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Abstract

The possibility of development of the invasive European species Ips amitinus (Eichhoff, 1872) on vari-
ous coniferous species of Siberia was analyzed under laboratory conditions. The first experiment was
carried out on fresh sections of the trunks of Abies sibirica Ledeb., Picea obovata Ledeb., Larix sibirica
Ledeb., and Pinus sylvestris L., with the possibility for beetles to choose one of the four proposed tree
species. The second experiment was conducted on the same tree species, but without the option for the
beetles to choose the species for food. The third experiment consisted in breeding I. amitinus on Pinus
pumila (Pall.) Regel. In the first two experiments on P. sylvestris, one generation of beetles developed
successfully. It was found that P. sylvestris is the most favorable for the settlement and development of
I amitinus in the West Siberian invasion region followed by P, sibirica. On Siberian fir, Siberian spruce
and Siberian larch, bark beetles died in galleries without forming nests. In the third experiment, suc-
cessful beetle colonization of the branches was observed. In all the experiments, the demographic
indicators of the pest were determined (settlement density, the number of parental beetles, the number
of emerged beetles, offspring/parent ratio per unit area). These indicators were compared with those
obtained on P, sibirica. A high probability of further expansion of the small spruce bark beetle both
westward and eastward has been established.
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Introduction

Bark beetles (Coleoptera: Curculionidae: Scolytinae) are among the most impor-
tant insect groups with regard to the health and sustainability of forest ecosystems
worldwide (Raffa et al. 2015). The spread of invasive bark beetle species and their
outbreaks can affect the carbon balance, thereby increasing the risk of forest tran-
sitioning from carbon sinks to carbon sources (Berryman 1988; Kurz et al. 2008).

The small spruce bark beetle Ips amitinus (Eichhoff, 1872) is widely distributed
in many European countries (Mandelshtam et al. 2020). In recent decades, the spe-
cies has been observed to expand its range to North European countries (Voolma
2004; Okland et al. 2019). In Russia, the small spruce bark beetle has been recorded
in western, northwestern and northern regions of the European part of the country:
Pskov, Novgorod, Murmansk and Arkhangelsk regions, and the Republic of Karelia
(Voolma et al. 2004; Scherbakov et al. 2013; Mandelshtam et al. 2020). In its primary
area, the bark beetle feeds on Picea abies (L.) H. Karst., Pinus cembra L. (Stauffer and
Zuber 1998), and Pinus mugo Turr (Pfeffer 1995). The species has been observed
occasionally feeding on Abies alba Mill. and Larix decidua Mill. (Pavlovsky 1955;
Witrylak 2008).

Adults of I. amitinus overwinter in the inner bark or in forest litter. During
spring dispersal, the species can fly up to 10 km to find new host trees (Forsse 1989).
Ips amitinus commonly attacks the upper trunk of felled or weakened trees (Jeger
et al. 2017). Once inside the host tree bark, male bark beetles begin producing ag-
gregation pheromones (Francke et al. 1980) that attract conspecifics of both sexes.
Bark beetle families are harem-polygynous, with one to seven females per male.
Females bore a nuptial chamber in the phloem where mating occurs, and galleries
are then initiated. The galleries are star-shaped and diverge radially, parallel to the
fibers (Mandelshtam 1999). Each female lays about 75 eggs (Kerchev et al. 2020).

The distribution of insects along elevational gradients in the middle mountains
ranges from 1400 m a.s.l. in France (Chararas 1962) to 1270 m a.s.l. in Slovenia
(Jurc and Bojovi¢ 2004; Holusa et al. 2012). At altitudes below 600 m a.s.l., favorable
weather conditions initiate sister generation formation, which leads to a highly con-
fused phenology of the species (Holusa et al. 2012; Jeger et al. 2017).

In Western Siberia, the first confirmed finding of 1. amitinus was recorded in
2019. The species was identified through a combination of morphological charac-
ters and molecular genetic analysis (Kerchev et al. 2019). In dark coniferous planta-
tions in Tomsk, Kemerovo and Novosibirsk regions, there was a rapidly increasing
bark beetle outbreak. Pinus sibirica Du Tour became a new object of bark beetle
colonization (Kerchev et al. 2021). In collection plantings of introduced conifers at
the “Kedr” station, the small spruce bark beetle successfully colonized Picea obo-
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vata Ledeb. and P. koraiensis Nakai (Kerchev and Krivets 2021). This alien beetle
was increasingly aggressive in the secondary area, resulting in rapid drying up of
vast expanses of P, sibirica within a few years (Kerchev et al. 2022). In 2020, the area
of extensive outbreaks in the West Siberian region reached 2440 ha (Kerchev et al.
2021).

Symbiotic relationships with ophiostomatoid fungi have been recorded for I.
amitinus, which impaired the growth of trees in both primary and secondary areas
(Kirisits 2004; Repe et al. 2013; Jeger et al. 2017; Pashenova et al. 2022).

In light of the rapid eastward expansion of the small spruce beetle (Kerchev et
al. 2021), it is crucial to determine the potential host plants that may be encountered
in the new range during its further expansion.

Potential beetle colonization of P. koraiensis poses a significant threat to the
sustainability of Far Eastern forests. The Korean and Siberian pine ranges are geo-
graphically distant, and in addition to the railroad as a potential corridor for beetle
invasion, the two areas are connected via a natural bridge formed by Pinus pumila
(Pall.) Regel. range. The ability of the small spruce bark beetle to develop on P. pumi-
la may facilitate its further eastward expansion.

The aim of the study was to identify plants susceptible to attacks of the small
spruce bark beetle in the invasion region and to assess the potential of its further
expansion.

Materials and methods

Three experiments were conducted to investigate aboriginal Siberian coniferous
species. The first and second experiments were designed to identify potential host
plants in the West Siberian invasion region, where active outbreak foci of the small
spruce bark beetle are located. The third experiment was conducted to assess the
potential for natural advancement of the bark beetle through the crossing ranges of
P, sibirica, P. pumila, and P. koraiensis (Kerchev et al. 2021).

In the experiments, we employed the method of experimental rearing of bark
and wood boring beetles on tree trunk sections, similar to the method previously
used for another alien bark beetle species, Polygraphus proximus Blandford, 1894
(Kerchev 2012).

The first experiment was conducted on trunk sections of Abies sibirica Ledeb.,
Larix sibirica Ledeb. and Pinus sylvestris L., with the option for the beetles to choose
the species for colonization. The experiment employed 250 first-generation beetles
collected in the Siberian pine forest in the vicinity of the Luchanovo settlement
(56°2025.6"N, 85°2'37.8"E) in the inner bark of the windfall tree P. sibirica. The
sections of coniferous trees for testing were also taken from this area. The experi-
ments were conducted in five replicates using four sections (one of each species per
replicate). Fifty beetles were placed into 5-liter plastic containers with the sections.
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Similar to the first experiment, the second experiment was conducted on trunk
sections, but without the option for the beetles to choose the tree species. The ex-
periment employed 120 second-generation beetles. The coniferous species sections
and bark beetles were collected in the same forest stand. In the experiment, three
sections of each of the tree species with 30 beetles were placed in each of the four
containers.

The settlements of I. amitinus on P. sylvestris from the first and second exper-
iments were compared with sections P, sibirica naturally colonized by beetles in
stand, which were used as a positive control. The section diameter for P. sylvestris
ranged from 4.4 to 5.3 cm and that for P. sibirica spanned from 4.7 to 5.7 cm. The
lateral surface area of the sections in the bark was 2.4 dm?2.

The third experiment was conducted on sections of P. pumila versus P. sibirica.
P. pumila sections were sampled from the Republic of Buryatia, the northern slope
of Khamar-Daban, in the area of the Bolshoi Mamai River. The experiment em-
ployed 300 first-generation beetles collected in the Siberian pine forest in the vicin-
ity of the Aksyonovo village (56°1920"N, 85°7'57"E) in the inner bark of windfall
branches of P. sibirica. Uncolonized branches of Siberian pine were collected in the
same forest stand. The experiment was conducted in three variants, with 100 adults
of the small spruce bark beetle each. The first experimental variant was conducted
on five P. pumila sections, the second experimental variant employed five P. sibirica
sections, and the third experimental variant was performed on three P. pumila and
P, sibirica sections each. The section diameter was 2.9-4.14 cm for P. pumila and
3.03-4.68 cm for P, sibirica.

In all the three experiments, beetles were not separated by sex, the male to fe-
male ratio in the experiments was unknown. The temperature conditions of the
experiments varied between +22°C and +25°C. Containers were covered with silk
bolting cloth to prevent insect escape and section rotting. The evidence of bark bee-
tle infestation was observed in the form of emergence of entry holes and the pres-
ence of boring dust at the bottom of the container. The criterion for successful colo-
nization was the formation of nests in the inner bark. The containers with beetles
were examined once every 2-3 days.

After the experiments were completed (emergence of young beetles), the sec-
tion bark was dissected to count larvae, pupae and adults of I. amitinus. The main
demographic indicators of the small spruce bark beetle (settlement density, the
number of parental beetles, the number of emerged beetles, offspring/parent ratio
per unit area) were determined using methodological recommendations for moni-
toring, accounting, and forecasting of mass reproduction of stem pests and forest
sanitary condition (Methodological Recommendations 2006).

The data were subjected to descriptive statistical analysis using Microsoft Excel
2016, and the results were presented as median values with limits of variation (mini-
mum and maximum values). The non-parametric Mann-Whitney U test (Statistica
12, p<0.05) was employed to compare demographic indicators of the small spruce
bark beetle.
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Results and discussion

In the first experiment, the active phase of bark beetle settlement on sections was
observed during the first 10-12 days. On spruce, fir and larch, the signs of infesta-
tion were typically found in the area of a cut or bark damage. On Pinus sylvestris,
no clear confinement of the areas of entry holes to the areas of bark damage was
recorded.

Boring of beetles into sections was observed on day 2. After 30 days, the emer-
gence of young beetles was recorded. Successful colonization was observed only on
P, sylvestris. On other species, feeding tunnels were observed up to 6 cm long, with
beetle cadavers in the tunnels.

Numerous adults were detected in the inner bark of P. sylvestris, with some of
them found in the pupal chambers. The color of the chitinous exoskeletons varied
from almost white in recently emerged beetles to dark brown.

Settlement density on P. sylvestris was significantly (U=0; p=0.012) higher than
that on P. sibirica (Fig. 1). This difference in indicators was likely due to the ability
of the bark beetle to establish a more dispersed settlement in natural conditions,
thereby minimizing intraspecific competition. The adverse effect of the competition
can be observed through the comparison of offspring/parent ratios.
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Figure 1. Demographic indicators of the small spruce bark beetle on P. sylvestris and
P, sibirica, experiment 1.

In the second experiment, without the option for the bark beetles to choose the
species as a food source, entry holes were observed on sections from all the contain-
ers. During the first 20 days, the amount of boring dust was found to increase; after
that, new portions of boring dust were observed only for P. sylvestris. After 40 days,
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the bark was removed from the sections. Similar to the first experiment, successful
colonization was recorded only for P. sylvestris (Fig. 1). Bark beetle larvae and pupae
were found in the inner bark; 19 % of the young insects did not complete their de-
velopment. Feeding tunnels on other tree species did not exceed 5 cm.

The results of this experiment showed no statistically significant differences in
the demographic indicators of the small spruce bark beetle settlement on the stud-
ied tree species (Fig. 2).
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Figure 2. Demographic indicators of the small spruce bark beetle on P. sylvestris and
P, sibirica, experiment 2.

In the third experiment, boring was recorded starting from the second day of
observation. The emergence of the offspring from the sections was observed on
days 30-35. Successful colonization and feeding tunnels were observed in all the
experimental variants.

Of the two containers with P, sibirica, three sections showed no signs of boring.
On Pinus pumila, the percentage of beetles without nests was 42%, on P. sibirica, it
attained 43%, and in the container with different sections, it was 10%. All the young
insects successfully transformed into imago after 40 days.

The results showed that under the same conditions the small spruce bark beetle
preferred P. pumila. It was evidenced by a significant (U = 12.5; p = 0.046) difference
in settlement density (Fig. 3).

To date, in the forests of Western Siberia, the small spruce bark beetle is abun-
dant exclusively on P, sibirica (Kerchev et al. 2019). However, a high population size
of the bark beetle and the absence of P, sibirica in the stand, the main source of food
in the region, can lead to its attacks on P. sylvestris.
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Figure 3. Demographic indicators of the small spruce bark beetle on P. pumila and P. si-
birica.

The ability of the small spruce bark beetle to bore into and form galleries in trees
of the genus Abies and Larix (Witrylak 2008) was confirmed neither in the experi-
ment nor in natural stands of Western Siberia. It is notable that the small spruce
bark beetle was not identified in the experiments conducted with P. obovata. Yet,
isolated cases of bark beetle colonization and successful development on P. obovata
were recorded in stands of the Tomsk region (Kerchev et al. 2019).

In field studies of the small spruce bark beetle in its primary area, P. abies was
recorded as a preferred host tree more often than P. sylvestris (Annila and Nuorte-
va 1976; Witrylak 2008; Grodzki 2009; Holusa et al. 2012; Mazur and Kuzminski
2013). Recent observations (Cocos et al. 2023) indicate that the occurrence and
settlement density of the small spruce bark beetle in both field and experimental
studies are higher on P. abies compared to P. sylvestris.

In its primary area, I. amitinus, together with I. typographus (Linnaeus, 1758)
and Pityogenes chalcographus (Linnaeus, 1760), is a consort of P. abies, the main
conifer species of subalpine and montane forests in Europe (Mazur et al. 2006). Ips
typographus kills living trees by colonizing thick and middle bark in the butt-log
and middle portions of the trunk. The small spruce bark beetle attacks the upper
portion of the dying tree and colonizes the zone from the transitional to thin bark,
where it sometimes enters into interspecific competition with P. chalcographus. In
European spruce forests, I. amitinus shares ecological niches with more aggressive L.
typographus, enabling it to maintain a stable population by exploiting the food sup-
ply made available by I. typographus outbreaks. The absence of I. amitinus outbreaks
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suggests that it does not typically feed on this coniferous species, which may be a
limiting factor for the small spruce bark beetle in the primary area.

In the Siberian region of invasion, I. amitinus forms outbreak foci and kills P. si-
birica stands, but it virtually does not develop on other conifer species under natural
conditions. The experiments performed in this study showed that the small spruce
bark beetle rarely attacks aboriginal Siberian coniferous species Abies, Picea and
Larix. This is likely due to the active defense mechanisms and some repellent prop-
erties of trees of these genera that hinder the alien pest colonization.

The third experiment showed that the small spruce bark beetle can form nests
and develop successfully on P. pumila. This means that the species can develop on
all the three five-needle pine species growing in Russia. The possibility of further
independent expansion of the small spruce bark beetle both westwards, within the
range of P, sibirica, and eastwards, in the ranges of P. pumila and P. koraiensis, is very
high.

Monitoring of the invasion of P. proximus, which occupied almost the entire
range of A. sibirica within about 15 years after its first record (Kerchev et al. 2023),
suggests that a similar scenario may be anticipated for the small spruce bark beetle.

The increased number of I. amitinus and its outbreak foci on P, sibirica in the vi-
cinity of the Trans-Siberian Railway may facilitate its rapid eastward advancement.

Conclusion

1. Among the studied aboriginal Siberian coniferous species of Western Siberia, the
small spruce bark beetle prefers feeding on P. sylvestris followed by P. sibirica.

2. Despite the lack of successful settlement observed in the experimental rear-
ing of the small spruce bark beetle on coniferous trees of the genera Abies, Picea and
Larix, the possibility of bark beetle colonization of logging residues and windfalls of
these tree species cannot be completely excluded.

3. The demonstrated possibility of I. amitinus colonization of P. pumila indicates
the potential for its successful expansion within the range of five-needle pine spe-
cies.

4. Tt is crucial to monitor the expansion of the small spruce bark beetle and
to study the mechanisms of suppression of the protective functions of P. sylvestris
caused by attacks of the alien bark beetle and its symbionts, as well as the factors that
ensure its successful colonization of other potential host species.
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