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Abstract: Research Highlights: We investigated the negative effects of bark beetle mass trapping,
especially non-target catches among the target’s natural enemies. Slot traps modified with mesh
screen and escape windows were tested to improve their selectiveness. Background and Objectives:
Two of the main natural enemies of bark beetles, Thanasimus formicarius (L.) and Temnoscheila caerulea
(Olivier), are frequently trapped in high numbers in Ips sexdentatus (Böerner) pheromone traps, along
with other saproxylic insects; this may lead to much larger pest populations in the successive 4–
20 beetle generations. From 2016–2019, during I. sexdentatus mass-trapping in a pine forest of Tuscany
(Italy), non-target catches were tallied. Trap modifications were evaluated to mitigate non-target
catches, especially those concerning bark beetles’ natural enemies. Materials and Methods: A total
of 25 bark-beetle slot traps were placed about 75 m apart in a pine stand infested by I. sexdentatus.
Traps were baited with I. sexdentatus aggregation pheromone, whose main components are ipsenol,
ipsdienol, and 2-methyl-3-buten-2-ol. Catches were collected every 10 days from March to December.
In 2019, 13 traps were modified by applying a 6-mm mesh screen on top of the collection container
and by providing three 60 mm × 8 mm escape windows immediately above the screen. These
“modified traps” and their captures were considered separately from the 12 remaining “standard
traps.” All bark beetle species were recorded, as well as all beetle species > 8 mm. Results: Overall,
target catches amounted for <10% of the total beetle catches. The most-collected species was the
bark beetle Orthotomicus erosus Wollaston. Trap modification allowed the escape of larger species,
resulting in the reduction of the average size of caught specimens. Even though non-target catches
among predators were still high, the proportion of major predators (T. formicarius and T. caerulea) to
bark beetles showed a statistically significant reduction of predator catches in modified traps, an
encouraging outcome. Conclusions: Trap modifications may mitigate the problem of non-target
catches during mass trapping, especially reducing catches of beetle species larger than the target.
However, the key is to schedule mass trapping only during those seasons when the target adults are
more active than the main predator adults, thus limiting their catches and, consequently, the negative
effects on pest management and biodiversity.

Keywords: bark beetles; natural enemies; aggregation pheromones; pest management; Mediter-
ranean pine forests

1. Introduction

Due to favorable conditions, bark beetle outbreaks are alarmingly increasing, with
a severe impact on European conifer forests [1–3]. In recent years, climate change has
caused a higher frequency of extreme weather events, including windstorms and severe
drought [1]. These disturbances increase the suitable breeding materials for bark beetles,
such as stressed or uprooted trees [1]. Therefore, bark beetle population densities may
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rise and, during epidemic outbreaks, aggressive bark beetle species are able to move from
stressed and weakened trees to healthy ones; this behavior was confirmed in the six-toothed
pine bark beetle, Ips sexdentatus (Böerner) (Coleoptera: Curculionidae: Scolytinae) [4].

I. sexdentatus occurs in pine forests throughout the Eurasian continent. It is generally
considered a secondary pest [5] and less aggressive than the congeneric I. typographus
(Linnaeus) [6], but sometimes it can become a more serious pest. For example, in Italy
this bark beetle has recently been favored by the exotic scale Matsucoccus feytaudi Ducasse,
which causes the decline of the maritime pine (Pinus pinaster Aiton) forests. In the suitable
climatic conditions of Southern Europe, with large availability of suitable hosts (the stressed
maritime pines), I. sexdentatus populations have rapidly increased. Under these conditions,
their attacks also involve healthy trees of other pine species [7–9]. Coastal pine forests are
particularly important in Italy, as they provide numerous goods and services, especially
for recreational tourism [10]; thus, protecting these forests is essential to maintaining their
social, environmental, and economic functions.

Only a few direct control measures are available to contain bark beetle popula-
tions: prompt cutting of infested trees, trap-trees, trap-logs, and pheromone-baited mass-
trapping [11]. Though it is generally carried out in combination with the prompt cutting of
infested trees, mass-trapping is essential, particularly when phytosanitary felling cannot be
swiftly carried out [12]. Several studies report the efficacy of mass-trapping in bark beetle
control, alone or in combination with other measures [13–17]. However, its effectiveness
is still controversial, as it is not easy to prove in terms of real tree mortality reduction,
particularly since other biotic and abiotic factors can affect the results [16,17].

Mass-trapping, however, may lead to significant negative effects. Indeed, many
studies show its negative impact on non-target insect species, which may also be lured
by the pheromone baits [18–20]. Among non-target catches, predators are of particular
concern [18,19]. Bark beetle natural enemies track their prey using aggregation pheromones
as kairomones; thus, they too may be attracted by pheromone traps [21,22]. Two of the
main natural enemies of bark beetles, Thanasimus formicarius (L.) (Coleoptera: Cleridae)
and Temnoscheila caerulea (Olivier) (Coleoptera: Trogossitidae), are frequently captured
in high numbers in I. sexdentatus pheromone traps [9,19,20,23,24]. Furthermore, other
saproxylic insects that exploit the same pheromones to locate suitable host plants (typically
weakened by the target bark beetle species) may also be caught during mass-trapping
programs [19]. Thus, non-target catches may negatively affect the natural regulation of
bark beetle populations, as well as the conservation of other saproxylic species [19].

Several studies focus on the development of more selective trapping techniques to
mitigate these negative effects [8,9,20]. For example, mass-trapping selectiveness could be
improved by finding the best component blends. Although bark beetles’ natural enemies
often use their prey’s pheromones to track them [22], prey and predators may have different
preferences in terms of optical isomers or other specific pheromone components [25–27]
that can be exploited to reduce predator catches [18]. In regards to I. sexdentatus, Etxebeste
et al. [8] determined that the composition of non-target catches associated with this species
varied greatly with different pheromone blends. A reduction in mass-trapping negative
effects can also be achieved by choosing the right type of trap. Martin et al. [9], for instance,
found that slot traps are more selective than multi-funnel traps, showing fewer predator
catches, particularly favoring the escape of T. formicarius. Finally, traps can be modified
to prevent non-target beetles from entering, especially those bark beetle predators that
are larger than their prey. Martin et al. [9] and Ross and Daterman [28] assessed how
modifying multiple-funnel traps and slot traps by adding a 6-mm mesh screen and by
opening escape windows may help to limit predator catches. In this study, non-target
beetle catches were recorded during a mass-trapping program in a pine forest in Tuscany
(Italy); trap modifications similar to those used by Martín et al. [9] were evaluated.
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2. Materials and Methods
2.1. Study Area and Sampling Design

The present study was carried out during 2016–2019 in a Tuscan coastal pine stand,
approximately 70 hectares, between Marina di Grosseto and Principina a Mare, in the
Province of Grosseto (Italy) (42◦42′17.22” N, 10◦59′47.59” E). This private forest plot was
mainly composed of P. pinaster, with a small amount of stone pine (Pinus pinea L.); here,
since 2006, the former species has been gradually infested by M. feytaudi, which has caused
serious damages and has stressed the trees. Since 2014, the huge availability of weakened
pines caused a high increase in the population density of I. sexdentatus. Another aggressive
bark beetle species, Tomicus destruens (Wollaston), was also present in this stand and
contributed to pine mortality. In addition, the bark beetle Orthotomicus erosus Wollaston
was abundant, although it was mostly found on pines already infested by I. sexdentatus or
T. destruens, and/or highly stressed by abiotic factors. This area has a high touristic value
due to its many campsites; therefore, to reduce the population density of I. sexdentatus and
the number of attacked pines, prompt cutting of infested trees, as well as mass-trapping
were carried out. On 28 April 2016, a total of 25 Super Forest bark beetle slot traps (Serbios
s.r.l., Badia Polesine, Rovigo, Italy) were placed in the pine stand along the south-western
borders of the forest plot, spacing each trap by about 75 m (Figure 1). This pattern addressed
the higher I. sexdentatus infestation in the pine stand closer to the coastline—and outside
our study area—where no control measures were carried out. Super Forest traps are a
variant of the common Theysohn design, with fewer, longer slots, but with the same
amount of slot rows (seven) (Figure 2A). Traps were baited with the commercial blend
of the I. sexdentatus aggregation pheromone manufactured by Serbios s.r.l., whose main
compounds are ipsenol, ipsdienol, and 2-methyl-3-buten-2-ol. Catches were collected every
10 days from March (except in 2016 when traps were installed in April) to December. Bait
was renewed every 30–50 days, according to the dispensers’ lifespan (as indicated by the
manufacturer) and to the weather conditions in the study area, since warmer climates of
Tuscany deplete these dispensers considerably faster during summer months [29]. Thus,
sticking to manufacturer instructions would lead to errors in interpreting flight patterns.
In order to ensure a continuous presence of adequately baited traps in the field, a baiting
rotation system based on alternating pairs was set up: group A consisted of six pairs plus
the 25th trap; group B included the remaining six pairs (Figure 1). The two groups were
baited 20 days apart, always following the same renewal schedule based on the dispensers’
lifespan and on weather conditions.

Figure 1. Study area with trap pattern as applied in 2019. Part of the coastal pine stands in the
Municipality of Grosseto (Tuscany, Italy) is shown; the green line delimits the study area’s borders.
Bait rotation alternated groups A (in red) and B (in yellow; symbols indicate modified (stars) and
standard (circles) traps.
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Figure 2. Standard trap without modifications (A) and detail of a modified trap (B): through one of
the three escape windows the 6mm mesh screen can be seen inside.

Besides the target beetle, in the first three years of the study (2016–2018), special atten-
tion was reserved for some of the other beetles trapped: the major non-target bark beetles
and the two major bark beetle predators, T. formicarius and T. caerulea. In 2019, additional
non-target beetles were considered, we grouped them into two categories according to
their mean length: (1) all bark beetles; and (2) all beetles on average > 8 mm, among which
T. caerulea and T. formicarius were grouped. In this year, 13 traps were modified by applying
a 6-mm mesh screen on top of the collection container as in Martìn et al. [9], and by provid-
ing three additional 60 mm × 8 mm escape windows immediately above the mesh screen
(one central window on one side and two lateral windows on the other side) (Figure 2B).
These traps were called “modified traps” and their captures were considered separately
than those from the “standard traps,” which were not modified. “Modified traps” were
evenly distributed in the bait renewal rotation by alternating them with “standard traps.”
Finally, a random sub-sample of 30 specimens per each species (when possible) per each
kind of trap (modified or standard) was measured, recording their body length.

2.2. Statistical Analysis

The analysis of variance (ANOVA) for repeated measures (catches in the same trap
on different dates were considered repeated measures) was used to compare catches in
standard traps and modified traps of (1) I. sexdentatus; (2) non-target bark beetles (all
species together); (3) all bark beetles together; (4) beetles > 8 mm; and finally (5) species of
this last category, with enough catches (more than 30), were analyzed separately. All the
data analyzed with ANOVA were log transformed. Simpson’s index was used to compare
species diversity in the two kinds of traps employed in 2019. As regards the two main
predators, T. caerulea and T. formicarius, the 2019 mean catches, separated according to the
kind of trap, were then compared with ANOVA with those of previous years when the
traps had not yet been modified but were in the same positions. Pearson correlation was
applied to assess the correlation between the main predators and bark beetle catches. In
addition, the percentages of these two predators were compared using the chi square test,
taking into account the total bark beetles and predators caught by standard and modified
traps. The size of beetles > 8 mm trapped in 2019 in modified traps were compared with
the size of those from standard traps with ANOVA; the same test was separately carried
out for those species with enough catches (more than 30) in each kind of trap.

3. Results
3.1. Catches in I. sexdentatus Pheromone Traps

During the first three years of the study (2016–2018), 42,823 I. sexdentatus adults were
caught in pheromone traps (Table 1). However, these were not the most numerous catches;
in fact, I. sexdentatus was less than a tenth compared to the non-target beetle species. The
most-trapped beetles (469,545 specimens) were non-target bark beetles (Table 1): O. erosus,
Hylurgus ligniperda (Fabr.), and T. destruens. While only few T. destruens specimens were
caught (62 in total in the three years), the other two species were trapped frequently and
in great numbers. More specifically, O. erosus was the most-caught species in the first
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three-year period, with 452,756 individuals, which represented almost 95% of all beetles
snared. Among the non-target beetles were two of the bark beetles’ major predators: T.
caerulea and T. formicarius; each year more than 2000 specimens were caught, with a total of
7500 in the three years. The predator/prey (I. sexdentatus) ratios for T. formicarius were 0.13,
0.12 and 0.08 in 2016, 2017, and 2018 respectively, while for T. caerulea they were 0.09, 0.05,
0.07. Finally, other beetles, larger than bark beetles, were also captured, but these were
neither identified nor counted in the first three years of the study.

Table 1. Total number of beetles trapped with the Ips sexdentatus aggregation pheromone during the 2016–2018 period in
the study site (Municipality of Grosseto, Tuscany, Italy).

Year I. sexdentatus
Non-Target Beetles Predator/Prey Ratios

Other Bark Beetles T. formicarius T. caerulea Total T. formicarius T. caerulea

2016 11,042 231,284 1447 1013 233,744 0.13 0.09
2017 12,774 120,574 1587 621 122,782 0.12 0.05
2018 19,007 117,687 1450 1382 120,519 0.08 0.07

Total 42,823 469,545 4484 3016 477,045

During 2019, the last year of the study, 182,641 specimens were caught across both
types of traps; this tally takes into account only the species that had been counted during
the first three-year period (I. sexdentatus, T. formicarius, T. caerulea, and other bark beetles).
Again, the great majority were non-target bark beetles (170,219) (Table 2): about 98% of
these trapped beetles were O. erosus, which was the most captured species, with 167,773 in-
dividuals; as regards the other bark beetles, 1855 adults of H. ligniperda and one T. destruens
were recorded. Besides these main species, other minor bark beetles were recorded with
a total of 590 specimens: Carphoborus pini Eichhoff (33), Coccotrypes dactyliperda Fabricius
(8), Crypturgus mediterraneus Eichhoff (31), Crypturgus pusillus Gyllenhal (143), Hylurgus
micklitzi Wachtl (97), Pityogenes bidentatus Herbst (251), Pityophthorus pubescens Marsham
(21), and Xylocleptes biuncus Reitter (6). Again, the two most important predator species, T.
caerulea (2409) and T. formicarius (925), were trapped. The predator/prey ratios calculated
on standard traps were 0.13 for T. formicarius and 0.33 for T. caerulea. In 2019, however, other
large non-target beetles were also taken into account, for a total of 1,662 recorded speci-
mens. This group included specimens from five different families: Melolonthidae, with one
species, Amadotrogus grassii (Mainardi) (112); Elateridae, with two species, Lacon punctatus
(Herbst) (191) and Melanotus (Melanotus) crassicollis (Erichson) (342); Buprestidae, with two
species, Buprestis (Buprestis) novemmaculata Linnaeus (92), and Chalcophora detrita (Klug) (5);
Cerambycidae, with three species Monochamus galloprovincialis (Olivier) (8), Acanthocinus
griseus (Fabricius) (838), Oxypleurus nodieri Mulsant (3), and finally Curculionidae not in the
sub-family of Scolytinae, with one species, Brachyderes (Brachyderes) incanus (Linnaeus) (71).

Table 2. Number of beetles trapped with the Ips sexdentatus aggregation pheromone during 2019 in the study site (Munici-
pality of Grosseto, Tuscany, Italy) with standard and modified slot traps.

Type of Trap N. of Traps I. sexdentatus

Non-Target Beetles

Other Bark Beetles
Larger Beetles

Total
T. formicarius T. caerulea Others

Standard 12 3982 53,622 505 1333 1392 56,852
Modified 13 5106 116,597 420 1076 270 118,362

Total 25 9088 170,219 925 2409 1662 175,214

Catches of target and non-target beetles were differently distributed during the
year. I. sexdentatus adults in 2016, 2017, and 2018 had three peaks in activity: spring
(March/April) (in 2016 this first peak was not noted because traps were deployed later),
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summer (July/August), and particularly autumn (October/November). On the contrary, in
2019 the autumnal catch showed a remarkable drop (Figure 3). The two main I. sexdentatus
predators (T. caerulea and T. formicarius), instead, were more active in spring, particularly in
April, and summer, while in autumn only a very low number of adults were trapped. In
fact, in the spring/summer period during the years 2016/2018, the mean predator/prey
ratio was 0.43, while during the autumn it was 0.03. This activity distribution was also true
for all other non-target beetles trapped. In fact, during the study period non-target bark bee-
tles were caught particularly during the spring/summer period, with a non-target/target
bark beetle ratio of 21, while during autumn these non-target catches were much lower,
plummeting to a ratio of 0.51. Accordingly, beetles > 8 mm and non-target bark beetles were
caught mainly during the 2019 spring/summer period, while very low catches occurred in
the autumn (Figure 4).

3.2. Standard Traps Versus Modified Traps

The mean number of I. sexdentatus catches in standard traps was not different when
compared to the average catches of I. sexdentatus in modified traps (ANOVA, df = 1,
F = 0.528, p = 0.475). The mean number of non-target bark beetle catches did not differ
between the two types of traps (ANOVA, df = 1, F = 2.325, p = 0.141). On the contrary, the
mean number of all non-target beetles > 8 mm was lower in the modified traps (ANOVA,
df = 1, F = 27.744, p < 0.001). In fact, the percentage of all non-target beetles > 8 mm
trapped by the standard traps was 44.79% of the total (7,212 specimens, not including the
non-target bark beetles) (Figure 5A), while in the modified ones this percentage dropped
to 25.70% of the total (6871 specimens) (Figure 5B). In addition, the modified traps had a
lower species diversity (Simpson’s index = 0.56) compared to the standard ones (Simpson’s
index = 0.75). For 10 out of the 11 species included in the “non-target beetles > 8 mm”,
a decrease in catches was recorded with the modified traps, although this decrease was
statistically significant only for seven species: L. punctatus (ANOVA, df = 1, F = 34.181,
p < 0.001), M. crassicollis (ANOVA, df = 1, F = 30.968, p < 0.001), B. novemmaculata (ANOVA,
df = 1, F = 14.493, p < 0.01), A. griseus (ANOVA, df = 1, F = 18.985, p < 0.001), and B. incanus
(ANOVA, df = 1, F = 6.163, p < 0.05); both C. detrita and M. galloprovincialis were caught
only in standard traps.

Figure 3. Mean number of trapped adults of Ips sexdentatus and its main predators (Thanasimus formicarius and Temnoscheila
caerulea) in the study site (Municipality of Grosseto, Tuscany, Italy) using standard slot traps, from 2016 to 2019.
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Figure 4. Mean number (standard and modified traps together) of trapped adults of Ips sexdentatus,
non-target bark beetles, and non-target beetles > 8 mm in the study site (Municipality of Grosseto,
Tuscany, Italy) during 2019.

Figure 5. Percentages of I. sexdentatus and non-target beetles > 8 mm caught in standard traps
(A) and modified traps (B) baited with the I. sexdentatus aggregation pheromone in the study site
(Municipality of Grosseto, Tuscany, Italy) during 2019.

The two main bark beetle predators were the most-caught species in this category
(non-target beetles > 8 mm), though the efficacy of modified traps was less evident. Indeed,
catches in 2019 in the two types of traps were not statistically different (ANOVA, df = 1,
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F = 3.882, p = 0.061). Furthermore, the predator/prey ratios for T. formicarius in standard
and modified traps were 0.13 and 0.08, respectively, while for T. caerulea the predator/prey
ratios were 0.33 and 0.21. Predator (T. formicarius and T. caerulea) catches were positively
correlated to bark beetle (I. sexdentatus and non-target bark beetles) catches (Pearson
correlation, r = 0.404, p < 0.01), while no differences in all bark beetle captures emerged
between standard and modified traps (ANOVA, df = 1, F = 2.314, p = 0.142). However, the
percentage of predators in modified traps (1.22% of the total bark beetles and predators)
was significantly lower than that in standard traps (3.10%) (Chi square test, χ2 = 790.909,
p < 0.001). In addition, considering standard traps throughout the whole study period,
the mean number of catches for 2019 were significantly higher than the previous three
years’ (GLM, Wald Chi-Square = 46,295, p < 0.001). In modified traps (in 2016–2018 the
same traps, located in the same sites, but not yet modified, were used) there was not a
statistically significant difference (Figure 6).

Figure 6. Mean catches per trap per control date of T. caerulea and T. formicarius in standard and
modified traps in the study site (Municipality of Grosseto, Tuscany, Italy). Trap modifications were
not present until 2019; however, trap position never changed during the four-year study. Bars indicate
standard error.

Trap modification favored the larger species (Figure 7); in fact, beetles captured in
standard traps had a higher mean size (14.22 mm) compared to those in the modified traps
(12.14 mm) (ANOVA, df = 1, F = 15.014, p < 0.001). However, T. caerulea did not benefit from
trap modification despite its size (Figure 7). Comparing the size of trapped specimens of
each species in standard and modified traps, a general significant difference was observed:
for each species, specimens captured by modified traps were smaller in size (ANOVA,
df = 7, F = 14.972, p < 0.05). However, only in the case of A. griseus did this difference end
up being statistically significant (Wald Chi square = 8.878, p < 0.01).
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Figure 7. Body length (mm) of the trapped insect species. Red ovals represent species with a subsequent significant catch
reduction in modified traps. Bars indicate standard error.

4. Discussion

As already assessed in other studies [19,20] I. sexdentatus aggregation pheromone
attracts many other saproxylic beetles, among which are several bark beetles receptive
to the same pheromonal components [30]. In our study, the most-trapped beetles were
O. erosus and H. ligniperda, both of which had been shown to be captured when the
I. sexdentatus pheromone was used as bait [8,9,20]. Furthermore, Serez [31] demonstrated
how commercially available pheromones for I. sexdentatus can be used to attract O. erosus.
The numbers of specimens trapped in our studies were in agreement with the observations
of Serez [31] in Turkish areas infested by O. erosus; moreover, O. erosus has been recently
confirmed as an increasingly dangerous pest in Mediterranean pine forests [32]. However,
in our study area, O. erosus seems less aggressive. In fact, despite the abundant catches and
the fact that O. erosus is able to kill whole trees, in our study only small pine branches were
attacked, while no pines showed large areas of the trunk or of the main branches infested by
this species. Interestingly, T. destruens, the other bark beetle which causes serious damage
in the study area’s pine forest, was trapped only in low numbers (63 specimens total over
the four years).

Other saproxylic beetles trapped in I. sexdentatus traps were bark beetles’ predators,
which can be kairomonally attracted by the bait intended for their prey, as stated by
other studies [8,19]. In fact, these species can use aggregation pheromones, together with
volatiles, to locate their bark beetle prey [18]. In our study, four predators, T. formicarius,
T. caerulea, L. punctatus, and M. crassicollis were trapped. The first three species had
already been collected in traps baited with pheromone blends of I. sexdentatus in other
studies [8,19,20,33]. T. formicarius and T. caerulea are important bark beetle natural enemies
that contribute to their population control by preying on their larvae under the bark [9];
thus, catching these predators during mass-trapping constitutes a problem for bark beetle
management. Bark beetle control methods must be sustainable, impacting only (or almost
only) the target species. In this study, the predator/prey ratios were considerably high
compared to other studies [34]. This could cause a boomerang effect, since it was estimated
that a reduction of predator densities could lead, within 4–20 bark-beetle generations, to a
doubling of the pest population, prolonging bark beetle outbreaks [35].
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Yet another important consideration is that other saproxylic beetles, including vul-
nerable species, also locate their plant hosts by exploiting bark beetle pheromones [36]. In
our study’s catches, almost all beetles > 8 mm were saproxylic. Among these, we found
several vulnerable species: Melolonthidae A. grassii is considered rare; one species of
Buprestidae, C. detrita, is categorized as “endangered” in the European red list of the Italian
saproxylic beetles; and one, Cerambycidae O. nodieri, which is “near threatened” and is
also considered a facultative predator of bark beetles [37]; all other species were of lesser
concern [38]. Many of the captured species had already been caught in similar studies with
traps baited with conifer monoterpenes and/or bark beetle pheromones containing ipsenol
and 2-methyl-3-buten-2-ol, or ipsdienol [8,9,19,20,36]. Therefore, besides the problem of
predator decline, mass-trapping might reduce the overall biodiversity of saproxylic insects,
with even higher impacts on endangered species.

The hypothesis that low I. sexdentatus populations may negatively affect target/non-
target ratios in traps was proposed by Panzavolta et al. [20], who, in their two-year study,
observed low population densities and low percentages of the target bark beetle in traps
(ranging between 2% and 35%). In the present study, higher averages of I. sexdentatus
specimens were caught by pheromone traps, and more severe damage to the pine forest
was observed, both indicative signs of a larger population density. In fact, considering only
the study period of Panzavolta et al. [20] (from June to the end of I. sexdentatus flight), we
trapped a mean of about 492 specimens per trap per year, while in their study only 44.3 and
3.7 mean catches were obtained. However, in the current study, higher I. sexdentatus catches
corresponded to higher non-target catches. In fact, during the four years, I. sexdentatus
accounted for only 8% of the total specimens collected in the pheromone traps. Therefore,
the low specificity of the pheromone blend used is confirmed, regardless of I. sexdentatus
population level.

This study confirmed the effectiveness of the trap modifications proposed by
Martín et al. [9] if all saproxylic beetles > 8 mm were considered together, although modi-
fications applied are still not enough to negate non-target catches of some species taken
individually. More specifically, results were not satisfactory for all natural enemies: only
for L. punctatus and M. crassicollis was the catch reduction in modified traps significant in
comparison with standard traps, while the two main predators T. formicarius and T. caerulea
were caught in high numbers in modified traps as well, in agreement with Martin et al. [9].
Traps in our study were also provided with escape windows, not present in the slot traps
modified by Martin et al. [9], but this did not lead to fewer catches of this non-target species
when compared with their study, as we recorded a ratio of one trapped T. caerulea for every
five I. sexdentatus. However, we found that catches of T. formicarius and T. caerulea were
positively correlated with those of bark beetles (all trapped species). Probably, as suggested
by Bakke and Kvamme [39], predators may be also attracted by already caught bark beetles
inside the trap, which may release pheromones with their frass. In fact, some bark beetle
species are able to produce pheromones after emergence without feeding, as demonstrated
for I. paraconfusus Lanier and I. pini (Say) [40]. In our study, traps with high bark beetle
catches resulted uniformly distributed between modified and standard traps (differences
in mean catches were not statistically significant). However, if we consider predators in
proportion to bark beetles, a statistically significant reduction of predator catches emerged
in modified traps, showing an encouraging outcome for trap modifications.

Another important strategy to reduce the impact of mass-trapping on non-target beetle
species is to adjust the period of traps set in the field, exploiting the different seasonal
abundance of target and non-target beetles. Overall, we observed the lowest non-target
catches during autumn, both as regards beetles > 8 mm long and non-target bark beetles
(Figure 4). This is in agreement with other studies that confirmed the lowest flight activity
of bark beetles’ predators during autumn [20,27], or at least their higher activity during
spring [18,25]. The highest catches of I. sexdentatus in our study area occurred, on the
contrary, in autumn, at least in the 2016–2018 period. This was not confirmed in 2019;
however, this was likely due to the phytosanitary felling of numerous attacked pines in the
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study area which was carried out at the end of 2018. As a result, I. sexdentatus population
density was reduced, and the study area traits were also modified significantly.

5. Conclusions

The results of our study give emphasis to the low specificity of I. sexdentatus aggrega-
tion pheromone, as well as its negative effects if used in mass-trapping programs. Slot trap
modifications may mitigate the negative effects of mass-trapping on non-target saproxylic
beetles, particularly on larger beetles > 8 mm; however, catches of the main bark beetles’
predators, T. formicarius and T. caerulea, still remain too high, a negative effect which could
escalate in successive generations, leading to a doubling of bark beetle numbers and pro-
longing outbreaks. Thus, it would be particularly advantageous to exploit the different
seasonal abundance of target and non-target beetles particularly in mild areas where the
target species’ main flight peak occurs in autumn, when other saproxylic species adults are
generally less abundant. Therefore, to mitigate the negative effects of I. sexdentatus manage-
ment on the forest, especially to reduce non-target catches, we recommend choosing slot
traps modified with a 6-mm mesh screen and three additional escape windows, as well as
concentrating mass-trapping in the autumn.
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