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Abstract 
 
A review by Cadotte et al. (2011) argue for the importance of using a functional diversity 

approach in conservation of ecosystem processes. In this study I focused on the functional group 

of cavity nesting bees, which are solitary bees creating their nests in above-ground cavities. I 

investigated how resources in a human altered landscape, in this case power line strips, may 

affect the abundance and species richness of the cavity nesting bees and two functional 

subgroups whithin the cavity nesting bees. Power line strips may function as habitat for cavity 

nesting bees by providing floral resources and possible nest sites. Brembles in power line strips 

may directly function as nest sites for the subgroup of excavator bees. Abandoned beetles holes 

in the dead wood found in the power line strips may function as nest sites for the subgroup of 

renter bees. Bees and beetles were sampled in power line strips at 27 different sites in the 

southeast Norway.  I used regression analysis (generalized linear model (GLM)) to find witch 

environmental variables best explained the abundance and species richness of cavity nesting 

bees, excavator bees and renter bees. The results showed that the abundance and species richness 

of cavity nesting bees, excavator bees and renter bees were positively associated with, and best 

explained by, the abundance of wood boring beetles. This implies that nest sites is the main 

limiting resource in power line strips, and that wood boring beetles, acting as an ecosystem 

engineer, are important in providing this nest sites. The abundance and species richness of renter 

bees are more positively related to the abundance of wood boring beetles when there are no 

brambles at the site. This indicate that the excavator bees and renter bees compete for nest sites 

in abandoned beetles holes when there are no brambles at the site. Management to conserve 

cavity nesting bees have to target and facilitate the abundance of wood boring beetles. This study 

stresses the importance of knowing the biology and indirect species interactions of the species in 

concern to prevent negative cascading effects. 
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1. Introduction 
 
A review by Cadotte et al. (2011) argue for the importance of using a functional diversity 

approach, and not only general species richness, in conservation of ecosystem processes. The 

definition of functional diversity is somewhat fuzzy (Petchey & Gaston 2006). Diaz and Cabido 

(2001) divide functional diversity into functional richness (i.e., number of functional traits 

present in a community) and functional composition (i.e., which functional traits are present in a 

community) and define functional traits as “the characteristics of an organism that are considered 

relevant to its response to the environment and/or its effects on ecosystem functioning” (Diaz 

and Cabido 2001 p. 654). Petchey & Gaston (2006) argued that one approach is to group species 

into functional groups based on their functional traits. The functional groups may further be 

divided into new functional subgroups based on other functional traits, and so on down to the 

level of interest (Petchey & Gaston 2006). The diversity in functional groups of pollinators may 

be positively associated with seed production (Hoehn et al. 2008) plant species richness and 

ecosystem sustainability (Fontaine et al. 2006). In this study I will focus on the functional group 

of pollinating bees and investigate how human caused land change may affect abundance and 

species richness within certain functional subgroups. 

There are registered just above 20.000 species of bees in the world (Ruggiero 2009). Bees 

provide important ecosystem services for humans by pollinating wild plants and agricultural 

crops (Daily 1997). Ecosystem services are defined by Daily (1997 p. 3) as “the conditions and 

processes through which natural ecosystems, and the species that make them up, sustain and 

fulfill human life”.  Although the domestic honey bees (Apis mellifera) are often referred to as 

the most important pollinator economically (Watanabe 1994), the wild bees do contribute 

substantially to the pollination of agricultural products. For instance, Greenleaf and Kremen 

(2006) showed that the presence of wild bees could enhance honey bee pollination. Research 

done by Winfree et al. (2007) showed that wild bees may, to a great extent, compensate for the 

honey bees in pollinating intensively managed watermelon fields. (Winfree et al. 2007) argued 

that the wild bees are especially important because domestic bee populations are in decline in 

several parts of the world. However, in many countries, also the wild bees are in decline, mostly 

because of human activity (Michener 2007). Especially specialized bee species have shown a 

relative decline in the Netherlands and Britain since 1980 (Biesmeijer et al. 2006). 
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According to Westrich (1996), in order to function as a habitat for non-parasitic bees, an area 

must contain three key resources. Firstly, the site has to contain suitable nest sites. For example 

bare soil and sand, or different types of cavities and stems with soft inner pits, depending on 

nesting strategy. Secondly the site has to provide nesting materials. Third, the bees need floral 

resources like nectar, pollen and for some species floral oil. Which resources are used by the bees 

depends on the different bee species and, in the case of the opportunistic bee species, which 

resources are available. There has been much focus on the importance of floral resources 

determining the bee community composition and abundance, and less focus on the importance of 

nest sites and nesting materials (Roulston & Goodell 2011). However the availability of nesting 

resources do, to some degree, determine bee community structure (Potts et al. 2005) and may be  

positively associated with the bee specie richness (Grundel et al. 2010) and bee abundance 

(Steffan-Dewenter & Schiele 2008). Steffan-Dewenter & Schiele (2008) even suggested that the 

nest sites are limited resource affecting the local population size of Osmia rufa. There are other 

studies that indicate that nest sites are limiting resources for bees. Danks (1971) suggested that 

the availability of nest sites limits the full reproductive potential for stem nesting solitary wasps 

and bees (Aculeate hymenoptera), and a study by Budrienè et al. (2004) found indications on 

inter-specific competition and niche differentiation for suitable nest sites among cavity nesting 

bees.  

Power line strips are regularly managed to prevent tall trees to interrupt the electric power lines. 

This management ensure early succession vegetation that may function as source habitat for 

earlysuccession dependent species like shrubland birds (Askins et al. 2012) or provide alternative 

habitat for species dependent on semi-natural pastures (Berg et al. 2011). According to Michener 

(2007) many bee species prefer open habitats like moderately disturbed areas and forest edges. 

Power line strips fits Michener (2007) description of a typical bee habitat with open areas, 

moderately disturbed by humans cutting down the trees, and the narrow shape of the power line 

strip that create edge habitats to the surrounding area. Russell et al. (2005) argued that power line 

strips provide potential stable habitat for bees and that power line strips may provide floral and 

nesting resources. The power line strips in an otherwise forested landscape may be have 

resemble clear cuts in forest. Romey et al. (2007) compared different intensity of logging on the 

diversity, species richness and abundance of wild bees in a northern hardwood forest in USA. 

Their results showed that the logging was associated with an increase in diversity, species 
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richness and abundance of the bees. Romey et al. (2007) suggested that the removal of trees gave 

light for more floral resources and the dead wood and weeds provided suitable nest sites for the 

bees. 

In this study I divide the functional group of pollinating bees into cavity nesting bees and below 

ground nesting bees. The cavity nesting bees are solitary bees which place their nests in above-

ground cavities. Solitary bees are bees where the females are alone in making nests and 

providing for her offspring (Michener (2007). The below ground nesting bees, in contrast to the 

cavity nesting bees, place their nests in soil or sand underneath the ground surface (see Williams 

et al.( 2010)). Some cavity nesting bees are specifically known to use bramble stems, rotten 

wood or abandoned beetle holes in wood as nest sites (Westrich 1989),  resources which are 

readily found in power line strips (personal experience). The dead wood in the power line strips 

may attract wood boring insects like the wood boring beetles. The wood boring beetles are 

beetles where the larvae develop and pupate inside the wood, often in dead wood, and bore exit 

holes when leaving the tree trunk as imago (Ehnström & Axelsson 2002).   

There are three main hypotheses in this study: Firstly, floral resources and nesting resources (i.e., 

specified as nest sites), are limiting resources affecting the abundance and species richness of 

cavity nesting bees in power line strips. Secondly, wood boring beetles and brambles are 

important in providing nest sites for these cavity nesting bees. Thirdly, there are two functional 

groups of cavity nesting bees based on their nest site biology. The first group, the excavator bees, 

are limited by the availability of nest sites in brambles. The second group, the renter bees, are 

limited by the availability of nest sites in abandoned insect holes in dead wood. 

 

My predictions are: 

 

 An increase in abundance and species richness of cavity nesting bees will be associated 

with an increase in presence of brambles (raspberries Rubus idaeus and species of 

blackberries Rubus spp), abundance of wood boring beetles, amount of dead wood and 

cover of floral resources. 

 

 An increase in abundance and species richness of excavator bees will be associated with 

an increase in cover of brambles and the cover of floral resources, and less associated 
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with an increase in abundance of wood boring beetles. 

 

 An increase in abundance and species richness of renter bees will be associated with an 

increase in abundance of wood boring beetles, amount of dead wood, and cover of floral 

resources, and less associated with an increase in cover of brambles. 

 
 
 

2. Materials and methods 
 

2.1. Study area 
 
The study sites are scattered over approximately 40,000 km2 area in south-East part of Norway. 

The area consist mostly by forests and bare mountainous areas. The forests are coniferous forests 

dominated by Norway spruce (Picea abies) and Scots pine (Pinus sylvestris)(Skogoglandskap 

2014). There is a gradient from the warm coastal areas in the south to a colder mountainous 

inland area in the north. The data presented in this theses, is a part of an ongoing study on how 

power-line strips impact on biodiversity. Candidate study sites were previously identified by 

distributing 84 sites evenly on a general map of the Statnett SF power line grid in southeast 

Norway. Thereafter, 51 of the 84 sites were selected by drawing lots. All the selected sites were 

located in power line strips with at least 200 m of forest on both sides. There were at least 9 km 

distance from the nearest site, which is further than the foraging range of most bees (Gathmann 

& Tscharntke 2002). In 2009-2010 data on vegetation composition and abiotic factors were 

collected at all the sites. Among these 51 sites, 20 sites were haphazardly selected for data 

collection on insect fauna by use of flight interception traps in 2010 (10 sites), 2011 (10 sites) 

and 2013 (10 sites). 

 

2.2. Study species 
 
Bees 

The main study species are the solitary cavity nesting Megachilid and Hylaeinae bees (see also 

(Williams et al. 2010). In this study, most of the cavity nesting bees were assigned to either of 
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two main groups of bees, based on their nesting biology. The first main group is the renter bees, 

which may use suitable pre-existing cavities as nest sites. The renter bees may use abandoned 

insect holes in dead wood as nest sites. The second main group of bees is the excavator bees, 

which are able to excavate their own nesting holes in old bramble stems. I define brambles as 

species of Rubus spp, like raspberries and blackberries, which have ligneous stems with a soft 

inner core. The bees are either obligate excavator bees and obligate renter bees (i.e., the bees 

species is either a renter or an excavator), or they may be facultative excavator and renter bees 

(i.e., the bees species is both an renter and excavator bee).  A few of the cavity nesting bees did 

not fit any of the main groups, and were categorized as cavity nesting bees.   

 
Bee collection 

Flying insects were sampled using flight-interception traps allowing for a standardized sampling 

protocol over a large geographical area with little or no bias due to collector experience. The 

flight interception traps consisted of two rectangular plates of transparent plexiglass 

(polymetylmetacrylate) each measuring 370 x 210 mm (Fig.1). The plexiglass plates were 

assembled so that they formed a vertical cross which was placed vertically on the wide end of a 

plastic funnel. The funnel lead to a bottle of preservation liquid (a 1:1 mix of propylenglycole 

and water) and a drop of detergent brand Zalo, (Lilleborg, Norway) to break the surface tension. 

Small holes were drilled above the water line of the bottles to ensure drainage of surplus 

rainwater. The traps were deployed in late April or in the beginning of May, and trapping was 

carried out continuously until the traps were demounted in August. The bottles with insects in 

preservation liquid were collected and replaced with new ones four times (approximately once a 

month) during the field season. 
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Four flight interception traps were placed in the 10 sites sampled in 2009 and 2010. I added an 

extra trap when conducting the survey in 2013 to avoid the loss of information from an entire 

study site in the case a trap had been damaged. In each site flight interception traps were 

deployed in the middle of each strip center plot (Fig. 2). A random number generator 

(www.random.org) was used to select one out of the five traps which was then removed from 

each of the 10 sites sampled in 2013. All of the 30 sites thereby potentially provided insects from 

four traps. Three sites from the collection of 20 sites from 2009 and 2010 were discarded before 

data processing since they had lost >1 trap during one of the four sampling periods. Two of the 

remaining sites had lost one trap during sampling period 1 and 4. To ensure equal sampling effort 

from each site, the random number generator (www.random.org) was used to randomly select 

and remove the data collected from one trap during the first and fourth sampling period from all 

sites. 

 

In the lab the contents of each bottle of insects was sieved through a fine-meshed net (plankton 

net). Thereafter the insects were rinsed with water and then transferred to marked glass 

Figure 1. Flight interception trap. Photot aken by Lise Davanger Häusler, 
summer 2003. 
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containers filled with 80% ethanol and 20% water. The collected bees were washed in 80% 

ethanol and blow-dried before pinning. The Bees were identified to species by Markus 

Sydenham by the use of regional identification keys (AMIET et al. 1999;  AMIET 2004). He 

also categorized the bees into cavity nesting bees, excavator bees and renter bees following 

Westrich (1989).  The collected beetles were identified by Sindre Ligaard (national expert in 

beetle taxonomy) according to the species identification key by Silfverberg (2004). He also noted 

which of the beetles that may create holes into wood according to (Fauna entomologica 

Scandinavica  ; Freude et al. 1964; Landin 1957; Nationalnyckeln till Sveriges flora och fauna  ; 

Palm 1959; Rennerfelt 1951). The nomenclature used in this study follow The Norwegian 

Biodiversity Information Centre (accessed January 2014).   

 

I quantified the number of individuals (abundance) and number of species (species richness) 

within each of the following three groups: all cavity nesting bees, excavator bees, and renter 

bees. Thus, I had six different response variables: (1) Abundance of cavity nesting bees, (2) 

Species richness of cavity nesting bees, (3) Abundance of excavator bees, (4) Species richness of 

excavator bees, (5) Abundance of renter bees and (6) Species richness of renter bees. 

 

Only beetles producing exit holes large enough for at least the smallest of the collected bees were 

included. I used information from studies documenting the average diameter of trap-nests 

utilized by cavity nesting bees (Budrienè et al. 2004; Gathmann et al. 1994). For species where 

this information could not be found, the inter-tegular distances (ITD) were measured and 

compared to the ITD of the species with published information on nest site diameters. The 

smallest bee species had an inter-tegular distance of approximately 0.9 mm and constructed nests 

in trap nests with an average diameter of 2.95 mm. I therefore only included beetles producing 

exit wholes with a diameter of at least approximately 3 mm. The biggest of the renter bees had an 

inter-tegular diameter of 3.3 mm and the average trap nesting diameter of 7.5 mm. I set the 

maximum exit hole diameter to be approximately 8 mm. I used Ehnström and Axelsson, (2002) 

to find the approximate diameter of the beetle exit holes. When there was no exit hole diameter 

present in the literature, we used the exit hole diameter for close related and equally sized 

beetles. 
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2.3. Environmental variables. 
 
Based on the beetles caught by the flight interception traps, I quantified the total number of wood 

boring beetles (Abundance of wood boring beetles) and the number of species of wood boring 

beetles (species richness of wood boring beetles) for each site. I also calculated the odds measure 

of diversity (OD) for beetles. The odds measure of diversity (OD) is defined by Kvalseth (1991, 

p. 124) as “the odds that two individuals elected at random (with replacement) from the sample 

are of different species.” 

 

Environmental variables were surveyed in each site in 12 rectangular plots measuring 4 x 5 

meters. The plots were placed in 3 groups of four plots running perpendicularly with the power 

line strips.  One group of plots was placed in the center of the power line strips (S = Strip center 

in Fig. 2). Another group was situated in the power-line strip running along the forest edge (Se  = 

strip edge in Fig. 2). The third group was placed within the forest edge parallel to the strip edge 

plots (Fe = forest edge in Fig. 2). The distance between the two nearest plots in a group was 50 

meters. Each plot contained five 1x1 meter subplots along the center line of the plot, in which 

plant and dead wood cover registrations were carried out (see below). 

 

 
Figure 2.  A schematic overview of one of the 27 sites in this study. S = Strip center, 
Se = strip edge, Fe = forest edge. 
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The percentage cover of all annual and perennial herbaceous flowering plant species was 

assessed by visual estimation in all the subplots in the strip center (S) and strip edge (Se). 

 

 
 

I divided the floral resources into three groups: Group 1 consists of only plant species of the 

Asteraceae family.  Group 2 consist of plant species of the Fabaceae, Plantaginaceae and 

Lamiaceae families. Group 3 consist of all the species from both group 1 and group 2. For each 

group, I calculated the total per cent cover for each of the subplots. Then I calculated the average 

cover for the subplots and used this as an estimate of the plant cover for the whole plot. The 

average of the estimated plant cover for the plots was used to estimate the plant cover for the 

whole site. The cover of Asteraceae ranged from 0 to 1%, and the cover of Plantaginaceae and 

Lamiaceae ranged from 0 to 10%. The total cover of Asteraceae, Fabaceae, Plantaginaceae and 

Lamiaceae ranged from 0 to 10 % 

 

I also estimated the percentage cover of brambles (in this case Rubus idaeus and Rubus 

fruticosus) in the same subplots. I calculated the average cover for the subplots and used this as 

an estimate of the plant cover for the whole plot. The average of the estimated plant cover for the 

plots was used to estimate the plant cover for the whole site. The percentage of brambles ranged 

from approximately 0% to 1.5%. 

 

The amount of dead wood in each site was estimated in three different ways. First, the estimate 

of standing dead wood was based on a count of all standing dead trees in all plots (S, Se and Fe) 

for each site (Fig. 2). The average number of standing dead trees of the plots was calculated as an 

estimate for the amount of standing dead wood for the whole site. The average number of 

standing dead wood ranged from 0 to 2. Second, the same method as for standing dead wood was 

used to estimate the amount of logs. Only logs with a diameter greater than 3 centimeter at the 

thickest part of the tree trunk, was counted. The average number of logs ranged from 0 to 13. 

Third, the percentage cover of dead wood was determined by visual estimation in each subplot in 

the S, Se, and Fe-plots. I used the average of the per cent cover of dead wood in the subplot to 

estimate the dead wood cover for the whole plot. The cover of dead wood in each site was 

estimated by calculating the average of the estimated dead wood cover for the plots in the site. 
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The per cent cover of dead wood ranged from approximately 0 to 9.6%. 

 
Digital maps (AR5©geovekst) provided by the Norwegian Forest and Landscape Institute (Bjørdal 

& Bjørkelo 2006) were used to extract GIS information on landscape context within a 2000 m 

radius. The digital maps were the most accurate maps available in Norway at the time the study 

was conducted. The maps were used to find the forest productivity class (graded to low, medium, 

high or no productivity) for each plot. The forest productivity classes in the plots were graded:  

no productivity = 0, low productivity = 1, medium productivity = 2 and high productivity =3. 

The forest productivity index for the sites was estimated as the average value of the productivity 

class in the sites. The forest productivity index ranged from 0.35 to 3. ArcGIS (ESRI, CA, USA) 

was used to extract the percentage cover of forests within the radius of 1000 meters from the 

sites. The percentage forest cover ranged from 38 to 97 % for the 27 sites.  

 

Altitude has been shown to be an important factor in structuring wild bee communities (Hoiss et 

al. 2012). I therefore also measured the Altitude of each plot by the use of a hand held GPS. The 

average altitude of the plots was used as an estimate for the site altitude. The altitude ranged 

from 32 to 560 meter above sea level. 

 

2.4.  Data analysis 

 
The data analyses were carried out using R version 2.15.1. (R Core Team 2012) 

Firstly I carried out exploratory analyses, following the recommendations in Zuur et al. (2010). I 

used boxplots and cleveland dotplots to check for any unusual observations and indications of 

heterogeneity. Several of the explanatory variables had a highly skewed distribution with many 

zeroes and low values and a few observations with high values. 

Because the bramble data and the Asteraceae data were particularly skewed, I converted them 

into categorical values with two levels: Absence and presence. 

 

I looked for collinearity between the explanatory variables and possible relationships between  

explanatory variables and response variables, by use of a correlogram (Wright 2013) (Appendix 

1). 
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If the correlation coefficient from a correlation analysis between a pair of explanatory variables 

exceeded 0.5, the two explanatory variables were treated in separate statistical models. 

 

Based on the exploratory analyses, I decided to include all the sites in the statistical analyses 

presented in this thesis, although one site had somewhat divergent values for the response 

variables. When I excluded this site from the statistical analyses, the results of the analyses were 

not qualitatively different, but the relationships between the response and the explanatory 

variables were slightly stronger. 

 

All the response variables were significantly correlated with each other with Pearson`s 

correlation coefficients (r) ranging from 0.63 to 0.93 (Appendix 1). For the explanatory 

variables, there was a positive correlation between the presence of Asteraceae plants vs the 

overall plant cover of Fabaceae, Plantaginaceae and Lamiaceae families (r = 0.41), and between 

the abundance of wood boring beetles vs altitude (r = 0.44).  I dropped the explanatory variable 

“forest productivity index” because it correlated with the presence /absence of Asteraceae plants 

(r = 0.52) and the estimated cover of plant species of the Fabaceae, Plantaginaceae and 

Lamiaceae families (r = 0.55). I also dropped the explanatory variables “percentage cover of 

dead wood” and the total cover of Asteraceae, Fabaceae, Plantaginaceae and Lamiaceae plants 

because they correlated with explanatory variables. 

 

Statistical modelling 
 
For each response variable I fitted a generalized linear model (GLM) with log link function and 

Poisson or negative binomial distribution which is appropriate for count data (see Zuur et al. 

(2009). If graphical diagnostics and the generalized Pearson statistic (Crawley 2013) showed that 

the Poisson regression model was over-dispersed, i.e., had a p- value substantially larger than 1, I 

re-fitted the model using negative binomial distribution (Venables & Ripley 2002), and model 

adequacy was confirmed by graphical validation. The level of significance was 0.05. 

 

I created models for each of the six response variables: Abundance of cavity nesting bees, 

abundance of excavator bees, abundance of renter bees, species richness of cavity nesting bees, 
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species richness of excavator bees and species richness of renter bees. The availability of nesting 

resources and the floral resources were analysed separately with different models. I included the 

species richness of wood boring beetles in the models with abundance of wood boring beetles to 

see if the species richness significantly contributed to the model. I did the same with the final 

models for the floral resources: adding the floral resources in the final models for the availability 

of nest sites, to see if the floral resources contributed significantly to the models. 

 

When building a model for the availability of nesting resources (i.e., using beetles as proxy for 

nesting resources), tree of the main explanatory variables were correlated  (correlation 

coefficient > 0.5). Therefore, for each of the 6 bee response variables, I ran separate models for 

the abundance of wood boring beetles, the species richness of wood boring beetles and the odds 

measure of diversity (OD) for the wood boring beetles. In addition, the other explanatory 

variables were included as covariates in each of these three separate models in the model 

building process. 

 

For each of the models created, I performed a pre-selection of variables by first fitting individual 

models for all the explanatory variables, and then including only variables with p≤0.10 in single-

variable models in the full model. For each response variable, explanatory variables were 

retained in the final model through backward elimination (Crawley 2013) if their influence on 

the response was statistically significant (p≤0.05). 

 

For all the models of nesting resources availability I tested for interactions between: the 

abundance of wood boring beetles and the presence of brambles, abundance of wood boring 

beetles and the estimates of dead wood, species richness of wood boring beetles and brambles, 

and the species richness of wood boring beetles and the estimates for dead wood. 

 

I log-transformed the explanatory variables of the residuals from the final models were not 

normal distributed. 

 

The pseudo R2 were taken from Zuur et al. (2009, p. 211):  100 * ((Null deviance -Residual 

deviance)/Null deviance 
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3. Results 
 

In total 147 individuals of solitary were sampled and identified to 15 species. (Table 1) The 

largest group of bees was the obligate excavator bees with 111 individuals and 4 species. This 

group comprised approximately 75% of the solitary bees sampled. The second largest group was 

the facultative excavator and renter bees with 18 individuals and 5 species. The obligate renter 

bees had 16 individuals and 5 species, and there were only two individuals and 1 species of other 

cavity nesting bees (Table 1). All the cavity nesting bee species found in this study belong to the 

genera Hoplitis, Megachile and Osmia of the Megachilidae family, and the genus Hylaeus of the 

Colletidae family. 

 

In total 835 individuals and 24 species of wood boring beetles were sampled (Table 2). 

Approximately 90 % of the beetle individuals belonged to the family Cerambycidae. The beetle 

exit hole diameter ranged from 3 mm to 8 mm.  Approximately 41% of the species and 

approximately 27% of the total abundance of the wood boring beetles sampled create exit holes 

with a diameter greater than 4 mm. 

 
 

Table 1. Cavity nesting bees recorded with flight interception traps placed in power line strips at 27 different sits in 
the southeast part of Norway.  The nesting biology and the number of individuals captured are showed. The renters 
are obligate renter bees that only use abandoned insect holes as nest sites.  Excavators are obligate excavator bees  
that only use self- made nesting holes in brambles. The renters + excavators are both renters and excavators. The 
other cavity nesting bee species, Megachile nigriventris is known to excavate nest holes insoft dead wood (Westrich 
1989) 
Family Species  Nesting biology Individuals Mean SD 
Colletidae Hylaeus angustatus Renter + Excavator 7 0,50 1,4 
Colletidae Hylaeus annulatus Excavator 17 1,2 3,2 
Colletidae Hylaeus brevicornis Renter + Excavator 2 0,14 0,45 
Colletidae Hylaeus communis Excavator 24 1,7 4,7 
Colletidae Hylaeus confusus Excavator 69 4,9 13 
Colletidae Hylaeus hyalinatus Renter + Excavator 7 0,50 1,5 
Colletidae Hylaeus rinki Excavator 1 0,071 0,26 
Megachilidae Hoplitis tuberculata Renter 1 0,071 0,26 
Megachilidae Megachile nigriventris Other cavity nesting bee 2 0,14 0,45 
Megachilidae Megachile versicolor Renter + Excavator 1 0,071 0,26 
Megachilidae Osmia bicornis Renter 1 0,071 0,26 
Megachilidae Osmia caerulescens Renter + Excavator 1 0,071 0,26 
Megachilidae Osmia nigriventris Renter 8 0,57 1,6 
Megachilidae Osmia parietina Renter 4 0,29 0,81 
Megachilidae Osmia uncinata Renter 2 0,14 0,45 
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Table 2. Wood boring beetles (beetle species that are known to bore holes with a diameter greater than 3 mm in dead 
wood) recorded with flight interception traps placed in power line strips at 27 different sites in southeast Norway. 
 
Family Species Individuals Mean SD 
Anthribidae Platystomus albinus 3 0,11 0,42 
Buprestidae Anthaxia quadripunctata 38 1,41 3,0 
Buprestidae Anthaxia similis 3 0,11 0,42 
Buprestidae Buprestis octoguttata 19 0,70 1,9 
Cerambycidae Aegomorphus clavipes 1 0,037 0,19 
Cerambycidae Alosterna tabacicolor 1 0,037 0,19 
Cerambycidae Anoplodera maculicornis 101 3,7 4,3 
Cerambycidae Anoplodera rubra 100 3,7 5,6 
Cerambycidae Anoplodera sanguinolenta 81 3,0 4,4 
Cerambycidae Arhopalus rusticus 1 0,037 0,19 
Cerambycidae Clytus arietis 15 0,56 1,0 
Cerambycidae Gaurotes virginea 2 0,074 0,38 
Cerambycidae Leptura maculata 1 0,037 0,19 
Cerambycidae Lleptura melanura 351 13,00 12 
Cerambycidae Lleptura nigra 1 0,037 0,19 
Cerambycidae Leptura quadrifasciata 70 2,6 3,0 
Cerambycidae Pogonocherus fasciculatus 2 0,074 0,27 
Cerambycidae Rhagium inquisitor 18 0,67 1,0 
Cerambycidae Rhagium mordax 18 0,67 1,0 
Cerambycidae Saperda scalaris 1 0,037 0,19 
Cerambycidae Tetropium castaneum 2 0,074 0,27 
Curculionidae Dendroctonus micans 1 0,037 0,19 
Curculionidae Pissodes pini 2 0,074 0,38 
Elateridae Anostirus castaneus 3 0,11 0,32 

 
 

3.1. Availability of nest site resources 

 
All the six bee response variables (i.e., abundance of cavity nesting bees, species richness of 

cavity nesting bees, abundance of excavator bees, species richness of excavator bees, abundance 

of renter bees and species richness of renter bees) were positively related to the abundance of 

wood boring beetles. Furthermore, no other explanatory variables were significant when 

included as a covariate in the models together with in the abundance of wood boring beetles, 

even though they were significantly related to the response variables when included as the only 

explanatory variable. 

All the six bee response variables were also positively related to the species richness of wood 

boring beetles. For the models explaining the abundance of cavity nesting, excavator and renter 



17 
 

bees, the presence of brambles was the only covariate that significantly contributed to the models 

together with the species richness of wood boring beetles. For the models explaining species 

richness of cavity nesting, excavator and renter bees, no other explanatory variables were 

significant when included as a covariate in the models together with the species richness of wood 

boring beetles, even though they were significantly related to the response variables when 

included as the only explanatory variable.  The pseudo R2 was invariably greater for the models 

with abundance of wood boring beetles as explanatory variable compared to the models with 

species richness of wood boring beetles (sometimes together with presence of brambles) as 

explanatory variables. 

 

3.1.1. Cavity nesting bees 
 
The abundance of cavity nesting bees was positively related to the abundance of wood boring 

beetles. The abundance of bees increased exponentially with increasing number of beetle 

individuals (Table 3, Fig. 3). The abundance of wood boring beetles explained 54% of the 

variation in the abundance of cavity nesting bees. One site was identified as a potential outlier 

(Fig. 3) However, refitting the model without this site did not qualitatively change the results, but 

provided a better fit (pseudo R2 = 0.75). 

 

The abundance of cavity nesting bees was also positively related to the species richness of wood 

boring beetles and the presence of brambles (Table 3). Sites with brambles were likely to have a 

higher abundance of cavity nesting bees compared to sites with the same species richness of 

wood boring beetles but without the brambles. The species richness of wood boring beetles and 

the presence of brambles explained 34% of the variation in the abundance of cavity nesting bees. 

This was less explained variation compared to the above mentioned model where the abundance 

of cavity nesting bees was explained by the abundance of wood boring beetles (pseudo  R2 = 54). 
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Table 3. The relationship between the abundance of cavity nesting bees (solitary bees that make their nests in above 
ground cavities) and the presence of  brambles (raspberries and blackberries) and the species richness  and  
abundance of  wood boring beetles (beetles that bore holes with a diameter > 3 mm in dead wood). The abundance 
and species richness of wood boring beetles were correlated (r = 0.50) and therefore treated in separate models. 

Response 
variable 

Explanatory  
variables 

β SE d.f. z P Pseudo- 
R2 

 
Abundance of cavity nesting bees 

      
0.54 

 Intercept 0.61 0.22 1 2.8 0.010  

 Abundance of wood boring beetles 0.027 
 

0.0047 1 5.7 < 0.0001  

 
Abundance of cavity nesting bees 

      
0.34 

 Intercept -0.36 0.52 1 -0.68 0.49  

 Species richness of wood boring 
beetles 

0.25 0.070 1 3.5 <0.001  

 With brambles (vs no brambles) 0.76 0.32 1 2.3 0.019  

The models are generalized linear models (GLM) with negative binomial distribution and log link, n = 27.Other 
explanatory variables tested, but found not to be significant, are:  Altitude (m),  amount of forest in a diameter of 
1000 meters from site (m2), average number of standing dead trees per 20m2 plot,  average number of logs per 20 m2 
plot, and odds measure of diversity (OD) of wood boring beetles.  The models are based on insects sampled by flight 
interception traps placed in power line strips at 27 different sites in the southeast Norway. (Fig.1) 
 

 
Figure 3.  Abundance of cavity nesting bees (solitary bees known to make nests in above ground cavities) 
in relation to the abundance of wood boring beetles (beetles known to bore holes greater than 3 mm in 
dead wood ). The observations are marked as dots included some random noise (jitter) to separate similar 
observations. The solid line is based on fitted values from the final generalized linear model (GLM). The 
dotted line is the 95% confidence interval. For Further details, see table 3. 
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The species richness of cavity nesting bees was positively related to the abundance of wood 

boring beetles. The species richness of bees increased exponentially with increasing number of 

beetle individuals (Table 3, Fig.4) The abundance of wood boring beetles explained 42% of the 

variation in the species richness of cavity nesting bees. 

 

The species richness of cavity nesting bees was also positively related to the species richness of 

wood boring beetles. (Table 4, Fig.5). The species richness of wood boring beetles explained 

34% of the variation in species richness of cavity nesting bees. This is less explained variation 

compared to the above mentioned model where the species richness of cavity nesting bees was 

explained by the abundance of wood boring beetles. 

 

 
Table 4. The relationship between the species richness of cavity nesting bees (solitary bees that   place their nests in 
above ground cavities) and the species richness and abundance of wood boring beetles (beetles that bore holes with 
a diameter > 3 mm in dead wood). The abundance and species richness of wood boring beetles were correlated (r = 
0.50) and therefore treated in separate models. 

Response 
variable 

Explanatory  
variables 

β SE d.f. z P Pseudo
- R2 

 
Species richness of cavity nesting bees 

      
0.42 

 Intercept 0.38 0.21 1 1.8 0.069  

 Abundance of wood boring 
beetles 
 

0.020 0.0041 1 3.7 <0.001  

Species richness of cavity nesting bees      0.34 

 Intercept -0.14 0.39 1 -0.37 0.70  

 Species richness of wood boring 
beetles 

0.17 0.050 1 3.1 <0.01  

        
The models are generalized linear models (GLM) with poisson distribution and log link, n = 27.Other explanatory 
variables tested, but found not to be significant, are:  presence of brambles (raspberries and blackberries), altitude 
(m),  amount of forest in a diameter of 1000 meters from site (m2), average number of standing dead trees per 20 m2 
plot,  average number logs per 20 m2 plot, and odds measure of diversity (OD) of wood boring beetles.  The models 
are based on insects sampled by flight interception traps placed in power line strips at 27 different sites in southeast 
part of Norway.    
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3.1.2. Excavator bees 
 
The abundance of excavator bees was positively related to the abundance of wood boring 

beetles; the abundance of bees increased exponentially with increasing number of beetle 

individuals. (Table 5, Fig.6). The abundance of wood boring beetles explained 47% of the 

variation in the abundance of excavator bees. One site was identified as a potential outlier (Fig. 

6). However, refitting the model without this site did not qualitatively change the results, but 

provided a better fit (pseudo R2 = 0.70). 

 

The abundance of excavator bees was also positively related to the species richness of wood 

boring beetles and the presence of brambles (Table 5). Sites with brambles were likely to have a 

higher abundance of excavator bees compared to sites with the same species richness of wood 

boring beetles but without the brambles. The species richness of wood boring beetles and 

presence of brambles explained 32% of the variation in abundance of excavator bees. This is less 

explained variation compared to the above mentioned model where the abundance of  excavator 

bees was explained by the abundance of wood boring beetles (pseudo  R2 = 47). 

 
Figure 4 Species richness of cavity nesting bees (solitary 
bees known to plaice their nests in above ground cavities) 
in relation to the abundance of wood boring beetles (beetles 
known to bore holes greater than 3 mm in dead wood). The 
observations are marked as dots included some random 
noise (jitter) to separate similar observations. The solid line 
is based on fitted values from the final generalized linear 
model (GLM). The dotted line is the 95% confidence 
interval. For Further details, see table 4. 

 
Figure 5 Species richness of cavity nesting bees (solitary 
bees known to place their nests in above ground cavities) in 
relation to the species richness of wood boring beetles 
(beetles known to bore holes greater than 3 mm in dead 
wood). The observations are marked as dots included some 
random noise (jitter) to separate similar observations. The 
solid line is based on fitted values from the final generalized 
linear model (GLM). The dotted line is the 95% confidence 
interval. For Further details, see table 4. 
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Table 5. The relationship between the abundance of excavator bees (solitary bees that may excavate their own 
nesting holes in bramble stems) and the presence of brambles (raspberries and blackberries) and the species richness 
and abundance of wood boring beetles (beetles that bore holes with a diameter >3 mm in dead wood). The 
abundance and species richness of wood boring beetles were correlated (r = 0.50) and therefore treated in separate 
models. 

Response 
variable 

Explanatory  
variables 

β SE d.f. z P Pseudo
- R2 

 
Abundance of   excavator bees 

      
0.47 

 Intercept 0.49 0.25 1 2.0 0.049  

 Abundance of wood boring 
beetles 

0.027 0.010 1 4.9 <0.0001  

 
Abundance of   excavator bees 

      
  0.32 

 Intercept -0.56 0.56 1 -1.0 0.32  

 Species richness of wood 
boring beetles 

0.26 0.080 1 3.4 <0.001  

 With brambles (vs no 
brambles) 
 

0.77 0.34 1 2.2 0.03  

The models are generalized linear models (GLM) with negative binomial distribution and log link, n = 27.Other 
explanatory variables tested, but found not to be significant, are:  Altitude (m),  amount of forest in a diameter of 
1000 meters from site (m2), average number of standing dead trees per 20m2 plot,  average number of  logs per 
20m2 plot, and odds measure of diversity (OD) of wood boring beetles.  The models are based on insects sampled by 
flight interception traps placed in power line strips at 27 different sites in the south-eastern part of Norway.    
 

 Figure 6  Abundance of excavator bees (solitary bees that are able to excavate nesting holes in bramble 
stems) in relation to the abundance of dead wood boring beetles (beetles known to bore holes greater than 
3 mm in dead wood ). The observations are marked as dots included some random noise (jitter) to separate 
similar observations. The solid line is based on fitted values from the final generalized linear model 
(GLM). The dotted line is the 95% confidence interval. For Further details, see table 5. 
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The species richness of excavator bees was positively related to the abundance of wood boring 

beetles. The species richness of bees increased exponentially with increasing number of beetle 

individuals  (Table 6, Fig.7) The abundance of wood boring beetles explained 31% of the 

variation in species richness of excavator bees. 

 

The species richness of excavator bees was also positively related to the species richness of 

wood boring beetles (Table 6, Fig.8). The species richness of wood bring beetles explained 29% 

of the variation in species richness of excavator bees. This is less explained variation compared 

to the above mentioned model where the species richness of excavator bees was explained by the 

abundance of wood boring beetles. 

 

 
Table 6. The relationship between the species richness of excavator bees (solitary bees that may excavate their own 
nesting holes in bramble stems) and abundance and specie richness of wood boring beetles (beetles that bore holes 
with a diameter > 3 mm in dead wood). The abundance and species richness of wood boring beetles were correlated 
(r = 0.50) and therefore treated in separate models. 

Response 
variable 

explanatory 
variables 

β SE d.f. z P Pseudo
- R2 

 
Species richness of excavator bees 

      
0.31 

 Intercept 0.20 0.24 1 0.88 0.38  

 Abundance of wood boring 
beetles 

0.010 0.0048 1 2.9 <0.01  

 
Species richness of excavator bees 

      
0.29 

 Intercept -0.34 0.43 1 -0.77 0.44  

 Species richness of wood 
boring beetles 
 

0.16 0.060 1 2.7 0.010  

The models are generalized linear models (GLM) with poisson distribution and log link, n = 27.Other explanatory 
variables tested, but found not to be significant, are:  presence of brambles (raspberries and blackberries), altitude 
(m),  amount of forest in a diameter of 1000 meters from site (m2), average number of standing dead trees per 20 m2 
plot,  average number of lying dead trees per 20 m2 plot, and odds measure of diversity (OD) of wood boring 
beetles.  The models are based on insects sampled by flight interception traps placed in power line strips at 27 
different sites in  southeast part of Norway. 
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3.1.3. Renter bees 
 
The abundance of renter bees was positively related to the abundance of wood boring beetles. 

The abundance of bees increased exponentially with increasing number of beetle individuals 

(Table 7, Fig. 9).  The abundance of wood boring beetles explained 55% of the variation in 

abundance of renter bees. 

 

There was a possible interaction (P = 0.067) between the abundance of wood boring beetles and 

the brambles. The abundance of renter bees is more positively related to the abundance of wood 

boring beetles when there are no brambles at the sites, compared to when there are brambles at 

the sites (Table 7, Fig. 10). The interaction between the abundance of wood boring beetles and 

the presence of brambles explained 58% of the variation in abundance of renter bees. That is a 

higher explained variation compared to the above mentioned model where the brambles and the 

interaction between the abundance of wood boring beetles and the brambles were not included 

Figure 7 Species richness of excavator bees (solitary 
bees that may excavate their own nesting holes in 
bramble stems) in relation to the abundance of wood 
boring beetles (beetles known to bore holes greater
than 3 mm in dead wood). The observations are 
marked as dots included some random noise (jitter) 
to separate similar observations. The solid line is 
based on fitted values from the final generalized 
linear model (GLM). The dotted line is the 95% 
confidence interval. For Further details, see table 6. 

 
Figure 8 Species richness of excavator bees (solitary bees 
that may excavate their own nesting holes in bramble 
stems) in relation to the species richness wood boring 
beetles (of the beetles known to bore holes greater than 3
mm in dead wood). The observations are marked as dots 
included some random noise (jitter) to separate similar 
observations. The solid line is based on fitted values from 
the final generalized linear model (GLM). The dotted line 
is the 95% confidence interval. For Further details, see 
table 6. 
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The abundance of renter bees was also significant positively related to the species richness off 

the wood boring beetles and the presence of brambles (Table 7). There were a higher abundance 

of renter bees in sites with brambles compared to sites without brambles. The species richness of 

wood boring beetles and the presence of brambles explained 27% of the variation in the 

abundance of renter bees. This was a less explained variation compared to the two above 

mentioned models where the abundance of renter bees was explained by the abundance of wood 

boring beetles, with and without the interaction with brambles. 
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Table 7. The relationship between the abundance of  renter bees (solitary bees that may use abandoned insect holes 
as nest site) and  the presence of brambles (raspberries and blackberries) and the species richness  and  abundance of 
wood boring beetles (beetles that bore holes with a diameter >3 mm in dead wood ). The abundance and species 
richness of wood boring beetles were correlated (r = 0.50) and therefore treated in separate models. 

Response 
variable 

Explanatory  
variables 

β SE d.f. z P Pseudo
- R2 

 
Abundance of renter bees 

      
0.55 

 Intercept* -4.5 1.0 1 -4.3 <0.0001  

 log(abundance of wood boring 
beetles) 

1.4 0.27 1 5.0 <0.0001  

 
Abundance of renter bees 

      
0.58 

 Intercept* -2.5 0.93 1 -2.6 < 0.01  

 Abundance of dead wood boring 
beetles 

0.078 0.026 1 3.0 <0.01  

 With brambles (vs no brambles) 1.6 1.0 1 1.5 0.14  

 Interaction bramble and 
abundance dead wood boring 
beetles a 

-0.050 0.027 1 -1.8 0.067  

 
Abundance of renter bees 

      
0.27 

 Intercept ** -2.1 0.80 1 -2.6 0.010  

 Species richness of wood boring 
beetles 

0.25 0.10 1 2.5 0.013  

 With brambles (vs no brambles) 
 

1.1 0.50 1 2.2 0.025  

* Generalized linear models (GLM) with poisson distribution and log link. 
**  Generalized linear models (GLM) with negative binomial distribution and log link. 
a  When dropped interaction  (brambles x abundance wood boring beetles) the model becomes:   
 Intercept: z = -3.0, P = <0.01 
 Abundance of wood boring beetles: z = 4.4, P = <0.0001, 
 With brambles (vs no brambles) z = -0.077, P = 0.94,   Pseudo-R2 = 0.52 
 
Other explanatory variables tested, but found not to be significant, are:  Altitude (m),  amount of forest in a diameter 
of 1000 meters from site (m2), average number of standing dead trees per 20 m2 plot,  average number logs per 20 
m2 plot, and odds measure of diversity (OD) of wood boring beetles.  The models are based on insects sampled by 
flight interception traps placed in power line strips at 27 different sites in the southeast part of Norway. n = 27. 
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Figure 10  The abundance of renter bees (solitary bees using abandoned insect holes as nest site)  were 
related differently to the abundance of wood boring beetles (beetles known to bore holes with a diameter 
greater than 3 mm in dead wood) depending on if there are brambles (red solid line) or no brambles (black 
solid line) at the site. The dotted lines mark the 95% confidence interval for the two models. The dots 
represent the observations, including some random noise (jitter) to separate similar observations. The red 
dots represent sites with brambles, and the black dots represent sites without brambles. The interaction 
between brambles and wood boring beetles got a p-value on 0.067. There are only sampled less than 50 
wood boring beetles on sites without brambles, therefore the limited fitted values for the black line. For 
further details, see table 7. 

 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 

Figure 9.  Abundance of renter bees (solitary bees that may use abandoned insect holes as nest sites) 
in relation to the log-e-transformed abundance of wood boring beetles (beetles known to bore holes 
greater than 3 mm in dead wood). The observations are marked as dots included some random noise 
(jitter) to separate similar observations. The solid line is based on fitted values from the final 
generalized linear model (GLM). The dotted line is the 95% confidence interval. For Further details, 
see table 7. 

 



27 
 

The species richness of renter bees was positively related to the abundance of wood boring 

beetles. The Species richness of bees increased exponentially with increasing number of beetle 

individuals   the abundance of wood boring beetles explained 40% of the variation in the species 

richness of renter bees. 

 

There was an interaction (P= 0.050) between the abundance of wood boring beetles and cover of 

brambles. The species richness of renter bees was related differently to the abundance of wood 

boring beetles depending on if there are brambles at the sites or not; there was a stronger increase 

in bee richness with increasing beetle abundance when brambles were not present (Table 8, Fig. 

11).  The interaction between the abundance of wood boring beetles and the presence of 

brambles explained 44% of the variation in the species richness of renter bees. That was higher 

explained variation compared to the above mentioned model where the species richness of renter 

bees was explained only by the abundance of wood boring beetles. 

 

The species richness of renter bees is also positively related to the species richness of wood 

boring beetles. (Table 8, Fig.12). The species richness of wood boring beetles explained 23% of 

the variation in the species richness of renter bees. That was less explained variation compared to 

the two above mentioned models where the species richness of renter bees was explained by the   

abundance of wood boring beetles, with and without the interaction with brambles. 
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Table 8. The relationship between the species richness of renter bees (solitary bees that may use abandoned insect 
holes as nest site) and  the presence of brambles (raspberries and blackberries) and the species richness  and  
abundance of wood boring beetles (beetles that bore holes with a diameter >3 mm in dead wood). The abundance 
and species richness of wood boring beetles were correlated (r = 0.50) and therefore treated in separate models. 

Response 
variable 

Explanatory 
variables 

β SE d.f. z P Pseudo- R2 

 
Species richness of renter bees 

      
 

0.40 

 Intercept -1.1 0.39 1 -2.9 < 0.01  

 Abundance of wood boring 
beetles 

0.030 0.010 1 3.9 < 0.0001  

 
Species richness of renter bees 

      
 

0.44 

 Intercept -2.5 0.93 1 -2.6 < 0.01 
 

 

 Abundance of dead wood 
boring beetles 
 

0.078 0.026 1 3.0 < 0.01  

 With brambles (vs no 
brambles) 
 

1.4 1.1 1 1.2 0.21  

 Interaction bramble and 
abundance of dead wood 
boring beetles * 

-0.054 0.028 1 -2.0 0.050  

 
Abundance of renter bees 

      
 

0.23 

 Intercept -1.8 0.70 1 -2.5 0.011  

 Species richness of wood 
boring beetles 
 

0.25  1 0.09 2.8  

* When dropped interactions brambles x abundance wood boring beetles, the models becomes: 
 Intercept: z = -2.9, P = < 0.01 
 Abundance of renter bees: z = 3.9, P = < 0.0001 
 With brambles (vs no brambles): z = -0.72, P =0.47. Pseudo-R2 = 0.52= 0.40. 
The models are generalized linear models (GLM) with poisson distribution with log link, n = 27.Other explanatory 
variables tested, but found not to be significant, are:  presence of brambles (raspberries and blackberries), altitude 
(m), amount of forest in a diameter of 1000 meters from site (m2), average number of standing dead trees per 20 m2 
plot,  average number of logs per 20 m2 plot, and odds measure of diversity (OD) of wood boring beetles. The 
models are based on insects sampled by flight interception traps placed in power line strips at 27 different sites in 
southeast part of Norway.    
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Figure 13 Species richness of renter bees (solitary bees 
that may use abandoned insect holes as nest site) in 
relation to the species richness of wood boring beetles 
(the beetles known to bore holes greater than 3 mm in 
dead wood (so-called wood boring beetles). The 
observations are marked as dots included some random 
noise (jitter) to separate similar observations. The solid 
line is based on fitted values from the final generalized
linear model (GLM). The dotted line is the 95% 
confidence interval. For Further details, see table 8.   

 
Figure 11 Species richness of renter bees (solitary bees 
that may use abandoned insect holes as nest site) in 
relation to the abundance of wood boring beetles (beetles 
known to bore holes greater than 3 mm in dead wood). The 
observations are marked as dots included some random
noise (jitter) to separate similar observations. The solid 
line is based on fitted values from the final generalized 
linear model (GLM). The dotted line is the 95% 
confidence interval. For Further details, see table 8. 

 
Figure 12 The species richness of renter bees (solitary bees using abandoned insect holes as nest site)  were related differently to 
the abundance of wood boring beetles (beetles known to bore holes with a diameter greater than 3 mm in dead wood) depending on 
if there are brambles (red solid line) or no brambles (black solid line) at the site. The dotted lines mark the 95% confidence interval 
for the two models. The dots represent the observations, including some random noise (jitter) to separate similar observations. The 
red dots represent sites with brambles, and the black dots represent sites without brambles. The interaction between brambles and 
wood boring beetles got a p-value on 0.050. There are only sampled less than 50 wood boring beetles on sites without brambles, 
therefore the limited fitted values for the black line. For further details, see table 8. 
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3.2. Availability of floral resources 

 
There was a higher abundance of cavity nesting bees in sites with plants in the  Asteraceae 

family compared to sites without these plants. The presence of plants in the Asteraceae family 

explained 12 % of the variation in the abundance of cavity nesting bees. (Table 9, and Fig 14) 

There was also a higher abundance of renter bees in sites with plants in The Asteraceae family 

compared to sites without these plants. The presence of plants in the Asteraceae family explained 

17 % of the variation in the abundance of cavity nesting bees. See table 9 and figure 15. 

 

 
Table 9 The relation between the abundance of cavity nesting bees (solitary bees that use above ground cavities as 
nest sites) and  floral resources represented by the presence of plants in the Asteraceae family. And the relationship 
between the abundance of renter bees (solitary bees that may use abandoned insect holes as nest site) and floral 
resources represented by presence of plants in the Asteraceae family. 

Response 
variable 

Explanatory variables β SE d.f. z P Pseudo- R2 

 
Abundance of cavity nesting  bees 

      
0.12 

 Intercept 1.4 0.23 1 5.9 < 0.0001  

 With  Asteraceae (vs no 
Asteracae) 

0.70 0.36 1 1.9 0.05  

 
Abundance of renter bees 

      
0.17 

 Intercept -0.35 0.35 1 -1 0.32  

 With  Asteraceae (vs no 
Asteracae) 
 

1.1 0.48 1 2.4 0.02  

The models are generalized linear models (GLM) with negative binomial distribution, and log link. n = 27. Another 
explanatory variabls tested, but found not to be significant, is the estimated per cent cover of species of the 
Fabaceae, Plantaginaceae and Lamiaceae families. The models are based on insects sampled by flight interception 
traps placed in power line strips at 27 different sites in southeast part of Norway.    
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When these two models were included together with the corresponding final models, i.e., the 

same response variables, for nesting resource availability, no one of the floral resource variables 

contributed significantly to the new models. 

 

The other explanation variables that were tested, but did not contribute significantly to the 

models were: altitude (m), amount of forest in a diameter of 1000 meters from site (m2), average 

number of standing dead trees per 20 m2 plot, average number of logs per 20 m2 plot, odds 

measure of diversity (OD) of wood boring beetles, and the per cent cover of species of the 

Fabaceae, Plantaginaceae and Lamiaceae families. 

 
 

 
Figure 14  Boxpolot  of the abundance of cavity nesting 
bees (solitary bees nesting in above ground cavities), 
with (1) and without (0)  plants in the Asteraceae family. 
When the data is ranked, the lower part of the box (the 1 
quartile) represent 25 % of the data, the black dot 
represent the median or the 50 % of the data, and , the 
upper part of the box represent 75% of the data. The 
upper and lower whiskers represents represents 
respectively 90% and 10 % of the data. The open circle 
represents outliers.  For further details see table 9 

Figure 15  Boxpolot  of the abundance of renter 
bees (solitary bees that are known to use 
abandoned insect holes as nest sites), with (1) and 
without (0)  plants in the Asteraceae family. When 
the data is ranked, the lower part of the box (the 1 
quartile) represent 25 % of the data, the black dot 
represent the median or the 50 % of the data, and , 
the upper part of the box represent 75% of the data. 
The upper and lower whiskers represents represents 
respectively 90% and 10 % of the data. The open 
circle represents outliers.  For further details see 
table 9 
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4. Discussion 
 

Partly as expected from the hypotheses, the abundance of wood boring beetles was the most 

important explanatory variable to explain the abundance of cavity nesting bees. The fact that 

many of the cavity nesting bees may use abandoned insect holes as nest sites Westrich (1989) 

and that wood boring beetles create holes with a diameter similar to the trap nest diameter used 

by the bees (see methods) makes it reasonable to conclude that the abundance of wood boring 

beetles is related to the availability of nest sites for cavity nesting bees. As far as I know, there 

are no studies investigating the association between the abundance of cavity nesting bees and 

wood boring beetles. The closest study I have found is by Potts et al. (2005); they investigated 

how the availability of nesting resources was associated with the bee community structure. They 

did not find any significant associations between the abundance of old insect burrows in soil and 

wood, and the abundance of bees which use these old burrows as nest sites. This was a more 

directly count of nest sites compared to my study where the abundance of wood boring beetles 

was used as proxy for the availability of suitable nesting holes. In contrast to my predictions, 

there were no relationship between the amount of dead wood and the abundance of cavity 

nesting bees. This indicates that the dead wood is not a limiting resource for cavity nesting bees 

in this habitat. I had expected a correlation between the amount of dead wood and the abundance 

of wood boring beetles. Such a correlation was not to be found. The wood boring beetles are 

dependent on dead wood to reproduce. No association between the amount of dead wood and the 

abundance of wood boring beetles may indicate that dead wood is not a limiting resource for 

wood boring beetles in this habitat. Rather, cavity nesting bees may be limited by the availability 

of nest sites in dead wood, provided by the wood boring beetles. This implies that whatever 

influences the population of wood boring beetles also affect the abundance of cavity nesting bees 

as in a cascading effect (“A cascade effect is an unforeseen chain of events due to an act affecting 

a system.”(Xie et al. 2014, p. 338). 

 

Even though the species richness of wood boring beetles and the presence of brambles explained 

much of the variation in the abundance of cavity nesting bees, they together were not as good 

explanatory variables as the abundance of cavity nesting beetles. The variation in abundance of 

cavity nesting bees explained by the species richness of wood boring beetles probably appears 
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because the species richness of wood boring beetles reflects the abundance of wood boring 

beetles. This interpretation is supported by the fact that the species richness of wood boring 

beetles is also correlated with the odds measurement of diversity (OD), which was not associated 

with the abundance of cavity nesting bees. According to this model, it is likely to find a higher 

abundance of cavity nesting bees when there are brambles at the site, compared to if the 

brambles were missing. Also a study by Potts et al. (2005) indicate that there may be an 

association between the availability of pithy stems (which resembles the brambles in my study) 

and the abundance of stem nesting bees. I had expected the brambles to contribute more to the 

models because the majority of the cavity nesting bees trapped in this study,  approximately 

75%, are grouped as obligate excavators. Additionally, I had expected the brambles to be a 

limited resource because their cover was relatively scarce (0-1.5%). However the fact that 

Hylaeus confusus and Hylaeus communis, the two most abundant species grouped as obligate 

excavator bees, have been found in trap nests (Gathmann et al. 1994; Steffan-Dewenter 2002) 

may indicate that they may use pre-existing cavities if available. Consequently, the brambles 

may not be that important for excavator bees. This may also elucidate why the abundance of 

excavator bees are best explained by the abundance of wood boring beetles. 

 

The abundance of renter bees was best explained by interaction models where the abundance of 

renter bees reacts stronger on an increase in abundance of wood boring beetles when there are no 

brambles at the site, compared to if there were brambles at the site. This interaction may be 

explained by the facultative excavator bees. When there are no brambles at the sites, the 

facultative excavator bees have to find nest sites elsewhere, and may thereby compete with the 

renter bees for the nest sites in abandoned insect holes. Consequently the nest in abandoned 

insect holes is a more limited resource when there are no brambles at the site. One may conclude 

that nest sites in abandoned insect holes and brambles are important in supporting maximum 

abundance for both renter bees and the excavator bees. The same interaction appears when 

explaining the variation in species richness of renter bees. The abandoned insect holes and 

brambles may be important in supporting maximum species richness of both renter bees and 

excavator bees at a site. All this leads to the conclusion that the two functional groups, the renters 

and excavators, are much the same in nesting biology when there are little brambles at the site. 

Still the two functional groups may react differently in response to changes in amount of 
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brambles and abandoned beetle holes in dead wood. The relatively sparse cover of brambles (0 -

1.5%) in the sites may explain why I found little differences in limiting resources for the 

excavator and renter bees.  

 

The abundance of wood boring beetles is the most important explanatory variable to explain the 

species richness of cavity nesting bees. Contrary to my expectations, the diversity of wood 

boring beetles was not related to the species richness of cavity nesting bees. This means that the 

species richness of cavity nesting bees is not, or only slightly associated with the species richness 

of wood boring beetles. The results may indicate that the bees are not that particular in their 

choice of cavity nesting diameter. Even though the trap- nesting bees species often differ in the 

main preferred nesting hole diameter, they may overlap in their range of nesting hole diameters 

used (Budrienè et al. 2004). Such a niche overlap may cause competition between bee species, 

exemplified by the findings of Strickler et al. (1996) that Megachile relativa nests were occupied 

by competing trap- nesting bee species. An increase in the number of available nesting holes may 

be associated with a decrease in competition and more species of cavity nesting bees can coexist. 

These findings indicate that there are other factors deciding the species richness of cavity nesting 

bees, and the abundance of wood boring beetles is only important in creating nest sites to support 

this species richness. 

 

An interesting remark has to be given related to the explanatory variable altitude. The altitude 

did not contribute significantly to the final models, however, seen from the corellogram 

(Appendix 1) and the process of pre-selection of explanatory variables the altitude did show 

some interesting correlations. Firstly the abundance of wood boring beetles, and not species 

richness of wood boring beetles as one might expect, was negatively associated to the altitude. 

Secondly, the species richness of cavity nesting bees was also negatively associated with the 

altitude. According to the meta-analysis by Rahbek (1995), there are several studies 

demonstrating the general ecological rule saying species richness is negatively associated with 

increasing altitude. Even though Rahbek (1995) point out that this pattern do not always follow a 

straight line and may not even exist, the species richness of cavity nesting bees in my study 

follow the general rule fairly well. In my study, the relationship with altitude may indicate either 

that the altitude explains some of the variation in the abundance of wood boring beetles and 
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therefore indirectly explain the variation in the species richness of cavity nesting bees, or that 

both the abundance of wood boring beetles and the species richness of cavity nesting bees 

independently, in some degree, correlates with the altitude. I will not try to debate why this 

pattern appears in my results because the altitude represents many factors not easy to distinguish 

from another. Korner (2007) stress that altitude represents gradients which may be directly 

related to the high above sea level and other local gradients like moisture, geology, urbanization. 

 

From this study, the abundance of cavity nesting bees is positively associated with the presence 

of asteraceae plants. But this association is relatively weak (R2 =12%).  As pointed out by 

Roulston and Goodell (2011), the majority of studies investigating resource availability for bees, 

conclude that floral resources are important limiting resources. However there are examples of 

studies where this is not the case. Grundel at al. (2010) studied the bee distribution in Northwest 

Indiana, USA. They did not find any relationship between the total amount of flower stems 

(abundance of floral resources) and the abundance of bees. Even though floral resources are 

essential for sustenance of viable bee populations, my study indicates that floral resources may 

not be the main limiting resource in power line strips. 

 

Anthropogenic changes in land use may be associated with direct and indirect effects on local 

species. The change from forest to power line strips may have direct and indirect consequences 

for the bee species. The results from this study indicate that the power line strips directly enhance 

the abundance of cavity nesting bees by providing floral resources. Additionally, the power line 

strips indirectly affect the species richness and abundance of cavity nesting bees by providing 

dead wood that function as nursery for wood boring beetles, and thereby providing nest sites for 

renter bees. The wood boring beetles can be considered ecosystem engineers in relation to the 

renter bees. Ecosystem engineers are “organisms that directly or indirectly modulate the 

availability of resources to other species by causing physical state changes in biotic or abiotic 

materials. In so doing they modify, maintain and create habitats” (Jones et al. 1994, p.374). The 

resources provided by physical body of the organism do not count in this definition (Jones et al. 

1994).  The wood boring beetles may be compared to the woodpeckers, which Jones et al. (1994) 

pointed out as an ecosystem engineer. The woodpeckers creates holes in wood, and thereby 

provides nest sites for other birds and bats (Jones et al. 1994). 
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My study indicate that the excavator bees and renter bees may react differently in response to the 

availability of brambles and abandoned beetle holes in dead wood, even though they apparently 

are limited by the same resources. Excavator bees may persist in a habitat without abandoned  

beetle holes as long as there are brambles at the site. The renter bees may not. A review by 

Williams et al. (2010) argue for the importance of using life-history and ecological trait of bees 

to understand their response to environmental change. Matteson et al. (2008) divided bees into 

nesting guilds and observed that some guilds are more common than others in New York urban 

gardens. This may indicate that some functional groups of bees respond differently to 

urbanization. Also Williams et al. (2010) used bee nesting guilds when they conclude that renter 

bees react stronger to disturbance compared to the excavator bees, and that cavity nesting bees 

may react differently to environmental change compared to below ground nesting bees. When 

managing to protect the cavity nesting bees, managers have to consider, not only the availability 

of floral resources, but also the availability of nesting resources.  The best way of protecting the 

cavity nesting bees in power line strips is by preserving the wood boring beetles and ensure 

enough brambles for the excavator bees. This study show the importance of knowing the biology 

and indirect species interactions of the species in concern to prevent cascading effects. 
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