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Open habitats are disappearing from European forests. This is mainly due to various management-related
practices, such as afforestation and the maintenance of closed canopy plantation forests. Open forests are
also declining as a result of the abandonment of traditional forest use practices and natural succession.
The effects of the establishment and maintenance of power lines as highly artificial but open habitats in
forests on native insect biodiversity remain relatively poorly investigated. We investigated differences

in biodiversity between forests and open habitats under power lines in Poland. Namely, we focused on
nine insect taxa using the most suitable methods for data collection, i.e., observation and trapping. The
studied habitats were forests used for timber production dominated by Scots pine, which is the most
commercially important tree species in Poland. In total, we recorded the presence of more than 400 insect
species. We found that butterflies as well as ground beetles were significantly more biodiverse under the
power lines compared with the forest interior. Furthermore, jewel beetles, long-horned beetles, weevils
and bark beetles, rove beetles and darkling beetles appeared to be more species rich under the power
lines, click beetles were indifferent, and only lady-bird beetles appeared to be more abundant in forests.
Additionally, ground beetles with a strict affinity for forests were surprisingly not negatively affected by
power lines. We highlighted the importance of forest-free areas under power lines for the improvement of
native forest biodiversity. Artificial and relatively intensive management activities related to the distribution
of electric energy play important roles in creating novel or alternative habitats for many insects. Our paper
contributes much to the knowledge about the importance of artificial open areas for the diversity of insects.
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BACKGROUND to the creation of linear clear-cut areas (Richardson et

al. 2017). One of the most important characteristics

The modern world has an increasing demand for of power lines is the long-term maintenance of low

electric energy (International Energy Outlook 2017). vegetation, mainly herbaceous and shrubby, which

Electricity is mainly transmitted through overhead power results in altered climatic and habitat conditions

lines built in various habitats on Earth, including forests, compared to the adjacent forest interior (Luken et al.
where they create considerable disturbances related 1992; Russell et al. 2005; Wagner et al. 2014).
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Dozens of studies have documented the negative
impacts of power lines on the environment. In general,
the construction of transmission lines results in habitat
fragmentation, alteration of the plant community
and disturbance of natural processes (Richardson et
al. 2017). Power lines are responsible for collisions
and electrocutions of birds and bats (Bevanger 1998;
Bevanger and Breseth 2004; Manville 2016). The
barrier effect is another reason for criticism since power
lines impede the migration of some animals (Bartzke
et al. 2014 2015). At the same time, corridors beneath
power lines facilitate the dispersal of invasive plant
species (Dubé et al. 2011; Lampinen et al. 2015).
Electromagnetic fields (EMFs) generated by power lines
can potentially have detrimental effects both on wildlife
(Fernie and Reynolds 2005) and humans (Draper et al.
2005). Finally, transmission towers and wire conductors
deteriorate the landscape and thus have negative
aesthetic impacts (Navrud et al. 2008). Nevertheless,
due to altered environmental conditions, areas along
power lines provide habitats for many species that
are absent or less common in surrounding sites
(e.g., compared to adjoining closed-canopy forests);
beneficiaries include mammals (Clarke et al. 2006;
Storm and Choate 2012), birds (King and Byers 2002;
Confer and Pascoe 2003; Yahner et al. 2003; Askins et
al. 2012), insects (Russell et al. 2005; Hollmen et al.
2008; Lensu et al. 2011; Berg et al. 2016) and plants
(Wagner et al. 2014; Lampinen et al. 2015).

A large proportion of forest organisms depends on
sun-exposed sites (Jonsell et al. 1998; van Swaay et al.
2006; Hédl et al. 2010; Streitberger et al. 2012; Douda
et al. 2016; Miklin et al. 2018). At the same time,
open woodlands (i.e., forests with sparse trees or loose
canopy cover) and other open habitats within forests
(e.g., meadows, clearings) are declining in Central
Europe (Vera 2000; Miklin et al. 2018). Several studies
indicate that natural disturbances (e.g., windthrows,
floods, insect outbreaks, typhoon) and human-related
activities (e.g., grazing of animals, prescribed burning,
coppicing) are the main factors responsible for the
creation and maintenance of open habitats in forests
(Vera 2000; Hultberg et al. 2015; Chen and Shaner
2018). However, modern forestry practices, mainly
the creation of closed-canopy forests for timber
production and the abandonment of traditional forest
use techniques, have led to a substantial decline of
open forests. Open habitats are also vanishing from
protected forests due to natural succession and scarcity
of disturbances (Hilszczanski and Jaworski 2018).
It is now generally accepted that the restoration and
maintenance of open habitats in forests require active
methods of protection. In addition to conservation-
oriented programmes, the utilization of maintained
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corridors under power lines may be beneficial from this
perspective.

Previous research on the effect of power lines on
biodiversity concerned several groups of organisms,
but the response of insects remains poorly understood.
Thus, we investigated the influence of forest-free
areas under the power lines conducted in mature Scots
pine (Pinus sylvestris) stands in Poland on the species
richness and abundance of selected insect groups. We
used a novel approach using a multi-taxon comparison
of influence with a more detailed overview of ground
beetles as taxa with many bioindicator species. Our
general scientific question was: how do power lines
influence native forest biodiversity?

MATERIALS AND METHODS
Study sites

The study was carried out at four study sites
situated in eastern Poland (Table 1, Fig. 1). Most power
lines in woodland areas in Poland are situated in forests
dominated by Scots pine, Pinus sylvestris, which is the
main tree species in the country. Thus, all study sites
were selected in managed, pine-dominated stands aged
60—127 years. All study sites were characterized by a
relatively small amount of dead wood, mainly in the
form of stumps and small branches left after selective
cuttings and thinning of the forest stand.

Study organisms

Our research focused on selected groups of insects,
i.e., butterflies (Lepidoptera: Rhopalocera) and several
families of beetles (Coleoptera), namely ground beetles
(Carabidae), jewel beetles (Buprestidae), long-horned
beetles (Cerambycidae), ladybirds (Coccinellidae),
bark beetles and weevils (Curculionidae), click beetles
(Elateridae), rove beetles (Staphylinidae) and darkling
beetles (Tenebrionidae). Most butterflies require open
landscapes (e.g., grasslands, meadows, roadsides), and
only a few species are associated with dense forests
(van Swaay et al. 2006). Beetles, on the other hand, are
a diverse group regarding habitat requirements. Some
of them are associated with forests, e.g., dead wood-
dependent (saproxylic) species (Gimmel and Ferro
2018), while others prefer open areas (Helidld et al.
2001). Furthermore, some species of beetles develop
in forests in the larval stages and adults migrate to
more open areas, which is typical for anthophilous
species in the families Cerambycidae and Buprestidae
(Sakalian and Kuzmanov 1993; Walczak et al. 2014).
Carabids provide yet another diverse group with many
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Fig. 1. Illustration of the study sites: I (a), II (b), III (c), IV (d). For basic characteristics of study sites, see table 1.

Table 1. Basic characteristics of study sites

Study site  Latitude, longitude = Width of corridor ~Habitat beneath Ground vegetation cover Habitat of Ground vegetation cover
under power line (m)  power line beneath power land surrounding forest in surrounding forest
1 51.514401, 35 sandy dune herbaceous plants and  semi-dry coniferous mosses 20%
21.925837 grasses 20%
11 51.479727, 35 heathland herbaceous plants and fresh coniferous herbaceous plants and
21.957351 grasses 75% grasses 20%, mosses 75%
111 51.441182, 20 semi-humid herbaceous plants and fresh coniferous  shrubs (up to 3 m) 55%,
23.513837 grasses 95%, mosses 15% herbaceous plants and
grasses 45%, mosses 5%
v 50.668543, 10 raised bog herbaceous plants and wet coniferous herbaceous plants and
22.403563 grasses 60%, mosses 100% grasses 65%, mosses

100%, individual shrubs
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species specialized with respect to successional stage
of a habitat (Koivula 2011). Thus, we investigated the
response of the model groups of insects (differing in
terms of habitat preferences, behaviour, and dispersal
abilities) to increased the levels of habitat openness
related to the creation of power lines.

Sampling methods and experimental design

The species richness and abundance of butterflies
were assessed by census along line transects (van Swaay
et al. 2015) from mid-April to the end of August 2014
at approximately monthly intervals (5 observations).
At each study site, two parallel transects with a length
of approximately 200 m each were designated. One
transect ran directly under the power line, and the
other was located in the adjacent forest. The distance
between the transects was approximately 100 m to
minimize the potential influence of ‘edge effects’. The
survey consisted of walking at a constant pace along
transects and counting all observed butterflies. Some
individuals were caught with an entomological net for
identification and then released. Observations were
conducted in suitable weather conditions, usually in the
early afternoon, during the period of highest activity
for adult butterflies. The duration of inventory on each
transect lasted 15-20 minutes.

Beetles were sampled from mid-April to the end
of August 2014 using three types of traps. Flying beetles
were caught using flight interception traps consisting
of a semi-transparent triangular foil stretched between
plastic panels (Komosinski and Marczak 2018). A bottle
containing a solution of ethylene glycol and water
(1:1) was attached at the bottom of the trap, and some
detergent was added to reduce the surface tension of the
liquid and thus prevent collected insects from escaping.
The traps were installed approximately 2 m above
ground level by hanging them on a rope between trunks
of neighbouring trees. Yellow pan traps were used to
capture beetles that feed on the pollen of flowering
plants (i.e., anthophilous/floricolous species) (Plewa et
al. 2017). The trap consisted of a yellow plastic bowl
of ca. 1000 ml volume. A mixture of ethylene glycol
and water (1:1) with added detergent was also used
to preserve captured insects. Yellow pan traps were
installed by hanging them on the lower branches of
trees. Pitfall traps were also used to collect ground-
living beetles (mainly Carabidae) (Wang et al. 2014).
The pitfall trap consisted of a plastic jar (volume of
ca. 250 ml) covered with a roof and half-filled with
ethylene glycol-water (1:1) solution.

Beetles were collected using an identical trapping
design for each study site, namely 6 barrier traps, 6
yellow pan traps, and 12 pitfall traps at each site. Half
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of the traps of each type were installed in the forest
at a distance of ca. 100 m from the edge of the forest
to minimize the impact of the open area under the
power line (i.e., edge effect) with approximately 100 m
distance between traps of the same type. The remaining
traps were placed directly under the power line (pitfall
traps) or on its edge (because they were installed
between/on trees) with approximately 100 m between
traps of the same type. Traps were checked and emptied
at approximately monthly intervals.

Butterflies were identified by TJ. Beetles were
identified by RP, except ground beetles, which were
identified by GT and categorized as ‘forest specialists’
and ‘open habitat specialists’ based on the studies of
Szyszko (1983), Lesniak (1997) and Tarwacki (2004).

Statistical analyses

We focused on independent predictors, which
were testable only within a limited spatial scale, i.e.,
the study was conducted under the power lines and in
surrounding forests, thus within a limited landscape.
Unreplicated treatments were the only option for our
study (Oksanen 2001). We employed randomized
techniques for species richness data (Gotelli and
Colwell 2001), as recommended, and used in previous
studies (Oksanen 2001; Klimes et al. 2011; Horak and
Safarova 2015). We compared study treatments (habitat
types) using sample-based species rarefactions (Mao
Tau function) with 95% confidence intervals (Colwell
2006) for the analysis of species richness of each insect
group. The number of randomizations was set to 1,000.
Singletons (i.e., species observed or trapped in only one
individual) were omitted from the analyses. All analyses
were performed in EstimateS 8.2.

RESULTS

We collected 385 beetle species representing eight
families: Buprestidae (12 species), Carabidae (64),
Cerambycidae (24), Coccinellidae (22), Curculionidae
(33), Elateridae (28), Staphylinidae (184) and
Tenebrionidae (18). We also recorded 21 species of
butterflies (Appendix 1).

The numbers of species of ground beetles (Fig.
2a) and butterflies (Fig. 2i) were significantly higher
under the power lines than in the forest. The difference
in response of all other groups was not significant;
however, jewel beetles, long-horned beetles, weevils
and bark beetles, rove beetles and darkling beetles (Fig.
2b, ¢, e, g, h, respectively) were more species-rich under
the power lines than in the forests. Click beetles (Fig.
2f) were indifferent to site, and lady-bird beetles (Fig.
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Fig. 2. Differences in the response of selected insect groups to power lines and forests in investigated study sites in Poland: (a) ground beetles
(Carabidae), (b) jewel beetles (Buprestidae), (¢) long-horn beetles (Cerambycidae), (d) lady-bird beetles (Coccinellidae), (¢) weevils and bark beetles
(Curculionidae), (f) click beetles (Elateridae), (g) rove beetles (Staphylinidae), (h) darkling beetles (Tenebrionidae), (i) butterflies (Lepidoptera).

Circles and triangles indicate results for power lines and forest interior, respectively. Whiskers represent 95% confidence intervals.
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2d) were more abundant in forests.

The results further indicated that the number of
open habitat specialist ground beetles was higher under
the power lines, while the number of forest specialists
did not show a significant response to habitat (Fig. 3).

DISCUSSION

Based on our research on insect biodiversity, we
found that the majority of studied groups responded
positively to the power line environment. The
importance of forest-free areas under power lines
for biological diversity has rarely been studied. In
forested landscapes, tree felling due to construction
and management of power lines results in a significant
transformation of the forest structure (Hollmen et
al. 2008); therefore, power lines are traditionally
viewed as negatively interfering with the environment.
Nevertheless, recent studies demonstrate the benefits
that power lines can provide for biodiversity
conservation. Berg et al. (2016) revealed that the
abundance and species richness of butterflies, including
red-listed species, were higher around power lines
than with other types of areas in Sweden. A positive
effect of power lines on the population of endangered
butterfly species was also documented in North America
(Forrester et al. 2005). In Norway, Mikalsen (2012)
observed higher diversity of various groups of beetles in
areas under power lines than in the neighbouring forest
interior. Power line corridors were used by ground
beetles to colonize new areas and to serve as migration
routes between different environments (Hollmen et al.
2008).

page 6 of 9

The results of the present research are mostly in
line with previous studies on other taxa. Namely, we
observed that the application of clearings in forests
under power lines led in general to an increase in insect
biodiversity. Two groups of insects significantly thrived
as a result of activities related to the creation and/or
maintenance of power lines; five other groups were also
more species-rich, one was indifferent, and only one
group was non-significantly more abundant under the
forest canopies.

Our results may be interpreted in several ways.
First and foremost, the removal of trees and shrubs due
to the creation and management of power lines increases
the structural heterogeneity of the previously continuous
forest, which enhances species diversity by increasing
the number of available niches (MacArthur and
MacArthur 1961). Activities related to the maintenance
of power lines are also conducive to the formation of
early-successional habitats, which may further support
open habitat insect species, e.g., butterflies (Wagner et
al. 2014; Berg et al. 2016) and some beetles (Hollmen et
al. 2008). Furthermore, power lines serve an important
role for many flowering plants, which in turn support
the diversity of pollinating insects (Russell et al. 2005;
Wojcik and Buchmann 2012; Komonen et al. 2013;
Hill and Bartomeus 2016). The observed high diversity
of several families of beetles, mainly saproxylic (e.g.,
Cerambycidae, Buprestidae), may be explained by
another important feature of power lines, namely the
accumulation of dead wood due to more frequent cycles
of cutting compared with neighbouring forest (Mikalsen
2012). In addition, dead wood left in corridors under
power lines is usually more sun-exposed, which has
been well documented to positively influence the
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Fig. 3. Differences in the response of forest specialists (Forest) and open habitat specialists (Open) of ground beetles (Carabidae) to power lines and
forests in Poland. Circles and triangles indicate results for power lines and forest interior, respectively. Whiskers represent 95% confidence intervals.
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abundance and diversity of saproxylic beetles (Kaila
et al. 1997; Lindhe et al. 2005). Finally, power lines
may function as corridors for some insect species that
may disperse from surrounding habitats (Hollmen et al.
2008), and this dispersal process might have also been
responsible for the increased diversity of some insects
in our study.

CONCLUSIONS

Our research indicates that forest-free areas under
power lines increase forest biodiversity and can also
provide a substitute environment for species that depend
on open habitats. Activities related to the management
of power lines ensure the long-term maintenance
of open spaces in forests, which is fundamental in
conditions where the natural and artificial disturbances
that otherwise promote these valuable habitats are
scarce or unpredictable. The different requirements of
species dependent upon open habitats necessitate the
development of detailed strategies for managing power
lines in forests.
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