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Abstract 

The longhorn beetle Plagionotus detritus is associated with newly dead oak wood and is 

declining throughout its distribution range. In Sweden, P.detritus has displayed one of the 

most dramatic reductions in distribution recorded for insect species and is near regional 

extinction. As a result of logging, agricultural intensification, fire, land clearing, droughts, 

competition with invasive plants, edge effects, disease, insect attacks, and air pollution, the 

availability of substrate as well as the species has declined. Today there are only two current 

populations in Sweden, a stable one in Stockholm, Stockholm County and one in Båtfors, 

Uppsala County (ca 130 km distance) which has been reintroduced after going extinct in the 

past. Data over available substrate and trapping, and data over landcover type at the two sites, 

were used to conduct a model selection to find the best-fitted model to predict caught beetles 

per day. Data over available substrate was taken from this study’s fieldwork and fieldwork 

conducted by the County Administrative Board. Trapping data were provided through 

previous pheromone trapping. Data on land cover types were provided by the Swedish Land 

Survey authority. The results showed that the environment in Stockholm was more suitable 

than that in Båtfors regarding P.detritus. It also showed that there are, in periods, factors 

hindering the rejuvenation of oaks due to the deficit of larger rejuvenation trees. Lastly, the 

results showed that the importance of the surveyed variables (e.g., vitality, sun exposure, 

basal area) varied between the two sites. This, however, needs to be investigated further with 

a refined methodological approach. Based on present knowledge, the common underlying 

factor for the observed differences between the two study sites is divergences in the 

landscape structure. Stockholm had a higher proportion of land dominated by deciduous 

species and an overall more open landscape that favored the host tree species Quercus. 

Although it appears that P. detritus is currently able to reproduce in the Båtfors area, the 

availability of habitat is lacking in the longer term under the current management regime.  
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1. Introduction 

Habitat loss and changes in land use are persistently described as the primary cause of 

biodiversity decline worldwide (Tilman et al. 2017). A decline in the diversity of insect fauna 

in Europe has been recorded since the 19th century (Habel et al. 2019), and there is an ongoing 

and significant loss in the species richness of insects in Europe overall (Habel et al. 2016; 

Simons et al. 2017). Besides a declining species richness of insects, there have also been 

recordings of temporal shifts in insect species composition (Habel et al. 2016). These changes 

are generally correlated with decreases in total biomass and abundance of specific taxa (Habel 

et al. 2019).  

Many longhorn beetle species have suffered population declines mainly due to modern forestry 

practices. A substantial fraction of the species of the longhorn beetle family in Europe is present 

on the European Red List of saproxylic beetles (Molander et al. 2018).  

1.1 Plagionotus detritus 

Plagionotus detritus is a saproxylic beetle species of the subfamily Cerambycinae of the 

longhorn beetle family, Cerambycidae, that was classified as critically endangered (CR) in 

Sweden from 2000 to 2010 when it was reevaluated and classified as endangered (EN) (The 

Swedish University of Agricultural Sciences (SLU), ArtDatabanken 2020). Müller’s mimicry 

highly influences the morphology of P.detritus, i.e., it uses features that mimic toxic or 

otherwise dangerous species to evade predation (Ehnström 2005). It has a cylindrical shaped 

body that is 10-19 millimeters long; the body is black-colored with broad horizontal bands of 

yellow hairs on the head, pronotum, and elytra giving the appearance of a wasp (Ehnström 

2005).   

In South- and Central Europe, the species has been observed inhabiting Quercus spp., Betula 

spp., Carpinus spp., Fagus spp., Castanea spp., Salix spp., and Alnus spp. (Gwiazdowicz et al. 

2013). However, in Sweden, P.detritus has only been found inhabiting Quercus spp., requiring 

thick branches and tree trunks for larval development (Ehnström 2005). Due to its specialized 

habitat needs, small changes in habitat can result in local loss or extinction of the species (Habel 

et al. 2019). This species has experienced one of the most vivid reductions in distribution 

recorded for any insect species in Sweden, and it is near regional extinction. Therefore, in 

Sweden, the species is rare and under protection; while in Poland, for example, the species is 

treated as a biotic factor contributing to the decrease of oak trees (Gwiazdowicz et al. 2013). 

Saproxylic beetles have little immediate economic importance due to the larval development 

taking place in wood tissues that are decaying or dead. However, such species have an integral 

part as decomposers, as food for other taxa, and for creating microhabitats in forest ecosystems, 

and are therefore of great ecological and conservation interest (Molander et al. 2018).  

1.2 Distribution of P.detritus 

P.detritus occurs geographically in some parts of Asia and throughout Europe (Konwerski et 

al. 2019). Sweden is the northernmost distribution point for this species, but it is threatened, 

and populations are shrinking (Ehnström 2005). In Denmark, it has completely disappeared 

(Ehnström 2005). In Sweden, the distribution area is highly fragmented, and the quality of the 

species’ habitat is decreasing (Lindhe et al. 2010; SLU ArtDatabanken 2019). The species 

continues to be endangered in Sweden due to the lack of suitable substrate for developmental 

stages; the quantity of old oaks is decreasing due to continuous urbanization (SLU 

ArtDatabanken 2019). With decreasing availability of habitats, the species is at risk of 

becoming extinct in Northern Europe (SLU ArtDatabanken 2019).  
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In Sweden, the species occurrence is highly linked to areas with high quantities of coarse old 

oak trees with sun exposure due to the high demands for heat (Ehnström 2005). P.detritus is 

currently resident and reproducing in only two locations in Sweden. In the past, the species has 

been present in Skåne, Blekinge, Halland, Öland, Småland, Västergötland, and Östergötland 

(SLU ArtDatabanken 2019). However, after 1950 it was only reported from Uppland, 

Stockholm, and Kalmar mainland. The Kalmar population went extinct sometime after that, 

and the Uppland population (Båtfors) went extinct around 1985 and was later reintroduced 

(Ehnström 2005). The Stockholm population is still present. An insect inventory carried out by 

the Swedish Environmental Administration in 2006 found P.detritus inhabiting oaks at Sickla 

Ekpark, Hammarby sjöstad, Stockholm, which indicates that the species may be present at 

several locations in Stockholm that are yet to be observed (Miljöförvaltningen, Stockholms 

stad 2007). 

In 1955, Palm reported that the species were found inhabiting oak trees that had been subjected 

to burn damage. The species colonized parts of the tree where the bark had not been subjected 

to burn damage. P.detritus was the only saproxylic longhorn species that could be observed 

inhabiting the damaged trees, indicating that burning may be a method to reserve parts of 

available habitats for P.detritus (Palm 1955). 

1.3 Oak trees 

There are about 300 Quercus species in the world, but in Sweden, there are only two native 

species, the European oak (Quercus robur) and the sessile oak (Quercus petraea). However, 

the distribution of Quercus petraea is limited to the southernmost counties and along the coasts; 

Quercus robur, on the other hand, is present throughout southern and central Sweden. (Jansson 

& Andersson 1995) 

The oak-dominated lands are probably Sweden´s most species-rich habitat types (Jansson & 

Antonsson 1995), and Elton (1966) described dying and dead wood as one of the two or three 

most extensive resources for the animal species in a natural forest. Among the wood-living 

beetles that depend on old oaks, 90% of the red-listed species prefer open-standing trees 

(Gärdenfors & Baranowski 1992). The lack of old trees with cavities and dead branches has 

made many oak organisms unusual. Today's cultural landscape results from thousands of years 

of human influence and transformation (Jansson & Antonsson 1995). In contrast to the cultural 

forests of our time, there were often giant trees in ancient cultural landscapes. Many of these 

were pruned and grew on the infields, but ancient oak trees and beech, among others, were also 

found on some outfields. This was especially true during the Middle Ages and earlier (Jansson 

& Antonsson 1995). Now that the ways of managing land have entirely changed, with the 

grazing animals on the pasture in decline, together with intensive forestry, this has meant the 

habitats of the light-dependent woody species are disappearing (Jansson & Antonsson 1995). 

Large old trees have ecological roles that cannot be provided by young and small trees, such 

as nesting opportunities for fauna (Lindenmayer et al. 2009). Old trees are keystone structures 

in agricultural landscapes, woodlands, savannas, and forests and are among the largest 

organisms on earth (Lindenmayer et al. 2014). Characteristics such as the distinctive canopy 

architecture, the large internal cavities, and the complex branching patterns are all affected by 

the age and the size of the trees and distinguish large old trees from smaller and younger trees 

(van Pelt 2007; Lindenmayer et al. 2014). For many species dependent on large old trees, the 

keystone role continues for decades or centuries after the tree’s death (van Pelt 2007). Both 

young and older trees across the Holarctic also provide marcescent leaves on branches up to a 

height of 3 meters that stay attached to the tree the whole winter and do not shed until the spring 



  

6 

 

(Svendsen 2001). This could be viewed as an anti-herbivore mechanism as the results from 

Svendsen (2001) indicate that the nutritive value of winter browse is reduced by the presence 

of marcescent leaves. 

The volumes of oaks have increased by 170% since 1953, and they are continuously increasing. 

On the contrary, the abundance of young oak trees has decreased since the 1980s. The number 

of small oak trees (< 9,9 cm in DBH) were steadily increasing up around 1980 when they 

experienced a substantial decline (Petersson et al. 2019). The problems with the natural 

rejuvenation of oaks have caused concern in Europe and North America for over a century. 

There have been reports of failed natural rejuvenation from all around the world. It is often 

connected to low levels of sun exposure, high grazing pressure from wild herbivores, and 

strong competition from surrounding vegetation (Kelly 2002; Annighöfer et al. 2015; 

Leonardsson et al. 2015). A common assumption is that the lack of environmental disturbances 

such as grazing, mowing, and burning has strongly impacted the survival of rejuvenation trees 

(Petersson et al. 2019). 

1.4 Reproduction of P.detritus 

Plagionotus detritus lays its eggs beneath the bark of newly dead steams and thicker branches 

(>20 cm in diameter) of coarse barked oaks, where the development from larvae to beetle takes 

place (Berglund 2015; Gwiazdowicz et al. 2013; Lindhe et al. 2010; SLU ArtDatabanken 

2019). The species generally prefers to colonize coarse, sun-exposed branches that have died 

off and either fallen to the ground or remain attached to the host tree (Ehnström 2005).  

Once the eggs are deposited under the bark, it takes two weeks until they hatch, and larvae 

begin to gnaw their way through the inner layer of bark next to the cambium (Ehnström 2005).  

This leaves a 10-millimeter wide, practically circular, and to some extent, winding path 

(Ehnström 2005) full of brownish-red frass (Ehnström & Axelsson 2002). The larval 

development takes place over 1-2 years, and it is yet unknown which time period is more 

frequent (Ehnström 2005). Temperature and whether or not the larvae are facing the sun-

exposed side of the bark can influence the development time (Ehnström 2005). Larvae of the 

same species of Cerambycidae colonizing the same host tree can differ by 1-2 years in 

development time depending on whether they are located on the north or the south side of the 

tree (Ehnström & Axelsson 2002). Once a fully developed larva, it gnaws its way deeper into 

the wood and creates a cylindrical pupal chamber approximately 5-8 millimeters wide and 15-

20 millimeters long (Ehnström 2005). The pupal stage takes place over two weeks, and after 

that, the imago may stay for additional days within the pupal chamber in order for the 

exoskeleton to harden. When ready to emerge, the imago eats its path out from the pupal 

chamber and through the wood and bark, leaving a 6-millimeter-wide hatching hole of circular 

shape (Ehnström & Axelsson 2002). 

It is assumed that the species is favored by a microclimate of higher temperatures (Ehnström 

2005), and authors have observed denser larval galleries on wood that is sun-exposed compared 

to wood that is shaded (Isaksson 2005). Analysis of the biology of P.detritus indicates that each 

female lays approximately 30 eggs during its lifespan (Gwiazdowicz et al. 2013). 

1.5 Threats and action programs 

Much work has been put into developing action programs and implementing those in practice. 

In 2005 an action plan was produced and published by the Swedish Environmental Agency 

(Ehnström 2005).  Then in 2007, David Isaksson conducted an inventory of P.detritus in 

several municipalities in Sweden in connection to the action program for endangered species 
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(Isaksson 2008). Besides observing the presence of the species Isaksson (2008) also appointed 

colony trees that need protection from woodpecker predation.  

Predation and parasitism are present threats against the survival of P.detritus. The main 

predator of the larvae and pupa underneath the bark is considered to be the great spotted 

woodpecker (Dendrocopos major) (Isaksson 2005). In 2005 some host trees were netted for 

protection from woodpecker predation as part of the action program for P.detritus (Ehnström 

2005). After the 2007 inventory, the same netting methods were applied to newly discovered 

host trees to protect the survival of this species (Isaksson 2008). Parasitoid wasps are also a 

threat as they attack the larvae of P.detritus. However, the mortality rate due to predation and 

parasitism is unknown.  

Competition from close relatives is seen as a threat to the survival of P.detritus nationally since 

these can outcompete the species (Baranowski 1975). Plagionotus arcuatus is a close relative 

to Plagionotus detritus, the only two species of the genus Plagionotus found in Sweden 

(Ehnström 2005). P.arcuatus are more generalist in their host use and can colonize branches 

as thin as 5 centimeters in diameter. This constitutes a high risk of outcompeting P.detritus 

since this species prefers branches and stems of at least 20 centimeters in diameter. P.arcuatus 

has also been found colonizing Fagus sylvatica, Carpinus betulus, and Salix caprea, while 

P.detritus has only been observed colonizing Quercus spp. in Sweden (Baranowski 1975). 

From 1558 until 1830, all oak trees were protected from damage and logging after being 

declared the property of the Swedish King Gustav Vasa, which led to an increase in oak trees 

nationally (Eliasson & Nilsson 2002). The present decline in populations of large old trees 

worldwide due to logging and other factors (Anderegg et al. 2012) has profound implications 

for biodiversity and ecosystem integrity since they work as stepping stones for a wide range of 

animals (van Pelt 2007). They are disappearing from forests at all latitudes, and large old trees 

have declined throughout southern Sweden from densities of around 19 trees per hectare to 1 

tree per hectare (Jönsson et al. 2009). For example, a century ago, the mid-boreal forests of 

Sweden supported 38-77 living trees with a diameter of over 50 cm per hectare, whereas today, 

there is a practically complete absence (Linder et al. 1998). Large old trees are highly 

vulnerable to logging, agricultural intensification, fire, land clearing, droughts, competition 

with invasive plants, edge effects, disease, insect attacks, and air pollution (Anderegg et al. 

2012; Lindenmayer et al. 2014). Large old trees are disproportionately vulnerable to loss from 

many ecosystems. They are often targeted for firewood collection, the intensification of 

agriculture, cutting or removal during logging, and removal where human safety is a concern 

(Lindenmayer et al. 2014). Factors that drive large old tree loss and death often interact and 

create ecosystem-specific threats (Asner & Levick 2012). Modeling even suggests that the 

modest increase in adult mortality can erode populations of large old trees, which are long-

lived organisms (Lewis et al. 2009). Recovery from such disturbances takes a long time, and 

regrowth can be diminished by overgrazing or browsing by domestic livestock (Fischer et al. 

2010) and native herbivores (Vanak et al. 2012) as a result of competition. This can have 

devastating consequences since there must be no continuity breaches in the availability of the 

sought substrate type for the species to survive (Jansson & Antonsson 1995). 

 

Therefore, researchers are now arguing that new practices and policies are necessary to 

conserve large old trees. Moreover, it is essential to manage and protect areas where large old 

trees are most likely to develop to restore viable and ecologically effective populations. 

Otherwise, the trees will vanish, and ecosystem functions and associated biota will be severely 

affected (Lindenmayer et al. 2014). 
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1.6 Captive breeding 

In 2006 there was an assignment brought upon the foundation Nordens Ark assigned by the 

County Administrative Board of Stockholm County. Nordens Ark was to implement a breeding 

program for P.detritus (Stiftelsen Nordens Ark n.d1). In 2007 there was an inventory survey 

made on Plagionotus detritus and Osmoderma eremita in Sweden (Isaksson 2008). In June of 

the same year, one oak tree from Nationalstadsparken in Stockholm was cut down and 

transported to Nordens ark. The harvested tree was colonized by larvae from P.detritus and 

would act as the first breeding material for breeding the species in captivity in Sweden 

(Isaksson 2008). Since then, newly dead coarse barked oak branches have been produced each 

year which are placed into empty net cages for hatching (Stiftelsen Nordens Ark, n.d2). Once 

hatched, the imagos are collected and gendered by caretakers at Nordens Ark and then relocated 

to a new cage where they are fed with nectar solution and nectar-rich flowers. In the new cage, 

breeding takes place over the 1-2 weeks of the adult stage; new eggs are laid into the newly 

placed oak wood, which is later moved to the hatching cage. After that, the breeding cycle 

begins again (Stiftelsen Nordens Ark, n.d2). Despite a lack of knowledge about keeping species 

of Cerambycidae in captivity, the program has been ongoing and successful ever since the 

arrival of the first breeding material. 

The population at Nordens Ark was used in a study by Molander et al. (2018), which identified 

a male-produced aggregation-sex pheromone consisting of two components of different chain 

lengths. It is challenging to detect and monitor the species using conventional survey methods 

due to its paucity and need for a transient substrate. Therefore, the confirmation of the 

aggregation-sex pheromone is advantageous as a tool to detect and monitor populations of 

P.detritus.  As well as being a tool for future studies on the requirements of ecology and 

conservation of the species (Molander et al. 2018). 

1.7 Reintroduction attempts 

In Båtfors, the reintroduction process of the species started in 

2015. Hatching logs containing larvae of P. detritus from 

Nordens Ark were reintroduced to Båtfors near Dalälven in 

Uppland. Oak logs colonized with eggs and larvae of P.detritus 

from the breeding facility at Nordens Ark were placed in cages 

for hatching within the area (Fig. 1A). 2016 was the breaking 

year for a shift in the methodology of the releases. Hence, 2016 

was the last year hatching logs were applied, and the first year 

developed imagos were released directly onto placed oak 

wood deposits and suitable surrounding trees (Fig 1B). The 

populations in Stockholm and Båtfors have since been 

surveyed using pheromone traps (in collaboration with 

Mattias Larsson, SLU Alnarp), and both populations seem to 

be thriving. 

The action plan from the Swedish Environmental Agency 

suggested that reintroductions of P.detritus should be done 

in places where the species has been present in the past. The 

reintroduction of the species to past locations is needed for the 

species to survive nationally (Ehnström 2005).  

  

Figure 1. A) Picture of hatching 

cages for P.detritus taken by the 

County Administrative Board of 

Uppsala. B) Picture taken from 

reintroduction of developed imagos 

taken by the author of present study.  
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2. Aim of the study 
This study aims to evaluate the suitability of the two study sites, Stockholm and Båtfors, 

regarding P. detritus. I will survey oak trees at Stockholm and Båtfors to assess the quantity 

and quality of old suitable oak trees in the areas where P.detritus currently is found in Sweden 

and relate these resources to local population densities of the species obtained in recent 

pheromone-based trapping surveys. This will help to determine the species’ habitat needs and 

enable a comparison between the two locations, Stockholm and Båtfors. This project will give 

further knowledge about the availability of suitable habitats for P.detritus within Stockholm 

and Båtfors. It will provide further information about what management actions are needed to 

maintain and manage the current population and provide knowledge for future reintroductions 

of the species from Nordens Arks bred population.  

2.1 Research questions 

1. What is the present state of the environment in Båtfors compared to Stockholm with regard 

to P.detritus? 

2. What factors, such as vitality and sun exposure of host tree, are important for abundance of 

P.detritus in the Stockholm area? 

3. Does the importance of factors associated with an abundance of P.detritus differ for Båtfors 

compared to Stockholm?  

4. What is the potential for the rejuvenation of oaks in the future in Båtfors compared to 

Stockholm? 

2.2 Hypotheses 

Based on the landscape structure, I hypothesize that the environment in Stockholm will be more 

suitable for P.detritus than the environment in Båtfors. The vitality of trees is predicted to 

correlate with beetle abundance, and the relationship is predicted to have a hump-shaped 

direction with more beetles abundant at the intermediate values and less at the end values. This 

is based on the species’ needs for dead wood and the end values for vitality representing a fully 

healthy or debarked tree. Furthermore, I hypothesize that the basal area of oak tree trunks is 

predicted to correlate positively with beetle abundance. Meaning that the abundance of beetles 

should increase with an increasing basal area of the trees due to the availability and production 

of dead wood.  Sun exposure is predicted to correlate positively with beetle abundance based 

on the species’ biological needs for heat exposure for larval development. Stretch meter bark 

is also predicted to correlate positively with beetle abundance since newly dead wood 

constitutes a substrate for larval development. Lastly, landcover is predicted to affect beetle 

abundance. The effect of different land cover classes on beetle abundance is predicted to differ 

between the two locations due to differences in the landscapes.  

3. Material and method 

3.1 Material 

The field study was conducted at two locations in Sweden.  In Stockholm municipality, mainly 

Djurgården, Stockholm County, and Båtfors in Älvkarleby- and Tierp municipality, Uppsala 

County.  Materials used in the field included a handheld GPS of the model Garmin etrex 

LEGEND HCx and a measuring tape for measuring diameter, which the County Administrative 

Board of Uppsala provided. Moreover, a primary protocol was used (see Appendix 1), as well 

as one protocol for rejuvenation trees (see Appendix 3) and one for newly dead wood (see 

Appendix 4). A small knife was brought during fieldwork for testing the degree of decay of 

dead trees/branches by pushing the knife edge into the wood (class I (wood hard, phloem still 
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fresh, at most one year old) & II (wood hard, but more than one year old)) (Siitonen & Saaristo 

2000). 

3.1.1 Site Description 

The sections below aim to provide area descriptions of the two study sites, Stockholm and 

Båtfors, where field surveying has been conducted. 

3.1.1.1 Stockholm 

Until the middle of the 19th century, there were large areas with oaks on hay and pasture in 

Mälardalen and southern Sweden, especially in connection to mansions and royal lands. Most 

of these oak environments have since then, due to different causes, been lost. Relatively much 

of the centuries-old oak landscapes that spread over Stockholm for some centuries ago have, 

however, been preserved, and even today, there is a large number of old and coarse oaks even 

in the central parts of the city. Parts of the city of Stockholm constitute important core areas 

for values attached to oak, both from a national and international perspective; Stockholm, 

therefore, has a special responsibility to preserve and nurture these areas (Nilsson 2007). It 

should also be emphasized that almost all oak areas constitute habitat according to Natura 2000 

and that Sweden has a responsibility to maintain the total areal of oak stands in favorable 

conservation status. Stockholm county is the county in Sweden which holds the highest 

quantity of oaks, with a circumference of over four meters. Inventory results show that even if 

valuable oaks are scattered throughout the city and all city districts, the most significant values 

are concentrated in certain core areas. The management of Stockholm's unique oak stands also 

includes necessary care, such as the conservation and development of biodiversity (Nilsson 

2007). 

P.detritus has viable populations in both northern and southern Djurgården; there have also 

been observations of the species in Hagaparken, Bergshamra and at Sickla udde, which are all 

close to the city within Stockholm County (Nilsson 2007). In surveys from 2005, it was found 

that Stora skuggan at northern Djurgården, along with the adjacent Oxbergsbacken, had the 

highest densities of hatching holes from the species throughout Nationalstadsparken (Isaksson 

2008). Based on existing data on the distribution of P.detritus, an important part of the northern 

European population is situated in northern and southern Djurgården. Therefore, Sweden has 

an international responsibility for the species (Nilsson 2007). There have not been any 

observations of P.arcuatus in Djurgården, which has been hypothesized as one possible reason 

why P.detritus has survived here (Ehnström 2005). 

Proposed measures based on a survey by Nilsson (2007): 

• Continuous maintenance through mowing or grazing, alternatively through lawn 

mowing and recurring clearing of bush vegetation. 

• Promote and develop new nature value oaks in the vicinity of existing oak 

environments. 

• Develop and manage rejuvenation areas near areas with valuable coarse oaks. 

• Promote the spread of oak living species through, e.g., tree corridors.  

3.1.1.2 Båtfors 

Floods and rapids have prevented intensive land use in the area, and there are remnants of 

primeval and natural forests on islands in the river. The area is on the natural northern border 

(limes norrlandicus), where many southern and northern species and environments meet. The 

combination makes this versatile, complex nature area with river meadows, rapids, periodically 

flooded forests, and natural coniferous and deciduous forests the most species diverse in 
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Uppland. (Eriksson & Aronsson 2020) Large parts of the Båtfors area are protected within 

Båtfors- and Spjutholmens nature reserves; however, the surrounding areas outside the nature 

reserves hold high nature values as well (Eriksson & Aronsson 2020). 

Untra power plant was built about 100 years ago, which disrupted the river's natural 

fluctuations; hence many of the conditions that gave the area its unique character were 

suppressed or disappeared (Eriksson & Aronsson 2020). The river's water flow has molded the 

landscape of the area to a great extent. Even though the river has been extended for electricity 

production, the water level can vary by several meters for some years (Eriksson & Aronsson 

2020). The oak's habitat and development opportunities have been severely limited during the 

20th century. In connection to the regulations of the river, many oaks died by drowning, and 

oaks along the banks were felled to large extents (Eriksson 2000).  

Moreover, meadows and pastures with coarse oaks have been gradually removed and planted 

with spruce or overgrown spontaneously. With the continued regulation of the river, the water 

level variation has been reduced. The floods along the river have both reduced in scope and 

duration. This has benefited the spruce against the oak, which is competitive mainly at timely 

flooded land (Eriksson 2000). For example, the dams at Storfjiirden downstream Båtfors 

generated, for a time, much substrate for, e.g., P.detritus (Palm 1942). Surveys have found that 

oak-dominated areas have been shifted, and most open-standing oak trees are at risk of 

overgrowth (Eriksson 2000). The pressure from wild grazers is another problem in the area that 

has impaired the establishment of new oaks (Eriksson 2000).  

The Båtfors area is perhaps most known for its diverse fauna, not least the wood-living beetle 

species that Palm described during his inventories in the 1930s (Palm 1942; Eriksson & 

Aronsson 2020). P.detritus was common in the Båtfors area during the 1930s (Palm 1942), and 

the species was also observed in the area during the early 1970s (Baranowski 1975; Baranowski 

1980). Later several authors have been searching for the species in the area. However, it was 

not found after 1984 (Eriksson 2007) until the reintroduction of the species started in 2016 (in 

collaboration with the foundation Nordens Ark). The disappearance of P.detritus in this area is 

also a clear signal that the rich biodiversity tied to Quercus spp. has been seriously damaged 

(Eriksson 2000). P.arcuatus was first observed in the Båtfors area in the 1970s, and the number 

of individuals was higher than that of P.detritus. It has been speculated whether this could 

indicate that P.arcuatus may have out-competed P.detritus in the area (Baranowski 1975). The 

area also has a rich bird fauna, including the critically endangered white-backed woodpecker 

Dendrocopos leucotos, which may also have contributed to the past decline and extinction of 

the species in this area (Eriksson & Aronsson 2020). As the proximity to refuges for the species 

remains in the area, the possibility for the species to recolonize and thrive is unusually good if 

the right conditions are provided (Eriksson 2000). 

Proposed measures based on a survey by Eriksson (2000): 

• Actively reduce the elements of spruce in bank forests with deciduous stands.  

• Recreate a more natural water regime in the Dalälven river, which would maintain the 

openness of the river meadows and the bank forests’ deciduous element and open 

character.  

• Free-cut older oaks and increase, in the long run, the element of oak throughout the 

area. If possible, resume grazing and mowing in pastures with oak.  

• Increase the proportion of older deciduous trees in general. 
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3.2 Method 

The field survey took place from late August to late October 2021. The field surveying at 

Stockholm took 12 days between the 25th of August and the 10th of October, and the surveying 

at Båtfors took ten days between the 11th and the 23rd of October. The fieldwork was divided 

into three surveys conducted simultaneously, and the methods of each survey are described 

further in detail in sections 3.2.3.1-3.2.3.3.  

3.2.1 Preparations 

Before beginning the field surveying, polygons with an area of 12 500 m² were placed on a 

map in QGIS (as seen in Appendix 5 & 10). The polygons were mainly placed near a previous 

trapping site or release site. At Stockholm, all 38 polygons were connected to a former 

pheromone trap site. At Båtfors, the conditions differed because the number of previous 

trapping sites was less, and reintroduction sites were present. Therefore, in Båtfors, 11 

polygons were placed in connection to former pheromone trap sites, three were placed in 

connection to former reintroduction sites, and four were placed in connection to both former 

trapping and reintroduction sites. Moreover, 13 polygons were placed based on a terrain map 

from 2020, retrieved from the Swedish Land Survey authority, without regard to previous 

trapping or release. These polygons were added to Båtfors to get a more comparable number 

of polygons since Stockholm had more trapping sites than Båtfors. Depending on the location 

and surrounding structures, two variants of measurements were used for the polygons, either 

100 x 125 meters or 80 x 156,25 meters. This was done to avoid having polygons overlap large 

areas of artificial structures that are not relevant to this study. 

3.2.2 Data sampling 

The polygons were surveyed in transects using marker bands or a field assistant. The width and 

the direction of the transects were modified based on the level of vegetation. Coarser trees and 

standing dead trees were recorded in the primary protocol, and smaller trees and lying dead 

wood were noted in the respective protocol.  

3.2.2.1 Protocol recordings 

Trees >80 cm diameter in breast height (DBH) and standing dead trees >20 cm DBH were 

recorded in the primary protocol. Date, coordinates, treeID, polygon number, and stem 

diameter were noted. Moreover nine characteristics were graded: growing manner, 

surrounding vegetation and coverage, current environment, actions/land use, vitality, 

estimated stretch meter bark on dead steam/branch with a diameter >20 cm, sun exposure; 

whole tree, sun exposure; fresh deadwood, and need for clearing (see Appendix 1 & 2). 

3.2.2.2 Rejuvenation trees 

Smaller trees were surveyed to analyze the degree of rejuvenation. The trees were divided into 

two size groups, 10-49 cm DBH and 50-79 cm DBH, and were noted as a quantity within each 

polygon (see Appendix 3). 

3.2.2.3 Newly dead wood 

Newly dead wood was surveyed to analyze continuity in the availability of the sought substrate 

type. Lying dead branches and stems > 20 cm in diameter were noted as the total quantity of 

dead wood parts and the total estimated stretch meter bark within each polygon (see Appendix 

4). The degree of decay was tested using the blade of a knife according to class I-II (wood hard 
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and phloem still fresh, knife edge goes no further than 0,5 mm deep) based on Siitonen & 

Saaristo (2000).  

3.3 Trapping procedures 

Data for the density of P. detritus at different sites were obtained from previous trapping 

surveys with pheromone traps in 2016 and 2020 (Båtfors, Appendix 10) and 2020 (Djurgården, 

Appendix 5). Mattias Larsson’s research group performed the trapping in Båtfors 2016 and 

Djurgården 2020, and the County Administrative Board performed the trapping in Båtfors 

2020. Pheromone traps were used according to Molander et al. (2018), the traps were visited 

at regular intervals, and captured animals were released after individual marking with dyes. 

Trapping was performed during most of the flight season, and the density of beetles at each 

individual trap site was quantified as the number of beetle individuals captured per day when 

the trap was active.  

In 2016 trapping was ongoing in parallel with releases from hatching logs in Båtfors, whereas 

in 2020, no releases were occurring near the trapping sites (Appendix 10). 

3.4 Excluded and modified components 

Four trees at the Stockholm site could not be reached, as they were located in polygons that 

overlapped private property. Therefore, the trees with ID; D227 in P12, D261 in P18, and D270 

and D271 in P20 were surveyed based on observations from a distance, and coordinates were 

taken from a previous survey (provided by the County Administrative Board). From the same 

source, the diameter was calculated from the given circumference using d=c/π. 

3.5 GIS 

All analyses were carried out in the computer software Quantum Geographic Information 

Systems (QGIS), version 3.24 Tisler.  

The vector processing tool Create buffer was used to create buffers ranging from 50 to 500 

meters in diameter with 50-meter intervals.  

Quantity and characteristics of trees within each buffer zone were sampled from the existing 

data over “skyddsvärdaträd” using the vector geoprocessing tool Intersection, keeping all 

attributes for the input layer, i.e., the characteristics of the trees, and keeping the `name´ 

attribute for the overlay layer (i.e., the buffer). 

The raster analysis tool Zonal histogram was used to examine which land cover classes the 

oaks occur in based on the terrain map from the Swedish Land Survey authority. The most 

relevant land cover classes for this purpose were class 2 (Open wetland), 3 (Arable land), 

113;123 (Mixed coniferous forest not on wetland; on wetland), 114;124 (Mixed Forest not on 

wetland; on wetland), 115;125 (Deciduous Forest not on wetland; on wetland), 116;126 

(Deciduous hardwood forest not on wetland; on wetland) and 117 (Deciduous Forest with 

deciduous hardwood). The proportion of each land cover class was then calculated based on 

the output from the Zonal histogram analysis. 

3.6 Statistics 

All statistical analyses were carried out using the computer program R, version 4.2.0.  

I have made a model based on data from three datasets; data surveyed in connection to the 

present study, pheromone trap data, and data from the County Administrative Board. The 

descriptive plots constructed to answer questions 1 & 4 are based on data surveyed in 
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connection to the present study, except for beetle abundance, which is based on trap data. The 

model selection of the two sites is based on a mix of data. The values for beetle abundance are 

based on trap data, basal area, and land cover is based on data from the County Administrative 

Board within buffers centered around the traps. Vitality, sun exposure of trees, sun exposure 

of traps, and stretch meter bark on lying wood are based on data from the present study. For 

the model selection of Båtfors, I have chosen to use trap data from both 2016 and 2020 due to 

many traps lacking any capture. 

The form in which the variables included in the model presented are; caught individuals per 

day per trap, average vitality of trees per polygon, total basal area of trees within the buffer, 

average sun exposure of trees per polygon, average sun exposure of trap, total stretch meter 

bark on lying wood per polygon and proportion of land cover classes within the buffer. 

3.6.1 Modelling 

To answer question 1 about the present state of the environment in Båtfors compared to 

Stockholm with regard to P.detritus, I made descriptive plots comparing the variables; beetle 

abundance (individuals caught per day), the total number of trees, total basal area of trees, 

average vitality, average sun exposure of trees, the total number of lying newly dead wood 

pieces, total stretch meter bark on lying newly dead wood pieces and proportion of each land 

cover class per polygon; between the two sites. The plots were based on data surveyed within 

the polygons at each site. This data provides a geographically more extensive representation 

for Båtfors than the data connected to the buffers due to the traps, from where the buffer is 

based, being placed near each other (Appendix 10). Mainly boxplots were created to visually 

examine and compare the distribution of each variable between the two sites 

To answer question 2 about the factors related to the abundance of P.detritus in the Stockholm 

area, I built a statistical model to predict beetle abundance in Stockholm based on the biological 

relevance of the surveyed variables. Specifically, I modeled the abundance of beetles at a given 

trap as a function of vitality, basal area, sun exposure, stretch meter bark on newly dead wood, 

and land cover. A squared term for vitality was included in the model to account for a potential 

non-linear response of beetle abundance to vitality scores. Modeling prediction of beetle 

abundance as:  

Beetle abundance ~ Vitality + Vitality2 + Basal area + Sun exposure trees + Sun exposure 

trap + Stretch meter bark on lying wood + Land cover. 

See Appendix 1 for description of used factors. I fit a suite of linear regression models using 

these covariates computed in different size radii around the traps, ranging from 50m to 500m 

in 50m intervals. I compared these models using the Akaike information criterion (AIC), 

considering models with a ΔAIC < 2 to be similar and the model with the lowest AIC to be the 

best. All variables were centered and standardized prior to analyses to directly compare each 

predictor variable’s relative effect on the response variable.  

To answer question 3 about whether the importance of factors associated with beetle abundance 

differs for Båtfors compared to Stockholm, I first used the model best fitted for Stockholm to 

predict beetle abundance in Båtfors. I assessed the performance of the model by computing the 

Pearson correlation coefficient. I then carried out the same model selection process described 

above for the Båtfors data to find the model best fitted for Båtfors. For the model selection of 

Båtfors, trap data from 2016 and 2020 were pooled.  

Boxplots were created to answer question 4 about the potential for rejuvenation of oaks in the 

future in Båtfors compared to Stockholm, showing the distribution of rejuvenation trees, 

divided into two size classes, between the two sites.
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4. Results 

In 2016, 17 out of 21 traps 

had zero capture in Båtfors, 

and by 2020 15 out of 22 

traps had zero capture. All 

traps in Stockholm captured 

at least one beetle. One of 

the 38 surveyed polygons at 

Stockholm and nine of the 

31 surveyed polygons at 

Båtfors did not contain any 

large oak trees.  

For Stockholm, the mean 

value for beetle abundance 

(average number of 

individuals captured per 

day) was 0.45. The values 

ranged from 0.03 to 1.35, 

with a standard deviation of 

0.33. The mean value for 

beetle abundance in Båtfors 

year 2016 was 0.04; the 

values ranged from 0.0 to 0.5, and the standard deviation was 0.11. The mean value for 

Båtfors year 2020 was 0.03; the values ranged from 0.0 to 0.21 with a standard deviation 

of 0.05 (fig. 2).  

Hereafter, models will be referred to as `Mod´ followed by the buffer size. 

4.1 What is the present 

state of the environment 

in Båtfors compared to 

Stockholm with regard to 

P.detritus? 

Stockholm had an overall 

higher number of trees than 

Båtfors. Stockholm also 

had a wider distribution of 

number of trees per 

polygon and two outliers 

with high values.  

The mean number of trees 

per polygon for Stockholm 

was 13.02, and the standard 

deviation was 8.23. For 

Båtfors, the mean number 

of trees was 2.94, and the 

standard deviation was 2.99 

(fig. 3).  

Figure 2. Boxplot visualizing the distribution of beetles captured per 

day per polygon for Djurgården (2020) and Båtfors (2016;2020). 

Figure 3. Boxplot visualizing the distribution of number of trees per 

polygon for the two sites. 
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Båtfors had several polygons with 0 basal areas, meaning they had 0 large oak trees; this 

was true for one polygon in Stockholm. The basal area per polygon varied from 0 to 10 

m2 for Båtfors, while Stockholm had basal areas ranging from 0 to over 30 m2 per polygon 

(fig. 4A). Stockholm had a higher mean value, wider distribution and higher values for 

outliers (fig. 4B). There was a more significant total basal area of oaks at Stockholm 

compared to Båtfors. The mean value for the basal area of trees per polygon was 11.47 

for Stockholm and 2.08 for Båtfors; the standard deviation was 7.61 and 2.35, respectively 

(fig. 4). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4. A) Histogram visualizing the frequency distribution of basal area of trees for the two sites. B) 

Boxplot visualizing the distribution of the total basal area of trees per polygon for the two sites.  

Stockholm had three outliers (two extreme values and one zero value) and a higher mean 

value for average vitality per polygon than Båtfors. At Båtfors, the values for average 

vitality per polygon had a wider distribution than Stockholm (fig. 5A). Stockholm had 

lower vitality scores, indicating an overall higher vitality than Båtfors. The mean value 

for average vitality per polygon in Stockholm was 1.43, the standard deviation was 0.59, 

and the mean value for Båtfors was 1.23 with a standard deviation value of 1.12 (fig. 5A).  

 

Stockholm had a higher mean value for average sun exposure per polygon and a relatively 

narrow distribution of values except for one outlier with zero value. Values for average 

sun exposure had a wider distribution for Båtfors and a somewhat lower mean value than 

for Stockholm (fig. 5B). Stockholm had an overall higher level of sun exposure than 
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Båtfors. The mean value for average sun exposure per polygon in Stockholm was 2.33, 

the standard deviation was 0.5, and the mean value for Båtfors was 1.67 with a standard 

deviation value of 1.16 (fig. 5B). 

 

Figure 5. A) Boxplot visualizing the distribution of average vitality per polygon for the two sites. B) Boxplot 

visualizing the distribution of average sun exposure of trees per polygon for the two sites.  

Stockholm had a wider distribution and higher mean value, as well as higher extreme 

values for number of lying newly dead wood pieces per polygon than Båtfors, which had 

overall low values; the two outliers at Båtfors were relatively low as well relative to 

Stockholm (fig. 6A). The mean value for number of lying newly dead wood pieces per 

polygon was 2.18 in Stockholm, the standard deviation was 2.96, the mean value for 

Båtfors was 0.19 with a standard deviation value of 0.6 (fig. 6A).  

 

The number of newly dead wood pieces per polygon is related to the total amount of bark 

measured in meters on newly dead wood pieces. Stockholm had a wider distribution, 

higher mean value, and higher extreme values for total meter bark on lying newly dead 

wood pieces per polygon than Båtfors, which had overall low values. The two outliers at 

Båtfors were relatively low as well, relative to Stockholm (fig. 6B). The mean value for 

total meter bark on lying newly dead wood pieces was 7.95 in Stockholm, the standard 

deviation was 12.86, the mean value for Båtfors was 0.68 with a standard deviation of 

2.04 (fig. 6B). 
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Figure 6. A) Boxplot visualizing the distribution of quantity of lying newly dead wood pieces per polygon 

for the two sites. B) Boxplot visualizing the distribution of total stretch meter bark on newly dead lying 

wood pieces per polygon for the two sites.  

The most prevalent land cover classes for both sites were Mixed Forest (114+124),  

Deciduous Forest (115+125), and Deciduous hardwood forest (116+126). Land cover 

class Arable land (3) and Deciduous Forest with deciduous hardwood (117) were only 

present at Stockholm. The land cover class with the highest proportion of land cover at 

Stockholm was Deciduous Forest (115+125), followed by class Deciduous Forest with 

deciduous hardwood (117). For Båtfors, the land cover class with the highest proportion 

of land cover was Deciduous Forest (115+125), followed by Mixed Forest (114+124) 

(fig. 7).  
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Figure 7. Boxplot visualizing the distribution of proportion land cover of each relevant land cover class 

for the two sites. Land cover classes: 2 (Open wetland), 3 (Arable land), 113+123 (Mixed coniferous 

forest), 114;124 (Mixed Forest), 115;125 (Deciduous Forest), 116;126 (Deciduous hardwood forest) and 

117 (Deciduous Forest with deciduous hardwood).  

4.2 What factors are important for abundance of P.detritus in the Stockholm area? 

Based on AIC, there were several models with similar values, ranging from 28.4 to 35.8 

in AIC. Mod350 (based on a 350 meters buffer area) had the lowest value for AIC, and 

Mod400 (based on a 400 meters buffer area) had the next lowest value (ΔAIC 0.3). The 

R2-values for Mod350 and Mod400 were 0.27 and 0.26, respectively. The F-statistics for 

Mod350 were 1.595, and Mod400 had a value of 1.537.  
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In both models, the basal area was the only variable with a significant effect on beetle 

abundance. The coefficients for the basal area for Mod350 were 0.0123 and 0.0144 for 

Mod400. Although similar, Mod350 was regarded as the best-fitted model for Stockholm 

(fig. 8).  

Breusch Pagan-test gave a p-value of 0.025, so I reject the null hypothesis that 

heteroscedasticity is not present in the regression model.  

4.3 Does the importance of factors associated with an abundance of P.detritus differ 

for Båtfors compared to Stockholm? 

Plotting the observed data for Båtfors against values predicted with the best-fitted model 

for Stockholm showed that the model makes poor predictions for the Båtfors data (fig. 9). 

The observed and predicted values are not correlated (Pearson’s r = -0.12).  

 

  

Figure 8. A) Observed values for beetle abundance plotted against standardized values for basal area, B) 

Predicted values from model plotted against observed values of beetle abundance; line represents the 1:1 

line, N=38. 
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Figure 9. Observed values for beetle abundance plotted against predicted values based on the model 

fitted for Stockholm. Data from 2016 and 2020 are shown with different symbols and colors; the dotted 

line represents the 1:1 line, N=31. 

Hereafter, the results for model selection on Båtfors are presented. Based on AIC, several 

models were similar, with values for ΔAIC ranging from 0.99 to 9.58. The two best 

models based on AIC were Mod50 and Mod150 (ΔAIC 0.99). The R2-value for Mod50 

was 0.52 and 0.51 for Mod150. The F-statistics for Mod50 was 5.38, and Mod150 had a 

value of 5.14.  

Basal area and stretch meter bark on lying wood significantly affected beetle abundance 

for both models. The coefficient for the basal area for Mod50 was 0.00588 and 0.00795 

for Mod150. The coefficient for stretch meter bark on lying wood was 0.00532 for Mod50 

and 1.81e-05 for Mod150. For Mod150, land cover significantly affected beetle 

abundance with a coefficient of 0.04221. Although similar, Mod150 was regarded as the 

best-fitted model for Båtfors (fig. 10). For the remaining part of this section, mention of 

models or predictions is a reference to Mod150, if nothing else is specified.   
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Figure 10. Observed values for beetle abundance plotted against 

standardized values for; A) basal area, B) land cover & C) stretch meter bark on lying newly dead wood. 

The model prediction is plotted as a black line. N=31. 

Plotting observed values for beetle abundance against standardized values for basal area 

and proportion of relevant land cover classes shows that the observed values vary a lot 

around the prediction, although there is a significant trend. The same is true for stretch 

meter bark on lying deadwood (fig. 11).  
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Figure 11. Predicted values from the model plotted against observed values of beetle abundance. Data 

from 2016 and 2020 are shown with different symbols and colors; the dotted line represents the 1:1 line, 

N=31.  

Breusch Pagan-test on the Båtfors model gave a p-value of 0.007, so I reject the null 

hypothesis that heteroscedasticity is not present in the regression model. 

4.4 What is the potential for rejuvenation of oaks in the future in Båtfors compared 

to Stockholm? 

The number of small rejuvenation trees (10-49 cm DBH) was higher per polygon than 

large rejuvenation trees (50-79 cm DBH) for both Stockholm and Båtfors. The total 

number of rejuvenation trees in both sites was mainly small trees. Stockholm had an 

overall higher mean value and wider distribution of number of rejuvenation trees per 

polygon. Stockholm had more outliers and higher values for outliers than Båtfors, except 

for large trees, where the outlier for Båtfors has a higher value than the outliers for 

Stockholm (fig. 12).  

The mean value for the number of small rejuvenation trees (10-49 cm DBH) per polygon 

was 63.11 for Stockholm and 39.71 for Båtfors, and the standard deviation was 34.77 for 

Stockholm and 24.87 for Båtfors. The mean value for number of large rejuvenation trees 

(50-79 cm DBH) per polygon was 11 for Stockholm and 9.16 for Båtfors; the standard 

deviation was 6.81 for Stockholm and 8.56 for Båtfors. The mean value for the total 

number of rejuvenation trees per polygon was 74.11 for Stockholm and 48.87 for Båtfors, 

with a standard deviation value of 34.4 for Stockholm and 27.38 for Båtfors (fig. 12). 
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Figure 12. Boxplot visualizing the distribution of small- (10-49cm), large- (50-79cm), and the total number 

of rejuvenation trees (10-79cm) per polygon for the two sites.  

 

5. Discussion 

This study aimed to survey oak trees at Stockholm and Båtfors to assess the quantity and 

quality of old suitable oak trees. This is to provide further information about what 

management actions are needed to maintain and manage the current population and 

provide knowledge for future reintroductions of the species from Nordens Arks bred 

population. 

Sweden has an international responsibility to manage and sustain its current populations 

of P.detritus due to the worldwide decline of the species and Sweden being the 

northernmost point of distribution (Nilsson 2007). 

5.1 Research questions 

The data over caught beetles per day presented in Figure 2 show that there were 

considerably more beetles caught in Stockholm than in Båtfors. It also demonstrates a 

difference in the abundance of trapped beetles between the two years of trapping in 

Båtfors. Moreover, 100% of the traps in Stockholm caught at least one beetle, while for 

Båtfors, 81% of the traps in 2016 and 68% in 2020 caught at least one beetle.  

The comparably higher abundance of caught beetles in Stockholm was expected since it 

was known beforehand that Stockholm supports a stable and self-supporting population 

of the species (Ehnström 2005). While in Båtfors, there are ongoing management and 

reintroduction efforts to build and sustain a stable population (Ehnström 2005). Based on 

the present knowledge of the two sites regarding P.detritus, most of the Båtfors area is 

yet to achieve a suitable environmental standard for the species.  
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A possible explanation for the continuous rise of the Båtfors population from 2016 to 

2020 is a combination of continuous earlier releases and local reproduction. During 2016 

trapping was ongoing in parallel with releases of individuals from hatching logs, whereas 

in 2020, no releases were occurring near the assigned trapping sites (Appendix 10). 

Therefore, the beetles caught in 2020 should be almost exclusively the result of local 

emergence and entirely stemming from the locally produced population. 

5.1.1 What is the present state of the environment in Båtfors compared to Stockholm 

with regard to P.detritus? 

Stockholm had a higher number of trees (>80 cm DBH) per polygon than Båtfors, as seen 

in Figure 3. Båtfors had several polygons with zero values for basal area, which means 

that these polygons did not contain any large trees (>80 cm DBH); this was also true for 

one of the polygons in Stockholm. Stockholm had a higher mean basal area per polygon 

with a value of 11.47 m2 compared to Båtfors, which had a value of 2.08 m2 (Fig. 4). 

These results show that Stockholm has a higher availability of large oak trees than 

Båtfors, which is probably due to the differences in level of vegetation at the two sites. 

Båtfors has denser vegetation overall than Stockholm limiting the possibility for oak trees 

to grow, resulting in trees with high-positioned crowns and relatively low basal area. 

Moreover, Stockholms’ environment is more open, resulting in more barred trees with 

larger basal areas. Another contributing factor is the lack of environmental disturbances 

in Båtfors due to discontinued grazing and mowing and regulated water flow in the river 

Dalälven through the power plant (Eriksson & Aronsson 2020). Hence, the areas become 

dominated by spruce, and the ground vegetation becomes dense around the trees. 

Moreover, the differences in the level of vegetation can be interpreted from Figure 5B, 

which shows that the mean values for average sun exposure of trees per polygon were 

higher for Stockholm (2.33) than for Båtfors (1.67). These findings further support the 

reasoning behind the landscape structures’ impact on the results. 

When looking at vitality, it is important to remember that low values equal high vitality. 

Hence the mean vitality was higher in Stockholm (1.43) than in Båtfors (1.67). 

Furthermore, Båtfors had a wider distribution of values for vitality than Stockholm (Fig. 

5A). The probable underlying factor for this disparity is the landscape structures, as 

discussed in the previous paragraph. The overall higher vitality for trees in Stockholm 

than in Båtfors could mean that more dead branches were still attached to the trees and/or 

more dead standing trees in Båtfors. One explanation could be that the trees in Båtfors 

produce more deadwood than in Stockholm; the cause of this outcome will be further 

discussed in relation to observed deadwood in the next paragraph. 

The mean number of lying newly dead wood pieces per polygon was more significant for 

Stockholm (2.18) than for Båtfors (0.19) (Fig. 6A). As seen in Figure 6B, Stockholm had 

higher values for total stretch meter bark on lying newly dead wood per polygon (7.95 m) 

than Båtfors (0.68 m).  These findings show that the trees in Stockholm produce more 

deadwood than those in Båtfors, indicating that the vitality results presented above may 

be due to a higher abundance of standing dead trees in Båtfors. These results are also not 

independent from the observed basal areas at the two sites; hence it was expected to see 

more produced deadwood in Stockholm which has larger basal areas than in Båtfors.  

When examining the prevalence of different land cover classes, I found that mixed forest, 

not on wetland; on wetland (114:124), deciduous forest not, on wetland; on wetland 

(115;125), and deciduous hardwood forest, not on wetland; on wetland (116;126) were 
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the most prevalent at both sites (Fig. 6). In Stockholm the two most prevalent classes were 

deciduous forest, not on wetland; on wetland (115;125) followed by deciduous forest with 

deciduous hardwood (117), while in Båtfors the most prevalent class were deciduous 

forest, not on wetland; on wetland (115;125) followed by mixed forest, not on wetland; 

on wetland (114:124). Land cover class arable land (3) and deciduous forest with 

deciduous hardwood (117) were only present in Stockholm. These findings further 

demonstrate differences in the environment and landscape structure. The most prevalent 

classes in Stockholm were dominated by deciduous species, while the second most 

prevalent class at Båtfors was dominated by mixed forest. This further supports the above 

discussions regarding landscape structure and vegetation and its impact on the surveyed 

variables.  

5.1.2 What factors are important for abundance of P.detritus in the Stockholm area?  

According to the results from model selection in section 4.2, the only variable with 

statistical significance was basal area. The coefficient for the basal area was 0.0123, based 

on the centered/scaled data. Hence, for each unit of standard deviation increase of basal 

area, the beetle abundance metric would increase by 0.0123.  

These results are somewhat conflicting because there is scientific support behind the 

importance of several factors. For example, sun exposure and availability of newly dead 

wood are reoccurring through literature as factors of importance for P.detritus (Ehnström 

2005; Berglund 2015; Gwiazdowicz et al. 2013; Lindhe et al. 2010; SLU ArtDatabanken 

2019). The cause of this outcome may lie in the structure of the study and a lack of 

sufficient data, which may have led to variables being underrepresented. This is 

something that should be taken into consideration when planning future studies in order 

to produce a more representative result. Furthermore, the selection of variables and the 

number of included variables should be reviewed through a more thorough model 

selection to eliminate possible imbalances in the model.  

Heteroscedasticity in the present dataset is an issue that should be addressed to obtain the 

most reliable results from the models. This fell outside the time scope of the present study; 

however, it should be considered in future research. 

5.1.3 Does the importance of factors associated with an abundance of P.detritus 

differ for Båtfors compared to Stockholm? 

As seen in Figure 9, the model selected for Stockholm made poor predictions for the 

Båtfors data. The observed and predicted values were not correlated (Pearson’s r = -0.12). 

This indicates differences between the two sites, which I then examined by working 

through the model selection process for the Båtfors data.  

The analysis results in section 4.3 showed that the best-fitted model for Båtfors was based 

on a buffer area of 150 meters (Fig. 10) compared to the model fitted for Stockholm, 

which was based on a 350-meter buffer. Figure 9 also shows that several traps lie lower 

than the model predicted, which could mean that the quantity of caught beetles is not in 

equilibrium with the resources. 

Three variables showed statistical significance in the model selected for Båtfors. Basal 

area, stretch meter bark on lying wood, and land cover (Fig. 11) showed statistical 

significance with coefficients of 0.00795, 0.0000181, and 0.04221, respectively. These 

variables were based on centered/scaled data.  
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Several factors may have contributed to this output; one factor is the structure of the 

trapping efforts in Båtfors. All traps have been placed within proximity to each other 

within a relatively small area of the whole study site. Hence, the traps at Båtfors are not 

independent, influencing the results from the executed analyses. The clustering of traps 

at Båtfors may also be an underlying factor as to why the model for Båtfors was fitted for 

a smaller area than for Stockholm (150- versus 350 meters).  

Another factor is the differences in landscape structure and level of vegetation between 

the two sites. At Stockholm, the landscape was more open, with urban forests rich in 

deciduous tree species and parks with more or less freestanding oak trees. However, 

Båtfors has denser forest stands, often dominated by coniferous tree species. Hence, we 

can expect the oaks in Båtfors to be more strongly influenced by competition. It can also 

be speculated whether the fragmentation of the landscape due to the river may have an 

influence. However, the Stockholm area is fragmented as well but by urban structures.  

As mentioned in the above paragraph, heteroscedasticity is an issue that should be 

addressed to obtain the most reliable results from the models. This should be attended to 

in future research. 

5.1.4 What is the potential for rejuvenation of oaks in the future in Båtfors compared 

to Stockholm? 

To answer this question, the number of rejuvenation trees registered in the protocol 

(Appendix 3) was examined and compared between the two sites using a boxplot. The 

results from Figure 12 show that Stockholm has an overall higher quantity of rejuvenation 

trees than Båtfors, with a mean value of 74.11 rejuvenation trees per polygon for 

Stockholm and 48.87 for Båtfors. Furthermore, Stockholm had more small rejuvenation 

trees per polygon than Båtfors; in Stockholm, there were an average of 63.11 small 

rejuvenation trees per polygon and an average of 39.71 for Båtfors. There was an 

observable deficit in large rejuvenation trees in both sites, with an average of 11 in 

Stockholm and 9.16 for Båtfors.  

This may constitute problems for the Swedish populations of P.detritus due to 

intermissions in the rejuvenation of oak trees. This may cause problems with substrate 

limitations if there are continuity breaches in the rejuvenation of oaks. The limited 

number of large rejuvenation trees indicates that there are environmental factors that limit 

the growth and survival of rejuvenation oak trees. A possible limiting factor is 

competition from surrounding vegetation and competitive tree species. The underlying 

causes for the continuity breaches must be examined further at the two sites to produce 

suitable and effective management actions.  

5.2 Methodological considerations 

5.2.1 Selection of variables 

The variables included in the presented model were chosen based on reviewed literature 

on the biological importance of different factors on the success of P.detritus. In future 

studies, the selection of variables should be based on a more thorough examination 

through statistical analyses to make the model more effective.  

This study presents the first step in model selection for this purpose; there was insufficient 

time to make a complete model. To produce a refined and optimized model is outside the 

scope of the present study.  
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5.2.2 Registration method 

In this study, polygons were used to get an overview of each site since surveying the 

totality of each site would not be possible on my own within the study’s time frame. 

Polygons were regarded as the best option to get an overview of the present state of the 

sites regarding P.detritus as well as enabling comparison between the sites based on 

collected data.  

5.2.3 Collocation of results 

Boxplots were mainly used for presenting descriptive results. Boxplots were chosen as 

presentation forms for the descriptive results since they give a good visual representation 

of the data distribution. For the results of the statistical analyses, linear regressions were 

applied to visualize relationships in the data. 

For Båtfors, the trap data from both years 2016 and 2020 were pooled; this was done 

because there were several traps in both years that registered zero catches. Therefore, the 

data were pooled to get more observations to work with.  

5.3 Sources of error 

5.3.1 Pooling of trap-data 

The trap data for Båtfors were pooled for 2016 and 2020 to eliminate some zero values 

since several of the traps had zero catchments for both years. In hindsight, it may have 

been better and more informative to conduct the analyses on the 2020 data only; it may 

have made the analyses less complex and more feasible to draw.  

5.3.2 Trap cluster 

One factor affecting the results for the statistical analyses is that all traps in Båtfors had 

been placed in a cluster near each other. This resulted in the buffers for separate traps 

overlapping each other; hence the study faced a problem with overlapping data. It was 

not possible to deal with this within the timeframe of the present study, but it should be 

considered in the future.  

Another point is that this resulted in a small representation of the whole study area, 

compared to Stockholm, where the traps were spread out over larger areas (see Appendix 

5 & 10).  

5.3.3 Variable availability 

The protocol used in this study was based on the protocol used in surveying trees worthy 

of protection conducted by the County Administrative Board in Stockholm. However, it 

was later discovered that two variables, vitality, and sun exposure, were not included in 

the surveying of Båtfors conducted by the County Administrative Board of Uppsala. This 

was handled by assigning each trap with the mean value of vitality and sun exposure of 

the polygon in the closest proximity, which was done for both sites. This may have 

influenced the results due to individual differences in classifications between the 

variables used from data from the County Administrative Board and data from this 

survey.  

5.4 Future research and the applicability of the study 

The results from this study will contribute to the understanding of the current situation 

regarding the species at its current locations in Sweden. These results can also contribute 
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to prioritizing measurements where it is most needed. Hopefully, in the future, this study 

will contribute to finding additional suitable locations for future reintroductions.  

Further research is needed with a primary focus on conserving the population in 

Stockholm and the reintroduced population at Båtfors. Research regarding conservation 

measures is needed; after that, the focus should be on expanding the range of the species. 

Hence, studying possible future locations is relevant as well. This study based its response 

variable on caught individuals per day; future research should aim at constructing a model 

predicting population size. Constructing a model that predicts population size instead of 

caught individuals per day would be more informative for conservation actions and 

facilitate setting up goals for how much substrate is needed to support a certain population 

size.  

Proposal for future research questions:  

• How big do the populations of P.detritus in Stockholm and Båtfors need to be in order 

to be sustainable? 

• How big of a population of the saproxylic longhorn beetle P.detritus can presently be 

supported by the available substrate in Stockholm and Båtfors, respectively? 

• How much substrate is needed in Stockholm and Båtfors to support a stable 

population size of P.detritus? 

5.5 The study in relation to ethics and sustainability 

5.5.1 Ethical aspects  

This study did not involve any handling of higher animals nor any environmental 

sampling; hence no ethical review was necessary. However, this species faces substantial 

declines worldwide, and we have an ethical responsibility since the decline is mainly due 

to anthropogenic disturbances. The previous trapping data that was incorporated into the 

present study was obtained through non-lethal trapping and re-release of all captured 

specimens, with permission from park and county authorities. 

Sweden also has a national and international responsibility to preserve this species since 

the only stable Swedish population is located in Stockholm, the most northern distribution 

place internationally (Nilsson 2007).  

5.5.2 Sustainability aspects 

The execution of this study has not had any aversive effects on the studied species or the 

surrounding environment. The study did not contribute to any environmental disturbances 

more than normal ground trampling from moving through the survey areas. Furthermore, 

his study will contribute to more sustainable management of the Swedish populations of 

this threatened longhorn beetle species. 

6. Conclusion 

The results show a higher abundance of P.detritus in Stockholm than in Båtfors, which 

was expected. Furthermore, all surveyed variables had more favorable values, regarding 

the species, in Stockholm. Stockholm’s most prevalent land cover classes were dominated 

by deciduous tree species, while the second most prevalent class at Båtfors was dominated 

by mixed forest. Moreover, the results showed differences in the significance of the 

variables between the two sites. Lastly, I found natural rejuvenation of Quercus spp., at 

both sites. However, there are factors contributing to continuity breaches due to a deficit 
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of larger rejuvenation trees that need to be investigated further. Based on present 

knowledge, the common underlying factor for the observed differences between the two 

study sites is divergences in the landscape structure. Stockholm had a higher proportion 

of land dominated by deciduous species and a more open landscape which favored the 

host tree species Quercus.  

In conclusion, the present study showed that the environment in Stockholm was more 

suitable than that in Båtfors regarding P.detritus. Furthermore, I found that that there are, 

in periods, factors hindering the rejuvenation of oaks due to the deficit of larger 

rejuvenation trees. Lastly, the study showed that the importance of the surveyed variables 

varied between the two sites. However, this needs to be investigated further with a refined 

methodological approach.  
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Appendices

  

Appendix 1. Extract from main protocol used in field. Modified from 

Claesson (2009). For descriptions, see Appendix 2. 
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Appendix 2. Explanations for content of the primary 

protocol (Protocol 1) are presented below. Modified 

from Claesson (2009). 

Date 

the date on which each tree was inventoried; 

YYYY-MM-DD 

Coordinates 

north and south coordinates according to the 

SWEREF 99 TM reference system. 

TreeID 

each tree was given an ID based on name and 

number, e.g., D01 or B01. 

Polygon number 

the number of the polygon in which the tree 

was inventoried, e.g., P1 for Polygon 1 

Stem diameter  

Young tree 10-49 cm, and 50-79 cm diameter 

in breast height–tick off as young tree 

(number within a polygon). 

Measure trees >80cm diameter in breast 

height and dead standing trees >20 cm, given 

in whole centimeters.  

Growing manner 

The structure of the tree was observed and 

noted as either;  

(4) Barred 

(5) Intermediate Form 

(6) High Crown 

(9) Other  

Surrounding vegetation and coverage 

the ground vegetation surrounding the tree 

was observed and noted as follows; 

Shrubs, Bush vegetation, and young trees (< 

20 cm DBH), Deciduous trees (≥ 10 cm 

DBH), Coniferous trees (≥ 10 cm DBH) 

each vegetation type was also given a 

coverage code of either; 

1=0-25% 

2=25-75% 

3=>75% 

 

 

Current environment 

current dominant environment to the tree 

(within a 50 m radius). Up to 3 of the 14 

codes used were set per tree. 

Alle´  Code: 1 

Roadside Code: 2 

Cemetery Code: 3 

Park  Code: 4 

Plot  Code: 5 

Deciduous  Code: 6 

Coniferous Code: 7 

Mixed forest Code: 8 

Logging Code: 9 

Grassland Code: 10 

Field/pasture Code: 13 

Water  Code: 14 

Settlement Code: 15 

Other   Code: 16 

Actions/Land use 

actions/land use within a 50 m radius of the 

tree. One of the seven used codes was set per 

tree. This was only noted when it was clear 

that the land was being used in one way or 

another. 

Felling   Code: 1 

Grazing   Code: 3 

Clearing/thinning Code: 4 

Land work  Code: 5 

Hayfield  Code: 6 

Nothing  Code: 8 

Other   Code: 9 

Vitality 

the overall vitality of the tree was observed 

and noted as either:  

(1) Living, no coarse dead branches 

(2) 1-2 dead branches >20 cm diameter;  

(3) ≥ 3 dead coarse branches 

(4) 20-50% of the crown vital  

(5) <20% of the crown vital 

(6) the Whole tree is dead, bark left  

(7) the Whole tree is dead, no bark left.

  

  



 

36 

 

Estimated stretch meter bark for dead   

steam/branch with a diameter >20 cm

an estimation of the amount of available 

newly dead coarse wood with a diameter 

of >20 cm connected to the tree.  

Sun exposure; Whole tree 

the level of sun exposure of the whole tree 

was estimated to be either:  

(1) <25% 

(2) 25-75% 

(3) >75%. 

 

Sun exposure; Fresh deadwood with 

bark 

the level of sun exposure of fresh 

deadwood with bark was estimated to be 

either:  

(1) <25%  

(2) 25-75% 

(3) >75%. 

Need for clearing 

the need for clearing around each tree was 

estimated to be either:  

(1) Acute (within 2 years) 

(2) Soon (3-10 years)  

(3) Future (>10 years) 

(4) No need. 

 

 

 

Appendix 3. Extract from the protocol used for registration of rejuvenation trees. Modified from Claesson (2009). 

Appendix 4. Extract from the protocol used for registration of newly dead wood. Constructed by the essay author. 
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Appendix 5. Map over Stockholm visualizing placement of survey polygons as well as previous trapping 

sites. Shapefiles for placement of wood deposition, trapping sites, and the border for the Royal National 

City Park, were provided by the County Administrative Board of Stockholm. The background map is a 

satellite Web Map Service (WMS)  in QGIS. Polygons and map were constructed in QGIS by the essay 

author. 
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Appendix 6. Map over Stockholm visualizing the distribution of surveyed trees within each polygon. The 

surveyed trees illustrated are trees surveyed during the present study within each polygon. Shapefiles for 

the placement of wood deposition and the border for the Royal National City Park were provided by the 

County Administrative Board of Stockholm. The background map is a satellite WMS in QGIS. Map 

constructed in QGIS by the essay author. 
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Appendix 7. Map over Stockholm visualizing trees previously surveyed by the County Administrative 

Board of Stockholm. Shapefiles for placement of wood deposition, the border for the Royal National City 

Park, and previously surveyed trees were provided by the County Administrative Board of Stockholm. The 

background map is a satellite WMS in QGIS. Map constructed in QGIS by the essay author. 
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Appendix 8. Map over Stockholm visualizing catchment of traps located at Djurgården in relation to 

available suitable trees. Shapefiles for placement of wood deposition, the border for the Royal National 

City Park, and previously surveyed trees were provided by the County Administrative Board of 

Stockholm. Data for the catchment of traps was provided by Mattias Larsson, SLU, and the data over 

surveyed trees were taken from the present study. The background map is a satellite WMS in QGIS. Map 

constructed in QGIS by the essay author. 
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Appendix 9. Map over Stockholm visualizing placement of polygons in relation to the distribution of 

relevant landcover classes at Djurgården. Shapefiles for the placement of wood deposition and the 

border for the Royal National City Park were provided by the County Administrative Board of Stockholm. 

The background map, named Terrängkartan 2020, was provided by the Swedish Land Survey authority. 

Polygons and maps constructed in QGIS by the essay author. 
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Appendix 10. Map over Båtfors visualizing placement of survey polygons as well as previous trapping 

and release sites. Shapefiles for placement of wood deposition, trapping sites, release sites, and the 

border for Båtfors nature reserve were provided by the County Administrative Board of Uppsala. The 

background map is a satellite WMS in QGIS. Polygons and maps constructed in QGIS by the essay 

author.  

 

 

 



 

43 

 

 

Appendix 11. Map over Båtfors visualizing the distribution of surveyed trees within each polygon. The 

surveyed trees illustrated are trees surveyed during the present study within each polygon. Shapefiles for 

placement of wood deposition and the border for Båtfors nature reserve were provided by the County 

Administrative Board of Uppsala. The background map is a satellite WMS in QGIS. Map constructed in 

QGIS by the essay author. 
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Appendix 12. Map over Båtfors visualizing trees previously surveyed by the County Administrative Board 

of Uppsala. Shapefiles for placement of wood deposition, the border for Båtfors nature reserve, and 

previously surveyed trees were provided by the County Administrative Board of Uppsala. The 

background map is a satellite WMS in QGIS. Map constructed in QGIS by the essay author. 
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Appendix 13. Map over Båtfors visualizing catchment of traps in relation to available suitable trees. 

Shapefiles for placement of wood deposition, the border for the nature reserve, data over previously 

surveyed trees, and data for the catchment of traps were provided by the County Administrative Board of 

Uppsala. The data on surveyed trees were taken from the present study. The background map is a 

satellite WMS in QGIS. Map constructed in QGIS by the essay author.  
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Appendix 14. Map over Båtfors visualizing placement of polygons in relation to the distribution of 

relevant landcover classes. Shapefiles for placement of wood deposition, and the border for Båtfors 

nature reserve, were provided by the County Administrative Board of Uppsala. The background map, 

named Terrängkartan 2020, was provided by the Swedish Land Survey authority. Polygons and map 

constructed in QGIS by the essay author. 


