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Abstract

In most European countries, traps play an important role in Ips typographus monito-
ring, early warning system for predicting future outbreaks and for decision making 
which approach is best to repair the damage. However, to make a good monitoring 
system, the most effective trap type should be used. We investigated the effective-
ness of traps in catching I. typographus, their selectivity towards bycatch and towards 
3 selected predators (Nemosoma elongatum, Thanasimus femoralis and Thanasimus 
formicarius), and the cost of using 5 different types of traps: single slot, double slot, 
triple slot, cross-vane and funnel traps. We investigated the difference between alter-
native traps (single slot, cross-vane and funnel traps) and separately between diffe-
rent types of slot traps (single, double and triple slot traps). We also tested whether 
we could sense the difference in I. typographus abundance in the locations where the 
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natural disturbance happened in the same year as the experiment took place (tested 
location), compared to the undisturbed locations (control location). Altogether, we 
used 50 traps, where every trap type had five repetitions per treatment (undisturbed/
disturbed area) and was baited with the pheromone IT Ecolure Extra®. We collected 
the catch from mid-April until the end of September 2020. We found that the single 
slot, cross-vane and funnel traps did not differ in their effectiveness and selectivity 
towards bycatch. The most affordable trap type is the funnel trap, followed by the 
cross-vane and slot traps. The results for all slot traps showed that the catch of I. typo-
graphus increases from single, through double to triple slot traps. The same pattern 
was to some extent observed in the bycatch and selected predators. While the num-
ber of caught I. typographus, almost doubled form single to triple slot trap, the trap 
expenses tripled. Among the alternative traps, the highest score in the index of ef-
fectiveness was obtained by the single slot trap. Among all three slot traps, the triple 
slot trap had the highest score in the index of effectiveness, closely followed by the 
single slot trap. Even though the cost of traps is lower compared to the cost of labour, 
it can still play an important role when deciding which trap type is the best choice for 
monitoring, risk reduction measure or research.

Zusammenfassung

In den meisten europäischen Ländern spielen Fallen eine wichtige Rolle bei der Über-
wachung von Ips typographus, beim Frühwarnsystem zur Vorhersage künftiger Aus-
brüche und bei der Entscheidung, welches Vorgehen zur Behebung von Schäden am 
besten geeignet ist. Für ein gutes Überwachungssystem sollte jedoch der effektivste 
Fallentyp verwendet werden. Wir haben die Wirksamkeit von Fallen beim Fang von 
I. typographus, ihre Selektivität gegenüber Beifang und 3 ausgewählten Prädatoren 
(Nemosoma elongatum, Thanasimus femoralis und Thanasimus formicarius) sowie 
die Kosten für den Einsatz von 5 verschiedenen Fallentypen – Einfach-Schlitz-, Dop-
pel-Schlitz-, Dreifach-Schlitz-, Kreuzbarrieren- und Trichterfallen – untersucht. Wir ha-
ben den Unterschied zwischen alternativen Fallen (Einfach-Schlitz-, Kreuzbarrieren- 
und Trichterfallen) und zwischen verschiedenen Arten von Schlitzfallen (Einfach-, 
Zweifach- und Dreifachfallen) untersucht. Wir haben auch getestet, ob wir einen 
Unterschied in der Abundanz von I. typographus zwischen den Orten feststellen 
konnten, an denen im selben Jahr, in dem der Versuch stattfand, eine Störung auftrat 
(getesteter Ort) und den Orten ohne Störung (Kontrollort). Insgesamt haben wir 50 
Fallen verwendet, wobei jeder Fallentyp 5 x pro Bereich (Bereich ohne/mit Störung) 
eingesetzt wurde und mit einem Köder mit Pheromon IT Ecolure Extra® versehen 
war. Wir haben die Fänge von Mitte April bis Ende September 2020 gesammelt. Die 
Einfach-Schlitz-, Kreuzbarrieren- und Trichterfallen unterschieden sich nicht in ihrer 
Wirksamkeit und Selektivität in Bezug auf den Beifang. Der günstigste Fallentyp ist 
die Trichterfalle, gefolgt von der Kreuzbarrieren- und der Schlitzfalle. Die Ergebnisse 
für alle Schlitzfallen haben gezeigt, dass der Fang von I. typographus von der Einfach- 
über die Zweifach- bis zur Dreifach-Schlitzfalle zunimmt. Dasselbe Muster wurde in 
gewissem Umfang bei Beifängen und Prädatoren beobachtet. Während sich die An-
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zahl von gefangenen I. typographus von der Einfach- zur Dreifach-Schlitzfalle fast ver-
doppelte, verdreifachten sich die Fallenkosten. Von den alternativen Fallen hat die 
Einfach-Schlitzfalle die höchste Punktzahl auf dem Wirksamkeitsindex erreicht. Von 
allen drei Schlitzfallen hat die Dreifach-Schlitzfalle die höchste Punktzahl auf dem 
Wirksamkeitsindex erreicht, dicht gefolgt von der Einfach-Schlitzfalle. Auch wenn die 
Kosten für Fallen im Vergleich zu den Arbeitskosten geringer sind, können sie doch 
eine wichtige Rolle bei der Entscheidung spielen, welcher Fallentyp die beste Wahl 
für die Überwachung, Risikominderung oder Forschung ist.

1 Introduction

In the last decades, European forests have been threatened by climate change and 
subsequent pest outbreaks (Forest Europe 2020). One of the most problematic pests 
in Central Europe is the European spruce bark beetle (Ips typographus [Linnaeus, 
1758]) (Hlásny et al. 2019, Nagel et al. 2017). This species attacks Norway spruce (Picea 
abies), which is one of the most economically important tree species in Europe (Forest 
Europe 2020). Calculations have shown that the damage caused by I. typographus in 
European countries is estimated at 2.88 million m3 per year between 1958 and 2001 
(Grégoire et al. 2015). It is therefore important to have a good working management 
system in place which focuses on monitoring, early warning and the actual mitiga-
tion of outbreaks (Fettig and Hilszczański 2015). 

Monitoring of forest pest populations shows whether the dormant population will 
grow and cause significant outbreaks and subsequently considerable damage to 
host trees (Wermelinger 2004). When populations are increasing, foresters have to 
act quickly in order to mitigate outbreaks (Fettig and Hilszczański 2015). However, 
population growth can be very rapid; therefore, methods that can accurately mea-
sure it should be used (Fernandez-Carrillo et al. 2020, Fettig and Hilszczański 2015, 
Wermelinger 2004). Several methods are used for monitoring bark beetle populati-
ons or the onset of damage, varying from remote sensing with satellites or drones 
(Fernandez-Carrillo et al. 2020) to assessing trees in the field (Fettig and Hilszczański 
2015). However, the most common method for I. typographus is the use of pheromo-
ne traps (Wermelinger 2004). This method has been proven to be very effective since 
it shows the swarming of the beetles over time and based on data collected from the 
past year, we can use phenological models to estimate where the next outbreak will 
occur (Baier et al. 2007). However, when using trap monitoring, several critical points 
should be taken into account: 

(i) traps should be set at or before the start of bark beetle swarming, 
(ii) pheromones should work well enough to detect an increase in the pest popula-

tion but should not result in excessive bycatch and 
(iii) traps should be able to catch the target pest. 

As important as it is to select the correct pheromone lure (Pernek 2002, Schlyter et 
al. 1987a, Schlyter et al. 1987b, Schlyter et al. 1987c, Šramel et al. 2021), it is also very 
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important to select the correct trap type (Flechtmann et al. 2000, Galko et al. 2016, 
Jakuš 1998, Kasumović et al. 2016, Lindgren 1983, Lindgren et al. 1983, Niemeyer 
1985, Pernek 2002, Regnander and Solbreck 1981), as well as the appropriate trap 
placement (Andersson et al. 2011, Bakke 1985, Galko et al. 2016, Hayes et al. 2008, 
Jakuš 1998, Lindgren et al. 1983, Zahradník and Zahradníková 2015), when setting up 
a monitoring system. In the search for the most effective, reliable and discriminatory 
trap, many different trap types have been developed throughout history (Galko et al. 
2016, Jakuš 1998, Lindgren 1983, Niemeyer 1985, Regnander and Solbreck 1981) and 
many improvements have been made (Bakke 1989, Galko et al. 2016, Lindgren 1983, 
Niemeyer 1985, Regnander and Solbreck 1981). For some trap types, as has been 
noted for cylinder traps (Regnander and Solbreck 1981), further possibilities for im-
provements are limited. For this reason, some countries have shifted from drainpipe 
traps to funnel traps (Marini et al. 2013). Traps must possess certain basic properties: 

(i) the ability to catch as many individuals as possible without these individuals esca-
ping, 

(ii) the ability to catch organisms even at low concentrations and 
(iii) reliable trapping effectiveness, i.e. the catch shows the flight activity of the moni-

tored organism. 

Nevertheless, we are in a period in which biodiversity is decreasing rapidly due mostly 
to direct human activity, and global warming is only accelerating the process (Goss-
ner and Wohlgemuth 2020, Hillebrand and Matthiessen 2009, Pereira et al. 2010). In-
sect abundance is declining over all the world (Hallmann et al. 2017, Sánchez-Bayo 
and Wyckhuys 2019), not only in agricultural land but also in forests (Seibold et al. 
2019). With this in mind, traps should also avoid catching too many other species, 
especially the predators and parasitoids of the target organism (Bakke 1989, Galko 
et al. 2016, Kasumović et al. 2016, Martín et al. 2013, Pernek 2002, Šramel et al. 2021, 
Wermelinger 2002, Weslien 1992). Although this can already be achieved by using 
species-specific pheromones (Spears et al. 2016) and “Allochthonous Kairomone” 
(Wehnert and Müller 2012), the chosen trap type is another method to avoid exces-
sive bycatch. In Europe, there are several trap types used for catching spruce bark 
beetles and the most important is the slot trap (Niemeyer et al. 1983). For this reason, 
we tested three trap types that have a trapping surface of similar size (single slot, 
cross-vane and funnel traps) and one trap type with different sized trapping surfaces 
(single slot, double slot and triple slot traps). We tested the most important aspects, 
i.e. trapping effectiveness and selectivity, and compared them to the cost of the traps.

Our main aim was to evaluate different trap types for catching I. typographus. Several 
other studies have examined the effectiveness of traps for I. typographus (Galko et al. 
2010, Galko et al. 2016, Kasumović et al. 2016, Niemeyer 1985, Pavlin 1991, Pernek 
2002, Regnander and Solbreck 1981). Some have included the bycatch (Pavlin 1991, 
Pernek 2002); however, many have focused only on predators (Kasumović et al. 2016) 
or other bark beetle species (Galko et al. 2010) and some just on a specific group of 
species (Galko et al. 2016). We are therefore proposing an integrated framework com-
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parable to that developed for the pheromones of I. typographus (Šramel et al. 2021) in 
which the user can easily see the pros and cons of different aspects of the traps and 
therefore make a more informed decision on which trap type to use in the monito-
ring system of I. typographus.

Our research question was to investigate the effectiveness, selectivity and costs of 
different traps. We compared five different commercially available trap types (single, 
double and triple slot traps; funnel trap; and cross-vane trap). We hypothesised that 

(i) there would be a difference in I. typographus catch between single slot, funnel and 
cross-vane traps. 

(ii) based on the previous research (Pernek 2002), we anticipate that the catch in our 
triple slot traps will also be twice as high as in single slot traps; 

(iii) the bycatch would be higher in alternative traps i.e. cross-vane and funnel traps 
(larger opening) and traps with more surface area (such as double and triple slot 
taps) than in single slot traps; 

(iv) the same pattern observed in the bycatch would be observed in the catch of I. ty-
pographus selected predators (Nemosoma elongatum, Thanasimus femoralis and 
Thanasimus formicarius); and 

(v) additionally we investigated if it is possible to distinguish between undisturbed 
locations and those that were disturbed less than a year before the experiment 
(over autumn and winter) based on the catch rate of I. typographus. 

We also presented total cost of the monitoring and the impact trap type choice has 
on the overal costs. We provided standardized index of effectiveness that shows the 
important properties of all five analysed trap types.

2 Materials and methods

2.1 Location description

For our study, we selected four forest management (FMA) locations in Slovenia (Fi-
gure 1a). The presented coordinates are in WGS84 coordinate system. The Kranj FMA 
(46° 14' 19.4'' N, 14° 24' 12.98'' E) lies in the middle north-west part of Slovenia (Figure 
1a) and has the characteristics of the Alpine and Sub-Alpine regions. It has 72,144 
ha of forest, which covers 67 % of the surface. The soil mainly consists of a dolomite 
and limestone base. It has a mixture of a temperate Alpine and humid continental 
climates (ZGS 2012a).

The Ljubljana FMA (46° 11' 2.32'' N, 14° 27' 40.89'' E) lies in the middle of Slovenia 
(Figure 1a) and has characteristics of the Alpine, Dinaric-Pannonian regions. It has 
145,254 ha of forest, which covers 58 % of the surface. The soil mainly consists of a 
dolomite and limestone base. It has a mixture of pre-Dinaric-pre-Pannonian climate 
and Alpine climates (ZGS 2012b).
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Figure 1: Map showing the study region and trap locations. A) shows the four selected FMAs. B) shows the 
locations of the traps in the FMA Kranj, C) shows the locations of the traps in the FMA Ljubljana, D) shows 
the locations of the traps in the FMA Slovenj Gradec and E) shows the locations of the traps in the FMA 
Maribor.

Abbildung 1: Karte der Untersuchungsregion und Standort der Fallen. A) zeigt die vier ausgewählten 
FMAs. B) zeigt den Standort der Fallen in FMA Kranj, C) zeigt den Standort der Fallen in FMA Ljubljana, 
D) zeigt den Standort der Fallen in FMA Slovenj Gradec und E) zeigt den Standort der Fallen in FMA 
Maribor.
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The Maribor FMA (46° 29' 31.97'' N, 15° 32' 56.25'' E) lies in the middle north-east part 
of Slovenia (Figure 1a) and has characteristics of the Alpine and Pannonian regions. It 
has 96,790.57 ha of forest, which covers 42 % of the surface. The soil mainly consists 
of a carbonate and silicate base. It has a mixture of Sub-Alpine and Sub-Pannonian 
climates (ZGS 2012c).

The Slovenj Gradec FMA (46° 27' 39.99'' N, 15° 13' 15.08' E) lies in the middle north-
east part of Slovenia (Figure 1a) and has characteristics of the Alpine and Dinaric-Pan-
nonian regions. It has 59,577 ha of forest, which covers 68 % of the surface. The soil 
mainly consists of a silicate base. It has a mixture of Alpine and Pannonian climates 
(ZGS 2012d).

More details for comparison of all four locations are presented in Table 1.

Table 1: Characteristics of the selected areas. Presented minimum and maximum elevation of the whole 
FMA location, min and max elevation of the taps, average yearly temperature and rainfall of 2020 and 
average temperature and rainfall from April until September of 2020. 

Tabelle 1: Merkmale der ausgewählten Gebiete. Dargestellt sind die minimale und maximale 
Höhe des gesamten FMA-Orts, die minimale und maximale Höhe der Fallen, die durchschnittliche 
Jahrestemperatur und der durchschnittliche jährliche Niederschlag im Jahr 2020 sowie die 
durchschnittliche Temperatur und der durchschnittliche Niederschlag von April bis September 2020.

2.2 Experimental design and survey protocol

The experiment was conducted from mid-April to the end of September 2020. The 
traps were set in two locations in the western part of Slovenia (Kranj FMA and Ljubl-
jana FMA) and two locations in the eastern part of Slovenia (Slovenj Gradec FMA and 
Maribor FMA) before the spring swarming (Figure 1 a). All four locations are in the 
Alpine region and have the same tree composition and share of Norway spruce (Picea 
abies). Although the altitude is different in the eastern and western part of Slovenia, 
the selected locations within the regions have a similar altitude. The elevation for 
the Ljubljana and Kranj FMA ranged from 340 m to 413 m and for the Slovenj Gradec 
and Maribor FMA from 666 m to 1178 m. The Ljubljana FMA and Slovenj Gradec FMA 
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were selected as undisturbed locations. They were not affected by any natural dis-
turbances in the autumn and winter of the year in which the experiment was carried 
out, and the population of bark beetles did not exceed the outbreak threshold. The 
Kranj FMA and Maribor FMA were used as disturbed locations. The selected disturbed 
locations were affected by a windthrow in February 2020, and the population of bark 
beetles also did not exceed the outbreak threshold. The outbreak threshold for Slo-
venian forests was estimated at 7,000 specimens of I. typographus, which are caught 
at least in one monitoring trap per season (Ogris et al. 2021).

For this experiment, we used five different commercially available traps: single, dou-
ble and triple WitaTrap® bark beetle slot traps (slot trap; 50 x 49 x 6.5 cm), the Wi-
ta®Prall cross-vane panel trap (cross-vane trap; 129 x 40 x 40 cm) and WitaTrap® multi 
funnel trap (funnel trap; five funnels), all purchased from WITASEK® PflanzenSchutz 
GmbH. All traps were used as dry traps and randomly set at least one km away from 
each other on the southern exposure. We used the bark beetle aggregation phero-
mone IT Ecolure Extra® from Fytofarm as a blotter.

In the Kranj FMA (Figure 1b) and Ljubljana FMA (Figure 1c), we set up ten traps (alto-
gether 20 traps) such that each type of trap had two repetitions per treatment (un-
disturbed/disturbed area). The traps from the Ljubljana FMA were set at an altitude of 
340 m to 361 m (average 386.90 m), and the traps from the Kranj FMA were set at an 
altitude of 369 m to 413 m (average 350.20 m). 

In the Maribor FMA (Figure 1d) and Slovenj Gradec FMA (Figure 1e), we set up 15 traps 
(altogether 30 traps) such that each type of trap had three repetitions per treatment 
(undisturbed/disturbed area). The traps in the Slovenj Gradec FMA were set at an alti-
tude of 725 m to 1046 m (average 891.47 m), and the traps in the Maribor FMA were 
set at an altitude of 666 m to 1178 m (average 889.60 m). 

Overall, we set up 50 traps; each type had five repetitions per treatment (undistur-
bed/disturbed area). The traps were emptied by regional units of the Slovenia Forest 
Service (SFS) every seven to 14 days. The collection date varied depending on the 
temperature, and if it rose above 24 °C, it was mandatory to empty the traps every 
seven days. All trap types had one bark beetle aggregation pheromone, which was 
regularly changed according to the manufacturer's instructions. The collected sam-
ples from the traps were preserved in 70 % alcohol, delivered to the Department of 
Forest Protection of the Slovenian Forestry Institute and stored in the refrigerator un-
til morphological analysis.

2.3 Laboratory analyses

All samples were morphologically analysed in the laboratory of the Department of 
Forest Protection of the Slovenian Forestry Institute. The analyses were carried out 
with help of a stereomicroscope (Olympus SZX16) and Die Käfer Mitteleuropas iden-
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tification keys (Freude et al. 1966; 1971; 1979; 1981; 1983; 1999, 2004, 2009, 2012). We 
counted the number of I. typographus, or we measured the volume and calculated 
the number by the formula 1 ml = 40 specimens of I. typographus. The bycatch was 
further separated into Coleoptera species and other taxa. Coleoptera species were 
determined to the family level, and 3 species of predators for I. typographus were 
determined to the species level if possible (Thanasimus femoralis, Thanasimus formi-
carius and Nemosoma elongatum). The bycatch of other taxa was determined to the 
lowest taxonomic level as possible.

2.4 Statistical analyses

All the data was analysed with the statistical program R (R Core Team 2018). We analy-
sed the difference in the number of I. typographus, bycatch and separately for bycatch 
of 3 species of predators, and the composition of the beetle assemblage, between 
the different trap types. We performed a separate analysis because one trap group 
was intended to check the difference between alternative trap types, as the traps 
with similar trapping surface but different structure and openings; and the other trap 
group as the usage of the same trap type (single slot trap) in different arrangements 
(single, double, triple). For the comparison of I. typographus, bycatch and selected 
predators, we used a generalized linear model with a quasi-Poisson error distribu-
tion. The independent variables were the trap type, disturbed and undisturbed lo-
cations and the east and west locations, and the interaction between trap type and 
disturbance. Model selection was done on the basis of stepwise backwards selection. 
Because quasi-Poisson models do not produce an Akaike information criterion, the 
variables were selected when the significance level was lower than P = 0.05.

The bycatch composition was only analysed for beetle families. The dissimilarity of 
beetle families between trap types was analysed using a PERMANOVA with the Jac-
card index (Anderson 2001). The dependent variable was a matrix with families in 
the columns and trap locations in the rows and absence and presence as values. The 
independent variables were trap type and disturbance type. The analysis was done 
with ADONIS in the “vegan” library (Oksanen et al. 2013) and used 999 permutations.

The most affected beetle family was determined by using the IndVal analysis. We che-
cked only the difference between trap types and used 999 permutations when com-
puting the model. The “indicspecies” library was used to determine the most affected 
families (De Cáceres and Legendre 2009).

2.5 Cost analyses

For the cost analysis, we considered all expenses related to the bark beetle moni-
toring performed by the regional units of the SFS. The cost of laboratory work used 
for this article was not included as it is usually not used for annual bark beetle mo-
nitoring in Slovenia. In the analysis, we used the cost of materials (traps, stands and 
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pheromones) as well work and travel expenses. All prices for materials were obtained 
from invoices received from the companies supplying the traps. The cost of the work-
force and travel expenses were provided by the SFS. Travel expenses were calculated 
with the standard SFS price per mile and work expenses with the average hourly rate 
for the second gross payment of district foresters.

2.6 Index of effectiveness analysis

Finally, we created an index of effectiveness based on Šramel et al. (2021), with which 
we calculated the effectiveness of the trap types. The index of effectiveness was cal-
culated per trap as follows:

(i) The efficiency index (indexTC) was calculated as the average of the total catch of I. 
typographus per selected trap type (TC) divided by the maximum catch of I. typo-
graphus from all trap types (maxTC).

(ii) The selectivity index (indexBTCTC) was calculated as the average of the ratio bet-
ween the number of bycatch (BTC) and the number of I. typographus from the 
selected trap type (TC), divided by the maximum ratio of bycatch/catch from all 
trap types (max(BTC/TC)).

(iii) Both components were summed and divided by two to obtain the total index of 
effectiveness. The index of effectiveness was then compared with the costs of the 
trap type.

3 Results

Altogether, we collected 797,242 specimens between mid-April and September 
2020. The catch was composed of 727,249 I. typographus and 69,993 other specimens 
as bycatch. In the bycatch, there were 63,826 individuals of Coleoptera species and 
6,167 individuals of other taxa. In the Coleoptera bycatch, we found 143 individu-
als of I. typographus selected predator species. Coleoptera was mostly represented 
by other Curculionidae species. The other more abundant Coleoptera families were 
Staphylinidae, Silphidae, Leiodidae, Scarabaeidae and Elateridae. All other Coleop-
tera taxa had less than 400 specimens (Table 2). Among 143 selected predators of I. 
typographus, there were 71 specimens of Nemosoma elongatum, 46 of Thanasimus 
femoralis and 26 of Thanasimus formicarius. The largest portion of other taxa bycatch 
was represented by specimens from Hymenoptera and Hemiptera, followed by Dip-
tera, Dermaptera and Araneae. All other taxa had less than 80 specimens. A surprising 
result was catching four rodent specimens (Table 2). 
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Table 2: The composition of bycatch according to the lowest taxonomic level as possible and families 
within the Coleoptera order. The total number of trapped individuals of all traps is presented.

Tabelle 2: Die Zusammensetzung des Beifangs nach der niedrigsten taxonomischen Ebene und nach 
Familien innerhalb der Ordnung der Coleoptera.
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3.1 Comparison between trap types

For the I. typographus catch, none of the variables were included in the model. The-
re were no significant differences in number of specimens caught (N) between the 
single slot trap (N = 133,304; median = 11,876, mean = 838.39), cross-vane trap (N = 
116,384; median = 11,745.5, mean = 741.3) and funnel trap (N = 118,014; median = 
9,879.5, mean = 742.23) (Figure 2a); between the undisturbed location and disturbed 
location (Figure 3a); or between western and eastern Slovenia (Table 3). 

For the number of specimens of bycatch, none of variables were included in the mo-
del. There were no significant differences between the single slot trap (N = 9,186; 
median = 777.5, mean = 57.06), cross-vane trap (N = 8,349; median = 690, mean = 
51.86) and funnel trap (N = 9,275; median = 595, mean = 57.61) (Table 2 and Figure 
2c); between the undisturbed location and disturbed location (Figure 3); or between 
western and eastern Slovenia (Table 3 and Figure 3c). We noted that all four rodents 
were caught in cross-vane traps (Table 2).

The model with selected predators did not include any variables. There were no sig-
nificant differences between the single slot trap (N = 11), cross-vane trap (N = 38) and 
funnel traps (N = 58) (Figure 2e), or between the disturbance regime (Figure 3e) and 
location of the experiments (Table 3). Nevertheless, there was slight tendency (P = 
0.079) for funnel traps to catch more predators than single slot traps (Table 2).

There was no difference in family composition (F = 1.0797, R2 = 0.07405, P = 0.3457). 
The families Staphylinidae (stat = 0.743, P = 0.021) and Melandryidae (stat = 0.632, P 
= 0.025) were more frequently found in funnel traps (Table 2).
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single slot trap (N = 133,304; median = 11,876, mean = 838.39), cross-vane trap (N = 
116,384; median = 11,745.5, mean = 741.3) and funnel trap (N = 118,014; median = 
9,879.5, mean = 742.23) (Figure 2a); between the undisturbed location and disturbed 
location (Figure 3a); or between western and eastern Slovenia (Table 3). 

For the number of specimens of bycatch, none of variables were included in the mo-
del. There were no significant differences between the single slot trap (N = 9,186; 
median = 777.5, mean = 57.06), cross-vane trap (N = 8,349; median = 690, mean = 
51.86) and funnel trap (N = 9,275; median = 595, mean = 57.61) (Table 2 and Figure 
2c); between the undisturbed location and disturbed location (Figure 3); or between 
western and eastern Slovenia (Table 3 and Figure 3c). We noted that all four rodents 
were caught in cross-vane traps (Table 2).

The model with selected predators did not include any variables. There were no sig-
nificant differences between the single slot trap (N = 11), cross-vane trap (N = 38) and 
funnel traps (N = 58) (Figure 2e), or between the disturbance regime (Figure 3e) and 
location of the experiments (Table 3). Nevertheless, there was slight tendency (P = 
0.079) for funnel traps to catch more predators than single slot traps (Table 2).

There was no difference in family composition (F = 1.0797, R2 = 0.07405, P = 0.3457). 
The families Staphylinidae (stat = 0.743, P = 0.021) and Melandryidae (stat = 0.632, P 
= 0.025) were more frequently found in funnel traps (Table 2).
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Figure 2: Comparison between different types of alternative traps (single slot, cross-vane and funnel) for A) 
the total number of I. typographus caught, C) bycatch, and E) predators of I. typographus and different 
types of slot traps (single, double and triple) for B) the number of I. typographus caught, D) bycatch and 
F) predators of I. typographus. The data are shown in boxplots with the represented by the median value, 
25th and 75th percentiles and outliers (black dots).

Abbildung 2: Vergleich zwischen verschiedenen alternativer Fallentypen (Einfach-Schlitz-, 
Kreuzbarrieren- und Trichterfallen) für A) die Gesamtzahl der gefangenen I. typographus, C) den 
Beifang und E) die Prädatoren von I. typographus und verschiedenen Arten von Schlitzfallen (Einfach-, 
Doppel- und Dreifachfallen) für B) die Anzahl der gefangenen I. typographus, D) den Beifang und F) 
die Prädatoren von I. typographus. Die Daten sind in Boxplots mit dem Medianwert, dem 25. und 75. 
Perzentil und den Ausreißern (schwarze Punkte) dargestellt. 
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Figure 3: Comparison between control and disturbed areas where there were alternative traps (single slot, 
cross-vane and funnel) for A) the total number of I. typographus caught, C) bycatch, and E) predators, 
and different types of slot traps (single, double and triple) for B) the number of I. typographus caught, D) 
bycatch and F) predators. The data are shown in boxplots with the represented by the median value, 25th 
and 75th percentile, and outliers (black dots).

Abbildung 3: Vergleich zwischen Kontrollgebieten und Gebieten mit Störung, in denen alternative 
Fallen (Einfach-Schlitz-, Kreuzbarrieren- und Trichterfallen) eingesetzt wurden, für A) die Gesamtzahl 
der gefangenen I. typographus, C) den Beifang und E) die Prädatoren sowie verschiedene Arten von 
Schlitzfallen (Einfach-, Doppel- und Dreifachfallen) für B) die Anzahl der gefangenen I. typographus, 
D) den Beifang und F) die Prädatoren. Die Daten sind in Boxplots mit dem Medianwert, dem 25. und 
75. Perzentile und den Ausreißern (schwarze Punkte) dargestellt. 
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Table 3: Model statistics of single slot, cross-vane and funnel traps for effectiveness, bycatch and I. 
typographus predator model. The other traps are compared to the single slot trap, undisturbed locations 
are compared to disturbed locations and the eastern FMAs are compared to the western FMAs. 

Tabelle 3: Modellstatistiken von Einfach-Schlitz-, Kreuzbarrieren- und Trichterfallen für Wirksamkeit, 
Beifang und das I. typographus-Prädator-Modell. Die anderen Fallen werden mit der Einfach-
Schlitzfalle verglichen, Orte ohne Störung werden mit Orten mit Störung verglichen und die östlichen 
FMAs werden mit den westlichen FMAs verglichen.

3.2 Comparison between slot traps

For the analysis of the number of caught I. typographus, the only two independent 
variables that had significant impact on its abundance were the type of trap and the 
region of Slovenia. The number of I. typographus caught increased from single (N = 
133,304; median = 11,876, mean = 838.39) to double (N = 158,992; median = 15,856, 
mean = 999.95) to triple (N = 200,555; median = 12,487.5, mean = 1,261.35) slot traps 
(Figure 2b and Table 4). We found a statistically significant difference between the 
first and the third slot trap (Figure 2 and Table 4). Furthermore, there was an increase 
of I. typographus in eastern Slovenia (Slovenj Gradec and Maribor) compared to wes-
tern Slovenia (Kranj and Ljubljana) (Table 4). There was also not a significant differen-
ce between the disturbance regime (Figure 3b) (P = 0.072, Table 4). 

Similar to I. typographus, the trap type and the region of Slovenia were included in the 
best model for the bycatch. Both the double (N = 22,247; median = 2,617.5, mean = 
138.18) and triple (N = 20,936; median = 1,081.5, mean = 130.04) slot traps had a hig-
her number of bycatch compared to the single slot traps (N = 9,186; median = 777.5, 
mean = 57.06) (Figure 2, Table 2 and Table 4). In eastern Slovenia, there was a higher 
bycatch compared to western Slovenia (Table 4). There was also not a significant dif-
ference between the disturbance regime (Figure 3d).
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For the number of I. typographus selected predators, none of the variables were inclu-
ded in the model. The abundance of selected predators was very low in all three slot 
traps: single (N = 11), double (N = 22) and triple (N = 14). There was also no difference 
observed between eastern and western Slovenia (Table 4). There was also not a signi-
ficant difference between the disturbance regime (Figure 3f ).

There was no difference observed in the bycatch composition between the diffe-
rent slot traps (F = 1.65, R2 = 0.11, P = 0.17). The IndVal analysis showed that only 
the triple slot trap had characteristic families: Ciidae (stat = 0.803, P = 0.001), Ela-
teridae (stat = 0.751, P = 0.037), Staphylinidae (stat = 0.728, P = 0.010), Nitidulidae 
(stat = 0.726, P = 0.018), Salpingidae (stat = 0.725, P = 0.043), Histeridae (stat = 0.721, 
P = 0.04) and Zopheridae (stat = 0.624; P = 0.034) (Table 2).

Table 4: Model statistics of the single, double and triple slot traps for effectiveness, bycatch and the I. 
typographus predator model. The other traps are compared to the single slot trap, undisturbed locations 
are compared to disturbed locations and the eastern FMAs are compared to the western FMAs. Differences 
with significant values are shown in bold.

Tabelle 4: Modellstatistiken von Einfach-, Zweifach- und Dreifach-Schlitzfallen für Wirksamkeit, Beifang 
und das I. typographus-Prädator-Modell. Die anderen Fallen werden mit der Einfach-Schlitzfalle 
verglichen, Orte ohne Störung werden mit Orten mit Störung verglichen und die östlichen FMAs 
werden mit den westlichen FMAs verglichen. Unterschiede mit signifikanten Werten sind fett gedruckt.

3.3 Cost analysis

Based on the cost analysis presented in Table 5, the cost of the workforce (51.25 %) is 
the largest expense in monitoring. The cost of traps (24.71 %) represents the second 
largest share of the overal expenses, followed by pheromones (15.06 %) and travel 
expenses (8.98 %).
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If we compare the costs of all expenses (workforce, traps, pheromones and travel ex-
penses) per trap type, the triple slot trap type accounted for the largest amount of the 
expenses (24.98 %), followed by the double (21.71 %) and single (18.45 %) trap types. 
The cost of the cross-vane trap type (17.83 %) was less than all three slot trap types, 
and the funnel trap type (17.03 %) used the minimum amount of the overal costs.

Table 5: The total cost of traps (including the cost of supporting structures), pheromones, travel and 
workforce expenses for the whole season. * Initial costs of the traps with stands, but they can be reused 
for multiple seasons.

Tabelle 5: Gesamtkosten für Fallen (einschließlich der Kosten für Standfüße), Pheromone, Reisekosten 
und Arbeitskräfte für die gesamte Saison. * Anfängliche Kosten für Fallen mit Standfüßen, sie können 
jedoch in mehreren Saisons verwendet werden.

3.4 Index of effectiveness

Among the different trap types, the single slot trap was the best trap type according 
to the selected properties, even for both sub-indices. Nevertheless, among the alter-
native traps, the single slot trap is the most expensive. Among the different slot traps, 
the triple slot trap had the highest index of effectiveness but was closely followed 
by the single slot trap. Even though, the triple slot trap was the best based on index 
of effectiveness, the single slot trap had less bycatch. Regarding the costs of the slot 
traps, the single slot trap is one-third the cost of the triple slot trap (Table 6).
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Table 6: Standardized index for the different trap types.

Tabelle 5: Standardisierter Index für die verschiedenen Fallenarten.

4 Discussion

Based on the results of our analysis, there is no significant difference in effectiveness 
between the alternative traps, i.e. the single slot, funnel and cross-vane traps. Even 
though there was slightly more catch in the single slot trap, our first hypothesis is 
rejected. Due to some difficulties in the field, the rise in efficiency from single to triple 
slot trap was only 33.5 % and not 50 % in our study, therefore our second hypothesis is 
rejected. We predicted that the alternative traps, i.e. cross-vane and funnel traps, will 
catch more bycatch compared to the single slot trap. However, this turned out not to 
be the case, since we failed to find significant difference among them. Although the 
difference was not statistically significant, we found more bycatch in the funnel traps. 
Based on these results, we reject the first part of our third hypothesis. The double slot 
trap had the highest total bycatch abundance compared to the triple slot trap. Since 
the difference was not statistically significant between the single, double and triple 
slot traps, we also reject the second part of our third hypothesis. Our fourth hypo-
thesis, that the catch of I. typographus selected predators would exhibit the same 
pattern as the whole bycatch, can be confirmed since we did not find a significant 
difference between the three alternative trap types and between the three slot traps 
for the bycatch as well as for the catch of selected predators. Since different trap types 
have a different number of components, different materials, etc., and therefore differ 
in prices as well. If we compare the difference in price for all five trap types together, 
the decision on which trap type to use will have a large impact on the whole monito-
ring budget. Our fifth hypothesis is rejected since there was no statistically significant 
difference between disturbed and undisturbed locations based on the catch rate of I. 
typographus, which means that in the locations affected by the windthrow in Februa-
ry, the population of I. typographus did not grow significantly in the same year. Thus, 
we can conclude that trap expenses can represent a significant part of the monito-
ring budget, depending on the purpose of the monitoring and type of traps selected. 
Based on the calculated index of effectiveness, the single slot trap scored the highest 
among the alternative traps (single slot, cross-vane and funnel). Interestingly, the tri-
ple slot trap is better than the single slot trap since the triple slot trap scored higher 
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in the number of caught I. typographus nevertheless, the single slot trap scored better 
in selectivity compared to the triple slot trap. However, the cost of the single slot trap 
is only one-third of the cost of the triple slot trap.

4.1 Comparison between trap types

The catch effectiveness of certain types of traps depends on the dimensions of the 
traps, which are determined by the biology of the target group of insects (Chandler 
2010, Epsky et al. 2008, Southwood 1975). Several studies have shown that different 
species of Scolytinae are attracted to different trap types (Flechtmann et al. 2000, Lind-
gren et al. 1983, McCravy et al. 2000). For some species, even the colour of traps is an 
important factor (Campbell and Borden 2006, González-Audino et al. 2011). However, 
for I. typographus, the colour does not play an important role unless the trap is white. 
In that case, the trap catches fewer specimens (Dubbel et al. 1985, Niemeyer 1985).

In analysing the effectiveness of traps in catching I. typographus, we did not find a sta-
tistically significant difference between the single slot, funnel and cross-vane traps, 
which is consistent with the results of Galko et al. (2016), although that study ana-
lysed additional types of traps (Ecotrap, BEKA trap, slot trap, Lindgren funnel trap, 
funnel trap and cross trap – which is similar to our cross-vane trap). Although the 
study of Flechtmann et al. (2000) was done on other species of Scolytinae, the results 
are quite interesting. When analysing the number of all beetles caught, regardless of 
the species, there were also no differences between the traps tested. However, when 
they included the trap surface area in the model, it showed that the ESALQ-84 trap 
caught significantly more beetles than the other traps. The trap itself resembles the 
structure of our cross-vane model, but it is smaller and narrower and appears more 
like a square than a rectangle (15.6 x 14 x 14 cm). In our research, there were slight-
ly more I. typographus caught in the single slot trap compared to the funnel trap, 
and the cross-vane trap had the least amount of catch. Similar results were found by 
Pernek (2002), where the single slot trap was better than the Ecotrap and the Bakke 
improvised tubular trap. Similar results were obtained for Ips avulsus and Ips grandi-
collis, which were caught statistically more frequently or in larger quantities in slot 
traps compared to funnel traps, while for Ips calligraphus, no significant difference in 
catch rate was recorded between these two traps (McCravy et al. 2000). However, this 
contradicts the results of Galko et al. (2010), where the Lindgren funnel traps (12 fun-
nels) caught 18 % more I. typographus than the slot traps (Theysohn). Furthermore, 
even though the differences in Galko et al. (2016) were not statistically significant, the 
single slot trap never had the highest catch of I. typographus during the three-year 
period. The reason might be the use of slightly different trap models. Compared to 
the traps used in Galko et al. (2016), the single slot traps used in our study are almost 
the same (ours: 50 x 49 x 6.5 cm; theirs: 57 x 49 x 6 cm), the cross trap is slightly lo-
wer and wider than our cross-vane trap model (ours: 129 x 40 x 40 cm; theirs: 115 x 
50 x 50 cm), and both funnel traps are significantly longer than the model we used 
(ours: five funnels; theirs: twelve funnels, both models). Furthermore, if we look at 
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the results of the last period from Galko et al. (2016), the highest catch was found 
in the cross trap. However, they used different trap positioning each year and also 
made modifications to some traps, which in turn might have been the reason for the 
high inconsistency in catch rate between traps throughout the three-year period. We 
believe that further investigations are needed since a comparison of the results with 
other research suggests that the use of different models of the same trap type may 
affect their effectiveness. 

Šramel et al. (2021) proved that pheromone trap catches allow distinguishing bet-
ween affected or disturbed locations and those undisturbed by I. typographus 
through the difference in their catch abundance. The chosen disturbed locations 
in that study were affected by a windthrow one year before the experiment. In the 
present study, we tested whether we might be able to detect the difference even in 
the locations affected by windthrow less than a year before the experiment since, in 
Slovenia, I. typographus has two generations (Jurc and Kolšek 2012, Jurc et al. 2006, 
Šramel et al. 2021). The disturbance happened in February 2020, two months before 
the traps were set. Our results are in line with other research (de Groot et al. 2018, 
Göthlin et al. 2000, Inouye 1962, Wermelinger et al. 1999) in which the abundance of 
bark beetles increased one year after a natural disturbance.

The bycatch or catch of non-target organisms is an undesirable effect of any kind of 
trapping method which includes traps with pheromones (Bakke 1989, Galko et al. 
2016, Pavlin 1991, Pernek 2002, Valkama et al. 1997). While predators and some other 
species are attracted to the pheromone (Bakke and Kvamme 1981), other bycatch 
can be attracted to substances emitted by the attacked host tree or the decomposing 
smell of beetles, or some specimens end up in the wrong place at the wrong time 
(Pavlin 1991, Valkama et al. 1997). 

Larger openings are only one of the reasons, based on which we predicted that alter-
native traps would catch more bycatch than single slot traps. There is also the ability 
of some species to successfully escape from the traps (Martín et al. 2013). Even though 
the lowest abundance of bycatch was caught in the single slot trap, followed by the 
cross-vane and funnel traps, the differences were not statistically significant. Since 
the bycatch usually corresponds to the catch of I. typographus (Pavlin 1991, Šramel et 
al. 2021), and we did not find a statistical difference in I. typographus catch between 
traps, this result for the bycatch is expected. The proportion of bycatch ranged from 
6.5 % (single slot trap) to 7.3 % (funnel trap), which is slightly higher than 6.4 %found 
in Šramel et al. (2021) for single slot traps bated only with It Ecolure Extra pheromone. 
Pavlin (1991) had 5 % bycatch in single slot traps bated with Pheroprax® pheromone. 
In some articles in which different trap types were compared, the data on bycatch 
were not published due to the low number of specimens (Galko et al. 2016) or other 
technical issues (Pernek 2002); therefore, a comparison is quite difficult to make. The 
first two most abundant Coleoptera families were Curculionidae and Staphylinidae, 
the same as found in Šramel et al. (2021); however, the next two were Silphidae and 
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Leodidae, whose abundance was higher. While the reason for the higher catch of 
Leodidae is unknown, one of the main reasons for high numbers of Silphidae in the 
catch is usually because of the poor draining ability of the traps (Galko et al. 2016, 
Kasumović et al. 2016), and species from this family are attracted to the smell of dead 
organisms (Kretschmer 1990). Unfortunately, poor draining ability not only means 
more species of Silphidae in the catch, but it also lowers the number of I. typographus 
in the catch (Kretschmer 1990). The highest number of Silphidae were found in fun-
nel traps, followed by cross-vane and single slot traps. Indicative Coleoptera families 
were found only in the funnel traps: Staphylinidae and Melandryidae. When conside-
ring the whole bycatch, it is worth mentioning that Dubbel et al. (1985) and Niemeyer 
(1985) noticed that white traps attract more bycatch. Interestingly, in the study of Šra-
mel et al. (2021), there were no representatives from the taxa Gastropoda, which were 
found in smaller numbers in the present study in almost all trap types. However, their 
presence in traps has already been documented (Pavlin 1991). There was one bycatch 
that stood out. Four rodents managed to get caught in the cross-vane traps. Based on 
the photographs received, the species appeared to be Muscardinus avellanarius. Even 
though that is a very low number, it is still very unpleasant for the workers who are 
emptying the traps. In one case the animal was still alive and was set free. However, 
the beetles were mostly eaten, and what remained was very hard to determine. 

There are many predators and parasites that feed on I. typographus larvae as well as 
on the adults (Hilszczajski et al. 2007, Valkama et al. 1997, Wermelinger 2002, Weslien 
1992). The predators are attracted to the pheromone emitted by I. typographus (Bak-
ke and Kvamme 1981). The most concerning are the catch of vulnerable organisms 
and predators of the target organism. Weslien (1992) estimated that predators and 
parasites of I. typographus reduce its productivity by 83 %. Such a high estimation 
was found by Wermelinger (2002) only in the second year of the study, while in the 
first year it was only 54 %. Nevertheless, the percentage of mortality is still high and 
important for the reduction of the I. typographus population. 

In the present study, our attention was focused on only three species of I. typographus 
predators, i.e. Nemosoma elongatum, Thanasimus femoralis and Thanasimus formicari-
us. The lowest number of caught selected predators was in the single slot traps (1 per 
13,000 arthropod individuals). This number increased in the cross-vane (1 per 3,000 
arthropod individuals) and funnel traps (1 per 2,000 arthropod individuals). It was 
interesting that the catch of Nemosoma elongatum doubled in the funnel trap com-
pared to the cross-vane trap. In the study of Pavlin (1991), the difference in the catch 
rate of Nemosoma elongatum was more dependent on the use of different pheromo-
nes than on the type of trap. It turned out that the pheromone for Pityogenes chal-
cographus (Chalcoprax®) attracts more specimens of Nemosoma elongatum. Since in 
our study we used the same pheromone (IT Ecolure Extra®) in all traps, the reason for 
the higher catch rate in funnel traps might be due to the different structure of the 
trap, which makes it harder for Nemosoma elongatum to escape. Martín et al. (2013) 
noted that funnel traps catch significantly higher numbers of Thanasimus formicarius 
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compared to the slot traps and that the difference is due to the species’ greater ability 
to escape from the slot traps. Although we did not compare all five trap types toge-
ther, there is one important result we obtained during our study when analysing the 
number of caught selected predators and that is that all three slot traps had a lower 
number of caught selected predators than the funnel and cross-vane traps.

4.2 Comparison between slot traps

When comparing the three slot traps, we found a statistically significant difference 
between the single and triple slot traps, but there was no significant difference bet-
ween the single and double slot trap. In terms of differences, the double slot trap 
had on average 1.2 times higher catch than in single slot trap, or in other words the 
difference was 16.2 %. The triple slot trap had on average 1.5 times higher catch than 
the single slot trap or in other words, the difference was 33.5 %. Pernek (2002) also 
compared single and triple slot traps and the difference between the single and triple 
slot trap was 1.9 times higher, meaning that the difference was 46.4 % in favour of the 
triple slot trap. This difference is larger than that found in our study.  The results for 
some locations from the eastern part of Slovenia for triple slot traps had a very low 
catch compared to the other triple slot traps. This is especially visible from the statistic 
where the total number is higher for the triple slot trap compared to the double slot 
trap, but when comparing the median number, the median of the double slot trap is 
higher than the median of the triple slot trap. Schroeder (2013) emphasized that the 
catch rate of I. typographus is much more dependent on external factors compared 
to that of P. chalcographus, which is visible from the higher catch variability between 
the traps. The proposed reason was the narrower niche of I. typographus, which is 
limited to breeding material larger than 15 cm in diameter due to its larger body size 
(Schroeder 2013). Similar variability in annual catch rate between different traps was 
also seen in Galko et al. (2016), even for the traps that did not have any improvements 
and only the placement of the traps was changed. There are some confusing results 
in Dimitri et al. (1992), where they compared the difference between massive use of 
single and triple slot traps compared with the sporadic use of only single slot traps, 
where the latter treatment had almost the same or just slightly lower, and in some 
years even higher catch rate, than the treatment with massive trapping. 

Here we do have to emphasize that we used only one pheromone per trap type. Ba-
sed on the results of Zahradník and Zahradníková (2015), the difference in effective-
ness might be higher if there were two pheromone dispensers in the double slot trap 
and three pheromones in the triple slot trap. There is also an interesting comparison 
between wet and dry slot traps in Kasumović et al. (2016). Unfortunately, they did not 
find any statistically significant difference for I. typographus. However, they empha-
size that dry traps are easier to handle in the field as well as in the laboratory when 
determining specimens. Here it is also worth mentioning that dry slot traps cost less 
than the wet slot traps, as also pointed out by Kasumović et al. (2016).
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The bycatch of slot traps almost corresponded to the catch of I. typographus as well. 
As expected, the single slot trap had the lowest abundance of the bycatch. To our 
surprise, the double slot trap had a larger bycatch than the triple slot trap. This is 
likely due to the problem in the selection of locations for the triple slot traps in the 
eastern part of Slovenia, as described above. Interestingly, the analysis showed indi-
cative Coleoptera family only for the triple slot trap: Ciidae, Elateridae, Staphylinidae, 
Nitidulidae, Salpingidae, Histeridae and Zopheridae.

4.3 Costs and index of effectiveness analysis

Costs and the available budget is an important aspect to consider when setting up 
monitoring (Bakke 1989; 1991, Dimitri et al. 1992, González-Audino et al. 2011, Jakuš 
1998, Lindgren 1983). Although prices are different than in the study on the effecti-
veness of pheromones (Šramel et al. 2021), the proportions of costs remained almost 
the same. The biggest contributor to overal costs were the cost of the workforce. In 
the study of Šramel et al. (2021), the cost of pheromones was higher compared to the 
cost of traps and stands in comparison to those costs in our study, where the expen-
ses changed places as the use of mixed trap types consequently increased the share 
of the used budget. In our study with mixed use of traps, the cost of traps represented 
24.71 % of the whole budget. However, this high share is mostly due to the double 
and triple slot traps, which are rarely used in the field.

If we would use only the most affordable trap type (funnel trap), the whole budget 
would decrease by 14.87 % compared to the mixed model. Compared to the funnel 
trap, the use of only cross-vane trap would result in a 4.53 % increase in the bud-
get and the use of only single slot trap would increase the whole budget by 7.72 % 
compared to the use of only funnel traps. However, the cost is not the only aspect of 
making the decision which trap to choose for monitoring. Based on the calculated 
indices, the single slot trap had the highest scores for the number of caught I. typo-
graphus and selectivity (number of caught bycatch species), which consequently led 
to the highest final index of effectiveness. In other words, the single slot trap was the 
best trap type among the alternative traps based on the selected properties.

If we would use only the triple slot trap the budget would increase by 19.92 % com-
pared to the mixed model. The triple slot trap scored the highest in the final index of 
effectiveness among all three variations of the slot traps. While the single slot trap 
had the highest score in selectivity, the score of the triple slot trap for the number 
of caught I. typographus was much greater, which made the triple slot trap the best 
trap among all three trap types. However, even though the number of caught I. ty-
pographus almost doubled in the triple slot trap its price is three times greater than 
the price of the single slot trap. Since the selectivity is one of the important aspects 
of traps, the results have shown us that all three variations of slot traps had lower 
number of caught selected predators compared to the cross-vane and funnel traps. 
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Nevertheless, the expenses of traps and stands are usually included only in the first 
year of monitoring since they can be reused in subsequent monitoring. Therefore, the 
question is what kind of monitoring to set up. If this is one year research and we are 
not planning to use traps next season, we might choose funnel traps since the diffe-
rence among the alternative traps in effectiveness and selectivity was not statistically 
significant and it scored second best by the index of effectiveness. However, we have 
to keep in mind that this data is for dry traps only. If we are preparing for monitoring 
that will take place over several years, the most affordable trap might not be the best 
choice. We were not able to check durability of the traps, however the materials of 
cross-vane trap did not look very promising and if they are assembled, they took a 
lot of space in the vehicle and are clumsy for carrying them to the hard-to-reach lo-
cation. While the material of funnel traps locks better, the only thing that could get 
problematic throughout the years are connections between funnels. Depending on 
the model, some funnel traps can be folded nicely even when assembled, therefore 
taking less space in vehicle. However, depending on the length, they might be a bit 
clumsy when carrying them to the hard-to-reach location. The slot traps are hard and 
robust, they might take more space in vehicle compared to the funnel traps and since 
they are from one non-movable peace when assembled, they are easier to carry to 
the hard-to-reach locations. This is of course for single slot traps. The more you need 
to carry the harder it gets. If the goal of the monitoring is to catch as much I. typo-
graphus as possible, then the bets trap type is the triple slot trap. If you are looking 
for robust and selective trap, the best one is single slot trap. If you have easy to reach 
locations where the trap will not get entangled in the branches, the funnel trap is also 
an option. If you only need few traps and easy to reach locations, you can also use 
cross-vane trap. However, some small mammals could get caught in them.

5 Conclusions

Our goal was to test three different commercially available traps and three different 
slot traps for I. typographus. We examined all aspects (effectiveness, selectivity and 
cost) of the single slot, funnel and cross-vane traps as well as compared the single, 
double and triple slot traps. Based on recent studies and our data, it is noticeable 
that in terms of effectiveness of catching I. typographus among the most frequently 
used trap types in Europe, i.e. single slot, cross-vane and funnel traps, there are no 
statistically significant differences between them regarding trapping effectiveness 
(Galko et al. 2016) or influence on bycatch. In terms of the trapping effectiveness of 
the three slot traps, the difference becomes significant only between the single and 
triple slot traps. However, while the number of caught I. typographus almost doubles, 
the expenses for traps and stands triples. The bycatch of double and triple slot traps 
was relatively low but still higher than that in the alternative traps. From an economic 
perspective, the price of the single slot trap and cross-vane trap is very similar, while 
that of the funnel trap is lower. Based on all gathered information, it is noticeable that 
all traps have pros and cons. Additionally, we created an index of effectiveness that 
could help researchers and foresters to decide which trap type is most appropriate 
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for monitoring. Although, based on the selected properties of all five trap types, the 
triple slot trap had the highest score in the combined index, the difference in price 
compared to effectiveness is too great. Further research is needed to explore other 
potential variants of the existing traps and to work on new prototypes to increase 
effectiveness and reduce bycatch and potential costs. Therefore, we recommend, at 
least for Slovenia, that we continue to work with the single slot trap since it has the 
fewest negative properties (even though not significant) for our needs, i.e. catch of 
selected predators, bycatch and, judging from Silphidae abundance, a better drai-
nage system.
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