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pographus in Europe. A large amount of sanitary felling has taken place, with significant economic and ecological consequences. In order to anticipate such large-scale
outbreaks, an effective monitoring system should be set up. One important aspect
of monitoring is deciding which pheromone to use. Therefore, we decided to test
five different commercially available pheromone lures under different disturbance
conditions: Pheroprax®, IT Ecolure Extra®, Ipstyp®, Ipsowit® and Typosan®. We
investigated the ability of the pheromones to distinguish between disturbed and
undisturbed locations, their cost-efficiency ratio, and side effects such as bycatch
abundance and composition. We set 50 traps in two areas with sites that were disturbed and undisturbed by windstorms. We collected the catch from traps every
1–2 weeks from the end of March until the end of September in 2019. We found that
IT Ecolure Extra®, Ipsowit® and ® Pheroprax® caught the most I. typographus and
best showed changes in the trap catch of I. typographus throughout the whole season. There was a low amount of bycatch (<6% of the total catch) and a low number
of predators (a few specimens), but some groups seem to prefer certain pheromones.
The cost of the pheromones increased with their effectiveness. However, pheromone costs are low relative to the personnel costs involved in setting traps and collecting the catch. Based on all of the gathered data, we created an index which helps
to assess the cost-efficiency of the five chosen commercially available pheromones.
We also present guidelines on how to make such an index to assist other researchers
in choosing the right pheromone for monitoring populations of I. typographus or other
bark beetle species.
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1 | I NTRO D U C TI O N

have been favourable for the spread of forest pests and diseases,
which has resulted in large-scale tree dieback and other negative ef-

Climate change has strong effects on forests and all their functions

fects on forest ecosystems (de Groot & Ogris, 2019; Seidl et al., 2017;

(Lindner et al., 2010; Sturrock et al., 2011). In recent years, conditions

Sturrock et al., 2011). In addition, increasing temperatures and
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associated extreme climatic events such as windthrows, droughts

In other words, a framework should be developed to decide

and ice storms have impacted the health of trees and forests (de

which pheromone should be used for sustainable management. The

Groot et al., 2018; Nagel et al., 2017; Seidl et al., 2017; ZGS, 2019a,

first step would be to assess the effectiveness of the pheromone in

2019b), with large-scale outbreaks of forest pests as a cascading ef-

attracting I. typographus and how the trap catch changes over the

fect (Buma, 2015; de Groot et al., 2018; Raffa et al., 2008). These

year. The next step would be to determine the cost of the phero-

large-scale outbreaks have significant economic consequences, and

mone and the monitoring system, as well as its influence on the

it is therefore important to find methods to respond to them as soon

bycatch. Taking the bycatch into account might become even more

as possible. However, the response should not be overly expensive

important in the future because in recent years, a marked decrease

or have a large impact on the environment (Lewis et al., 1997).

in different insect species has been recorded around the world

The European spruce bark beetle (Ips typographus (L.),

(Hallmann et al., 2017; Sánchez-Bayo & Wyckhuys, 2019), includ-

Coleoptera: Curculionidae, Scolytinae) has been one of the most

ing in forest ecosystems (Seibold et al., 2019). There is also grow-

problematic forest pests in Central Europe in the last decades

ing concern over population decreases in many beneficial insect

(Vité, 1989; Wermelinger, 2004). The increasing frequency of

species which control populations of pests (Ryall & Fahrig, 2005),

catastrophic climatic events, inappropriate forest management

and for this reason, some modifications have already been made to

(Bončina et al., 2017; de Groot et al., 2019) and monocultures have

lower the bycatch of I. typographus predators (Martín et al., 2013).

led to more frequent and severe outbreaks (de Groot et al., 2019;

Monitoring systems, therefore, should minimize the negative ef-

Potterf et al., 2019; Wichmann & Ravn, 2001). In Slovenia, one of

fect on populations of beneficial insects and other insect diversity.

the most noticeable changes was afforestation with P. abies for the

A good pheromone should be effective in recording I. typographus

timber industry in the 19th and in the 20th century. Unfortunately,

under all situations, and as pointed out earlier, it should be rela-

the planting of Norway spruce trees (Picea abies) in new habitats,

tively cheap and should not affect insect diversity, especially that

in most cases at lower altitudes, resulted in lower viability (Levanič

of beneficial insects.

et al., 2009). One of the negative consequences of this was a rise

The aim of this study was to prepare an index in order to de-

in I. typographus infestations (Ogris & Jurc, 2010). According to the

termine the most effective and economical pheromone for the

work of de Groot et al. (2019), in the period from 1996 to 2017, in

monitoring of I. typographus. We tested five different commercially

natural or unchanged forests with a median P. abies growing stock

available pheromones in the field under undisturbed and disturbed

of 5.61%, the median sanitary felling because of I. typographus

conditions. We prepared a standardized index to compare the ef-

was 0.025 m3ha−1year−1, while in highly changed forests, the me-

ficiency, sensitivity and bycatch to the pheromone costs, and we

dian sanitary felling increased to 0.26 m3ha−1year−1. Additionally,

set out to determine (i) whether the pheromones differ in terms of

droughts and increasing temperatures indirectly worsen outbreaks

their trapping efficiency of I. typographus in different situations, (ii)

by weakening P. abies and accelerating the development of I. ty-

whether they differ in terms of the bycatch in different situations

pographus (de Groot & Ogris, 2019; Netherer et al., 2019). The most

and (iii) what proportion of the total cost of monitoring is repre-

effective way to deal with these outbreaks is to radically change

sented by the cost of the pheromones. We hypothesized that (i) the

forest management, but in cases of catastrophic climatic events,

most expensive pheromone might not be the most efficient; (ii) the

this is not possible, and an ad hoc response should be devised as

pheromone with the highest catch rate would also be the one that

well as an early warning system for I. typographus outbreaks. In

shows the greatest difference between disturbed and undisturbed

such a system, early warning consists of a short-term forecasting

locations; (iii) in the case of bycatch and predators, the catch pattern

system which predicts the risk areas in the next year (de Groot

would be similar to that of I. typographus for each type of phero-

& Ogris, 2019). Furthermore, the development of the life history

mone; (iv) the species composition between the pheromones would

stages of I. typographus should be modelled in order to predict the

be different; (v) the bycatch composition would be different for each

timing of outbreaks, timing of swarming and, therefore, the timing

pheromone; and (vi) the cost of pheromones represents a significant

of the placement of the pheromone traps (Baier et al., 2007; Ogris

share of the total cost of monitoring.

et al., 2019). In Europe, the monitoring of I. typographus outbreaks
consists of pheromone traps, trap logs or field assessments of trees
(Fettig & Hilszczański, 2015; Wermelinger, 2004), all of which have
their pros and cons. Trap logs and field assessments are time-consuming and require a large number of people, and they can only

2 | M ATE R I A L S A N D M E TH O DS
2.1 | Area description

cover a relatively small surface. Pheromone traps can cover a large
area, but after windthrows, the volatiles emitted by fallen trees can

Slovenia is a geographically diverse country with the Alps in the

override the attractiveness of the pheromone used in the traps

north, the Dinaric Mountains in the south, the Pannonian Plain

(Lobinger, 1995; Wermelinger, 2004). It is therefore important to

in the east and the Mediterranean region in the west. Altitude

find a pheromone that maintains its attractiveness under all distur-

ranges from 0 to 2,864 m (Kozjek et al., 2017). It is one of most

bance regimes.

forested European countries. In 2018, forests covered 58.1% of
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the surface or 1,193,750 ha. Currently, the share of the growing

and Jezersko for the Kranj FMA) and one area as an undisturbed

stock of deciduous trees is 55.1%, and the share of coniferous

location (Mislinja for the Slovenj Gradec FMA and Tržič for the

trees is 44.9%, the majority of which consists of Norway spruce

Kranj FMA). In total, we used 50 single Theysohn slit traps and five

(P. abies) (ZGS, 2019a).

different commercially available pheromones: IT Ecolure Extra®,

The study took place in two areas: the Kranj forest manage-

Typosan®, Ipstyp®, Ipsowit® and Pheroprax® (Table 1). Since we

ment area (FMA) (X: 455,736, Y: 138,421) and the Slovenj Gradec

had to divide five repetitions per treatment (disturbed and undis-

FMA (X: 513,997, Y: 150,761). The Kranj FMA is located in the

turbed), we set up 30 traps in the Slovenj Gradec FMA and 20 traps

Alpine and sub-Alpine region of the middle northwest part of

in the Kranj FMA. The altitude of the traps in the Slovenj Gradec

Slovenia, with an altitude ranging from 320 m to 2,558 m. The

FMA ranged from 468 m to 1,275 m for the Slovenj Gradec location

area encompasses 107,641 ha, of which 67% is forested. The soil

and from 666 m to 1,046 m for the Mislinja location. The minimum

base consists mainly of dolomite and limestone. The area experi-

distance between the disturbed and undisturbed location was ap-

ences a mixture of the temperate Alpine and humid continental

proximately 3.5 km. In each trap, there was only one pheromone,

climates (ZGS, 2012a). The Slovenj Gradec FMA is located in the

and there were three repetitions of each pheromone per location.

Alpine and Dinaric-Pannonian region of the middle northeast part

The altitude of the traps in the Kranj FMA ranged from 883 m to

of Slovenia, with an altitude ranging from 320 m to 2,128 m. The

1,073 m for the Jezersko location and from 899 m to 1,111 m for

area encompasses 88,828 ha, of which 68% is forested. The soil

the Tržič location. The minimum distance between the disturbed

base is silicate. The area experiences a mixture of the Alpine and

and undisturbed locations was approximately 6.5 km. In each trap,

Pannonian climates (ZGS, 2012b).

there was only one pheromone, and there were two repetitions
of each pheromone per location. Traps were distributed randomly

2.2 | Experimental design and survey protocol

and evenly across the selected locations, and each trap was at least
1 km away from adjacent traps. The pheromones were changed by
the Slovenia Forest Service (SFS) depending on temperature and

The experiment was carried out in 2019, from late March until the

an assessment of the pheromones in the field; thus, the phero-

end of September. Even though Slovenia has a high percentage of

mones were changed every 30–50 days in the Kranj FMA and every

forest, its patchiness presents challenges for field experiments.

60–70 days in the Slovenj Gradec FMA.

Our desired working area was a combination of two locations: (i) a

Traps were set up at the end of March (28.3.2019, Mislinja) or at

disturbed location which was affected by windthrow in the previ-

the beginning of April (2.4.2019, Slovenj Gradec; 4.4.2019, Jezersko;

ous year and (ii) an undisturbed location which was not affected

9.4.2019, Tržič). Traps were emptied every seven to 14 days, depend-

by windthrow. For both locations, some of the parameters had to

ing on the temperature. If the temperature was higher than 24°C,

be the same: the population of I. typographus had to be below the

it was mandatory to empty the traps every seven days. The catch

multiplication threshold, the share of Norway spruce (P. abies) had

was collected into plastic pots and marked with the trap ID and date

to be 70% or more of the growing stock, other ecological condi-

of collection. All samples were delivered to the Slovenian Forestry

tions had to be comparable (tree composition, altitude, slope, inso-

Institute Department of Forest Protection and placed into a refriger-

lation, average monthly air temperature, average monthly rainfall)

ator until morphological analysis. All collections were carried out by

and the locations had to be big enough to make it possible to set up

district foresters of the SFS.

five repetitions of each pheromone in both locations. To fulfil our

The morphological analysis was done in the laboratory with the

conditions, it was necessary to use two areas: the Slovenj Gradec

help of a stereomicroscope and identification keys. First, we sepa-

FMA and the Kranj FMA. For each FMA, we selected one area as

rated all specimens of I. typographus, counted them when the num-

a disturbed location (Slovenj Gradec for the Slovenj Gradec FMA

ber of specimens was low and measured their volume when counting

Pheromone

Producer

Composition

Type

Time of
efficacy

Pheroprax®

BASF

S-Ipsdienol
S-cis-Verbenol
2-metil-3-buten-2-ol

ampoule

8–12 weeks

Typosan®

Sintagro AG

S-cis-Verbonol
2-metil-3-buten-2-ol

blotter

8–12 weeks

Ipstyp®

AlphaScents Inc.

S-Ipsdienol
S-cis-Verbenol
2-Methyl-3-buten-2-ol

blotter

6 weeks

Ipsowit®

Witasek

S-Ipsdienol
S-cis-Verbenol

blotter

6–8 weeks

IT Ecolure Extra®

Fytofarm

S-cis-Verbenol

blotter

6–8 weeks

TA B L E 1 Name of used commercially
available pheromones, their producer,
composition, type and time of efficacy
specified by the manufacturer
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was too time-consuming (1 ml equals 40 specimens of I. typogra-

variables were the type of pheromone and type of disturbance. The

phus). The Coleoptera bycatch was determined to the family level.

analysis was done with 999 permutations, and the Jaccard index was

Only predators of I. typographus were determined to the species

used. The results were presented with an NMDS using the Jaccard

level if possible (Thanasimus sp., Thanasimus femoralis, Thanasimus

index. The PERManova was done with the ‘vegan’ library (Oksanen

formicarius and Nemosoma elongatum). Other taxa in the bycatch

et al., 2013) in the statistical program R (R Core Team, 2018).

were determined to the order level.

In order to determine which beetle family was attracted to a
specific pheromone, an IndVal analysis was done. We only did this

2.3 | Statistical analysis

analysis for the pheromones and used 999 permutations when computing the model. The ‘indicspecies’ library in the statistical program
R was used for the analysis (De Caceres & Legendre, 2009).

The data were condensed to the trap level for comparison between

To assess the cost-efficiency of the pheromones and their share

pheromones, FMA and type of disturbance (disturbed/undisturbed).

of the total cost of monitoring, it was necessary to assess all the

All specimens of I. typographus and bycatch collected over the year per

components that relate to their purchase and use. Here, we present

trap were summed for all 50 traps. The bycatch was separated into the

the cost of pheromones, cost of traps and cost of work and travel

total number of specimens, the specimens per beetle family and the

expenses. All pheromone and trap prices are taken from invoices

number of I. typographus predators from the Coleoptera family.

that we received from companies. District foresters provided the

For differences in catch effectiveness and bycatch, we used the

kilometres driven, and for calculating travel expenses, we used the

general linear model (GLM) method using a negative binomial error

standard price per mile used by the SFS. For calculating the cost

distribution. For predators, there were many zeros in the data set;

of work, the SFS provided us with the average hourly rate for the

therefore, a hurdle model, which is divided into a binomial model and

second gross payment for district foresters, and the hours used for

a truncated Poisson model (Zuur et al., 2009), was used. For effec-

work were also provided by district foresters.

tiveness, the dependent variable was the number of I. typographus
caught during the whole season. For the bycatch, the dependent

indexTC = average

variable was the number of specimens other than I. typographus. For

(

TC
maxTC

)

predators, the dependent variable was the number of specimens
of predators of I. typographus (Thanasimus femoralis, Thanasimus

indexSS =

formicarius and Nemosoma elongatum). The independent variables

average ( TCTx ) − average ( TCCx )
max ( TCT − TCC )

were the type of pheromone, type of disturbance and FMA (Slovenj
Gradec and Kranj). All of the different models were built from a

indexBTCTC = average

model including all independent variables and the interaction be-

(

BTC∕TC
max (BTC∕TC)

)

tween disturbance and pheromones. These models were compared
with the help of the Akaike Information Criterion (AIC) (Burnham

index =

& Anderson, 2004). The model with the lowest AIC was the best

indexTC + indexSS + indexBTCTC
3

model. When more models were within 2 AIC units from the best

In the end, we made an index in which we calculated the effec-

model, the model with the least variables was selected as the best

tiveness of the pheromones. The index was calculated per phero-

model. For the number of bycatch and I. typographus predators, the

mone as follows:

same approach was taken as that for catch effectiveness. For this
analysis, the statistical program R was used (R Core Team, 2018).

1. the average catch index (indexTC), where the total catch of

The changes in trap catch throughout the season of I. typogra-

I. typographus beetles per trap (TC) was divided by the maximum

phus were investigated with a generalized additive model with a

catch of beetles for all pheromones of all the traps (maxTC)

Poisson error distribution. The dependent variable was the number

and then averaged per pheromone;

of I. typographus per day per catch period. The analysis involved two

2. the standardized sensitivity index (indexSS) in which the differ-

steps: first, the difference in phenology was checked for the differ-

ence in the average catch of I. typographus beetles per pheromone

ent FMAs, and then the difference in phenology for the pheromones

per trap (x) between disturbed (TCT) and undisturbed areas (TCC)

was checked per FMA. The model selection was done on the basis of

was divided by the maximum difference of the average trap catch

the AIC. For the analysis with the GAM, the library ‘mgcv’ was used
(Wood, 2011).

of I. typographus beetles per pheromone for all pheromones;
3. the ratio between the bycatch and the catch of I. typographus bee-

For the composition of the bycatch, we only used beetle fami-

tles (indexBTCTC), which is the number of bycatch (BTC) divided

lies. For the difference in beetle bycatch composition, we used the

by the number of I. typographus beetles (TC), was divided by the

absence and presence of the families. The dissimilarity in beetle

maximum ratio of bycatch/catch and averaged per pheromone;

families between the pheromones was analysed with PERManova

4. All three components were summed and divided by three to ob-

(Anderson, 2001). For the dependent variable, a matrix was made with

tain the total index of effectiveness (index). The index was then

the families in the columns and traps in the rows. The independent

compared with the costs of the pheromone.
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3 | R E S U LT S

a larger one in late summer (χ2 = 24,390, p < 0.001). The average
abundance per sampling period per trap for the Slovenj Gradec FMA

In the period from March to September 2019, we collected a total
of 586,846 specimens, of which 554,882 specimens were I. typographus and the remaining 32,024 specimens comprised the bycatch.

was higher than that in the Kranj FMA (z = 5.491, p < 0.001).
In the Slovenj Gradec FMA, all the pheromones showed one
peak, which was the general trend in the beginning of the summer;
however, Ipsowit® also showed an additional peak in late summer
(Figure 2b; Ipsowit®: χ2 = 5,439, p < 0.001; Ipstyp®: χ2 = 3,223,

3.1 | The effectiveness of pheromones for
I. typographus

p < 2e-16; IT Ecolure Extra®: χ2 = 6,831, p < 0.001, Pheroprax®:

χ2 = 5,895, p < 0.001; Typosan®: χ2 = 1,263, p < 0.001). There was a
difference in the abundance of I. typographus between pheromones,

For the number of I. typographus, the model including the phero-

where Ipstyp® and Typosan® had the lowest catch (compared to

mones and disturbance type was the most explanatory (Table 2).

Ipsowit®: Ipstyp®: z = −23.22, p < 0.001, Typosan®: z = −22.04,

IT Ecolure Extra® had a median of 13,711 specimens, Ipsowit® a

p < 0.001), while IT Ecolure Extra®, Ipsowit® and Pheroprax® had a

median of 12,749 specimens, Pheroprax® a median of 11,973 speci-

higher catch (compared to Ipsowit®: IT Ecolure Extra®: z = −10.15,

mens, Ipstyp® a median of 5,234 specimens and Typosan® a me-

p < 0.001; Pheroprax®: F = −13.36, p < 0.001).

dian 2,920 specimens. For the pheromones, IT Ecolure Extra® and

In the Kranj FMA, Ipsowit®, Ipstyp® and IT Ecolure Extra®

Pheroprax® had a higher number of caught I. typographus compared

showed one peak in late summer, while Pheroprax® and Typosan®

to Ipsowit® (Figure 1, Table 3), but the difference was not statisti-

showed an additional peak in the beginning of the summer (Figure 2c;

cally significant. For Ipstyp® and Typosan®, there were statistically

Ipsowit®: χ2 = 2,341.0, p < 0.001; Ipstyp®: χ2 = 816.4, p < 0.001; IT

significantly fewer I. typographus caught compared to Ipsowit®. A

Ecolure Extra®: χ2 = 2,654.7, p < 0.001, Pheroprax®: χ2 = 2,901.2,

statistically significant increase in I. typographus was observed

p < 0.001; Typosan®: χ2 = 973.4, p < 0.001). There was a differ-

in the disturbed locations, with a total number of 344,184 speci-

ence in the abundance of I. typographus between the pheromones,

mens, compared to the undisturbed locations, with total number of

where Ipstyp® and Typosan® had the lowest catch (compared to

210,638 specimens. There were on average more specimens found

Ipsowit®: Ipstyp®: z = 2.503, p < 0.05, Typosan®: z = −0.442,

for the Slovenj Gradec FMA (on average 116,816 specimens) than

p = 0.6587), while IT Ecolure Extra®, Ipsowit® and Pheroprax® had

for the Kranj FMA (on average 102,187 specimens), but the differ-

a higher catch (compared to Ipsowit®: IT Ecolure Extra®: z = 9.638,

ence was not statistically significant. There was no significant in-

p < 0.001; Pheroprax®: z = 14.287, p < 0.001).

teraction found between pheromones and disturbed compared to
undisturbed locations.

3.3 | Bycatch

3.2 | Changes in the trap catch of I. typographus
throughout the season

The bycatch represented only 5.8% of the total catch. In total, there
were 68 to 2,354 specimens caught per trap during the whole monitoring season. The majority of the bycatch was composed of the

The trap catch of I. typographus was different between the differ-

order Coleoptera (29,741 specimens). Most specimens belonged to

ent FMAs (Figure 2a). In the Slovenj Gradec FMA, there was one

other Curculionidae (24,642), Staphylinidae (1,255), Scarabaeidae

peak observed in early summer (χ2 = 10,237, p < 0.001). For the

(726) and Elateridae (703). Other families had less than 250 speci-

Kranj FMA, there were two peaks, a smaller one in early summer and

mens caught in the whole season. There were also specimens from

Number of bark
beetles

Number of by
catch

Number of bark
beetle predators

Models

df

AIC

df

AIC

AIC

Pheromones x
Disturbance + FMA

12

1,005.17

12

737.71

Pheromones + Disturbance
+FMA

8

1,000.03

8

740.60

14

107.71

Pheromones + FMA

7

1,009.78

7

740.76

12

104.92

Disturbance + FMA

4

1,025.92

4

750.98

6

148.01

FMA

3

1,029.14

3

749.45

4

147.28

df
–

–

Note: The models are shown for the number of I. typographus, number of bycatch and number of
I. typograhus predators.
The best models, which have the lowest AIC, are shown in bold.

TA B L E 2 Model selection table for the
models with pheromones and disturbance
area
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F I G U R E 1 The effect of pheromones
and disturbance on the number of
caught I. typographus. The grey boxplots
show disturbed locations, and the white
boxplots show undisturbed locations. The
data are represented by the median value,
25th and 75th percentile, and outliers

the order Hymenoptera (235 specimens), Hemiptera (196 speci-

pheromones, no indicative family was found, which means that the

mens), Diptera (190 specimens), Dermaptera (115 specimens) and

families were distributed equally across the other pheromones.

Araneae (92 specimens). All other orders had less than 10 specimens
caught in the whole season. IT Ecolure Extra® had a median of 796
specimens, Ipsowit® a median of 654 specimens, Pheroprax® a

3.4 | Predators

median of 351 specimens, Ipstyp® a median of 292 specimens and
Typosan® a median 135 specimens. The best model for the bycatch

In our study, the total number of predators amounted to 46 speci-

included the pheromones, type of disturbance and FMA (Table 2).

mens, of which 40 were from the genus Thanasimus (Thanasimus

Compared to Ipsowit®, Ipstyp®, Typosan® and Pheroprax® had

femoralis 26; Thanasimus formicarius 4; Thanasimus spp. 10) and

a lower bycatch (Figure 3, Table 3), while IT Ecolure Extra® had a

6 were Nemosoma elongatum. The pheromone with the high-

higher bycatch. However, the differences were not statistically sig-

est total number of predators caught was Ipstyp® (19) followed

nificant (Table 3). The interaction of the model showed that the dif-

by IT Ecolure Extra® (16), Ipsowit® (5) and Pheroprax® (5), and

ferences between the disturbed and undisturbed locations for IT

Typosan® (1). For the bycatch of predators, the model includ-

Ecolure Extra®, Ipstyp® and Typosan® were larger compared to the

ing the pheromones and FMA was the best explanatory model

differences for Ipsowit®. However, the differences were not statis-

(Table 2). There were a larger number of predators caught by

tically significant. For Pheroprax®, the difference was smaller com-

Ipstyp® and IT Ecolure Extra® compared to Ipsowit® (Table 3),

pared to the difference in disturbed and undisturbed locations for

which was also statistically significant. There was no difference

Ipsowit®, but it also was not statistically significant. Overall, there

observed between Ipsowit® and the other pheromones. There

was a larger amount of bycatch in disturbed locations (median of

were in total more specimens found for the Slovenj Gradec FMA

452 specimens) compared to undisturbed locations (median of 262

(41) than for the Kranj FMA (5), and the difference was statistically

specimens) (Figure 3, Table 3), but the difference was not statistically

significant (Table 3).

significant. Nevertheless, we found that there was a statistically significant difference between the number of bycatch specimens between FMAs, with the Slovenj Gradec FMA having higher bycatch

3.5 | Budget

abundance than the Kranj FMA (median of 583 vs. 271 specimens,
In the experiment, we used 50 traps with stands (Table 4), which cost

respectively).
There was a difference in the composition of beetle families for
2

€29.83. In total, the costs of work and travel expenses associated

the pheromones (F = 8.5216, R = 0.431, p = 0.000999) (Figure 4).

with traps were €10,906.66 and €1,471.86, respectively (Table 4).

An especially large difference was found in family composition be-

The costs of work were relatively high compared to the cost of

tween Pheroprax® and IT Ecolure Extra® in comparison to Ipstyp®

pheromones. There were large differences in the prices of different

and Typosan® (Figure 4). Ipsowit® was indicative for the Salpingidae

pheromones, with Pheroprax® being the most expensive. Travel ex-

family (N = 84) (stat = 0.573, p = 0.043), and Typosan® was indica-

penses and the cost of traps represented the smallest shares of total

tive for the families Scydmaenidae (N = 23) and Carabidae (N = 115)

monitoring costs, that is, 9.2% and 9.4%, respectively. The phero-

(stat = 0.611, p = 0.005, stat = 0.599, p = 0.011). For the other

mones were somewhat more expensive and represented 12.8% of
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TA B L E 3 Model statistics of the effectiveness, bycatch and I. typographus predator model. The other pheromones are compared to
Ipsowit®, undisturbed locations are compared to disturbed locations and the Slovenj Gradec FMA is compared to the Kranj FMA. The hurdle
model prepared for the number of predators shows two models: a truncated Poisson model for the abundance above zero and a binomial
model for the probability of predators of I. typographus
Best model

Variables

Effectiveness

(Intercept)

p

0.21

47.15

<0.001

0.24

−3.37

<0.001

Pheromone - IT Ecolure Extra

0.12

0.24

0.49

0.622

Pheromone - Pheroprax

0.06

0.24

0.25

0.804

Pheromone – Typosan

−1.26

0.24

−5.30

<0.001

Disturbance – control

−0.56

0.15

−3.71

<0.001

0.11

0.15

0.69

(Intercept)
Pheromone - Ipstyp
Pheromone - IT Ecolure Extra

0.488

6.39

0.33

19.27

<0.001

−0.39

0.44

−0.89

0.375

0.47

0.44

1.07

0.285

Pheromone - Pheroprax

−0.62

0.44

−1.43

0.153

Pheromone - Typosan

−0.71

0.44

−1.62

0.106

Disturbance - control

−0.10

0.44

−0.23

0.815

FMA – SG

0.48

0.20

2.41

0.016

Pheromone – Ipstypa disturbance
– control

−1.12

0.62

−1.80

0.072a

Pheromone - IT Ecolure Extraa
disturbance - control

−0.24

0.62

−0.39

0.696

0.95

0.62

1.54

0.124

Pheromone - Typosana disturbance
- control

−0.68

0.62

−1.09

0.275

(Intercept)

−2.45

1.16

−2.11

<0.05

2.73

0.70

3.88

<0.001

Pheromone - Pheropraxa disturbance
- control

Pheromone – Ipstype
Pheromone – IT Ecolure Extra

1.47

0.71

2.07

<0.05

−10.71

158.89

−0.07

0.946

−9.19

132.09

−0.07

0.945

2.57

0.96

2.69

(Intercept)

−1.45

0.86

−1.68

0.092

Pheromone – Ipstyp

−0.56

1.07

−0.52

0.602

Pheromone - IT Ecolure Extra

0.46

0.97

0.48

0.633

Pheromone - Pheroprax

0.89

0.96

0.93

0.355

−1.39

1.27

−1.09

0.277

0.93

0.71

1.31

0.192

Pheromone – Pheroprax
Pheromone – Typosan
FMA – SG
Binomial

z value

9.74

FMA - SG

Predators

Std. Error

−0.80

Pheromone – Ipstyp

Bycatch

Estimate

Pheromone – Typosan
FMA – SG

<0.001

Note: Differences with significant values are shown in bold.
a

Indicates results with a slight tendency.

all costs. The costs of work represented the highest percentage of

Ipsowit® had the best performance. Relative to pheromone costs,

all costs, that is, 68.6% (Table 4).

the most expensive pheromone was not as good as the cheapest
one.

3.6 | Cost-efficiency index

4 | D I S CU S S I O N

The index showed that the pheromones had different scores for
the number of caught I. typographus, sensitivity for disturbed

A trapping system using synthetic pheromone lures has been an

and undisturbed locations and ratio of bycatch/catch (Table 5).

established method for monitoring populations of I. typographus

ŠRAMEL et al.
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F I G U R E 2 The changes in the trap
catch of I. typographus for the FMAs (a)
and difference in pheromones for the
Slovenj Gradec FMA (b) and Kranj FMA (c).
The background shows the raw data

in Slovenia and Europe for decades. Moreover, it has been

Weslien et al., 1989). Since the discovery of the key aggregation

shown that pheromone traps can be used to assess the risk of

pheromone components of I. typographus in the 1960s (Bakke

damage caused by I. typographus (Duelli et al., 1997; Vité, 1989;

et al., 1977), several commercial products have been put on the
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F I G U R E 3 Difference in bycatch
between the different pheromones. The
grey boxplots show disturbed locations,
and the white boxplots show undisturbed
locations. The data are represented by the
median value, confidence interval, and the
dots represent outliers

TA B L E 4 The total cost of work force and travel expenses,
including the cost of all the traps with stands and pheromone cost
Total cost

Percentage
(%)

Cost of traps and
standsa

€ 1,491.50

9.4

Cost of the work force

€ 10,906.66

68.6

Travel expenses

€ 1,471.86

9.2

€ 2029.80

12.8

€ 15,899.82

100

Cost
Logistics

Pheromones

F I G U R E 4 NMDS plot of the difference in family composition
caught as bycatch between the different pheromones. The light
blue line shows Ipsowit®, the dark blue line shows Ipstyp®,
the green line shows IT Ecolure Extra®, the black line shows
Pheroprax® and the red line shows Typosan® [Colour figure can be
viewed at wileyonlinelibrary.com]

phus. For assessing which of them is the most effective and af-

€ 351.22

Ipstyp

€ 236.98

Ipsowit

€ 480.42

Typosan

€ 350.20

Pheroprax

€ 610.98

Total
a

market as synthetic aggregation pheromone lures for I. typogra-

IT Ecolure Extra

Initial costs of the traps, but they can be used over several seasons.

Schlyter, Löfqvist, et al., 1987; Schlyter, Birgersson, et al., 1987;

fordable at the same time, we compared the trapping efficiency

Schlyter, Byers, et al., 1987; Vité, 1989). Adding verbenone and ipse-

of five pheromones (IT Ecolure Extra®, Typosan®, Ipstyp®,

nol to the mixture of the synthetic aggregation pheromone signifi-

Ipsowit®, and Pheroprax®) in two different treatments (dis-

cantly reduces the catch, which means that verbenone and ipsenol

turbed and undisturbed locations).

act as inhibitors (Bakke, 1981). Birgersson et al. (1984) noticed that

Pheromones are a mix of volatile chemical components that

ipsenol and ipsdienol are not present in the initial aggregation and

induce changes in the behaviour of specimens of the same spe-

are first produced only by males after the females enter the nuptial

cies (Bakke, 1981; Birgersson et al., 1984; Dickens, 1981; Schlyter

chamber, and especially high quantities are released when females

et al., 1987; Schlyter et al., 1987; Schlyter et al., 1987). Different

start to lay eggs. He proposed that ipsdienol has a different be-

pheromones are released in different stages of I. typographus ag-

havioural role and that it might act as a hormonal control of I. typogra-

gregation (Birgersson et al., 1984) and therefore have a different

phus production. When low quantities of ipsdienol were added to a

influence on behaviour (Bakke, 1981; Dickens, 1981; Birgersson

mixture of methylbutenol and cis-verbenol, the trap catch increased

et al., 1984; Dickens, 1981; Schlyter, Löfqvist, et al., 1987; Schlyter,

(Birgersson et al., 1984; Schlyter, Byers, et al., 1987). However, if a

Birgersson, et al., 1987; Schlyter, Byers, et al., 1987). For I. typogra-

higher quantity of ipsdienol was added to the mixture, the catch de-

phus, 2-methyl-3-buten-2-ol and cis-verbenol were found as essen-

creased (Schlyter, Byers, et al., 1987). Furthermore, Dickens (1981)

tial components for attraction (Bakke, 1981; Birgersson et al., 1984;

showed in his research that there are different detection thresholds
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Standardized index compared to the different pheromones

Pheromones

Average catch index
per trap (indexTC)

Standardized
sensitivity (indexSS)

Average index ratio catch/
bycatch (indexBTCTC)

Combined
index (index)

Pheromone
costs

Ipsowit

0.47

1.00

0.59

0.69

€ 480.42

Ipstyp

0.22

0.54

0.52

0.42

€ 236.98

IT Ecolure Extra

0.50

0.55

0.46

0.50

€ 351.22

Pheroprax

0.46

0.28

0.73

0.49

€ 610.98

Typosan

0.13

0.30

0.55

0.33

€ 350.20

of a certain chemical and that the threshold differs between fe-

pheromones since that time. Galko et al. (2010) and Zahradník and

males and males of I. typographus. He also proposed that 2-meth-

Zahradníková (2014) also found Pheroprax® to be the most efficient.

yl-3-buten-2-ol could be a short-range orientation pheromone. In

Galko et al. (2010) compared it to the Ipslure®, which had the same

addition, a combination of different chemicals yields different re-

components as Pheroprax®, that is, cis-verbenol, ipsdienol and meth-

sults (Bakke, 1981; Birgersson et al., 1984; Dickens, 1981; Schlyter,

ylbutenol. Nevertheless, the catch with Ipslure® was two times lower

Löfqvist, et al., 1987; Schlyter, Birgersson, et al., 1987; Schlyter,

than the catch with Pheroprax®. Although Ipslure® was not used

Byers, et al., 1987). The effectiveness of a pheromone not only de-

in our experiment, its efficiency is comparable to the efficiency of

pends on its chemical structure, but also on the ratio of chemicals

Ipstyp® and Typosan®. Two of their assumptions as to why there is

used. As seen from Schlyter, Löfqvist, et al. (1987), a mixture with

such a big difference in efficiency were similar to ours: (i) lower/larger

a larger quantity of 2-methyl-3-buten-2-ol than of (4S)-cis-verbenol

content of active substance and differences in the ratio of chemicals

has the most significant influence on catch effectiveness. They also

used and (ii) Ipslure® might behave differently in different climates.

noticed that increasing (4S)-cis-verbenol to 10 times higher than the

Zahradník and Zahradníková (2014) observed that when comparing

standard amount decreases the male proportion by 14%. When rais-

the data gathered in the exchange treatment, a higher number of

ing 2-methyl-3-buten-2-ol to 20 times higher, the effect on the male

I. typographus were caught in the traps with Pheroprax®, followed

proportion decreased only slightly.

by traps with IT Ecolure Mega®, FeSex Typo®, IT Ecolure Extra®,

Our results show that pheromones can be put into two groups.

Pheagr IT Forte®, IT Ecolure Tubus®, Pheagr IT Extra®, Pheagr

The first group consists of pheromones with high effectiveness: IT

IT®, PCIT Ecolure® and PCHIT Etokap®. These results are in con-

Ecolure Extra®, Pheroprax® and Ipsowit®. The second group con-

trast with our results, since in our study, Pheroprax® had a lower

sists of pheromones with low effectiveness: Ipstyp® and Typosan®.

number of caught I. typographus than IT Ecolure Extra®. According

Because the exact concentrations of the ingredients in the phero-

to the provided contents of the pheromones from Zahradník and

mones used were not given, it is difficult to explain why there was

Zahradníková (2016), the ingredients are the same as those used in

such a large difference between the numbers of beetles caught in

our study. However, the stated length of efficacy did change from

traps lured by Pheroprax® (with a very high number) and Ipstyp®

the time their experiment was carried out, which might mean that the

(with a very low number) even though both lures contained cis-ver-

ratio of chemicals might have also changed.

benol and 2-methyl-3-buten-2-ol. We can only speculate that the rea-

Nevertheless, the most expensive pheromone Pheroprax® did

son could be the difference in chemical ratio or the different amount

not have the highest efficiency for catching I. typographus. Even

of content, or perhaps the chemicals are released differently because

Ipsowit®, which was the second most expensive pheromone, did

of different types of packaging, that is, Pheroprax® is available as an

not have the highest efficiency. IT Ecolure Extra®, which is half the

ampule and Ipstyp® as a blotter. Even based on the ingredients them-

price of Pheroprax®, had the highest efficiency. We are thus able

selves, it is difficult to determine why IT Ecolure Extra®, Pheroprax®

to confirm our first hypothesis that the most expensive pheromone

and Ipsowit® are so similar in effectiveness. The same is true for the

might not also be the most efficient one. From this, we can conclude

similarity in effectiveness between Ipstyp® and Typosan®. What is

that pheromone producers are improving their products and that

interesting is that our results contrast those of Göktürk et al. (2005),

evaluation of their efficiency and efficacy is necessary. In addition,

who found Ipsowit® to be less effective than Ipstyp® and Typosan®.

as seen from Galko et al. (2010) and other research (Bakke, 1989;

However, in that study the traps were set in late May for 45 days,

Galko et al., 2016; Martín et al., 2013), the type of trap is another

while our results cover the whole season. There are also some dif-

variable that should be taken into the account when setting up mon-

ferences between our results and those from the neighbouring

itoring or an experiment. The results for the comparison between

country of Croatia (Pernek, 2002). The most effective pheromone

the two chosen locations show that on average, more I. typographus

was also Pheroprax®; however, Ipsowit® was nearly as effective as

were caught in the Slovenj Gradec FMA than in the Kranj FMA, but

Pheroprax®, while IT Ecolure Extra® was significantly less effective

the difference was not statistically significant when looking only at

(Pernek, 2002). Since the compositions of pheromones were not

the whole catch. When analysing the abundance separately through

given in the articles mentioned, the answer for the difference in re-

time, the difference between the FMAs became more apparent and

sults might lie in changes in the composition of commercially available

statistically significant.
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We also found significant differences in the trap catches be-

Coleoptera. The Coleoptera families caught are mostly the same as

tween the chosen FMAs. The Slovenj Gradec FMA had one signif-

those found in other studies, with other Curculionidae taxa being

icant peak for all pheromones at the beginning of the summer, and

the most abundant, followed by Staphylinidae, Scarabaeidae and

only one pheromone (Ipsowit®) showed one additional peak in late

Elateridae species (Panzavolta et al., 2014; Valkman et al., 1997;

summer. In contrast, for the Kranj FMA, we found one peak for all

Wermelinger, 2002). Between 90 and 250 specimens across

pheromones in late summer and one additional peak for two pher-

whole season were also caught from the orders of Hymenoptera,

omones (Pheroprax® and Typosan®) at the beginning of the sum-

Hemiptera, Diptera, Dermaptera and Araneae. The model showed

mer. The explanation for the difference in trap catches might lie in

that, overall, there was no difference between disturbed and undis-

the overall difference in altitudes between the chosen FMAs. The

turbed locations; only the pheromone Ipstyp® had a slightly higher

traps in the Slovenj Gradec FMA were set at an average altitude of

difference between disturbed and undisturbed locations, with dis-

885 m for Mislinja and 898 m for Slovenj Gradec, while those in the

turbed locations having higher abundance. According to Müller

Kranj FMA were set at an average altitude of 957 m for Jezersko

et al. (2008), the gaps made by I. typographus positively correlate

and 989 m for Tržič, meaning that traps in the Kranj FMA were ex-

with the diversity of true bugs, bees and wasps and have the most

posed to a higher overall altitude than those in the Slovenj Gradec

significant impact on saproxylic beetles. However, further research

FMA and consequently to lower yearly temperatures. From the bi-

is needed. There was also a noticeable difference in representation

ology of I. typographus, we know that the development time (Ogris

of different beetle families caught as bycatch between the phero-

et al., 2019; Wermelinger & Seifert, 1998) and consequently flight

mones used. In pheromone traps with Ipsowit®, the most indicative

season strongly correlate with temperature (Faccoli, 2009).

beetle family was Salpingidae. Some researchers have identified cer-

Our prediction that a difference in the numbers of caught I. ty-

tain species from the family Salpingidae as predators of I. typogra-

pographus can be observed between disturbed and undisturbed lo-

phus (Panzavolta et al., 2014; Wermelinger, 2002) and suggest that

cations was confirmed. Traps with the same synthetic aggregation

synthetic pheromones can act as kairomones for them. For traps with

pheromone caught more I. typographus in disturbed locations com-

the pheromone Typosan®, the family Scydmaenidae and Carabidae

pared to traps set in undisturbed locations. The results are consis-

were the most indicative. For other pheromones, Coleoptera fami-

tent with the findings of Angst et al. (2012) that the abundance of

lies were equally represented. Pheromone mixtures may also contain

I. typographus decreases from infested sites towards non-infested

terpenes and other host-specific chemicals that attract species that

sites. According to this study, the abundance of I. typographus is

use weakened or decomposing trees as breeding or foreign habitat

also affected by the composition of the habitat, with abundance

(Panzavolta et al., 2014; Valkman et al., 1997). Therefore, although

in forests being two times higher than that in open areas (Angst

some pheromones overlap, we can still confirm our third hypothesis

et al., 2012). When comparing the efficiency and sensitivity results

that pheromones had different bycatch composition. Overall, there

to distinguish the undisturbed location from the disturbed location,

was a higher number of bycatch beetles in the Slovenj Gradec FMA

the pheromone IT Ecolure Extra®, which had the highest efficiency,

than in the Kranj FMA. This could be explained by the higher altitude

was not the one with the highest sensitivity. The pheromone with

of the traps in the Kranj FMA compared to the those in the Slovenj

better sensitivity than IT Ecolure Extra® was Ipsowit®. Therefore,

Gradec FMA, as seen in the catch of I. typographus beetles.

we reject our second hypothesis that the pheromone with the high-

The predatory Clerid beetles (Thanasimus spp.) are among

est catch rate would also be the one that shows the highest differ-

the most effective natural enemies of I. typographus (Martín

ence between disturbed and undisturbed locations.

et al., 2013; Weslien, 1994). Wermelinger (2004) also confirmed a

It is known that synthetic aggregation pheromones used in mon-

positive correlation between the number of Thanasimus formicar-

itoring I. typographus may also attract non-target insects (Panzavolta

ius specimens and the number of I. typographus specimens. Bakke

et al., 2014; Valkman et al., 1997; Wermelinger, 2002) or ‘bycatch’.

and Kvamme (1981) found that the pheromones ipsenol and ipsdi-

When deciding which pheromone to use, it is favourable to use one

enol, which are naturally produced by I. typographus, act as kairo-

that attracts the lowest number of bycatch species. Our results

mones or attractants for Thanasimus species. They also found that

show that the total number of specimens considered as bycatch was

adding cis-verbenol to the mixture enhances attractiveness. The

much smaller than the number of I. typographus caught in traps, re-

synergistic effect was also found when mixing methylbutenol with

gardless of the pheromone used. This coincides with the results of

cis-verbenol and Ipsdienol, even though it had no effect when ap-

Valkman et al. (1997), even though they used the 1979 black drain-

plied alone. In our study, the total number of predators amounted

pipe trap model and only the Ipslure® pheromone. However, our

to 46 specimens, of which 40 were from the genus Thanasimus and

results contrast those of Panzavolta et al. (2014), which could be

six specimens were Nemosoma elongatum. In all cases, the number

due to different pheromones and traps used by Panzavolta, that is,

of predators did not exceed five specimens per collection of the

pheromones for Ips sexdentatus and Lindgren multiple funnel traps

trap sample. This is in agreement with the fact that T. formicarius

(Lindgren, 1983).

readily escapes from the container of slit traps. In addition, other

The pattern of bycatch was similar to the pattern of I. typogra-

studies have shown that slit traps are of little concern regarding

phus catch for all five pheromones; therefore, we confirm the first

the bycatch of Thanasimus formicarius beetles (Martín et al., 2013),

part of the third hypothesis. The bycatch was composed mostly of

which might be the case in our study, and could apply to our catch
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of Thanasimus formicarius, as well as for Nemosoma elongatum

logistics. Taking these factors into account when deciding on the

and Thanasimus femoralis. The pheromones with the highest total

appropriate pheromones would give the best option for quickly re-

number of predators caught were Ipstyp® and IT Ecolure Extra®.

acting to potential outbreaks, but also have as less potential impact

Other pheromones had much lower numbers of specimens. The

on non-target organisms. This framework allows us to make a con-

reason could be related to the different concentrations of ipsdi-

structive decision regarding the best pheromone for monitoring I. ty-

enol, methylbutenol and cis-verbenol in the pheromone mixture.

pographus, which is important for responding to outbreaks in forests

Zhang and Schlyter (2010) found that adding two C8-alcohols

in a changing world.

(3-octanoland 1-octen-3-ol) to the kairomone mixture (aggregation pheromones for I. typographus) decreases the catch of T. for-
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low, we can see from the control programme report of Bakke (1989)
that the cost of pheromones and traps can represent up to one third
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