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Abstract The large larch beetle, Ips cembrae, is a sig-
nificant pest causing the death of larch. In 2020, the attack
density of I. cembrae on larch trap trees and standing trees
was evaluated using sample sections placed along the trunk.
As a defensive measure against I. cembrae, trap trees were
highly effective in both spring and summer. The attack den-
sity increased with increasing trap tree surface area/volume.
Galleries were established evenly throughout the entire trunk
including the thin upper portion. When the number of trap
trees was low and their capacity full, a continual aggrega-
tion of adults occurred due to pheromone communication,
leading to attacks on healthy standing trees in the immedi-
ate vicinity. It was found that I. cembrae attacked standing
trees from the trunk base, with a continual colonization of
the stem up to 70% of the tree height in a time-differentiated
progression of development stages. The attack density of 1.
cembrae on standing trees was up to 40% lower than on the
trap trees.
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Introduction

The large larch beetle, Ips cembrae (Heer), is a Euro-Sibe-
rian species of bark beetle (Scolytinae) (OEPP, EPPO 2005),
which is the facultative primary pest attacking European
larch stands (Larix decidua Mill.) in Europe. I. cembrae
usually produces two generations annually depending on
the weather (Krehan 2004) and altitude (Grodzki and Kosi-
bowicz 2009). During outbreaks, the beetle attacks larch
stands of all ages (Grodzki 2008; Grodzki and Kosibowicz
2009) at altitudes of 400-2400 m (Pfeffer and Knizek 1996;
Grodzki 2020; Resnerova et al. 2020). Occasionally, it can
also infest tree species of Abies, Picea and Pinus (Postner
1974). Local outbreaks have been recorded in Europe (Kre-
han and Cech 2004; Grodzki 2008, 2009; Grucmanova et al.
2014). Between 2000 and 2020, an average 467.8 + 66.4 m’
of larch wood was harvested annually by salvage logging.
Between 2005 and 2008, the portion of logged timber
infested by 1. cembrae increased by 0.5%; the most severe
outbreak of I. cembrae occurred between 2015 and 2019
and the proportion of salvage logging increased up to 4.5%
(Anonymous 2022).

1. cembrae infests the entire trunk with sporadic compe-
tition in narrow parts of the crown as well as bark beetles
of the genera Pityophthorus, Pityogenes, and Crypha-
lus (Pfeffer 1955). After completing nuptial chambers,
males copulate with usually three females. The galleries
are three-armed in the trunk and two-armed in the crown
(Arac and Pernek 2014). Maternal galleries are longer in
the crown portion but the number of larval galleries is
lower than in the lower part of the trunk (Holusa et al.
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2014). The maturation feeding of beetles occurs either on
the tree of their development or they leave the trunk and
fly into the crowns of healthy trees, where they bore into
fresh shoots (Knizek 2006).

The most effective way to control the density of bark
beetle populations is to remove infested wood from the
forest (Grégoire and Evans 2004), and the most effective
defensive measure against /. cembrae, in addition to log-
ging, is the use of trap trees (Holusa et al. 2021b). Trap trees
are felled or uprooted healthy trees used to capture beetles
and interrupt their development cycle (Grégoire and Evans
2004). For example, trap trees against I. typographus L., the
European spruce bark beetle, have a limited capacity; they
only capture a limited number of adults and require regular
controls (Abgrall and Schvester 1987), which increases the
time needed for this method (Bakke 1989). The emissions of
aggregation pheromones produced by bark beetles in the trap
tree and the filling of its capacity can lead to the infestation
of healthy trees around the traps (Byers 1989), but if small
bark beetle populations infest healthy trees, mass attack is
prevented by host resistance (Sun et al. 2006).

Trap trees are installed in localities where I. cembrae
occurred previously. According to HoluSa et al. (2021b) as
soon as a trap tree is fully colonized (0.4 entrance hole/dm?),
it is necessary to start felling new trap trees. The aim of this
study was: (1) to test the efficiency and capture effectiveness
of trap trees against I. cembrae in comparation with attacked
standing larch trees; and (2) to specify I. cembrae patterns of
stem infestation and its impact on tree crowns.

The hypothesis is that the attack density on the trap tree
will be higher than on living standing trees because these
retain natural resistance (Rohde et al. 1996). I. cembrae has
no competition with other bark beetles on larch and does not
bore into specific stem parts unlike Ips typographus (L.),
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Fig. 1 Location of study sites (Data source: Copernicus 2019)
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Ips amitinus (Eich.) and Ips duplicatus (Sahl.) on spruce or
Ips sexdentatus (Born.) and Ips acuminatus (Gyll.) on pine.

Materials and methods
Study sites

The study was carried out in 2020 at three study sites in the
Dé&cin Forest District (SnéZnik, Décin Region, Czech Repub-
lic) (Fig. 1). In the 1970s and 1980s, the area was subject
to industrial emissions and stands of Norway spruce died
and were replaced by monocultures of L. decidua, Betula
spp., Alnus spp. and Sorbus spp. The study sites, A, B and C
were located in larch monocultures aged 35—41 years at alti-
tudes of 460—-600 m a.s.1., and with different rates of salvage
logging of wood infested by 1. cembrae from 2018 to 2020
(Table 1). The sites were selected according to early occur-
rence of I. cembrae infestation. Climatic data for 2020 were
obtained from the SnéZnik weather station (14°5"7.2954"
E 50°47'48.5874" N; 569 m a.s.1.) (Fig. 2) (CHMU 2022).

Characteristics of traps and infested trees

Four larches for trap trees of the st series, to capture
the offspring generation of I. cembrae, were felled 20-22
February 2020 in each location. Trap trees on the edge
of stands were felled in the open, fully exposed to sun
outside the stand. An average diameter at breast height
(DBH) of the trap trees of the 1st series was 20.4 +3.6 cm
and average length was 19.6 +2.0 m. Four trap trees of
the 2nd series, to capture the summer generation of /.
cembrae, were felled from 10 to 11 June 2020. Trees of
the same DBH as the traps of the 1st series were felled
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Table 1 Characteristics of study sites (FD Décin 2020)

Localities

GPS Altitude ma.s.l Age FSTCY  Stand area (ha) Growing KZ (m?)? Trap trees Infested trees
stock (m?)/ -
ha 2018 2019 2020 Spring Summer
A 50.78N 600 41 6K 1.42 15 13.4 4 6 4 4 16
14.06E
B 50.81N 500-510 35 5K¥ 1.29 112 0 45 6 4 4 11
14.12E
C 50.82N 460 35 6pY 5.09 189 137 2 4 4 9
14.12E

) FSTC-Forest site type complex (Viewegh 2003)

2 KZ-wood volume infested by Ips cembrae in the period from the beginning of August to the end of March of the following year

3 5 K-acidic soil, 450-650 m a.s.l.; mean annual temperature 5.5-6 °C; mean annual precipitation 800-900 mm; growing season 130-140 days

4 6 K-acidic soil; (500 m on sandstones) 650-950 m a.s.l.; mean annual temperature 4.5-5.5 °C; mean annual precipitation 900—-1050 mm;

growing season 115-130 days

% 6P-stagnic soil; 650-950 m a.s.l.; mean annual temperature 4.5-5.5 °C; mean annual precipitation 900— 1050 mm; growing season 115-

130 days

Fig. 2 Daily temperature and 40
precipitation for March to
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for the 2nd trap tree series (DBH 17.5 +2.1 cm, average
length 19.3 + 1.2 m). To slow the process of phloem dry-
ing in the summer, the trap trees of the 2nd series were
placed in semi-shade. The trap trees of the 1st and 2nd
series were analyzed in May 27-31, 2020 and July 15-18,
2020.

To determine I. cembrae pattern of stem profile col-
onization, 36 standing, infested trees, site A =16, Site
B=11, and Site C=9 with average DBH of 22.0+5.3 cm
and lengths 20.0 +2.5 m were felled and analyzed for 1.
cembrae infestation in 20 June to 27 September 2020.
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Modelling attack density on trap and infested trees

Four 0.5 m sections were identified on each trap tree and
felled infested tree according to Grodzki (2004). The sec-
tions on the trap trees were named as T and on infested trees
as I. The bottom section (I/T;) was at 0.8—1.5 m from the
tree base. The stem-central section (I/T,) was between the
base and the beginning of the crown, the sub-crown section
(I/T;) was at the beginning of the crown, and the crown-
central section (I/T,) was between the sub-crown and the
top of the crown (Fig. 3).
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Fig. 3 Sample sections on trap
trees and infested trees

h=0.5m

T,

Bark from the sample sections was removed from the cir-
cumference of stem. After beetle galleries in the phloem had
been revealed, entry holes, maternal galleries, and the devel-
opment stage (eggs, larvae, pupae, adults, emerged adults,
dead beetles) were recorded. According to the number of
entry holes and maternal galleries on the sections, the total
number of males and females on the trap and infested trees
was modelled. Based on the distance between the centre
points of sample sections and the diameters of the sections,
four parts were modelled, which together formed the total
tree length. The surface area (dm?) and abundance (adults/
dm?) on the model section were determined and then the
total number of parental adults on the model section cal-
culated. During the growing season, all larch trees up to
50 m from the trap trees were examined for infestation by /.
cembrae. Infested trees were felled and analyzed the same
way as the trap trees and the condition of phloem and crown
recorded.

Data analysis

To compare the total numbers of I. cembrae adults in the
trap trees and infested trees, only the totals up to Sect. 3 were
compared because all trap trees (N =24) were infested in 4
sections, whereas only 10 from 36 standing infested trees
were infested. Up to Sect. 7, 18 infested trees were attacked.
To compare the total capacity of trap and infested trees, the
non-parametric Mann—Whitney U test was used.

To determine the attack density, eight categories were
created according to the four sample sections on the traps (T)
and infested (I) trees. The numbering of the sample sections
(T, and I,_,) depended on the position of the section on
the stem. The total numbers of adults on the sections were
compared using the non-parametric Kruskal-Wallis H test.

To compare the number of /. cembrae females on the
sample sections, the sex index (number Q9 per &) was cal-
culated from the number of maternal galleries and nuptial
chambers (i.e., entrance holes). The total number of females
were compared using the non-parametric Kruskal-Wallis
H test.

During the growing season in 2020, infested trees were
detected in all study sites and were classified according
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T, I/T; T,

to visual crown condition as: healthy, fresh (H), fading
(F) and dead (D) without needles. In each infested tree,
the phloem was dying from the base up to the crown. The
condition of the crowns and the proportion of dead phloem
were compared using the non-parametric Kruskal-Wal-
lis H test based on the proportion of the dead phloem as
height of dead phloem/total tree length X 100. If the end of
the dying phloem was not present in the section, the bark
was removed up to the crown until the end of the dead
phloem was found. Using Pearson’s correlation coefficient
and general linear model (GLM), the relationship between
the proportion of dead phloem and the height of the last
gallery of I. cembrae was compared.

The pattern of infestation of trap and standing trees was
evaluated using the constrained canonical-correlation anal-
ysis (CCA) in Canoco 5.0 software. The analysis included
five stages of development of I. cembrae (eggs, larvae,
pupae, adults, emerged adults) and were recorded as a pro-
portion (0-100%) after debarking of the control section.

Results
Attack density of I. cembrae on trap and infested trees

A total of 186,748 I. cembrae adults bored into trap trees
(N=24). The I. cembrae numbers of the 1st and 2nd series
(11.2+4.2 and 9.6 +2.7 adults/dm?) did not significantly
differ on the trap trees (W=0.9313, p=0.1041; r=1.14,
p=0.3210). There was a significant difference in numbers
on the trap trees at the study sites (W=0.936, p=0.134; F
(2;21)=4.519, p=0.023) (Table 2).

The infested trees (N =36) trapped 118,714 adults,
although the number of trees was higher than the number
of trap trees (N =24). The total number was significantly
higher on the trap trees (W=0.917, p=0.005; z=—4.206,
p=0.00003) (Fig. 4). Pityogenes chalcographus L. was
also found in the crowns of trap trees at site C.
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Table 2 Mean numbers of Ips cembrae adults on trap trees (adult)
Localities A B C
Entry holes z Entry holes z Entry holes z
33+2% 33+29 33+2¢9
Trap tree (1st series) mean +SD 33405 16+£2.7 2.6+0.5 11+£22 1.6+0.2 7+14
Trap tree (2nd series) mean+SD 2.1+0.5 10+£2.4 2.1+0.3 9+1.9 2.0+0.5 9+3.0
Total (1st+2nd series) mean +SD 2.7+0.7 13+2.4 2.3+0.5 10+1.9 1.8+5 8+3.0
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Fig. 4 Numbers of Ips cembrae adults captured on infested trees and
trap trees; squares indicate medians, rectangles interquartile range,
whiskers minimum and maximum values

Numbers of I. cembrae among the sections of trap trees
and infested trees

The abundance of I. cembrae on the sections of the trap
trees and infested trees differed significantly among the sec-
tions I1 x14, T1, T2, T3; 12x T1, T2, T3, T4; I3x T1, T2,
T3, T4; 14X T1, T2, T3, T4 (W=0.941, p=0.00000; H (7,
N=240)=139.755, p=0.000).

While the number of entrance holes on the sections
of the 1Ist and 2nd series of trap trees (T,_,) was similar
(2.5+1.0 and 2.0 £ 0.6 entrance holes/dm?, respectively),
in the infested trees (I;,_4) (0.9 + 1.0 entrance holes/dm?), it
decreased towards the crown to significantly lower values
compared to the trap trees (Fig. 5). There were no differ-
ences in numbers of entrance holes on infested trees between
study sites (W=0.862, p=0.0000; H (2, N=144)=4,752,
p=0.093).

Trap tree surface and number of captured adults
Using Pearson’s correlation coefficient, a positive corre-

lation was found between the number of adults and the
surface area of trap trees [r(48)=0.427, p=0.037]. The

Fig. 5 Number of entrance holes on the sections of infested trees and
trap trees; squares are medians, rectangles interquartile range, whisk-
ers minimum and maximum values

58]

(=3

[}

Number of adults (thousands)
(=2}

2 4 6 8 10 12 14
Trap tree surface (m?)

Fig. 6 GLM model of relationship between the number of Ips cem-
brae adults and the surface of trap trees; Solid line indicates regres-
sion equation, dashed lines indicate confidence interval

regression model was statistically significant and indicated
that the number of captured adults increased with increas-
ing surface area of the trap tree (R2 =0.182, F=4.904,
p=0.037) (Fig. 6).
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Table 3 Characteristics of

Tree quality Infested trees Trap trees
phloem and last bark beetle
gallery Healthy Fading Dead Ist series  2nd series
Number of analysed trees 16 9 11 12 12
Percetage of dead phloem (%) mean+SD 37.6+23.4 822+17.1 934+13.5 100 100
Height of last gallery on total height of 5744232 714+252 702+20.7 90.1+6.5 92.9+5.0
tree (%) mean +SD
100 -
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Fig. 7 Proportion of dead phloem in trees infested by Ips cembrae;
squares are medians, rectangles interquartile range, whiskers mini-
mum and maximum values

Sex ratio of Ips cembrae in trap trees and infested trees

There was no significant difference between the numbers of
females in the 1st and 2nd series of trap trees (W=0.970,
p=0.026; z=-1.356, p=0.175). The average sex ratios
(22Q: &) for the lst and 2nd series were 3.4 +0.5 and
3.6 +0.4. No significant difference was found between
the number of females on the trap trees and infested trees
(W=0.844, p=0.0000; z=—0.654, p=0.513). The average
sex ratio for the infested trees was 3.6 +0.9.

Tree crown condition and percentage of dead phloem

The average proportion of dead phloem over the total length
was 65.8%. For trees with dead crowns, it was 93.4+13.5%,
trees with fading crowns 82.2 +17.1%, and for trees with
healthy crowns it was only 37.6 +23.4% (Table 3). No fun-
gal infections were present on the trees.

Larch needles were dying or fading if the phloem was
dead to approximately 80% of total height (W=0.878,
p=0.0009; H (2, N=36)=23.327, p=0.0000). Trees
with healthy crowns differed significantly from the other
two categories in the proportion of dead phloem, but the
categories of dead and fading crowns did not differ sig-
nificantly (p=1.0) (Fig. 7). There were no significant
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20
Height of last gallery from total tree length (%)

Fig. 8 GLM model of the relationship between the proportion of
dead phloem and the height of the last gallery of Ips cembrae; line
indicates regression equation, the dashed lines confidence interval

differences between the state of the crown and the height of
the last gallery (W=0.902, p=0.0038; H (2, N=36)=4.184,
p=0.123).

In all trees, the phloem died from the base towards the
crown. The last gallery was present above the dead phloem
in 16 trees out of 36, with 12 of these having healthy crowns
(H). There was a positive correlation between the height of
the uppermost gallery and the proportion of dying phloem
(r=0.35, p=0.038). The regression model was statistically
significant and indicated that the proportion of dying phloem
increased faster than the height of the last gallery (R*=0.32,
F=15.233, p=0.0005) (Fig. 8).

Pattern of tree and trap tree infestation by Ips cembrae

The analysis of the control sections of live larch trees
infested I. cembrae showed differences in the development
stages along the stem. In infested trees with green needles
and with no clear signs of dieback, I. cembrae galleries
decreased from the base to the sub-crown section. An even
more obvious dispersion was recorded on the trunks of dying
trees (withering and falling needles). In the base, most of
the galleries were empty as I. cembrae had completed its
development. Eggs, larvae and pupae occurred only from the
middle of the tree and culminated in the sub-crown section.
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On dead trees (without needles), galleries with completed
development decreased from the base. Pupae occurred in
the sub-crown section, and eggs and larvae in the crown
(Table 4).

It was found that, on trees infested by I. cembrae, there
were mostly galleries with development completed between
the base and the mid trunk, and a new generation of adults
and/or unfinished galleries due to the death of females. The
middle part of the trunk was dominated by pupae, and larvae
and eggs prevailed in the crown (CCA: p=0.002) (Fig. 9).

In the trap trees of the Ist series, eggs, larvae, and pupae
occurred evenly along the stem (adults and emerged galleries
were not recorded, the trap trees were removed prior to the
completion of 1. cembrae development). On the trap trees
of the 2nd series, larvae and pupae were dominant evenly in
the entire stem. At the time of the analysis, eggs occurred
sporadically, and emerging adults were recorded (low pro-
portion before removing the trap trees) (Fig. 9).

The CCA analysis indicated that the large larch beetle
attacked a standing tree from the base, gradually colonizing
towards the crown, while the trap trees on the ground were
infested concurrently over the entire stem, therefore the pro-
portions of development stages are balanced.

Discussion

Trap trees cut from healthy larch before the swarming of
1. cembrae is a standard control and defensive measure
(Holusa et al. 2021a), similar to use of trap trees for spruce
bark beetles, Ips typographus (L.), Ips amitinus (Eichh.),
and Polygraphus poligraphus (L.) (Pfeil 1827; Holusa et al.
2021b), or pine traps for Tomicus spp., Ips acuminatus
(Gyll.), Ips sexdentatus (Borner), and Hylastes spp. (Besceli
and Ekici 1969; Zahradnik 2014; Meurisse et al. 2021). Trap
tree efficiency captures a wider range of bark beetle species
than species-specific synthetic pheromones (e.g., Cembrawit
for I. cembrae). However, unlike slot traps and poison trap
trees with pheromone lures, trap trees have a limited capac-
ity (Abgrall and Schvester 1987). According to HoluSa et al.
(2021a), the threshold capacity of larch trap tree for the large
larch beetle is a 0.4 entrance hole/dm?.

0
S
I I
Adults
A Alarvae
Emerged adults 4 Eggs,
A
Dead
APupae .
3
: .

-1.0

Fig. 9 CCA analysis graph showing the Ips cembrae development
stages in sections

The balanced and simultaneous infestation along the
entire stem of the two series of trap trees confirmed their
high efficiency in capturing I. cembrae, and is not limited
by phloem thickness as is the case for other bark beetle spe-
cies (Hutchison and Reid 2022). Our analysis of trap trees
and standing infested trees indicates that the abundance of
1. cembrae increased with increasing surface area of the trap
tree. Resnerova et al. (2020) noted that bark beetle numbers
decreased with increasing volume of the stem. The reason
for the discrepancy may be because their three-year study
included a larger number of sites with a differentiated popu-
lation density of I. cembrae and different sizes of trap trees.

It appears that the number of entrance holes (2.3+0.7/
dm?) exceeded the capacity of trap trees during the study.
The increased population density and natural pheromone
communication signaling trap tree infestation (Symonds and
Gitau-Clarke 2016), created conditions for I. cembrae attack
on trees in the immediate vicinity of the trap trees (Byers
1989). In our study, infested trees occurred at an average
distance of 19.8 +9.4 m from the nearest trap tree. It was
found that during the outbreak of I. fypographus, more than
80% of infested trees were within 100 m from the center of
bark beetle outbreak. The highest probability of infestation
is around uprooted trees and stem breaks. However, when
the population density is high, colonization of healthy trees
is scattered, with the probability of infestation decreasing

Table 4 Distribution of Ips cembrae development stages on trap trees and infested trees (%)

Stages Eggs Larvae Pupae Adults Emerged adults

Sections I 11 111 v 1 11 I v I II III v 1 nm 1m I1v I II m Iv
Healthy 1.3 00 27 00 147 120 40 00 93 80 13 00 40 40 00 00 40 27 00 00
Fading 00 44 89 67 00 67 11.1 67 00 67 44 00 00 00 00 00 200 67 22 00
Dead 00 00 18 36 00 00 18 36 00 18 55 18 00 18 1.8 18 182 164 73 3.6
T-1stseries 31.6 389 42.1 368 36.8 444 368 421 316 167 21.1 21.1 00 00 0.0 00 00 00 00 0.0
T-2ndseries 59 0.0 00 00 353 42.1 412 400 529 526 529 600 59 53 59 00 00 00 00 0.0
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sharply with increasing distance from the point of emer-
gence (Wichmann and Ravn 2001).

The efficiency of the number of adults captured on
the trap trees is affected by beetle population density, by
trap tree insolation/shading (HoluSa et al. 2021a), and by
diameter at breast height. Ara¢ and Pernek (2014) found
the most common attack was on standing larch trees with
12.5-27.5 cm DBH. According to Resnerova et al. (2020),
trap trees 0.25-1.5 m® in volume can capture a comparable
number of 1. cembrae adults.

According to our results, the number of galleries by I.
cembrae on the standing trees was significantly lower than
on the trap trees. The reason may be the natural resistance of
larch which releases resin into galleries, as well as phloem
chemistry changes (Terasaki et al. 1987; Jung et al. 1994;
Rohde 1995; Rohde et al. 1996). Mulock and Christiansen
(1986) found that the TSA (Threshold for Successful Attack)
of 1. typographus adults on spruce increased with tree vigor.
The mortality of females in the beginning of oviposition was
particularly high in the base. The defensive process of trees
can be disturbed by drought stress. When trees are stressed,
emissions of volatiles and aggregation of bark beetles are
greater (Redfern et al. 1987; Grodzki 2008; McDowell et al.
2008).

Synusia of bark beetles on trees has been described by
Pfeffer (1955). Bark beetles within the stem are influenced
by the place where the infestation began (Kula and Zabecki
2010). Ips typographus infests the stem in the lower part of
the crown (Zumr 1984), while Ips amitinus attacks the mid
crown first (Zumr 1984; Grodzki 1997; Kula and Zabecki
2001; Holusa et al. 2012) and Ips duplicatus infests the
entire trunk of spruce but it also infests stems of spruce
younger than 60 years of age (Grodzki 2012). With Pinus
sylvestris, the infestation by the genus Ips is in the lower part
of the trunk (1. sexdentatus) and to the crown (I. acuminatus)
(Pfefter 1955).

I. cembrae infests the entire stem of larch of any diameter
with no interspecific competition. In the trap trees for 1. cem-
brae, the entire trunk was infested evenly and numbers over
all parts of the tree were balanced, which agrees with HoluSa
et al. (2014). This shows that trap trees were effectively cap-
turing both spring and summer generations of I. cembrae
over their entire length,whereas the numbers of I. cembrae
on infested trees was statistically significantly decreasing
from the base of the trunk to the crown. The analysis of the
development stages of I. cembrae on the trees in various
phases of trunk infestation and stage of crown dieback indi-
cated the stem base as the place of initial attack from where
the whole tree is continually infested. This explains the com-
pleted development of 1. cembrae in the butt part of the stem,
the dominance of larvae in the middle stem, and eggs with
emerging larvae in the crown on trees with healthy crowns
and fading crowns. Infested trees can be detected easily by

@ Springer

the occurrence of frass. Detection by crown condition is not
possible because the population in the lower part of the trunk
has already completed its development when crown dieback
occurs. The reason for infestation from the base of the stem
may be because of a strategic weakening of the tree which
is later predisposed for the following attack. There were no
significant differences in the numbers of males and females
in the different sections of trap trees and infested trees. The
female/male ratio on infested trees is similar to data by Arac
and Pernek (2014).

Conclusions

During a one-year experiment in 2020, the capture of 1. cem-
brae by trap trees of the 1st series was higher than the 2nd
series. Infestation of trap trees was significantly higher than
on infested standing trees due to defensive reactions of live
trees causing the mortality of males during the attack as well
as of females making egg galleries.

The abundance of males of I. cembrae on the trap trees
was balanced over the entire stem, whereas in the infested
standing trees, the numbers decreased in sub-crown and
Crown.

The capture effectiveness of trap trees was positively
affected by increasing volume and surface area of the trap
tree.

The different development stages of the stem of infested
standing trees indicated that I. cembrae attacks larch trees
from the butt end, gradually colonizing towards the crown,
while trap trees are invaded simultaneously over the entire
stem. The simultaneous invasion of the whole stem of the
two series of trap trees confirmed that trap trees are suitable
for pest management of 1. cembrae in the protection of larch
stands.
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