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Abstract
Power line clearings are widely distributed and fragment forested landscapes in many parts of
the world. Clearing of the woody vegetation in power line corridors creates large amounts of
dead wood, which is left behind to decompose in the clearings. These anthropogenic
landscapes can potentially be managed in a way that preserves important habitats for dead
wood living beetles (saproxylic beetles). However, few studies have been done on the effects
of different management practices in power line clearings. The main aim of this study was to
test the effects of different management practices in power line clearings on beetle species
richness and abundance.
A large-scale experiment in power line clearings was conducted across southeastern Norway
on (n = 19) sites. At each site, three different treatments were assigned; (1) Cut: all trees cut
and left to decay; (2) Cut + Remove: all trees cut and removed; and (3) Uncut: uncleared
treatment.
Results showed that the different treatments had an effect on beetle abundance. There was
highest abundance in the Cut treatment, intermediate in Cut + Remove and lowest in Uncut,
indicating that beetles thrive in sunny, open areas with dead wood. There were more
saproxylic beetle individuals than non-saproxylic beetle individuals, and the difference
between the two beetle groups was larger in wide corridors compared to narrow corridors.
The difference between the two beetle groups was smaller in 2014 than in 2013. However,
there was no difference among the treatments with respect to the proportion of saproxylic vs.
non-saproxylic beetle individuals.
The results for richness showed that there was a significant effect of the treatments on beetle
species richness. There was a higher species richness in the Cut + Remove treatment
compared with Cut, and lowest richness in Uncut. In general, there was a higher species
richness of saproxylic beetles than of non-saproxylic species. The difference in species
richness between the two beetle groups was smallest in the Cut + Remove treatment,
intermediate in Cut and largest in the Uncut treatment. In general, the relative difference
between the two beetle groups in species richness was smaller in 2014 than in 2013.
Synthesis and applications. My results indicate that different management practices in power
line clearings influence both the abundance and species richness of saproxylic beetles. Based
on the results, the main recommended management practice to increase the abundance and
species richness of beetles, is to frequently cut the vegetation and leave the dead wood behind
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to decay. However, a combination with clear-cutting, where some residuals (e.g., stumps) are
left behind in the clearings can also be recommended since this makes the habitats more
heterogenous. Finally, large dimensional dead trees along the edges of the corridors, such as
wind thrown or standing dead wood, may be an additional resource for saproxylic beetles
which should be taken into account when making management plans. By deliberately
retaining dead wood of different qualities, valuable habitats for saproxylic beetles may be
maintained.
Keywords
Abundance, dead wood, management methods, power line clearings, saproxylic beetles,
species richness
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1 Introduction
1.1

Importance of beetles

Beetles (Coleoptera) are one of the most species rich insect orders in Norway (Ødegaard et
al. 2015). They have a central position in terrestrial ecosystems as consumers (grazers,
decomposers and predators), as a food source for other animals. Environmental changes can
cause some to become more common and others to invade new areas. However, many
species are also becoming more rare and are in danger of local or global extinction due to
habitat loss or climate change. In Norway more than 3578 beetle species, divided into 95
families have been recorded of which 821 are red listed (Ødegaard et al. 2015). Most
Norwegian beetles have a southeasterly distribution, and many are therefore confined to the
area around the Oslofjord and the south coast of Norway.
Beetles have a vital role in decomposition of dead wood. Nearly 45 % of the red listed beetle
species are associated with woodland and forest, and most of these are attached to dead wood
(Ødegaard et al. 2015). Saproxylic insects are defined as those that are “dependent, during
some part of their life cycle, upon the dead or dying wood of moribund or dead trees
(standing or fallen), or upon dead wood-inhabiting fungi, or upon the presence of other
saproxylics” (Speight 1989). Saproxylic beetles speed up the decomposition rate of wood by
tunneling which helps to fragment the dead wood. The depth and extent of these tunnels will
vary among species (Ulyshen 2014). Further, tunneling will enhance the aeration, which
facilitates microbes to colonize the wood (Ulyshen 2014). In addition, beetles help
decompose the wood by both physical destruction by the grinding action of the mandibles
and digestion (Stokland et al. 2012). To decompose the dead wood many saproxylic beetles
are aided by symbiotic bacteria or yeasts that live in specialized pockets in the gut of the
larvae (Stokland et al. 2012).
Recently there has been an increasing awareness of the importance of dead and decaying
wood for biodiversity (Stenbacka et al. 2010; Djupström et al. 2012; Gossner et al. 2013;
Sverdrup-Thygeson et al. 2014; Seibold et al. 2014). Dead wood is a key substrate for forest
biodiversity, hosting a rich diversity of saproxylic species, and should be considered when
making management plans.
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1.2

The saproxylic beetles requirements

Saproxylic species are associated with dead wood in different degrees. Some are strictly
dependent on dead wood (obligate) using the dead wood as food, as a substrate for breeding,
or praying on other saproxylic species. Others may utilize it regularly (facultative) as a food
source or to complete its life cycle, but they can also utilize other resources. The obligate
species would go extinct without access to dead wood. The species that would not go extinct
if dead wood were removed are the species that are only dead wood visitors (Stokland et al.
2012) (in this paper called “non-saproxylic”). In Norway, nearly 700 beetle species are
obligate saproxylic (Økland et al. 1996). Several factors influencing species richness of
saproxylic beetles have been identified: for instance preference for dead wood at various
decaying stages, for specific size of the dead wood (Jonsell et al. 1998; Siitonen 2001; Grove
2002; Stokland et al. 2012), for different host trees (Siitonen 2001; Jonsson et al. 2005;
Müller et al. 2015), and for standing or fallen dead trees (Lindhe et al. 2005; Foit 2010), or
for specific parts of the tree such as stumps (Hjältén et al. 2010; Djupström et al. 2012;
Victorsson & Jonsell 2013). Degree of sun exposure (Jonsell et al. 1998; Lindhe et al. 2005)
and the amount and continuity of dead wood may also be important (Siitonen 1994; Similä et
al. 2003). Furthermore, the diversity of species is affected by seasonal variation, altitude and
latitudinal gradients as suggested by Wright (1983). Changes in climatic factors such as
temperature, precipitation, drought, storms and fires will affect the saproxylic diversity
(Lachat et al. 2012; Stokland et al. 2012).

1.3

Saproxylic beetles in decline

Saproxylic beetles are living in an ephemeral and unpredictable habitat. Dead wood is created
by tree mortality, which in natural stands are caused by abiotic and biotic events such as
wind, fire, drought and insect outbreaks. These events happen at different times and spaces.
Additionally, the dead trees will have different rates of decay depending on which forest type
they are in (Jonsson et al. 2005). When the habitat becomes unsuitable and disappear because
of decomposition, they have to find new host trees at the same time as the current habitat
disappears (Stokland et al. 2012). If the densities of suitable host trees are decreasing, the
colonization rate of new host trees will not be sufficient to compensate for the local
extinctions in old trees. Without continuous key habitats, many species become isolated and

2

may die out (Berntsen & Hågvar 2010). Unfortunately, more and more forests are getting
managed were the prevailing harvesting method is clear-cutting (Stokland et al. 2012). And
the knowledge about beetle assemblages in managed young forests established after clearcuts is restricted (Stenbacka et al. 2010). Forestry decreases the amount of dead wood,
thereby threatening the persistence of many saproxylic beetles (Ranius & Fahrig 2006;
Müller et al. 2015) and it is shown that managed forests contains less dead wood than natural
forest (Siitonen 1994) and especially coarse woody debris of large diameter (Siitonen 2001)
because the younger trees in managed forests do not live long enough to produce dead wood
for decomposition (Grove 2002). Almost all the forests in Scandinavia are affected by
forestry (Jonsell et al. 1998), in which logging and wood harvesting are the biggest threat to
saproxylic beetles (Nieto & Alexander 2010). Stump extraction is a new forestry interest for
the production of bio energy, and this also reduces the amount of habitat available for
saproxylic beetles (Hjältén et al. 2010; Victorsson & Jonsell 2013; Jonsell & Schroeder
2014). However, modern forestry has also created new habitats for species that are associated
with open areas and can be valuable (Berg et al. 2011) and a large proportion of red-listed
saproxylic invertebrates are likely to be able to survive in managed forests, if suitable
substrates are available (Jonsell et al. 1998).

1.4

Power line corridors as habitat

The establishment and maintenance of power line clearings has created large sunlit areas of
connectivity habitat of early successional vegetation (Wojcik & Buchmann 2012; Eldegard et
al. 2015). Under the power lines the vegetation is usually cut every 5-10 years to prevent
trees from interfering with the power lines (Eldegard et al. 2015). After cutting, the
vegetation is most commonly left behind to decay, contrary to the clear-cutting where much
of the vegetation is removed.
In Norway, where the study is conducted, the area under the power lines covers
approximately 200 km2 (Sydenham et al. 2016). In forested areas, the power lines fragment
the landscape in ways that may hinder the movement and dispersal of species linked to deep
forests, but on the other hand they may increase habitats for species associated to forest edge
ecotones and create long corridors facilitating dispersal of flying insects (Berg et al. 2011;
Eldegard & Moe 2012). Open areas can function as passages for pollen dispersed by wind,
and pollinating insects (Berge et al. 1998). Landscape structure and habitat fragmentation
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thus may have complex influence on the ecology of the insects present. The potential of
power line corridors as habitats has so far been overlooked in biodiversity conservation (but
see (Russell et al. 2005; Berg et al. 2011; Sydenham et al. 2016)), especially when it comes to
saproxylic beetles living under power lines. The few studies that have been done, however,
Hollmen et al. (2008) show that cleared power line corridors can serve as alternative habitat
for mire dependent ground beetles. Further, Eldegard et al. (2012) have also showed that
there was a relatively higher amount of saproxylic beetles under power lines than in the forest
nearby. There is now a growing interest, both in Norway and other countries, to identify
clearing methods for power line corridors that reduce negative impacts on biodiversity
(Eldegard et al. 2012). If the vegetation under power lines are appropriately managed, they
can house a higher species richness and abundance than outside the power line corridors
(Russell et al. 2005; Berg et al. 2011; Eldegard et al. 2012; Berg et al. 2013; Sydenham et al.
2016). In order to favor saproxylic beetles one should not remove the wood after cutting.
Various experimental treatments under power line is necessary to be certain about the causal
relationships between management methods, dead wood and diversity of saproxylic beetles
(Eldegard et al. 2012). We need to find the best cutting solution for preserving beetles under
power lines.

1.5

Project description

This study is part of a larger project in which the main purpose is to study the effect of
different management practices on plant and insect populations. In this study, I used data
from two years of field experiment (2013 and 2014) in which different types of management
clearing (treatments) of power line corridors were carried out to assess the effect of different
clearing practices on beetle species richness and abundance, and on the relative proportion of
saproxylic vs. non-saproxylic beetles. At each study site (n = 19), three plots were established
and randomly assigned one of the following treatment: (1) Cut: all trees were cut and left to
decay in the clearing; (2) Cut + Remove: all trees were cut and removed from the plot; and
(3) Uncut: uncleared, control plot. Of the power line clearings 12 sites were narrow (30 – 44
m) and 7 wide (60 – 70 m), corresponding to single or double set of aerial lines respectively.
Thus, in addition to quantifying the effect of the treatments, and between-year differences, I
also assessed the potential influence of corridor width (that is, the area of cleared woody
vegetation).
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1.5.1 Research questions
Specifically, I asked: (i) will the different management treatments affect beetle abundance
and species richness? (ii) will the different treatments affect the relative abundance and
species richness of saproxylic vs. non-saproxylic beetles? (iii) do the effects of treatments on
species richness and abundance, or the relative abundance of saproxylic vs. non-saproxylic
beetles, depend on corridor width or year? In addition, because sun exposed areas have been
shown to have a positive effect on many saproxylic species (Jonsell et al. 1998; Lindhe et al.
2005; Wermelinger et al. 2007), I asked (iv) whether solar radiation influenced richness and
abundance of beetles.
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2 Methods
2.1

Study design and data collection

The 19 sites used in this study were located within the main power line grid in southeast
Norway, between latitudes 59.33° (Sarpsborg) - 61.12°N (Lillehammer) and longitudes 08.95
(Gol) - 11.36°E (Elverum) at 536 m.a.s.l (Fig. 1). All the sites were situated in a landscape
dominated by boreal forests with varying proportions of the main tree species: Norway
spruce Picea abies, Scots pine Pinus sylvestris and birch Betula spp. The sites under the
power line corridors included in this study have been subjected to the same management
regime, with clear-cutting every 5-10 years and felled trees were left on site.

Figure 1. Map over southeast Norway showing the geographic distribution of the 19 sites.

16 sites were cut in late autumn 2012 and the remaining three in early spring 2013. At each
site, three rectangular plots of an approximate length of 30 m in the direction of the power
lines were established. Of the power line clearings 12 sites were narrow (30 – 44 m) and 7
wide (60 – 70 m), corresponding to single or double set of aerial lines respectively. The
distance between the three plots were at least 30 m (Fig. 2).
At each site, the plots were randomly selected for three treatments. (1) Cut + Remove: all
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trees were cut and immediately removed from the plot, imitating the harvesting method of
biomass for instance biofuels, (2) Cut: all trees were cut and left to decay in the plot; and (3)
Uncut: the vegetation remained untouched (Fig. 2). In the center of each treatment plot, nine
1-m2 subplots was established 5 m apart. The total cover of dead wood (logs, stumps and
standing dead trees) with a diameter of >3cm within each subplot was visually estimated. To
calculate sun exposure at each site, aspect, slope and latitude were measured and used to
construct Oke's radiation index (RI). RI calculates incoming radiation into the plots. This is a
measure of plot-scale local climate (Oke 1987). Corridor width was measured on aerial
photos (http://www.norgeibilder.no/).

Figure 2. Illustration of the 19 study sites, showing the three different treatment plots; (A) Cut: all trees cut and
left to decay in the clearing, (B) Uncut: uncleared control and (C) Cut + Remove: all trees cut and removed from
the plot. Beetles were sampled with flight interception traps (black crosses) in each treatment plot (D), dead
wood data were estimated in the nine 1-m2 subplots (light grey color). Illustration from (Sydenham et al. 2016).

In each treatment plot, three flight interception traps were installed in the middle of the plot,
along the northernmost end of the treatment plot to maximize sun exposure (Fig. 3). This
resulted in a total of nine traps for each site and 171 traps for the whole study. All the
specimens sampled in each treatment plot were pooled and used for statistical analyses.
7

Figure 3. Left: My colleague Irene Hermansen and I in one of the Uncut treatments. Right: Three flight
interception traps under narrow power line corridor in the treatment Cut + Remove (photos: Lars Michael
Hektoen).

The flight interception traps consisted of three bamboo sticks tied together at one end, and
from here two transparent Plexiglas screens (370 mm x 210 mm) were attached as a cross. At
the bottom of the Plexiglas a funnel and a collecting bottle were attached (Fig. 4). The
distance from the collecting bottle to the ground was ca. 40 cm. Along the top of the
collecting bottle, holes were made for drainage. The collecting bottles were filled with a
50:50 mixture of water and green propylene glycol and a droplet of detergent to break the
surface tension. Every interception trap where emptied once a month between June September in 2013 and May - August 2014, i.e. four times each year. The collecting bottles
were then detached and immediately replaced by new ones with the same mixture of
preserving liquids. This ensures a continuous trapping throughout the season. We used strong
tape around the drainage holes and put on screw caps on the bottles when we transported the
collecting bottles to the laboratory.
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Figure 4. Construction of a flight interception trap with bamboo sticks, Plexiglas, a funnel and a collecting
bottle (photo: Jenny Benum Lorange).

2.1.1 Laboratory work
In the laboratory the collecting bottles were transferred to smaller plastic containers with a
mixture of 70% ethanol and 30% water. They were then stored in a room of four degrees
Celsius until being sorted into eight taxonomic groups; Hemiptera, Hymenoptera, Diptera,
Coleoptera, Lepidoptera, Arachnids, Odonata and ‘others’. These were subsequently stored
in separate glass containers in 70% ethanol. All beetle individuals were identified to species
level by a beetle taxonomist (Sindre Ligaard) and categorized to functional groups
(saproxylic and non-saproxylic) according to the literature (Hansen, V., et al. 1908-1965;
Palm 1959) and The Saproxylic Database compiled by (Dahlberg & Stokland 2004).
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2.1.2 Statistical analyses
Treatment effects in both 2013 and 2014 were analyzed on the response variables beetle
abundance and beetle species richness. The explanatory variables were; treatments (Cut, Cut
+ Remove, and Uncut), beetle group (Saproxylic and Non-saproxylic), dead wood cover (sum
cover dead wood), and radiation index (Oke's radiation index). Effects of the size of corridors
on beetle abundance and richness were tested by using the categorical explanatory variable
corridor width (narrow vs. wide). I also included year (2013 and 2014) as a variable.
Before making any statistical models, I did some exploratory analysis (Zuur et al. 2010). I
checked for outliers in the response variables (abundance and richness) for each beetle group,
treatments and the two years, so that I could assess between-year differences from 2013 to
2014. No extreme outliers were detected.
I checked if any variables were zero inflated (distribution that allows for frequent zero-valued
observations) by making histograms of the variables; radiation index, sum cover dead wood
and corridor width. Sum cover dead wood had a very skewed distribution but was not zero
inflated.
There were no strong correlations between the explanatory variables; the correlation
coefficients between all the explanatory variables were low (<0.5 and >-0.5). Which means I
could use them in my statistical model.
Thereafter, I wanted to fit models for each response variable (abundance and richness) that
explained my data. Because of problems with overdispersion in the 2013 data for both
abundance and richness (Hermansen 2014), the model was adjusted by changing from a
Poisson generalized linear mixed model (GLMM) to a negative binominal distribution. I used
the package glmmadmb (Fournier et al. 2012) in R for these analyses. My model was a
expansion of a statistical model used by Hermansen (2014) for the 2013 dataset; I used the
same explanatory variables and interactions, in addition I also included years (2013 and
2014) as an explanatory variable. For each response variable, I fitted a full model which
included the explanatory variables; beetle group (saproxylic and non-saproxylic), treatments
(with three levels; Cut, Cut + Remove and Uncut), dead wood cover (sum cover dead wood),
sun exposure (Radiation index), aerial lines (with two levels; narrow and wide corridor
width), and year (2013 and 2014). And the interaction terms beetle group x aerial lines,
treatment x aerial lines, beetle group x year, treatment x year, beetle group x treatment, and
beetle group x sum cover dead wood. I also included the offset (trap months) as an offset
variable, and site identity as random effect. A trap month is the equivalent of one trap
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collecting for one month. Maximum number of trap months for each treatment on a site was
12 months, meaning 3 traps collected insects for 4 months. The shortest number of trap
months for each treatment was 9 months.
To find the minimum adequate model, all non-significant variables (P>0.05) were excluded
step-by-step, using the backward selection procedure (Crawley 2013). The variable with the
highest p-value were identified in R, and dropped from the model. The result from the
stepwise procedure was a final model containing only significant variables.
All analyses were performed using the statistical software package R (R Core Team 2015).
I tested the two-way interaction treatment x corridor width, treatment x year and treatment x
beetle group because the main purpose was to find out whether there was an effect of
treatment, and whether the difference among the treatments depended on the size of the
cleared area (corridor width), year or differed between saproxylic and non-saproxylic beetles.
In addition, I was interested in the difference between the two main beetle groups (saproxylic
vs. non-saproxylic). Therefore, I included the interactions beetle group x corridor width,
beetle group x sum cover of dead wood and beetle group x year, to find out whether the
relative number of beetles in the two groups depended on the size of the cleared area
(corridor width), the amount of dead-wood available, or varied between years.

11

3 Results
3.1

Beetle abundance and species richness

In 2013 a total of 29294 individuals of both saproxylic and non-saproxylic beetles was
collected, and identified to 856 beetle species. The dataset from 2014 consisted of a total of
30302 individuals of both saproxylic and non-saproxylic beetles, identified to 854 beetle
species (see Table 1 for more). Approximately 25% of the species found in 2014 was not
found in 2013 and vice versa. Thus, there has been sampled more than 1000 beetle species
throughout the two years after the management experiment was established. In total, there
were more saproxylic than non-saproxylic beetle individuals in both years. There were a
larger number of beetle individuals in 2014 than in 2013 (Table 1). There was not a big
difference within each of the two functional groups between the years, but in 2014 there was
slightly fewer saproxylic beetle species, and a bit more non-saproxylic beetle species than in
2013 (Table 1).

Table 1. Table showing the total number of beetle individuals, and total number of beetle species in the two
years (2013 and 2014).

2013

2014

Total individuals (saproxylic and non-saproxylic beetles) 29294 30302
Total number of beetle species
Number of saproxylic individuals
Number of non-saproxylic individuals

12

856

854

22105 22168
7189

8116

Number of saproxylic beetle species

420

403

Number of non-saproxylic beetle species

436

451

3.2

Influence of management treatments on beetle abundance

There was a significant effect of the treatments on beetle abundance (Table 2). The beetle
abundance differed among the three treatments; the beetle abundance was highest in Cut,
intermediate in Cut + Remove and lowest in Uncut (Table 2).
In general there were more saproxylic individuals than non-saproxylic individuals
(Saproxylic (vs. Non-saproxylic)) (Fig. 5, Table 2) but this depended on corridor width; the
interaction Saproxylic x Wide corridors compared with intercept Non-saproxylic x Narrow
corridors showed that the difference between saproxylic and non-saproxylic individuals was
larger in wide corridors compared to narrow corridors (Table 2, Fig. A1).
The interaction term Saproxylic x Year 2014 showed a negative but significant effect on
beetle abundance (𝛽 = -0.35, Z = -3.9, P = 0.0001), comparing with intercept Non-saproxylic
x Year 2013 the results showed that the difference between saproxylic and non-saproxylic
was smaller in year 2014 compared with 2013 (i.e., the first year after the experimental
cutting) (Table 2, Fig. A2).
There was no difference among the treatments with respect to relative number of individuals
in the two functional beetle groups (saproxylic vs. non-saproxylic).
When I fitted a model with abundance as response variable, dead wood cover (Sum cover
dead wood) and sun exposure (Radiation index) was dropped in the model selection
procedure because the terms were not significant (P<0.05), hence they were not included in
the final model.
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Number of individuals per treatment, beetle group & corridor width in 2013 and 2014
2014
NotSaproxylic
NarrowCorridors

2014
NotSaproxylic
WideCorridors

2014
Saproxylic
NarrowCorridors

2014
Saproxylic
WideCorridors

1000

800

600

400

Number of individuals

200

0

2013
NotSaproxylic
NarrowCorridors

2013
NotSaproxylic
WideCorridors

2013
Saproxylic
NarrowCorridors

2013
Saproxylic
WideCorridors

1000

800

600

400

200

0
Cut CutRemoveUncut

Cut CutRemoveUncut

Cut CutRemoveUncut

Cut CutRemoveUncut

Treatment

Figure 5. Box plot showing the number of individuals (abundance) in each beetle group (Saproxylic and Nonsaproxylic) treatment (Cut, Cut + Remove, and Uncut), corridor width (Narrow and Wide), and year (2013 and
2014).
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Table 2. Results of a generalized mixed model with negative binomial distribution testing the effects of
treatment (Cut, Cut + Remove, and Uncut), corridor width (Narrow and Wide) and year (2013 and 2014) on the
total abundance of saproxylic vs. non-saproxylic beetles. Site identity was included as a random effect.
Reference levels are; Cut, Non-saproxylic, Narrow corridors, and Year 2013.

Explanatory Variables

β

SE

Z

P

2.6

0.11

24.5

<0.00001

1.3

0.073

18.1

<0.00001

Cut-Remove (vs. Cut)

-0.24

0.071

-3.5

<0.01

Uncut (vs. Cut)

-0.61

0.071

-8.6

<0.00001

Wide corridors (vs. Narrow Corridors)

-0.11

0.17

-0.67

0.50

Year 2014 (vs. Year 2013)

0.068

0.065

1.03

0.30

Saproxylic x Wide corridors

0.26

0.095

2.8

<0.01

Cut-Remove x Wide corridors

0.25

0.12

2.2

0.029

Uncut x Wide corridors

0.20

0.12

1.7

0.087

Saproxylic x Year 2014

-0.35

0.092

-3.9

0.0001

σ2

SD

Plots

Sites

0.081

0.28

228

19

Fixed effects
Intercept (Cut, Non-saproxylic, Narrow
corridors, and Year 2013)
Saproxylic (vs. Non-saproxylic)

Random effects:
Site identity
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3.3

Influence of management treatments on beetle species

richness
There was a significant effect of the treatments on beetle species richness (Table 3). Beetle
species richness differed among the three different treatments; there was a slightly higher
species richness in Cut + Remove than in Cut, and lowest in Uncut (Table 3). The effect of
the treatments depended on year; the larger increase in species richness in the two cleared
treatments (Cut and Cut + Remove) compared to the Uncut treatment, was much less
pronounced in 2014 than in 2013.
In general, there was a higher species richness of saproxylic beetles than non-saproxylic
species (Saproxylic (vs. Non-saproxylic) (Fig. 6, Table 3) but this depended on the
treatments; the relative difference between the two functional beetle groups was smallest in
the Cut + Remove treatment, intermediate in Cut and largest in the Uncut treatment (although
not significant (𝛽 = 0.071, Z = 1.2, P = 0.25) (Table 3). Further, the interaction term
Saproxylic x Year 2014 had a negative, but significant effect (𝛽 = -0.53, Z = -10.7, P =
<0.00001), and comparing with intercept Non-saproxylic x Year 2013, shows that the
difference between the two beetle groups was smaller in 2014 than in 2013 (Fig. A4, Table
3). There was also fewer saproxylic species in 2014 than in 2013 (Fig. 6).
Sun exposure (Radiation index) had a general positive, significant effect (Table 3, Fig. 7), but
not on beetle species richness because there were no interactions between Radiation index
and the other explanatory variables in the final model. When I fitted a model with richness as
response variable, dead wood cover (sum cover dead wood) was dropped from the model
during the backward elimination procedure (𝛽 = 0.00062, Z = 1.6, P = 0.10). Hence it was
not included in the final model, although there was a slight, but non-significant positive
relationship between dead wood cover and beetle species richness.
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Number of species per treatment, beetle group & corridor width in 2013 and 2014
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Figure 6. Box plot showing the number of beetle species (richness) in each beetle group (Saproxylic and Nonsaproxylic), treatment (Cut, Cut + Remove and Uncut), corridor width (Narrow and Wide), and year (2013 and
2014).
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Figure 7. Scatter plot showing the relationship between sun exposure (Radiation index) and beetle species
richness in the three different treatments (Cut, Cut + Remove and Uncut), for saproxylic and non-saproxylic
beetle species, and year (2013 and 2014), respectively.
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Table 3. Results of a generalized mixed model with negative binomial distribution testing the effects of
treatment (Cut, Cut + Remove and Uncut), corridor width (Narrow and Wide) and year (2013 and 2014) on the
total species richness of saproxylic vs. non-saproxylic beetles. Site identity was used as a random effect.
Reference levels are; Cut, Non-saproxylic, Narrow corridors, and Year 2013.

Explanatory Variables

β

SE

Z

P

1.3

0.071

18.0

<0.00001

Saproxylic (vs. Non-saproxylic)

1.06

0.048

21.9

<0.00001

Cut-Remove (vs. Cut)

0.12

0.054

2.2

0.028

Uncut (vs. Cut)

-0.29

0.057

-5.2

<0.00001

Radiation index

0.21

0.088

2.4

0.016

Year 2014 (vs. Year 2013)

0.019

0.051

0.39

0.70

Saproxylic x Year 2014

-0.53

0.049

-10.7

<0.00001

-0.099

0.058

-1.70

0.089

Uncut x Year 2014

0.071

0.0603

1.2

0.24

Saproxylic x Cut-Remove

-0.12

0.059

-1.9

0.048

Saproxylic x Uncut

0.071

0.061

1.2

0.25

σ2

SD

Plots

Sites

0.038

0.1944
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Fixed effects
Intercept (Cut, Non-saproxylic, Narrow
corridors, and Year 2013)

Cut-Remove x Year 2014

Random effects:
Site identity
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4 Discussion
4.1

Beetle diversity in power line corridors

My results indicate high beetle diversity in power line corridors. This agrees with a number
of other studies on biodiversity under power lines. Berg et al. (2011) and Berg et al. (2013)
found that power line corridors can host both higher butterfly species richness and abundance
compared to seminatural pastures, forest clear-cuts, and forest road verges (which are
regularly cleared of vegetation). Another study, by Russell et al. (2005), found that power
line sites had a higher species richness of bees than grassland sites. It has been shown that
power line corridors also contain a higher diversity and species richness of flowers compared
with the neighboring forest (Eldegard et al. 2015).
There may be many factors contributing to this diversity: 1) The edges created by clearings
for power lines are potential habitats for many beetles that prefer increased solar radiation,
higher soil temperatures, lower humidity and higher air temperature (Wermelinger et al.
2007). 2) The early successional vegetation that is maintained under power lines can have a
positive effect on biodiversity by providing a large, continuous habitat for species that require
low vegetation (Askins et al. 2012). Hence, a reason for high beetle abundance under power
line corridors is that beetles are attracted to early successional vegetation (Gibb et al. 2006).
3) The openings that is created by power line clearings makes the neighboring forest
vulnerable (Väisänen et al. 1993; Ehnström 2016), and can result in wind thrown trees of
large dimensions and standing dead wood. In addition, a considerable number of large trees
along the forest edge are often felled to prevent tree growth that could interfere with the lines.
It has been shown that many species preferentially live on large woody debris (Väisänen et
al. 1993; Stokland et al. 2012). In addition, wind thrown trees in open sunny sites are a key
resource for some beetles (Väisänen et al. 1993; Stokland et al. 2012) and standing dead trees
are shown to be potential substrate for saproxylic beetles (Foit 2010). In this study, all these
dead wood objects were left behind in the plots and along the edge of the corridors.
Dead wood of large dimensions decompose slowly and provide a more persistent habitat for
saproxylic species (Stokland et al. 2012). This is a contrast to the early successional
vegetation typically found in the power line clearings. Later successional stages of dead
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wood can contain fungal consumers feeding on polypore fruiting bodies (Siitonen 2001). A
study by Jonsell et al. (2001) for example show that many insects can be found in fruiting
bodies of fungus living on large diameter dead trees that has an intermediate sun exposure
(lies in the edge or gaps in the forest). Others have proven that some beetle species are
especially attracted to these polypore fruiting bodies. The study by Jonsell et al. (2003) found
that the beetle specie Bolitophagus reticulatus were attracted to traps baited with both a
fruiting body of Fomes fomentarius and ethanol more than unbaited traps, and that traps
baited only with ethanol also caught significantly more beetles than unbaited traps. Holighaus
et al. (2014) also studied the interaction of B.reticulatus and the volatiles emitted from
fruiting bodies of the bracked fungus F. formentarius, were they interestingly found that the
second stage of partially dead fruiting bodies releases the highest amounts of attractants.
The high numbers of beetles in my study indicate that beetles do well in power line corridors,
and that these areas can provide valuable resources for the beetles. A potential error in this
study, which was also described in the study by Siitonen (1994), Sverdrup-Thygeson &
Birkemoe (2009), and Stenbacka et al. (2010) is the fact that the flight interception traps used
only showed the occurrence of beetles in different treatments, but not whether the treatment
represented a source or a sink habitat (i.e. if the beetles originated from dead wood within a
particular stand). It is therefore important to consider potential “by passing” beetles in the
sample. However, flight interception traps can still be a good sampling method for collecting
large samples of beetles in the forest and can give a representative picture of the saproxylic
beetle fauna (Siitonen 1994).

4.2

Influence of different management treatments

4.2.1 Beetle abundance
The different management treatments affected beetle abundance. The Cut treatment had a
higher beetle abundance compared to the Cut + Remove treatment, which was also the case
in the 2013 data analyzed by Hermansen (2014). My results also matches the study by
Wermelinger et al. (2002), who found that leaving dead wind thrown trees on the site (similar
to Cut) will increase the number of saproxylic beetles compared to cleared sites (resembles
the Cut + Remove treatment). In addition, the results provided evidence that saproxylic
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beetles contribute significantly more to beetle abundance than non-saproxylic beetles. This
numerical importance has also been shown in other studies (Sverdrup-Thygeson & Birkemoe
2009; Stenbacka et al. 2010).
The dead wood in the Cut treatments is small in diameter because the vegetation is frequently
cut and remained in an early successional stage (Eldegard et al. 2015). This made the Cut
treatment especially attractive to the many saproxylic beetles living in small-diameter dead
wood (Jonsell 2008; Stokland et al. 2012). The high abundance in the Cut treatments could
also be because the odor from the dead trees evaporates and attracts many beetles (Jonsell et
al. 2003; Stokland et al. 2012). This is further discussed under section 4.2.3.

4.2.2 Beetle species richness
The different treatments showed a significant effect on beetle species richness. There was a
higher richness in the Cut + Remove treatment compared to Cut. This was a contrast to the
results for abundance. Perhaps the Cut + Remove treatment provided a more heterogeneous
environment than Cut. One could think that dead wood was absent in the Cut + Remove
plots, but although trees were removed from these plots, there was still a considerable amount
of dead wood residuals left within the plot (including logs, stumps and standing dead wood)
(Table A3, Table A4, Fig. 3). The dead wood residuals may have provided habitat structures
for other saproxylic beetles. It has been shown in newer studies that saproxylic beetles use for
instance stumps as a habitat (Hjältén et al. 2010; Djupström et al. 2012; Victorsson & Jonsell
2013). Kelsey & Joseph (1999) showed that newly cut stumps release ethanol that attracts
various species, and low stumps was shown to attract many beetles (Hjältén et al. 2010).
Stumps were present in both treatments, but perhaps more available in the Cut + Remove
treatment compared to Cut.
The Cut + Remove plots represented new environmental conditions that made it possible for
flowers to grow, and attracted perhaps some beetle groups that were only feeding there and
not in Cut. Because whereas dead wood is important habitat for larval development, many
adult saproxylic beetles are largely flower or leaf feeders (Wermelinger et al. 2007).
The relationship between dead wood amount and beetle species richness showed a slightly
positive but non-significant effect. Other studies also found only weak relationship between
local dead wood amount and species richness of saproxylic beetles (Siitonen 1994; Vodka et
al. 2009). The amount of dead wood cover was only estimated locally in the center of each
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treatment plot (in the nine 1-m2 subplots, Fig. 2). Maybe if we used a better measure of the
dead wood amount in the treatment plots, or used another sampling method for collecting the
beetles, dead wood amount would have had a stronger effect.

4.2.3 Between-year variations
Since the clearing operation started in late autumn 2012, the first season for colonization by
beetles would be summer 2013. The results showed that there was higher species richness in
the two cleared treatments in 2013 compared to 2014 (Fig. A4) and higher species richness of
saproxylic beetles and a lower species richness of non-saproxylic in 2013 compared to 2014
(Fig. A3). In others words, the relative difference in species richness between the two beetle
groups was smaller in 2014 compared to 2013. This pattern was also shown for abundance;
the relative difference in abundance between the two groups was smaller in 2014 compared
to 2013 (Fig. A2). I suggest four possible reasons for this trend:
Climatic variations: The differences between the two years could have been caused by
population fluctuations as an influence of climatic variations leading to more favorable
conditions for some species (Lachat et al. 2012). According to Norwegian weather data, the
summer months of 2014 was warmer and dryer than those of 2013 (Norwegian
Meteorological Institute 2016).
Odor: As soon as the wood is cut, the decomposition starts. Sugar-fermenting yeasts emerge
in the sap of the newly dead trees and convert sugar to ethanol and CO2 (Stokland et al.
2012). The ethanol will evaporate because of its volatile substance and function as an
orientation cue attracting the beetles (Jonsell et al. 2003; Stokland et al. 2012) that colonize
the fresh dead wood and use it as breeding substrate (Siitonen 1994), like for instance bark
beetles (Ulyshen 2014). The smell may have been less intense two years after the clearing
operation, because some of the ethanol then was lost by the venting from the beetle galleries
the first year and the metabolism by the microbes (Kelsey & Joseph 1999). Hence, the less
intense ethanol evaporation one year later may have attracted fewer saproxylic beetles
resulting in a smaller difference between the two functional groups.
Larval cycles: Another reason for why there was a higher difference between the two beetle
groups in 2013 and more saproxylic beetles in 2013 compared to 2014, could be the fact that
many beetles with a annual larval cycle (Stokland et al. 2012) were hatching from the larval
stage, adding to the numbers of saproxylic beetles collected.
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Heterogeneity: Two years after the clearing operation a considerable amount of younger
trees, bushes and other types of vegetation were growing up in the two cleared treatments.
This made the plots more heterogeneous and more attractive for a wider spectrum of beetles.
The increase in vegetation shortly after management is confirmed by (Clarke & White 2008),
which studied the recovery vegetation throughout three years after management in power line
corridors, and found that there was an increase in both density and height of vegetation in the
managed power line corridor compared to adjacent forest and a reference site in the power
line corridor (7-10 years since management). Also, Stokland et al. (2012) describe that small
diameter logs, which was especially present in Cut, decompose quickly and become
overgrown by ground vegetation.
I assume that all the factors mentioned above were contributing to the between-year
differences, but perhaps the two most important factors were the less intense odor and the
increased heterogeneity in 2014. Note however, that I only analyzed data from two years
after the clearing operation. Since the trees in power line corridors usually are cut after 5-10
years there might be an immediately increase in saproxylic beetles quickly after the clearing
operations in response to the newly added dead wood. It is unclear if the difference between
the two functional groups will change or remain stable.

4.3

Other factors influencing both beetle abundance and species

richness
In addition to quantifying the effect of the treatments and between-year differences I also
assessed the potential influence of corridor width (that is, the area of cleared woody
vegetation) and sun exposure.

4.3.1 Corridor width
Wide corridors showed a positive effect on the abundance of functional beetle groups. The
results also showed that the relative abundance of saproxylic vs. non-saproxylic depended on
corridor width (cleared area). The relative difference between the abundance of saproxylic
and non-saproxylic individuals was larger in wide corridors compared to narrow corridors
(Fig. A1). A reason for this result may be that the wide corridors provide larger habitats in the
treatments, explaining the larger proportion of saproxylic individuals in the wide corridors.
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4.3.2 Sun exposure
I studied an environment in transition, changing from open (Cut + Remove) with a lot of sun
exposure, to semi-open (Cut) to essentially closed canopy forest (Uncut), and expected to see
an effect of sun exposure, as sun exposed areas have a positive effect on many saproxylic
species (Lindhe et al. 2005; Wermelinger et al. 2007). Sun exposure (Radiation index) had a
general positive, significant effect (Table 3, Fig. 7). This is supported by other studies, such
as (Lindhe et al. 2005) who looked at how the densities of individual species was affected by
dead wood substrates exposed in a range of sun (from shade to open). They found that 2/3 of
the sampled species preferred semi- or fully exposed substrates. Also, in a study by Jonsell et
al. (1998), where they studied substrate requirements of red-listed saproxylic invertebrates in
Sweden, they found that in recently dead trees (≤2 years) approximately 35% of the
saproxylic species preferred sun exposed areas whereas only 4% preferred shade. Beetles are
ectothermic, meaning they are dependent on the surrounding temperature for activity
(Sverdrup-Thygeson & Ims 2002), and many insects thrives in habitats with high
temperatures (Wermelinger et al. 2007). Temperatures are usually lower in the forest than in
an open habitat, creating more favorable conditions in the open habitats where resources like
pollen, sunlight and heat are available to meet the demands of many adult saproxylic beetles
(Wermelinger et al. 2007), like for instance Peltris grossa (Djupström et al. 2012). These
studies may indicate that the open habitat in power line clearings promotes a diversity of
beetles that thrives in sun-exposed areas.

25

4.4

Recommendations for management and further research

There is a conflict of interest between humans and beetles for dead wood. Humans want to
utilize it for several purposes such as bioenergy, and the beetles use it as a habitat.
Power line clearings, with their long corridors of continual early successional vegetation, can
provide a valuable habitat for saproxylic beetles. When managed forests and fire suppressions
dominate landscapes, power line corridors may be the only early-successional forest
available. Many species are adapted to disturbances like clear-cutting, and so to frequently
clear-cut and retain dead wood gives the opportunity for threatened species to increase in
managed forests.
My results show that even in managed areas, a high level of biodiversity can be preserved. If
the goal is to preserve the abundance and species richness of beetles in power line corridors,
the best management practice would be to create a heterogeneous environment where some
wood is left to decay (Cut) and some is removed (Cut + Removed). One way to combine
these treatments is to gather the dead wood in piles, which creates a habitat of both open
areas and the availability of dead wood. Larger standing dead wood and wind thrown trees
along the edges of the corridor are also valuable resources for saproxylic beetles and should
also be left to decay. By deliberate retention of dead wood of different varieties and volumes,
one may create valuable habitats for saproxylic beetles. It should be noticed that this study is
limited to beetles; other species may have other requirements than the dead wood
There is a need for making guidelines in forest management, which considers the
requirements for saproxylic beetles. Fortunately, there has been an increasing interest in dead
wood and the immense biodiversity that utilize it. The retention of dead wood and old trees is
also becoming more common. There is also a need for further research in various
experimental treatments under power lines. Based on the collected data in this thesis, other
research questions could have been interesting to examine but was excluded due to
limitations in time. For example, examining the overall beetle composition that was present
on a species level, and comparing the composition within the different treatments and
between the two years. It is too soon to draw any final conclusions; it is necessary to be
certain about the causal relationships between management methods, dead wood and
diversity of saproxylic beetles.
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Appendix
Number of individuals per corridor width and functional beetle group
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Figure A1. Box plot showing the number of individuals (abundance) in each beetle group (Saproxylic and Not
saproxylic) and corridor width (Narrow and Wide).
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Number of individuals per year and functional beetle group
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Figure A2. Box plot showing the number of individuals (abundance) in each beetle group (Saproxylic and Not
saproxylic) and year (2013 and 2014).
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Figure A3. Box plot showing the number of beetle species (richness) in each beetle group (Saproxylic and Not
saproxylic) and year (2013 and 2014).
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Number of species per treatment and year
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Figure A4. Box plot showing the number of beetle species (richness) in each treatment (Cut, Cut + Remove and
Uncut) and year (2013 and 2014).

Table A3. Estimated dead wood (logs, stumps and standing dead trees) with a diameter of >3cm within each
treatment plot in narrow power line corridors.

Site
Gol
102
70
71
72
73
75
76
80
81
82
83
Sum

34

Cut
105
28
62
60
17
48
50
25
14
21
8
37
475

Cut+Remove
32
7
47
21
162
58
19
0
0
5
0
35
386

Uncut
70
14
46
39
128
11
28
2
3
1
0
60
402

Total sum
207
49
155
120
307
117
97
27
17
27
8
132
1263

Table A4. Estimated dead wood (logs, stumps and standing dead trees) with a diameter of >3cm within each
treatment plot (Cut, Cut + Remove and Uncut) in wide power line corridors.

Site
66
85
86
87
92
93
95
Sum

Cut
13
46
131
125
265
70
77
727

Cut+Remove
8
9
72
46
66
141
4
346

Uncut
9
30
0
17
112
104
22
294

Total sum
30
85
203
188
443
315
103
1367
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