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Pine weevil (Hylobius abietis)
preferences among species of
conifer seedlings planted on
clear-cuts in central Europe

Barbora Dvořáková*, Jaroslav Holuša, Jakub Horák,
Jaromír Hradecký, Michal Bledý and Martin Zelenka

Faculty of Forestry and Wood Sciences, Czech University of Life Sciences, Prague, Czechia

Introduction: As a result of climate change and bark beetle outbreaks in forests,
extensive salvage, and sanitary cutting have been undertaken in Europe, resulting
inmany clear-cuts with coarse stumps. The populations of pineweevils (Hylobius
abietis and Hylobius pinastri) are steadily increasing. A high abundance of pine
weevils feeding on seedlings typically results in significant economic losses and
prolongs the forest establishment period. However, information on these species
spatial distribution and habitat selection patterns, necessary for assessing their
harmfulness and subsequently accurately estimating their threat to reforested
areas, is lacking. To determine which factors influence spatial selection patterns
and seedling type preference, this study investigated which clear-cut factors
increase pine weevil abundance and which seedling types (species and age) are
the most preferred.

Methods: The experiment was carried out on 20 clear-cuts in the central
Czech Republic. We evaluated soil moisture level, average stump distance and
diameter, proportion of other conifers, and whether the stumps were mulched.
We detected the abundance of pine weevils using pitfall traps. We determined
the feeding scar intensity on the first 10 cm of seedling stems on commonly
used seedlings for reforestation in central Europe: 1-year-old Scots pine (Pinus
sylvestris), European larch (Larix decidua), and 3-year-old Norway spruce (Picea
abies), with 1,200 seedlings in total. The individual seedling types alternated in
rows. The results were evaluated using generalized linear mixed-e�ect models
(GLMMs). As dependent variables we used total numbers of H. abietis and H.

pinastri. The soil moisture level, mulching, proportion of other conifers, average
stump diameter, and distance were considered independent variables.

Results: We found that Norway spruce was the least attractive to pine
weevils. We found a higher abundance of H. abietis females in moist clear-cuts,
confirming that dry clear-cuts are less suitable for oviposition.

Conclusion: According to our findings, if foresters want to plant coniferous
seedlings, it seems that planting older spruce is a better option than planting
larch and pine. These findings provide valuable insights for forest management
and reforestation strategies, equipping foresters with the knowledge to mitigate
the threat of pine weevils and ensure successful forest establishment.
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1 Introduction

1.1 Pine weevil abundance increases as a
result of bark beetle outbreaks

Ongoing climate change has increased water deficits, stressing
trees and making them more vulnerable to insect pests (Holuša
et al., 2018). Widespread bark beetle outbreaks have recently
occurred across Europe. The most effective defense against the
spread of bark beetles is to cut the infested trees and remove them
from the forest before the beetle offspring leave the trunks (Mezei
et al., 2017). The high number of newly emerging clear-cuts with
stumps from felled trees provides suitable conditions for the spread
and successful reproduction of the pine weevil (Hylobius abietis)
(Linnaeus, 1758) (Coleoptera: Curculionidae) (Långström andDay,
2004). The weevils are attracted to places where fresh stumps
emit volatiles (monoterpenes and ethanol) (Nordlander, 1987).
Freshly made clear-cuts are suitable habitats for the pine weevil to
breed (Solbreck, 1980). Therefore, the population of this species is
expected to increase due to extensive clear-cut reforestation after
bark beetle outbreaks (Doležal et al., 2021). The pine weevil is a
widespread and severe pest associated with regenerated coniferous
forests in northern and Central Europe (CAB International, 2003;
Skrzecz, 2017). Forest management practices strongly influence the
extent and severity of pine weevil damage (Jactel et al., 2009).

1.2 Pine weevil spread

Adult weevils, flying up to 10 km, use both smell and vision to
greatly enhance their orientation when seeking a suitable breeding
site (Örlander et al., 2000; Björklund, 2004).H. abietismay respond
differently to primary attractants emitted by stumps depending
on the season and the state of its reproductive development
(Nordenhem and Eidmann, 1991). For example, the orientation
of adult weevils involves responses to light and humidity, and
their responses vary at different stages of the life cycle; e.g., older
reproductive weevils are strongly photonegative (Havukkala and
Selander, 1976; Havukkala, 1979). Nordlander et al. (2023) found
that harvested stump species (coniferous vs. deciduous) and the age
of clear-cuts affect pine weevil abundance and damage (Nordlander
et al., 2023).

1.3 Pine weevil life cycle

The life cycle of H. abietis usually lasts 1 to 3 years. Adult
pine weevils disperse to new clear-cuts during late spring and early
summer (Nordenhem and Nordlander, 1994), where they lay eggs
in stumps or soil on newly created clear-cuts (Nordlander et al.,
1997; Tan et al., 2011). The larvae develop in the bark on the
underground roots of dying stumps, where they eat the phloem
and pass through four larval molts before pupation. Microclimatic

Abbreviations: IPM, Integrated pest management; Mts, Mountains; GLM,

General linear model; GLLM, Generative large language model; VIF, Variance

inflation factor.

conditions influence the length of the life cycle. Pupation and
emergence can happen the same year (at the end of summer), but
usually 1 year after egg laying or in bad microclimatic conditions,
it can be postponed until the late summer of the following year, or
adults may emerge more than 2 years after occupying a clear-cut
(Inward et al., 2012; Wainhouse et al., 2014).

The host tree species is essential for larval development,
although larvae develop on all conifers (Véle, 2022). However,
pine (Pinus sylvestris L.) is the preferred tree species for larval
development over Norway spruce, Picea abies (L.) Karst. (Munro,
1928; Leather et al., 1994). Larvae develop faster and have lower
mortality in pine stumps (Bejer-Petersen et al., 1962; Doom and
Frenken, 1980; Thorpe and Day, 2002). Most individuals (ca. 75%)
in Europe develop a little longer than 1 year (ca 14 months)
(Bejer-Petersen et al., 1962).

Microclimate conditions, therefore, influence the length of
the life cycle and determine how long reforested clear-cuts are
attractive for repeated infestations (Leather et al., 1999; Inward
et al., 2012). Therefore, fallow periods are the best option for
integrated pest management (IPM), which varies in Europe
according to geographical location. In southern and central Europe,
postponing reforestation for 2 years is sufficient, whereas 4 years
or more are necessary in Nordic countries (Bejer-Petersen et al.,
1962; Bakke and Lekander, 1965; Bejer-Petersen, 1975; Moore et al.,
2004).

Adults can live for up to 4 years (Eidmann, 1979). While larvae
feed on stumps, adults typically feed on the root collar of seedlings
that are planted in clear-cuts and other sources of thin conifer bark,
such as twigs in crowns of mature trees and roots of larger trees
(Örlander et al., 2000; Wallertz et al., 2006; Fedderwitz et al., 2018).
Adults feeding begins when adults emerge from hibernation, i.e., in
spring when temperatures are 8–9◦C (Munro, 1928; Nordenhem,
1989), continues throughout the entire vegetative season, when
oviposition occurs, and into autumn, when the first generation of
beetles may appear (Moore et al., 2004). After this damage, the
seedlings lose growth potential or die (Thorpe and Day, 2002; Day
et al., 2004).

1.4 Food sources for pine weevils

H. abietis is a polyphagous species (Munro, 1928; Toivonen
and Viiri, 2006); adults feed on many species of conifers (e.g.,
P. sylvestris, Larix decidua Mill., P. abies, Pseudotsuga menziesii

(Mirb.) Franco) (Leather et al., 1999; Månsson and Schlyter,
2004). Researchers who studied the feeding preferences of pine
weevils for specific tree species have reported no difference between
Norway spruce and Scots pine (Toivonen and Viiri, 2006) but
higher damages on Douglas fir (Pseudotsuga menziesii) and Sitka
spruce [Picea sitchensis (Bong.) Carr.] compared to Norway spruce
(Wallertz et al., 2014). A higher preference for Douglas fir over
Norway spruce was also confirmed by Doležal et al. (2021).
However, pine weevil feeding scars have also been recorded on
deciduous trees, such as Fraxinus excelsior L., Alnus glutinosa (L.)
Gaertn., Fagus sylvatica (L.) Gaertn.,Quercus robur L., Salix L. spp.,
Betula L. spp. and others (Toivonen and Viiri, 2006; Manlove et al.,
2013).
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Dvořáková et al. 10.3389/�gc.2024.1399405

1.5 Damage e�ects

The pine weevil severely damages all conifer species planted in
large amounts in various parts of Europe, e.g., Norway spruce and
Scots pine in Scandinavia (e.g., Johansson et al., 2015), Sitka spruce
and Corsican pine in the UK (e.g., Wainhouse et al., 2009), and
maritime pine and radiata pine in Spain (e.g., López-Villamor et al.,
2019). In Europe, H. abietis causes annual damage of almost 120
million EUR (Lalík et al., 2021). Foresters have noted that damage
intensity to the European larch (L. decidua) has increased recently.
There are concerns that this increase may be greater than damage
to Central Europe’s other main economic seedling types.

1.6 Study aims

Based on these findings, we investigated the following
questions: (I) Can different factors at clear-cuts increase the
attractiveness of these sites for occupation by more pine weevil
individuals, and do different management practices after logging
also influence the pine weevil population? We included factors that
may affect the quality (soil moisture level; see Carpenter et al.,
1988) and the amount of breeding substrate (average distance
between stumps and average diameter of stumps,) as well as a factor
representing an increase in the emission of volatiles (presence of
mulch). Recently, the amount of coarse logging residue harvested
from clear-cuts, including stumps, has increased (Saarinen, 2006;
Rahman et al., 2018), and we speculate that the odor of clear-
cut mulch may attract more adult pine weevils (Nordlander, 1987;
Brattli et al., 1998). Furthermore, we wanted to determine (II) if
the attractiveness of European larch, Scots pine, andNorway spruce
varies in relation to H. abietis.

2 Materials and methods

2.1 Study localities and design

The first part of the experiment investigated whether clear-cut
factors affect the abundance of pine weevils in the chosen clear-
cut samples. The second part of the experiment considered the
feeding scar intensity on the three main economic seedling species
of Europe: Norway spruce (P. abies), Scots pine (P. sylvestris),
and European larch (L. decidua). The experiments were conducted
at the same sites and time periods. The study localities were in
the Czech Republic in the upper lands of central Bohemia in
the Brdy Mts. In this region, rainfall varies between 550 and
600mm, with average annual temperature ranging from 7 to
8◦C, which is higher than the average temperatures observed in
northern regions, making it a relatively dry area. The average
monthly precipitation during the study period (May to August)
was 70mm. The tree species composition is dominated by Norway
spruce (74%). It includes a mixture of Scots pine (15%), European
larch (5%), European silver fir (Abies alba Mill.) (0.6%), oak
(Quercus sp.) (2.5%), European beech (Fagus sylvatica L.) (2.1%)
and others (0.8%).

The soils in the clear-cuts were dry Ranker Cambisol
(vegetation coverage up to 10%), moderately moist mesobasic

Cambisol (vegetation coverage 10–50%) with a cover of low grasses
<20 cm tall, and moist gley or pseudogley Cambisol (vegetation
coverage above 50%) with wetland grasses taller than 1m. The
grasses represented a part of the moisture levels. The soil moisture
level was divided into three levels: dry, moderately moist, and wet,
how soil types are affected by water (Viewegh et al., 2003). There
was no slash on the clear-cuts.

In total, we selected 20 clear-cuts (localities) from large-scale
experiments, covering a total of 35 × 15 km in large spruce-
dominated conifer stands with a maximum of 5% pine, which were
harvested in October–December 2022 and reforested in March–
spring 2023. The altitudes of the areas ranged from 420 to 700m
above sea level. The study clear-cuts were planted with Scots pine,
Norway spruce, and European larch at a rate of 3,200 seedlings/ha.
The individual tree species alternated in rows. The spruce seedlings
were 1-year-old, the larch and pine seedlings were 1-year-old, the
average height of the pine seedlings was 35 (±6) cm, that of the
larch seedlings was 44 (±9) cm, and that of the spruce seedlings
was 36 (±8) cm.

2.2 Calculated clear-cut factors

Five clear-cut factors that could affect the abundance of pine
weevils were considered: the soil moisture level, the average
distance between stumps, the average diameter of stumps, the
proportion of other conifers, and whether the stumps were
mulched (harvested). For the average diameter of the stumps of
each tree species and the distances between them, ten stumps
were measured in a line passing through each locality. Mulching
was performed in March before the seedlings were planted by
harvesting the stumps via a tractor with a cutter and rotavator.
Woodchips of ca. 3× 5 cm were evenly dispersed over the clear-cut
study area, forming a layer of ca. 5 cm. To evaluate the impact of
mulching on pine weevil abundance, only the presence or absence
of mulch was considered.

2.3 Trapping H. abietis

The number of weevils caught in the pitfall traps determined
the total abundance of adult weevils. Five pitfall traps were placed
diagonally at a distance of 10m from each other across each
clear-cut area to catch pine weevil adults; thus, the traps were as
representative as possible of the total abundance in the locality.
Each pitfall trap was made from a 1-L plastic bucket containing
bait in the form of a small 50-ml bottle filled with 70% ethanol
with an ∼5 cm-long stick of pine attached. At 2 cm below the
edge, 8-mm-diameter holes were made so that pine weevil beetles,
not larger beetles or small vertebrates, could be caught (see Lalík
et al., 2019; Figure 1). The stick was regularly replaced every seven
days to ensure that the concentration of the emitted volatiles did
not decrease. Two inches of 4% formaldehyde were poured on the
bottom of the pitfall traps to maintain the freshness of the trapped
insects. Pine weevil collection was performed every 14 days from
mid-May to early September 2023.
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FIGURE 1

A ground trap with formaldehyde from a 1-L plastic bucket with
50ml of ethanol bait and a pine twig 5 inches thick and 5cm long
was used for catching pine weevils in the Czech Republic.

Stereomicroscopy in the laboratory was used to determine the
sex ratio of H. abietis weevils by the morphological depression
(dimple) in the last body segment and to determine the number
of H. pinastri (Gyllenhal, 1813) weevils based on the red coloration
of the legs and the white coloration of the hairs (Brosset, 2017).

2.4 Characterization of feeding scars on
seedlings

On each clear-cut we selected 60 seedlings (20 for each
species) which we observed. We selected a transect in the
middle of the clear-cuts, which contained seedlings of varying
heights and overall vitality. These seedlings were marked and
fenced to prevent them from being sprayed with insecticides,
which are used to protect them from pine weevil damage
(Figure 2). The study plots of the seedlings were always located
in the middle of the clear-cut plots. The evaluation of feeding
scar intensity was performed at the beginning of September.
We evaluated the feeding scar intensity on the collar of the
seedlings up to 10 cm from the ground, i.e., how many 1 cm
sections were debarked; values ranged from 0 to 10 cm. We
also recorded the height of the highest feeding scar (hereafter
referred to as the “top feeding scar”) and the total height of the

seedlings. The mortality of the seedlings due to debarking was
also recorded.

2.5 Statistical analysis

We split the study into two objectives (a determination of
clear-cut factors and weevil abundance and a comparison of the
damage to three seedling types (tree species and age of seedlings)
because the relationship between the number of pine weevils
and damaged seedlings is very weak, as evidenced by several
studies (Wilson and Day, 1994; Örlander et al., 1997; Von Sydow,
1997; López-Villamor et al., 2019; Nordlander et al., 2023). The
level of damage to seedlings cannot be related to the number
of weevils caught in traps, as seedlings planted at the locality
provide only part of the available food source for pine weevils
(Nordlander et al., 2023). Adults naturally feed on branches in
the crowns of mature trees and their roots or logging residues
(Nordlander et al., 2003; Hansen et al., 2005; Fedderwitz et al.,
2018). The following analyses were conducted in R Statistical
Software (v. 4.2.1.).

The numbers of H. abietis females, males, and all adults
of H. pinastri were used as dependent variables to evaluate
the influence of the considered clear-cut factors. Adults were
caught and summit from 5 pitfall traps on each of 20 clear-
cuts (e.g., N = 20). The soil moisture level, mulching of
stumps, proportion of other conifers, the average diameter of
stumps, and the average distance between stumps were considered
independent variables. In total, five models were analyzed. First,
we tested for multicollinearity among the independent variables
using the HH package (Heiberger, 2019) with the following
criterion for excluding variables: VIF > 2. The exclusion of
multicollinearity from statistical models enhances reliability and
interpretation (Graham, 2003). The DHARMa package (Hartig,
2021) was used to assess the suitability of the GLM by testing the
distribution of residuals; Gaussian, Poisson, and negative binomial
distributions were considered for the dependent variables. If a
negative binomial distribution was fit, the resulting Theta value
was used in the final models. If none of these distributions
were suitable, a quasi-Poisson distribution was used. We used
generalized linear mixed-effect models (GLMMs) constructed
using the R package MASS (Venables and Ripley, 2002) and
generalized linear models (GLM). The numbers of H. abietis

females, males, and all adults of H. pinastri were used as dependent
variables. Clear-cut was used as a random factor. The results
were visualized using the package visreg (Breheny and Burchett,
2017).

The same procedure was used to evaluate the effects of clear-
cut factors on pine weevil (H. abietis and H. pinastri) feeding on
seedlings. The feeding scar intensity was used as the dependent
variable, and soil moisture level, mulching, proportion of other
conifers, average stump diameter, and average distance of stumps
were considered independent variables.

GLMM was used to evaluate the effects of seedling type on
the intensity of Hylobius abietis and Hylobius pinastri feeding
scars. The feeding scar intensity was used as a dependent variable,
and seedling types (Species) and their heights were used as
independent variables.
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FIGURE 2

Experimental clear-cuts with stumps left and colored pins fencing the study plots with untreated pine, larch, and spruce seedlings; dry (a), moist (b),
and mulched (c).

TABLE 1 The influence of clear-cut environmental variables (factors) on the total abundance of Hylobius abietis, its males, females, and H. pinastri

beetles and the intensity of Hylobius abietis feeding scars in the Czech Republic.

Variable H. abietis H. abietis male H. abietis female H. pinastri Feeding scars

z-value P-value z-value P-value z-value P-value z-value P-value t-value P-value

Intercept 3.49 0.004 3.08 0.009 2.67 0.019 1.55 0.14 3.362 0.005

Soil moisture level 2.12 0.05 1.93 0.08 2.27 0.041 1.58 0.14 0.450 0.66

Mulching 1.57 0.14 1.63 0.13 1.49 0.16 0.62 0.55 0.096 0.92

Proportion of other
conifers

0.43 0.67 0.41 0.69 0.42 0.68 −1.31 0.21 0.935 0.36

Stump diameter 0.85 0.41 0.79 0.45 0.92 0.38 0.70 0.49 2.131 0.05

Distance of stumps −0.50 0.62 −0.49 0.64 −0.52 0.61 −0.88 0.40 1.458 0.17

The number of replicates used is N= 20. Data were analyzed as a generalized linear mixed model (GLMM).

To test the correlation between H. pinastri and H. abietis

abundance, we used the Shapiro–Wilk test combined with a
histogram to test the normality of the data distribution. Due to the
non-Gaussian distribution, the Spearman correlation test was used.

The influence of seedling types on the height of the top feeding
scar GLMM was used. The height of the top feeding scar was used
as a dependent variable, and seedling types and their height were
used as independent variables.

GLM was also used to evaluate the probability of survival
of all seedling types. Survival was the dependent variable, and
seedling type, plant height, and the feeding scar intensity were the
independent variables.

3 Results

3.1 Clear-cut factors and presence of
weevils

A total of 6,172 weevils were caught in all 20 clear-cuts. Of
these, 5,918 were H. abietis and 254 were H. pinastri. There were
2,849 males and 3,069 females of theH. abietis species. Only the soil
moisture level influenced the total number of H. abietis (p = 0.05)
and female abundance (p = 0.041) on clear-cuts (Table 1). None
of the other factors considered had a statistically significant effect
on the total number of males or females of H. abietis caught in the

pitfall traps (p > 0.05).H. pinastri weevils accounted for 4.2% of all
the caught weevils.

We found that the number of H. pinastri caught was strongly
and significantly correlated with the number of H. abietis caught
for both males and females [RS (%)= 93.52].

3.2 Feeding on seedlings

A comparison of pine weevil feeding intensity on the collar of
individual trees showed that the tree seedling type had a statistically
significant effect on the feeding scar intensity. Plant height didn’t
have any effect (Table 2). Pines and larches were significantly
more debarked than spruces (Supplementary Figure 1). Besides
the seedling parameters, we also evaluated how clear-cut factors
affected feeding scar intensity. We found that only the average
diameter of stumps influenced the feeding scar intensity (P = 0.05;
Table 1).

We also evaluated the differences in the feeding scar intensity
among seedling types (tree species and age of seedlings) with
no influence of clear-cut factors (Figure 3). Larch and pine were
significantly more damaged than spruce, but no difference was
found between them (Table 2). On dead seedlings, the feeding scar
intensity was greater. The average (±se) damage intensity in dead
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TABLE 2 The influence of seedling types on the intensity of Hylobius abietis feeding scars, the height of the top feeding scar, and the function of

seedling survival probability in clear-cuts in the Czech Republic.

Variable Feeding scar intensity Height of the top feeding Seedling survival probability

t-value P-value t-value P-value t-value P-value

Intercept 14.44 <0.001 13.21 <0.001 1.25 0.210

Pine vs. Spruce −7.07 <0.001 −6.04 <0.001 2.87 0.004

Spruce vs. Larch 8.42 <0.001 14.22 <0.001 −0.39 0.69

Larch vs. Pine −1.31 0.18 −4.87 <0.001 −2.48 0.01

Plant height 0.55 0.58 5.23 <0.001 −7.95 <0.001

Feeding scar intensity - - 2.87 0.004 8.63 <0.001

Data were analyzed as a generalized linear mixed model (GLMM).

FIGURE 3

The feeding scar intensity caused by Hylobius abietis and Hylobius

pinastri on three di�erent types of seedlings expressed as the
number of parts with feeding on 10cm of the studied stem section
on experimental clear-cuts in the Czech Republic.

seedlings was 7, and those that survived were 4.5 (Z = −8.49, p ≤

0.001) (Figure 4).
In addition to the feeding scar intensity, the height of the

top feeding scar was evaluated. The effects of seedling type and
height had a statistically significant effect on the top feeding scar
(Table 2). The top feeding scar on larch was the highest, while that
on spruce was the lowest (Supplementary Figure 2). The number of
dead seedlings was greater than the number of surviving ones.

The averagemortality rate was 22.7% (SE= 2.3) for larch, 22.4%
(SE = 2.6%) for pine, and 23.2% (SE = 2.4%) for spruce. Pine is
more likely to survive the damage than spruce and larch (Table 2).

4 Discussion

Our study focused on five factors that may affect the abundance
of pine weevils and which seedling types they prefer as food sources.

Only the soil moisture level affected the pine weevil abundance.
None of the other factors we examined, e.g., average stump
diameter, the proportion of other conifers, the average distance
between stumps, and the mulching of stumps, affected the overall
number of pine weevils caught.We found that the weevils preferred
1-year-old Scots pine (P. sylvestris) and 1-year-old European larch
(L. decidua) compared to 3-year-old Norway spruce (P. abies).

Because it is impossible to relate the number of beetles caught
in traps and feeding damage on seedlings (Nordlander et al., 2023),
we evaluated the influence of clear-cut factors on the feeding
scar intensity caused by pine weevil adults. We didn’t find any
of the factors influencing feeding scar intensity. Only one factor,
the average diameter of stumps tends to be significant but shows
a higher feeding intensity with decreasing diameter. We would
expect the opposite effect. We assumed that bigger stumps would
emit more volatiles and allow more beetle breeding space. This
finding needs to be studied more in the future.

4.1 Hylobius species

Among the Hylobius weevils caught, H. abietis was the most
abundant, with a male-to-female ratio of 1:1.08, which is consistent
with the findings of other studies (Nordenhem and Eidmann, 1991;
Bylund et al., 2004; Voolma and Sibul, 2006; Heber et al., 2024).
The proportion of H. pinastri in the total population was less than
5%. The abundance of H. pinastri is generally much lower and
thus poses less of a threat of economic losses (Långström, 1982;
Von Sydow and Örlander, 1994; Örlander et al., 1997; Voolma,
2001). The proportion of H. pinastri caught was similar in some
studies (e.g., Nordlander, 1990) but significantly greater in others.
In Estonia,H. pinastri accounted for a quarter of the caught weevils,
but H. abietis was the dominant species (Luik and Voolma, 1989).

We found a high correlation between the number of H. abietis
and H. pinastri weevils captured in each clear-cut area, suggesting
that similar environmental factors suit these two species. The
difference between these two species is that H. pinastri is less
attracted to α-pinene than H. abietis (Von Sydow and Örlander,
1994). Unlike H. abietis, H. pinastri prefers to feed on spruce
rather than pine (Viiri and Miettinen, 2013). Another difference in
ecological niches may be thatH. pinastri prefers damper sites more
than H. abietis (Örlander et al., 2000).
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FIGURE 4

The average (±SE) damage intensity (on a scale of 1–10) in seedlings that died and survived.

4.2 Clear-cut factors

Our first objective was to identify the effect of clear-cut factors
on the abundance of pine weevils. We did not include the size of
the clear-cuts among our factors because the weevils fly in and then
spread out, so the density is even throughout the clear-cut (Hansen
et al., 2005). According to Örlander et al. (2000), weevils migrate by
flight and land in the crowns of mature trees near clear-cut edges,
where they feed for a short period before they spread over the clear-
cut for reproduction (Örlander et al., 2000; Skrzecz et al., 2021). The
pitfall traps were equally dispersed throughout the clear-cut, so the
number of caught weevils represented population density.

Neither stump diameters nor stump distances per unit area
affected our experiment’s abundance of pine weevils. Also, López-
Villamor et al. (2019) reported that only two factors influenced
the level of seedling damage: the age of the clear-cuts and the
amount of logging residues left in the clear-cuts. The average stump
diameter and basal area of the cut did not affect the damage (López-
Villamor et al., 2019; Véle, 2022). Nordlander et al. (2023) reported
that 2-year-old clear-cuts were more damaged than 1-year-old.
We studied only 1-year-old clear-cuts because the pine weevil
development in Central Europe is shorter compared to Scandinavia
(Bejer-Petersen et al., 1962).

Deciduous tree stumps in clear-cuts could reduce beetle
abundance, as pine weevils use conifer stumps for reproduction
(Björkman et al., 2015). Our clear-cuts did not include any stumps
of deciduous trees; we tested only the species composition with
domination of spruce stumps and only a small proportion of pine
and larch, which did not exceed 10%. Therefore, pine and larch
stumps did not affect the number of pine weevils. We did not

find sufficient data supporting a significant correlation between the
amount of substrate suitable for egg laying, e.g., the number of
stumps and the number of pine weevils.

We hypothesized that stumps in damper habitats would emit
more volatiles because they could be infested with fungi (Carpenter
et al., 1988) and thus attract more pine weevils. This hypothesis was
supported by the result that higherH. abietis female abundance was
found on clear-cuts with higher soil moisture levels.

Adult pine weevils are attracted to volatile compounds emitted
by stumps and woody residues in logged areas (Tan et al., 2011); we
hypothesized that weevil abundance would be greater in mulched
clear-cuts due to high concentrations of emitted volatiles, as was
the case in a study with slash (López-Villamor et al., 2019). Mulched
clear-cuts did not attract significantly more beetles; however, only
three of the studied clear-cuts were mulched. This hypothesis
requires further study.

4.3 Feeding on seedlings

For the experiment, we chose 1-year-old clear-cuts because
these are the areas where seedlings are most threatened in
central Europe. Over time, their vulnerability decreases (Örlander
et al., 1997; Örlander and Nilsson, 1999; Nordlander et al., 2011;
Paraschiv, 2020; Galko et al., 2022). The clear-cuts contained
seedlings of European forests’ three main economic tree species.
We observed damage to the 1-year-old seedlings of P. sylvestris, 1-
year-old L. decidua, and 3-year-old P. abies, which are commonly
used in such seedling stages for reforestation in central Europe. The
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seedlings were planted evenly (alternating rows) in clear-cuts. We
predicted that pine seedlings would be the most damaged as they
are the primary tree species for pine weevil development and have
more larvae than spruce (Von Sydow and Birgersson, 1997). Véle
(2022) found that adult beetles hatching from spruce stumps are
larger, but the abundance is smaller. This leads us to think that pine
is more suitable for them (Véle, 2022).

In our study, the feeding scar intensity on pine seedlings
did not differ from feeding scars on larch. Larch was also found
to be attractive by Doležal et al. (2021), but in their laboratory
experiment, larch was preferred for almost the entire experimental
period, while pine weevils started to prefer pine only during the
last week of his experiment. However, it is interesting why the pine
weevil prefers to eat larch, as female pine weevils feeding on larch
lay far fewer eggs than females feeding on spruce or pine (Doležal
et al., 2021).

However, pine was reported as the most preferred tree species
in most other studies. Notably, pine was compared only with
spruce (Örlander et al., 2000; Véle, 2022) or deciduous seedlings
or spruce, pine, and ash (Leather et al., 1994). H. abietis likely
prefers Scots pine than Norway spruce because spruce in central
Europe is usually planted as a bare-root seedling, which is thicker
than pine and, therefore, probably less palatable. One reason may
be that older spruce seedlings have a higher concentration of (-)-
limonene than pine (Wibe et al., 1998), which may outweigh the
smell of attractive compounds (Nordlander, 1990, 1991; Lindgren
et al., 1996). Wallertz et al. (2014) found no differences between
spruce, pine, or hybrid larch. A possible reason why the pine weevil
might prefer larch to spruce could be the smaller size of larch
seedlings than spruce seedlings. Larger seedlings, e.g., those with
larger stem diameters, are known to survive the infestation of pine
weevils better (Thorsen et al., 2001).

Certain seedlings may be more palatable to the pine weevil,
so they return to the seedling and debark the entire stem. If
pine weevils bite a seedling, resin, and volatiles are emitted and
attract other weevils, which may be why the whole stem becomes
debarked. We compared the height of damage to the seedlings
because several studies have shown that larger seedlings are more
resistant than thinner seedlings (Wainhouse et al., 2008). Because
seedling size also influences weevil feeding, older seedlings are less
preferred by pine weevils than younger ones (Thorsen et al., 2001);
for larger seedlings with thicker bark, we believe that weevils are
more likely to climb to taller heights and seek more palatable bark,
which is why taller seedlings have more top feeding scars.

4.4 Implications for forest management

The protection of reforested areas from the pine weevil (H.
abietis) is one of the largest problems in forestmanagement inmany
European countries (Nordlander et al., 2011; Willoughby et al.,
2017; Tudoran et al., 2021; Galko et al., 2022). Our experiment
showed that in the coniferous forests of central Europe, all clear-
cuts with fresh conifer stumps could be impacted by many pine
weevils. If a clear-cut is reforested with conifer seedlings in the first
year after logging, a high level of damage caused by pine weevils
must be considered. Pine weevils preferred 1-year-old larch and
pine over 3-year-old spruce. We would recommend foresters to
plant deciduous trees.

However, when growing all three main coniferous species, e.g.,
pine, larch, and spruce, foresters must be prepared for pine weevil
damage and the necessary use of IPM against them. Foresters
may plant already treated seedlings and cause weevil mortality
(with insecticide) or protect the seedlings (treating them with wax,
sand, or collars); alternatively, foresters may have to monitor the
seedlings and spray them when the economic damage threshold
is exceeded. We advise foresters to use the fallow period, which
in central Europe consists of postponing reforestation for 2 years
while the amount of volatile compounds emitted from fresh stumps
decreases, to decrease the attractiveness of clear-cuts to pine weevils
(Rahman et al., 2018).
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SUPPLEMENTARY FIGURE 1

Residuals of feeding scar frequencies on a 10-cm section of seedlings
among di�erent types of seedlings (pine, larch, spruce) in clear-cuts in the
Czech Republic. Generalized linear mixed-e�ect models (GLMMs) were
constructed using the R package MASS.

SUPPLEMENTARY FIGURE 2

Residuals of top feeding scar heights caused by Hylobius abietis and
Hylobius pinastri on pine, larch, and spruce seedlings in the Czech Republic.
Generalized linear mixed-e�ect models (GLMMs) were constructed using
the R package MASS.
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