
Vol.:(0123456789)1 3

Journal of Insect Conservation (2019) 23:525–534 
https://doi.org/10.1007/s10841-019-00141-1

ORIGINAL PAPER

Are power-line corridors an alternative habitat for carabid beetle 
(Coleoptera: Carabidae) and wolf spider (Araneae: Lycosidae) 
heathland specialists?

Mattias Lindholm1  · Bengt Gunnarsson1 · Thomas Appelqvist1

Received: 20 September 2018 / Accepted: 25 February 2019 / Published online: 5 March 2019 
© Springer Nature Switzerland AG 2019

Abstract
Semi-natural habitats such as heathlands, are important for the conservation of biodiversity. Due to a significant decline in 
traditional management, e.g. burning and grazing, in combination with habitat loss, these ecosystems have become highly 
threatened. On the other hand, human activities create modern infrastructures, e.g. power-line corridors (PLCs), and they 
can function as an alternative habitat for species for which their semi-natural habitat has degraded. This study compared the 
species richness and species composition of carabid beetles and wolf spiders in PLCs, traditionally managed heathlands and 
former heathlands that are covered with coniferous forests. We also measured vegetation variables and used it to compare 
species richness of plant, abundances of species and Ellenberg indicator values in the different habitats. The results showed 
that species richness of carabid beetles in the traditionally managed heathland is significantly higher compared to the PLCs. 
The species composition of carabid beetles and wolf spiders were also significantly different in these two habitats, but there 
was no difference between the species composition of carabid beetles and wolf spiders in the PLCs and forests. This might 
be explained by the similar vegetation structure in the PLCs and the forests, such as the high abundance of trees and shrubs 
and low abundance of typical heathland plants. Our results showed that PLCs are not an alternative habitat for the carabid 
beetle and wolf spider heathland specialists. We discussed how the management could be changed in the PLCs in order to 
make them more valuable for these and other heathland species.
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Introduction

The Atlantic heathlands are semi-natural ecosystems on 
nutrient poor and acidic soils, that have been maintained by 
traditional management including grazing by domestic ani-
mals, burning, and cutting (Gimingham 1972; Webb 1998; 
Gorissen 2004). They have been present in Europe during 
the whole of the Holocene period, although their extent is 
clearly associated with climatic shifts and human settlement 

(Fagúndez 2013). But, since the beginning of the twentieth 
century, heathlands have declined in extent and quality, and 
among the main reasons contributing to this decline, is a 
significant decline in traditional management practices, such 
as burning and grazing (Webb 1998; Bernes 2011). As a 
result of these losses, the Atlantic heathland is a threatened 
habitat and listed in Annex I of the European Habitat Direc-
tive (COUNCIL DIRECTIVE 92/43/EEC).

Development of modern infrastructure has created envi-
ronments that may provide alternative habitat for open habi-
tat species for which the natural habitats have been largely 
degraded, e.g. road verges that are important for bees and 
wasps (Heneberg and Řezáč 2017), sandpits that are impor-
tant for spiders (Heneberg and Řezáč 2014), and as in this 
study power-line corridors (PLCs). PLCs are kept open by 
regular clearing of young trees and the management cre-
ates conditions and habitats similar to extensively managed 
grasslands and heathlands (Grusell and Miliander 2011; 
Norkvist 2008). The total length of power-lines in Sweden 
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is 450,000 km, covering an area of 300,000 ha (Grusell 
and Miliander 2004), and this can be put in the context of 
the total area of 500,000 ha of semi natural grasslands in 
Sweden (Jordbruksverket 2008). The PLCs have therefore 
gained a lot of conservation interest in recent years (Berg 
et al. 2011, 2016). Some studies have suggested that PLCs 
serve as habitats for a variety of species, e.g. flower-visiting 
insects, reptiles and birds (Sheridan et al. 1997; Yahner et al. 
2001; Russel et al. 2005; Sjödin et al. 2008; Berg et al. 2011, 
2013, 2016). Other studies have shown that PLCs have a lim-
ited value for ground beetles associated with mires (Hollmen 
et al. 2008). No detailed study has, to our knowledge, been 
performed in Calluna heathland habitats in PLCs concerning 
the conservation value for ground-living beetles and spiders. 
The arthropod fauna in the Calluna heathlands are special-
ised, including many rare and threatened species (Desender 
and Turin 1989; Uscher 1992; Ljungberg 2002; Buscholz 
et al. 2013). Both ground-living beetles and spiders in the 
heathlands have strong habitat preferences, and the species 
composition varies according to habitat type and vegetation 
structure (Hopkins and Webb 1984; Usher 1992; Hsieh et al. 
2002; Barriga et al. 2010; Dennis et al. 2015). They are also 
sensitive to the management intensity (Downie et al. 1999; 
Rainio and Niemelä 2003; Cuesta et al. 2006; Tyler 2008; 
Garcia et al. 2009; Schirmel and Buchholz 2011; Bargmann 
et al. 2015) and they can be used as target groups when 
monitoring the influence of management practices on bio-
diversity (Cole et al. 2005).

In the manual for managing habitats with high conser-
vation values in PLCs in Sweden, the recommendation is 
that heathland habitats can be managed with only regularly 
clearings of trees and shrubs (Grusell and Miliander 2011). 
The aim of the recommendation is mainly to preserve typi-
cal heathland vegetation. But many heathland plants, e.g. 
Calluna vulgaris, Erica tetralix, Vaccinium vitis-idaea, V. 
myrtillus, Carex pilulifera, Arnica montana and Potentilla 
erecta, are long-lived and can persist for many years, even 
with less intensive management (Ekstam and Forshed 1992). 
However, we suspect that many ground-living heathland 
arthropods, i.e. carabid beetles and wolf spiders, need more 
intensive management and that PLCs are suboptimal habitat 
for these taxa.

The aim of this study was to compare Calluna heathland 
habitats in PLCs with traditionally-managed habitats. We 
included former heathlands that are now covered with conif-
erous forests as a third study habitat, since no management 
to preserve heathlands has been performed in that habitat. 
Our hypothesis was that the differences in management in 
PLCs and traditional heathlands cause differences in species 
composition and diversity of carabid beetles (Coleoptera: 
Carabidae) and wolf spiders (Araneae: Lycosidae). Carabid 
beetles and wolf spiders are, with a few exceptions, preda-
tors that hunt by running at ground level and most of their 

species would prefer open and sunny habitats (Almquist 
2005; Roberts 2001). Therefore, we would expect to meas-
ure higher species richness and a different species composi-
tion in the traditionally managed heathland compared to the 
heathland habitats in the PLCs. In addition, we compared 
vegetation and species richness of plants at different sam-
pling levels (point species richness, site species richness). 
Less disturbance in the PLCs favours competitive plants, e.g. 
many dwarf shrubs, at the expanse of ruderals, e.g. many 
annual herbs (Grime 2002), and we expected to have higher 
species richness of plants in the traditionally managed heath-
lands compared to the heathland habitats in the PLCs.

Methods

Study sites

This study took place in five locations: Remmene, Tånga 
hed, Sandsjöbacka, Näsbokrok and Mästocka, all of which 
are in south-west Sweden (Fig. 1). The smallest distance 
between two locations were 8100 m (Remmene vs Tånga 
hed). For each location, we studied three sites (30 × 100 m): 
(1) traditionally managed heathland, (2) heathland habitats 
in PLCs and (3) former heathlands, covered with 60–80-
year old coniferous forest. The mean distance between the 
heathlands and the forests was 3700 m, between heathlands 
and the PLCs 3690 meters and the PLCs and the forests 484 
meters. The PLCs and the heathlands were all surrounded 
by coniferous forests. All sites are in areas that historically 
have been used as heathlands. For the past 50 years, the 
sites with traditionally managed heathlands are burned every 
10–15 years and/or grazed during the summer months. The 
heathlands had almost no cover of trees and tall shrubs and 
the vegetation in the heathlands were dominated by typi-
cal heathland plants, and the ten most frequent plant spe-
cies in the heathlands were: Calluna vulgaris, Deschampsia 
flexuosa, Potentilla erecta, Festuca ovina, Carex pilulifera, 
Agrostis capillaris, Vaccinium vitis-idaea,  V. myrtillus, 
Agrostis canina and Succisa pratensis. The power-lines 
in Remmene, Tånga hed and Mästocka were built in the 
1950s, Sandsjöbacka in the 1960s and Näsbokrok in the 
beginning of the 1970s. The PLCs have been kept open by 
regular clearing of young trees every 6–9 years. There was 
a trail in the middle of the PLCs that was cut more regularly 
and had lower vegetation. These trails are used to inspect 
the power-lines. About 50% of the area in the PLCs were 
covered by small trees and tall shrubs and the vegetation 
in the PLCs were mostly dominated by typical heathland 
plants, and the ten most frequent plant species in the PLCs 
were: Deschampsia flexuosa, Vaccinium vitis-idaea, Calluna 
vulgaris, Vaccinium myrtillus, Trientalis europea, Molinia 
caerula, Rubus subg. Rubus, R. idaeus, Potentilla erecta and 
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Agrostis capillaris. The forests have only been undertaken 
an early thinning. The ten most frequent plant species in 
the forests were: Vaccinium myrtillus, Deschampsia flexu-
osa, Vaccinium vitis-idaea, Molinia caerula, Deschampsia 
cespitosa, Trientalis europea, Juniperus communis, Calluna 
vulgaris, Maianthemum bifolium and Vaccinium uliginosum.

Vegetation and environmental variables

The sampling of vegetation and collection of environmental 
data was carried out in July 2014. At each site, four par-
allel transects (100 m long) were laid out across the site 
to be surveyed. The distance between the transects was 6 
m and the samples were taken from every seventh meter 
along the transects. In total, fifty sampling units per site 
were placed along the transects, and the measurements were 
subsequently averaged.

The abundance of trees and shrubs (> 1  m), dwarf 
shrubs, herbs and mosses was estimated using a frame cov-
ering 0.25 m2 (0.5 m × 0.5 m), and the presence of each 
species was recorded. We also measured the frequency 
of each plant species in the sample units by dividing the 
frame into nine quadrats with strings. The presence of each 
species was recorded and a value of 1–9 obtained. These 
values were then used to get environmental factors using 
the Ellenberg indicator values adapted from Ellenberg 
et al. (1992). Ellenberg indicator values are widely used 

by plant ecologist in both central and north Europe (e.g. 
Persson 1980; Diekmann 1994; Thompson et al. 1993; Hill 
et al. 1999). They are based on ecological observations and 
were originally derived for use in Central Europe, but they 
are also suitable for use in northern Europe (Thompson 
et al. 1993). Previous studies have shown that Ellenberg 
indicator values correlated significantly with the results 
of empirical experiments (Thompson et al. 1993; Shaffers 
and; Sýkora 2000). The variables in this study follow the 
coding system: nitrogen (N), moisture (F), light (L) and 
reaction (R). Reaction (R) stands for the acidity of the soil 
and can be comparable with pH. The Ellenberg indicator 
values temperature (T) and continentality (K) have been 
omitted since they do not correspond well in this region 
(Hill et al. 1999). A more detailed explanation of the vari-
ables can be found in Ellenberg et al. (1992). To estimate 
the composite value of an environmental variable for 
each sampling unit, the weighted average was calculated 
according to the equation in Diekmann (2003):

WAj is the weighted average for sampling unit j,  rij 
are the response of species i in sample unit j, and xi the 
indicator value of species i. Absent species and those 

WAj =

∑n

i=1

�

rij × xi
�

∑n

i=1
rij

Fig. 1  Study area in south-west 
Sweden with the five locations: 
(1) Remmene, (2) Tånga hed, 
(3) Sandsjöbacka, (4) Näsbok-
rok, (5) Mästocka
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lacking indicator values are disregarded. The means of 
the weighted averages for each site were compared.

Carabid beetles and wolf spiders

Five pitfall traps were installed at each site. Since there 
often was a trail in the middle of the PLCs, we choose to 
have the location for each trap randomly selected, but with 
a minimum distance of 5 m between the next trap and to 
the boundaries. Randomized sampling techniques are also 
preferred by Magurran (2004). The mean distance from the 
traps to the nearest boundaries was 17.2 m. The pitfall traps 
consisted of 80 mm diameter, 120 mm deep plastic cups, 
filled up to one-third, with monopropylene glycol and a few 
drops of detergent. Each trap was covered with a roof that 
was fixed to the soil by four iron pegs to protect it from rain 
and to prevent animals from pulling out the traps. The traps 
were set in late April 2014 and samples were collected three 
times, early May, mid July and late August. The beetles and 
spiders were stored in 70% ethanol. Adult individuals of 
carabid beetles and wolf spiders were identified to species 
level. Since carabid beetles and wolf spiders are mobile and 
the sites were small with short distances between the traps, 
traps within each site were not replicates. Hence, data from 
all five traps at each site were pooled.

Statistical analyses

Vegetation and environmental variables among the three 
habitats were compared using one-way ANOVA and the 
Tukey-test as a post-hoc test. We applied Shapiro–Wilk and 
Levene’s test to check for normal distribution of data and 
homogeneity of variance. Statistical differences among habi-
tat types in abundances of six common species were tested. 
Three of the most common dwarf shrubs and three of the 
most common herbs in our data set were included in the 
tests. We had this limitation of three species of each group, 
since the statistical power decrease with more species tested. 
All trees and shrubs with a height over 1 m were tested as 
one group, and all mosses as another group. The analyses 
were carried out using the software IBM SPSS Statistics, 
version 24.

Following Gray (2000); we measured species richness 
using different scales. Point species richness is the number 
of species from a single sample unit. In our study, point 
species richness is the mean number of plant species in the 
field layer from one quadrat frame at one site. We only meas-
ured point species richness of the plants, since the pitfall 
traps were pooled at each site. Statistical differences among 
habitat types in point species richness were tested with 
one-way ANOVA. We used Shapiro–Wilk test to check for 
normal distribution and Levene’s test for the homogeneity 
of variances. The data were log-transformed if necessary. 

Statistical differences between pairs of habitat types were 
tested with Tukey’s post hoc test. The tests and analyses 
were carried out using the software IBM SPSS Statistics, 
version 24.

Site species richness is the number of species from a sin-
gle site. Site species richness was measured for both the 
vegetation and the carabid beetle and wolf spider data. The 
carabid beetle and wolf spider data had large differences in 
the number of individuals between the three habitats, and we 
did an individual-based extrapolation from the raw data and 
calculated the estimated species richness. The calculations 
were made following the steps in Colwell et al. (2012) and 
with the software EstimateS 9.1.0 (Colwell 2013). The num-
ber of carabid beetles was extrapolated to 628 individuals 
and the number of wolf spiders to 326 individuals.

The Shannon index of the carabid beetle data and the wolf 
spider data was calculated as H’ = −

∑
�

pi × lnpi
�

 , where 
p is relative frequency of species i. Statistical differences 
among habitat types in Shannon diversity index were tested 
with one-way ANOVA. We used Shapiro–Wilk test to check 
for normal distribution and Levene’s test for the homoge-
neity of variances. Statistical differences between pairs of 
habitat types were tested with Tukey’s post hoc test. The 
tests and analyses were carried out using the software IBM 
SPSS Statistics, version 24.

We performed a Canonical Correspondence Analysis 
(CCA) to detect potential relationships between the species 
of carabid beetles and wolf spiders and the variable abun-
dance of trees and shrubs. Monte Carlo permutation test 
(499 permutations) was applied to estimate the significance 
of the CCA. The ordination and permutation test were car-
ried out using the software Canoco, version 5.

Differences and/or similarities in community structure of 
carabid beetles and wolf spiders between the three habitats 
were tested statistically using one-way analysis of similari-
ties (ANOSIM) randomization test, a non-parametric ana-
logue to the standard univariate 1- and 2-way ANOVA test, 
and Bray Curtis similarity index. ANOSIM was performed 
with the software PAST version 3.0.

Results

Vegetation and environmental variables

The data and analyses of vegetation structure and environ-
mental variables are shown in Table 1. There were no sig-
nificant differences in the environmental variables nitro-
gen, reaction of soil value, moisture and light, between 
the habitats. In this respect, we consider the habitats to be 
the same. All habitats had low nitrogen and soil reaction 
value and a moisture and light value in the middle of the 
scale. The variances of all values were also low. There 



529Journal of Insect Conservation (2019) 23:525–534 

1 3

were significantly more trees and shrubs in the PLCs and 
forests than in the heathlands, but there was no significant 
difference between the forest and the PLCs. Calluna vul-
garis, Potentilla erecta and Carex pilulifera had signifi-
cantly higher abundance in the heathlands compared to 
the PLCs and forests. There was also higher abundance of 
Deschampsia flexuosa and Potentilla erecta in the PLCs 
compared to the forests. The point species richness was 
significantly higher in the heathlands than the other two 
habitats, but there were also higher point species richness 
in the PLCs than the forests. The site species richness was 
significantly higher in the heathlands than in the forests, 

but pairwise comparison showed no differences between 
the heathlands and the PLCs, nor the PLCs and forests.

Carabid beetles and wolf spiders

We recorded 40 species and 907 individuals of carabid 
beetles, and 16 species and 480 individuals of wolf spiders 
(see Online Appendix). Most frequent among the carabid 
beetles were Poecilus versicolor (representing 34% of the 
total catch), Pterostichus oblongopunctatus (12%), Har-
palus latus (11%), Poecilus lepidus (10%), Pterostichus 
niger (7%), Pterostichus melanarius (5%). We recorded 18 

Table 1  Vegetation, environmental characteristics and carabid beetle and wolf spider data in the three study habitats

All values are means of original data ± standard deviation. All data, except estimated species richness data, was compared using one-way 
ANOVA and pairwise comparisons by Tukey-test with ***P < 0.001, **P < 0.01, *P < 0.05 and ns not significant. Point species richness is the 
mean number of plant species from one quadrat frame, and site species richness is the number of species from a single site. Estimated species 
richness data was calculated with Estimates

Heathland H (n = 5) Power-line corridor 
PLC (n = 5)

Forest F (n = 5) Pairwise comparison

H-PLC H-F PLC-F

Carabid beetles
 Individuals 125.4 ± 91.4 18.2 ± 6.0 37.8 ± 16.1 ** * ns
 Raw species richness 10.8 ± 3.9 6.6 ± 2.1 6.0 ± 2.1 ns ns ns
 Estimated species richness 32.0 ± 2.2 20.1 ± 3.6 19.5 ± 5.6 * ns ns
 Shannon diversity 1.59 ± 0.16 1.45 ± 0.25 1.24 ± 0.23 ns ns ns

Wolf spiders
 Individuals 63.2 ± 26.5 19.6 ± 8.2 13.2 ± 14.6 * * ns
 Raw species richness 4.8 ± 1.9 3.6 ± 0.8 2.8 ± 1.7 ns ns ns
 Estimated species richness 10.0 ± 1.0 9.0 ± 1.8 8.0 ± 1.8 ns ns ns
 Shannon diversity 0.99 ± 0.43 0.98 ± 0.20 0.75 ± 0.27 ns ns ns

Vegetation
 Abundance
  Tall trees and shrubs 2.0 ± 3.5 28.2 ± 13.8 43.4 ± 3.1 ** *** ns
  Mosses 12.2 ± 13.6 31.0 ± 10.4 37.2 ± 9.1 ns ** ns
  Dwarf shrub species
   Calluna vulgaris 45.0 ± 4.9 14.4 ± 11.1 2.4 ± 3.0 *** *** ns
   Vaccinium vitis-idaea 22.8 ± 18.8 23.4 ± 13.2 9.2 ± 10.6 ns ns ns
   Vaccinium myrtillus 15.4 ± 16.4 10.4 ± 8.4 22.2 ± 6.7 ns ns ns
  Herb species
   Deschampsia flexuosa 27.6 ± 10.9 43.0 ± 4.7 20.0 ± 10.1 ns ns *
   Potentilla erecta 27.0 ± 15.0 7.8 ± 6.8 0.6 ± 0.8 * *** *
   Carex pilulifera 28.8 ± 14.2 4.8 ± 4.2 1.6 ± 1.0 * ** ns

 Species richness of plants
  Point species richness 7.6 ± 2.3 4.4 ± 1.0 1.9 ± 0.7 * *** *
  Site species richness 28.6 ± 7.3 26.8 ± 10.1 14.2 ± 4.3 ns *** ns

 Ellenberg score
  Nitrogen (N) 2.19 ± 0.07 2.97 ± 0.15 2.80 ± 0.06 ns ns ns
  Reaction (R) 2.65 ± 0.11 2.78 ± 0.08 2.7 ± 0.12 ns ns ns
  Moisture (F) 5.34 ± 0.15 5.36 ± 0.17 5.56 ± 0.04 ns ns ns
  Light (L) 6.86 ± 0.36 6.35 ± 0.14 6.54 ± 0.24 ns ns ns
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carabid beetle species with ≤ 3 individuals. The most fre-
quent wolf spiders were Pardosa pullata (47%), Pardosa 
palustris (13%), Pirata uliginosus (11%), Trochosa terricola 
(10%) and Pardosa lugubris (6%). Five species of wolf spi-
ders were recorded with ≤ 3 individuals.

Number of recorded individuals of carabid beetles was 
significantly higher in the heathlands than the PLCs and 
the forests, but there was no significant difference between 
the PLCs and the forests (Table 1). There were no signifi-
cant differences in number of species between the habitats 
when we analysed the original data (raw species richness, 
Table 1). But, when we applied individual-based rarefac-
tion and extrapolation there was a higher species richness in 
the intensively managed heathlands compared to the PLCs 
(Fig. 2a). The species richness was lowest in the forests, but 
the variance was high, and it was not statistical significant 
(Fig. 2a). The Shannon index of carabid beetles was low in 
all habitats and there were no significant differences between 
the habitats (Table 1).

Number of recorded individuals of wolf spiders was sig-
nificantly higher in the heathlands than the PLCs and the 
forests, but there was no significant difference between the 
PLCs and the forests (Table 1). There were no significant 
differences in species richness of wolf spiders between the 
habitats, even after we applied individual-based rarefaction 
and extrapolation (Table 1; Fig. 2b). The Shannon index of 
wolf spiders was low in all habitats and there were no sig-
nificant differences between the habitats (Table 1).

Figure  3 shows the resulting CCA diagram for the 
abundance values of carabid beetles and wolf spider 

assemblages along the gradient of trees and shrubs. The 
first axis (abundance of tall trees and tall shrubs) explains 
about 18% of the total variance in the carabid beetle and 
wolf spider species data. The effect of the abundance of 
trees and shrubs on the species composition is significant, 
as confirmed by the reported result of the Monte Carlo 
permutation test (499 permutations, P = 0.002). The biplot 
diagram shows the species that have their abundances well 
explained by the first ordination axis, i.e. by the abun-
dance of trees and shrub, and ignore their fit on the second 
axis. The CCA detected a group of species that was clearly 
associated with the high abundance of trees and shrub. 
It consisted of the carabid beetles Agonum fuliginosum, 
Carabus hortensis, Carabus violaceus, Calathus microp-
terus, Pterostichus oblongopunctatus and the wolf spiders 
Pardosa lugubris, Pirata uliginosus, (Fig. 3). All these 
species are considered generalists in shaded habitats (Lin-
droth 1985, 1986; Almquist 2005). 25% of the individuals 
in this group were found in the PLCs, 72% in the forests 
and 2% in the heathlands. The CCA also shows the species 
that decreased with the high abundance of trees and shrub: 
the carabid beetles Bembidion lampros, Calathus melano-
cephalus, Harpalus fuliginosus, H. latus, Pterostichus ver-
sicolor and Synuchus nivalis, and the wolf spiders Pardosa 
pullata and Pardosa palustris. 90% of the individuals in 
the group were found in the heathlands, 10% in the PLCs 
and no individual in the forests. The ANOSIM analysis 
showed statistically significant differences between both 
the carabid beetle communities and the wolf spider com-
munities in the heathlands and PLCs, but there was no 
significant difference between PLCs and forests (Table 2).

Fig. 2  Estimated number of species and 95% confidence intervals of (a) carabid beetles and (b) wolf spiders according to extrapolation analyses
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Discussion

The vegetation in the PLCs contained heathland species 
that were not different from the species in the managed 
heathlands in respect of nitrogen, moisture, reaction (acid-
ity or pH) and light, according to the Ellenberg indicator 
values. The PLCs were also quite open and about half of 
the area in the PLCs were not covered with trees or tall 

shrubs. The PLCs in our study can therefore be classified 
as heathland habitats (Elkington et al. 2001). But, they 
might correspond to either a mature or degenerate phase 
(see Giminingham 1972), i.e. the vegetation is old and 
dense and the Calluna has started to die. Our data showed 
less abundance of Calluna vulgaris in the PLCs compare 
to the heathlands, and less abundance of the typical heath-
land species Potentilla erecta and Carex pilulifera. We 
could also detect a lower point species richness of plants in 
the PLCs, which is typical when there is less disturbance 
and competitive species became more dominant (Grime 
2002). But, there were no differences in site species rich-
ness of plants between the PLCs and the heathlands. It 
can be explained by the fact that there was a trail in the 
middle of the PLCs that were more intensively managed, 
and these trails are probably suitable for ruderals. So, even 
if the PLCs and the heathlands have some similarities, the 
differences in the vegetation between these habitats have 
an effect on the carabid beetle and wolf spider fauna. The 
species composition of carabid beetles and wolf spiders 
in the PLCs was significantly different from the tradition-
ally managed heathlands, but the species composition in 
the PLCs did not differ from the forests. The cutting of 
trees and tall shrubs every 6–9 years in the PLCs is prob-
ably not enough to create large areas with well managed 
heathland vegetation. There are instead old successional 
stages in the PLCs, with high and dense vegetation that 

Fig. 3  Biplot diagram from CCA summarising the differences in car-
abid beetles and wolf spider assemblages along the gradient of trees 
and shrubs. Fifteen species, best fitted in the CCA by the abundance 
of trees and shrubs, are shown. AgonFulg = Agonum fuliginosum, 
BembLamp = Bembidion lampros, CaltMeln = Calathus melano-
cephalus, CaltMicr = Calathus micropterus, CarbHort = Carabus 

hortensis, CarbViol = Carabus violaceus, HarpFulg = Harpalus 
fuliginosum, HarpLats = Harpalus latus, PardLugb = Pardosa lugu-
bris, PardPals = Pardosa palustris, PardPull = Pardosa pullata, 
PirtUlig = Pirata uliginosus, PoecVers = Poecilus versicolor, Pter-
Obln = Pterostichus oblongopunctatus, SyncNivl = Synuchus nivalis 

Table 2  Statistical significance of the differences in carabid beetle 
and wolf spider community structure (9999 permutations)

The ANOSIM statistic R is based on the difference of mean ranks 
between groups. Large R signifies dissimilarity between groups. Sig-
nificant comparisons at P < 0.05

ANOSIM

R P

Carabidae
 Heathland vs power-line corridor 0.524 0.023
 Heathland vs forest 0.796 0.027
 Power-line corridor vs forest 0.47 0.073

Lycosidae
 Heathland vs power-line corridor 0.458 0.047
 Heathland vs forest 0.796 0.019
 Power-line corridor vs forest 0.078 0.938
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favours shade tolerant forest species. We could show this 
in our CCA that had two well separated groups of species 
according to the abundance of trees and shrubs. This result 
is consistent with other studies that show that shading and 
moisture are the most important environmental factors 
explaining the distribution of carabid beetles and spiders 
(Uscher 1992; Buschholz 2010). The lower abundance of 
Calluna vulgaris in the PLCs may also have an effect on 
the fauna. Calluna vulgaris is often regarded as a keystone 
species for heathland invertebrate fauna, including carabid 
beetles and spiders (Littlewood et al. 2006; Schirmel and 
Buchholz 2011). Calluna supports a significant arthropod 
fauna and some invertebrates feed directly on the plant, 
others are predators of Calluna feeders, e.g. many carabid 
beetles and wolf spiders. Many more use Calluna merely 
as an architectural feature (Kirby 2013). Some species may 
therefore be missing in the PLCs that have less of Calluna. 
The shape of the PLCs may also have an effect of the spe-
cies composition of carabid beetles and wolf spiders. The 
PLCs are quite narrow and surrounded by coniferous for-
ests. Forest species, e.g. Agonum fuliginosum and Pterosti-
chus oblongopunctatus, may therefore disperse easily into 
the PLCs, even by chance. We tried to minimize this edge 
effect by having power-lines with wide corridors (> 40 m) 
and not having the traps closer to the edges than 5 m.

The PLCs had significantly lower species richness of 
carabid beetles than the traditionally managed heathlands. 
This might also be explained by the differences in the veg-
etation structures. Other studies have shown that early suc-
cessional stages have more species of carabid beetles and 
spiders than late successional stages (Schirmel and Buchholz 
2011; Bargman et al. 2015). The number of species in the 
PLCs might also be affected by fragmentation. Many carabid 
beetles are thought not to disperse more than a few 100 m in 
1 year (Klazenga and de Vries 1994; Vermulen 1994), and 
if the PLCs are well isolated it will take a long time before 
they get a diverse heathland fauna. We tried to reduce these 
differences among the sites by having PLC and forest sites 
that were close to traditionally managed heathlands, and by 
choosing PLCs that were at least 45 years old. This should 
probably have allowed enough time for the heathland species 
to colonise the PLCs.

We did not find the same differences in species richness 
between the habitats of wolf spiders as with carabid beetles, 
but our sample of wolf spiders was quite small, only 480 
individuals, and this may have been too few for the analyses. 
Schirmel and Buchholz (2011) analysed a larger data set and 
they found more spider species and indicator species in the 
youngest stage of heathland succession. Spiders are known 
for having good dispersal abilities and the instars are using 
ballooning to move long distances (Duffey 1998; Richter 
1970). They are probably less affected by fragmentation than 
carabid beetles. This may also be a part of the explanation 

why we did not observed differences in species richness 
between the PLCs and the heathlands.

The Shannon index of carabid beetles and wolf spiders 
was low in all habitats, probably due to low species rich-
ness and that there were a relatively small number of species 
that were more numerous. We could suspect a trend that 
the Shannon index seemed to be higher in the more opened 
habitats.

It is interesting that we recorded almost seven times more 
individuals of carabid beetles and three times more individu-
als of wolf spiders in the heathlands than the PLCs. This 
indicates that we had a higher activity of carabid beetles and 
wolf spiders in the more open habitats. Many carabid beetles 
and the wolf spiders are xerothermic and they prefer to live 
in hot and dry conditions. The intensive managed heathlands 
are probably a better environment for those species than the 
PLCs that have high and dense vegetation and humid and 
cold microclimate conditions (Kirby 2013; Delany 1953).

Ljungberg (2001) listed indicator carabid beetles for 
heathlands and semi-natural grasslands in Sweden. Accord-
ing to this list, we had six indicator species in the sites with 
traditionally managed heathland, and only one in the PLCs 
and the forests (Online Appendix). This supports the idea 
that the PLCs are not optimal habitats for these xerother-
mic species. Our study was not designed to capture or have 
focus on threatened species, but we found one species that 
is listed on the Swedish Red List (Artdatabanken 2015): 
the carabid beetle Poecilus punctulatus EN (endangered), 
that was captured in a traditionally managed heathland. 
Almost all heathland carabid beetles and wolf spiders that 
are threatened prefer heathlands with vegetation in an early 
successional stage (Lindroth 1985, 1986; Almquist 2005; 
Artdatabanken 2015).

Conclusion and implications 
for conservation

In conclusion, our study shows that the PLCs and the tra-
ditionally managed heathlands have clear differences in the 
carabid beetles and wolf spider heathland fauna that they 
house. This is probably an effect of the extensive manage-
ment of the PLCs. Therefore, we conclude that the current 
management in the PLCs results in a low conservation value 
as an alternative habitat for carabid beetle and wolf spider 
heathland specialists.

Our study verified the importance of young successional 
stages for the typical heathland fauna. Based on these results, 
it is possible to give some advice for successful habitat man-
agement of the PLCs focusing on arthropod conservation. 
Firstly, there should be more open habitats in the early suc-
cessional stages, with sparse and low vegetation. This is con-
sidered most important for rare carabid beetles and ground 
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living spiders (Ljungberg 2002; Buchholtz 2010; Schirmel 
and Buchholz 2011). More frequent clearing of vegetation, 
combined with mowing of the PLCs are also suggested for 
butterfly conservation (Kommonen et al.2013; Berg et al. 
2013, 2016). Fire is an is an important management strategy 
for the conservation of European heathlands, as it maintains 
an open landscape, and has an impact on the diversity and 
composition of the fauna and flora (Mallik and Gimingham 
1983; Usher 1992; Uscher and Thompson 1993; Bargmann 
et al. 2015). But, fires might cause damage to the lines and 
the insulators and there is also a risk that the line is short cir-
cuited due to soot particles, and should be avoided as a man-
agement treatment in the PLCs (Svenska 2019). Secondly, 
there should still be a balance between different successional 
stages, from early to late, in the PLCs, to ensure that the 
ecological needs of several species groups are met, not only 
for ground living arthropods but also for birds, bees, but-
terflies and other groups that use different ecological niches 
in the heathlands.
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