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Abstract
Blaženec, M., Majdák, A., Jakuš, R., 2021. Improvement of Ips typographus catches in pheromone trap 
barriers by altering of sex assigned pheromone blends. Folia Oecologica, 48 (1): 25–34. 

The present study was based on the idea of a pheromone trap barrier with alternating dispensers releasing 
different pheromone mixtures that affect males and females differently. We tested the possibility of increasing 
the catch efficacy of pheromone trap barriers by altering the pheromone mixture with low levels of cis-Verbe-
nol (cV, targeting males, BM), the mixture with high levels of cV (targeting females, BF) and the pheromone 
mixture with intermediate levels of cV (SL). In addition, we were interested in lowering the dispersion of 
attracted bark beetles, especially males, which reduces the risk of attack on trees in the surroundings. Sig-
nificant highest absolute and relative catch was found in the catch of the combination BM–BF, which was 
2.2-fold higher than the catch of the control barrier treated with commercial IT Ecolure baits (Fytofarm, Slo-
vakia). At the same time, the lowest dispersal in the surroundings of the barrier with the combination BM–BF 
was found, which was 2.5-fold lower than in the control barrier. The performance of the BM–BF combination 
of mixtures was proved in a field trial experiment where the total season catch of the part of the barrier treated 
with BM–BF dispensers caught 1.5-fold more beetles during the season than the control part treated with IT 
Ecolure dispensers. Furthermore, the results confirm that the performance of the combination of low levels 
of cV (targeting males) and high levels of cV (targeting females) is complemented by the desired reduced 
dispersion around the barrier, which reduces the risk of attack on trees in the surroundings.
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Introduction 

Barriers of pheromone traps are used as a part of integrated 
pest management against Ips typographus (L.) (Niemeyer, 
1997; Jakuš, 1998), the most important pest in spruce 
(Picea abies [L.] Karst.) in Europe (Seidl et al., 2016). The 
barriers represent one of the possibilities for the protection 
of spruce stands, and they can protect the selected stand 
by significantly lowering the primary beetle attack rate. 
The use of pheromone trap barriers for the protection of 
spruce stands has been discussed, in conjunction with the 

method’s advantages and risks, by several authors (Vité, 
1989; Niemeyer, 1997; Jakuš, 1998). Zahradníková and 
Zahradník (2017) showed that increasing trap efficiency 
simply by increasing the release rate of the pheromone is 
not effective. Galko et al. (2016) showed possibilities of 
increasing trapping efficiency by improving trap design. 

The critical point is that high concentrations of 
pheromones may result in attacks on trees surrounding 
the pheromone sources. The problem of bark beetle 
infestations around traps can be partially mitigated by 
decreasing distances between traps (Niemeyer, 1997) or 
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by increasing the trap size (Vaupel and Dubbel, 1985). I. 
typographus males initiate the attack and the colonisation 
of trees; consequently, the male catch is crucial for 
the overall efficacy of pheromone trap barriers. High 
concentrations of pheromones attract both sexes equally 
from a long distance (Schlyter et al., 1987a), even though 
males are reported to be more sensitive to the pheromone 
(Dickens, 1981). 

Previous studies oriented on increasing male catch in 
pheromone trap barriers used differing approaches with 
different levels of effectiveness. Jakuš and Blaženec 
(2002) suggested using a combination of traps baited with 
dispensers having two different release levels of (4S)-cis-
verbenol (cV) in the pheromone mixtures in order to achieve 
higher catches of males. An increase in the cV release 
rate with constant 2-methyl-3-buten-2-ol (MB) increases 
the number of beetles caught; however, the proportion of 
males is reduced when higher doses of cV are used in the 
pheromone mixtures (Schlyter et al., 1987b). Jakuš and 
Blaženec (2003) show that the efficacy of pheromone 
trap barriers with alternating dispensers, having two 
different release levels of cV in the pheromone blends, 
can be changed by adding (−)-α-pinene. The number of 
beetles captured by traps baited with a  low-level release 
of cV was increased by adding (−)-α-pinene. However, 
adding (−)-α-pinene did not increase the catches of traps 
containing high releases of cV. Further improvement of 
pheromone trap barriers is possible using compounds 
synergistic with the basic I. typographus pheromone 
mixture of cV and MB. Reddemann and Schopf (1996) 
and Gossenauer-Marohn (1988) studied the significance 
of the primary attraction of monoterpenes on the spruce 
bark beetle and their influence on the attractiveness of 
the commercially manufactured pheromones or trap-
trees. According to Reddemann and Schopf (1996), 
supplementing (−)-α-pinene with (+)-limonene resulted 
in a significant increase in trap catch (by 81%) with lures 
that were one-third filled with Pheroprax bait with the 
following chemical composition: MB, cV, Ipsdienol in 
a ratio 96.08:3.56:0.36. This approach was further tested 
in the field by Niemeyer and Watzek (1996), but they 
could not confirm a statistically significant increase in the 
catch. 

Blaženec and Jakuš (2009) compared two different 
strategies to increase the catches of I. typographus, 
particularly males, in pheromone-baited traps. The 
first of these strategies, the barrier approach, used 
alternating pheromone blends, targeting males and 
females specifically, in closely-spaced traps forming 
a barrier around forest stands. The second strategy, the 
single trap approach, used widely-spaced traps, all baited 
with the same lure that was intended to trap the highest 
possible numbers of males without compromising 
trapping of females. Currently, the possibilities of 
further improvement of spruce stand protection with 
semiochemicals are limited. One possible way could be 
the identification of new active compounds, acting as I. 
typographus  attractants and anti-attractants (Schiebe 
et al., 2012, 2019) and the combination of pheromone 
trap barriers with anti-attractants-treated forest stands 
(Schiebe et al., 2011; Jakuš et al., 2011).

Our experiment was based on the idea of a pheromone 
trap barrier with alternating dispensers releasing different 
pheromone mixtures that affect males and females 
differently. The aim of the present study was to test the 
possibility of increasing the efficacy of pheromone trap 
barriers by altering the pheromone mixture with low levels 
of cV (targeting males), the mixture with high levels of 
cV (targeting females), and the pheromone mixture with 
intermediate levels of cV. Blaženec and Jakuš (2009) 
optimised the mixtures with higher attractiveness for 
males (BM) and the mixture with higher attractiveness 
for females (BF) for use in pheromone trap barriers, and 
mixtures with higher attractiveness for both sexes for 
use in single standing traps (SL). These mixtures were 
combined in the pheromone trap barriers in order to 
optimise the pheromone trap barrier for the best capture, 
as well as the lowest dispersion of attracted bark beetles 
in the surroundings of the barriers. 

Materials and methods

Pheromone baits

Synthetic pheromone baits from Fytofarm Ltd. (Bratislava, 
Slovakia) were used. Chemicals, their purities and sources 
are presented in Table 1. The chemical composition of the 
pheromone baits used in the experiment is shown in Table 
2. The control was a  commercial dispenser IT Ecolure 
from Fytofarm Ltd. (Bratislava, Slovakia). Special wick-
aluminium foil protected dispensers from Fytofarm Ltd. 
(Varkonda, 1996) were used. In the case of mixture BF, 
all compounds were filled in one dispenser and, similarly, 
in the control IT Ecolure. Double-dispensers were used for 
BM and SL mixtures. In one bag, the monoterpenes were 
separated from other compounds due to lower boiling 
temperature, and another type of wick for better regulation 
of release was used. In the second bag remained other 
compounds. The average release rate of mixtures from 
both type of dispensers was about 50 mg day−1 (Fytofarm 
Ltd.) in field conditions. All dispensers were filled with 
3 ml of pheromone mixture.

Pheromone traps

Cross-type pheromone traps, Ecotrap from Fytofarm Ltd., 
were used. This universal, selective and omnidirectional 
pheromone trap is made from black plastic and has an 
effective size of 5,550 cm2.

Experiment design and locality 
Pheromone barrier improvement experiment
The experiment was conducted in four pheromone trap 
barriers. The layout of the pheromone trap barriers used in 
this experiment is shown in Fig. 1. The distance between 
two neighbouring traps was approximately 12 m, and the 
distance between two neighbouring barriers was at least 
20 m. The distance between active pheromone traps and 
the forest edge was about 15 m. 
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Table 1. Compounds, purity, and source in pheromone baits tested in the experiments

 

Table 1. Compounds, purity, and source in pheromone baits tested in the experiments 
 

Compound Purity Source 
(4S)-cis-verbenol ≥ 98% Fytofarm Ltd. (Slovakia) 

2-methyl-3-buten-2-ol ≥ 98% FLUKA AG (Switzerland) 
(−)-α-pinene ≥ 98% FLUKA AG (Switzerland) 
(+)-limonene ≥ 90% FLUKA AG (Switzerland) 

1-methoxy-2-propanol ≥ 98% SH-Chem (Slovakia) 
(S)-(+)-ipsdienol ≥ 95% Bedoukian Research, Inc. (USA) 

  

Table 2. Chemical composition of pheromones used in the experiment

*Chemical composition estimated from original label.

 

Table 2. Chemical composition of pheromones used in the experiment 

Pheromone bait: BM BF SL IT Ecolure* 
Bait composition (%)     
2-methyl-3-buten-2-ol 64.1 90.1 85.8 ≤ 85.0 

(4S)-cis-verbenol 0.9 9.0 3.3 ≥ 3.2 
(−)-α-pinene 0.9 – 9.9 – 
(+)-limonene 3.5  0.1 ≥ 0.4 

(S)-(+)-ipsdienol – 0.9 – – 
1-methoxy-2-propanol – – 0.9 – 

ethanol – – – ≥ 7.6 
spruce oil – – – ≥ 3.8 

 
*Chemical composition estimated from original label.  

 

 
Fig. 1. The layout of experimental pheromone trap barriers used in pheromone barrier improvement experiment. 

  

Fig. 1. The layout of experimental pheromone trap barriers used in pheromone barrier improvement experiment.

Every barrier consisted of four active pheromone traps 
and four passive traps were located in its surroundings. In 
the active traps, combinations of pheromone baits were 
tested, and the passive traps were used for catching Ips 
typographus individuals dispersed in the surrounds of the 
barriers. 

We tested three combinations of pheromone baits that 
were altered in the pheromone traps of individual barriers: 
BM–BF, BM–SL, and BM–IT Ecolure. One barrier was 
treated only with IT Ecolure (control barrier). 

The positions of the combination of the baits were 
changed according to the randomised experimental design 
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(Byers, 1991) between the barriers after each collecting 
of beetles and were rotated six times. The time between 
the particular trap check and beetle collection depended 
on the weather but was no longer than one week. Beetles 
were collected from all active and passive traps. However, 
catches from marginal active traps (traps 1 and 4, Fig. 
1) were not further processed regarding their possible 
affection of neighbouring barriers, even if these traps were 
essential for the correct working of the pheromone traps 
barriers.

The experiments were conducted in 80–90-year-old 
spruce stands situated in the Poľana Mountains in central 
Slovakia at altitudes of about 750 m above sea level on 
the southwest slopes in clear-cuts after salvage cutting. 
The period of testing was from June to August 2002. 
This period was used in order to avoid spring swarming 
and, in particular, the higher proportion of males during 
spring swarming. In using this period, it is assumed that 
the negative impact on the results due to the applied 
experimental design was low.

Verification of improved barrier
Part of a  long pheromone trap barrier usually used in 
forest protection was treated with altered experimental 
pheromone baits BM and BF. Other parts of the barrier 
treated with commercial IT Ecolure bait were used as 
a control. In total, 29 traps were treated with BM and 29 
traps with BF, and 58 traps treated with IT Ecolure were 
used as control. 

The experiments were conducted in more than 
120-year-old spruce stands situated in the eastern part of 
the High Tatra Mountains in east Slovakia at altitudes of 
about 1,250 m above sea level on the SWW slopes in clear-
cuts after salvage cutting. The period of testing was from 
June to August 2004.

Laboratory processing

Beetles were dissected and separated according to the sex.

Statistics
Pheromone barrier improvement experiment
From the active traps, only the two traps in the middle 
of each barrier (marked as 2 and 3, Fig. 1) were further 
processed, and from passive traps all traps were further 
processed and statistical analysis concerns only these 
traps. The absolute and relative catches were statistically 
analysed. The relative catch was the basis for results 
interpretation and the absolute catch was used as 
additional information to the relative catch. Conversion 
of absolute to relative catches enabled us to eliminate the 
effect of different time intervals and weather conditions 
corresponding to the individual replications and to 
emphasize the differences between the baits. The relative 
catch for one trap in the barrier in a particular replication 
was calculated as a  percentage of the total catch in all 
active pheromone traps (traps 2 and 3, Fig. 1) in that 
particular replication. The relative catch for one barrier in 
a particular replication was calculated as a percentage of 
the total catch in all active pheromone traps (traps 2 and 3, 

Fig. 1) in that particular replication. The relative catch for 
passive traps (two) near the concrete mixture in the barrier 
(P1 + P3 or P2 + P4, Fig. 1) in a  particular replication 
was calculated as a  percentage of the total catch in all 
passive traps in that particular replication. The relative 
catch for a group of passive traps (four) in the surrounds 
of the barrier in a particular replication was calculated as 
a percentage of the total catch in all passive traps in that 
particular replication. The relative catch was calculated for 
males and females.

The percentage of catch in passive traps near the 
concrete mixture in the barrier relative to the catch in the 
active trap with this mixture in a  particular replication 
was calculated from the total catch in the active trap and 
the two passive traps (P1 + P3 or P2 + P4, Fig. 1) in that 
particular replication. The percentage of catch in a group 
of passive traps (without pheromone) from the catch in the 
barrier in a particular replication was calculated from the 
total catch in two active traps in the middle of the barrier 
and four passive traps in the surrounds of the barrier in that 
particular replication (Fig. 1). Females and males were 
considered separately.

Assumptions for the use of parametric statistics were 
tested (Shapiro–Wilk test and Levene test, Underwood, 
2001). Arcsin square root transformation of the data was 
used. For the data that complied with the assumptions, 
analysis of variance (ANOVA) followed by Duncan’s 
multiple range test was performed. For the data that did 
not comply with the assumptions, the nonparametric 
Kruskal–Wallis test (multiple comparison) followed by 
pairwise comparison were used to find the differences 
between the groups.

Verification of improved barrier
In this experiment, we used 29 alternated bait combinations 
BM–BF in one part of the pheromone trap barrier (58 
traps), and 29 pairs of IT Ecolure baits in another part of 
the barrier (58 traps) served as controls. Both sets of 29 
pairs were considered as statistical replicates. The total 
catch in the barrier from the whole period was subject to 
statistical analyses. Assumptions for the use of parametric 
statistics were tested (Shapiro–Wilk test and Levene test, 
Underwood, 2001). Arcsin square root transformation of 
the data was used and analysis of variance (ANOVA) was 
performed. 

Results

Pheromone barrier improvement experiment

Over the whole pheromone barrier improvement 
experiment, 23,799 specimens of Ips typographus were 
caught in active traps in all barriers. In passive traps in 
the surrounds of the barriers, 358 specimens were caught.

Active pheromone traps
ANOVA and Duncan’s multiple range tests show 
a statistically significant effect (Table 3a) in the absolute 
and relative catch of females and males between individual 
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mixtures used in combinations in barriers (Fig. 2a, c) and 
also between the combinations of mixtures used in barriers 
(Fig. 2b, d). 

The absolute catch had nearly a  similar pattern to 
that of the relative catch. The highest relative catch of 
females was in the trap baited with the mixture BF from 
the combination BM–BF in the barrier, and the highest 
relative catch of males was in the trap baited with the 
mixture BM also from the combination BM–BF in the 
barrier. The lowest relative catch in all tested variables was 
in the trap with one of the IT Ecolure baits in the control 

barrier IT–IT. In all combinations, the mixture BM had the 
highest relative catch of males (Fig. 2c). 

In the case of the relative catch of combinations of 
mixtures, the highest catch of females and males was in the 
combination of mixtures BM–BF. The relative catch of this 
combination was nearly twice that of the control barrier with 
IT Ecolure (IT–IT). The relative catch of combinations of 
mixtures BM–IT and BM–SL was slightly higher than IT–IT 
(Fig. 2d). In the absolute catch of combinations of mixtures, 
the catch of the combination BM–BF was 2.2-fold higher 

 

Table 3. ANOVA or Kruskal–Wallis test results, following results from Levene’s test and the Shapiro–Wilk W test: a) Over 
the whole pheromone barrier improvement experiment, 23,799 specimens of Ips typographus were caught in active traps and 
358 specimens were caught in passive traps; b) Over the whole verification of improved barrier experiment, 753,615 
specimens were caught 
 
a) Pheromone barrier   Levene test  Shapiro-Wilk test  ANOVA 

    improvement 
    experiment 

Sex  F P  W P  F df P 

Absolute catch in:            
active traps ♀♀  1.01 0.44  0.96 0.23    2.99 7    0.01 

 ♂♂  0.68 0.68  0.98 0.74    3.59 7 < 0.01 
active barriers ♀♀  0.62 0.61  0.93 0.10    3.47 3    0.03 

 ♂♂  1.58 0.23  0.95 0.29    5.06 3 < 0.01 
passive traps ♀♀  1.08 0.39  0.96 0.27    0.76 7    0.62 

 ♂♂  1.39 0.24  0.95 0.13    0.29 7    0.95 
passive barriers ♀♀  1.46 0.25  0.98 0.88    0.62 3    0.61 

 ♂♂  0.53 0.67  0.95 0.32    0.28 3    0.83 
Relative catch in:            

active traps ♀♀  0.71 0.67  0.95 0.06    4.26 7 < 0.01 
 ♂♂  1.22 0.32  0.98 0.82    5.24 7 < 0.01 

active barriers ♀♀  0.17 0.92  0.97 0.79    8.33 3 < 0.01 
 ♂♂  0.56 0.65  0.96 0.54  12.29 3 < 0.01 

passive traps ♀♀  1.52 0.19  0.95 0.18    1.01 7    0.43 
 ♂♂  1.61 0.16  0.96 0.31    0.33 7    0.93 

passive barriers ♀♀  1.11 0.37  0.97 0.68    0.74 3    0.53 
 ♂♂  2.98 0.06  0.96 0.47    0.38 3    0.76 

         Kruskal-Wallis test 

         H df P 

% of catch in:            
passive traps ♀♀  2.45 0.04  0.86 0.01  9.20 7   0.24 

 ♂♂  1.89 0.09  0.84 0.01  7.46 7   0.38 
passive barriers ♀♀  0.75 0.54  0.96 0.43  7.83 3   0.04 

 ♂♂  1.01 0.41  0.86 0.01  1.56 3   0.67 

b) Verification of   Levene test  Shapiro-Wilk test  ANOVA 

     improved barrier   F P  W P  F df P 

Absolute catch in:            
trap pairs   1.54 0.18  0.96 0.09  5.71 1   0.02 

 

  

Table 3. ANOVA or Kruskal–Wallis test results, following results from Levene’s test and the Shapiro–Wilk W test: a) Over the 
whole pheromone barrier improvement experiment, 23,799 specimens of Ips typographus were caught in active traps and 358 
specimens were caught in passive traps; b) Over the whole verification of improved barrier experiment, 753,615 specimens 
were caught

Pheromone barries 
improvement 
experiment

b) Verification of 
     improved barrier
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than the catch of the control barrier IT–IT, and 1.5-fold higher 
than the combinations of mixtures BM–IT and BM–SL.

Passive traps
ANOVA did not show any significant effect (Table 3a) in 
the absolute and relative catch in passive traps (Fig. 3a, 
c) or in the group of passive traps (Fig. 3b, d) in all tested 
variables. 

The highest absolute catch of females was in the passive 
traps near one of the IT Ecolure baits in the control barrier 
IT–IT. The highest absolute catch of males was in passive 
traps near the mixture SL in the combination of mixtures 
BM–SL (Fig. 3a). However, the highest relative catch of 
females was near the mixture BF in the combination BM–
BF, and the highest relative catch of males was near one 
of the IT Ecolure baits in the control barrier IT–IT (Fig. 
3c). Thus, the absolute and relative captures do not show 
a similar pattern. The lowest relative catch of females was 
in passive traps near the mixture BM in the combination 
BM–BF. The lowest relative catch of males was in passive 
traps near the other IT Ecolure bait in the control barrier 
(Fig. 3c).

In the case of groups of passive traps, the highest 
absolute catch of both sexes was in the group P(BM–SL) 
in the surrounds of the barrier with the combination of 
mixtures BM–SL (Fig. 3b). The highest relative catch of 
females was in the group P(BM–BF), and males in the 
group P(BM–SL). The lowest relative catch of females 
was in the group P(BM–IT) in the surrounds of the barrier 
with the combination of mixtures BM–IT, and for males 
was in the group P(BM–BF) (Fig. 3d).

Although this trend is not significant in connection 
with the results from active traps and barriers, we observe 
a more substantial proportion of captured males in baited 
traps, especially with a mixture of BM and, at the same 
time, a  smaller number of males in passive traps near 

BM. Since in I. typographus the males start the attack 
on trees, the result that the mixture, or their combination 
in the barrier, attracts them to the trap, and reduces their 
avoidance of the traps and dispersion in the surroundings, 
is highly important.

Percentage of catch in passive traps from the catch in 
active traps
The percentage of the catch in passive traps relative to 
the catch in the active traps indicates a ratio between the 
performance of mixtures in baited traps in terms of their 
catching ability and the possible unwanted dispersion 
of untrapped beetles around the traps or barriers. The 
Kruskal–Wallis test showed a significant difference (Table 
3a) in the mean female percentage of catch in passive traps 
both near the concrete mixture in the barrier (Fig. 4a) and 
near a combination of baits used in the barrier (Fig. 4b). 

The lowest percentage of the catch of females and 
males near the concrete mixture in the barrier was found 
in the mixture BM in the combination BM–BF. On the 
contrary, the highest percentage of the catch of both sexes 
was found for one of the IT Ecolure baits in the control 
barrier IT–IT, whereas the females differed significantly. 
This same trend was found even in combinations of 
mixtures in barriers when the lowest percentage of catches 
in passive traps was for both sexes in the combination 
BM–BF, which was 2.5-fold lower than the combination 
of IT Ecolure baits in the control barrier. 

In addition, the results from the percentage of the catch 
in passive traps relative to the catch in the active traps 
confirm that the performance of the combination of BM 
and BF mixtures is complemented by the desired reduced 
dispersion around the barrier, which reduces the risk of 
attack on trees in the surroundings.

Fig. 2. Mean catch (± SE) of Ips typographus: a) absolute catch of individual pheromone baits used in the barrier  
and b) absolute catch of combination of baits used in the barrier; c) relative catch of individual pheromone baits used in the 
barrier and d) relative catch of combination of baits used in the barrier. Bars with the same letter are not different, according 
to Duncan’s multiple range test. Females and males are considered separately. Over the whole experiment, 23,799 specimens 

of Ips typographus were caught in active traps.

 

 
Fig. 2. Mean catch (± SE) of Ips typographus: a) absolute catch of individual pheromone baits used in the barrier 

and b) absolute catch of combination of baits used in the barrier; c) relative catch of individual pheromone baits used in the 
barrier and d) relative catch of combination of baits used in the barrier. Bars with the same letter are not different, according 
to Duncan’s multiple range test. Females and males are considered separately. Over the whole experiment, 23,799 specimens 

of Ips typographus were caught in active traps. 
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Verification of improved barrier

Over the whole verification of improved barrier experiment, 
753,615 specimens of Ips typographus were caught. 

We found a  significant difference between the mean 
catches in the trap pairs treated with BM–BF dispensers 
with values of 7,785 ± 822 (mean ± SE) and IT Ecolure 
dispensers with values of 5,207 ± 322 (Table 3b, Fig. 5a). 
The same pattern is also observed in the total season catch 
(Fig. 5b) where the part of the barrier treated with BM–BF 
dispensers caught 1.5-fold more beetles during the season 
than the part treated with IT Ecolure dispensers.

Discussion 

In improving the barriers of pheromone traps, we combined 
optimized compounds with higher attractiveness for males 
(BM), with higher attractiveness for females (BF), and 
a  universal mix for both genders (SL) from Blaženec 
and Jakuš (2009), as well as commercial pheromone 
preparation IT Ecolure. When evaluating the results of 
the improving of pheromone traps barriers, we considered 
both the behavior of individual mixtures in combination 
with others and the overall functioning of the barrier. 
Comparison of results of relative trapping of individual 
pheromone mixtures in active traps confirmed the results 
of optimization of pheromone mixtures (Blaženec and 
Jakuš, 2009) and the theoretical assumptions on which 
we optimized these mixtures (Schlyter et al., 1987a; 
Schlyter et al., 1987b; Jakuš and Blaženec, 2002; 
Jakuš and Blaženec, 2003). Results of our experiment 
were confirmed in pheromone trap barriers in bark beetle 
outbreak conditions. 

Fig. 3. Mean catch (± SE) of Ips typographus: a) absolute catch in passive traps near the concrete mixture in the barrier,
b) absolute catch in groups of passive traps in the surrounds of pheromone trap barriers used for testing of different 

combinations of mixtures, c) relative catch in passive traps near the concrete mixture in the barrier and d) relative catch in 
groups of passive traps in the surrounds of pheromone trap barriers used for testing of different combinations of mixtures. 

Females and males are considered separately. Over the whole experiment, 358 specimens of Ips typographus were caught in 
in passive traps.

 

 
Fig. 4. Mean percentage of Ips typographus catch (± SE): a) in passive traps near the concrete mixture in the barrier from the 
catch in the active trap with this mixture, b) near a combination of baits used in the barrier. Bars with the same letter are not 

different, according to Kruskal–Wallis test pairwise comparison. Females and males are considered separately. 
  

Fig. 4. Mean percentage of Ips typographus catch (± SE): a) 
in passive traps near the concrete mixture in the barrier from 
the catch in the active trap with this mixture, b) near a com-
bination of baits used in the barrier. Bars with the same letter 
are not different, according to Kruskal–Wallis test pairwise 
comparison. Females and males are considered separately.

 

 
Fig. 3. Mean catch (± SE) of Ips typographus: a) absolute catch in passive traps near the concrete mixture in the barrier, 

b) absolute catch in groups of passive traps in the surrounds of pheromone trap barriers used for testing of different 
combinations of mixtures, c) relative catch in passive traps near the concrete mixture in the barrier and d) relative catch in 
groups of passive traps in the surrounds of pheromone trap barriers used for testing of different combinations of mixtures. 

Females and males are considered separately. Over the whole experiment, 358 specimens of Ips typographus were caught in 
in passive traps. 

  

 

 
Fig. 5. Mean (± SE) and total catch in trap pairs with BM–BF dispensers and traps with IT Ecolure dispensers: a) mean catch 
and b) total catch. Differences in mean catch are marked according to ANOVA results. Over the whole experiment, 753,615 

of Ips typographus specimens were caught. 
 

Fig. 5. Mean (± SE) and total catch in trap pairs with 
BM–BF dispensers and traps with IT Ecolure dispensers: 

a) mean catch and b) total catch. Differences in mean catch 
are marked according to ANOVA results. Over the whole 
experiment, 753,615 of Ips typographus specimens were 

caught.
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BF, as the strongest pheromone source, attracted most 
spruce bark beetles and obtained the highest relative and 
absolute catch of females. The BM mixture, which was 
combined with it as the weakest pheromone source, 
achieved the highest absolute and relative male catch. 
Although males did not favor BM in this combination 
statistically significantly, it can still be said that they 
preferred a weaker (weakest overall) pheromone source. 
In contrast, females statistically significantly favored the 
strongest BF mixture when assessing relative catch.

When combining combination BM with a moderate 
source of SL, females, in absolute as well as relative 
capture, favored a  moderate source (SL), while males 
preferred the weakest source (BM), although, in either 
case the difference was not statistically significant. 
The balanced capture of both sexes together, although 
the SL mixture was a  stronger pheromone source, was 
probably due to the higher content and another ratio of 
primary attractants (−)-α-pinene and (+)-limonene in BM 
(Blaženec and Jakuš, 2009). 

The properties of individual mixtures were also 
reflected in the overall catch of the barriers. The highest 
absolute and relative capture of females and males was 
obtained with the BM–BF barrier. This confirmed the 
combination of the weakest and strongest pheromone 
source to ensure maximum trapping of the barrier and, 
at the same time, the appropriate sex ratio (Jakuš and 
Šimko, 2000; Jakuš and Blaženec, 2002; Jakuš and 
Blaženec, 2003; Blaženec and Jakuš, 2009). The 
other two barriers in which the BM mixture (BM–SL, 
BM–IT) were combined achieved approximately the 
same absolute and relative capture of male and female. 
Their capture did not differ statistically significant from 
each other. The IT–IT control barrier obtained the lowest 
catch. We recognize that catches of pheromone traps 
may be influenced by factors other than pheromone 
mixtures, such as trap design (Galko et al., 2016), stand 
edge conditions (Mezei et al., 2011) or environmental 
conditions (Mezei et al., 2012).

An important indicator of the properties of the 
individual mixtures was also the dispersion of individual 
bark beetles around pheromone traps. It indicates how 
many individuals attracted from a greater distance were 
not thoroughly attracted or caught in the pheromone trap. 
The passive traps around the active pheromone traps were 
used for their detection. We expected greater dispersion 
around stronger pheromone sources. However, the results 
are not so clear as the results of pheromone catches. 

The highest absolute catch of females was in passive 
P (IT) traps adjacent to one of the IT mixtures at the 
control barrier and of males in passive traps near the 
mixture SL in the combination of mixtures BM–SL. 
Passive P (BM) traps, with the exception of the BM–SL 
combination, had the lowest catches. From these results, 
the effect of the individual mixtures on the scattering 
around the active pheromone traps is not clear, but it was 
probably a greater influence than the individual mixtures 
had in their mutual combination in barriers. The highest 
dispersion in the surroundings in the form of absolute 
capture of both male and female, was detected by the 

group of passive traps P (BM–SL) adjacent to the BM–
SL barrier. It was similar in the evaluation of relative 
catch, but most females were caught by the group of 
passive traps P (BM–BF). The lowest absolute and 
relative catch of females was achieved by the group of 
passive traps P (BM–IT).

We assumed that males avoiding stronger 
pheromone sources should be better attracted to traps 
with weaker pheromone sources, thereby reducing 
dispersion. However, it is also important to note that the 
optimized mixtures, and especially their combinations 
in the barriers, actually caught more sexes together, 
both females and males, as a  control barrier. There 
was a  need to express how much, on one hand, was 
attracted and trapped by the barrier of pheromone traps, 
and how much of this amount was still trapped in the 
surroundings as a scatter. We used the catch percentage 
indicator in groups of passive traps from trapping in 
active pheromone traps barriers, thus expressing the 
trapping efficiency of combinations of mixtures in 
active traps barriers. The smaller the percentage caught 
in the group of passive traps, the better the barrier of 
active traps worked. The lowest percentage of capture 
of females and males was achieved by the group of 
passive traps P (BM–BF). The second lowest percentage 
of catching was achieved by the group of passive traps 
P (BM–IT) and the third group of passive traps P (BM–
SL). The highest percentage of capture was achieved 
by the group of passive traps P (IT–IT) adjacent to the 
control barrier. For the percentage of capture of males, 
the groups of passive traps did not differ significantly. 
Only the groups of passive traps P (IT–IT) and P (BM–
BF) differed statistically in the percentage of females.

According to Schlyter (1992), at least 2.5% of 
Norway spruce bark beetles are captured in passive 
traps located within 10 meters of the pheromone 
source at a  source strength of 24 to 240 mg day−1. In 
the present study, only the group of passive traps at 
the IT–IT control barrier reached this value, while all 
other groups of passive traps reached lower values. 
From this point of view, the optimized combinations 
of mixtures in the pheromone trap barrier are therefore 
more efficient, as there are fewer individuals scattered 
per unit of captured spruce bark beetle.

Conclusion

We have shown that increasing the efficacy of 
pheromone trap barriers for I. typographus is possible 
by altering the pheromone mixture with low levels of 
cis-Verbenol (cV, targeting males, BM), the mixture 
with high levels of cV (targeting females, BF), and the 
pheromone mixture with intermediate levels of cV (SL). 
Furthermore, the results confirm that the performance 
of the combination of low levels of cV (targeting males) 
and high levels of cV (targeting females) mixtures is 
complemented by the desired reduced dispersion 
around the barrier, which reduces the risk of attack on 
trees in the surroundings.
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