

and calm days) between 10:00 and 17:00 h (CET ? 1).

Prior to starting transect counts all plots were visited at

least two times (beginning of July and mid-July) for a

qualitative survey in order to detect the species spectrum of

each plot. Species were determined according to Bellmann

(2006), and the scientific nomenclature followed Coray and

Lehmann (1998).

Data analyses

Orthoptera species were classified into the life-forms geo-

bionts (Oedipoda caerulescens, Myrmeleotettix maculatus,

Tetrix undulata), geo-chortobionts (Chorthippus biguttu-

lus, Platycleis albopunctata, Decticus verrucivorus),

chortobionts (Omocestus viridulus, Chrysochraon dispar,

Conocephalus dorsalis, Metrioptera roeselii, Chorthippus

albomarginatus) and thamnobionts (Pholidoptera gris-

eoaptera, Tettigonia viridissima) according to Racz (1998),

Nagy et al. (2007) and Schirmel et al. (2010a). Geobiont

species live in open and sparsely vegetated habitats,

chortobiont species mainly occur in grassy vegetation

(‘‘grass-dwelling’’) and thamnobiont species prefer dense

stands of grasses or live in the canopy. Geo-chortobionts

are a transitional type between geo- and chortobionts (Racz

1998). Classification of threatend species follows Wranik

et al. (2008).

Differences in vegetation parameters, abiotic parame-

ters, Orthoptera species richness and density (individuals

per 10 m2) among successional stages were tested using

one-way ANOVA followed by Scheffé post-hoc tests with

the software package SPSS 11.5.

For ordination of vegetation data a nonmetric multidi-

mensional scaling (NMDS) was used (VEGAN, Oksanen

et al. 2008; MASS, Venables and Ripley 2008; software

package R 2.9.2). We used the Euclidean distance as dis-

tance measure with a maximum number of 100 random

starts in search for stable solutions.

In order to analyse the relationship between Orthoptera

species abundance and environmental variables a Canonical

Correspondence Analysis (CCA) was conducted, as a prior

conducted Detrended Correspondence Analysis (DCA)

revelaed a gradient length of [4 SD (Leyer and Wesche

2007). Environmental and species data were log transformed

[y0 = log (y ? 1)] and rare Orthoptera species
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downweighted. Only significant variables (Monte Carrlo

permutation test with 499 unrestricted permutations at

P \ 0.05) were stepwise included in the model. In addition

to the CCA we also conduct the unconstrained Correspon-

dence Analysis (CA) in order to compare the explained

variation in our species data, disregarding the environmental

variables, with that from the constrained ordination (related

to the environmantal factors; Lepš and Šmilauer 2003). CCA

and CA ordination were done using Canoco 4.5.

Poisson generalized linear models (GLM) were used for

testing relations between species or life-form abundance

data, respectively, and environmental data. As overdis-

persion was detected, we corrected standard errors using

quasi-GLM models (Zuur et al. 2009). F-statistics were

assessed using an Analysis of Deviance (Zuur et al. 2009).

For measuring the goodness of fit for each model the

residual deviance by calculating the pseudo R2 was used

(Dobson 2002). To eliminate multicollinearity, prior to

CCA and CA ordination and GLM analyses bivariate

correlation analyses of environmental variables using

Spearman’s rank correlation coefficient were performed. In

case of high intercorrelation (q[ 0.7) among variables,

one of them was excluded from analysis (Fielding and

Haworth 1995). Variables finally included in the models

were CTV, CGR, CTC, CBS, DFL, ATE, and SHU (for

abbreviations see Table 1 and text above).

Results

Vegetation

NMDS ordination (stress: 6.37, two dimensions) showed a

clear separation among the five successional types (Fig. 2).

Vegetation parameters differed substantially among

successional stages (Table 1). Cover of total vegetation as

well as height and density of field layer strongly increased

from grey dunes to birch forests. Cover of grasses was

highest in grassy heath and in birch forest plots reaching

values around 80% followed by heath with shrubs and grey

dunes were values between 44 and 39% were recorded. By

far poorest in grasses was the dwarf-shrub heath with only

about 1% cover. Tall Carex arenaria reached the highest

densities in grassy heath with around 74% followed by

heath with shrubs (27%). In contrast, small C. arenaria

exclusively occurred in grey dunes with cover values

around 20%. Cryptogams had highest cover in dwarf-shrub

heath (66%) and grey dunes (60%) and lowest (19%) in

grassy heath. Cover of bare soil reached high values only

in grey dunes (14%), while shrubs exclusively occurred in

heath with shrubs (51%) and birch forests (26%). Trees

only occurred in the birch forest (cover of 70%).

Microclimate and soil moisture

The five successional stages showed significant differences

in microclimate and soil moisture (for all parameters one-

way ANOVA: P \ 0.001; Fig. 3). Mean daytime air tem-

perature in the middle of the field layer was highest

(23.1�C) in grey dunes. High mean temperatures also

occurred in grassy heath and dwarf-shrub heath (both

22.4�C). Significantly lower temperature values were

recorded in heath with shrubs (20.3�C) and birch forest

(19.2�C). Mean daytime air humidity was lowest in grey

dunes with values around 62% and highest in heath with

shrubs (78%) and birch forest (77%). The lowest soil

humidity (water content in % of the upper 5 cm) was

recorded in grey dunes with values of 2.3%. The highest

soil moisture was found in grassy heath (39%) and heath

with shrubs (37%).

Table 1 Mean values (± SE) of vegetation parameters in the five succession stages

Abbr GD DH HG HS BF F P

Cover [%]

Total vegetation CTV 59.8 ± 1.3a 88.9 ± 1.4b 95.3 ± 1.3c 94.3 ± 1.7b, c 96.3 ± 1.0c 102.3 \ 0.001

Trees CTR 0a 0a 0a 0a 70.0 ± 2.1b 2,133.8 \ 0.001

Shrubs CSH 0a 0a 0a 51.0 ± 2.2b 26.0 ± 3.0c 145.5 \ 0.001

Grasses CGR 39.3 ± 1.9a 1.3 ± 0.2b 80.3 ± 2.6c 43.8 ± 2.4a 80.0 ± 2.0c 410.1 \ 0.001

Tall C. arenaria CTC 0a 2.4 ± 0.7a 73.6 ± 3.6b 26.8 ± 7.1a 7.0 ± 2.4a 403.2 \ 0.001

Small C. arenaria CSC 19.8 ± 1.3a 0b 0b 0b 0b 17.1 \ 0.001

Cryptogams CCR 59.3 ± 3.0a 66.3 ± 1.3a 19.3 ± 1.2b 21.0 ± 1.5b 37.0 ± 2.5c 95.6 \ 0.001

Bare soil CBS 13.5 ± 3.0a 1.0 ± 0.6b 0b 0b 0.8 ± 0.8b 94.4 \ 0.001

Height of field layer [cm] HFL 26.5 ± 1.1a 57.3 ± 1.7b 70.0 ± 2.2c 94.3 ± 8.6b, c, d 112.5 ± 3.2d 136.3 \ 0.001

Density1 of field layer DFL 91.8 ± 5.2a 297.3 ± 10.4b 349.4 ± 14.9b, c 330.8 ± 8.2b 395.5 ± 8.3c 264.2 \ 0.001

For abbreviation of successional stages, see Fig. 2. Different letters indicate significant differences (Scheffé post-hoc test at P \ 0.05)
1 Sum of mean densities (%) in five different heights of the field layer (0–10, 10–20, 20–30, 30–40, 40–50 cm; maximum = 500%)
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Orthoptera

Capture statistics

In the 31 plots we caught a total of 1,639 Orthoptera

individuals belonging to 13 species, seven Caelifera and six

Ensifera. Most abundant were the Acrididae Myr-

meleotettix maculatus (n = 659), Chorthippus biguttulus

(n = 350) and Omocestus viridulus (n = 313), which

together comprised 81% of all Orthoptera catches. Three

species were rare (Tettigonia viridissima, Tetrix undulata

and Oedipoda caerulescens) and made up less than 1.3%.

Most widespread were C. biguttulus occurring in 24

(fidelity 77%), M. maculatus in 20 (65%) and Decticus

verrucivorus in 19 (61%) of the plots. Species numbers per

plot ranged from zero (one plot in birch forest) to eight

(two plots in grassy heath).

Species richness and densities

Orthoptera species richness differed significantly among

successional stages (F = 22.126, P \ 0.001). Grassy heath

had the highest number of species followed by heath with

shrubs, while birch forests had the lowest number (Fig. 4a).

Cover of tall C. arenaria (CTC) was the only significant

predictor of species richness and was positively related

with Orthoptera species richness (P \ 0.001, goodness of

fit of the model 60.72%; GLM). Orthoptera densities also

showed significant differences among habitat types

(F = 16.673, P \ 0.001). Grey dunes had the highest

densities followed by grassy heath and heath with shrubs

(Fig. 4b). Again, CTC was the only (and positively) related

variable (P \ 0.001, 68.84%; GLM).

Orthoptera species composition

CCA ordination showed a clear separation of species, and

three of the seven environmental variables contributed

significantly to the ordination model (Fig. 5, Table 2). The

variation in species composition was mainly determined by

two environmental gradients: grass cover and air temper-

ature. Occurrences of O. caerulescens, P. albopunctata and

M. maculatus were negatively correlated with the cover of

tall C. arenaria and grasses (GD, DH). In contrast,

C. dorsalis, C. albomarginatus and O. viridulus were

positively associated with a high cover of grasses and tall

C. arenaria (HG). P. griseoaptera, T. viridissima and

M. roeselii were negatively correlated with air temperature

and associated with heath with shrubs (HS). While the first

two axes of the CCA explained 95% of the variance of the

species-environment relations (Table 2), the first two axis

Fig. 2 Nonmetric multidimensional scaling (NMDS) ordination

(stress = 6.37, two dimensions) of the 31 plots based on the Euclidean

dissimilarity matrix of ten vegetation parameters (Cover of total

vegetation, trees, shrubs, grasses, tall Carex arenaria, small

C. arenaria, cryptogams and bare soil; Height of field layer and density

of field layer). Plots 1–6: Grey dunes (GD); 7–16: Dwarf-shrub heath

(DH); 17–23: Heath encroached by grasses (HG); 24–27: Heath

encroached by shrubs (HS); 28–31: Birch forest (BF)

Fig. 3 Comparison of mean

values (standard error bars) of

a field layer temperature, b field

layer air humidity and c soil

moisture in five different

successional stage of a coastal

heath. For abbreviation of

successional stages, see Fig. 2.

Differences between

successional stages were

significant for all parameters

(one-way ANOVA). Different
letters indicate significant

differences (Scheffé post-hoc

test, P \ 0.05)
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of the CA explained 66% of the variance of the species

data.

Orthoptera response to environmental variables

Generalized linear models (GLM) showed significant

relations for five species and two life forms (Table 3).

Densities of M. maculatus were negatively associated with

cover of grasses and density of field layer. Densities of

C. biguttulus, O. viridulus and C. dispar were positively

related to cover of tall C. arenaria. O. viridulus, C. dispar

and M. roeselii showed a negative response to air tem-

perature. Regarding life forms, the geobionts showed a

negative response to cover of grasses and density of field

layer, while the geo-chortobionts were positively associ-

ated with cover of tall C. arenaria. GLM indicated no

significant response of densities of chortobionts and

thamnobionts to environmental variables.

Patterns of threatened species

Threatened Orthoptera species occurred in grey dunes,

dwarf-shrub heath and grassy heath and were absent in the

oldest successional stages heath with shrubs and birch

forest. The proportion of number of threatened species

decreased from grey dunes (50%) over dwarf-shrub heath

to grassy heath (Fig. 6).

Discussion

Vegetation characteristics and environmental parameters

showed strong differences among the successional stages.

Along the successional gradient from grey dunes towards

birch forests an increase of vegetation height and density

was observed. Due to the effect of vegetation, the micro-

climate becomes more balanced during this succession.

Grey dunes showed the most extreme microclimate with

high temperatures and low air humidity, while the

Fig. 4 Orthoptera species richness (left) and density (right; mean

values and standard error bars) in five successional stages in a coastal

heath. Parameters differed significantly among successional stages

(ANOVA). Different letters indicate significant differences (Scheffé
post-hoc test, P \ 0.05). For abbreviation of successional stages, see

Fig. 2

Fig. 5 CCA ordination (sum of all eigenvalues: 1.443) based on

Orthoptera data and environmental parameters (CTV cover of total

vegetation, CGR cover of grasses, CTC cover of tall Carex arenaria,

CBS cover of bare soil, DFL density of field layer, ATE air temper-

ature, SHU soil humidity). Only significant environmental parameters

are shown (at P \ 0.05, Monte-Carlo permutation test based on 499

permutations). Up-triangles = grey dunes (GD), square = dwarf-

shrub heath (DH), down-triangle = heath encroached by grasses

(HG), diamond = heath encroached by shrubs (HS), circles = birch

forest (BF, one plot was excluded from the model, because no

specimen was observed). Abbreviations of species names: Chr.dis,

Chrysochraon dispar; Cho.alb, Chorthippus albomarginatus; Cho.-

big, Chorthippus biguttulus; Con.dor, Conocephalus dorsalis; Dec.-

ver, Decticus verrucivorus; Met.roe, Metrioptera roeselii; Myr.mac,

Myrmeleotettix maculatus; Oed.cae, Oedipoda caerulescens; Omo.-

vir, Omocestus viridulus; Pho.gri, Pholidoptera griseoaptera; Pla.alb,

Platycleis albopunctata; Tet.und, Tetrix undulata; Tet.vir, Tettigonia
viridissima

Table 2 Summary of CCA based on Orthoptera data

Environmental axis 1 2 3 4

Eigenvalues 0.642 0.123 0.041 0.177

Species-environment correlations 0.950 0.775 0.729 0.000

Cumulative % variance explained:

of species data 44.5 53.0 55.9 68.2

of species-environment relation 79.6 94.9 100.0 0.0

J Insect Conserv

123



microclimatic conditions change continuously towards the

successional stages to low temperatures and high air

humidity in the birch forests.

Orthoptera strongly responded to these changes in veg-

etation and environmental conditions. As shown for

grasslands (Fartmann and Mattes 1997; Köhler and Kopetz

1993; Marini et al. 2009), Orthoptera are negatively

affected by succession, with lower species richness in old

successional stages. In this study a similar pattern was

observed for heathlands. The latest successional stage, the

birch forest, had by far the lowest species richness and it

was highest in the transitional stages of succession grassy

heath and heath with shrubs. In these stages chorto- and

thamnobiont species and in particular graminivorous

Acrididae had their highest species richness. This might be

explained by the broad food supply offered in these habi-

tats for many of these Orthoptera species. Heath encroa-

ched by graminoids and by shrubs had a relatively high

plant biomass. Both successional stages are characterized

by a high cover of grasses and tall C. arenaria, respec-

tively, reaching a height of more than 70 cm. Besides the

high species richness, food supply could also explain the

high densities of chortobiont Orthoptera. In the present

study these are mainly the chortobiont Acrididae species

C. biguttulus, C. dispar and O. viridulus. Particularly,

cover of tall C. arenaria was significantly positively cor-

related with densities of these Acrididae, especially in

grass-encroached heath. In addition, food quality (content

of N) might be enhanced due to eutrophication. In general,

abundances of herbivores (Berdowski 1993; Whittaker

1988) and grasshopper growth rate (Strengbom et al. 2008)

seem to increase with an increased N content. Besides food

supply, grassy heath and heath with shrubs might offer

favorable egg-laying substrates to species that oviposit in

plants such as the chortobiont species M. roeselii, C. dispar

and C. dorsalis (Fartmann and Mattes 1997; Ingrisch and

Köhler 1998; Lehmann and Haacks 2006). This explains

why C. dorsalis which normally occurs in wet habitats with

pithy Juncaceae, Cyperaceae and Poaceae (Detzel 1998;

Lehmann and Haacks 2006) occurs in the dry habitat of

grass-encroached heath. Especially in the transitional stage

heath with shrubs, also the thamnobiont species T. viri-

dissima and P. griseopatera were common, which might be

Table 3 Response of Orthoptera species and life forms to environmental variables (for abbreviation, see Table 1)

CGR CTC DFL ATE R2

F P F P F P F P

Life forma

Geobionts 18.75 -* 6.54 -* . 86.71

Geo-chortobionts 21.80 ?* . 60.94

Species

Myrmeleotettix maculatus 17.57 -* 6.44 -* . 86.01

Chorthippus biguttulus 21.65 ?* . 66.95

Omocestus viridulus 19.03 ?** 6.41 -* 79.46

Chrysochraon dispar 10.58 ?*** 19.01 -*** 77.10

Metrioptera roeselii 21.67 -*** 77.70

Only significant variables are shown. Positive effects of environmental parameters on species or life form type abundances are indicated as ‘‘?’’,

a negative effect as ‘‘-’’. The goodness-of-fit of the model is shown as the residual deviance by calculating the pseudo R2

*** P \ 0.001; ** P \ 0.01; * P \ 0.05
a According to Racz (1998), Nagy et al. (2007) and Schirmel et al. (2010a)

Fig. 6 Proportion of number of regionally scarce and threatened

Orthoptera species (‘‘Red list species’’; Wranik et al. 2008) within

each of the five successional stages. For abbreviation of successional

stages, see Fig. 2
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explained by the occurrence of suitable singing sites in

higher vegetation (T. viridissima; Arak and Eiriksson 1992)

and moderate microclimate conditions with lower tem-

peratures and a higher air humidity (P. griseoaptera;

Detzel 1998). In general, Ensifera species are less nega-

tively affected by the presence of shrubs or trees (Bieringer

and Zulka 2003), as many species are thamnobiont and

inhabiting forest edges (Racz 1998).

Compared to the transitional stages grassy heath and

heath with shrubs, species richness was remarkably lower

in the younger and less productive grey dunes and dwarf-

shrub heath. Since microclimate conditions of dwarf-shrub

heath were similar to grassy heath (Fig. 3), differences in

Orthoptera species richness, densities and composition

have to be based on vegetation composition. The dwarf-

shrub heath was almost free of grasses and therefore offers

only a slender food supply for species specialized on

grasses, which might explain the low overall densities of

Orthoptera and the occurrence of other than graminivorous

species such as D. verrucivorus (omnivorous), P. albo-

punctata (partly phytophagous) and M. maculatus (only

partly graminivorous) in this stage. Dwarf-shrub heath

therefore seems to have only a low relevance for Orthop-

tera (Schirmel et al. 2010b). In contrast, the sparsely veg-

etated grey dunes showed the highest total Orthoptera

densities of all studied successional stages which is mainly

caused by high abundances of the heat-loving grasshoppers

M. maculatus and C. biguttulus (Schirmel et al. 2010a, b).

This is especially true for the geobiont M. maculatus (40%

of the total catch), which prefers habitats with scarce

vegetation (Willot and Hassall 1998), indicated by a neg-

ative response to density of field layer and cover of grasses

in this study. Although the grey dunes might also offer an

adequate food supply (grass cover about 40%) the occur-

ring grasses in grey dunes (Corynephorus canescens, small

Carex arenaria) possibly have a reduced food quality

(Zehm 1997). Due to the extreme microclimatic conditions

in open grey dunes and dwarf-shrub heath a high propor-

tion of specialised, xero- and thermophilic species occur-

red. Within the study area of the coastal heathland,

regionally scarce and threatened species such as O. cae-

rulescens and P. albopunctata occurred exclusively in open

grey dunes and dwarf-shrub heath. With the presence of

(tall grasses and) shrubs, these specialised species quickly

disappear.

In order to maintain a high diversity of Orthoptera in

heathlands, the presence of different successional stages is

of outstanding importance. While younger stages (grey

dunes and dwarf-shrub heath) offer favorable conditions to

specialized (xero and thermophilic) and regionally threa-

tened species (Schirmel et al. 2010a), transitional stages are

important for several chortobiont and graminivorous spe-

cies as well as for thamnobionts (mostly Ensifera).

Implication for conservation

Based on our results, conservation practice should aim at

maintaining a heterogeneous heathland mosaic with open

grey dunes and Calluna stands in addition to scattered

grassy and shrub-encroached heath for the survival of

species-rich heathland Orthoptera assemblages with high

densities (Schirmel et al. 2010a). Sheep grazing, reintro-

duced a few years ago, seems to be a positive measure to

preserve the coastal dune heath. However, grazing and

trampling can have negative impacts on some (threatened)

dune animals (Maes and Bonte 2006, Bonte and Maes

2008). In contrast, the restoration of eolian dynamics,

which enhances sand dynamics, might be a more successful

conservation measure (Bonte et al. 2003; Maes and Bonte

2006). In addition, the regular but moderate use of paths

and dunes by people seeking for recreation might be ben-

eficial for the protection of dynamic grey dunes (Bonte and

Maes 2008). Also modern and intensive management

measurements such as sod-cutting, choppering or mowing

are known to preserve heathlands on a long-term basis

(Niemeyer et al. 2007; Power et al. 2001). These mea-

surements could countervail high nutrient loads (eutrophi-

cation) and the appropiate application of these measures

might contribute to a heathland mosaic consisting of dif-

ferent successional stages. Especially the creation of dis-

turbed and highly dynamic habitats (e.g. sand blow) similar

to younger and more pristine successional stages might be

of great importance for oviposition and thermo-regulation

of threatened species (Maes et al. 2006).
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The tiger beetle Cicindela hybrida in action. It is one of the most characteristic carabid beetle 

species of open grey dunes in the coastal heathland of Hiddensee. Photo: Jens Schirmel. 
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Abstract We analyzed the impacts of succession and grass encroachment on carabid beetle 

and spider assemblages in a coastal heathland. Further, indicator species for different 

successional stages were identified, and their relations to habitat parameters were analyzed. 

The study was conducted on the Baltic island of Hiddensee, Germany. Ground-dwelling 

arthropods were sampled using pitfall traps along a successional gradient containing five 

stages. Ordination by nonmetric multidimensional scaling (NMDS) and Analysis of 

similarities (ANOSIM) revealed a clear separation of species composition among the 

successional stages. Both in carabid beetles and spiders, most indicator species were obtained 

in the youngest stage (grey dunes) and fewest in the intermediate stages (grassy heath, heath 

with shrubs). Also the proportion of endangered species was highest in grey dunes. Based on 

our results, conservation management of coastal heathlands should preserve a mosaic of 

different successional stages with a clear preference on younger stages (grey dunes and dwarf-

shrub heath).  

 

Keywords assemblage · structure · Calluna-heath · environmental change · grey dunes · 

ground beetles · indicator species 

 

 

Introduction 

 

Changes in land use are considered to be the most important driver of global 

biodiversity loss (Buckley and Roughgarden 2004; Sala et al. 2000). Numerous factors 

are associated with land use changes such as agricultural intensification, 

extensification and abandonment (Young et al. 2005). Land use changes are also 

considered to be the most important threats for European heathlands (Webb 1998). 

Heathlands are important ecosystems for the conservation of biodiversity, but 

nowadays restricted to small and isolated remnants (Rose et al. 2000; Webb 1998). 

Heathlands are therefore protected by the EU Habitats Directive (Ssymank et al. 

1998). As an anthropo-zoogenic habitat the presence and quality of heathlands 

(including coastal ones) depend on traditional land use like sheep grazing, sod cutting 

and burning (Provoost et al. 2009; Webb 1998). In the course of abandonment, the 

depletion of nutrients is inhibited, and heathland vegetation undergoes succession 

towards vegetation dominated by shrubs or trees (Britton et al. 2001; Gimingham 

1972; Provoost et al. 2009; Webb 1998). Increasing amounts of atmospheric nitrogen 

deposition present an additional threat to biodiversity in general (Sala et al. 2000) and 

to biodiversity in nutrient-poor heathland ecosystems in particular (Heil and Diemont 

1983). During the last decades this resulted in an eutrophication of heathlands (Heil 

and Diemont 1983), causing enhanced encroachment of grasses (Britton et al. 2001; 

Marrs 1993; Roem et al. 2002) and a decline of specialized species (Littlewood et al. 

2006). Even rather low nitrogen inputs can led to grass encroachment in dry 
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heathlands and dune ecosystems like in our study region at the southern Baltic Sea 

(Remke et al. 2009a, 2009b). 

Carabid beetles (Coleoptera: Carabidae) and spiders (Araneae) are useful indicator 

taxa to analyze shifts in terrestrial ecosystem conditions (Lambeets et al. 2008; Rainio 

and Niemelä 2004; Schirmel et al. 2010a). Especially the use of carabid beetles in 

ecological heathland studies has a long tradition in Europe (den Boer 1981; Gardner 

1991; Usher and Thompson 1993). Recently, Irmler (2004) described the development 

of carabid assemblages from inland heathlands to forest in Northern Germany. In our 

study we aimed at analyzing the impacts of succession and grass encroachment on 

carabid beetle and spider assemblages in a coastal heathland on the Baltic island of 

Hiddensee, Germany, and to identity the abiotic factors which caused the shifts. We 

further identified indicator species for different successional stages and investigated 

their relations to habitat parameters. We analyzed pitfall trap data of five different 

successional stages ranging from the youngest stage ‘grey dunes’ to the oldest stage 

‘birch forest’ within the study area. We addressed the following questions: (i) How do 

species compositions of both taxa respond to succession/grass encroachment? (ii) 

Which species act as indicator species? How do they respond to shifts in habitat 

conditions? (iii) What can be learned for a successful heathland management?  

 

 

Material and methods 

 

Study sites 

 

The island of Hiddensee is situated in the Baltic Sea in northeast Germany (54°32’N, 

13°5’E). Annual mean temperature is 7.5°C and annual precipitation 547 mm 

(Reinhard 1962). The coastal heathland is situated in the centre of the island. Our 

study focused on the five main stages of coastal heathland succession (from young to 

old): (i) grey dunes with open and low growing vegetation dominated by 

Corynephorus canescens, Carex arenaria and cryptogams, (ii) dwarf-shrub heath 

characterized by Calluna vulgaris and Empetrum nigrum, (iii) heath encroached by the 

graminoids Carex arenaria and Deschampsia flexuosa (‘grassy heath’), (iv) heath 

encroached by shrubs of mainly Betula pendula, B. pubescens and Prunus serotina, 

and (v) young birch forest. We chose three 500 m² plots per successional stage with a 

homogeneous vegetation structure. 
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Habitat parameters 

 

The vegetation was sampled in two randomly chosen sub-plots within each plot. The 

size of these sub-plots was 25 m2 in grey dunes and dwarf-shrub heath, 50 m2 in grassy 

heath and heath with shrubs and 100 m2 in birch forest. In each sub-plot, the cover of 

the following parameters was estimated according to the scale of Londo (1976, 1984): 

field layer, grasses (including sedges), cryptogams, and Calluna vulgaris. Tree cover 

was estimated for the whole plot (500 m²). Vegetation was sampled twice between 

May and August 2008, and mean values were used for further statistical analyses.  

Air temperature was recorded during the whole study period from May 2008 to May 

2009 (apart from 18 incompletely measured days) with data-loggers (“i-buttons”; 

Dallas Hygrochron Temperature/ Humidity i-Button DS 1923-F5) equipped with a 

self-constructed radiation shield (Leuschner and Lendzion 2009). One logger was 

installed in the centre of each plot at middle height of the field layer. Air temperature 

was recorded hourly. For statistical analysis, we chose a five hour measuring period 

for mean night temperatures (10:00 pm – 3:00 am) and for mean day temperatures 

(10:00 am – 3:00 pm), respectively. Soil moisture was determined gravimetrically at 

different intervals between July and September 2008. For each occasion and plot, three 

soil samples were taken at depths of 0 to 5 cm and combined to one sample.  

 

Carabid beetles and spiders 

 

Pitfall traps were used for sampling carabid beetles and spiders. The traps (6 cm in 

diameter, 8 cm deep) were filled with a 70% ethylene-glycol solution plus a few drops 

of detergent and were protected with a 15 × 15 cm transparent plastic roof against litter 

and precipitation. In each plot four pitfall traps were randomly set level with the soil 

surface, but with a minimum distance of 5 m to each other (to minimize interference) 

and to the boundaries (to minimize edge effects). Pitfall traps were opened from 15 

May 2008 to 04 May 2009 and emptied monthly. Such trapping over one whole year 

avoids possible biases due to interspecific differences in seasonal activities and can 

therefore deliver data on population densities of single species in a specific habitat 

(Baars 1979; Luff 1982; Ribera et al. 2001). 

Catches were stored in 70% ethanol before determination to species level. Carabid 

beetles were identified according to Müller-Motzfeld (2006), spiders according to 

Roberts (1987, 1998) and Nentwig et al. (2003). Nomenclature follows Müller-

Motzfeld (2006) (carabids) and Platnick (2010) (spiders). The classification of 

threatened carabid beetles (‘Red list species’ belonging to the categories ‘1’, ‘2’, ‘3’, 

and ‘V’) follows Müller-Motzfeld and Schmidt (2008). For spiders, status of 

endangerment was taken from Martin (1993) (categories ‘0’, ‘1’, ‘2’, and ‘3’).  
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Data analysis 

 

Habitat parameters among the five successional stages were compared using one-way 

ANOVA and the Holm-Sidak-test as a post-hoc-test.  

Assemblage structures along the successional gradient and response to environmental 

parameters were analyzed with a nonmetric multidimensional scaling (NMDS) 

(packages: VEGAN, Oksanen et al. 2008; MASS, Venables and Ripley 2008). NMDS 

is an iterative ordination method which places samples in k-dimensional space using 

the ranked distances between them (Leyer and Wesche 2007). NMDS ordination was 

based on the Bray-Curtis distance measure, and a maximum number of 100 random 

starts were used to search for a stable solution. Species occurring with less than three 

individuals in a plot were regarded as ‘accidental’ (Desender 1996; Finch et al. 2007) 

and omitted from ordination analyses. The habitat variables were fitted afterwards onto 

the ordination, and only significant variables (P < 0.05) were presented. Mantel 

statistic based on Spearman’s rank correlation and 9999 permutations were used to test 

for correlations between the species and environmental data matrices (Legendre and 

Legendre 1998). Analysis of similarities (ANOSIM, 999 permutations) was used to 

test whether there is a significant difference among the five successional stages based 

on dissimilarity matrices of either carabid beetles or spiders. These analyses were done 

using the free software package R 2.11.1 (R Development Core Team 2010). 

Indicator species for each of the five successional stages were generated using the 

IndVal procedure of Dufrêne and Legendre (1997), which combines a species-relative 

abundance with its relative frequency of occurrence in the various groups. Indicator 

values range from 0 (no indication) to 100 (perfect indication). The latter means that 

all individuals of a species are found in a single group and that the species occurs in all 

sites of that group. In a first step the successional stages were classified using a 

hierarchical cluster analysis (Bray-Curtis similarity distances) based on environmental 

parameters. In a second step we identified indicator species for the five successional 

stages. The statistical significance of the indicator values was tested using a Monte-

Carlo procedure with 999 permutations.  

Relations of indicator species to habitat parameters were analyzed using Poisson 

generalized linear models (GLM). Because overdispersion was detected standard 

errors were corrected by using quasi-GLM models (Zuur et al. 2009). F-statistics were 

assessed using an Analysis of Deviance (Zuur et al. 2009). We only analyzed indicator 

species with more than 30 individuals. To avoid multicollinearity, we only included 

parameters with correlations of r < 0.7 into the models. Variables included into the 

models were cover of Calluna vulgaris, day temperature, cover of grasses and cover of 

field layer.  
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Results 

 

Habitat parameters 

 

All vegetation and environmental parameters differed highly significantly among the 

five successional stages (Table 1). Trees were absent in all stages except for birch 

forest. The cover of field layer was lowest in grey dunes and relatively similar in the 

other habitats. Grasses were most abundant in birch forest and grassy heath followed 

by heath with shrubs and grey dunes, but were almost absent in dwarf-shrub heath. 

Cryptogams had the highest cover in dwarf-shrub heath and grey dunes and the lowest 

in heath with shrubs and grassy heath. Calluna vulgaris reached the highest cover in 

dwarf-shrub heath and grassy heath decreasing over heath with shrubs, grey dunes to 

almost no cover in birch forest. 

Mean day temperatures were highest in the three open habitats (grassy heath, grey 

dunes, dwarf-shrub heath) and lowest in the birch forest. In contrast, mean night 

temperatures were highest in the birch forest followed by the grey dunes. Dwarf-shrub 

heath, grassy heath and heath with shrubs were coolest during the nights. Soil moisture 

was by far lowest in grey dunes and did not differ among the four other successional 

stages (Table 1). 

 
Table 1    Vegetation and environmental characteristics (mean values + SE) of the five successional 
stages within the coastal heathland on the Baltic island of Hiddensee (one-way ANOVA; * P < 0.05, 
** P < 0.01, *** P < 0.001). Pairwise comparsions were done using the Holm-Sidak-Test and 
different letters indicate significant differences between groups at P < 0.05. 

 Grey dunes Dwarf-shrub 
heath 

Grassy  
heath 

Heath with 
shrubs 

Birch  
forest 

F 

Cover (%) of       

   Trees 0a 0a 0a 0a 68.3 ± 1.8b 1500.893*** 

   Field layer 60.3 ± 1.5a 89.0 ± 2.1b 95.3 ± 0.3bc 94.0 ± 2.3bc 97.0 ± 1.0c 90.530*** 

   Grasses 40.0 ± 4.0a 1.0 ± 0.0b 81.7 ± 1.7c 43.3 ± 3.3a 81.7 ± 1.7c 172,345*** 

   Cryptogams 59.3 ± 3.5a 64.7 ± 2.9a 19.3 ± 1.2b 22.0 ± 1.5b 39.0 ± 2.1c 75.461*** 

   Calluna vulgaris 4.7 ± 2.6a 71.7 ± 6.0b 70.0 ± 5.0b 48.3 ± 8.3c 0.7 ± 0.7a 43.217*** 

       

Temperature (°C)       

   Day 14.2 ± 0.1a 13.7 ± 0.4ab 14.4 ± 0.1a 12.8 ± 0.4bc 11.7 ± 0.1c 15.724*** 

   Night 6.7 ± 0.1ac 6.2 ± 0.2ab 6.1 ± 0.1ab 6.1 ± 0.1b 7.3 ± 0.2c 15.774*** 

Soil humidity (%) 2.2 ± 0.3 a 30.0 ± 3.0 b 40.4 ± 4.2 b 37.5 ± 3.6 b 31.1 ± 0.9 b 28.747*** 
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Capture statistics 

 

Along the successional heathland gradient, we recorded 66 species and 3,646 

individuals of carabid beetles and 164 species and 9,934 individuals of spiders, 

respectively. Most frequent among carabid beetles were Calathus fuscipes 

(representing 15% of the total catch), C. erratus (13%), Oxypselaphus obscurus 

(11%), Carabus nemoralis (9%), Pterostichus niger (9%) and P. oblongopunctatus 

(9%). 24 species were recorded with ≤ 3 individuals, together representing < 1% of the 

catch. Agroeca proxima (Liocranidae) was the most abundant spider (15%) followed 

by Trochosa terricola (Lycosidae, 8%) and Tenuiphantes mengei (Linyphiidae, 8%). 

60 spider species were very rare (≤ 3 individuals) and comprised together < 1% of the 

catch.  

 

Assemblage structure 

 

Ordination for carabid beetle data obtained by NMDS indicated a stable solution 

(stress: 4.6; Fig. 1). The variation of the beetle data was correlated with the 

environmental factors (Mantel test: r = 0.612, P < 0.001). Environmental parameters 

which significantly contributed to ordination (P < 0.05) were cover of trees, field layer 

and Calluna vulgaris as well as day temperature and soil humidity. Assemblages of 

carabids were mainly segregated by two gradients. The grey dunes representing the 

most open and driest habitat were clearly separated and plotted on the left. Along this 

axis plots with increasing vegetation density and moisture were found on the right. In 

the second gradient, shaded and cooler habitats were found in the upper part, while 

warm and Calluna-rich habitats were situated below. ANOSIM revealed a significant 

difference (R = 0.791, P = 0.01) among the five successional stages. 

Similar patterns were found for spiders: NMDS solution was stable (stress: 3.6;  

Fig. 2), and variation was strongly correlated with the environmental factors (Mantel 

test: r = 0.612, P < 0.001). Apart from grass cover, all environmental factors were 

significantly correlated (P < 0.05). Assemblages of the five successional stages were 

clearly separated with the most open habitats (grey dunes) on the left and the dense 

habitats on the right. Moreover, shaded/afforested habitats with balanced temperatures 

were found in the upper part of the ordination plot, while Calluna-rich plots were 

found below. Differences among the five successional stages obtained by the 

ANOSIM were significant (R = 0.939, P = 0.001).  
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Fig. 1   Results of NMDS ordination based on carabid beetle data (stress: 4.6, dimensions: 3) along a 
coastal heathland successional gradient. Only significant environmental parameters (P < 0.05) are 
presented. Grey dunes = crosses, dwarf-shrub heath = up triangles, grassy heath = x-marks, heath 
encroached by shrubs = diamonds, birch forest = open circles. 
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Fig. 2   Results of NMDS ordination based on spider data (stress: 3.6, dimensions: 3) along a coastal 
heathland successional gradient. Only significant environmental parameters (P < 0.05) are presented. 
For explanations of symbols see Fig. 1. 
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Indicator species and their response to habitat parameters 

 

We identified 17 indicator species of carabid beetles and 34 indicator species of 

spiders (Table 2). Grey dunes harbor by far most indicator species (10 carabid and 15 

spider species). Fewest indicator species occurred in grassy heath with only two spider 

species. Indicator species with more than 30 individuals (10 carabid and 21 spider 

species, respectively) showed more or less congruent responses to habitat parameters 

within a successional stage (Table 2). Indicator species of grey dunes were all 

positively related to day temperature (except the spider Tegenaria atrica). All carabids 

responded negatively to the cover of Calluna vulgaris and grasses (except the 

phytophagous Amara tibialis). Contrary, spider indicator species of grey dunes showed 

more contrasting relations to habitat parameters. All indicator species of dwarf-shrub 

heath were positively related to Calluna vulgaris cover, and most of them negatively 

to grass cover. Of seven analyzed indicator species for grassy heath and heath with 

shrubs only two spider species showed significant relations to habitat parameters. 

Diplostyla concolor and Zora spinimana (indicators for heath with shrubs) were both 

negatively related to air temperature. All three carabid indicator species for the birch 

forest were negatively related to day temperature. Two of them were also negatively 

related to Calluna vulgaris cover, while Notiophilus palustris showed a positive 

relation. In spiders, almost all birch forest indicator species were negatively related to 

Calluna vulgaris cover and most of them also to day temperature. 

 

Distribution patterns of threatened species 

 

The proportion of threatened carabid beetle species was clearly highest in open grey 

dunes (Fig. 3a) and decreased (almost) continuously along the gradient towards the 

oldest successional stage birch forest. Making up about 10% of the individuals, 

threatened individuals further contributed remarkably to the carabid assemblages of 

both grey dunes and dwarf-shrub heath. In addition, three indicator species for grey 

dunes (Amara infima, Amara tibialis, Harpalus solitaris) and the unique indicator 

species for dwarf-shrub heath Bradycellus ruficollis were listed as endangered. 

Threatened spiders were also most common in grey dunes followed by dwarf-shrub 

heath (Fig. 3b). With only 4%, the proportion of threatened spider species was lowest 

in grassy heath. With about 12% of all detected individuals, the proportion of 

threatened individuals was highest in dwarf-shrub heath. Four indicator species for 

grey dunes (Aelurillus v-insignitus, Alopecosa schmidti, Ozyptila scabricula, Talavera 

aequipes) and two for dwarf-shrub heath (Micaria fulgens, Scotina gracilipes) were 

threatened species.   

 



Chapter 3 

 42 

Table 2   Indicator carabid beetle and spider species for the five successional stages and their relation 
to habitat parameters. Indicator values were applied sensu Dufrêne and Legendre (1997). Only 
significant indicator species were shown (Monte-Carlo procedure, 999 permutations at P < 0.05). 
Relations to the four habitat parameters were analyzed using GLM for indicator species with > 30 
individuals. ‘+’ = positive and ‘-‘ = negative response. *** P < 0.001, ** P < 0.01, * P < 0.05. 

Indicator species IndVal Cover of  
Calluna 

vulgaris 

Day 
temperature 

Cover  
of 
grasses 

Cover  
of field 
layer 

Grey dunes:      
 Carabids      
    Amara infima 100.0     
    Amara tibialis 100.0 -*** +*** +*** -*** 
    Harpalus solitaris 100.0     
    Masoreus wetterhallii 100.0     
    Syntomus foveatus 100.0     
    Calathus erratus 97.9 -*** +*** -*** -** 
    Harpalus anxius 87.5     
    Calathus melanocephalus 87.2 -*** +*** -* . 
    Notiophilus germinyi 79.3     
    Calathus fuscipes 78.1 -** +*** -* . 
       
 Spiders      
    Zelotes electus    100.0 +*** +*** +*** -*** 
    Trichopterna cito    100.0 +*** +*** +***  
    Typochrestus digitatus    100.0     
    Aelurillus v-insignitus   100.0     
    Talaverna aequipes 100.0     
    Walckenaria monoceros    99.3 -*** +*** -*** +*** 
    Xysticus kochi    99.3 . . . . 
    Pardosa monticola    98.1 +*** +*** -*** -*** 
    Ozyptila scabricula    95.0     
    Alopecosa schmidti    90.0     
    Alopecosa barbipes    88.0 -*** +*** -* . 
    Macrargus carpenteri 86.3 . . . . 
    Lathys humilis    85.7     
    Zelotes longipes    81.1 -*** +*** -***  
    Tegenaria atrica 53.7 -* . -*  
       
Dwarf-shrub heath:      
 Carabids      
    Bradycellus ruficollis 60.7 +*** . -** -* 
       
 Spiders      
    Micaria fulgens    100.0     
    Scotina gracilipes    93.3     
    Walckenaria antica    74.1     
    Centromerita arcanus    71.0 +** . . . 
    Haplodrassus signifer 58.1 +* . -** . 
    Drassylus pusillus 55.1 +* +* -** . 
    Agroeca proxima 42.8 +*** . . . 
       
Grassy heath:      
 Spiders      
    Stemonyphantes lineatus 60.2 . . . . 
    Ero furcata 55.6     
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Table 2   continued. 

Indicator species IndVal Cover of  
Calluna 

vulgaris 

Day 
temperature 

Cover  
of 
grasses 

Cover  
of field 
layer 

Heath with shrubs:      
Carabids       
   Leistus ferrugineus 66.7     

    Calathus micropterus 52.5 . . . . 
    Harpalus latus 51.0 . . . . 
       
 Spiders      
    Micrargus herbigradus 73.3 . . . . 
    Diplostyla concolor 61.7 . -* . . 
    Pardosa pullata 55.1 . . . . 
    Zora spinimana 45.4 . -** +* . 
       
Birch Forest:      
 Carabids      
    Pterostichus oblongopunctatus    68.8 -* -** . . 
    Amara lunicollis 62.5 -** -* . . 
    Notiophilus palustris    59.1 +* -** . . 
       
 Spiders      
    Clubiona terrestris    100.0     
    Macrargus rufus 100.0 -*** +*** +*** +*** 
    Tenuiphantes flavipes 100.0     
    Pardosa lugubris 99.4 -** +* . . 
    Ozyptila trux 95.3 -** -*   
    Ozyptila praticola 94.8 -*** -*** . . 
    Tenuiphantes tenuis    94.4 -*** -*** -** -** 
    Tenuiphantes mengei 36.9 . -*** +*** +*** 

 

 

 
Fig. 3   Proportion of threatened (a) carabid beetle and (b) spider species in five successional stages of 
a coastal heathland on the Baltic island of Hiddensee, Germany. D = grey dunes, H = dwarf-shrub 
heath, G = grassy heath, S = heath with shrubs, F = birch forest. Status of endangerment (Red list 
species) for carabid beetles was taken from Müller-Motzfeld and Schmidt (2008) and for spiders from 
Martin (1993). 
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Discussion 

 

Assemblage structure 

 

Every successional stage was characterized by a specific carabid beetle and spider 

assemblage, respectively. Especially the grey dunes were well separated from later 

successional stages. This indicates a high species turnover across the gradient and 

highlights the importance to preserve these different stages to maintain diversity. 

Vegetation, microclimate and soil humidity differed markedly along the gradient and 

are apparently the main drivers for shifts in assemblage structure. Grey dunes present a 

habitat with extreme conditions characterized by a very dry and hot microclimate, very 

low soil moisture and sparse and low vegetation. In contrast, the oldest stages (heath 

with shrubs and birch forest) had dense and high vegetation and humid and temperate 

microclimate conditions. Consequently, the assemblages of both carabid beetles and 

spiders were grouped mainly along two gradients: from dry conditions to wet and from 

open habitats to shady habitats with a closed canopy layer. These findings are in 

concordance to several other studies, which consider ‘moisture’ and ‘shading’ to be 

the most important environmental factors explaining occurrence and distribution of 

carabid beetles and spiders (e.g. Buchholz 2010; Entling et al. 2007; Lambeets et al. 

2007; Usher 1992). 

 

Indicator species and threatened species 

 

For every successional stage, we could identify several indicator species of both 

carabid beetles and spiders apart from grassy heath, where no carabid beetle indicators 

could be detected.  

Both in carabids and spiders, the number of indicator species was by far highest in 

grey dunes. The extreme habitat conditions favor the occurrence of several specialized 

and xerothermic carabid beetles and spiders (Müller-Motzfeld 2004). These species 

often are adapted to these conditions such as protection against evaporation (e.g. 

metallic elytra) or temporal-spatial strategies of avoidance (e.g. night activity, 

dormancy) (Foelix 1996; Müller-Motzfeld 2004). In addition, adequate food supply is 

very important, as is water resource (Müller-Motzfeld 2004). Both taxa contain highly 

specialized species which even react on small scale-habitat conditions (Bates et al 

2007; Muff et al. 2009; Schirmel et al. 2010a). Often these xerothermic, specialized 

species are rare and endangered mainly due to the loss of suitable habitats (Buchholz 

2008, 2010; Müller-Motzfeld 2004). In Europe, many of these habitats (such as the 

grey dunes) are protected under the EU habitat directive (Ssymank et al. 1998). In our 

study, both the number of threatened carabid beetle and spider species were highest in 
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grey dunes. Grey dunes therefore seem to be of crucial importance for the maintenance 

of endangered xerothermic species (Bonte et al. 2003; Bonte et al. 2006; Maes and 

Bonte 2006). This is especially true, since three carabid beetle (Amara infima, Amara 

tibialis, Harpalus solitaris) and four spider (Aelurillus v-insignitus, Alopecosa 

schmidti, Ozyptila scabricula, Talavera aequipes) indicator species are listed as 

threatened.  

Also Calluna heath hosts a specialized fauna, and Calluna is often regarded as a 

‘keystone’ species (Kratochwil and Schwabe 2001; Littlewood et al. 2007). 

Bradycellus ruficollis was regarded as a typical carabid beetle in Calluna-heathland 

(Turin 2000; Müller-Motzfeld 2004). This is confirmed by our study, which identified 

this species as an indicator for dwarf-shrub heath with positive relation to Calluna 

vulgaris cover. A fact, which obviously reflects the feeding preference – Calluna seeds 

– of the species and its living in the raw humus. In spiders, even more species showed 

positive relations to Calluna vulgaris and acted as indicators. For example Agroeca 

proxima, Micaria fulgens and Scotina gracilipes are such typical xerothermic 

inhabitants of heathlands (Bonte et al. 2003; Roberts 1998).   

Only two spider species were identified as indicators for the grassy heath, and no 

relation to habitat parameters could be found for the more frequent Stemonyphantes 

lineatus. Grassy heath seems to be an intermediate and transitional stage with less 

distinctive carabid and spider assemblages. During the displacement of dwarf-shrubs 

(Calluna vulgaris) by grasses, the vegetation becomes more homogeneous with a 

dense sward. Typical heathland species were less abundant in this habitat, but also 

species typical for shaded or forested habitats were rare in the grassy heath, where the 

microclimate might be too hot and dry.  

More indicator species were identified for the heath encroached by shrubs, most of 

which more or less eurytopic inhabitants of densely vegetated sites (e.g. the carabids 

Leistus ferrugineus, Harpalus latus, Turin 2000; spider species Micrargus 

herbigradus, Zora spinimana, Heimer and Nentwig 1991; Roberts 1998) occurring in 

a broad range of habitats. Here, only two spider species showed responses to habitat 

parameters, namely a negative response to air temperature which reflects the shaded 

and moist conditions in the shrub encroached heathland sites.  

The oldest successional stage birch forest contained the second most indicator species 

after the grey dunes. Probably because this forest was young (~40 years), only few 

typical forest species were found. For carabid beetles these was the silvicolous species 

Pterostichus oblongopunctatus (Irmler and Gürlich 2004). Amara lunicollis and 

Notiophilus palustris, however, are very common and widespread species in Germany 

and their preference for the birch forest seemed not be a relation to tree cover. Both 

species may prefer the relatively humid and well developed grassy field layer in the 

quite open, and sunlight receiving birch forest. Several spider species which typically 
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occur in forests nearby heathland sites were found. For example, Tenuiphantes flavipes 

and T. mengei are common on forested sites and especially the latter prefers humid 

environments (Buchholz 2010). Furthermore, Macrargus rufus and Pardosa lugubris 

has been hitherto frequently recorded in dune forests with dense herbal layer (e.g. 

Bonte et al. 2002; Buchholz and Hartmann 2008; Gajdos and Toft 2002; Schultz 

1992). 

 

Implications for conservation 

 

Each of the investigated stages contained a specific carabid and spider assemblage. 

The preservation of a heterogeneous (coastal) heathland containing different 

successional stages may therefore favor a high diversity (c.f. Buchholz 2010; Gardner 

1991; Irmler 2004). However, not all of the investigated habitats seem to have similar 

values for species conservation. Most important for the conservation of specialized, 

xerothermic species are open and dynamic grey dunes and dwarf-shrub heath. 

Additionally, dwarf-shrub stands offer dense and litter-rich vegetation for juvenile 

development and as shelter during unfavorable periods also to species typical for 

dunes and dry grassland (Bonte et al. 2000a, b). Grey dunes and dwarf-shrub 

vegetation should therefore be available close to each other. Such a mosaic-like pattern 

is typically formed by dynamic processes in coastal dunes and is of high relevance also 

for other arthropods like Orthoptera (Schirmel et al. 2010b, c). However, one has to 

consider, that typical ‘heathland species’ are less common in small heathland 

fragments showing low habitat dynamics (Buchholz 2008; deVries et al. 1996). We 

therefore agree with the conservation implications of Bonte et al. (2003) and Maes and 

Bonte (2006), who see the (re)creation of dynamic processes such as wind blow as a 

key driver for successful management in coastal dune (and heathland) regions. In this 

regard, the coastal protection forest, planted leeward along the southern part of the 

coastal heathland on the island of Hiddensee between 1907 and 1960 (Möbus 2000), is 

critical since it reduces wind dynamics and salt influence (Remke and Blindow 2010). 

The application of modern heathland management measures such as mechanical sod-

cutting or mowing may enhance dynamic processes in (coastal) heathlands and could 

therefore present important tools to restore a typical heathland fauna (for carabids, see 

den Boer and de Vries 1994; Schirmel 2010).  

The latest successional stages (heath with shrubs, birch forest) feature quite different 

assemblages with silvicolous and hygrophilous species (cf. inland heathlands: Irmler 

2004). Stands of such vegetation may therefore enhance beta-diversity of (coastal) 

heathlands and should be present in limited extent. In grassy heath, however, neither 

species typical for grey dunes and dwarf-shrub heath nor species typical for 

shaded/forested habitats seem to find suitable conditions. We assume that grass 
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encroachment may present a strong threat to coastal heathland carabid beetles and 

spiders. 

To conclude, coastal heathland management should aim at preserving a mosaic of 

different successional stages with a clear preference on younger stages (grey dunes and 

dwarf-shrub heath). Later stages have a negative impact on xerothermic carabids and 

spiders, i.e. species that are threatened and of special conservation interest.  
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Detail view of the head of the tiger beetle Cicindela campestris. The species is a diurnal 

hunter with huge mandibles and eyes. Photo: Jens Schirmel. 
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Abstract The use of functional diversity indices from multiple traits has so far been rarely 

incorporated into applied ecological studies. Furthermore, knowledge concerning shifts of 

functional diversity and life history traits along environmental gradients is to date poor. Along 

a heathland successional gradient we therefore aimed at searching for patterns in species 

richness, life-history traits and functional diversity and tested common ecological hypotheses. 

The study was conducted on the Baltic island of Hiddensee, Germany. Sampling was done in 

five successional stages. Species richness of both taxa did not differ among stages and we 

therefore rejected the habitat heterogeneity hypothesis. We observed shifts in life-history 

traits: Body size of carabid beetles increased towards older successional stages, but decreased 

for spiders. Pale or light-colored species of both taxa were most common in open and young 

stages. The dispersal availability of carabid beetles differed among stages with the lowest 

number of flightless species in the youngest stage. For both taxa, most diurnal species 

occurred in the youngest stage. For both taxa Functional Dispersion (FDis), a measure of 

functional richness, was lowest in the youngest stage. Older successional stages represent 

more heterogeneous habitats and offer a broader range of niches, which might enhance 

functional richness. Functional Evenness (FEve) did not differ among successional stages 

indicating a similar distribution of species abundances in the functional trait space. Functional 

divergence (FDiv) differed among stages, however, indicating that niche differentiation may 

not depend on habitat heterogeneity. Based on our study we recommend to incorporate 

functional diversity measures in the analysis of changes along environmental gradients, as 

these measures can reflect diversity in a much more instructive way than species diversity.  

 

Keywords ecological trait · Petchey and Gaston’s functional diversity (FD) · functional 

richness (FRic) · habitat heterogeneity hypothesis · stress hypothesis 

 

 

Introduction 

 

Within the framework of biodiversity and conservation studies, species richness is 

usually the simplest and most intuitive measure for diversity (Magurran 2004). Species 

richness has been shown to be an appropriate tool to assess and monitor changes 

caused by environmental shifts such as loss of biodiversity (Alaruikka et al. 2002; 

Baldi 2008; Bultman and DeWitt 2008; Blaum et al. 2009; Schirmel et al. 2010) or to 

characterize the status of biotic assemblages (e.g. Negro et al. 2009, 2010). 

Apart from this ‘traditional’ diversity measure, the concept of ‘functional diversity’, 

which integrates information of life-history or ecological and functional traits, 

respectively, has grown rapidly during the last years in ecological research 

(Cornelissen et al. 2003; Il Choi et al. 2010; Mokany et al. 2008; Mouillot et al. 2005; 

Petchey and Gaston 2006; Violle et al. 2007). Zoological applications of the trait 

concept have mainly been published for freshwater and marine environments 

(Bremner et al. 2006; Diaz et al. 2008), but also for hoverflies (Keil et al. 2008; 
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Schweiger et al. 2007) and soil arthropods (Lambeets et al. 2008, 2009; Sadler et al. 

2006). The diversity of functional traits (‘functional diversity’) is defined as “the value 

and range of those species and organismal traits that influence the ecosystem 

functioning” (Petchey and Gaston 2006). Functional diversity is seen as a key driver of 

several ecosystem functions like productivity (Tilman et al. 1997) or resilience (Folke 

et al. 2004). Functional diversity concepts can therefore provide a useful approach to 

integrate biodiversity research in the broader context of ecosystem processes and 

functioning (Loreau 2010). Consequently, several indices were developed analogously 

to traditional indices for alpha diversity such as Simpson or Shannon Wiener to 

measure functional diversity or to display functional composition (Laliberté and 

Legendre 2010; Mason et al. 2003; Petchey and Gaston 2002; Villéger et al. 2008). In 

the present study, we used five indices to explore the different facets of functional 

diversity: Petchey and Gaston’s functional diversity (FD) (Petchey and Gaston 2002), 

functional richness (FRic), functional evenness (FEve) and functional divergence 

(FDiv) (Villéger et al. 2008) as well as functional dispersion (FDis) (Laliberté and 

Legendre 2010). Despite an extensive theoretical and mathematical background 

(Schleuter et al. 2010), functional diversity, especially from multiple traits, has so far 

been rarely incorporated into ecological studies (Bihn et al. 2010; Feld et al. 2009; 

Villéger et al. 2010). Furthermore, knowledge concerning shifts of functional diversity 

along environmental gradients is to date very poor. 

To indicate shifts in terrestrial ecosystem conditions ground-dwelling arthropods 

carabid beetles (Coleoptera: Carabidae) and spiders (Araneae) are suitable taxa 

(carabids: Dauber et al. 2005; Lin et al. 2007; Lövei et al. 2006; spiders: Horvath et al. 

2009; Hsieh 2003; Huber et al. 2007). Several recent studies successfully integrated 

life-history traits in the analysis of these taxa (e.g. Bonte et al. 2006; Il Choi et al. 

2010; Lambeets et al. 2008, 2009; Ribera et al. 2001; Vandenwalle et al. 2010).  

Along a successional gradient we aimed at searching for patterns in species richness, 

life-history traits and functional diversity. The study was conducted in a coastal 

heathland on the Baltic isle of Hiddensee, Germany, where the successional gradient 

consists of five stages ranging from acidic coastal dunes (youngest stage) over dwarf-

shrub heath, grassy heath, heath encroached by shrubs to birch forest (oldest stage). In 

particular we tested the following hypotheses: (i) Species richness of both carabid 

beetles and spiders increases with age of successional stage and complexity of habitat 

according to the habitat heterogeneity hypothesis, which proposes that an increase in 

the number of habitats leads to an increase in species diversity in a landscape because 

of an expansion in the number of partitionable niche dimensions (MacArthur and 

MacArthur 1961; Dennis et al. 1998). (ii) Frequencies of life-history traits shift along 

the gradient in the following way: a) Body size of carabid beetles increases towards 

older (= less disturbed) successional stages according to the hypotheses of Gray (1989) 
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and Blake (1994, 1996). In contrast spider body size will decrease according to 

Remmert (1981) and Entling et al. (2010). b) Pale or light-colored species are more 

abundant in younger, open stages as light-colored cryptic colorations or hair coats 

protect against overheating and may act as camouflage (Digby 1955; Willmer and 

Unwin 1981). c) Species in young, open stages are more mobile due to lower spatial 

resistance and higher habitat dynamics which favor early colonizers (Greenslade and 

Southwood 1962; Bonte et al. 2002). d) Night activity increases towards older stages 

because of higher nocturnal cooling rates in open and a more balanced microclimate in 

densely vegetated habitats (Thiele 1977). (iii) Functional diversity differs among 

successional stages as follows: a) Functional richness is lowest in young, open stages 

due to dominance of species which are specialized/ adapted to few limited resources. 

b) Functional evenness is highest in older stages due to lower habitat dynamics and 

therefore lower disturbance. c) Functional divergence is highest in stages with high 

habitat heterogeneity, where a higher amount of potential habitat niches favors niche 

differentiation. 

 

 

Material and methods 

 

Study area  

 

The southern Baltic Sea island of Hiddensee with a size of about 16 km² is situated in 

the National Park ‘Vorpommersche Boddenlandschaft’ (Western Pomeranian Bodden 

landscape) in North-eastern Germany, Mecklenburg-Western Pomerania (Fig. 1). The 

climate is characterized by an average annual temperature of 7.5°C and an average 

annual precipitation of 547 mm (Reinhard 1962). An anthropo-zoogenic coastal 

heathland is situated in the centre of the island (54°32’N, 13°5’E; Fig. 1) on acidic, 

nutrient-poor and sandy soils (Bauer 1972). This area was traditionally used as grazing 

ground for domestic animals and to gain fuel and building material, but all land uses 

decreased at the beginning of the 20th century and ceased totally around the Second 

World War (Umweltministerium Mecklenburg-Vorpommern 2003). Nowadays it is 

preserved as open landscape by several management measures such as shrub clearing, 

mowing, sod cutting and (since 2004) sheep grazing. In the heathland, the five main 

stages of (coastal) heathland succession can be found: (i) Open acidic (coastal) dunes 

(grey dunes) dominated by Corynephorus canescens, Carex arenaria and cryptogams 

representing the youngest successional stage (GD). (ii) Dwarf-shrub heath with 

dominance of Calluna vulgaris and Empetrum nigrum, which is the main vegetation 

type within the study area (DH). (iii) Grassy heath, where a major part of the dwarf-

shrubs is displaced by tall graminoids, especially by C. arenaria and Deschampsia 
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flexuosa (HG). (iv) Heath encroached by shrubs like Betula pendula, B. pubescens or 

Prunus serotina (HS). (v) Young birch forest, which had developed due to the lack of 

management during the last 30–40 years, thus representing the oldest successional 

stage (BF). A total of 15 plots (three replicates per successional stage) were 

established with a size of 500 m² each and a homogeneous vegetation structure typical 

for the stage in question.  

 

 
 

Fig 1   Position of the isle of Hiddensee in Germany and of the study area on the island. 
 

 

Sampling of carabid beetles and spiders 

 

Carabid beetles and spiders were sampled using pitfall traps. Pitfall trapping is a 

standardized method widely used for sampling of ground-dwelling arthropods, 

producing high catch numbers and useful data on activity densities (Lövei and 

Sunderland 1996; New 1998). In each plot four pitfall traps were randomly set level 

with the soil surface, but with a distance of at least 5 m to each other (to minimize 

interference) and to the boundaries (to minimize edge effects). The traps were 6 cm in 

diameter, 8 cm deep and filled with a 70% ethylene-glycol solution and a few drops of 

detergent. A 15 × 15 cm transparent plastic roof was placed a few cm above the trap as 

protection against litter and precipitation. Pitfall trapping was done continuously from 

15 May 2008 to 04 May 2009 with emptying every four weeks. By sampling data over 

the course of a whole year, possible biases due to interspecific differences in seasonal 

activities can be avoided. Thus, our dataset can deliver information on population 
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densities of single species in a specific habitat (e.g. Baars 1979; Luff 1982; Ribera et 

al. 2001). 

Catches were sorted into taxa and stored in 70% alcohol. Carabid beetles were 

identified to species level according to Müller-Motzfeld (2006), spiders according to 

Nentwig et al. (2003) and Roberts (1987, 1998). Nomenclature follows Müller-

Motzfeld (2006) (carabids) and Platnick (2010) (spiders). 

 

Life-history traits 

 

Carabid beetles and spiders were assigned to life-history trait categories by means of 

literature data (Table 1) using morpho-physiological and phonological features which 

have potential effects on occurrence patterns of carabid beetles and spiders (Bonte et 

al. 2009; Ribera et al. 2001). The following traits were analyzed: ‘body size’, ‘color’, 

‘dispersal availability’ and ‘daily activity’.  

 

Data analysis 

 

For each plot habitat heterogeneity was expressed as the Shannon-Diversity based on 

estimated cover of ‘trees’, ‘field layer’, ‘Calluna vulgaris’ and ‘cryptogams’. 

Differences among stages were tested using one-way ANOVA. 

For each plot data of the four pitfall traps were pooled. Species richness of carabid 

beetles and spiders among the five successional stages were compared using one-way 

ANOVA and the Holm-Sidak-test as a post-hoc-test. To detect possible differences in 

functional trait composition among successional stages, we applied generalized linear 

models (GLM) and tested frequency of trait categories within a plot as dependent 

variable. To compensate for overdispersion, the standard errors were corrected using a 

quasi-Poisson model (Crawley 2008; Zuur et al. 2009). 

To test our functional diversity hypotheses, we chose three measures (FD, FRic, FDis) 

to express changes in functional richness as well as FEve for Functional Evenness and 

FDiv for Functional Divergence. All data were coded categorically for calculating 

functional diversity indices except body size. For calculating FD, a dendrogram was 

created using Ward’s method as clustering algorithm (McCune and Grace 2002). As 

distance measure we chose Gower’s distance (Gower 1971; Podani 1999), as it allows 

mixed and missing data types (Podani and Schmera 2006, 2007; Poos et al. 2009). To 

calculate a species-by-branch matrix and a vector of branch length, we applied the R 

code of Petchey and Gaston (2002). We computed FRic, FEve, FDiv (Villéger et al. 
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2008) and FDis (Laliberté and Legendre 2010) using the R language package FD 

(Laliberté and Shipley 2010). Differences in functional diversity indices among the 

successional stages were tested using one-way-ANOVA and square root transformed if 

necessary. 

The free software package R 2.11.1 (R Development Core Team 2010) was used for 

all analyses. In the following mean values and standard errors are shown. 

 

 

Results 

 

Species richness 

 

Habitat heterogeneity differed significantly among the stages (one-way ANOVA: F = 

22.987, P < 0.001). It was lowest in dwarf-shrub heath (0.728 ± 0.003) and grey dunes 

(0.805 ± 0.063) and increased continuously over grassy heath (0.964 ± 0.006) towards 

the older successional stages heath with shrubs (1.040 ± 0.021) and birch forest (1.071 

± 0.021). In contrast, species richness of both carabid beetles and spiders did not 

follow this pattern, and no differences could be found among the five successional 

stages (Fig. 2). Species richness of both taxa was not correlated to each other (r = 

0.304, P = 0.271). 

 

 

 

 

 

Fig. 2   Species richness 
of carabid beetles (black 
bars) and spiders (grey 
bars). Differences among 
the five successional 
stages were tested using 
one-way ANOVA. GD = 
grey dunes, DH = dwarf-
shrub heath, HG = 
grassy heath, HS = heath 
with shrubs, BF = birch 
forest. 
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Life-history traits  

 

For the tested life-history traits, frequencies of trait categories within plots differed 

significantly among the five stages (Table 2).  

Carabid beetle body size differed significantly with most small species occurring in 

grey dunes and most large species in the two oldest stages. For body color, the number 

of pale species was highest in grey dunes. The number of species without flight ability 

was lowest in grey dunes. The number of diurnal species differed among the 

successional stages being highest in grey dunes.  

In contrast to carabid beetles, most large and medium sized spider species could be 

found in grey dunes. Most very dark and medium colored spider species occurred in 

grey dunes, while the number of very bright species was highest both in the youngest 

(grey dunes) and the oldest (birch forest) stage. As for carabid beetles, the number of 

diurnal (and presumably diurnal) species was highest in grey dunes. Congruently, 

nocturnal species were most frequent in birch forest. 

 
Table 2   Species richness (mean values + SE) of life-history traits of carabid beetles and spiders along 
a heathland successional gradient. Significance of differences was tested using GLM. Only variables 
significantly different among stages are shown. * P < 0.05, ** P < 0.01, *** P < 0.001. For 
abbreviations see Fig. 2. 

Life-history trait  GD DH HG HS BF F 

Carabid beetles       
Body size       
   Very small 5.7 ± 0.3 2.3 ± 0.3 3.0 ± 0.6 2.0 ± 0.0 2.7 ± 0.3 13.764*** 
   Large 0.7 ± 0.7 2.0 ± 0.0 2.3 ± 0.3 3.7 ± 0.7 3.3 ± 0.7 3.521* 
Color        
   Pale 8.0 ± 1.0 3.0 ± 0.6 2.7 ± 0.7 3.7 ± 0.3 3.0 ± 1.2 5.933* 
Dispersal        
   No flight 1.7 ± 0.3 3.0 ± 0.0 2.7 ± 0.3 4.0 ± 0.6 3.3 ± 0.3 5.976* 
Daily activity        
   Diurnal 10.7 ± 1.2 5.7 ± 1.2 7.0 ± 0.6 5.7 ± 0.3 7.1 ± 0.6 4.789* 

Spiders       
Body size       
   Medium 15.7 ± 0.3 11.7 ± 0.8 10.3 ± 0.3 12.7 ± 0.9 11.7 ± 0.3 10.65** 
   Large 7.0 ± 0.0 6.7 ± 0.9 4.3 ± 0.7 3.7 ± 0.3 4.0 ± 1.2 6.65* 
Color       
   Very light 3.0 ± 0.5 1.0 ± 0.0 0.7 ± 0.3 1.7 ± 0.3 3.0 ± 0.0 9.78** 
   Medium 16.3 ± 0.5 13.3 ± 0.7 11.7 ± 0.3 14.7 ± 1.2 13.7 ± 0.3 4.31* 
   Very dark 8.3 ± 0.7 3.7 ± 1.1 3.3 ± 0.7 2.3 ± 0.3 5.3 ± 0.3 6.40** 
Daily activity       
   Diurnal 19.0 ± 0.5 13.7 ± 0.5 12.7 ± 1.0 13.3 ± 1.5 10.3 ± 1.1 5.93* 
   Presumably diurnal 8.7 ± 0.7 5.0 ± 0.9 5.0 ± 0.0 3.7 ± 0.7 5.0 ± 0.5 4.69* 
   Nocturnal 6.0 ± 0.5 8.3 ± 0.3 8.3 ± 0.3 10.7 ± 0.7 12.3 ± 0.7 15.02*** 

 Non-significant life history-trait variables – for carabids: body color (black, metallic), dispersal (able 
to fly), daily activity (nocturnal); for spiders: body size (very small, small), body color (light, medium, 
dark, indifferent), dispersal (ballooning), daily activity (diurnal-nocturnal) 
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Functional diversity 

 

FDiv and FDis of both carabid beetles and spiders differed significantly among the 

successional stages, while no differences could be observed in FD, FRic, and FEve 

(Table 3). For carabid beetles FDiv was lowest in grey dunes followed by heath with 

shrubs and was clearly higher in the three other stages. FDis was clearly lowest in grey 

dunes and peaked in grassy heath. While the FDis pattern of spiders was similar to that 

of carabid beetles, FDiv reacted differently. Here, the values were highest in grey 

dunes and decreased continuously towards birch forest. 

 
Table 3   Functional diversity indices of carabid beetles and spiders  (mean values + SE) along a 
coastal heathland successional gradient (one-way ANOVA; * P < 0.05, ** P < 0.01, *** P < 0.001). 
FD = Petchey and Gaston’s functional diversity, FRic = Functional richness, FEve = Functional 
evenness, FDiv = Functional divergence, FDis = Functional dispersion. For abbreviations see Fig. 2. 

 GD DH HG HS BF F P 

Carabids        

FD 13.05 ± 1.58 9.25 ± 1.51 9.01 ± 0.46 11.33 ± 1.07 11.80 ± 0.29 2.412 0.118 

FRic 0.696 ± 0.029 0.589 ± 0.129 0.421 ± 0.042 0.432 ± 0.012 0.467 ± 0.022 3.365 0.054 

FEve 0.637 ± 0.027 0.625 ± 0.017 0.684 ± 0.038 0.567 ± 0.009 0.557 ± 0.048 2.884 0.079 

FDiv 0.796 ± 0.047  0.898 ± 0.008 0.915 ± 0.026 0.802 ± 0.029 0.896 ± 0.021 3.859 0.038 

FDis 0.213 ± 0.018 0.353 ± 0.018 0.377 ± 0.010 0.329 ± 0.008 0.336 ± 0.013 20.469 < 0.001 

Spiders        

FD 40.93 ± 1.41 37.33 ± 2.43 34.77 ± 0.52 34.73 ± 0.73 36.86 ± 1.64 2.824 0.083 

FRic 0.651 ± 0.022 0.651 ± 0.022 0.651 ± 0.022 0.511 ± 0.008 0.566 ± 0.027 3.082 0.068 

FEve 0.604 ± 0.025 0.604 ± 0.025 0.586 ± 0.027 0.575 ± 0.019 0.613 ± 0.004 0.719 0.598 

FDiv 0.934 ± 0.008 0.932 ± 0.002 0.920 ± 0.012 0.923 ± 0.004 0.880 ± 0.016 4.851 0.020 

FDis 0.396 ± 0.007 0.429 ± 0.005 0.440 ± 0.003 0.412 ± 0.003 0.422 ± 0.008 8.903 0.002 

  
 

Discussion 

 

Species richness 

 

The habitat heterogeneity hypothesis proposes that an increase in habitat complexity 

leads to an increase in species diversity (MacArthur and MacArthur 1961) because of 

an expansion in the number of partitionable niche dimensions. This facilitates 

specialization and avoidance of competition through spatial segregation. The idea that 

habitat heterogeneity affects species diversity has been applied to successional 

gradients by Bollinger (1995). For the coastal heathland analyzed in the present study, 

we reject the habitat heterogeneity hypothesis as species richness of both carabid 
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beetles and spiders did not differ among successional stages, though habitat 

heterogeneity differed significantly. For carabid beetles, this could be explained by the 

fact that this group generally tends to be more abundant and species-rich in open 

habitats, and that pitfall trapping is biased towards generalist and open-habitat carabid 

beetles (da Silva et al. 2007). For spiders, our results are in accordance to findings of 

Aitchison and Sutherland (2000), Buddle et al. (2000), Hurd and Fagan (1992), and 

Mallis and Hurt (2005). Apparently, spider diversity seemed not to be necessarily 

related to habitat structure along successional gradients (Gajdos and Toft 2000). In 

contrast, community composition might change at each successional stage by 

replacing one specialist by another which generally does not affect the overall 

diversity of the community at the given stage (Buchholz 2010).  

 

Life-history traits  

 

All tested life-history traits of carabid beetles and spiders changed along the gradient 

in at least one category. Regarding body color and daily activity patterns of both taxa 

were similar. In contrast patterns in body sizes were almost contrary as hypothesized. 

Differences or shifts in dispersal availability were only found for carabid beetles.  

 

Body size 

Carabid beetles were smaller in grey dunes and large-bodied in most vegetated 

successional stages. The largest species Carabus nemoralis, C. granulatus, and 

Pterostichus niger were almost totally restricted to the oldest stages of succession and 

are known to be typical European forest species (Müller-Motzfeld 2001). This 

confirms the ‘stress hypothesis’ (Gray 1989), which predicts that the number of small 

species increases with increasing stress. For carabid beetles, support for this 

hypothesis had already been given by Blake et al. (1994, 1996) who found that body 

size was smaller in disturbed habitats, and afterwards by Ribera (2001) and Niemelä 

and Kotze (2009). 

Opposite patterns, however, could be observed in spiders where most large and 

medium-sized species occurred in grey dunes. This supports Remmert (1981) and 

Entling et al. (2010) who stated that dry and hot habitat conditions favor large-bodied 

species that should have a higher desiccation resistance due to their more compact and 

waterproof cuticle and their lower surface area : volume ratio. 

 

Color 

Most pale-colored carabid species occurred in grey dunes which corroborated our 

hypothesis. This may be an adaption against overheating in this often extremely hot 
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and sun-exposed habitat, as pale and light colors reflect more sunlight than dark colors 

(Digby 1955; Willmer and Unwin 1981).  

In contrast, body color seemed to be a less important trait in spiders: Very light, 

medium- and dark colored species were all most numerous in grey dunes. As many 

spiders are smaller than carabids, they might be able to find shelter against insolation 

more easily. 

 

Dispersal 

We corroborated our hypothesis about dispersal availability, as species numbers of 

flightless carabid beetles were highest in the older successional stages. Typically, in 

‘temporary habitats’, such as dynamic grey dunes or floodplains, most species are 

highly mobile and able to fly as an adaption to fluctuations in habitat availability 

(Bonte et al. 2002; Gerisch et al. 2006; Greenslade and Southwood 1962).  

In contrast, no differences in dispersal traits could be observed for spiders. Probably, 

dispersal strategy is a less meaningful trait, since most spider species disperse by 

ballooning (Bell et al. 2005).  

 

Daily activity 

For both taxa older stages were most frequently inhabited by nocturnal species. This 

approves our hypothesis that night activity will increase towards more vegetated 

habitats because of more balanced temperatures during the night. Sparsely vegetated 

sites may be less suitable habitats at night, since they are characterized by large 

temperature amplitudes with low mean nocturnal minima, especially in summer 

(Buchholz in press). This is in accordance to Williams (1962), Henatsch and Blick 

(1993) and Kreuels (2001) who assumed diurnal activity to be prevailing in open 

habitats, while nocturnal activity is predominant in forested sites. 

 

Functional diversity 

 

FD, FRic, and FDis are all measures of functional richness, but are based on different 

mathematical approaches (Laliberté and Legendre 2010; Mouchet et al. 2010). In our 

study neither FD nor FRic differed along the gradient. In contrast, FDis was clearly 

lowest in grey dunes (for both taxa) which partly support our hypothesis that 

functional richness is lowest in young, open stages. This might be explained by the 

dominance of species specialized on or adapted to equal limited resources. In contrast 

to FD and FRic, FDis also considers species relative abundances by estimating their 

dispersion in a multidimensional trait space (Laliberté and Legendre 2010). FD simply 

measures functional richness as the total branch length of a dendrogram that clusters 

species based on the similarity of their functional-trait characteristics (Petchey and 
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Gaston 2006, 2007, 2009). FRic represents the amount of functional space (measured 

by the convex hull volume) filled by the community, which in turn is highly 

influenced by outliers (Cornwell et al. 2006; Villéger et al. 2008). Low values of FDis, 

as detected for carabid beetles and spiders in grey dunes, indicate a lower dispersion in 

trait space or a more uneven distribution of abundances (due to limited resources). The 

latter stages represent more heterogeneous habitats than the grey dunes and offer 

broader niche ranges, which could enhance functional richness. Low functional 

richness generally indicates a reduced productivity, since some resources potentially 

available to the community are unused (Mason et al. 2005) or not available. 

Functional evenness (FEve) is the degree to which community species abundances are 

distributed in the functional trait space. Functional evenness is low, if abundances are 

less evenly distributed among functional niches, which causes a decrease of 

productivity and reliability of a community and therefore an increased opportunity for 

invaders (Villéger et al. 2008). Based on existing interpretations of functional 

evenness (cf. Schleuter et al. 2010), habitats with low FEve may be sensitive to 

disturbance (ecological or anthropogenic), while high FEve indicates low disturbance 

and balanced niche occupancy. We therefore hypothesized FEve to be highest in older 

successional stages with low habitat dynamics/ disturbance and lowest in grey dunes, 

where few species (and traits) are predominant. Neither for carabid beetles nor for 

spiders, however, FEve differed among stages.  

Functional divergence (FDiv) expresses how species abundance varies along a 

functional trait axis within the functional trait space. High values of functional 

divergence denote a high degree of niche differentiation and low resource competition 

(Mason et al. 2005; Villéger et al. 2008). The results of our study indicate that niche 

differentiation apparently does not depend on habitat heterogeneity. We therefore 

reject the hypothesis that functional divergence is highest in stages with high habitat 

heterogeneity, where higher amounts of potential habitat niches favor higher niche 

differentiation. 

 

 

Conclusions 

 

Species richness is the simplest measure of biological diversity (Magurran 2004) and 

has been numerously used in ecological studies as a measure to describe diversity of a 

habitat or an assemblage (e.g. Buchholz 2009; Cardoso et al. 2008; Oxbrough et al. 

2005; Sroka and Finch 2006). Often, diversity is expressed as a single measure such as 

‘number of species’ (McCune and Grace 2002) or ‘number of endangered species’ 

(Jelaska et al. 2010) based on the taxonomic composition of communities or 

ecosystems.  Since diversity is not only restricted to taxonomic components it should 
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include functional traits (da Silva et al. 2007; Ribera et al. 2001; Vandewalle et al. 

2010; Villéger et al. 2010). Functional diversity is an important component of 

biodiversity and may provide valuable additional information (Biswas and Mallik 

2010; Laliberté et al. 2010; Petchey and Gaston 2006; Villéger et al. 2010). As a 

conclusion of our study we recommend to incorporate functional diversity to analyze 

changes along environmental gradients, as only the incorporation of these measures 

may reflect the whole pattern of diversity. Heathland succession did not influence 

species richness of the investigated groups of ground-dwelling arthropods, but 

functional diversity differed among stages. We conclude that these indices are 

meaningful to describe variation in biodiversity along environmental gradients, while 

the explanatory power of species richness is mostly poor (Brose 2003; Buchholz 2010; 

Mallis and Hurd 2005; Mokany et al. 2008). Furthermore, the number of functionally 

different roles represented in an ecosystem or habitat may be a stronger determinant of 

ecosystem processes than the total number of species (Tilman et al. 1997). When 

analyzing biodiversity changes along environmental gradients the concept of 

functional diversity might be an essential tool. However, functional diversity is still a 

complex – and often theoretical – field of interest. Further practical approaches to 

assess biodiversity including interpretations of how functional diversity indices behave 

in natural environments will doubtlessly improve the applicability of this concept. 
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Aerial photograph of the coastal heathland on the island of Hiddensee in the Baltic Sea. 

Characteristic feature is the mosaic of dwarf-shrub stands (dark grey) and open grey dunes 

and pathways (light grey). Photo: Irmgard Blindow. 
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INTRODUCTION

Heath ecosystems are protected under the EU Habitats Direc-
tive (Ssymank et al., 1998). Like many other dry, nutrient-poor
open habitats (e.g. calcareous and sandy dry grassland, inland
and coastal dunes) they harbour a high biodiversity, especially
of insects (Webb, 1998; van Swaay, 2002; Riksen et al., 2006).
Typical heath ecosystems are characterized by a mosaic of
dwarf-shrub vegetation, grass-dominated heath, bare ground and
isolated shrubs or trees. According to the habitat heterogeneity
hypothesis (Tscharntke et al., 2002; Tews et al., 2004) there
should be a greater diversity of insects in complex than simple
habitats, as the number of niches increases with increase in
habitat complexity (Dupont & Overgaard Nielsen, 2006).

The dune heath on the Baltic Sea island of Hiddensee is
dominated by Calluna vulgaris heath, except on the grey dunes,
which are dominated by Corynephorus canescens. Typical
Orthoptera present in the Hiddensee dune heath are the Cael-
ifera Chorthippus biguttulus (Linnaeus, 1758) and Myrmeleo-

tettix maculatus (Thunberg, 1815) (Köhler & Reinhardt, 2002)
and Ensifera Decticus verrucivorus (Linnaeus, 1758) (Köhler &
Reinhardt, 2002) and Platycleis albopunctata (Goeze, 1778)
(Schirmel et al., 2010).

The aim of this study was to answer the following questions:
(i) How do the abundances of the different species of Orthoptera
differ among the three habitats a) grey dune, b) adjoining heath
and c) heath located at least 20 m away from the grey dunes?
(ii) How can the abundance patterns of the species be
explained? (iii) What can be concluded from this study about
the conservation of heathland Orthoptera?

MATERIAL AND METHODS

The study area was the dune heath on the Baltic Sea island of
Hiddensee, Germany (54°32´N, 13°5´E; Fig. 1a). It is a distinc-
tive feature of the landscape and covers an area of about 200 ha.
The average annual precipitation is 547 mm and average annual
temperature 7.5°C (Reinhard, 1962). After cultivation of the
land was abandoned about 100 years ago, the landscape was

kept open by clearing shrubs, sod cutting, mowing and, since
2004, sheep grazing. Plant cover consists mainly of Calluna vul-

garis and small-scale occurrence of grey dune vegetation (Cory-

nephorus canescens, Carex arenaria and Cladonia spp.).
Three habitats were sampled a) grey dunes (GD), b) dwarf-

shrub heath adjoining grey dunes (HN) and c) dwarf-shrub heath
at least 20 m away from grey dunes (HF). Five 500 m2 sites at
which the vegetation was homogeneous were established in
each habitat. The sites in the GD were at least 5 m from dwarf-
shrub heath. At least one side of the rectangular HN sites was
situated at a maximum of 5 m from grey dunes and the HF sites
were at least 20 m from grey dunes (Fig. 1b).

The structure of the vegetation in each of the three habitats
was characterized at the beginning of August by recording the
following parameters: total vegetation cover, grass cover
(including sedges), cryptogam cover (all estimated in %) and
vegetation height (cm). At each site, the vegetation was sampled
in three 2 × 2 m (GD) or two 5 × 5 m (HN, HF) randomly
located squares, respectively.

The Orthoptera were recorded by slowly walking along tran-
sects three times between the end of July and end of August
2008. At each site transects consisted of loops of a total length
of 70 m. All visually and acoustically detected individuals at a
distance of up to 0.5 m on both sides of transects (total area
sampled per site = 70 m2) were counted. Scientific nomenclature
followed Coray & Lehmann (1998).

One-way ANOVA followed by Fisher’s LSD post-hoc tests
were used for the results that met ANOVA assumptions. If nec-
essary, a log (x + 1) transformation was used, and for results
that still deviated from normality, the Kruskal-Wallis test fol-
lowed by multiple U-test comparisons (Bonferroni-corrected to
a significance level of  0.017) were performed. For all tests,
the SPSS 11.5 statistics package was used.

RESULTS

Except for the cover of cryptogams (GD: 61.0 ± 3.0; HN:
66.2 ± 1.6; HF: 66.4 ± 2.1), all the other vegetation parameters
recorded for the grey dunes differed highly significantly from
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those for the dwarf-shrub heath. The grey dunes had lower
cover of total vegetation (59.0 ± 1.3), higher cover of grasses
(39.4 ± 2.2) and a shorter turf (25.8 ± 1.0), compared to HN
(88.4 ± 2.3; 3.4 ± 1.3; 54.0 ± 2.5) and HF (89.4 ± 2.0; 4.0 ± 1.2;
60.6 ± 1.2), respectively. The only vegetation parameter that
differed significantly between the two types of heath was the
height of the vegetation, which was slightly higher on the HF
(60.6 ± 1.2) than HN (54.0 ± 2.5).

All four species of Orthoptera were recorded in the GD and
HN (Table 1). In HF only C. biguttulus, M. maculatus, and
D. verrucivorus were observed. Total numbers of individuals
recorded decreased from GD (537 individuals) to HN (208 indi-
viduals) to HF (94 individuals). Mean abundances per 10 m2 of
the four species decreased from GD > HN > HF and differed
significantly among habitat types. C. biguttulus abundances
decreased significantly from GD > HN > HF. Abundance of

M. maculatus also decreased from GD > HN > HF. However,
the abundances in the two dwarf-shrub heaths did not differ sig-
nificantly. D. verrucivorus was most abundant in HN and dif-
fered significantly from that in GD but not HF. P. albopunctata

was absent in HF and did not differ in abundance in GD and HN
(Table 1).

DISCUSSION

As the Orthoptera differ in their life-history traits (Ingrisch &
Köhler, 1998; Braschler et al., 2009) it was expected that they
would differ in their distribution among the habitats studied.
The Caelifera C. biguttulus and M. maculatus were most
abundant in grey dunes. Both species are heat-loving and
require open and warm oviposition sites (Detzel, 1998) and
M. maculatus, especially, prefers habitats with little vegetation
(Detzel, 1998; Willot & Hassall, 1998). Both species were also
recorded in dwarf-shrub heath (HN, HF), but only in small
numbers. M. maculatus requires very little space and can
survive in extremely small microhabitats (Detzel, 1998), which
might account for its presence in heath vegetation. Moreover,
M. maculatus is only partly graminivorous (Zehm, 1997) and
therefore capable of finding sufficient food (such as mosses) in
the nearly grass-free dwarf-shrub heath. This might be why its
abundance in HN and HF did not differ significantly. In
contrast, the spatial proximity to grey dunes positively
influenced the abundance of C. biguttulus in dwarf-shrub heath
(more abundant in HN than HF). This could be due to the high
proportion of grasses, the preferred food of this orthopteran, in
grey dunes.

As in most large-sized grassland Ensifera (Gottschalk, 1997;
Schuhmacher & Fartmann, 2003; Braschler et al., 2009) the
occurrence of the Ensifera D. verrucivorus and P. albopunctata

strongly depends on the existence of habitat mosaics, as in the
different stages of their life cycle they require different
environmental conditions. Like the two Caelifera species,
D. verrucivorus and P. albopunctata need bare ground for
oviposition (Ingrisch & Boekholt, 1983; Gottschalk, 1997) and
their heat-loving nymphs (Ingrisch, 1978) depend on sparsely
vegetated microhabitats (Schuhmacher & Fartmann 2003). On
the other hand, the adults of the two Ensifera species are bigger
(18–44 mm; Detzel, 1998) than the Caelifera (11–23 mm;
Detzel, 1998) and therefore require taller (dwarf-shrub)
vegetation for shelter and song posts (Schuhmacher &
Fartmann, 2003; Braschler et al., 2009). These requirements
account for the high abundance of D. verrucivorus and
P. albopunctata in heath adjoining grey dunes. The high
abundance of P. albopunctata in GD may also be due to its
higher heat requirement and the presence there of grasses, as it
prefers to feed on grass seeds (Gottschalk, 1997).

Our results indicate that extensive, homogeneous and undis-
turbed stands of dwarf-shrub heath are not optimum habitats for
many Orthoptera (Clausnitzer, 1994; Stuke, 1995). Only
M. maculatus and D. verrucivorus tend to occur regularly in
large numbers in such habitats. In contrast, grey dunes or dis-
turbed areas are very suitable habitats for the Caelifera studied
and in combination with neighbouring heath are also suitable for
some Ensifera (Schuhmacher & Fartmann, 2003). Therefore, the
conservation of species- and individual-rich heathland Orthop-
teran communities depends on the creation of heterogeneous
heathland with open dunes and disturbed patches next to Cal-

luna stands.
The Orthopteran fauna of homogeneous Calluna heaths can

be considerably influenced by the nature of the adjacent
habitats, as shown for grey dunes in this study. To avoid edge
effects, the minimum distance of a plot from adjacent habitats
should be at least 20 m, when recording the indigenous Orthop-
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Fig. 1. The a) position of the isle of Hiddensee at the Baltic
Sea (small map) and of the study area (hatched) and the b)
placement of the sampling sites in the study area. GD = grey
dunes, distance of at least 5 m from the dwarf-shrub stands
(n = 5), HN = dwarf-shrub heath adjoining to grey dunes
(n = 5), HF = dwarf-shrub heath > 20 m away from grey dunes
(n = 5); white = homogeneous dwarf-shrub stands (Calluna vul-

garis), grey = grey dunes (Corynephorus canescens).



teran fauna of Calluna heath (e.g. as part of the Habitats Direc-
tive monitoring program).
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F = 7.422, d.f. = 2, P  0.01
GD-HN: P = 0.908
GD-HF: P  0.01
HN-HF: P  0.01

0b0.14 ± 0.04a0.14 ± 0.03aPlatycleis albopunctata

F = 4.413, d.f. = 2, P  0.05
GD-HN: P  0.05
GD-HF: P = 0.227
HN-HF: P = 0.117

0.11 ± 0.04c0.21 ± 0.05bc0.04 ± 0.02acDecticus verrucivorus

F = 23.606, d.f. = 2, P  0.001
GD-HN: P  0.001
GD-HF: P  0.001
HN-HF: P = 0.335

0.71 ± 0.25b1.18 ± 0.15b3.68 ± 0.49aMyrmeleotettix maculatus

2 = 12.750, d.f. = 2, P  0.01
GD-HN: P  0.01
GD-HF: P  0.01
HN-HF: P  0.01 

0.07 ± 0.02c0.45 ± 0.12b1.27 ± 0.14aChorthippus biguttulus

F = 45.288, d.f. = 2, P  0.001
GD-HN: P < 0.001
GD-HF: P < 0.001
HN-HF: P = 0.037

0.90 ± 0.23c1.98 ± 0.23b5.11 ± 0.45aAll species

StatisticsHFHNGD

TABLE 1. The abundance of Orthoptera (mean number of individuals per 10 m2 ± SE) in grey dunes (GD, n = 5), dwarf-shrub
heath adjoining grey dunes (HN, n = 5) and dwarf-shrub heath at least 20 m away from grey dunes (HF, n = 5), and the results of
one-way ANOVA’s or Kruskal-Wallis tests. Different letters indicate significant differences between abundances (Fisher’s LSD-
Test at P  0.05; Kruskal-Wallis test: Bonferroni-corrected U-Test at P  0.017).
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The moss Campylopus introflexus is an invasive species in Europe. In open and acidic 

habitats – such as grey dunes – it can build dense carpets and alter habitat conditions. 

Photo: Jens Schirmel. 
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Abstract Campylopus introflexus is an invasive

moss in Europe and North America that is adapted to

acidic and nutrient-poor sandy soils with sparse

vegetation. In habitats like acidic coastal dunes (grey

dunes) it can reach high densities, build dense carpets

and modify habitat conditions. While the impact of the

moss invasion on the vegetation is well analyzed, there

is a lack of knowledge regarding possible effects on

arthropods. In the present study we analyzed the

impact of Campylopus introflexus on the ground-

dwelling arthropods carabid beetles and spiders, as

both taxa are known to be useful indicator taxa even on

a small-scale level. In 2009 we compared species

composition in a) invaded, moss-rich (C. introflexus)

and b) native, lichen-rich (Cladonia spp.) acidic

coastal dunes by using pitfall traps. A total of 1,846

carabid beetles (39 species) and 2,682 spiders (66

species) were caught. Species richness of both taxa

and activity densities of spiders were lower in invaded

sites. Species assemblages of carabids and spiders

differed clearly between the two habitat types and

single species were displaced by the moss encroach-

ment. Phytophagous carabid beetles, web-building

spiders and wolf spiders were more abundant in native,

lichen-rich sites. Shifts in species composition can be

explained by differences in the vegetation structure,

microclimate conditions and most likely a reduced

food supply in invaded sites. By forming dense carpets

and covering large areas, the moss invasion strongly

alters typical arthropod assemblages of endangered

and protected (EU-directive) acidic coastal dunes.

Keywords Microclimate � Moss-encroachment �
Neophytic moss � Species richness � Vegetation

structure

Introduction

Since the middle of the last century, the neophytic

moss Campylopus introflexus (Heath Star Moss),

originating from the southern hemisphere, has been

an invasive species in Europe and North America

(Frahm 1980; Richards 1963; van der Meulen et al.

1987; Hassel and Söderström 2005). The Heath Star

Moss is adapted to acidic and nutrient-poor sandy

soils with sparse vegetation (Pott 1995). In Europe

C. introflexus is widespread in habitats like acidic

coastal dunes, inland dunes, drift sands and heath-

lands where it can reach high densities, build dense
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carpets and therefore alter habitat conditions (Biermann

and Daniëls 1997; Ellenberg 1996; Ketner-Oostra and

Sykora 2008; Pott 1995). Moss carpets can hinder the

germination of other plants and cryptogams due to

decreased water supply by interception (Biermann

and Daniëls 2001), the lack of space for settlement,

and a limited dispersal and establishment of some

native plant species resulting in permanent displace-

ment of these affected species (Hasse 2005, 2007;

Ketner-Oostra and Sykora 2004, 2008). Thus, plant

and lichen diversity of these habitats is endangered

by the moss encroachment (Ketner-Oostra and

Sykora 2004).

While the impact of the moss invasion on the

vegetation is well analyzed (e.g. Equihua and Usher

1993; van der Meulen et al. 1987; Biermann and

Daniëls 1997; Hasse 2005, 2007; Ketner-Oostra and

Sykora 2004, 2008), knowledge of effects on arthro-

pods is lacking (apart from Vogels et al. 2005;

Schirmel submitted). This is remarkable, given that

acidic coastal dunes belong to open, dry and nutrient-

poor habitat types (like inland dunes, heathlands, dry

grasslands) that are protected by the EU Habitats

Directive (Ssymank et al. 1998) and present important

habitats for many thermo- and xerophilous inverte-

brates (e.g. Maes et al. 2006; Maes and Bonte 2006;

Riksen et al. 2006). These ecosystems and their

specialized fauna are mainly threatened by land-use

changes (e.g. abandonment of traditional land use) and

atmospheric deposition (de Vries et al. 1994; Muller

et al. 1998; Ketner-Oostra and Sykora 2004; Remke

et al. 2009). Moreover, the invasion of the invasive

moss Campylopus introflexus might present a novel

threat especially for acidic coastal and inland dunes

(Riksen et al. 2006; Ketner-Oostra and Sykora 2004).

Since the 1980s the exotic moss can be found on the

isle of Hiddensee in the German Baltic Sea (Schubert

pers. comm.) where it has mainly invaded lichen-rich

acidic coastal dunes (grey dunes) (Remke pers.

comm.). While lichens are very sensitive to trampling

and grazing, C. introflexus has an effective vegetative

propagation (shoot fragments) and grows quickly

(Biermann and Daniëls 1997). The spreading of

C. introflexus in the lichen-rich acidic coastal dunes

on the island might therefore be favored through

trampling by tourists and an increased grazing pressure

since the reintroduction of sheep pasturing in 2004.

Carabid beetles (Coleoptera: Carabidae) and spi-

ders (Araneae) are useful indicator taxa utilized to

monitor shifts in habitat conditions in nearly all kinds

of terrestrial ecosystems (e.g. for carabids: Mossa-

kowski and Främbs 1993; Desender 1996; Buchholz

et al. 2009; for spiders: Hsieh et al. 2003; Warui et al.

2005; Huber et al. 2007; Horvath et al. 2009). Both

taxa are rich in both individuals and species, have

high reproduction rates, include several stenotopic

species and feature a well known ecology (Lövei and

Sunderland 1996; Turin 2000; Irmler and Gürlich

2004; Entling et al. 2007; Negro et al. 2009). As

shown in other studies, the invasion of plants can

have a great effect on the indigenous carabid (e.g.

Hansen et al. 2009; Topp et al. 2008; Gu et al. 2008)

or spider fauna (e.g. Petillon et al. 2005; Bultmann

and Dewitt 2008; Mgobozi et al. 2008). As described

above, the invasion of C. introflexus could change the

vegetation structure of native sites and therefore

might alter microhabitat conditions. As both carabid

beetles and spiders are known to be very sensitive to

these factors (carabid beetles: Thiele 1977; Jukes

et al. 2001; spiders: Scheidler 1990; Grill et al. 2005),

impacts of C. introflexus encroachment on species

compositions might be assumed. Moreover, espe-

cially dry and open habitats as the studied acidic

coastal dunes, harbor several specialized xerothermic

carabid (Desender 1996; Müller-Motzfeld 2004;

Trost 2004) and spider species (Almquist 1973;

Bonte et al. 2000, 2003; Buchholz and Kreuels

2009; Buchholz 2010). Furthermore, many carabid

and spider species have low space requirements

resulting in small-scale habitat use (Almquist 1973;

Juen and Traugott 2004; Mazia et al. 2006; Bates

et al. 2007; Ziesche and Roth 2008; Muff et al. 2009).

Hence, both taxa are useful indicators for small-scale

shifts in habitats such as the shifts caused by moss

encroachment in acidic coastal dunes.

The aim of this study was to analyze the possible

impact of Campylopus introflexus on carabid beetles

and spiders. Species composition was compared in

(a) invaded, moss-rich sites (C. introflexus) and (b)

native, lichen-rich sites using pitfall trap data. The

following research questions were addressed: (a) Is

diversity of carabid beetles and spiders reduced in the

invaded, structure-poor sites? Do abundance patterns

differ between the two acidic coastal dune habitat

types? (b) Is the species composition of carabid

beetles and spiders affected by the moss invasion? (c)

Which species are mostly affected by the invasion?

Are phytophagous carabid beetle species negatively
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affected by the moss invasion (which is known to

hinder the germination of grasses)?

Materials and methods

Study area and plots

The study was conducted from 19 May to 28 July

2009 in an anthropo-zoogenic coastal heath (total

area: approx. 200 ha) on the southern Baltic island of

Hiddensee (total area: approx. 16 km2), Germany

(54�320N, 13�500E). The average annual temperature

is 7.5�C and the average precipitation is 547 mm

(Reinhard 1962).

The vegetation on the acidic, nutrient-poor and

sandy soils (Bauer 1972) is dominated by a mosaic of

extensive dwarf-shrub stands (mainly Calluna vulga-

ris), acidic coastal dunes, grassy heath, shrubs and

isolated trees. The acidic coastal dunes predomi-

nantly feature Corynephorus canescens, Carex are-

naria, and cryptogams. In particular lichens of the

genus Cladonia are very frequent (with more than ten

species, Remke pers. comm.). The coastal heath was

used as grazing ground until the beginning of the last

century and is currently kept open thanks to several

management measures such as shrub clearing, mow-

ing, sod cutting and the reintroduction of sheep

grazing (since 2004, with approx. 500 sheep).

Within the coastal heath a total of 22 acidic coastal

dune plots were selected. Eleven of the plots had been

invaded by Campylopus introflexus with a cover of

[85% (henceforth referred to as CA) and, as

reference, eleven native, lichen-rich plots with a

cover of[85% of Cladonia spp. (henceforth referred

to as LI) were selected (Fig. 1). The plots were

almost level and had a homogenous vegetation

structure (Kratochwil and Schwabe 2001). The size

of each plot was [35 m2 and the minimum distance

among the plots amounted to [20 m.

Vegetation and microclimate

Characterization of vegetation was done once at the

beginning of July in three 1 9 1 m randomly chosen

squares per plot. Density and proportion of total

vegetation, bare ground (sand), Campylopus introfl-

exus, Cladonia spp., grasses (including sedges) and

litter were estimated in percent. Height of grasses and

the respective dominant cryptogams (either C. intro-

flexus or Cladonia spp.) was measured at four

randomly chosen spots within each square. Parameters

were averaged for each plot for further analyses.

Microclimate measures were performed using data-

loggers (Dallas Hygrochron Temperature/Humidity

i-Button DS 1923-F5). One logger was placed 1 cm

above the cryptogam vegetation in the center of each

plot. A 15 9 15 cm transparent plastic roof was

installed 1 cm above each logger to protect it from

precipitation. Air temperature (�C) and relative air

humidity (%) were logged hourly during the whole

study period.

Sampling and determination of carabid beetles

and spiders

Carabid beetles and spiders were sampled using pitfall

traps. Pitfall trapping is a sampling method widely

used with ground-dwelling arthropods, producing high

catch numbers and very useful data about activity

Fig. 1 Characteristic plots of (a) acidic coastal dunes invaded by Campylopus introflexus (CA) and (b) native, lichen-rich acidic (LI)

coastal dunes on the Baltic island of Hiddensee, Germany
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123



densities (Lövei and Sunderland 1996; New 1998). In

each of the 22 plots three traps were set level with the

soil surface, thus totalling 66 traps altogether. Traps

were 6.5 cm in diameter and 7.5 cm deep. They were

filled with a 80% ethylene–glycol-solution and a few

drops of detergent. Within plots, traps had a minimum

distance of [2 m to each other. Traps were emptied

fortnightly (five emptyings in total).

Catches were sorted into taxa and stored in 70%

alcohol. Identification to species level was done using

Müller-Motzfeld (2006) for carabid beetles and

Roberts (1987, 1996), Heimer and Nentwig (1991)

and Almquist (2005) for spiders. Nomenclature

follows Müller-Motzfeld (2006) (carabids) and Plat-

nick (2009) (spiders).

Data analysis

The three traps per plot were treated as a unit. For

statistical analysis the raw catch numbers of carabids

and spiders were used. Classification of carabid

beetles into the two feeding groups (mostly) carniv-

orous or (mostly) phytophagous follows Cole et al.

(2002), Ribera et al. (1999a, b) and Müller-Motzfeld

(2004).

Statistical analysis was carried out using R 2.10.1

(R Development Core Team 2009). For comparison

of environmental parameters (vegetation, tempera-

ture, humidity) between the habitat types we used

two-sample t-tests. For species richness estimation

we used the bias-corrected Chao1 index (Chao 1984,

2005) with the software SPADE (Species Prediction

and Diversity Estimation). Observed species richness,

estimated species richness, total activity density and

activity density of most frequent species ([30

individuals; Appendix) were analyzed using Poisson

generalized linear models (GLM). Responses of most

frequent species ([30 individuals) to environmental

paramters were analyzed using GLM. To avoid

multicollinearity, only parameters with correlations

of r \ 0.7 were included into the models (cover of

grasses, proportion of bare soil, mean Temperature,

cover of litter). Since overdispersion was detected we

corrected standard errors using quasi-GLM models

(Zuur et al. 2009). F-statistics were assessed using an

Analysis of Deviance (Zuur et al. 2009). Compari-

sons of rank abundance-plots were conducted using

the Kolmogorov–Smirnov two-sample test. Dmax

represents the largest unsigned difference between

the cumulative relative abundances of species of CA

and LI. The critical value Da was calculated as

Da = Ka H[(n1 ? n2)/(n1 9 n2)], where Ka = H[1/2

(-ln (a/2))] (see Magurran 2004).

Species overlap was compared using Jaccard’s

similarity index as CJ = a/(a ? b ? c), where a is

the number of species detected in both CA and LI,

b is the number of species found in CA only and c is

the number of species exclusively detected in LI. For

ordination of species data we used non-metric

multidimensional scaling (NMDS) (VEGAN (Oksa-

nen et al. 2008) and MASS packages (Venables and

Ripley 2010)). The Bray-Curtis distance was used as

distance measure and a maximum number of 100

random starts was conducted in order to search for a

stable solution. To test whether cryptogam type

(Cover of Campylopus or Cladonia spp.) had a

significant effect on species composition, a permuta-

tional multivariate analysis of variance using distance

matrices (ADONIS) was conducted. To analyse

species composition and feeding groups, we only

used species with C3 individuals per plot. In the

following always means and standard errors were

shown.

Results

Vegetation and microclimate

All vegetation parameters except litter cover differed

significantly between CA and LI (Table 1). Total

vegetation cover reached almost 100% in both habitat

types. Consequently, the proportion of bare soil was

low in both habitats but slightly higher in CA. Due to

the plot selection criterion ([85% cover of either

Campylopus introflexus or Cladonia ssp.), the cover

of cryptogams differed highly significantly between

habitat types. With 16%, cover of grasses in LI was

nearly twice as large as in CA; this difference was

highly significant too. Finally, height of grasses in LI

was significantly higher than in CA.

Microclimate in LI was drier and hotter, while it

was more balanced in CA (Table 2). Mean temper-

ature in LI was about 2�C and maximum temperature

([60�C) about 10�C higher than in CA. Mean and

minimum air humidity was higher in CA, while

maximum air humidity did not differ significantly

between habitat types.
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Carabid beetles

Capture statistics

A total of 1,846 individuals belonging to 39 species

were caught. The most frequent species was Calathus

erratus with 29% of the total catch followed by

Syntomus foveatus (20%), Calathus fuscipes (10%),

Amara tibialis (7%) and Masoreus wetterhallii (5%).

Another 8 species had frequencies between 1 and 5%

and made up for another 21% of the total catch. 26

species were very rare (each \1%, together 7% of

total catch). The number of individuals caught per

plot ranged from 21 (CA1) to 197 (LI3).

Diversity and abundance patterns

The total number of detected species was 32 in both

habitats. The mean number of observed species in LI

(14.9 ± 0.9) was significantly higher than in CA

(10.8 ± 1.1) (GLM, F = 8.396, P = 0.009). On the

other hand, the mean estimated species number in LI

(Chao1: 21.1 ± 2.2) was not significantly higher than

in CA (17.0 ± 2.5) (GLM, F = 1.469, P = 0.240).

The same applied for the mean individual number (LI:

90.3 ± 12.1; CA: 77.5 ± 12.2; GLM, F = 0.546,

P = 0.468). Comparison of shapes of the rank abun-

dance-plots (Fig. 2a) illustrated a slightly more even

species abundance pattern of carabids in LI. The shape

of carabid abundance data of CA was steeper (and less

even) with very high dominance of the two species

Calathus erratus and Syntomus foveatus (together

63%). However, comparison of rank-abundance plots

resulted in no significant differences (Kolmogorov–

Smirnov two-sample test: Dmax = 0.2554, Da = 0.3395,

P [ 0.05).

Species composition

Jaccard’s index (0.641) showed a dissimilarity

between carabid assemblages of CA and LI. NMDS

ordination (stress: 10.08; 3 dimensions) based on

species activity densities showed a clear and nearly

complete separation of both habitat types (Fig. 3).

Invaded CA could be found on the left part of the

ordination plot, while the native LI were plotted on

the right. Cover of cryptogam type (Campylopus,

Cladonia spp.) had a significant effect on species

composition (ADONIS, F = 3.985, P \ 0.001, per-

mutations = 9,999).

In CA most of the individuals found were carniv-

orous (90%) while the proportion was more balanced

in LI (65% carnivorous and 35% phytophagous).

Table 1 Vegetation

parameters (mean and SE) of

acidic coastal dunes invaded

by Campylopus introflexus
(CA) and native, lichen-rich

acidic coastal dunes (LI)

a Either Campylopus
introflexus or Cladonia ssp

CA LI t P

Cover (%)

Total vegetation 99.1 ± 0.2 99.6 ± 0.1 -2.51 0.021

Bare soil (Sand) 1.5 ± 0.2 0.6 ± 0.2 2.93 0.008

Campylopus introflexus 92.9 ± 0.8 0.54 ± 0.2 115.62 \0.001

Cladonia spp. 1.5 ± 0.4 91.0 ± 0.9 -93.79 \0.001

Grasses (including sedges) 8.6 ± 0.7 16.0 ± 0.7 -7.23 \0.001

Litter 8.6 ± 1.7 6.3 ± 0.8 1.23 0.230

Height (cm)

Dominant cryptogama 2.8 ± 0.1 4.9 ± 0.2 -9.846 \0.001

Grasses 9.4 ± 0.4 13.8 ± 0.5 -7.28 \0.001

Table 2 Microclimate parameters (mean and SE) of acidic

coastal dunes invaded by Campylopus introflexus (CA) and

native, lichen-rich acidic coastal dunes (LI)

CA LI t P

Temperature (�C)

Mean 21.0 ± 0.2 23.2 ± 0.3 -6.327 \0.001

Minimum 1.7 ± 0.3 0.0 ± 0.2 4.543 \0.001

Maximum 52.1 ± 1.0 61.6 ± 1.1 -6.401 \0.001

Air humidity (%)

Mean 72.3 ± 0.5 65.2 ± 0.5 10.507 \0.001

Minimum 12.1 ± 0.7 7.1 ± 0.5 5.977 \0.001

Maximum 107.7 ± 0.3 107.7 ± 0.2 -0.093 0.927
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Species response to habitat parameters

Total abundances of analyzed phytophagous carabid

beetles (total of six species) and four single phytoph-

agous species showed significant positive responses

to the cover of grasses (Fig. 4; Table 3); for Amara

lunicollis a trend could be observed. For total

abundances of generalist predators no significant

responses could be detected. As only carnivorous

species Calathus melanocephalus were positively

related to the cover of grasses (trend for Calathus

fuscipes) while Cicindela campestris showed a neg-

ative response. Two species (Calathus erratus, Tre-

chus quadristriatus) were positively related to the

proportion of bare soil.

In accordance to the species relationships to the

environmental parameters, seven species showed

significantly different distribution patterns (Appen-

dix). Two of them, the small and carnivorous Trechus

quadristriatus and Masoreus wetterhallii displayed

higher numbers of individuals in CA. Three phy-

tophagous species, Amara curta, A. lunicollis and

Harpalus neglectus, were more frequent in LI, as well

as Calathus fuscipes and C. melanocephalus.

Spiders

Capture statistics

Overall, 66 spider species and 2,682 individuals were

caught. Pardosa monticola was the most dominant

species and made up 60% of the total catch (1,590

individuals). Further frequent species were Trichop-

terna cito (11%), Zelotus electus (5%), Zelotus

longipes (5%), Talavera aequipes (2%) and Micaria

lenzi (2%). An additional 30 species were found with

C3 individuals and comprised 14% of the catch while

the remaining 30 species were found with only one or

two individuals. The fewest individuals were found in

one invaded plot (CA2, 24 individuals) and the most

individuals (313) could be detected in a native plot

(LI5).
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Fig. 2 Rank-abundance plots of (a) carabid beetle abundances

and (b) spider abundances of acidic coastal dunes invaded by

Campylopus introflexus (CA) and native, lichen-rich acidic

coastal dunes (LI). Relative abundance (=activity density) of

species is plotted using a log10 scale. For carabid beetles

differences of shapes were not significant (Kolmogorov–

Smirnov two-sample test: Dmax = 0.2554, Da = 0.3395,

P [ 0.05). Shapes of spiders differed significantly (Kolmogo-

rov–Smirnov two-sample test: Dmax = 0.4163, Da = 0.3920,

P \ 0.001)
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Fig. 3 NMDS ordination of carabid beetles of acidic coastal

dunes invaded by Campylopus introflexus (circles) and native,

lichen-rich acidic coastal dunes (up triangles) based on species

activity density data. The Bray-Curtis distance was used as

distance measure (stress: 10.08, 3 dimensions)
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Diversity and abundance patterns

In LI (18.5 ± 1.1) the mean number of observed

spider species was significantly higher than in CA

(13.6 ± 0.9) (GLM, F = 12.055, P = 0.002). Also,

the mean individual number in LI (177.4 ± 22.2) was

about three times higher than in CA (66.5 ± 9.7)

(GLM, F = 24.947, P \ 0.001). In contrast, the

mean estimated species number in LI (Chao1:

27.5 ± 1.8) was not significantly higher than in CA

(23.1 ± 4.3) (GLM, F = 0.857, P = 0.366). Rank

abundance-plots differed significantly between CA

and LI (Kolmogorov–Smirnov two-sample test:

Dmax = 0.4163, Da = 0.3920, P \ 0.001). LI-plots

were clearly dominated by the most abundant species

Pardosa monticola.

Species composition

Of the 66 spider species 33 were found in both habitat

types (Jaccard index = 0.5). Based on the NMDS

(stress: 10.67, 3 dimensions) both habitat types could

be clearly separated. Invaded plots of CA were

grouped on the right of the ordination plot while

native plots of LI were found on the left (Fig. 5). Just

as for carabid beetles, cover of cryptogam type

(Campylopus, Cladonia spp.) had a highly significant

effect on spider species composition (ADONIS,

F = 13.19, P \ 0.001, permutations = 9,999).

Species response to habitat parameters

Two frequent spider species (Dictyna latens, Pardosa

monticola) were both positively correlated with the

cover of grasses and negeatively with the proportion of

bare soil (Table 3). A trend for a positive relation to

grass cover could be observed for P. nigriceps and

Talavera aequipes. In contrast, Trichopterna cito and

Xysticus kochi showed a negative response to the grass

cover. No spider species showed a significant response

to the mean temperature or the cover of litter.

Seven spider species differed significantly in num-

ber of individuals between habitat types (Appendix).

Five species had significantly higher activity densities

in native plots. Among these were the Dictynidae

species Dictyna latens and both Pardosa species

P. monticola and P. nigriceps, which is in accordance

to their significant positive relations to grass cover. On

the other hand, Micaria lenzi and Trichopterna cito

showed higher activity densities in CA.

Discussion

Vegetation and microclimate

Vegetation and microclimate are among the most

important factors determining the occurrence patterns

of carabid beetles and spiders (Almquist 1973; Thiele

1977; Grill et al. 2005; Beals 2006; De Mas et al.

2009). Although both habitat types analyzed in this

study were closely related developments of acidic

coastal dunes, they differed remarkably in some

parameters. Obviously the main difference was the

high cover of Campylopus introflexus in invaded plots

as compared to the high cover of Cladonia ssp. in

lichen-rich, native plots. The dense moss carpets were

lower than the lichens and formed a poorly structured

Fig. 4 Regression analyses

of individuals of

phytophagous and

generalist predator carabid

beetles species with the

cover of grasses

Impact of the invasive moss Campylopus introflexus
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two-dimensional surface, which is described as a

‘‘shroud’’ by Pott (1995). The grass cover in invaded

plots was only half as large as in native, lichen-rich

plots. This is in accordance with studies in inland

dunes in the Netherlands and can be explained by the

negative effect of the dense moss carpets on the

germination and development of higher plants (Biermann

and Daniëls 2001). In contrast, many of the ‘‘volume

lichens’’ (Hasse 2005) of the genus Cladonia are

higher, highly branched and build up a three-dimen-

sional structure (Wirth 1995). The lichen stands are

often rich in species (Wirth 1995)—in the acidic

coastal dunes on the island of Hiddensee a minimum

of ten Cladonia spp. occur (Remke pers. comm.).

As acidic coastal dunes are open, dry and hot

habitats they have extreme microclimatic conditions.

Microclimate depends on the structure of the vege-

tation (e.g. light and air penetrability) and can differ

even at a very small scale (Meissner 1998). Higher

vegetation normally results in lower temperatures

near the soil surface (Frey and Lösch 1998), as do

bright colors (Lange 1954). Therefore, lower tem-

peratures should be expected in the lichen-rich plots

(brighter and higher), but our results showed the

opposite: Native, lichen-rich plots were drier and

hotter and especially the maximum temperatures

([60�C) were higher than in moss invaded plots,

which showed a more balanced and moderate

microclimate. An explanation might be the fact, that

C. introflexus has leaves tapering in long and whitish

hair-points. These hair-points reflect a big part of the

insolation and the moss appears brighter. In addition,

the moss is able to store water in hyalocytes and gills

on the lower side of the leaf protecting it from rapid

drying (Frahm 2001). Such traits are absent in lichens

(Wirth 1995). As a result, air humidity was probably

higher above the moss and the evaporation chill

might have lead to lower temperatures and more

moderate microclimate conditions (Heijmans et al.

2004).

Carabid beetles and spiders

The Northern hemisphere invader Campylopus intro-

flexus modifies the abiotic and biotic conditions in

dry, sandy and lowgrowing habitats (Hasse 2007, see

above). Because many carabid and spider species are

highly specialized (e.g. Bonn and Kleinwächter 1999;

Bonn and Schröder 2001; Entling et al. 2007; Muff

et al. 2009) they are consistently affected by the

moss-encroachment.

Species richness of carabid beetles tended to be

reduced in invaded, moss-rich plots as compared to

native, lichen-rich plots (however, estimated species

richness did not differ significantly). Furthermore,

species composition differed markedly between both

habitat types, which is indicated by the clear separa-

tion by the NMDS ordination and a very moderate

species overlap shown by the Jaccard index. An

explanation for these patterns might lie in the activity

densities of phytophagous carabid species. Most

(predominantly) phytophagus species of the genera

Amara and Harpalus were more abundant in the

native, lichen-rich sites (except H. solitaris and

H. servus). Differences were significant for A. curta,

A. lunicollis and H. neglectus, the latter being a

regionally rare and endangered species (Müller-Motz-

feld and Schmidt 2008) typical dune species (Turin

2000). Both total phytaphagous and most of the single

phytophagous carabid beetle species showed signifi-

cant positive relations to the cover of grasses, which

was higher in native sites. Therefore, it can be assumed

that the food supply for phytophagous carabids is

limited by the moss encroachment. Besides the fact

that grasses were less abundant in these plots (see

above), it also seems possible that seeds get caught in

−0.5 0.0 0.5 1.0

−
0.

5
0.

0
0.

5

NMDS1

N
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2

Fig. 5 NMDS ordination of spiders of acidic coastal dunes

invaded by Campylopus introflexus (circles) and native, lichen-

rich acidic coastal dunes (up triangles) based on species

activity density data. The Bray-Curtis distance was used as

distance measure (stress: 10.67, 3 dimensions)
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the highly structured and branched lichens. This might

also be true for Calluna seeds from the surrounding

heath vegetation, which are an important food source

for e.g. A. lunicollis and C. melanocephalus (occurring

exclusively in native sites) (Kratochwil and Schwabe

2001). On the other hand, seeds and other possibly

unfixed herbal nutrition could easily be blown away on

the poorly structured surface of moss encroached

sites—especially under the frequently windy condi-

tions in such coastal regions.

Besides food supply, the vegetation structure may

also influence the occurrence of certain species.

Especially larger carabid beetles might be able to

easily find an effective shelter from predators (e.g.

birds and reptiles; Lövei and Sunderland 1996) and

harsh weather conditions (heavy rain and wind)

within the three-dimensional structure of the lichen

vegetation.

The more extreme microclimate of the native,

lichen-rich plots could also have a positive effect. In

particular during spring/early summer (study period)

and late summer/fall—the main activity periods of

most carabid species—the soil surface in these

habitats warms quickly up and therefore might

produce a higher activity (Thiele 1977). In a related

study by Vogels et al. (2005), carabid activity was

lower in Campylopus introflexus encroached sites as

compared to a reference dry grassland site. In our

study, numbers of individuals did not differ between

habitat types. But as pitfall catches provide data of

activity densities (Lövei and Sunderland 1996; Lang

2000) they are biased towards species with high

activities, which in turn might be enhanced in

vegetation with low physical resistance. Since the

vegetation of the native plots was more richly

structured and thus exhibited a higher resistance than

the moss-encroached sites, the activity densities

observed in native sites might underestimate the

actual activity densities as compared to the densities

observed in moss-encroached sites.

Just as for the carabid beetles, observed species

richness of spiders was reduced in moss-encroached

sites. Activity density was higher in native sites, too.

These observations may undoubtedly be ascribed to

the very dominant species Pardosa monticola, which

show a positive response to the grass cover. The

dominance of this species also explains the differ-

ences between rank-abundance plots of both habitat

types, where the native, lichen rich sites show a less

even distribution. Nevertheless, the denser vegetation

structure in native sites could favor higher activity

densities of certain species (Bell et al. 1997), as

described above for carabid beetles. For example, the

wolf spider P. nigriceps can not only be seen running

rapidly on the ground, but it can also be found in low

vegetation (such as Calluna heath), where it is able to

jump from leaf to leaf (Roberts 1996). Lichens and

the higher proportion of grasses might also offer

favorable structures for web-building spiders (Uetz

1991; Jiménez-Valverde and Lobo 2007) like the

cribellate species of the family Dictynidae, the

regionally rare Argenna subnigra and Dictyna latens

(Martin 1993; Staudt 2009). This assumption is

supported by the positive response of the latter

species with the cover of grasses in our study. In

addition, microclimatic conditions might be favorable

for spiders in lichen-rich sites: most importantly,

spiders there can find shelter from the wind—note

that many species are sensitive to the wind and

therefore try to avoid it (Almquist 1971).

In fact, species assemblages of both habitat types

were clearly separated and shared only half of their

species. This is significant, as both habitats are

nevertheless very closely related habitat types. But

these differences in species composition confirm the

assumptions that micro-scale habitat relations are

important for some highly specialized spider species

(e.g. Finch 2008; Muff et al. 2009).

In dry habitats, such as acidic coastal dunes,

species are well adapted to extreme environmental

conditions, thus enabling an exclusive occurrence in

these habitats (Almquist 1973; Bellmann 1997; Finch

2008). The shift in species composition caused by the

moss-encroachment comes along with an almost

complete displacement of some species. While spe-

cies like Argenna subnigra, Dictyna latens and

Talavera aequipes occurred almost exclusively in

native, lichen-rich sites, the equivalent was true for

Micaria lenzi and Sitticus saltator in invaded sites.

Consequently, these species could be used as indica-

tors of moss invasion.

Conclusion

In our study we could show that the invasion of

Campylopus introflexus not only affects vegetation
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structure and composition (c.f. Hasse 2005, 2007;

Ketner-Oostra and Sykora 2004, 2008) but also alters

microclimate conditions. In combination, this caused

a shift in species composition and reduced richness

of carabid beetle and spider species. This can be

explained by lower activitiy densities of phytopha-

gous carabid species (Amara and Harpalus) and the

quasi-absence of some web-building spiders species

in moss-encroached sites, which could be found in

native sites. In addition, activity densities of spiders

(in particular of Pardosa wolf spiders) were lower in

invaded sites. We conclude that, in the case of high

dominance of Campylopus introflexus (covering large

areas), the moss invasion might have a strong impact

on typical arthropod species (Schirmel submitted)

and assemblages of the formerly lichen-rich acidic

coastal dunes now under EU protection. This might

be especially true in coastal areas with high tourism

or similar usage, where trampling or similar distur-

bance effects can promote the expansion of Campyl-

opus introflexus.
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Appendix

See Table 4.

Table 4 Individual numbers (mean and SE) of carabid beetle and spider species in acidic coastal dunes invaded by Campylopus
introflexus (CA) and in native, lichen-rich reference sites (LI)

Species Number of individuals F P

CA LI

Carabids

Amara aenea 1.0 ± 0.9 2.3 ± 1.4 0.607 0.445

Amara bifrons 0 0.1 ± 0.1

Amara convexior 0.1 ± 0.1 0

Amara curta 0.5 ± 0.3 6.9 ± 2.7 10.594 0.004

Amara equestris 0.1 ± 0.1 0

Amara lunicollis 0.2 ± 0.1 3.1 ± 1.3 9.920 0.005

Amara tibialis 1.2 ± 0.6 10.6 ± 6.8 3.709 0.068

Bradycellus caucasicus 0.1 ± 0.1 0.6 ± 0.4

Bradycellus harpalinus 0.2 ± 0.1 0.4 ± 0.2

Calathus cinctus 0 0.1 ± 0.1

Calathus erratus 29.3 ± 5.4 19.7 ± 4.5 1.883 0.185

Calathus fuscipes 4.0 ± 0.9 12.1 ± 2.0 16.166 \0.001

Calathus melanocephalus 0 3.9 ± 1.2 28.963 \0.001

Calathus micropterus 0.3 ± 0.1 0.2 ± 0.1

Carabus granulatus 0 0.1 ± 0.1

Carabus nemoralis 0.2 ± 0.1 0.1 ± 0.1

Cicindela campestris 5.2 ± 2.1 2.5 ± 0.9 1.533 0.230

Cicindela hybrida 1.2 ± 1.1 0

Harpalus affinis 0.3 ± 0.1 0

Harpalus anxius 1.1 ± 0.8 1.9 ± 0.6 0.577 0.456

Harpalus latus 0.3 ± 0.1 0.8 ± 0.4
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Table 4 continued

Species Number of individuals F P

CA LI

Harpalus neglectus 1.2 ± 0.2 2.9 ± 0.8 5.682 0.027

Harpalus picipennis 0.1 ± 0.1 0.5 ± 0.4

Harpalus pumilus 0 0.1 ± 0.1

Harpalus rubripes 0.1 ± 0.1 0.3 ± 0.1

Harpalus rufipalpis 0 0.4 ± 0.2

Harpalus servus 0.3 ± 0.3 0.3 ± 0.1

Harpalus smaragdinus 0.5 ± 0.2 0.6 ± 0.3

Harpalus solitaris 1.2 ± 0.6 0.2 ± 0.1

Harpalus tardus 0.1 ± 0.1 0.3 ± 0.1

Masoreus wetterhallii 6.1 ± 1.6 2.6 ± 0.6 4.897 0.039

Nebria salina 0.1 ± 0.1 0

Notiophilus germinyi 0.5 ± 0.2 0.9 ± 0.4

Oxypselaphus obscurus 0.2 ± 0.2 0

Poecilus versicolor 0.2 ± 0.2 0.6 ± 0.4

Pterostichus melanarius 0.1 ± 0.1 0

Pterostichus niger 0 0.1 ± 0.1

Syntomus foveatus 19.8 ± 5.6 14.4 ± 2.7 0.824 0.375

Trechus quadristriatus 2.1 ± 0.3 0.7 ± 0.3 8.292 0.009

Spiders

Aelurillus v-insignitus 0.4 ± 0.2 0

Agyneta subtilis 0 0.5 ± 0.3

Alopecosa barbipes 0.1 ± 0.1 0.5 ± 0.2

Alopecosa cuneata 0 0.1 ± 0.1

Alopecosa schmidti 0.1 ± 0.1 0

Altella lucida 0 0.1 ± 0.1

Arctosa perita 0.3 ± 0.1 0

Argenna subnigra 0.1 ± 0.1 1.4 ± 0.4

Bathyphantes gracilis 0 0.1 ± 0.1

Centromerus prudens 0 0.1 ± 0.1

Cheiracanthium virescens 0.1 ± 0.1 0.1 ± 0.1

Clubonia terrestris 0.1 ± 0.1 0

Dictyna latens 0 3.5 ± 0.8 54.205 \0.001

Drassodes cupreus 0.8 ± 0.4 1.5 ± 0.4

Drassyllus pusillus 0.7 ± 0.2 1.8 ± 0.6

Enoplognatha thoracia 0.1 ± 0.1 0

Erigone atra 0.2 ± 0.1 0

Euophrys frontalis 0.5 ± 0.2 0.2 ± 0.1

Euryopis flavomaculata 0.1 ± 0.1 0.1 ± 0.1

Evarcha falcata 0.1 ± 0.1 0

Hahnia montana 0 0.3 ± 0.2

Haplodrassus signifer 0.5 ± 0.2 0.5 ± 0.2

Heliophanus flavipes 0 0.2 ± 0.2

Hypsosinga albovittata 0 0.3 ± 0.3
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Table 4 continued

Species Number of individuals F P

CA LI

Macrargus carpenteri 0 0.1 ± 0.1

Meioneta rurestris 0 0.2 ± 0.1

Metopobactrus prominulus 0.1 ± 0.1 0.1 ± 0.1

Micaria lenzi 4.5 ± 2.2 0.1 ± 0.1 9.059 0.007

Minyriolus pusillus 0.2 ± 0.1 0

Oedothorax apicatus 0 0.4 ± 0.2

Oedothorax retusus 0.1 ± 0.1 0.1 ± 0.1

Ozyptila scabricula 0.2 ± 0.2 0.4 ± 0.2

Pachygnatha degeeri 0 0.2 ± 0.1

Pardosa monticola 19.3 ± 5.8 125.3 ± 21.6 31.887 \0.001

Pardosa nigriceps 0.4 ± 0.2 2.7 ± 0.7 14.228 0.001

Pardosa palustris 0 0.3 ± 0.1

Pardosa pullata 0.1 ± 0.1 0.5 ± 0.2

Peponocranium ludicrum 0.2 ± 0.1 0.4 ± 0.2

Phlegra fasciata 0.5 ± 0.3 0.5 ± 0.3

Phrurolithus festivus 0.5 ± 0.3 1.5 ± 0.4

Pisaura mirabilis 0 0.1 ± 0.1

Robertus lividus 0.1 ± 0.1 0

Saaristoa abnormis 0.7 ± 0.3 0.4 ± 0.2

Segestria senoculata 0.1 ± 0.1 0

Sitticus saltator 1.1 ± 0.4 0.1 ± 0.1

Talavera aequipes 0.4 ± 0.2 4.9 ± 1.7 12.772 0.002

Tegenaria atrica 0 0.1 ± 0.1

Tenuiphantes tenuis 0 0.2 ± 0.1

Textrix denticulata 0 0.1 ± 0.1

Theridion instabile 0.1 ± 0.1 0

Tibellus oblongus 0.2 ± 0.1 0

Trichopterna cito 18.5 ± 2.5 8.0 ± 2.2 9.209 0.007

Trochosa terricola 0.4 ± 0.2 0.3 ± 0.1

Walckenaeria antica 0.1 ± 0.1 0.1 ± 0.1

Walckenaeria dysderoides 0.2 ± 0.2 0.2 ± 0.1

Walckenaeria furcillata 0.9 ± 0.5 0.5 ± 0.2

Walckenaeria monoceros 1.5 ± 0.4 1.6 ± 0.2 0.033 0.858

Xerolycosa miniata 0.1 ± 0.1 0

Xysticus cristatus 0.4 ± 0.2 0.1 ± 0.1

Xysticus erraticus 0.2 ± 0.1 0

Xysticus kochi 0.8 ± 0.3 2.5 ± 0.6 8.022 0.010

Xysticus sabulosus 0.1 ± 0.1 0

Zelotes electus 5.5 ± 1.6 7.5 ± 1.1 1.010 0.327

Zelotes latreillei 0.1 ± 0.1 0.8 ± 0.4

Zelotes longipes 5.0 ± 0.9 6.1 ± 0.5 1.030 0.322

Zora spinimana 0.1 ± 0.1 0.2 ± 0.1

Comparisons of count data of species between CA and LI were done using GLM (only species with [30 individuals)
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Jiménez-Valverde A, Lobo JM (2007) Determinants of local

spider (Araneidae and Thomisidae) species richness on a

regional scale: climate and altitude vs. habitat structure.

Ecol Ent 32:113–122

Juen A, Traugott M (2004) Spatial distribution of epigaeic

predators in a small field in relation to season and sur-

rounding crops. Agric Ecosyst Environ 103:613–620

Jukes MR, Peace AJ, Ferris R (2001) Carabid beetle commu-

nities associated with coniferous plantations in Britain:

the influence of site, ground vegetation and stand struc-

ture. For Ecol Manage 148:271–286

Ketner-Oostra R, Sykora KV (2004) Decline of lichen-diver-

sity in calcium-poor coastal dune vegetation since the

1970s, related to grass and moss encroachment. Phyto-

coenologia 34:521–549. doi:10.1127/0340-269X/2004/

0034-0521

Ketner-Oostra R, Sykora KV (2008) Vegetation change in a

lichen-rich inland drift sand area in the Netherlands.

Phytocoenologia 38:267–286. doi:10.1127/0340-269X/

2008/0038-0267

Kratochwil A, Schwabe A (2001) Ökologie der Lebensgeme-
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Felling comfortable with Campylopus introflexus? Myrmeleotettix maculatus – one of the 

smallest European Acrididae – is a typical and often dominant species in acidic coastal 

dunes. Photo: Jens Schirmel. 
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Abstract In Europe, acidic coastal dunes are threatened by
the invasion of the exotic moss Campylopus introflexus.
While the effect of the moss encroachment on the
vegetation is well analysed, knowledge of possible impact
on arthropods is lacking. Thus, an experiment was
conducted in acidic coastal dunes on the Baltic island of
Hiddensee, Germany. Myrmeleotettix maculatus, a common
Orthoptera species of open and dry habitats, was sampled
by pitfall trapping in eleven plots invaded by C. introflexus
and in eleven native, non-invaded plots rich in lichens.
Overall, 826 individuals of M. maculatus were captured
(266 nymphs, 560 adults). Mean number of adults was
significantly higher in native plots. This maybe explained
by a higher proportion of grasses (food supply), a higher
availability of shelter (from predators, weather), or more
favourable microclimate conditions in native plots and a
higher mortality rate in invaded plots. However, mean
number of both young and old nymphs did not differ
significantly between both types. This could imply that
invaded areas at least serve as favourable oviposition sites
and larval habitats. The observed negative effect of the
moss invasion on M. maculatus remains to be studied on
other arthropods.

Keywords Biological invasion . Coastal heath . Pitfall
trapping . Heath Star Moss

Introduction

In Europe, dry and nutrient-poor ecosystems like dry
grassland, coastal and inland dunes or heathlands are
important habitats for several thermo- and xerophilic insect
species (e.g. Maes et al. 2006; Maes and Bonte 2006;
Riksen et al. 2006). The main threats for these ecosystems
are changes in land use (agriculture intensification, affor-
estation, abandonment of traditional land use; Muller et al.
1998) and atmospheric deposition (de Vries et al. 1994).
Inland and acidic coastal dunes are additionally threatened
by the invasion of the exotic moss Campylopus introflexus
(Hedwig) (Hasse 2007; Ketner-Oostra and Sýkora 2004).
The moss, which is indigenous to the southern hemisphere,
is adapted to open acidic sands and forms dense carpets of
high dominance (Pott 1995). This has led to a shift of
habitat conditions (e.g. decreased water supply) and might
result in the displacement of native plants and cryptogams
(Hasse 2007; Ketner-Oostra and Sýkora 2004, 2008). While
such effects on the vegetation are well documented,
knowledge of possible impact of moss encroachment on
arthropods is lacking. The aim of this study was therefore to
detect whether the Orthoptera species Myrmeleotettix
maculatus (Thunberg 1815), a common and often dominant
species in dry and open habitats, responded to invasion of
C. introflexus. The experiment was conducted in acidic
coastal dunes on the Baltic Sea island of Hiddensee, Germany,
where abundances of M. maculatus (young nymphs, old
nymphs, adults) were studied in plots invaded by C.
introflexus and in native, non-invaded plots rich in lichens.
This study aims to answer the following questions: (i) Do
abundances of Myrmeleotettix maculatus (young nymphs,
old nymphs, adults) differ between invaded and native
plots?; (ii) How can possible differences be explained?
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Material and methods

Study species

The thermo- and xerophilic speciesMyrmeleotettix maculatus
is among the smallest European Acrididae. It is widely
distributed in Germany but is restricted to habitats with a
short turf, sparse vegetation and a high proportion of bare
ground (Detzel 1998). In dry sandy habitats it can reach high
densities (Ingrisch and Köhler 1998) and can be the
dominant Orthoptera species (Schirmel et al. 2010).

Study area and site selection

The experiment was conducted in 2009 in a coastal heath
on the Baltic Sea island of Hiddensee, Germany (54°32′N,
13°5′E). Mean annual precipitation in this region is
547 mm, while the mean annual temperature amounts to
7.5°C (Reinhard 1962). The coastal heath is characterised
by dwarf-shrub vegetation (dominated by Calluna vulgaris)
which is interrupted by acidic coastal dunes (dominated by
Corynephorus canescens).

Eleven invaded and eleven native acidic coastal dune
plots were selected. In invaded plots C. introflexus reached
a cover of at least 85% (henceforth referred to as
“Campylopus plots”). On the other hand, the native,
lichen-rich plots had a minimum cover of 85% by Cladonia
spp. (henceforth referred to as “Cladonia plots”). The plots
had a minimum size of 35 m² and a minimum distance of
20 m to each other.

Vegetation and species sampling

Cover of the following vegetation parameters was estimated
(%) once in July: total vegetation, bare ground, C.
introflexus, Cladonia spp., and grasses. For each site,
vegetation sampling took place in three 1×1 m large
randomly chosen squares.

Individuals of M. maculatus were sampled using pitfall
traps (Barber 1931). This self-sampling method is suitable
for sampling Orthoptera in sparsely vegetated open habitats

(Bieringer and Zulka 2003; Schirmel et al. 2010) and
reduces the disturbance effect on sensitive lichens due to
trampling by field workers. At each site three traps (6 cm in
diameter, 9 cm in depth) were installed separated by at least
2 m from each other and from the edges of the site (66 traps
in total). Traps were filled with an 80% solution of ethylene
glycol and emptied fortnightly between 16 May and 28 July
(=10 weeks).

Analysis

For analysis purposes, the three traps per site were treated
as a unit and catch numbers were standardised (individuals
per site/10 [= number of trapping weeks]). Adult individ-
uals were determined using Bellmann (2006). Nymphs
were identified and classified into young nymphs (first and
second instar) and old nymphs (third and fourth instar)
following Oschmann (1969).

Table 1 Comparison of mean vegetation parameters ± SE (given in
percentage of total cover) of acidic coastal dune plots invaded by
Campylopus introflexus (Campylopus plots) and native, non-invaded

plots rich in lichens (Cladonia plots). Median and interquartile range
are shown in brackets

Cover of Campylopus plots [n=11] Cladonia plots [n=11] U T P

Total vegetation 99.09±0.16 (99.33±0.33) 99.62±0.14 (99.83±0.67) 25.000 0.019

Bare ground 1.46±0.22 (1.33±1.00) 0.54±0.22 (0.17±1.00) 21.500 0.010

C. introflexus 92.88±0.78 (93.33±3.00) 0.54±0.19 (0.33±1.33) 0.000 <0.001

Cladonia spp. 1.49±0.41 (1.17±2.17) 91.00±0.86 (90.00±5.00) 0.000 <0.001

Grasses 8.55±0.72 (8.33±2.33) 15.81±0.83 (16.67±4.00) −6.364 <0.001

Fig. 1 Mean number of individuals of young nymphs (first and
second(s) instars), old nymphs (third and fourth instars) and adults of
Myrmeleotettix maculatus in acidic coastal dunes invaded by
Campylopus introflexus (Campylopus-sites) and native, lichen rich
acidic coastal dunes (Cladonia-sites). Statistics: Young nymphs: t20=
−1.330, P=0.198; Old nymphs: t20=1.426, P=0.169; Adults: t20=
−5.084, P<0.001
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Prior to analysis, all data was square-root transformed in
order to meet normal distribution. Differences in vegetation
parameters and standardised individual numbers between
both treatments were tested using the Student’s t-test
(equality of variances assumed). When not even the
transformed data met normal distribution (Kolmogorov-
Smirnov test) or homogeneity of variances (Levene test), a
Mann–Whitney U test was used. Statistics were performed
using SPSS 11.5.

Results

All vegetation parameters differed significantly between
both treatments. Cladonia plots had a slightly higher cover
of total vegetation, a distinctly higher cover of grasses and a
slightly smaller proportion of bare ground as compared to
Campylopus plots (Table 1).

Overall, 826 individuals of Myrmeleotettix maculatus
were captured, 266 of which were nymphs and 560 of
which were adults. While 268 individuals (young nymphs:
45, old nymphs 90, adults: 133) were observed in
Campylopus plots, trapping in Cladonia plots resulted in
558 individuals (75, 56, 427).

Mean standardised individual number of young nymphs
in Campylopus plots (0.41±0.08) and in Cladonia plots
(0.68±0.19) did not differ significantly. Neither did the
mean number of old nymphs (Campylopus plots: 0.82±
0.15; Cladonia plots: 0.51±0.15) (Fig. 1). However, mean
number of adults was significantly higher in Cladonia plots
(3.88±0.47) as compared to Campylopus plots (1.21±0.24)
(Fig. 1).

Discussion

Myrmeleotettix maculatus is affected by the invasion of the
exotic moss Campylopus introflexus. The mean individual
number of adults in native, lichen-rich plots was more
than three times higher than in invaded sites. This can be
explained by the higher proportion of grasses, which
might be important for foraging. However, contrary to
many other Acrididae, M. maculatus is only partially
graminivorous (Zehm 1997), which strongly weakens the
previous assumption. The moss-rich Campylopus plots
could equally offer an adequate food supply (mosses).
Another explanation could be that adults favour Cladonia
spp. for its richer structure. The lichens might provide a
better shelter (from predators and harsh weather con-
ditions), which could reduce mortality of adults in native
plots as compared to the structure-poor moss carpets in
Campylopus plots. Moreover, microclimate conditions in
lichen-rich plots might be more favourable for adults (e.g.

by offering more shade and exhibiting less wind; own
unpublished data).

The fact that no significant differences could be
observed in individual numbers of nymphs (young and
old, respectively) is likely to reflect the oviposition
behaviour of females. As M. maculatus females place the
eggs in the upper surface of bare soil and mosses (Detzel
1998), the moss carpets of C. introflexus could be a
comparable or even more favourable oviposition habitat
as compared to Cladonia spp. sites (own unpublished data).
Due to their smaller size, nymphs could also be able to hide
or find shelter in the structure-poor moss plots.

Summarizing, the invasion of Campylopus introflexus in
acidic coastal dunes (especially when forming extensive,
dense carpets) had a negative impact on M. maculatus.
While moss-encroached sites might be an adequate ovipo-
sition and larval habitat, they seemed to be unfavourable for
adults. It seems likely that, in similar habitats, this negative
impact holds true for other (often threatened) Orthoptera
and for less mobile, locally more restricted ground-dwelling
arthropod species (Schirmel et al. in press). It is to be
expected that the structure and function of these dry and
nutrient-poor (and often protected) ecosystems will be
substantially threatened by the invasion of the exotic moss.
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Design of the oviposition experiment. Photo: Jens Schirmel. 
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Abstract Dune and coastal heathland ecosystems harbor high numbers of (specialized) 

insects. To asses their habitat quality, the presence of specialized and typical insect species 

may act as a useful indicator. The Orthoptera species Myrmeleotettix maculatus, Decticus 

verrucivorus, and Platycleis albopunctata present such focal species. In order to preserve 

such target species, knowledge of habitat requirements in all their life stages is important. 

Because knowledge of nymphal habitat and egg requirements of these species is insufficient, 

we conducted a combined study of a field survey and an outdoor experiment in summer 2009 

on the Baltic island of Hiddensee, Germany. During the field survey we analyzed nymphal 

habitat preferences by sampling microhabitats in a coastal heathland. The outdoor experiment 

aimed to detect oviposition preferences of adult females by offering three different 

oviposition substrates (bare soil, mosses, lichens). Young nymphs of both M. maculatus and 

P. albopunctata preferred initial grey dunes with a high proportion of bare soil and moss-rich 

grey dunes. Older nymphs were related to mature, lichen-rich grey dunes with more dense 

vegetation (D. verrucivorus was omitted from analysis because of the small sampling size). 

The oviposition experiment showed, that all three species mostly avoid an oviposition under 

lichens (= mature grey dunes). M. maculatus preferred bare soil for oviposition, 

D. verrucivorus preferred both bare soil and mosses, and P. albopunctata laid most eggs into 

mosses. Based on our results, we regard bare ground and mosses as keystone structures for the 

three focal species. Because older nymphs and adults additionally require more dense grey 

dune vegetation or adjacent vegetation stands, practical (coastal) heathland management 

measures should aim to maintain a mosaic-like pattern of different grey dune and dwarf-shrub 

vegetation stands. 

 

Keywords Caelifera · Calluna heath · Ensifera · grasshopper · grey dune · habitat requirement 

· heathland · species conservation 

 

 

Introduction 

 

Dune and coastal heathland ecosystems often harbor high numbers of insects with a 

multiplicity of specialized species (Maes et al. 2006; Maes and Bonte 2006; Schirmel 

et al. 2010a). Nowadays these habitats are threatened and protected by the EU Habitats 

Directive (Ssymank et al. 1998). The main threatening impacts are loss of natural sand 

dynamics, enhanced nitrogen deposition, and the abandonment of land use (grazing), 

resulting in eutrophication of these nutrient-poor ecosystems including grass and shrub 

encroachment (Webb 1998; Ketner-Oostra and Sýkora 2004; Maes and Bonte 2006; 

Remke et al. 2009). To assess habitat quality of dunes and coastal heathlands, the 

presence of specialized and typical insect species may act as a useful indicator (Maes 

and Bonte 2006). Orthoptera (Ensifera and Caelifera) contain such focal species. In 

general, Orthoptera are a suitable insect group for terrestrial ecological studies and 

monitoring (Poniatowski and Fartmann 2008). They take an important position in food 
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webs and are sensitive to environmental changes such as grazing and abandonment 

(Curry 1994; Báldi and Kisbenedek 1997; Schirmel et al. 2010a). In addition, several 

specialized, xerothermic and threatened Orthoptera species occur in dune and 

heathland ecosystems (Schirmel et al. 2010a; Wranik et al. 2008). In Central and 

North-Western Europe typical species in such habitats are the Caelifera Myrmeleotettix 

maculatus (Thunberg 1815) and the Ensifera Decticus verrucivorus (Linnaeus 1758) 

and Platycleis albopunctata (Goeze 1778) (Detzel 1998; Haes and Harding 1997; 

Kleukers et al. 1997; Maas et al. 2003; Schirmel et al. 2010a, b). Especially 

D. verrucivorus and P. albopunctata are endangered in many regions (e.g. Great 

Britain: Haes and Harding 1997; Netherlands: Kleukers 2001; Northern Germany: 

Maas et al. 2002) and target species of special conservation interest (e.g. Cherrill and 

Brown 1990b; Hein et al. 2007; Hjermann and Ims 1996).  

In order to preserve such target species, knowledge of habitat requirements in all their 

life stages is important. While habitat preferences for most adult European Orthoptera 

(and also of the three analyzed species in this study) are well understood, knowledge 

of nymphal habitat and egg requirements is lacking for many species (Detzel 1998; 

Ingrisch and Köhler 1998). Especially the egg stage takes an important position during 

the life-cycle of Orthoptera (Ingrisch 1979; Ingrisch and Boekholt 1983; Oschmann 

1973): It demands the main part of the life-time (Gottschalk 1998; Ingrisch and Köhler 

1998) and eggs are directly influenced by the oviposition site conditions. In contrast, 

the more or less mobile nymphs and adults are able to search actively for a suitable 

environment (Gottschalk 1998; Ingrisch and Köhler 1998; Wingerden et al. 1991). The 

time of nymphal development is also a sensitive phase during life-cycle and, in 

general, requires and accordingly is positively influenced by a dry and warm 

microclimate (Cherrill and Brown 1992; Ingrisch and Köhler 1998; Willott and 

Hassall 1998). For species conservation the knowledge of species-specific oviposition 

and nymphal habitat preferences is therefore essential. 

In order to improve such knowledge for the target Orthoptera species, we conducted a 

combined study of a field survey and an outdoor experiment in summer 2009. Field 

work was done in a coastal heathland on the Baltic isle of Hiddensee, Germany, where 

we analyzed nymphal habitat preferences. The outdoor experiment aimed to detect 

oviposition preferences of adult females. Therefore females were offered three 

different oviposition substrates (bare soil, mosses, lichens) imitating the main 

development stages of grey dunes in the coastal heathland area (conducted at the 

Biological Station of Hiddensee). The following research questions were addressed:  

(i) What are the nymphal habitat preferences of the three species in the coastal 

heathland? (ii) Which substrates (bare soil, moss, lichens) are preferred for 

oviposition? (iii) What can be concluded for species conservation and for practical 

management of (coastal) heathlands? 
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Material and Methods 

 

Study species 

 

Myrmeleotettix maculatus (Thunberg 1815) (Caelifera: Acrididae) 

 

M. maculatus is among the smallest European Acrididae (size: 11–17 mm; Bellmann 

2006) and specialized to open and sparsely vegetated habitats (Detzel 1998). 

Especially in dry sandy habitats the species can reach high densities and can be the 

dominant Orthoptera species (Ingrisch and Köhler 1998; Schirmel et al. 2010b). Egg 

cocoons (2–8 eggs) are placed shallow into the ground and nymphs hatch in the 

following year (April/May).  

 

Decticus verrucivorus (Linnaeus, 1758) (Ensifera: Tettigoniidae) 

 

The ‘wart-biter’ D. verrucivorus reaches a size of about 4 cm and belongs to the 

biggest Orthoptera in Western and Central Europe (Bellmann 2006). In the northern 

European part of its distribution D. verrucivorus typically occurs in open and 

heterogeneous dry grassland (Cherril and Brown 1990b; Hjermann and Ims 1996; 

Schuhmacher and Fartmann 2003). Eggs are layed as single or in small groups into the 

soil (Cherill and Brown 1990a; Ingrisch and Boekholt 1983) and development takes  

2–8 years (Ingrisch 1984). 

 

Platycleis albopunctata (Goeze, 1778) (Ensifera: Tettigoniidae) 

 

The medium-sized P. albopunctata (about 20–28 mm, Bellmann 2006) occurred 

mainly in open but heterogeneously vegetated habitats (Detzel 1998). In Northern 

Germany and Europe it is often a rare species of dune ecosystems (Haes and Harding 

1997; Kleukers et al. 1997; Maas et al. 2002). According to Gottschalk (1998) eggs are 

placed as single or in small groups mainly into the soil, in mosses or aboveground into 

dead plant material (seed stands, wood). First nymphs hatch from April on in the 

following year (Ingrisch 1986).  

 

Nymphal sampling 

 

Field work was conducted in a coastal dune heathland on the Baltic Sea island of 

Hiddensee, Germany (54°32’N, 13°5’E; Fig. 1a). The average annual precipitation is  
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Fig. 1   (a) Position of the Baltic island of Hiddensee, of the coastal heathland (nymphal sampling) and 
of the Biological Station (oviposition experiment). (b) Plot-design for nymphal sampling. Search for 
nymphs was done in the nine sub-plots (grey). (c) Design of the oviposition experiment. Species: Dec 

ver = Decticus verrucivorus, Myr mac = Myrmeleotettix maculatus, Pla alb = Platycleis albopunctata. 
Oviposition substrates: light grey = bare soil, grey = lichens, dark grey = moss. 
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547 mm and average annual temperature 7.5°C (Reinhard 1962). The anthropo-

zoogenic coastal heathland is characterized by a small-scale mosaic of different types 

of dune and heath vegetation. The extensive dwarf-shrubs stands are dominated by 

Calluna vulgaris (L.) Hull and Empetrum nigrum L. s. str., while Corynephorus 

canescens (L.) P. Beauv., Carex arenaria L. and Cladonia spp. dominate the grey 

dune vegetation. Nowadays, the landscape is kept open by clearing shrubs, sod cutting, 

mowing and sheep grazing. 

As potential nymphal habitats of the studied species four different vegetation types 

were chosen (Table 1): (i) initial stages of grey dunes rich in bare ground, (ii) grey 

dunes dominated by the moss Campylopus introflexus (Hedw.) Brid, (iii) mature 

lichen-rich grey dunes and (iv) homogeneous dwarf-shrub heath stands. 

Microhabitats of nymphs were recorded in an early (19 April–21 May) and a late (02 

June–24 June) period in ten plots per vegetation type. Plots had a size of 25 m²  

(5 × 5 m), a homogeneous vegetation structure (Sänger 1977) and were even or had a 

southern aspect (S, SW, SE). Plots were divided into sub-plots (1 × 1 m) and presence-

absence data of nymphs were recorded for nine sub-plots per plot (Fig. 1b). 

Microhabitat parameters were recorded in 60 × 60 cm around the find location. In case 

of absence of nymphs within a sub-plot, reference data were collected at a randomly 

chosen location of the sub-plot. We recorded the following parameters: species, 

nymphal stage, aspect, cover (%) of the total vegetation, shrubs, herb layer, litter, 

lichens, mosses and bare soil and the mean height (cm) of the particular layer. 

Vegetation density (%) in the heights 0–10, 10–20 and 20–30 cm was estimated with 

the help of a wooden frame (cf. Sundermeier 1998). Determination of species and 

nymphal stages follows Ingrisch (1977) and Oschmann (1969); nomenclature is based 

upon Coray and Lehmann (1998). 

 
Table 1   Vegetation characteristics of the four vegetation types with nymphal sampling. Vegetation 
was sampled twice (April, August). 1 = initial stages of grey dunes rich in bare ground, 2 = grey dunes 
dominated by the moss Campylopus introflexus, 3 = mature lichen-rich grey dunes, 4 = homogeneous 
dwarf-shrub heath stands. Differences among vegetation types were analyzed using Kruskal-Wallis-H-
Tests. 

 Cover 1 2 3 4 H P 

bare soil 71.47 ± 6.38 5.40 ± 2.96 3.95 ± 1.88 0.00 ± 0.00 64.861  ≤ 0.001 

mosses 2.82 ± 4.42 77.50 ± 6.12 4.83 ± 4.71 40.50 ± 20.06 62.111  ≤ 0.001 

lichens 3.35 ± 3.77 7.84 ± 4.47 77.63 ± 5.93 0.35 ± 1.18 64.430  ≤ 0.001 

herbs 21.77 ± 6.42 18.42 ± 6.19 21.63 ± 2.84 1.80 ± 2.38 47.416  ≤ 0.001 

dwarf-shrubs 0.00 ± 0.00 0.00 ± 0.00 0.00 ± 0.00 82.13 ± 6.75 72.825  ≤ 0.001 
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Oviposition experiment 

 

The oviposition experiment was conducted on the area of the Biological Station 

Hiddensee (cf. similar experiments by Cherrill et al. 1991; Ingrisch and Boekholt 

1983). In order to imitate natural conditions as good as possible, we conducted the 

experiment outdoors and with original substrate material from the coastal heathland 

area where nymphal sampling took place. A wooden case (122 × 320 cm; 20 cm in 

height) was divided into 46 small (10 × 30 cm) and 16 large (20 × 30 cm) boxes 

covered by gauze (Fig. 1c). Each box was divided into three compartments filled with 

(i) sandy bare soil (in the following referred to ‘bare soil’), (ii) a moss carpet of 

Campylopus introflexus (‘moss’) and (iii) different lichens of the genus Cladonia 

(‘lichen’) representing the main grey dune vegetation types in the study area and being 

the potential oviposition substrates (based on literature and our results from nymphal 

sampling). A pair of each species was kept between 29 June and 12 August within a 

box resulting in 38 replicates of individuals of M. maculatus (small boxes), 16 

replicates for D. verrucivorus (large boxes) and 17 replicates for P. albopunctata 

(small boxes). Individuals were caught before as nymphs or freshly hatched adults in 

the coastal heathland area. The feeding took place in regular intervals using fresh 

herbs, grasses, oat flakes, and pieces of apple and cucumber distributed equally on the 

surface of each compartment. After release of the individuals, each compartment was 

searched for eggs or egg cocoons up to a depth of ~5 cm. 

 

Statistical analysis 

 

To determine the impact of the different environmental parameters for occurrence of 

nymphs, binomial-distributed Generalized Linear Models (GLM) based on presence-

absence data for the first instars of M. maculatus (L1–L2) and P. albopunctata (L1–

L3) as well as for their older nymphs (L3–L4 for M. maculatus; L4–L7 for 

P. albopunctata) were applied. D. verrucivorus was omitted from the analyses, 

because of the small sample size. As independent variables the coverage of shrub, 

herb, lichen and moss layer, the percentage of bare soil and the horizontal vegetation 

density in 0–10, 10–20 and 20–30 cm height were added and the ‘logit-link’ function 

was chosen. In order to find the best explaining model, a stepwise backwards-directed 

logistical regression was computed using the ‘step’ function and the Akaikes’s 

Information Criterion (AIC). The statistical significance of the explaining variables 

was tested by means of the Wald statistics (P < 0.05). Evaluation of the model quality 

was proceeded by the calculation of the Pseudo-R² value according to McFadden 

(Backhaus et al. 2008).  
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The results of the oviposition experiment were analyzed using non-parametric 

Kruskal-Wallis-H-Tests, as data did not meet ANOVA assumptions. Differences in 

egg/cocoon numbers between oviposition substrates were tested using Dunn’s test as a 

post-Hoc test at P < 0.05. Analyses were done using R 2.10.1 (R Development Core 

Team 2009). 

 

 

Results 

 

Nymphal habitat preferences 

 

We recorded 144 microhabitats and 174 reference plots for young nymphs of 

M. maculatus and 126 microhabitats and 146 reference samplings for old nymphs. The 

best explaining GLM (Pseudo R² = 0.24) for the occurrence of first instars of 

M. maculatus reflected a negative influence of cover of dwarf-shrubs and lichens 

(Table 2). In contrast, increasing cover of the herbal layer, mosses and lichens 

determined the occurrence of the old nymphs. Despite the relevance of the structural 

parameters, the optimized GLM possessed a minor explanatory power with a Pseudo 

R² of 0.15 (Table 2). 

For young nymphs of P. albopunctata 36 microhabitats and 108 reference plots were 

recorded and 10 microhabitats and 30 reference plots for old nymphs. The young 

nymphs of P. albopunctata preferred sites with a low cover of lichens (Table 2). 

Beside this one significant factor, further explanatory variables contributed to the 

calculation of the final model: The horizontal vegetation density in 20–30 cm height 

was positively, the vegetation density in 10–20 cm height as well as the coverage of 

the shrub and moss layer were negatively correlated with the microhabitats of the 

nymphs (not shown). The Pseudo-R² value of 0.32 confirmed a good explanatory 

power of the regression. The occurrence of the late instars of P. albopunctata is 

significantly positively related to an increasing cover of lichens and a closer vegetation 

in 0–10 cm height. Vegetation density in 10–20 cm height, as further predictor, affects 

the occurrence of nymphs negatively, but is not significant and very highly correlated 

with vegetation density in 0–10 cm height (data not shown). The model had a Pseudo- 

R² of 0.30 (Table 2). 
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Table 2   Environmental parameters and their relations on the occurrence of nymphs. Binomial-
distributed GLM’s with stepwise backward selection were applied for presence-absence data of young 
and old nymphs of Myrmeleotettix maculatus and Platycleis albopunctata. Not significant 
environmental parameters: percentage of bare soil, vegetation density in 10–20 and 20–30 cm height. 
R² = Mc Fadden’s Pseudo-R². 

Response variable Predictor B SE Z P 

Myrmeleotettix maculatus       

   young nymphs (L1–L2) [R² = 0.24] Cover shrubs -0.043 0.006 -7.775 ≤ 0.001 

    Cover lichens -0.021 0.004 -5.295 ≤ 0.001 

   old nymphs (L3–L4) [R² = 0.15] Cover herbs 0.071 0.015 4.710 ≤ 0.001 

    Cover mosses 0.022 0.005 4.673 ≤ 0.001 

 Cover lichens 0.015 0.005 2.916 ≤ 0.01 

Platycleis albopunctata       

   young nymphs (L1–L3) [R² = 0.32] Cover lichens -0.017 0.008 -2.156 ≤ 0.05 

   old nymphs (L4–L7) [R² = 0.30] Cover lichens 0.044 0.017 2.585 ≤ 0.01 

 Vegetation density 0–10 cm 0.081 0.036 2.271 ≤ 0.05 

  
 

Oviposition preferences 

 

A total of 97 egg cocoons (median: 3.5 with 2.9 eggs per cocoon) of M. maculatus, 

1,382 eggs of D. verrucivorus (median: 94), and 395 eggs of P. albopunctata (median: 

6) were found in the offered oviposition substrates. Eight of the 71 studied females 

(~11%) did not oviposit. Oviposition mostly occurred in more than one substrate 

(Table 3). 

The majority of cocoons laid by M. maculatus females were placed into bare soil 

(75%) followed by moss (23%) and under lichens (2% of eggs). Differences of the 

number of egg cocoons were significant among the three substrates (Fig. 2). Twelve of 

the ovipositing females exclusively used bare soil as deposition substrate, two of them 

were restricted to moss, whereas 13 of them completely avoided oviposition into moss.  

Females of D. verrucivorus preferred moss (54%) and bare soil (46%) for oviposition. 

The number of eggs under lichens was marginal and differed significantly from the 

other substrates (Fig. 2).  

Most eggs of P. albopunctata were found in moss (71%). 13% of the eggs could be 

found above ground at the branches of lichens and 12% were found in bare soil. A 

small number of eggs (4%) were placed above ground into the gauze. Differences in 

egg numbers were significant among the four substrates (Fig. 2).  
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Fig. 2   Comparison of egg cocoon (Myrmeleotettix maculatus)/ egg numbers of the studied species 
between the offered oviposition substrates. (a) Myrmeleotettix maculatus (N = 38; H = 37.295; P ≤ 
0.001). (b) Decticus verrucivorus (N = 16; H = 24.400;  P ≤ 0.001), (c) Platycleis albopunctata (N = 
17; H = 10.366; P ≤ 0.05). Significance tested using Kruskal-Wallis-H-Tests. Different letters indicate 
differences between groups (Dunn’s test at P < 0.05). Outliers and extreme values are not shown. 

 

 

Discussion 

 

Bare ground and mosses represent keystone structures (sensu Tews et al. 2004) for the 

three focal species. The species preferred bare soil and mosses as oviposition 

substrates, which is in accordance with the preferred habitats of young nymphs, 

namely initial grey dunes with a high proportion of bare soil and moss-rich grey dunes 

(disregarding D. verrucivorus, where sample size of detected nymphs in the field was 

to low for statistical analyses).  

The similar preferences of young nymphs of both M. maculatus and P. albopunctata 

for young and open grey dune vegetation (c.f. Wünsch et al. in press), which is 

indicated by negative relations to the cover of dwarf-shrubs (only M. maculatus) and 

lichens, is explained by their need of high temperatures for development (Gottschalk et 

al. 2003; Ingrisch 1978b; Willot and Hassal 1998). Regarding oviposition preferences, 

the three focal species shared the avoidance of lichens (= mature grey dunes). 

However, slight differences were observed among the oviposition substrate 

preferences: Myrmeleotettix maculatus preferred bare soil for oviposition (Lensink 

1963; Waloff 1950), Decticus verrucivorus preferred both bare soil and mosses and 

Platycleis albopunctata laid most eggs into mosses. However, P. albopunctata was the 

only species which did not exclusively lay its eggs into the soil and moss carpet but 

also (rarely) above ground. This species is known for ovipositing also above ground in 

e.g. dead plant material or seed stands (Gottschalk 1998). The spatial resistance of the 
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dense, highly branched, and under dry conditions very stiff cushions of Cladonia 

lichens seemed to hinder an oviposition into the soil. In contrast, the moss Campylopus 

introflexus builds a more two-dimensional structure (Hasse 2007) which might favor 

oviposition. In addition the higher air humidity and ability for water storage in mosses 

(Schirmel et al. 2010b) might favor egg development of D. verrucivorus and 

P. albopunctata. Ensifera (even though being xerothermic) need generally more water 

for egg development than Acrididae (Ingrisch and Köhler 1998) and the need of a 

sufficient water supply for development could have been demonstrated for 

D. verrucivorus (Ingrisch 1988; Ingrisch and Köhler 1998a; Moriaty 1970). Soil 

moisture might consequently be a more important factor than temperature, also 

because many Orthoptera species are able to sum up heat during their egg 

development (Sänger 1977). These assumptions were also supported by observations 

of Gottschalk (1998), where P. albopunctata nymphs from eggs laid in moss carpets 

hatched earlier than those from eggs laid in above-ground plant material (which 

presents a much drier substrate). Hence, it remains unclear, in how far (Ensifera) eggs 

laid in bare soil developed well. Maybe bare soil was favored by females (of mainly 

D. verrucivorus) only because of its effortless penetration. 

Although mature lichen-rich grey dunes seem to be less important for oviposition and 

as a habitat for young nymphs, they are of high relevance for older, large-bodied 

nymphs. Both M. maculatus and P. albopunctata seemed to fulfill a small-scale habitat 

change from open initial/moss-rich grey dunes (young nymphs) to denser vegetated 

moss-rich/mature lichen-rich grey dunes (old nymphs). This is indicated by the 

positive response of old nymphs to the cover of lichens, cover of herbs (only 

M. maculatus) and vegetation density (only P. albopunctata). Similar results have 

been observed by Lensink (1963) for M. maculatus and by Gottschalk (1998) for 

P. albopunctata. Within the branches of Cladonia lichens the larger nymphs might be 

able to find shelter against predators or harsh weather conditions more easily. In 

addition, herbs and grasses were more frequent in mature grey dunes presenting a 

favorable food supply (Wünsch et al. in press).  

To fulfill the picture of the habitat requirements off all life-cycle stages, imaginal 

preferences have to be considered. As mentioned above knowledge concerning adults 

is great (e.g. Cherrill and Brown 1990a; Gottschalk 1998; Hein et al. 2007; Hjermann 

and Ims 1996; Schirmel 2010; Schirmel et al. 2010a, b; Schuhmacher and Fartmann 

2003; Willott and Hassall 1998). Summarizing literature, besides open habitats (such 

as grey dunes) especially adults of the two Ensifera species need higher vegetation or 

plants e.g. as song posts or to find shelter.  
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Implications for conservation 

 

The conservation of different grey dune stages seems to be important for a successful 

development of all the three studied xerothermic Orthoptera. Initial and moss-rich grey 

dunes play a major role for oviposition and as habitat for young nymphs. In addition 

older nymphs preferred the more densely vegetated mature lichen-rich grey dune 

vegetation. As shown e.g. by Schirmel et al. (2010b), adults of P. albopunctata and 

D. verrucivorus additionally need the adjacent dwarf-shrub stands as shelter, song 

posts or to find food. Therefore the preservation of a mosaic-like pattern of different 

grey dune and dwarf-shrub vegetation stands should be an aim of practical (coastal) 

heathland management measures (c.f. Schirmel et al. 2010a, b). In this regard the 

moderate use of paths (e.g. tourists) and the recreation of sand dynamics might be 

beneficial for the creation of open and disturbed patches (Bonte et al. 2003; Maes and 

Bonte 2006). 
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Pitfall trapping is a widely used sampling method for ground-dwelling arthropods such as 

carabid beetles, rove beetles and spiders. What about grasshoppers?  Photo: Jens Schirmel. 
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Abstract Common methods to assess diversity and

abundance of Orthoptera are sweep netting, transect counts

and box-quadrat sampling. Pitfall trapping, by contrast, is

rarely used, and the value of this method is still being

questioned. In 2008, we studied Orthoptera species rich-

ness and abundance in five vegetation types along a gra-

dient of dune succession on the Baltic Sea island of

Hiddensee (NE Germany) by comparing transect-count and

pitfall-trapping data. Using transect counts, 12 species

were detected in the study area. With pitfall traps, three

chorto- and thamnobiont Ensifera species (C. dorsalis,

M. roeselii and T. viridissima) were not caught at all, and it

was only in low-growing and sparsely-vegetated grey

dunes that all present species were detected. With pitfall

traps, the proportion of present species recorded strongly

declined with increasing height and density of the vegeta-

tion type. Assuming that transect counts are a good proxy

for relative Orthoptera densities, densities ascertained by

pitfall traps are strongly biased by vegetation structure and

locomotive behaviour of the species. More than 80% of all

individuals were caught in sparsely-vegetated grey dunes.

Frequency patterns of the species also differed. Using pit-

fall traps, especially chortobiont species were significantly

underrepresented. Qualitative and quantitative sampling of

Orthoptera using pitfall traps seems only reasonable in

habitats with low and sparse vegetation and a high pro-

portion of geobiont species.

Keywords Heathland � Sampling efficiency �
Vegetation structure � Successional stage � Transect count

Introduction

Orthoptera occur in a wide variety of open terrestrial

ecosystems in high diversity, particularly in unimproved

grassland and heathland. They are often the main inverte-

brate consumers in grassland (Curry 1994) and are known

to be an important food source for many groups of pre-

dators (e.g. birds) (Joern 1986; Samways 1997). Due to

their high sensitivity to environmental changes (e.g. grazing,

mowing, abandonment) (e.g. Báldi and Kisbenedek 1997;

Fartmann and Mattes 1997; Kopetz and Köhler 1991;

Samways 1997) they are highly indicative of grassland

characteristics. These attributes and the low difficulty of

sampling Orthoptera make this insect group very suitable

for all kinds of ecological studies and monitoring (Ponia-

towski and Fartmann 2008).

To assess diversity and abundance of Orthoptera, several

sampling techniques are frequently used. Common meth-

ods are sweep netting, transect counts and box-quadrat

sampling. Pitfall trapping, by contrast, is rarely used (see

review by Gardiner et al. 2005). Therefore, little is known

about the value and accuracy of pitfall traps for detecting

Orthoptera species and ascertaining their abundance

(Gardiner et al. 2005; Harvey and Gardiner 2006). Ingrisch

and Köhler (1998) indicate that the method provides useful
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information on species composition, relative abundance

and annual activity, particularly for ground-dwelling

Gryllidae and Tetrigidae. Indeed, in some surveys pitfall

traps were successfully used to sample grassland Orthop-

tera (e.g. Bieringer and Zulka 2003; Köhler and Weipert

1991; Köhler and Kopetz 1993; Perner et al. 1996).

However, in other studies pitfall trapping turned out to be

unsuitable for sampling Orthoptera. Using pitfall traps,

Siemann et al. (1999) recorded less than half of the species

they had found using sweep netting. In tall and unmanaged

pastures in the UK, pitfall traps failed to detect any resident

Orthoptera (Gardiner and Gouldsmith, unpublished data

cited in Harvey and Gardiner 2006). Hence, the efficiency

of pitfall trapping may depend on vegetation structure.

While low-growing and sparse vegetation can probably be

sampled efficiently with pitfall traps, this method seems to

be rather ineffective in tall and dense vegetation.

This study aims to compare the efficiency of transect

counts and pitfall trapping of Orthoptera along a vegeta-

tion-structure gradient to answer the following questions:

(i) How do the recorded Orthoptera communities of

grassland habitats differ between the two sampling meth-

ods?, (ii) are there biases involved in the sampling methods

and how does vegetation structure affect capture efficiency

of pitfall traps?, (iii) for which habitats might pitfall trap-

ping be a useful method of estimating species richness and

abundance of Orthoptera and in which cases is an evalua-

tion of Orthoptera that were (by-)caught in other studies

(e.g. of ground beetles, spiders) useful?

Materials and methods

Study area and sampling sites

The study was conducted in 2008 in the coastal heath

on the Baltic Sea island of Hiddensee. Hiddensee is located

in the very north-east of Germany (Mecklenburg-Western

Pomerania) in the national park ‘‘Vorpommersche Bod-

denlandschaft’’ (Fig. 1). The north–south extent is about

19 km with a maximum width of about 3 km (total area:

approx. 16 km2). Hiddensee is divided into a Pleistocene

hilly part in the north (up to 72.5 m a.s.l.) and an adjacent

plain in the south, which evolved from Holocene sandy

deposits (Möbus 2000). The mean annual precipitation is

547 mm, the mean annual temperature 7.5�C (Reinhard

1962). In comparison with the adjacent mainland, the cli-

mate is drier, especially during the growing season (Kliewe

1951). In the centre of Hiddensee, there is an anthropo-

zoogenic coastal heath (total area: approx. 200 ha) con-

sisting of a mosaic of different dune and heath vegetation

types: (1) grey dunes (GD, dominated by Corynephorus

canescens, lichens and mosses), (2) dwarf-shrub heath

(HD, Calluna vulgaris, Empetrum nigrum, Salix repens)

and (3) grass-encroached heath (HG, Carex arenaria,

Deschampsia flexuosa). Due to the lack of regular land use,

several sites are encroached by (4) shrubs (HS, Betula

pendula, B. pubescens, Prunus serotina, Populus tremula

and Pinus sylvestris) or even (5) birch forest (BF). In each

of these five vegetation types, which represent the main

seral stages of dune succession on Hiddensee, three plots

(replicates) were chosen. Each of the plots had a homog-

enous vegetation structure (Sänger 1977) and a size of

500 m2 (e.g. Behrens and Fartmann 2004; Poniatowski and

Fartmann 2008) (Table 1).

Sampling orthoptera

Adults were identified using Bellmann (2006) and Horstkotte

et al. (1994); for nymphs we used Oschmann (1969) and

Ingrisch (1977). Scientific nomenclature follows Coray and

Lehmann (1998).

Transect counts

Relative abundance was estimated by transect counts. Each

plot was paced off slowly in loops covering the whole plot.

In a band 1 m wide all optically and acoustically observed

individuals were counted (total observed area: 70 m2).

Individuals which could not be determined immediately

were caught by sweep net or by hand and released after

determination. The loops had a distance of at least 5 m to

each other to minimize double counting and at least 2 m to

the boundaries of the plot to minimize edge effects. Samples

were collected at three times during the main activity period

of adult Orthoptera in July and August (I. 24–26 July, II.

01–03 August, and III. 25–31 August). The surveys took

place under favourable weather conditions (warm, sunny

and calm days) between 10:00 and 17:00 h (CET ? 1).

Pitfall trapping

In each plot four pitfall traps (Barber 1931) were randomly

placed, with a distance of at least 5 m to each other (to

minimize interference) and to the boundaries (to minimize

edge effects). The traps (6 cm in diameter, 8 cm deep)

were buried up to the surface level and filled with ethy-

lenglycol and a few drops of detergent. A 15 9 15 cm

plastic transparent roof was placed approx. 10 cm above

the trap. The survey started on 15 June; traps were col-

lected every four weeks until 3 October (five emptyings in

total). Nymphs were included in the analysis, as habitats of

nymphs and adults of the recorded species are relatively

congruent (Schirmel, unpublished data).
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Statistics

Orthoptera species were classified into the life-form types by

Rácz (1998) and Nagy et al. (2007). Differing from these

studies Chorthippus biguttulus, Decticus verrucivorus and

Platycleis albopunctata were classified as geo-chortobiont

and Conocephalus dorsalis as chortobiont species (cf. Wranik

et al. 2009). To assess the completeness of species inventories

individual-based species accumulation curves specific to each

method were created using the software package PAST

(Hammer et al. 2001). Species accumulation curves are a

widely accepted way of assessing the sufficiency of a sampling

effort for a certain sampling site (Gotelli and Colwell 2001).

To analyse differences in overall species richness among

sampling methods the observed number of species were

rarefied to the lowest number of specimens recorded

(Gotelli and Colwell 2001). In a further step, maximum

species richness was estimated using non-parametric esti-

mators Chao 1 (Chao 1984) and ACE (Abundance-based

Coverage Estimator, Chao et al. 1993). For an extensive

discussion of estimation techniques see Magurran (2004).

Differences in the effectiveness of both methods for total

observed and estimated species richness (n = 15) and for

species richness within each habitat type were compared

using Poisson generalized linear models (GLM). To com-

pensate for overdispersion, the standard errors were cor-

rected using a quasi-Poisson GLM model (Zuur et al. 2009).

Methods (transect counts, pitfall trapping) and habitat types

(GD, HD, HG, HS, BF) were treated as predictors for

observed species richness. Differences in the detected indi-

vidual numbers of species between the two methods were

analysed using zero inflated negative binomial models

(ZINB). Significance levels were assessed using an Analysis

of Deviance (Zuur et al. 2009). All statistical analyses were

Fig. 1 Position of the Baltic

Sea isle of Hiddensee in

Germany (left) and of the study

area (coastal heath) on

Hiddensee

Table 1 Characteristics of the five studied vegetation types

No. Vegetation type Name Description

1 Grey dune GD Sparsely covering and low-growing vegetation (cover: 10–70%, height: up to 20 cm);

dominated by Corynephorus canescens, Carex arenaria, lichens (Cladonia spp.) and

mosses

2 Dwarf-shrub heath HD Dense vegetation with medium turf height (cover: 80–100%, height: 30–40 cm);

dominated by Calluna vulgaris and, to a lower extent, Empetrum nigrum, Salix repens
and Erica tetralix

3 Heath encroached by graminoids HG Dwarf-shrub heath encroached mainly by Carex arenaria (cover about 70%) and, to a

lower extent, Deschampsia flexuosa. Very dense vegetation with medium to high turf

(cover: 100%, height: 40–80 cm)

4 Heath encroached by shrubs HS Dwarf-shrub heath encroached by bushes (mainly Betula pendula). Heterogeneous

vegetation with high cover (cover: 90–100%) and turf height (field layer: 40–80 cm,

shrub layer: up to 300 cm)

5 Birch forest BF Betula pendula dominated young forest (about 30–40 years old). Calluna vulgaris is

very rare. Species-rich field layer with many graminoids, mainly Molinia caerulea,

Arrhenatherum elatius and Festuca rubra. Dense or very dense vegetation (cover: 80–

100%) with medium to high turf (height: 40–110 cm)

J Insect Conserv (2010) 14:289–296 291
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performed using the software package R 2.9.0 (http://www.

r-project.org/).

Results

Species richness

In total, 12 Orthoptera species were recorded, of which 2 were

geobiont, 3 geo-chortobiont, 5 chortobiont and 2 thamnobiont

(Table 2). Species richness was highest in heath encroached

by graminoids (HG) and shrubs (HS) with 9 and 8 species,

respectively. The three other vegetation types had species

numbers between 5 and 6. While in grey dunes (GD) and

dwarf-shrub heath (HD) most species ([80%) belonged to

geo- and geo-chortobiont species, in HS and birch forests (BF)

the vast majority of the species were chorto- and thamnobiont

(88% and 100%, respectively). In HG, species of all life-form

types co-occurred with a dominance of geo-chorto- and

chortobiont species (together 67%).

Table 2 Frequency of Orthoptera species in the five vegetation types using transect counts (TC) and pitfall traps (PT)

Vegetation type N

GD HD HG HS BF

TC PT TC PT TC PT TC PT TC PT TC PT

Geobiont

Myrmeleotettix maculatus
(F = 0.16, P = 0.856)

239 (74) 418 (92) 45 (58) 16 (55) 12 (5) 14 (28) – – – – 296 (37) 448 (81)

Oedipoda caerulescens 1 (0) 1 (0) – – – – – – – – 1 (0) 1 (0)

297 449

Geo-chortobiont

Platycleis albopunctata
(F = 1.24, P = 0.307)

8 (3) 22 (5) 6 (8) 6 (21) 2 (1) 1 (2) – – – – 16 (2) 29 (5)

Decticus verrucivorus
(F = 4.20, P \ 0.05)

1 (0) 2 (0) 13 (17) 7 (24) 18 (8) 5 (10) – – – – 32 (4) 14 (3)

Chorthippus biguttulus
(F = 6.20, P \ 0.01)

72 (22) 12 (3) 12 (16) 60 (25) 1 (2) 2 (1) – – – 146 (18) 13 (2)

194 56

Chortobiont

Omocestus viridulus
(F = 4.64, P \ 0.05)

– – – – 112 (47) 29 (58) 76 (50) 11 (61) 1 (14) – 189 (24) 40 (7)

Chrysochraon dispar
(F = 4.11, P \ 0.05)

– – – – 19 (8) – 27 (18) 2 (11) 2 (29) – 48 (6) 2 (0)

Metrioptera roeselii
(F = 20.12, P \ 0.001)

– – – – 9 (4) – 15 (10) 2 (29) – 26 (3) –

Chorthippus albomarginatus 1 (0) 2 (0) 1 (1) 2 (0) 2 (0)

Conocephalus dorsalis
(F = 12.06, P \ 0.01)

7 (3) 1 (1) 8 (1) –

273 44

Thamnobiont

Pholidoptera griseoaptera
(F = 2.70, P = 0.087)

– – – – – – 26 (17) 5 (28) 1 (14) 1 (100) 27 (3) 6 (1)

Tettigonia viridissima
(F = 14.12, P \ 0.01)

1 (1) 1 (0) 5 (3) 1 (14) 8 (1) –

35 6

N individuals 322 457 77 29 240 50 153 18 7 1 799 555

N all species 6 6 5 3 9 5 8 3 5 1 12 9

% species completeness 100 60 55 38 20 75

Arrangement of the vegetation types follows a vegetation-height and density gradient (= productivity and biomass gradient) from type 1 to type 5.

Assignment of species to the life-form types follows Rácz (1998) and Nagy et al. (2007). GD = grey dune, HD = dwarf-shrub heath, HG = heath

encroached by graminoids, HS = heath encroached by shrubs, BF = birch forest. % species completeness = percentage of all recorded species for

each vegetation type (= number of species detected by transect counts). Percentage of individuals per species and sampling technique is given in

brackets. All comparisons of total individual numbers of species ([2 individuals) were analysed by zero inflated negative binomial model (ZINB)
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Observed overall species richness differed between the

sampling methods (F = 9.88, P \ 0.01; GLM): Using

transect counts, all 12 species detected in the study area

were recorded. By pitfall trapping, only 9 species were

detected; two chortobiont species (Metrioptera roeselii,

Conocephalus dorsalis) and one thamnobiont species

(Tettigonia viridissima) were not. Also, rarefied species

richness (TC = 11.6, PT = 9.0) and estimated species

richness (Chao1: TC = 12.0, PT = 9.0, F = 7.67, P\0.05;

ACE: TC = 12.7, TC = 9.8, F = 5.45, P \ 0.05; GLM)

differed between the methods. The species accumulation

curve based on transect-count data nearly approaches an

asymptote while those based on pitfall trapping data show a

slight slope (Fig. 2).

Species completeness (% of present species) using pit-

fall traps was significantly negatively correlated with

increasing vegetation density and height (rs = - 1.0,

N = 5, P \ 0.05). While in GD all resident species were

caught, in BF only 20% of the five present Orthoptera

species were found. Except for GD, in pitfall traps only less

than half of the geo-chorto-, chorto- and thamnobiont

species were recorded in each of the vegetation types.

Based on transect counts, the mean species richness was

highest in HG and HS (Table 3). GD and HD had an

intermediate and BF the lowest species richness. Using

pitfall traps, species richness was highest in GD and in HG.

HD and HS had intermediate positions and BF the lowest

species richness by far. Differences in species richness

between the two sampling methods were only significant

for the two species-richest habitat types HG and HS (HG:

F = 13.71, P \ 0.05; HS: F = 53.4, P \ 0.01; GLM)

(Table 3).

Relative abundance

In total, 799 individuals were recorded by transect counts

and 555 by pitfall traps (Table 2; Fig. 3). Relative densities

observed using transect counts were more balanced than

those of the pitfall traps. Using transect counts, 40% of all

individuals (322) were detected in GD, 30% (240) in HG,

19% (153) in HS and 11% (77) in HD. BF only accounted

for 1% of all individuals (7). With pitfall traps, more than

80% (457) of all individuals were found in GD. In BF, only

one individual (0.2%) was observed, and in the three

remaining types the percentage of individuals was low and

ranged from 3 to 9%.

By transect counts 37% of all individuals belonged to

geobiont, 24% to geo-chortobiont, 34% to chortobiont and

4% to thamnobiont species. Using pitfall trapps 81% were

geobiont, 10% geo-chortobiont, 8% chortobiont and 1%

thamnobiont. Differences between individual numbers of

life-form types detected by the two methods were signifi-

cant for geo-chortobionts (F = 7.20, P \ 0.05, GLM),

chortobionts (F = 10.05, P = 0.01, GLM) and tham-

nobionts (F = 4.65, P \ 0.05, GLM). Only for geobionts

no significant differences were observed (F = 0.35,

P = 0.56, GLM).

Pitfall traps are more selective in recording Orthoptera

species than transects counts are (Table 2). More than 80%

of all individuals caught using pitfall traps belonged to the

geobiont species Myrmeleotettix maculatus. Within the

transect-count data set, the species was also dominant,

however, it only accounted for 37% of all observed
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Fig. 2 Individual-based species accumulation curves for data obtained by transect counts (a) and pitfall trapping (b)

Table 3 Mean number of observed Orthoptera species (±SE) per

vegetation type using transect counts (TC) and pitfall trapping (PT)

Vegetation type Species number Statistics

TC PT F P

GD 4.0 ± 0.6 4.3 ± 0.3 0.24 0.65

DH 4.0 ± 0.6 2.3 ± 0.7 3.24 0.15

HG 7.3 ± 0.7 3.7 ± 0.7 13.71 0.02

HS 5.7 ± 0.3 2.0 ± 0.0 53.4 0.002

BF 2.0 ± 0.6 0.7 ± 0.3 5.3 0.08

Differences were analysed by generalized linear models (GLM)
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individuals. Besides Myrmeleotettix maculatus there were

two additional species (Omocestus viridulus and Chor-

thippus biguttulus) detected in high numbers (24 and 18%

of all individuals, respectively). Differences in individual

numbers (only species with [2 caught individuals with at

least one method) between the two sampling techniques

differed significantly for all species except for Platycleis

albopunctata, Myrmeleotettix maculatus and Pholidoptera

griseoaptera (Table 2).

Discussion

Species richness

Transects counts are a well-established method to survey

the presence of Orthoptera (Isern-Vallverdú et al. 1993;

Kruess and Tscharntke 2002; Wettstein and Schmid 1999).

However, there are differences in the design of the method.

Regarding the species accumulation curves and species

richness estimators, we suppose that all species present in

the study area were detected by transect counts with a

combination of acoustic and visual detection. In contrast,

the use of pitfall traps failed to detect all species. With

respect to sampling effort and detection of the complete

species inventory, transect counts are much more effective

than pitfall trapping.

Using pitfall traps, the complete species inventory was

only recorded in the low-growing and sparsely-vegetated

GD. With increasing vegetation height and density, the

species completeness observed by pitfall traps decreased

significantly. The shift in vegetation structure was

accompanied by a shift in Orthoptera species. While earlier

seral stages (GD, HD) were dominated by geo- and

geo-chortobiont species, later seral stages (HS, BF) were

dominated by chorto- and thamnobiont species. However,

using pitfall traps, we were only partially able to detect the

present geo-chorto-, chorto- and thamnobiont species in

each of the vegetation types. The Ensifera species

C. dorsalis, M. roeselii and T. viridissima were not caught

at all, but this could also be related to their low abun-

dances. In conclusion, transect counts are more sensitive to

the detection of rare species than pitfall trapping (cf. Nagy

et al. 2007).

Although pitfall trapping is a widespread method for

studying epigeal fauna, the study design (e.g. number of traps

per plot, diameter of the traps, roofed or unroofed traps) is

poorly standardized (Gardiner et al. 2005; Ingrisch and

Köhler 1998). Hence, for a proper comparison of species

completeness observed in different studies we have to take

into account their design and the habitats surveyed. Pitfall

trapping in tall and unmanaged pastures in the UK resulted in

capturing no species (Gardiner and Gouldsmith, unpublished

data cited in Harvey and Gardiner 2006). In oak savannahs

and grasslands in Minnesota (US) Siemann et al. (1999)

recorded 50 Orthoptera species by using sweep netting;

pitfall trapping with four traps per plot provided only 22

species. Our results are very similar to those of Harvey and

Gardiner’s study (2006) in dune grassland in Essex (UK).

They were also unable to detect C. dorsalis with pitfall traps,

but were highly effective in recording the regionally scarce

species P. albopunctata and M. maculatus. However, there

are some studies in which all present Orthoptera species were

detected with pitfall traps. In those cases, for example, the

Orthoptera assemblage was species poor (Perner et al. 1996)

or pitfall traps were exposed for a complete year (Köhler and

Weipert 1991). Based on the results of our study, the use of

pitfall traps for surveying Orthoptera species composition in

grasslands seems to be reasonable only in sparse and low-

growing vegetation where geo- and geo-chortobiont species

dominate (cf. Nagy et al. 2007).

Relative abundance

As four of the five studied types (HD–BF) had vegetation

that was very dense, most of the frequently used and fairly

accurate techniques for sampling Orthoptera abundance

(e.g. box-quadrat sampling, Gardiner and Hill 2006,

Poniatowski and Fartmann 2008) were not applicable.

Hence, we used transect counts, as they are easy to conduct

and commonly used to estimate Orthoptera abundance

(Gardiner et al. 2005). Gottschalk et al. (2003) showed that

in P. albopunctata standardized transect counts are strongly

correlated with population estimates from mark-release-

recapture data. Isern-Vallverdú et al. (1993) also found that

densities ascertained by transect counts are strongly corre-

lated with real population density in Aeropus sibiricus.
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Fig. 3 Frequency of Orthoptera individuals per vegetation type using
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Assuming that transect counts are a good proxy for relative

Orthoptera densities (Gardiner et al. 2005), densities ascer-

tained by pitfall trapping are strongly biased by vegetation

structure and locomotive behaviour of the species. More

than 80% of all individuals were caught in the sparsely-

vegetated GD. Except for the geobionts, all life-form types

differed significantly in frequency patterns between the two

methods. This is also true for frequency patterns of single

species: all species were significantly underrepresented in

pitfall traps, except for the geobiont species M. maculatus,

the geo-chortobiont species P. albopunctata and the tham-

nobiont species P. griseoaptera. For the latter, however, the

differences were slightly not significant (P = 0.087) which

might be explained by the low sample size.

In conclusion, the quantitative sampling of Orthoptera

using pitfall traps seems to be reasonable only in habitats

with low and sparse vegetation and a high proportion of

geo- and geo-chortobiont species (cf. Nagy et al. 2007). As

shown by Bieringer and Zulka (2003), in such habitats,

predictions of species’ relative abundances are reasonable.

Usefulness of pitfall trapping for Orthoptera surveys

Pitfall trapping of Orthoptera assemblages is a valuable

sampling method in sparsely-vegetated and low-growing

grassland habitats. As pitfall trapping is a destructive sam-

pling method, it should only be applied in suitable habitats,

where other methods cannot be used (e.g. military areas, cf.

Bieringer and Zulka 2003). The analysis of by-caught

Orthoptera from other studies in open habitats, like pitfall

trapping of ground beetles and spiders, could provide suit-

able results for fissuro-, geo- and, to a lower extend, geo-

chortobiont species (e.g. Gryllidae, Tetrigidae; Remmert

1978, Ingrisch and Köhler 1998). However, in habitats with

high and dense vegetation and a higher proportion of chorto-

and thamnobiont species, it is unlikely to detect all present

species and to deliver accurate estimates of abundance.
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Introduction

Pitfall trapping is the most frequently used sampling

method for the study of surface-dwelling arthropods such

as carabid beetles (Coleoptera: Carabidae) or spiders (Ara-

neae) (Uetz & Unzicker, 1976; Müller, 1984; Spence &

Niemela, 1994; Lövei & Sunderland, 1996), even though it

is the subject of much controversy and criticism (Curtis,

1980; Halsall & Wratten, 1988; Topping & Sunderland,

1992; Sunderland et al., 1995; Lang, 2000). Pitfall traps

(Barber, 1931) are inexpensive, easy to handle, and sam-

ples are rich both in individuals and species (Topping &

Sunderland, 1992; New, 1998; Santos et al., 2007). The

traps, consisting mainly of plastic cups or glass jars, are

sunk into the ground (Barber, 1931; Balogh, 1958; Grell,

1997). They usually contain a fluid to prevent arthropods

from escaping, thus making the trap more effective. The

fluid also works as a preservative (Gurdebeke & Maelfait,

2002; Jud & Schmidt-Entling, 2008).

Many factors influence the efficiency of pitfall traps and

the composition of their catches, such as choice of preser-

vative (Pekár, 2002; Schmidt et al., 2006; Jud & Schmidt-

Entling, 2008), size (Brennan et al., 1999), shape (Luff,

1975), colour (Buchholz et al., 2010), and material

(Waage, 1985) of the pitfalls or their covers (Buchholz &

Hannig, 2009), and arrangement (Digweed et al., 1995;

Melbourne, 1999; Ward et al., 2001). But to date, except

for ants (Greenslade, 1973; Borgelt & New, 2006) the

impact of different sampling intervals has been poorly

analysed. In the literature, sampling intervals (mostly)

range from weekly (Larsen et al., 2003; Gibson & New,

2007), through fortnightly (Desender & Bosmans, 1998;

Schuldt et al., 2008), to monthly (Koivula et al., 1999;

Lassau et al., 2005). Short sampling intervals are labour

intensive and are therefore often very costly. They could

also disturb the sampling sites, which could have a negative

impact, e.g., on arthropods, plants, and breeding birds. On

the other hand, during long sampling intervals, trap catch-

ability could be highly affected by drying out of the preser-

vative, overflowing due to rain, or by a large amount of

rotten or damaged animals. Furthermore, the quality of

the preservative on arthropods could change over time

(Bombosch, 1962). Lastly, pitfall catches may be affected

by a digging-in effect, as more individuals of certain soil

arthropods tend to be caught in traps that have just been

dug in. To date, this effect has only been demonstrated for

Collembola (Joosse & Kapteijn, 1968), ants (Greenslade,

1973), and carabids (Digweed et al., 1995). The aim of this

study, therefore, was to investigate the digging-in effect for

a broad spectrum of arthropods usually captured in pitfalls

traps and to compare this effect among the various arthro-

pod groups.

Materials and methods

Experimental design and sampling

The study was conducted in 2009 on a grassland site near

the city of Münster, Germany (51�59¢N, 7�40¢E). Vegeta-

tion structure of the grassland was homogeneous and

dense (cover reached almost 100%) and dominated by the

grass Alopecurus pratensis L. (Poaceae). Management of

the grassland by sheep-grazing occurs once a year, at the

beginning of July. The climate in this region is sub-oceanic
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[mean annual temperature: 7.9 �C; mean annual precipi-

tation: 758 mm (Murl NRW, 1989)]. The weather during

the study was mostly warm and dry with occasional rainfall

(average temperature 2 m above ground over the whole

sampling period 14 �C, total rainfall 80 mm, meteorologi-

cal station, Institute of Landscape Ecology, University of

Münster).

We compared three sampling intervals: weekly, fort-

nightly, and monthly. A total of 45 pitfall traps (15 per

treatment) were installed in a grid consisting of nine rows

with five traps in each row (inter-trap distance: 5 m)

(Figure 1). Traps (white plastic cups) were 9 cm in

diameter, 12 cm deep, and filled with a 3-cm layer of 3%

(vol ⁄ vol) formalin solution with detergent. Sampling

lasted 2 months and took place between 3 April and 22

May (total samples per treatment: weekly = 8, fort-

nightly = 4, monthly = 2).

The captured arthropods were sorted into six groups:

Apidae, Araneae, Carabidae, other Coleoptera, Formici-

dae, and Isopoda. After sorting, samples were conserved in

ethyl alcohol.

Analysis

Numbers of captured arthropods in each treatment were

standardised to a sum of individuals per trap. Depending

variables (Apidae, Araneae, Carabidae, other Coleoptera,

Formicidae, and Isopoda) were tested for normal distribu-

tion and homogeneity of variance using Shapiro-Wilk and

Fligner-Killeen tests. The Fligner-Killeen test for compar-

ing variances of multiple samples is a non-parametric test

that uses the ranks of the absolute values of the centred

samples and weights. In comparison to other methods, the

Fligner-Killeen test is not affected by outliers (Crawley,

2008). To assess significant differences in capture efficiency

among the treatments (explaining variables: weekly, fort-

nightly, monthly), a one-way ANOVA was performed. If

assumptions were not met (normal distribution of data,

homogeneity of variances), a Kruskal–Wallis test was used.

All statistics were performed in R 2.9.0 (R Development

Core Team, 2009).

Results and discussion

A total of 20 907 individuals were captured: 852 Apidae,

11 859 Araneae, 2 343 Carabidae, 2 002 other Coleoptera,

472 Formicidae, and 3 379 Isopoda. Of all arthropod

groups analysed, the fewest individuals were caught in the

monthly sampling interval treatment. Except for Formici-

dae, the number of individuals of all groups differed

significantly among the treatments (Table 1). For Apidae,

Araneae, Carabidae, and other Coleoptera, most individu-

als were caught in traps with a weekly sampling interval,

followed by the fortnightly interval. For Isopoda, catch

numbers of weekly and fortnightly sampling differed only

slightly.

Capture efficiency of pitfall traps is highly affected by

the sampling interval: for almost all arthropods studied,

the number of individuals caught in a given time interval

decreased with longer sampling intervals. This was particu-

larly clear for Apidae and Carabidae, for which less than

half the number of individuals was caught by sampling

monthly compared to weekly. An exception were Isopoda,

for which fortnightly sampling resulted in slightly more

individuals than weekly sampling.

As demonstrated by Joosse & Kapteijn (1968), Greens-

lade (1973), and Digweed et al. (1995) for ants, carabid

beetles, and Collembola, digging-in effects lead to higher

catch numbers of soil arthropods immediately after traps

Figure 1 Experimental design of pitfall traps with different sampling intervals: 1 = weekly, 2 = fortnightly, 4 = monthly. Fifteen traps per

treatment (45 traps in total) were installed in a grassland site near the city of Münster, Germany.
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are established. This effect may be due to higher CO2

production and output of the newly dug soil. Joosse &

Kapteijn (1968) found that animals can be activated by

higher CO2 concentrations of air, resulting in higher loco-

motory activity during the first 2 days of pitfall operating

time. As catch numbers decreased with operating trap

time, our results suggest that digging-in effects are relevant

for all arthropod groups tested, except for ants, which is in

contrast to the study of Greenslade (1973). Although pitfall

trapping is not a commonly used catching method for fly-

ing arthropods, bees were also shown to be attracted by the

digging-in effect. Furthermore, one can conclude that the

speed and strength of the digging-in effect differed among

arthropod groups. Accordingly, Apidae, Araneae, and Car-

abidae seemed to be more affected than other Coleoptera

and Isopoda. Ants showed no responses but one has to

consider the general problems associated with pitfall traps

as census method for ants, in which trapping efficiency is

influenced by their clustered occurrence near nests and

roads (Agosti et al., 2000; Steiner et al., 2005; Schlick-Stei-

ner et al., 2006).

A decrease in capture efficiency of arthropods with

longer catching intervals may be explained by more oppor-

tunities to climb out of the trap, for example via other

trapped animals, soil, or overhanging vegetation. This has

previously been demonstrated for small-bodied linyphiid

spiders (Topping & Luff, 1995), but it is doubtful whether

it also holds for large carabid beetles and spiders.

Furthermore, decreases in catch numbers over time

may be due to the exploitation of the local arthropod com-

munity. However, this depletion effect has only rarely been

demonstrated (Digweed et al., 1995), and its impact is pre-

sumably small.

Another reason for the relatively large catch numbers

in traps that are sampled weekly could be the ‘trampling

effect’ caused by the field workers. Grandchamp et al.

(2002) pointed out a positive correlation between the

individual number of ground beetles and trampling

intensity. Arthropods could be disturbed by the trampling

and become more active, which may in turn increase their

chances of falling into a trap (Digweed et al., 1995). How-

ever, in our study we believe this impact to be low, as

traps were arranged in a grid and rotated. Consequently,

all traps, even when not emptied, were passed by the field

workers weekly when collecting samples. Furthermore,

flying insects such as Apidae are usually not affected by

trampling (Sjödin, 2007; Vázquez et al., 2008).

Pitfall catches may also be affected by the quality of the

trapping solution. Over time, the solution in the traps

becomes thicker and more turbid. Repellence by the odour

of carcasses may reduce catches, but at the same time cer-

tain species may be attracted. Also the initial contrast

between the white traps and the surrounding vegetation,

soil, or possible prey within the solution gradually

becomes smaller. Many arthropods are known to have dis-

tinct visual abilities (e.g., hunter spiders; Foelix, 1992) and

for some species prey detectability is enhanced by dark

objects on a light background (e.g., tiger beetles; Faasch,

1968). Hence, traps with a ‘clearer’ solution (which means

short sampling interval) may be more attractive to some

arthropods. These assumptions are supported by the

experiment of Buchholz et al. (2010), in which a quantita-

tive comparison of catches in differently coloured traps

resulted in highest numbers in brightly coloured (white

and yellow) traps.

In summary, to catch larger numbers of arthropods,

shorter sampling intervals should generally be preferred.

On the other hand, more frequent emptying is more time

consuming and therefore more costly. Furthermore, when

using short sampling intervals, the digging-in effect may

result in sample bias because the catch is artificially

increased. Consequently, this may lead to an overestima-

tion of the population density. The digging-in effect could

be reduced by placing pitfalls, inverted, for 1 week prior to

operating them as traps. Another possibility is to use tubes

into which the pitfall traps can be installed, which avoids

CO2-outputs when emptying or changing the traps. Either

way, comparisons of catch numbers resulting from differ-

ent sampling intervals within a study are hardly possible,

because number of individuals caught differ broadly

among different intervals and decrease with the operating

period of the pitfall trap.

Table 1 Mean (± SD) number of arthropod individuals per pitfall trap, caught in weekly, fortnightly, or monthly sampling intervals

Weekly Fortnightly Monthly F v2 P

Apidae 25.4 ± 6.4 19.2 ± 4.2 12.2 ± 4.7 24.524 – <0.0001

Araneae 309.5 ± 66.6 272.1 ± 70.6 209.0 ± 51.2 9.638 – 0.0004

Carabidae 71.5 ± 28.2 56.7 ± 17.1 28.1 ± 8.6 – 27.109 <0.0001

Other Coleoptera 52.3 ± 12.7 47.1 ± 17.9 34.1 ± 11.0 6.608 – 0.003

Formicidae 13.2 ± 8.0 10.3 ± 6.8 7.9 ± 5.7 – 4.59 0.1

Isopoda 84.2 ± 25.8 84.9 ± 54.2 56.1 ± 31.1 – 6.279 0.04
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phie der Tiere 95: 477–522.

Foelix RF (1992) Biologie der Spinnen. Thieme, Stuttgart,

Germany.

Gibson LA & New TR (2007) Characterising insect diversity on

Australia’s remnant native grasslands: ants (Hymenoptera:

Formicidae) and beetles (Coleoptera) at Craigieburn Grass-

lands Reserve, Victoria. Journal of Insect Conservation 11:

409–413.
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A nymph of Oedipoda caerulescens. This heat-loving and endangered grasshopper species is 

a typical faunal element of dry and sparsely vegetated habitats. Photo: Jens Schirmel. 
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Aims of the thesis 

 

The main aim of the thesis was to analyze the impacts of the most threatening drivers 

of (coastal) heathland biodiversity loss on suitable arthropod indicator taxa 

(Orthoptera, Carabidae, and Araneae). The impacts of succession and grass encroach-

ment are presented in Chapter 2 (Orthoptera), 3 and 4 (Carabidae and Araneae). On a 

smaller spatial scale, the impact of the invasive moss Campylopus introflexus was 

analyzed for ground-dwelling arthropods (Chapter 6: Carabidae and Araneae;  

Chapter 7: dominant Orthoptera species). A further goal was to investigate, which 

habitats or structures are of special conservation interest regarding specialized and 

endangered species (Chapter 5 and 8). The main conclusions of this multi-level and -

species approach are presented in Table 1. Based on these findings recommendations 

are given for conservation of coastal heathlands. Furthermore, two studies focus on the 

methodology of pitfall trap sampling (Chapter 9 and 10). 

 
Table 1   Main conclusions based on the multi-level and species approach to impacts on diversity and 
ecology of arthropods in coastal heathland ecosystems. 

Scale Ecosystem / habitat Main conclusions 

� Within the coastal heathland ecosystem 

succession and grass encroachment take 

effect on different biodiversity aspects 

� Impact differed partly among taxa 

� For all taxa: open heathland (grey dunes 

and dwarf-shrubs) present important 

habitats for specialized and threatened 

species 

� Within the open heathland a mosaic of 

grey dunes and dwarf-shrubs is important 

for Orthoptera (homogeneous dwarf-

shrub stands are of less relevance) 

� For carabids and spiders also dwarf-shrub 

heath host specialized species 

� For all taxa: Grey dunes present a key-

stone habitat/structure 
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� Within grey dunes the invasive moss 

Campylopus introflexus has a negative 

impact on all taxa 

� Presence of different development stages 

of grey dunes (+ adjacent heath stands) is 

important to fulfill life-cycle requirements 

for many specialized species 
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Impacts of succession and grass encroachment 

 

Factors mainly determining the occurrence patterns of Orthoptera, carabid beetles and 

spiders are vegetation, microclimate and soil moisture (Almquist 1973; Beals 2006;  

De Mas et al. 2009; Grill et al. 2005; Ingrisch and Köhler 1998; Sänger 1977; Thiele 

1977). These conditions changed markedly along the successional gradient and are 

apparently the main drivers for detected shifts in species richness and abundance, 

species composition, life-history traits and functional diversity. Grey dunes, the 

youngest seral stage, represent a habitat with extreme conditions characterized by a 

very dry and hot microclimate, very low soil moisture and sparse and low vegetation. 

In contrast, the oldest stages (heath with shrubs and birch forest) have dense and high 

vegetation with humid and moderate microclimate conditions. As hypothesized, the 

analyzed arthropods strongly responded to coastal heathland successional processes 

including grass encroachment. The shifts in vegetation and environmental conditions 

along the successional gradient affected different biodiversity aspects of the three 

analyzed groups and the impact partly differed among the taxa (Table 2). 

 
Table 2   Overview of the biodiversity aspects of the three analyzed arthropod groups affected by 
coastal heathland succession and grass encroachment. A dot means that this aspect was not analyzed 
for the certain taxa. 

 Impact occurs 

 Orthoptera Carabidae Araneae 

Species richness/abundance Yes No/ · No/ · 

Assemblage structure Yes Yes Yes 

Functional groups  Yes · · 

Life-history traits · Yes Yes 

Functional diversity · Partly Partly 

Threatened species Yes Yes Yes 

  
 

Species richness and abundance 

 

Within the framework of ecological studies, species richness is the simplest and most 

intuitive measure for diversity (Magurran 2004, Peet 1974). Species richness has been 

shown to be an appropriate tool to assess biotic changes caused by environmental 

shifts or to characterize the status of biotic assemblages (Alaruikka et al. 2002; Baldi 

2008; Blaum et al. 2009; Bultman and deWitt 2008; Negro et al. 2009; Sax et al. 

2005). The response of species richness to succession and grass encroachment was the 

aspect, which most obviously differed among the three analyzed arthropod groups. 
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Orthoptera species richness was by far highest in intermediate stages (Fig. 1; 

Chapter 2). Enhanced species richness and abundance in grass and shrub encroached 

heath can be explained by the higher heterogeneity of these habitats according to the 

‘habitat heterogeneity hypothesis’, which proposes that an increase in heterogeneity in 

a habitat leads causes higher species diversity, as the number of partitionable niche 

dimensions increases (MacArthur and MacArthur 1961, Dennis et al. 1998). This 

should facilitate specialization and avoidance of competition through spatial 

segregation. Further the high biomass of grasses, which provides a broad food supply 

for the mostly graminivorous Orthoptera (Detzel 1998), could have positive effects on 

species richness and abundance. Moreover, food quality might be enhanced due to 

eutrophication which in turn could enhance grasshopper growth rate (Strengbom et al. 

2008). The observed shifts reflect the strong relationships and adaptions of most 

Orthoptera species to vegetation structure (Sänger 1977). Cover of the eutrophic and 

tall growth form of Carex arenaria (Remke et al. 2009a, b) was determined as the 

main driver of species richness and abundances. Compared to the transitional stages 

grassy heath and heath with shrubs, species richness was remarkably lower in the 

younger and less productive grey dunes and dwarf-shrub heath, which only offer 

slender food supply. The birch forest, as forest in general, presents an unsuitable 

habitat for most European Orthoptera (Ingrisch and Köhler 1998). 

In contrast to Orthoptera, species richness of ground-dwelling carabid beetles and 

spiders did not differ among the five successional stages (Fig. 1; Chapter 4). This 

contradicts the ‘habitat heterogeneity hypothesis’. Apparently, carabid beetle and 

spider species richness are not necessarily related to habitat structure along 

successional gradients (Aitchison and Sutherland 2000; Buddle et al. 2000; Gajdos and 

Toft 2000; Hurd and Fagan 1992; Mallis and Hurt 2005). At least for carabid beetles, 

higher species richness caused by habitat heterogeneity could be counterbalanced by 

the generally higher abundance and species richness of this group in open habitats  

(da Silva et al. 2007). In contrast to species richness, community composition and 

functional diversity of ground-dwelling carabids and spiders change along the 

gradient, which is described in the following sections. 

 

Species composition (assemblage structure, functional groups) 

 

According to Philippi et al. (1998) “species composition may provide a strong signal 

of the environmental factor of interest” and therefore “changes in species compositions 

can provide a sensitive measure of ecologically relevant changes in the environment”. 

The species composition of Orthoptera changed markedly along the coastal heathland 

gradient (Chapter 2). In particular, open, dynamic habitats (grey dunes and dwarf-  
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Fig. 1   Species richness of Orthoptera, carabid beetles, and spiders along the coastal heathland 
successional gradient. GD = grey dunes, DH = dwarf-shrub heath, HG = grass encroached heath, HS = 
heath with shrubs, BF = birch forest. 
 

shrub heath) could be separated from the intermediate stages (grassy heath and heath 

with shrubs) with denser and higher vegetation. This change in species composition 

was mainly determined by a shift from geobiont, xerothermic species, which mainly 

live on the ground of open grey dunes and dwarf-shrub heath, to chorto- and 

thamnobiont, mesophilous species, which are adapted to a living in dense and grassy 

habitats. Besides food supply (see above) grass and shrub encroached heath offers 

singing sites and moderate microclimate conditions as well as favorable egg-laying 

substrates for species that oviposit in plants. In general, Ensifera species, which are 

often thamnobiont or inhabiting forest edges (Rácz 1998), were less negatively 

affected by the presence of shrubs or trees (Bieringer and Zulka 2003). 

Regarding carabid beetles and spiders, every successional stage was characterized by a 

specific assemblage indicating a high species turnover across the gradient (Chapter 3). 

Similar to Orthoptera, species composition of grey dunes was well separated from later 

stages. The assemblages of both carabid beetles and spiders were grouped mainly 

along two gradients: from dry to wet conditions and from open habitats to shady 

habitats with a closed canopy layer. These findings are in concordance to prior studies, 

which consider ‘moisture’ and ‘shading’ to be the most important environmental 

factors explaining occurrence and distribution of carabid beetles and spiders (e.g. 

Buchholz 2010; Entling et al. 2007; Lambeets et al. 2007; Usher 1992). For almost 

every successional stage, several indicator species of both carabid beetles and spiders 

could be identified following the approach of Dufrêne and Legendre (1997) 

(Chapter 3). The analyses of indicator species can provide additional information 

about the status or conservation value of a habitat (Dufrêne and Legendre 1997). 

Within the coastal heathland, for both carabids and spiders the number of indicator 

species was by far highest in grey dunes. The extreme habitat conditions favor the 

occurrence of xerothermic species with special adaptions like pale colors against 
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overheating (Müller-Motzfeld 2004; Chapter 4). Also Calluna heath hosts a 

specialized carabid beetle and spider fauna, which underlines the characterization of 

Calluna as a ‘keystone’ species (Kratochwil and Schwabe 2001; Littlewood et al. 

2007). During the displacement of dwarf-shrubs (Calluna vulgaris) by grasses, the 

vegetation becomes more homogeneous with a dense sward. Typical heathland species 

were less abundant in grass encroached heath, but also species typical for shaded or 

forested habitats were rare, as the microclimate might have been too hot and dry. 

Consequently, grassy heath seems to be an intermediate and transitional stage with less 

distinctive carabid and spider assemblages and with no or very few indicator species. 

Also indicator species of heath encroached by shrubs were mainly eurytopic 

inhabitants of densely vegetated sites occurring in a broad range of habitats. The oldest 

successional stage, the birch forest, contained several typical forest species and the 

second highest number of indicator species after the grey dunes. 

 

Life-history traits and functional diversity 

 

In the face of environmental change knowledge about the persistence of species with 

certain life-history traits is important. Therefore the relationship between habitats and 

life-history traits of the occurring species is essential (Ribera et al. 2001). In Chapter 4 

patterns of the life-history traits ‘body size’, ‘color’, ‘dispersal’, and ‘daily activity’ 

are analyzed along the successional gradient. Moreover life-history trait data are the 

basis for functional diversity measures. As a complement to the ‘traditional’ diversity 

measures species richness, Shannon- or Simpson-diversity, the concept of functional 

diversity has grown rapidly during the last years in ecological research (Cornelissen et 

al. 2003; Il Choi et al. 2010; Mokany et al. 2008; Mouillot et al. 2005; Petchey and 

Gaston 2006; Violle et al. 2007). Since diversity is not only restricted to taxonomic 

components it should include life-history traits (functional traits) (da Silva et al. 2007, 

Ribera et al. 2001, Vandewalle et al. 2010; Villéger et al. 2010). Recent applications of 

the trait concept have been published for soil arthropods by Lambeets et al. (2008, 

2009) and Sadler et al. (2006). The diversity of functional traits (“functional 

diversity”) is defined as “the value and range of those species and organismal traits 

that influence the ecosystem functioning” (Petchey and Gaston 2006). Functional 

diversity is seen as a key driver of several ecosystem functions like productivity 

(Tilman et al. 1997) or resilience (Folke et al. 2004). Incorporating functional diversity 

concepts can therefore provide a useful approach to integrate biodiversity research in 

the broader context of ecosystem processes and functioning (Loreau 2010). Several 

indices were developed for measuring functional diversity or displaying functional 

composition (Laliberté and Legendre 2010; Mason et al. 2003; Petchey and Gaston 

2002; Villéger et al. 2008). In Chapter 4, five of these functional diversity indices from 
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multiple traits were applied because the incorporation of several functional diversity 

measures may reflect diversity in its whole extent.  

Several life-history traits of carabid beetles and spiders changed along the successional 

gradient. Carabid beetles were smaller in grey dunes and large-bodied in most 

vegetated successional stages. This confirms the ‘stress hypothesis’ (Gray 1989) which 

predicts that the number of small species increases with increasing stress. In contrast, 

most large and medium-sized spider species occurred in grey dunes. This supports 

Remmert (1981) and Entling et al. (2010) who stated that dry and hot habitat 

conditions favor large-bodied species that should have a higher desiccation resistance 

(Fig. 2a). Probably as an adaption against overheating, the highest number of pale or 

very light-colored carabid beetle and spider species occurred in hot and sun-exposed 

grey dunes, as these colors reflect more sunlight than dark colors (Digby 1955; 

Willmer and Unwin 1981). The species number of flightless carabid beetle species was 

lowest in grey dunes. In ‘temporary habitats’, such as dynamic grey dunes or 

floodplains, most species are highly mobile and able to fly as an adaption to 

fluctuations in habitat availability (Bonte et al. 2002; Greenslade and Southwood 

1962). For spiders dispersal strategy might be a less meaningful trait, since most spider 

species disperse by ballooning (Bell et al. 2005). For both taxa older stages were most 

frequently inhabited by nocturnal species, which is in accordance to Williams (1962), 

Henatsch and Blick (1993) and Kreuels (2001), who assumed diurnal activity to be 

prevailing in open habitats, while nocturnal activity is predominant in forested sites, 

where temperatures are more balanced during the night (Fig 2b).   

Heathland succession and grass encroachment did not influence species richness (see 

above) of carabids and spiders, but functional diversity partly differed among stages. 

For both taxa functional dispersion (FDis), a measure of functional richness which 

considers species relative abundances by estimating their dispersion in a multidimen-

sional trait space (Laliberté and Legendre 2010), was clearly lowest in grey dunes. 

This might be explained by the dominance of species specialized on or adapted to 

equal limited resources. 

When analyzing biodiversity changes along environmental gradients the concept of 

functional diversity might be an essential tool, while explanatory power of species 

richness alone might be poor (Brose 2003; Buchholz 2010; Mallis and Hurd 2005; 

Mokany et al. 2008). However, functional diversity is still very complex and further 

practical approaches in the assessment of biodiversity including interpretations of how 

functional diversity indices behave in natural environments will doubtlessly improve 

the applicability of this concept. 
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Threatened species 

 

Including analyses of rare or threatened species strengthen conclusions concerning the 

status of biodiversity of habitats or sites (Jelaska et al. 2010). In addition, threatened 

species are useful indicators to select areas for conservation (Lawler et al. 2003).  

As shown above, xerothermic and specialized species found suitable habitat conditions 

in the youngest, open and dynamic stages, in particular grey dunes. Many of these 

species are rare and endangered mainly due to the loss of suitable habitats (Buchholz 

2008, 2010; Müller-Motzfeld 2004). Hence, threatened species of Orthoptera, carabid 

beetles, and spiders were by far more common in open grey dunes and dwarf-shrub 

heath (Fig. 3). Grey dunes are therefore of crucial importance for the maintenance of 

endangered xerothermic species (Bonte et al. 2003; Bonte et al. 2006; Maes and Bonte 

2006). These findings led to more detailed analyses of the importance of grey dunes 

for arthropods in coastal heathlands (see section after next) and of the threatening 

impact of the moss encroachment (next section). 

Fig. 2   Shifts in life-history traits of 
carabid beetles (left) and spiders along 
the coastal heathland successional 
gradient. Shown are number of a) large 
and b) diurnal species. GD = grey 
dunes, DH = dwarf-shrub heath, HG = 
grass encroached heath, HS = heath 
with shrubs, BF = birch forest. 
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Fig. 3   Proportion of threatened species of Orthoptera, carabid beetles, and spiders along the 
heathland successional gradient. GD = grey dunes, DH = dwarf-shrub heath, HG = grass encroached 
heath, HS = heath with shrubs, BF = birch forest. 

 

 

Impact of invasion by the moss Campylopus introflexus in grey dunes 

 

The invasion of Campylopus introflexus alters habitat conditions (vegetation structure 

and microclimate) in grey dunes and therefore impacts carabid beetle and spider 

species (Chapter 6) as well as the dominant Orthoptera species Myrmeleotettix 

maculatus (Chapter 7). The strong responses of the analyzed taxa/species reflect their 

strong micro-scale habitat relations (e.g. Muff et al. 2009).  

The reduction of carabid beetle species richness and the shift in species composition 

due to moss encroachment is mainly explained by the negative impact of the moss for 

phytophagous carabid species (genera Amara and Harpalus). The dense and poorly 

structured two-dimensional moss carpets can have a negative effect on the germination 

and development of higher plants (Biermann and Daniёls 2001). As shown in 

Chapter 6, grass cover in invaded grey dunes was only half as large as in native, 

lichen-rich grey dunes. Moss encroachment therefore led to a reduced food supply 

(grasses) for phytophagous carabids. Besides food supply, the vegetation structure may 

also influence the occurrence of certain carabid species. In opposite to lichens, which 

offer a three-dimensional vegetation structure, moss encroached grey dunes may 

prevent several species from finding shelter from predators and harsh weather 

conditions. As microclimate depends on vegetation structure (light and air 

penetrability) it can differ even at a small spatial scale. Native, lichen-rich plots were 

drier and hotter, while the microclimate was more balanced and moderate in moss 

encroached acidic coastal dunes. A quicker warming of the soil surface in native, 

lichen-rich grey dunes might have a positive effect on activity of ground-dwelling 

arthropods (Thiele 1977).  

All these effects are suggested as the main reasons for reduced densities of adult 

Myrmeleotettix maculatus grasshoppers in moss-invaded grey dunes (Chapter 7). 
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However, nymphs seemed not be affected in this way by the moss invasion. This 

indicates different habitat requirements during the life-cycle, which is typical for many 

Orthoptera, a topic dealt with in Chapter 8 (see next section).  

Also spiders were negatively affected by C. introflexus (Chapter 6). Both species 

richness and activity density were reduced by the moss encroachment. Denser 

vegetation in lichen-rich native sites favors the occurrence or higher activity densities 

of certain species (Bell et al. 1997). Moss encroachment was also accompanied by a 

drastic shift in species composition where some species were almost completely 

displaced. Especially wolf spiders and web-building spiders seemed to be negatively 

affected by the moss invasion.  

 

 

The importance of a mosaic of grey dunes and dwarf-shrubs 

 

Grey dunes present a keystone habitat (sensu Tews et al. 2004) within the coastal 

heathland. This is supported by a) the species- and individual-rich occurrence of 

threatened and specialized arthropods (xerothermic, geobiont, and indicator species) 

(see above, Chapter 2, 3, and 5), and b) the importance as oviposition and nymphal 

habitat, which was analyzed in a case study for Orthoptera (Chapter 8). The results 

show that different grey dune stages are important for a successful development of 

xerothermic Orthoptera species. Initial and moss-rich grey dunes play a major role for 

oviposition and as habitat for young nymphs. Older nymphs additionally need the 

more densely vegetated mature lichen-rich grey dune vegetation (Chapter 8). Many 

Orthoptera species perform a habitat change during their development. Besides the 

need of scarcely vegetated, thermally benefited grey dunes for oviposition or nymphal 

development (see above, Chapter 8) denser vegetation of adjacent dwarf-shrubs 

provides shelter, song posts, or food supply for adult Orthoptera (Chapter 5). In 

addition, adjacent dense, litter-rich vegetation stands provide shelter and suitable sites 

for overwintering and juvenile development of ground-dwelling carabid and spider 

species (Bonte et al. 2000a, b; Thiele 1977; Chapter 3). The existence of a mosaic of 

different development stages of grey dunes and adjacent dwarf-shrubs is therefore 

assumed to be of major importance. 

 

 

Implications for coastal heathland conservation 

 

Practical conservation practice should aim at maintaining a heterogeneous heathland 

mosaic with open grey dunes and Calluna stands in addition to scattered grassy and 

shrub-encroached heath for the survival of species-rich heathland arthropod 
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assemblages with a high proportion of specialized and threatened species. The 

presence of different successional stages is important in order to maintain a high 

diversity of arthropods (c.f. Buchholz 2010; Gardner 1991; Irmler 2004). Especially 

Orthoptera species richness is enhanced by the presence of transitional successional 

stages.  

However, not all of the investigated habitats have a similar value for species 

conservation. Across all taxa, open and dynamic grey dunes and dwarf-shrub heath 

present the most important habitats for the conservation of threatened and specialized 

(mainly xerothermic) species and are therefore regarded as keystone habitats. A 

mosaic-pattern of these habitats is of specific conservation interest, since many species 

have different habitat requirement during their life-cycle stages. Grey dunes are of 

outstanding importance for thermo-regulation, oviposition, basking and juvenile 

Orthoptera development. Dwarf-shrub stands with denser vegetation provide shelter 

during unfavorable periods even to spider and carabid beetle species typical for dunes 

(Bonte et al. 2000a, b) or for older, large-bodied life-cycle stages of Orthoptera.  

Such a mosaic-like pattern is typically formed by dynamic processes in coastal dune 

and heathland ecosystems. In agreement with the conservation implications given by 

Bonte et al. (2003) and Maes and Bonte (2006), the restoration of dynamic processes 

(eolian and sand dynamics, salt spray) is seen as a key driver for successful 

management in coastal dune and heathland regions. In this regard, the coastal 

protection forest, planted leeward along the southern part of the coastal heathland on 

the island of Hiddensee between 1907 and 1960 (Möbus 2000), is critical since it 

reduces such dynamic processes (Remke and Blindow 2010). Sheep grazing, 

reintroduced a few years ago, might be a positive measure to preserve the coastal dune 

heath. However, grazing and trampling can have negative impacts on some 

(threatened) dune animals (Maes and Bonte 2006, Bonte and Maes 2008). In addition, 

the regular, but moderate use of paths and dunes by people seeking for recreation 

might be beneficial for the protection of dynamic grey dunes (Bonte and Maes 2008). 

Critical in this regard might be an enhanced spread of Campylopus introflexus because 

trampling or similar disturbance effects can promote the expansion of the invasive 

moss (Chapter 6). While lichens are very sensitive to trampling and grazing, 

C. introflexus has an effective vegetative propagation (shoot fragments) and grows 

quickly (Biermann and Daniёls 1997). In coastal areas highly exploited by tourism, 

lichens might therefore be replaced by C. introflexus. 

Modern and intensive management measures such as sod-cutting, choppering or 

mowing can preserve heathlands on a long-term basis (Niemeyer et al 2007). The 

appropriate application of these measures could countervail high nutrient loads 

(eutrophication), and may enhance dynamic processes in (coastal) heathlands by the 

creation of disturbed and highly dynamic habitats similar to younger and more pristine 
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successional stages. These measures might contribute to a heathland mosaic consisting 

of different successional stages and therefore present important tools to preserve or 

restore a typical heathland fauna. This has been shown in the study area for carabids 

by Schirmel (2010) and in The Netherlands by den Boer and van Dijk (1994).  

 

 

New methodological findings of pitfall trapping 

 

The studies focused on the method of pitfall trap sampling and revealed new insights. 

First, pitfall trapping might be a useful sampling method for Orthoptera in sparsely-

vegetated and low-growing grassland habitats. In such habitats, pitfall trapping can 

provide applicable data of species richness and abundance and the analyses of by-

caught Orthoptera, which are often the main part of the by-catch, from other studies 

could provide suitable results (Chapter 9). 

Sampling interval has a strong influence on the capture efficiency of arthropods. As 

demonstrated in Chapter 10, short sampling intervals resulted in relatively higher catch 

numbers compared to longer intervals. This so-called ‘digging-in effect’ lead to higher 

catch numbers of soil arthropods immediately after traps are established (Digweed et 

al. (1995; Greenslade 1973, Joosse and Kapteijn 1968). To catch large numbers of 

arthropods, shorter sampling intervals should therefore be preferred. On the other 

hand, more frequent emptying is more time consuming (including higher costs) and 

the digging-in effect may result in sample bias, because the catch is artificially 

increased. Moreover frequent emptying could disturb sensitive arthropods, plants, and 

breeding birds. 

 

 

Outlook 

 

What can we learn from the results and conclusions of the present thesis? Coastal 

heathlands are strongly threatened by several drivers, which take effect on different 

spatial scales and vary among different taxa. Young and dynamic habitats have a 

special conservation value and are keystone habitats within coastal heathlands. The 

recreation of natural and dynamic processes therefore seems to be of outstanding 

importance in the field of conservation and restoration.  

In future biodiversity research the analyses of functional diversity will probably 

increase. The incorporation of several indicator groups across various taxa and their 

species-specific life-history traits might give more information about ecological 

functions of ecosystems. A reflection of current conservation strategies will probably 

be necessary in the future: What happens, if drivers of biodiversity loss (or any other 
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global change driver) change ecosystems without the possibility of return? Do we have 

to accept the development of ‘novel ecosystems’ as proposed by Hobbs (2006)? 

Anyway, because of their functional roles in ecosystems and suitability acting as 

indicators, insect (or arthropod) research should be included in a broader range of 

ecological studies. As proposed by Speight et al. (2008) “it is an amazing time for 

being an ecologist being interested in insects”. 
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Sorting pitfall trap catches is a time-consuming work. But high individual and species 

richness of arthropods often provide excellent data sets which allow a broad range of 

statistical analysis. Photo: Jens Schirmel. 
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Main drivers for biodiversity loss in terrestrial ecosystems are changes in land use, 

climate change, enhanced nitrogen deposition and biotic exchange (invasive species). 

These drivers also affect dry, nutrient-poor open anthropo-zoogenic inland and coastal 

heathlands which often harbor a high biodiversity (in particular of invertebrates) and 

contain habitats of special conservation interest (EU Habitats Directive). Mainly due to 

the abandonment of traditional land use, European (coastal) heathlands are today 

restricted to small and fragmented areas. In addition, increasing amounts of 

atmospheric nitrogen deposition cause enhanced encroachment of grasses in nutrient-

poor heathland ecosystems. Both, abandonment and eutrophication, enhance 

successional processes. Within heathlands open and sparsely vegetated grey dunes are 

of special importance for xerothermic invertebrates. These habitats are additionally 

threatened by the invasion of the exotic moss Campylopus introflexus.  

To counteract biodiversity loss in coastal ecosystems, a basic step is the assessment of 

the various threats. Therefore it is important to select suitable model organisms for 

analyses of biodiversity dynamics. In this thesis the three arthropod groups Orthoptera 

(Ensifera and Caelifera), carabid beetles (Coleoptera: Carabidae) and spiders 

(Araneae) were studied, as they are very useful indicators. They are species rich and 

abundantly occur in a broad range of terrestrial ecosystems, take important functional 

roles in ecosystem processes, and are sensitive to environmental changes. Analyses of 

different taxonomic groups may give a more complex view on the status of 

biodiversity and on responses to pressures on diversity. Besides sampling of the three 

arthropod groups (transect counts, pitfall trapping, experiments) vegetation and 

microclimate parameters were recorded. The studies were done between 2008 and 

2010 in the coastal heathland on the Baltic island of Hiddensee, Germany. 

The main aim of the thesis was to analyze the impact of three drivers of heathland 

biodiversity loss (succession, grass encroachment, moss invasion) on the selected 

indicator arthropod groups. A further goal was to investigate which habitats or 

structures are of special conservation interest regarding specialized and endangered 

species. Based on this multi-level and -species approach, implications for the 

conservation of coastal heathlands are given.  

The results show that successional processes and grass encroachment have strong 

impact on species richness and abundance, species composition and functional groups, 

as well as life-history traits and functional diversity of the arthropod groups. Main 

findings were: Orthoptera species richness was highest in the intermediate stages 

(heath encroached by grasses and heath with shrubs) because of higher habitat 

heterogeneity and higher food supply (grasses). Opposed to that, species richness of 

ground-dwelling carabid beetles and spiders did not differ among the five successional 

stages, which contradicts the ‘habitat heterogeneity hypothesis’. In contrast to species 

richness, functional diversity differed among successional stages. The concept of 



Summary 

 157 

functional diversity – which integrates species life-history trait data – therefore might 

be particularly suitable for biodiversity research, while the explanatory power of 

species richness alone might not be sufficient. The species compositions of all three 

taxa changed remarkably along the coastal heathland gradient indicating a high species 

turnover. In particular, open, dynamic habitats (‘grey dunes’ and ‘dwarf-shrub heath’) 

could be separated. Here, several specialized, xerothermic and threatened species 

occurred due to the extreme habitat conditions, but are displaced during grass and 

shrub encroachment.  

On a smaller spatial scale, the invasion of Campylopus introflexus alters habitat 

conditions in grey dunes and therefore affects carabid beetle and spider species and the 

dominant Orthoptera species Myrmeleotettix maculatus. Species richness of carabid 

beetles and spiders, and the abundance of adult M. maculatus grasshoppers were 

reduced. Species compositions of carabids and spiders changed remarkably with a loss 

of several species. These negative impacts could be explained by the vegetation 

structure of the moss which is unsuitable for web-building spiders or large carabid 

beetles, and by reduced germination of higher plants and therefore reduced food 

supply for M. maculatus and phytophagous carabid species.  

Within the open coastal heathland, the mosaic of grey dunes and adjacent dwarf-

shrubs is important since many species perform a habitat change during their 

development and, besides the scarcely vegetated, thermally benefited grey dunes, need 

denser vegetation of adjacent dwarf-shrubs for shelter, as song posts, or for foraging. 

As grey dunes harbor a high abundance and species richness of threatened and 

specialized, mainly xerothermic and geobiont species and are important as oviposition 

and nymphal habitat, they are regarded as a keystone habitat within the coastal 

heathland.  

Besides these ecological studies, two studies focused on the method of pitfall trapping.  

It could have been shown, that pitfall trapping might be a useful sampling method for 

Orthoptera in open habitats. The other study demonstrated that sampling interval has a 

strong influence on the capture efficiency of several arthropod groups (‘digging-in 

effect’). 

Conservation practices should aim at maintaining a heterogeneous heathland mosaic 

with open grey dunes and Calluna stands, in addition to scattered grassy and shrub-

encroached heath for the survival of species-rich heathland arthropod assemblages 

with a high proportion of specialized and threatened species. The restoration of 

dynamic processes is seen as a key driver for successful management in (coastal) 

heathland ecosystems. Sheep grazing and a regular, but moderate use of paths and 

dunes by people seeking for recreation might be beneficial for the protection of 

dynamic grey dunes. However, grazing and trampling can have negative impacts on 

some dune animals and might enhance the spread of C. introflexus. Modern 
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management measurements (sod-cutting, choppering or mowing) could contribute to a 

heathland mosaic consisting of different successional stages and therefore serve as 

important tools to preserve a typical heathland fauna. 
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Eggs of the ‘wart-biter’ Decticus verrucivorus. Females of this bush-cricket lay their eggs in 

small groups into the soil, here under moss (Campylopus introflexus). Photo: Jens Schirmel. 
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Hauptursachen für den Verlust von Biodiversität in terrestrischen Ökosystemen sind 

Landnutzungsänderungen, Klimawandel, erhöhte Stickstoffdepositionen und 

biotischer Austausch (invasive Arten). Auch für trockene nährstoffarme anthropo-

zoogen beeinflusste Küstenheiden stellen diese Faktoren eine Gefährdung dar. Als 

FFH-Lebensräume haben Küstenheiden einen hohen Schutzwert und sind oft durch 

eine hohe Biodiversität, insbesondere von Invertebraten, gekennzeichnet. In Europa 

kommen (Küsten-)Heiden vor allem wegen der Aufgabe der traditionellen Land-

nutzung heute nur noch kleinräumig und fragmentiert vor. Erhöhter Stickstoffeintrag 

führt zudem zu einer Vergrasung dieser nährstoffarmen Lebensräume. Beide Faktoren, 

Landnutzungsaufgabe und erhöhter Stickstoffeintrag, verstärken Sukzessionsprozesse. 

Innerhalb von Küstenheiden sind offene, spärlich bewachsene Graudünen ein 

wichtiges Habitat für xerotherme Invertebraten. Graudünen sind einer weiteren 

Gefährdung ausgesetzt: dem invasiven Moos Campylopus introflexus.  

Eine Grundvoraussetzung, dem Verlust von Biodiversität in Küstenlebensräumen 

begegnen zu können, ist die Analyse und Bewertung der Gefährdungsursachen. Um 

Aussagen zur Biodiversitätsdynamik treffen zu können, ist die Auswahl geeigneter 

Modellorganismen wichtig, In der vorliegenden Dissertation wurden die drei 

Arthropodengruppen Heuschrecken (Orthoptera: Ensifera und Caelifera), Laufkäfer 

(Coleoptera: Carabidae) und Spinnen (Araneae) untersucht, die geeignete Indikatoren 

für die Erfassung von Biodiversitätsdynamik darstellen. Sie kommen in hoher 

Artenzahl und Abundanz in einer Vielzahl von terrestrischen Ökosystemen vor, 

nehmen bedeutende Ökosystemfunktionen ein und reagieren empfindlich auf 

Umweltveränderungen. Darüber hinaus ermöglicht die Einbeziehung verschiedener 

taxonomischer Gruppen eine differenzierte und komplexe Aussage über den Status der 

Biodiversität und die Auswirkungen der Gefährdungsfaktoren. Neben der Erfassung 

der Arthropoden (Transektbegehungen, Bodenfallenfänge, Experimente) wurden 

Parameter zur Vegetation und zum Mikroklima aufgenommen. Die Untersuchungen 

wurden zwischen 2008 und 2010 in der Küstenheide auf der deutschen Ostseeinsel 

Hiddensee durchgeführt. 

Hauptziel der Arbeit war es, die Auswirkungen der drei biodiversitätsgefährdenden 

Faktoren Sukzession, Vergrasung, und Moosinvasion auf die ausgewählten 

Indikatorgruppen zu analysieren. Ein weiteres Ziel war es herauszufinden, welche 

Habitate bzw. Strukturen besonderen Schutzwert bezüglich des Vorkommens von 

spezialisierten und gefährdeten Arten besitzen. Basierend auf diesem 

mehrdimensionalen Ansatz – mit der Betrachtung verschiedener räumlicher Ebenen 

und verschiedener Arten bzw. Taxa – werden Empfehlungen für Schutz- und 

Pflegemaßnahmen in Küstenheiden gegeben.  

Die Ergebnisse zeigen, dass Sukzessionprozesse und Vergrasung einen starken 

Einfluss auf Artenreichtum und Abundanzen, Artenzusammensetzung und funktionelle 
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Gruppen sowie Anpassungen der Lebensweise (‚life-history traits’) und funktionelle 

Diversität auf die untersuchten Gruppen haben. Die Hauptaussagen sind: Der 

Artenreichtum von Heuschrecken ist am höchsten in den mittleren Sukzessionsstadien 

(vergraste Heide und verbuschte Heide). Wahrscheinliche Ursachen dafür sind die 

höhere Habitat-Heterogenität und die höhere Verfügbarkeit an Nahrung (Gräser). Im 

Gegensatz dazu konnten bei Laufkäfer und Spinnen im Widerspruch zur ‚Habitat-

Heterogenitäts-Hypothese’ keine Unterschiede im Artenreichtum zwischen den fünf 

Sukzessionsstadien festgestellt werden. Demgegenüber unterschied sich die 

funktionelle Diversität beider Gruppen zwischen den Stadien. Das Konzept der 

funktionellen Diversität – welche Daten über die ‚life-history traits’ berücksichtigt – 

könnte somit einen wichtigen Beitrag für die Biodiversitätsforschung leisten, da die 

Erklärungskraft von Artenreichtum allein nur begrenzt ist. Die Artenzusammen-

setzungen aller drei Taxa wechselten beträchtlich entlang des Sukzessionsgradienten. 

Besonders die Artenzusammensetzungen von offenen, dynamischen Habitaten (Grau-

düne und Zwergstrauchheide) ließen sich deutlich abgrenzen. Auf Grund der extremen 

Umweltbedingungen kommen zahlreiche spezialisierte und gefährdete Arten in diesen 

Habitaten vor, die bei einer Vergrasung oder Verbuschung verschwinden.  

Auf einer kleineren räumlichen Ebene verändert die Invasion des Mooses 

C. introflexus die Habitatbedingungen in Graudünen und beeinflusst so Laufkäfer und 

Spinnen sowie die dominierende Heuschreckenart Myrmeleotettix maculatus. Die 

Artenzusammensetzungen von Laufkäfern und Spinnen veränderten sich deutlich und 

einige Arten wurden verdrängt, der Artenreichtum dieser Gruppen nahm ab. Auch die 

Abundanzen von adulten M. maculatus waren geringer als in natürlichen Graudünen. 

Zu erklären ist dies damit, dass die Vegetationsstruktur des Mooses für netzbauende 

Spinnen oder große Laufkäfer ungünstig ist und dass eine reduzierte Keimung höherer 

Pflanzenarten zu einem verringerten Nahrungsangebot für M. maculatus und 

phytophage Laufkäfer führt. 

Innerhalb der offenen Küstenheide hat das Mosaik aus Graudünen und angrenzenden 

Zwergstrauchbeständen eine hohe Bedeutung, da viele Arten während ihrer 

Entwicklung einen Habitatwechsel vornehmen und neben den schütter bewachsenen 

und thermisch begünstigten Graudünen die dichtere Vegetation der Zwergsträucher 

zum Schutz, als Singwarten oder zur Nahrungssuche benötigen. Da Graudünen sich 

durch einen hohen Arten- und Individuenreichtum von spezialisierten und gefährdeten, 

vornehmlich xerothermen und geobionten Arten auszeichnen und eine hohe 

Bedeutung als Eiablage- und Larvalhabitat haben, werden sie als Schlüssellebensraum 

innerhalb der Küstenheide angesehen.  

Neben diesen ökologischen Studien wurden zwei methodische Untersuchungen 

durchgeführt, in denen neue Erkenntnisse zur Fangeffektivität von Bodenfallen 

präsentiert werden. So konnte gezeigt werden, dass Bodenfallenfänge eine geeignete 
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Erfassungsmethode für Heuschrecken in offenen Habitaten sein können. Die 

Ergebnisse der zweiten Studie zeigen einen starken Einfluss des Leerungsintervalls auf 

die Fangeffektivität (‚diggin-in effect’).  

Für den Erhalt artenreicher Arthropodengemeinschaften mit einem hohen Anteil an 

spezialisierten und gefährdeten Arten sollten Pflegemaßnahmen ein heterogenes 

Mosaik aus Graudünen und Zwergsträuchern mit vereinzelten vergrasten und 

verbuschten Heidebeständen fördern und schützen. Für ein erfolgreiches Management 

von Küstenheiden nimmt die Erhaltung bzw. Wiederherstellung von dynamischen 

Prozessen eine Schlüsselrolle ein. Schafbeweidung und die moderate Nutzung von 

Wegen durch Touristen können positive Effekte auf die Dynamik von Graudünen 

ausüben. Andererseits können Beweidung und Vertritt einige typische Dünenarten 

negativ beeinflussen und eine weitere Verbreitung von C. introflexus fördern. Für die 

Wiederherstellung eines Heidemosaiks aus verschiedenen Sukzessionsstadien könnten 

moderne Managementmaßnahmen (Plaggen, Schoppern, Mähen) geeignet sein und 

somit wichtige Instrumente für den Schutz einer typischen Heidefauna darstellen.  
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Microclimate is an important parameter explaining arthropod distribution patterns. The 

picture shows a data-logger (‘i-button’) protected by a plastic cup against precipitation. 

Photo: Marie Ulber. 
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Enjoying heathlands. Photo: Jens Schirmel. 
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The butterfly Plebejus argus, belonging to the family Lycaenidae, is a characteristic 

inhabitant of heathlands. As typical for Lycaenidae, the species lives in a symbiosis with 

ants. Photo: Jens Schirmel. 
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