
Scandinavian Journal of Forest Research

ISSN: (Print) (Online) Journal homepage: www.tandfonline.com/journals/sfor20

Weak performance of the Eurasian spruce bark beetle in
the non-native lodgepole pine

Dragos Cocos & Martin Schroeder

To cite this article: Dragos Cocos & Martin Schroeder (2024) Weak performance of the
Eurasian spruce bark beetle in the non-native lodgepole pine, Scandinavian Journal of Forest
Research, 39:7-8, 392-401, DOI: 10.1080/02827581.2024.2438296

To link to this article:  https://doi.org/10.1080/02827581.2024.2438296

© 2024 The Author(s). Published by Informa
UK Limited, trading as Taylor & Francis
Group

View supplementary material 

Published online: 09 Dec 2024.

Submit your article to this journal 

Article views: 341

View related articles 

View Crossmark data

Full Terms & Conditions of access and use can be found at
https://www.tandfonline.com/action/journalInformation?journalCode=sfor20

https://www.tandfonline.com/journals/sfor20?src=pdf
https://www.tandfonline.com/action/showCitFormats?doi=10.1080/02827581.2024.2438296
https://doi.org/10.1080/02827581.2024.2438296
https://www.tandfonline.com/doi/suppl/10.1080/02827581.2024.2438296
https://www.tandfonline.com/doi/suppl/10.1080/02827581.2024.2438296
https://www.tandfonline.com/action/authorSubmission?journalCode=sfor20&show=instructions&src=pdf
https://www.tandfonline.com/action/authorSubmission?journalCode=sfor20&show=instructions&src=pdf
https://www.tandfonline.com/doi/mlt/10.1080/02827581.2024.2438296?src=pdf
https://www.tandfonline.com/doi/mlt/10.1080/02827581.2024.2438296?src=pdf
http://crossmark.crossref.org/dialog/?doi=10.1080/02827581.2024.2438296&domain=pdf&date_stamp=09%20Dec%202024
http://crossmark.crossref.org/dialog/?doi=10.1080/02827581.2024.2438296&domain=pdf&date_stamp=09%20Dec%202024
https://www.tandfonline.com/action/journalInformation?journalCode=sfor20


Weak performance of the Eurasian spruce bark beetle in the non-native lodgepole 
pine
Dragos Cocos and Martin Schroeder 

Department of Ecology, Swedish University of Agricultural Sciences, Uppsala, Sweden

ABSTRACT  
The North American lodgepole pine is the most used non-native tree species in Sweden. The 
performance of the Eurasian spruce bark beetle (Ips typogaphus) and the occurrence of other 
insects were recorded from bark samples from 19 I. typographus-killed lodgepole pines in central 
Sweden. The occurrence of blue-stain fungi and the mean radial increment were recorded from 
cut stem sections from 10 trees. Mean colonization density (± SE) per m2 bark was 331 ± 38 for 
males (based on entrance holes) and 329 ± 39 for females (maternal galleries) at 2.5 m height. The 
mean production of new generation I. typographus adults per m2 bark was 8.6 ± 2.6 and mean 
reproductive success (daughters per mother) was 0.01 ± 0.003. The mean density per m2 bark of 
the bark beetle enemies Thanasimus sp. (Coleoptera) was 2.2 ± 2.2, Medetera spp. (Diptera) 41.8 ±  
10.3 and parasitoids 30.8 ± 10.1. Blue-stain covered most of the surfaces of the cut stems and the 
annual ring widths decreased steadily during the last 20 years. The study demonstrates that 
I. typographus can colonize weakened lodgepole pines, but the reproductive success is very low. 
Ips typographus does not escape its enemies in the non-native host.

ARTICLE HISTORY
Received 15 October 2024 
Accepted 28 November 2024  

KEYWORDS  
Colonization density; Ips 
typographus; natural 
enemies; non-native tree 
species; Pinus contorta; 
reproductive success

Introduction

In recent decades, global forestry has seen the widespread 
planting of non-native tree species to boost the production 
of timber, pulp, and fuelwood, as well as to mitigate erosion 
(Richardson and Rejmánek 2011; Brundu and Richardson 
2016). On a global scale, 44% of plantation forests are now 
dominated by non-native tree species (Food and Agriculture 
Organization of the United Nations 2010). Diversifying forest 
production with the use of non-native tree species has also 
increased in Scandinavia, first to increase forest production, 
and in more recent years to help maintain sustainable for-
estry under climate change (Felton et al. 2013; Kjær et al. 
2014; Mårald et al. 2024). The most used non-native tree 
species in Sweden is lodgepole pine (Pinus contorta 
Douglas var. latifolia). The species is native to the northwes-
tern USA and western Canada and has been used at a large 
scale in Swedish forestry since mid-1970s to overcome a pre-
dicted future timber shortage (Elfving et al. 2001; Mårald 
et al. 2024). The introduction of lodgepole pine into 
Sweden is one of the largest introductions of non-native 
tree species in Europe, covering about 6000 square kilo-
meters or about 5% of production forest land in northern 
Sweden (Mårald et al. 2024). Thus, it is important to evaluate 
to what extent native pests may be a threat to these lodge-
pole pine stands.

Tree-killing bark beetles are one of the most important 
disturbance factors in conifer forests (Raffa et al. 2008). In 

Europe, the Eurasian spruce bark beetle Ips typographus 
(L.) (Coleoptera, Curculionidae) is the most important 
species, causing the mortality of millions of m3 of Norway 
spruce [Picea abies (L.) Karst] during outbreaks (Schelhaas 
et al. 2003; Seidl et al. 2011; Marini et al. 2017). Damages 
have also increased in recent decades (Hlásny et al. 2021). 
Outbreaks are triggered by large-scale storm fellings and 
warm and dry summers (Schroeder and Lindelöw 2002; 
Kärvemo et al. 2014; Hlásny et al. 2021; Rousi et al. 2023). 
After the exceptionally warm and dry summer of 2018, 
Sweden experienced the largest outbreak ever recorded 
with an estimated 31 million m3 of mature spruce forest 
killed during the years 2018–2023 (Schroeder and Kärvemo 
2022; Wulff and Roberge 2023).

In Europe, Norway spruce is the main host tree of 
I. typographus. The males initiate tree colonization by tunnel-
ing into the bark and releasing aggregation pheromones that 
strongly attract females and males. The females establish 
maternal galleries under the bark in which they lay their 
eggs and the hatched larvae feed on the phloem. Tree-killing 
bark beetles, including their associated microorganisms, 
attempting to colonize living trees encounter both constitutive 
and induced tree defences (Franceschi et al. 2005; Raffa 2014; 
Krokene 2015; Whitehill et al. 2023). These defences may be 
overcome by bark beetle mass attacks, coordinated by aggre-
gation pheromones that rapidly attract high numbers of 
beetles, and by the beetles vectoring blue-stain fungi that 
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are considered to contribute to the breakdown of tree 
defences. For successful colonization, the density of attacking 
beetles must exceed a critical threshold (Raffa and Berryman 
1983; Mulock and Christiansen 1986; Christiansen et al. 1987; 
Pineau et al. 2017). If the attack density is below the critical 
threshold, reproduction will be strongly reduced or fail.

There are only a few earlier studies about the ability of 
I. typographus to colonize and successfully reproduce in non- 
native tree species. Most of these have compared the perform-
ance of I. typographus in Norway spruce (its historical host) 
with the performance in congeneric North American spruce 
species (Økland et al. 2011; Flø et al. 2018; Isitt et al. 2023a) 
while only one has considered a non-native pine species, lod-
gepole pine (Schroeder and Cocoş 2018). The studies on 
spruce suggest that I. typographus can colonize and reproduce 
in the North American spruce species but that the reproduc-
tive success is somewhat lower or similar compared with 
Norway spruce. The comparison of I. typographus performance 
in lodgepole pine and Norway spruce showed a much lower 
reproductive success in lodgepole pine (Schroeder and 
Cocoş 2018). Only two of the earlier studies of I. typographus 
performance on non-native tree species were conducted on 
living trees which means that the beetles encounter tree 
defences (Økland et al. 2011; Schroeder and Cocoş 2018). In 
both these studies, the trees were baited with I. typographus 
pheromones to induce attacks which may have influenced 
colonization densities and helped the beetles to overcome 
the tree defences. Thus, there is a need to study bark beetle 
performance on non-native tree species under more natural 
conditions, i.e. when the beetles themselves select trees to 
attack. This means that colonization density will depend on 
the beetles’ ability to produce pheromones in the non-native 
tree species which influences the probability of overcoming 
tree defenses of living trees and thus also the reproductive 
success.

The performance of I. typographus, and other native bark- 
and woodboring beetles, in lodgepole pine is of interest for 
not only European forestry but also forestry in western 
North America where lodgepole pine is one of the most 
common tree species. This is because I. typographus is one 
of the most commonly intercepted non-native Ips species 
(Turner et al. 2021). Up until 2008, I. typographus was inter-
cepted 465 times at North American ports (Liebhold et al. 
2017). This means that there is a considerable risk that the 
species at some point may establish there.

In 2023, two lodgepole pine stands have been attacked by 
I. typographus in Sweden. No Norway spruce trees in the 
stands could have induced the attacks on the lodgepole 
pines. Thus, the stands provided an opportunity to study 
the performance of I. typographus in naturally attacked lodge-
pole pines. The specific questions addressed in the study 
were (1) What were the colonization density and reproductive 
success of I. typographus? (2) Which other bark- and wood- 
boring species colonized the trees? (3) Which bark beetle 
enemies were present and at what densities? (4) How much 
of the wood surface was covered by blue-stain fungi? (5) 
What was the yearly increment growth in the last twenty 
years? In addition, we checked for signs of bark beetle 
attacks on nearby living lodgepole pines and Norway spruces.

Materials and methods

Study sites

The study was conducted in two small stands (0.8 and 0.6 ha), 
age 35 years and approximately 90% dominated by lodge-
pole pine, and attacked by I. typographus. The stands are 
located close to the Baltic Sea in the county of Upland in 
central Sweden (Figure 1). Norway spruce and Scots pine 
(Pinus sylvestris, L) are the dominant tree species in this 
region, with some deciduous trees, consisting mostly of 
birch [Betula pendula (Roth.) and B. verrucosa (Ehrh.)], and 
aspen [Populus tremula (L.)]. Only a few lodgepole pine 
stands have been established in this region. The mean diam-
eter at breast height (DBH hereafter; ± SE) for the unattacked 
lodgepole pines in the two stands was 15.4 ± 0.4 cm (N = 50, 
stand 1) and 14.6 ± 0.4 cm (N = 50, stand 2), respectively. The 
mean DBH for spruce trees found within the two stands was 
15.6 ± 0.8 cm (N = 22, stand 1) and 15.1 ± 0.7 cm (N = 32, 
stand 2), respectively. The mean diameter of a pure Norway 
spruce stand bordering stand 1 was 16.3 ± 0.6 cm (N = 50). 
The lodgepole pine stands were thinned about three years 
before the study was conducted. Both stands were situated 
on small hills with rocky outcrops. Based on five soil profiles 
per stand, the organic soil layer was situated directly on the 
bedrock with mean depths of 12.6 ± 0.6 cm (stand 1) and 
9.2 ± 0.5 cm (stand 2). For the spruce stand bordering stand 
1, the organic soil layer was 22.1 ± 0.2 cm, and situated on a 
coarse layer of the soil.

Research questions (1) – (3) were answered by analyzing 
bark samples, and questions (4) and (5) by inspecting surfaces 
of cut stem sections from killed lodgepole pines in stand 1. In 
stand 2, the killed lodgepole pines had been cut in winter 
2023/2024, thus sampling was not possible there. In stand 
1, 25 lodgepole pines were killed and in stand 2 about 11 lod-
gepole pines. The cut trees from stand 2 were stored nearby 
and these trees were also colonized by I. typographus. No 
Norway spruces were killed in the two lodgepole pine 
stands, or in adjacent spruce stands, and thus no comparison 
of I. typographus performance in the native host tree species 
and lodgepole pine in the same locality was possible.

Bark samples

The bark sampling was done between the 6th of February and 
the 8th of March in 2024 before insect emergence. Nineteen of 
the 25 killed lodgepole pines in stand 1 were sampled: ten by 
felling the trees and cutting 50 cm long stem sections at five 
different heights and nine by taking one bark sample at 
2.5 m height without felling the trees. The mean DBH for the 
19 sampled trees was 16.3 ± 0.7 cm and the mean thickness 
of the bark samples was 3.3 ± 0.2 mm. For the felled trees, 
stem sections were cut at (1) the base, (2) 2.5 m, (3) 5 m, (4) 
8 m and (5) the top of the tree. In addition, one branch was col-
lected at 2–3 m height. The 2.5 m height was chosen to be able 
to compare the results with a previous study in which healthy 
lodgepole pines and Norway spruces were baited with 
I. typographus pheromone dispensers (to induce attacks) and 
subsequently checked for bark beetle performance in bark 
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samples from 2.5 m height (Schroeder and Cocoş 2018). The 
other heights, and branches from the felled trees, were 
included to check how large parts of the trees were colonized 
by I. typographus and which other insect taxa occurred in the 
trees.

All stem sections, branches and bark samples were 
brought to the laboratory where they were stored at +5°C 
until analyzed. One bark sample was taken from each stem 
section in the laboratory (except the top section). The bark 
sample size was 15 × 45 cm and the bark thickness of each 
sample was recorded. Tops and branches were analyzed by 
removing the bark on the whole length (mean 54 ± 3 cm 
and 55 ± 5 cm, respectively). For the ten cut trees, the diam-
eter of each stem section was measured.

For each bark sample, the following I. typographus vari-
ables were recorded: number of male entrance holes and 
maternal galleries (representing male and female coloniza-
tions), number of mating chambers, number of maternal gal-
leries per mating chamber, maternal gallery length and 
number of live individuals of different developmental 
stages in the samples (i.e. larvae, pupae, adults) and emer-
gence holes from the new-generation adults. All variables 
were recalculated to densities because the bark sample 
differed somewhat in size (mean size 0.07 ± 0.001 m²). Repro-
ductive success was calculated as the number of daughters 
per mother beetle (defined as the number of beetles pro-
duced x 0.5)/(number of maternal galleries) (Hedgren and 
Schroeder 2004).

For other bark beetle species, we recorded gallery system 
coverage and development stage in the bark samples. In 
addition, densities of live individuals and cocoons of bark 
beetle enemies were recorded as well. The enemies were 
not identified at the species level, but grouped into parasi-
toids (larvae or cocoons), predatory flies of the genus 

Medetera (larvae), and predatory beetles of the genus Thana-
simus (larvae). These three groups include the most common 
insect enemies of I. typographus under bark (Weslien 1992; 
Hedgren and Schroeder 2004; Kenis et al. 2004). Thanasimus 
larvae may be either T. formicarius or T. femoralis. Both para-
sitoids and Medetera include several species. As the sampling 
was done in the early spring after the year of attack, most 
Thanasimus larvae should have already left the stems of the 
trees, whereas some parasitoids and most Medetera hibernate 
in the bark colonized by I. typographus (Weslien 1992; Schroe-
der 1999; Hedgren and Schroeder 2004). Thus, our results will 
underestimate Thanasimus, and somewhat underestimate 
parasitoids, but be accurate for Medetera regarding the den-
sities produced in the trees.

Failed bark beetle attacks on living trees

In both lodgepole pines stands and the adjacent Norway spruce 
stand, all diameter-measured living trees, including the few 
existing Norway spruces and Scots pines within the lodgepole 
pine stands, were visually inspected for failed bark beetle 
attacks from the base up to 3 m height. If holes or resin exuda-
tions were present, a knife was used to debark the area around 
the attack and the fate of the attack was recorded.

Blue-stain fungi and tree growth

The percentage of the cut surface of each stem section and 
branch stained by blue-stain fungi was recorded. To quantify 
the yearly growth for the ten cut trees, the lower cut surface 
of the stem sections cut at 2.5 m was polished. The widths of 
the last 20 annual rings were measured with a digital caliper 
and calculated as the mean of two sets of measurements 
taken at 90 degrees from each other starting from the pith. 

Figure 1. Map showing the locations of the two stands (red circles) in which lodgepole pines were killed by Ips typographus in 2023. The distance between the two 
attacked stands was 650 m. Central coordinates (WGS84) for Stand 1: 60°19’54.7"N 18°23’18.2"E and Stand 2: 60°19’39.2"N 18°23’46.0" E.
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Tree age was determined by counting the annual rings on the 
basal stem section.

Temperature and precipitation

Daily maximum and minimum temperatures, and precipi-
tation, for the period March 1st–July 31st 2023 were derived 
from the nearest Swedish Meteorological and Hydrological 
Institute (SMHI) weather stations. Precipitation: Söderby-Karl-
säng, distance 5.5 km (coastal, no temperature readings); 
Temperature: Film, distance 30 km (inland), Örskär, distance 
21 km (coastal) and Gävle, distance 75 km (coastal) (Figure S1).

Statistical analyses

All statistical analyses were performed in R studio, version 
2023.09.1 (R Core Team 2023). Separate analyses were con-
ducted for bark samples from 2.5 m (first dataset, 19 trees) 
and bark samples from the cut trees (second dataset, 10 
trees). For the first dataset, we used linear models (LM) to 
analyze the relationship between the I. typographus male 
and female colonization densities (response variables) and 
the two explanatory variables tree diameter at 2.5 m and 
bark thickness. For the second dataset, linear mixed-effect 
models were used to analyze the relationship between the 
male and female colonization densities (response variables) 
and bark thickness (explanatory variable). The tree was 
included as a random factor (to account for differences 
between the sampled trees). Linear models (LM) were used 
to analyze the relationship between the above-mentioned 
response variables and the bark sample height (i.e. base, 
2.5, 5 and 8 m) as a predictor. Tops and branches were 
excluded from these analyses due to very low colonization 
of I. typographus. No models were run on the I. typographus 
reproductive success and number of offspring produced per 
m² bark area, due to too many zeroes. Levene’s test was 
used to check for homogeneity of variance in the residuals 
(Levene Test; car-package, Fox and Weisberg 2019). The 
package multcomp (Hothorn et al. 2008) was used for 
Tukey’s pairwise comparisons.

Results

No live I. typographus larvae, pupae or adults were found in 
any of the bark samples. However, emergence holes demon-
strated that a few new-generation adults had been produced. 
Ips typographus larval galleries developed from all maternal 
galleries. However, the pupal stage was only reached in 
68% (based on the presence of pupal chambers), and new 
generation adults in only 42% of the bark samples (the pres-
ence of emergence holes).

Performance of I. typographus in bark samples at 
2.5 m (first dataset)

Ips typographus colonization occurred in 18 out of the 19 
samples, and the mean colonization density per m2 bark (includ-
ing all 19 samples) was 331 ± 38 for males (entrance holes) and 

329 ± 39 for females (maternal galleries). Only 51% of the 
entrance holes resulted in a mating chamber with maternal gal-
leries. No significant relationship was found between the male 
(F1,17 = 0.08, p = 0.79) or the female (F1,17 = 0.51, p = 0.49) coloni-
zation density and the tree diameter at 2.5 m. The mean 
number of maternal galleries per mating chamber was 1.82 ±  
0.14 and the mean maternal gallery length was 7.1 ± 0.6 cm. 
There was a positive and significant relationship between 
I. typographus male attack density and the density of maternal 
galleries (r = 0.64, n = 19, p = 0.003) (Figure 2A).

The mean production of new-generation adults per m2 

bark was 8.6 ± 2.6 (N = 19, based on emergence holes). Ips 
typographus mean reproductive success (daughters per 
mother) was 0.01 ± 0.003. New-generation adults were only 
produced when the density of entrance holes exceeded 
200 per m² bark (Figure 2B).

Performance of I. typographus in bark samples at 
different heights (second dataset)

Male and female I. typographus colonizations occurred from the 
base up to the 8 m section but not in the tops (except for one, 
with both male entrance holes and maternal galleries present), 
or branches (Figure 3A and B). Male and female colonization 
densities were significantly lower in the 8 m sections than in 
the lower sections (male: F3,36 = 2.96, p = 0.04; female: F3,36 =  
2.72, p = 0.05). There was a significant negative relationship 
between bark thickness and both male (p = 0.05) and female 
(p = 0.03) colonization densities. The decrease in bark thickness 
with height above ground for the ten killed trees that were cut is 
shown in Figure S2. No new generation adults of I. typographus 
were produced at heights above 5 m (Figure 3C and D).

Presence of other species

Nine taxa of bark and wood-boring beetles were recorded 
from the killed lodgepole pines (Table 1). The most 
common species (based on a number of colonized trees) in 
the samples taken at 2.5 m height were I. typographus, 
Acanthocinus griseus (Fabricius) and Pityogenes chalcographus 
(L). For the 10 cut trees, including all six heights and branches, 
the most common species were I. typographus, A. griseus, 
P. chalcographus and Polygraphus poligraphus (L). Most bark 
and wood-boring species occurred in the base (seven 
species), followed by the 5 m sample (six species) and the 
2.5 m sample (five species).

In addition, several bark beetle enemies and other species 
associated with bark beetle-killed trees, representing four 
different insect orders, were present in the bark samples 
(Table 2). The densities per m2 bark in the 2.5 m samples of 
three of the most common enemy groups were Thanasimus 
spp. (Coleoptera) 2.2 ± 2.2, Medetera spp. (Diptera) 41.8 ±  
10.3 and parasitoids (Hymenoptera) 30.8 ± 10.1.

Failed bark beetle attacks on living trees

A few entrance holes and mating chambers filled with resin 
(i.e. failed bark beetle attacks) were observed on four 
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lodgepole pines in stand 1, and none in stand 2. No failed 
attacks were recorded on Norway spruces or Scots pines 
within stands 1 and 2 or in the adjacent spruce stand. 
Very few, and very short pitch tubes were observed on 
both successfully and failed attacked lodgepole pines. No 
I. typographus attacks occurred on spruce trees growing 
within 100 m of the lodgepole stands in 2023. Bark beetle- 
killed spruces were recorded at a distance of 450 m from 
stand 1 (four trees), and 600 m from stand 2 (six trees).

Blue-stain fungi and tree growth

Almost all cut stem sections and branches (except one base, 
one top and one branch) were affected by blue-stain fungi. 
The mean coverage for the blue-stain (Figure 4) was high to 
the top of the trees, with no significant difference between 
the different heights (F5,54 = 1.54, p = 0.19).

The analysis of tree ring widths for the last twenty years 
showed a steady decrease over time with an especially 
strong dip in 2017 and in the exceptionally dry and warm 

Figure 2. Relationship between densities of (A) Ips typographus male entrance holes and maternal galleries and (B) Ips typographus male entrance holes and 
female reproductive success in naturally colonized lodgepole pine. Each symbol represents one sampled tree at 2.5 m height.

Figure 3. Ips typographus male (A) and female (B) colonization densities, reproductive success (C), and offspring production (D) in bark samples from different 
heights of the stems of ten killed lodgepole pines and in branches. The central lines of the box plot represent the median, the box indicates lower and upper 
quartiles and the whiskers represent the largest and smallest observations that fall within 1.5 times the box size from the nearest quartile. Only samples from 
the base, 2.5, 5 and 8 m are included in the analyses. Black dots represent outliers. Means with different lowercase letters are significantly different at p < 0.05.
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summer of 2018 (Figure 5). In 2019, there was an increase and 
thereafter the decrease continued.

Temperature and precipitation

The spring and summer of 2023 were dry with little precipi-
tation until the beginning of July and with temperatures 
often exceeding 20°C (Figure S1).

Discussion

This is the first documented natural attack of I. typographus 
on standing lodgepole pines in Sweden. This is even 
though this non-native tree species have been used for a con-
siderable time in Sweden and are established on about 6000 
square kilometers (Mårald et al. 2024). In some cases, attacks 
by I. typographus on the native non-host Scots pine have 
been induced by switching of attack from adjacent ongoing 
attacks on Norway spruces (Komonen et al. 2011) due to 
pheromones produced by I. typographus in the attacked 
spruces in combination with host volatiles released from 

the bark beetle entrance holes. This was not the case in our 
study because there were no I. typographus-killed spruces 
within the lodgepole pine stands or in nearby spruce 
stands. Attacks by I. typographus on storm-felled lodgepole 
pines, in the absence of nearby attacked Norway spruces, 
have been recorded but in much lower incidence than for 
storm-felled Norway spruces (Schroeder and Cocoş 2018). 
Thus, lodgepole pine is generally not conceived as a potential 
host by I. typographus.

The attacks by I. typograhus were most probably the major 
factor contributing to the killing of the lodgepole pines. First, 
it was the only bark beetle species recorded in all 19 
inspected trees and generally also present at relatively high 
attack densities over large parts of the stems. Second, the 
killed trees were heavily infested by blue-stain fungi that 
are known to be vectored by I. typographus and that can 
kill Norway spruces when inoculated (Christiansen and 
Solheim 1990; Krokene and Solheim 1998). Third, the two 
other bark beetle species found (i.e. P. chalcographus and 
P. poligraphus) may sometimes kill Norway spruces but are 
considered to be more secondary than I. typographus and 

Table 1. Number of killed lodgepole pines colonized at different heights by different species/taxa of bark- and wood-boring beetles based on analysis of bark 
samples.

Species Number of colonized trees and percentage of sample area covered by galleries Present as Native host

Base 2.5 m 5 m 8 m Top Branch Total
Replicates 10 10 19 10 10 10 10

Curculionidae
Scolytinae

Pityogenes chalcographus 2 (18) 4 (40) 9 (30) 8 (41) 10 (54) 10 (73) 9 (59) 15 GS, AD S,(P)
Ips typographus* 9 9 18 9 7 1 19 GS S
Polygraphus poligraphus 1 (50) 6 (24) 3 (4) 3 (37) 4 (22) 5 (38) 12 GS, LA S
Crypturgus sp. 1 (1) 2 (60) 4 (50) 3 (21) 5 GS, AD S,P
Tomicus piniperda 1 (1) 1 AD P

Curculioninae
Pissodes sp. 3(33) 3 GS, AD S,P

Cerambycidae
Acanthocinus griseus 6(21) 9 (24) 17 (22) 10 (20) 8 (15) 10 (12) 9 (8) 18 GS, AD S,P
Rhagium inquisitor 5(28) 5 GS, AD S,P
Asemum/Arhopalus 1 (2) 1 GS S,P

In parenthesis percentage of the bark sample covered by galleries of the species. At 2.5 m height, nine additional trees to the 10 cut trees were sampled. Native 
host trees of the species: S, Norway spruce; P, Scots pine. Colonization recorded from the presence of AD, adults; GS, gallery systems; LA, larvae. Empty cells 
represent zero counts. 

*For Ips typographus no data were collected on the percentage of bark samples covered by galleries.

Table 2. Densities of bark beetle natural enemies and other taxa present in the bark samples from killed lodgepole pines.

Species Densities (± SE) per m2 bark

Stage
Base 2.5 m 5 m 8 m top branch

Replicates 11 10 19 10 10 10 10

Coleoptera
Thanasimus 0 0 2.2 (± 2.2) 1.5 (± 1.5) 0 1.7 (± 1.7) 0 L
Plegaderus 0 0 0 0 1.5 (± 1.5) 0 0 L
Corticeus 2.7 (± 2.7) 1.4 (± 1.4) 6 (± 3.9) 1.5 (± 1.5) 4.5 (± 3.2) 15.1 (± 6.4) 17.2 (± 10.3) A
Staphylinidae 20.5 (± 10.4) 7.3 (± 3.3) 3.8 (± 1.9) 1.5 (± 1.5) 5.7 (± 3.1) 10.1 (± 7.3) 5.1 (± 3.5) L, A
Rhizophagus 0 0 0.6 (± 0.6) 0 0 0 0 L

Diptera
Medetera 32.5 (± 11.6) 44 (± 11.3) 41.8 (± 10.4) 80.6 (± 34.2) 47.5 (± 14.9) 113.2 (± 22.2) 33.2 (± 10.3) L
Lonchaea 169 (± 85.1) 5.7 (± 5.7) 44.2 (± 30.5) 22.9 (± 10.8) 78.5 (± 41.8) 61.4 (± 24.7) 22.2 (± 8.1) L, A
Stratiomyidae 60 (± 31.7) 11.8 (± 6.9) 7 (± 3.8) 1.4 (± 1.4) 1.5 (± 1.5) 0 0 L
Cecidomyiidae 0 142.2 (± 132.4) 85.4 (± 69.6) 19.2 (± 8.5) 12.1 (± 3.8) 21.8 (± 7.8) 61.3 (± 30.2) L
Sciaridae 20.2 (± 20.2) 0 0 4.3 (± 3.1) 34.4 (± 22.9) 26.7 (± 26.7) 2.5 (± 2.5) L

Hymenoptera
Parasitoids 11.4 (± 8.1) 30.1 (± 13.5) 30.8 (± 10.1) 38.2 (± 13.9) 11.1 (± 5.9) 17.2 (± 11.2) 0 L, C
Heteroptera 1.3 (± 1.3) 1.5 (± 1.5) 3 (± 2.3) 2.9 (± 1.9) 3.0 (± 2.0) 1.2 (± 1.2) 0 A

A, adult; L, larvae; C, cocoon.
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also have flight periods that peak later in the season than 
I. typographus (Schroeder 2013; Viklund 2024). None of the 
other recorded bark- and wood-boring species is known to 
be able to kill trees.

The most probable explanation for the I. typographus 
attacks, and successful killings, of the lodgepole pines is 
that the trees were severely weakened and thus had low 
defenses against bark beetle attacks. The analysis of annual 
ring widths demonstrated a steadily declining growth over 
the past 20 years with a strong negative effect of the excep-
tionally warm and dry summer of 2018. In addition, the early 
summer of 2023 (the year of tree-killing) was exceptionally 
warm and dry and thus may have been the triggering 
factor for the attacks. This in combination with the poor 
ground conditions may have predisposed the lodgepole 
pines to the bark beetle attacks. In addition, lodgepole 
pines are known to have more shallow root systems, 
especially on rocky outcrops (Lotan and Critchfield 1990). 
Generally, pines defend themselves against bark beetle 
attacks with a copious resin flow that prevents beetle estab-
lishment (Kane and Kolb 2010; Boone et al. 2011; Zhao and 
Erbilgin 2019). The fact that there were few signs of resin 
flow or pitch tubes on the killed trees also indicates low 

tree defenses. The Norway spruces (and Scots pines) within 
the lodgepole pine stands coped better in these conditions 
because they showed no signs of bark beetle attacks.

The mean I. typographus female colonization density of 
329 maternal galleries per m² bark in the killed lodgepole 
pines is only somewhat lower than the mean density of 509 
maternal galleries per m² bark recorded on killed Norway 
spruces during five outbreaks in Sweden (Kärvemo and 
Schroeder 2010; Komonen et al. 2011). Ips typographus is 
only weakly attracted to host tree volatiles alone (Lindelöw 
et al. 1992; Schroeder 2003; Lehmanski et al. 2023). Thus, 
the fact that the colonization density was comparable to 
that in killed Norway spruces is a strong indication that 
I. typographus males can produce their aggregation phero-
mones also in lodgepole pine. The two main components 
of the pheromone are 2-methyl-3-buten-2-ol and cis-verbe-
nol (Schlyter et al. 1987). 2-Methyl-3-buten-2-ol is produced 
de novo (i.e. no specific precursor required), whereas cis-ver-
benol is produced from the precursor (-)-α-pinene (Lanne 
et al. 1989; Lindström et al. 1989). This precursor is present 
in lodgepole pine but accounts for only 5% on average of 
total monoterpene content (Pureswaran et al. 2004), which 
is a much lower proportion than in Norway spruce (Schiebe 
et al. 2012). It has previously been shown that 
I. typographus produce similar amounts of its aggregation 
pheromone (2-methyl-3-buten-2-ol and cis-verbenol) in 
stem sections of the North American spruce species 
P. sitchensis and P. glauca x lutzii as in its historical host 
Norway spruce (Flø et al. 2018).

The reproductive success of I. typographus in the killed lod-
gepole pines was very low. New generation adults were only 
produced in 42% of the sampled attacked trees and the mean 
reproductive success was only 0.01 daughters per mother 
(maximum offspring production of 30 adults per m² bark). 
In killed Norway spruces, average reproductive success is 
often about 200 times higher with about two daughters per 
mother (Kärvemo and Schroeder 2010; Komonen et al. 
2011). In a previous experiment in which healthy Norway 

Figure 4. Percentage of blue stain fungus covering the lower end of each stem 
section and branch.

Figure 5. Mean annual increment for the last twenty years including the year of Ips typographus colonization (2023) for ten killed lodgepole pines. The black box 
represents the growth years from the very dry summer of 2018.
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spruces and lodgepole pines were baited with I. typographus 
pheromone dispensers, the reproductive success was much 
higher in spruce than in lodgepole pine: 1.43 and 0.08 daugh-
ters per mother, respectively (Schroeder and Cocoş 2018). The 
low reproduction in the present study was not caused by the 
failure of larvae to establish, as larval galleries were present 
from all maternal galleries. Although the pupal stage was 
present in some of the bark samples, only a few larvae 
reached it. In an earlier study conducted on I. typographus- 
killed Norway spruces average maternal gallery length was 
6.0 cm (range 5.3–6.9 cm) but at a somewhat higher coloniza-
tion density (mean 460 per m2 bark) (Hedgren and Schroeder 
2004) which is comparable to a mean length of 7.1 cm on lod-
gepole pine in the present study. Thus, shorter maternal gal-
leries (and room for fewer eggs) is neither an explanation for 
the low reproductive success. Also, the number of maternal 
galleries per mating chamber was similar in the two studies: 
1.6 in Norway spruce and 1.8 in lodgepole pine. The 
females were as prone to enter a mating chamber created 
in the non-native lodgepole pine as in the traditional host 
Norway spruce. The thinner phloem thickness of lodgepole 
pine compared to Norway spruce (Schroeder and Cocoş 
2018), and differences in chemistry and nutritional quality 
compared with the traditional host, in combination with 
the negative effect of enemies (see below) are probable 
explanations for the low reproduction. A somewhat lower 
reproduction of I. typographus in non-native species of 
spruce compared to the native Norway spruce has previously 
been demonstrated (Økland et al. 2011; Flø et al. 2018; Isitt 
et al. 2023a) but the differences were much smaller than 
those in the present study. This may be explained by a 
larger difference in chemistry and physical attributes 
between lodgepole pine and Norway spruce than between 
different species of spruce.

In a field experiment, Christiansen and Solheim (1990) 
observed no blue-stain fungi growth in any of the Ophios-
toma polonicum Siem-inoculated lodgepole pines while all 
inoculated Norway spruces were heavily stained and the 
trees died. In contrast, all I. typographus-killed lodgepole 
pines in our study were stained by blue-stain fungi. 
However, we do not know which of the blue-stain fungi 
species were present in our study. In addition, the trees in 
our study were more stressed than the trees in the earlier 
study. Blue-stain fungi are often associated with 
I. typographus and cause tree death after bark beetle 
attacks (Christiansen and Solheim 1990; Krokene and 
Solheim 1998; Lieutier et al. 2009; Zhao et al. 2019).

Larvae from the most important groups of bark beetle 
enemies were present in the I. typographus-attacked lodge-
pole pines. A similar bark beetle enemy community was 
also found in attacked lodgepole pines baited with 
I. typographus pheromones (Schroeder and Cocoş 2018). A 
comparison between the enemy community in the present 
study and earlier studies on I. typographus-killed Norway 
spruces showed similar enemy complexes (Hedgren and 
Schroeder 2004; Weslien et al. 2024). Thus, natural enemies 
can track their prey species also in the non-native lodgepole 
pine. This might be the result of many enemy species being 
generalist predators, responding to pheromones from 

several bark beetle species inhabiting different tree species 
(Kenis et al. 2004; Isitt et al. 2023b).

The cerambycid beetle, Acanthocinus griseus, (Fabricius), 
was the second most common species when it comes to 
the number of colonized trees and the most common when 
looking at the number of samples (including all heights). 
Acanthocinus griseus utilizes both Norway spruces and Scots 
pines attacked by bark beetles (Martikainen 2002; Foit 2010) 
and is attracted to bark beetle pheromones (Cocoş et al. 
2017). It is also included in the Swedish red list as Near Threa-
tened (Swedish Species Information Centre 2020).

To conclude, our study shows that I. typographus can colo-
nize and kill non-native lodgepole pine. However, this seems 
to be a rare phenomenon because this is the first report of 
I. typographus killing lodgepole pines despite being a 
common tree species in parts of Sweden. One important 
factor for the attacks may be that the stands were growing 
on unfavourable sites and were stressed by drought. The 
reproductive success was extremely low which is in accord-
ance with an earlier study with baited trees. Thus, if lodgepole 
pines are killed by I. typographus the trees will act as a sink for 
the bark beetle population. Despite being a novel host tree, 
the bark beetles did not escape their enemy complex. 
Several bark- and wood-boring beetle species and bark- 
beetle-associated taxa were present in the killed trees.
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