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Abstract

The present study aimed to compare some commercial traps
baited with ammonium carbonate for their efficacy in monitoring
Bactrocera oleae (Rossi) and their selectivity toward beneficial
insects, under the conditions of olive groves located in five
Mediterranean countries (Greece, Italy, Lebanon, Spain, Tunisia).
The selectivity of the devices was evaluated toward several groups
of non-target insects, namely lacewings (Chrysopidae), hoverflies
(Syrphidae), ladybirds (Coccinellidae), bees (Apoidea) and
hymenopteran parasitoids. The following devices were compared:
yellow sticky panel, green sticky panel, Jackson trap with different
combinations of yellow and white colours of the device and/or the
panel, and McPhail trap. In most cases, the McPhail trap and the
yellow panel showed the highest efficacy in monitoring male and
female B. oleae flies; however, the yellow panel was most attractive
for some groups of non-target insects, particularly the hymenopter-
an parasitoids, whereas the comparative non-target effects were site-
specific for the other arthropod groups. In the case of Chrysopidae,
McPhail caught more individuals than the other traps in Italy and
Spain, whereas in Lebanon and Greece, the highest number of indi-
viduals was captured in the two sticky panels. Coccinellidae were
found in very low numbers only in Lebanon on yellow panels.
Syrphidae were captured mainly on sticky panels in Greece and
Tunisia. Apoidea were found only on yellow panels in Lebanon.
The choice between the McPhail trap and the yellow panel should
be made on the basis of various evaluations carried out at the site,
including operational ones.

Introduction

Traps for pest monitoring and control purposes are considered
important tools in the context of integrated pest management (IPM).
In the case of fruit flies, their use has been a long and well-estab-
lished practice routinely employed, especially when their attractivi-
ty and/or specificity are enhanced by an attractant combined with
the specific shape and colour of the device.

Among the numerous traps tested in recent years for fruit flies,
most can be traced back to two basic modes of action, wet and dry
types, which use an attractant solution inside the device or sticky
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surfaces to capture the flies, respectively (FAO/IAEA, 2018).

The olive fruit fly (OFF), Bactrocera oleae (Rossi) (Diptera:
Tephritidae), is the key pest of olive groves in most geographic areas
where crops are cultivated (Tzanakakis, 2000). Attractant devices
have been extensively used for B. oleae monitoring, suppression and
control purposes, and various attractive stimuli have been used to
make traps more efficient, alone or in combination, that include a
yellow color, sexual pheromone (spiroketal) and food attractants,
such as hydrolyzed proteins and various ammonium salts, including
ammonium carbonate, ammonium sulphate and ammonium phos-
phate (Ordano et al., 2015; FAO/IAEA, 2018). For monitoring B.
oleae, various devices have been suggested by the International
Atomy Energy Agency (FAO/IAEA, 2018). Among wet traps,
McPhail (MP) and Multilure traps baited with protein attractants
have been reported. Within the dry trap category, Easy trap, ChamP
and yellow panels (YP) baited with spiroketal and ammonium car-
bonate have been cited. However, other trap models have been tested
in recent years, including Jackson traps, a delta-shaped dry model
used to monitor various fruit fly pests (Caballero, 2002; Calabrese
and Sciarretta, 2019; Manoukis ef al., 2023).

The use of attractant devices can also have negative non-target
effects, such as the capture of beneficial arthropods, including polli-
nators, predators and parasitoids (Coelho et al., 2010). This effect
becomes particularly problematic for natural enemies attracted to a
specific semiochemical, such as pheromones, as observed for bark
beetles and San Jose scale insects (McClain et al., 1990; Martin et
al., 2013), or when an active stimulus is used for many groups of
insects, such as a yellow color (Shimoda and Honda, 2013). In this
context, the capture of non-target insects has been recorded for var-
ious attractant devices used to monitor, suppress and/or control fruit
flies, in particular for B. oleae, with several studies focusing on
attracting and killing or mass trapping control purposes
(Neuenschwander, 1982; Ragoussis, 2005; Porcel er al., 2009;
Infusino et al., 2014; Fathkohi et al., 2018; Calabrese and Sciarretta,
2019). Captures of non-target species have also been recorded in
trapping devices used to monitor, mass trap, or attract and kill
Ceratitis capitata Wiedemann and Anastrepha sp. and to eradicate
invasive Bactrocera species (Leblanc et al., 2009; Braham, 2013;
Infusino et al., 2014; Galdino and Raga, 2018; Hafsi et al., 2015).

Olive groves are agroecosystems known for their richness in
entomofauna (Tzanakakis, 2006). The canopy of olive trees supports
a high arthropod diversity that includes parasitic and predatory
species acting for the biological control of pests of the olive crop but
also provides shelter to many other arthropod species that offer valu-
able agroecosystem services (Ruano et al., 2004; Rei et al., 2010).

4

For this reason, it is essential to pay more attention to the side effects
of traps used for monitoring olive pests, such as B. oleae, toward
non-target insects.

In the present paper, we conducted a comparative study under
field conditions on various attractant devices used to monitor OFF. In
particular, some dry traps, such as coloured sticky panels and Jackson
traps with different combinations of yellow and white, were selected.
The MP trap was also included because it has been used for several
decades in various Mediterranean countries as a standard monitoring
device for B. oleae (Katsoyannos and Kouloussis, 2001; Varikou,
2014). Special emphasis was given to comparing the efficacy and
selectivity of the trap devices under the different agroecological con-
ditions and arthropod communities in olive groves of five
Mediterranean countries, Greece, Lebanon, Italy, Spain and Tunisia,
all following the same experimental protocol. The primary objectives
of the research were to identify the most effective trapping device for
B. oleae males and females, as well as to evaluate the selectivity of
these different traps towards non-target insects. In particular, our
focus was on specific groups of beneficial insects that included
lacewings (Neuroptera Chrysopidae), hoverflies (Diptera Syrphidae)
and ladybirds (Coleoptera Coccinellidae) as predators; hymenopteran
parasitoids  (Hymenoptera Ichneumonoidea, Chrysidoidea,
Chalcidoidea) as parasitoids; and bees (Apoidea) as pollinators.

Materials and Methods
Experimental sites

The experiments were carried out in five countries: Greece,
Italy, Lebanon, Spain and Tunisia (Figure 1).

In Greece, the experimental olive grove was located in Arkadiko
village, Argolis region, in eastern Peloponnese, in a hilly area (240
m a.s.l.) at a distance about 6 km from the sea. The surface of the site
was 30 ha of the cultivar Manaki (medium- to large-sized drupes).
The grove was surrounded mainly by olive groves but also by a cit-
rus orchard, an apricot orchard and small vegetable fields. The trees
were about 10-40 years old, 3-4 m high, with a crown size of about
5-6 m; they were spherical trained, with a planting pattern of 4x5
and 5x5. For weed management, the farmer used mechanical control
with a rotary mower or rotary cutting of weeds.

In Italy, the experimental site was located in Larino (270 m
a.s.l.), Molise region. The olive grove was organic and covered 17.5
ha, with cultivars Gentile di Larino and Peranzana, surrounded by
vineyards and cereals. The trees were about 25-30 years old and 5-7

Figure 1. Location of experimental olive groves in each country: A) Greece; B) Italy; C) Lebanon; D) Spain; E) Tunisia.
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m high, with a crown size of about 4 m; they were monocone
trained, with a planting pattern of 6x6 and 6x5. There was no tillage
for rotary cutting of weeds.

In Lebanon, the experimental site was located in the Hassbaya
region (600 m a.s.l.), covering 6.25 ha (250%250 m) of non-irrigated
olive trees of the cultivar Baladi. The groves were surrounded by
pine trees and grapes. The trees were 20-40 years old. The distance
between trees ranges from 5 to 6 m, giving a density of 250 to 300
trees per ha. Tree heights ranged from 3 to 5 m, with a canopy diam-
eter of 3x3 m and 5x5.5 m. The planting distance was determined
under a linear system. The tree shape showed a spreading growth
habit. Weeding was almost absent.

In Spain, the experimental site was located in Alcolea (128 m
a.s.l., Cordoba). The farm used IPM and covered 6.25 ha of olive
trees (250x250 m) of cultivar Picual under irrigation, surrounded by
horticultural and almond crops. The trees were about 3-20 years old
and 4-6 me high and had a crown diameter of 5-10 m, with a planting
frame of 8x5 m, giving a density of 250 trees per hectare. The trees
had an open canopy formation. The farm used a no-tillage system;
herbicides were used twice a year, once in spring and once in autumn
before harvest.

In Tunisia, the orchard in which the experiment was conducted
was part of a conventional domain of 126 hectares belonging to the
Olive Tree Institute and composed of a huge collection of olive,
almond and pistachio trees. This domain was located 26 km from the
coast. The experimental orchard had an area of 68 hectares and con-
tained rain-fed olive trees of the cultivar Chemlali. The distance
between trees was 24 m and the orchard was planted under a linear
system, giving a density of 17 olive trees per hectare. Trees had a
height ranging between 4 and 5 m and a canopy diameter of 8-9 m

and were maintained according to goblet pruning. The olive trees
were rather aged (around 80 years old) and produced fruit once every
2 years according to the specificity of the cultivated variety and the
region. The tillage was mechanical and undertaken 5 times/year.

Trap devices

In Italy, Lebanon, Spain and Tunisia, six trapping devices were
compared (Figure 2): yellow sticky panel (YP, Figure 2A); green
sticky panel (GP, Figure 2B); white Jackson trap with yellow
sticky panel inside (WJYP, Figure 2C); McPhail (MP, Figure 2D);
yellow Jackson trap with white sticky panel inside (YJWP, Figure
2E); and yellow Jackson trap with yellow sticky panel inside
(YJYP, Figure 2F).

In Greece, the white Jackson trap with the white sticky panel
(WJWP) was used instead of the white delta trap with YP and MP
was not tested.

All devices were baited with 10 g of solid ammonium carbonate
in plastic bags or vials (food attractant to attract both males and
females of B. oleae), except the MP traps, which were activated with
the water-soluble proteins supplied within the trap itself.

In the case of sticky panels (YP or GP), only one side was sticky,
and the other side was covered with white paper to make the sticky
surfaces of panels and Jackson devices comparable. In all cases, the
size of the sticky surface was 21x14 cm.

Experimental design

In Italy and Spain, field trials were carried out following a 6x4
experimental design, with 6 devices and 4 replicates; in Greece, a

Figure 2. The different types of devices used in the field trials: A) yellow panel; B) green panel; C) white Jackson with yellow panel; D)
McPhail; E) yellow Jackson with white panel; F) yellow Jackson with yellow panel.
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5x4 scheme was applied, with 5 devices and 4 replicates; in Lebanon
and Tunisia, a 6x6 scheme was applied, with 6 devices and 6 repli-
cates. The distance between traps in the same block was around 50
m. Within each block, the traps were rotated every four days in
Greece, Italy, Spain and Tunisia and every six days in Lebanon.

In all countries, the trials were carried out at the end of the sum-
mer or in the autumn months, i.e., during the period when the mon-
itoring system with attractant devices is implemented in most
Mediterranean countries. In each country, the start time was decided
when an increase in the B. oleae population was observed to have a
sufficient number of catches in the traps. Specifically, they started on
August 29", 2021 in Lebanon, on September 14t and 27% in Spain
and Italy, respectively, on October 24™ in Greece, and on November
8™ in Tunisia.

A complete rotation of the traps was carried out once in all coun-
tries, except Tunisia, where it was carried out twice. The total dura-
tion of the experiment was 24 days in Greece, Italy and Spain, 42
days in Lebanon, and 48 days in Tunisia.

During each monitoring period, all sticky panels and the content
of MP traps were brought to the laboratory to identify trapped
insects.

In addition to the male and female olive flies, the following non-
target insect groups were recorded: lacewings (Chrysopidae), hover-
flies (Syrphidae), ladybirds (Coccinellidae), bees (Apoidea) and
hymenopteran parasitoids. For this last category, in Greece and
Spain, insects belonging to Ichneumonoidea, Chrysidoidea and
Chalcidoidea were considered together, without stricter identifica-
tion, whereas in Italy, Lebanon and Tunisia, identification was per-

4

formed at the family level. The identification of the different insects
found in the traps was realised under a magnifying stereoscope
based on several identification keys (Ashmead, 1900; Achterberg,
1993; Sarthou et al., 2001; Tschorsnig and Herting, 2001; Noyes,
2007; Giacomino, 2007; Broad, 2011).

Data analysis

For each experimental site, B. oleae males and females and non-
target insect categories expressed as individuals/trap/day were sub-
mitted to a one-way analysis of variance (ANOVA), with the trap
device as the main effect. All analyses were conducted using
Statistical Package for the Social Sciences Statistics version 26.
Before analysis, counts (x+1) were natural log-transformed to nor-
malize the variances and standardize the averages. The averages
were separated using the post-hoc Tukey-Kramer test at P<0.05.

Results
Bactrocera oleae trap captures

Considering all traps together, the OFF catches in various coun-
tries ranged from the highest level of 9.9 flies/trap/day (FTD) in
Spain to a minimum of 0.1 FTD in Greece, Italy and Lebanon; in the
case of Tunisia, only sporadic catches were made, which did not
allow for statistical analysis.

Regarding B. oleae male catches, YP was the most effective in all
countries (Figure 3). In Italy and Spain, GP and MP were statistically
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Figure 3. Mean daily capture of Bactrocea oleae males in the attractant devices in Greece (A), Italy (B), Lebanon (C), and Spain (D). YP,
yellow panel; GP, green panel; WJYP, white Jackson with yellow panel; YJWP, yellow Jackson with white panel; YJYP, yellow Jackson
with yellow panel; MP, McPhail, WIWP, white Jackson with white panel (only for Greece). Different letters refer to significant differences

between devices (ANOVA, P<0.05).
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as effective as YP, although GP captured fewer flies. However, in
Lebanon, MP was significantly less effective than YP, and in Greece
and Lebanon, GP caught fewer flies than YP. Jackson traps, in any
tested combination (white or yellow Jackson traps with white or yel-
low sticky panels), showed the lowest number of catches in all coun-
tries. The ANOVA results are reported in Supplementary Table 1.

For females, YP was the most effective in all countries (Figure
4). In Spain, GP and MP were also as effective as YP. In Italy, the
same effectiveness was shown for YP and MP, whereas GP was
statistically less effective. As for males in Greece and Lebanon, GP
caught fewer flies than YP. Jackson traps, in any tested combina-
tion (white or yellow Jackson trap with a white or yellow sticky
panel), showed the lowest number of catches in all countries. The
statistical results are summarised in Supplementary Table 1.

The average proportion of females and males varied from
country to country (see Supplementary Table 2). In Greece, there
was a prevalence of females over males in all trapping devices. In
Italy, in the case of YP, there was a marked prevalence of males
over females but a 1:1 proportion in GP and MP. In Lebanon, there
was a prevalence of males in all tested devices. In Spain, there was,
in general, a proportion close to 1:1, with a slight prevalence of
females in sticky panels and yellow Jackson traps.

Natural enemies’ capture

Chrysopidae

Lacewings were found in all trials, being more abundant in Italy
and Spain and less abundant in Greece and Lebanon. In Tunisia,

only one specimen was caught during the trial period in MP. In Italy
and Spain, MP was the most attractive trap, whereas in Greece and
Lebanon, it was YP (Figure 5). In Spain, although to a lesser extent,
all other traps caught Chrysopidae, while in Italy, the other traps
caught very few specimens. In Greece, GP was comparable to YP
(Figure 5). The statistical results are reported in Supplementary
Table 1.

Coccinellidae

In Lebanon, only a few ladybirds were caught in YP, JYWP and
MP (Figure 6), with no statistical differences among trap types (see
Supplementary Table 1).

Syrphidae

No hoverflies were caught in Italy or Spain. In Lebanon, due to
the low number of individuals captured, statistical tests were not
conducted. In Greece, trapping was more abundant; in this case,
YJYP was the most attractive device, followed by YIWP and WIWP
(Figure 7). The captures of syrphids on either YP or GP were kept at
almost zero levels. In Tunisia, GP and YP were the only traps to
attract a few specimens (Figure 7). The statistical results are shown
in Supplementary Table 1.

Hymenopteran parasitoids

The number of parasitoids caught during the trials was very
variable in different countries, being higher in Italy and Lebanon
and much lower in Spain. In Italy and Tunisia, both YP and GP
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Figure 4. Mean daily captures of Bactrocea oleae females in the attractant devices in Greece (A), Italy (B), Lebanon (C), and Spain (D).
YP, yellow panel; GP, green panel; WIYP, white Jackson with yellow panel; YJWP, yellow Jackson with white panel; YJYP, yellow
Jackson with yellow panel; MP, McPhail; WIWP, white Jackson with white panel (only for Greece). Different letters refer to significant

differences between devices (ANOVA, P<0.05).
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were the most attractive devices. In Lebanon, however, YP was by found. The most common were Mymaridae and Platygastridae,
far the most attractive compared to all other devices tested (Figure followed by Eurytomidae, Pteromalidae and Encyrtidae (Figure

8). In Spain, GP caught about one-third as many specimens as YP, 9A). In Lebanon, almost all parasitoids belonged to the super-
similar to both yellow Jackson traps (Figure 8). In all countries, family Chrysidoidea; the remainder belonged to the families
MP captured a very low number of parasitoids. The statistical Encyrtidae, Pteromalidae and Eupelmidae (Figure 9B). In
results are shown in Supplementary Table 1. Tunisia, the Ichneumonidae family was dominant over

In Italy, Lebanon and Tunisia, hymenopteran parasitoids have Braconidae, whereas families in the Chalcidoidea group were
been identified at the family level. In Italy, 16 families were less abundant (Figure 9C).
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Figure 5. Mean captures of Chrysopidae in the attractant devices in Greece (A), Italy (B), Lebanon (C), and Spain (D). YP, yellow panel;
GP, green panel; WJYP, white Jackson with yellow panel; YIWP, yellow Jackson with white panel; YJYP, yellow Jackson with yellow
panel; MP, McPhail, WIWP, white Jackson with white panel (only for Greece). Different letters refer to significant differences between
devices (ANOVA, P<0.05).
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Figure 6. Mean capture of Coccinellidae (A) and Apoidea (B) in attractant devices in Lebanon. YP, yellow panel; GP, green panel; WIYP,
white Jackson with yellow panel; YJWP, yellow Jackson with white panel; YJYP, yellow Jackson with yellow panel; MP, McPhail.
Different letters refer to significant differences between devices (ANOVA, P<0.05).
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Apoidea

Bees were captured only in Lebanon in YP and in Jackson
traps with YP (Figure 6). The specimens identified belonged to
five families, the most abundant of which was Colletidae, with
43% of bee captures, whereas 21% of the captures were honey-
bees (Figure 10). The statistical results are reported in
Supplementary Table 1.

Discussion and Conclusions

The comparative results of the OFF captures among the trap
devices showed that MP and YP had the best trapping performance
for both males and females and that it was fairly evenly across the
various countries where the experiments were conducted. In
Lebanon, however, MP performed quite poorly. In any case, for
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Figure 7. Mean capture of Syrphidae in the attractant devices in Greece (A), and Tunisia (B). YP, yellow panel; GP, green panel; WJYP,
white Jackson with yellow panel; YJWP, yellow Jackson with white panel; YJYP, yellow Jackson with yellow panel; MP, McPhail; WIWP:
white Jackson with white panel (only for Greece). Different letters refer to significant differences between devices (ANOVA, P<0.05).
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Figure 8. Mean captures of hymenopteran parasitoids in the attractant devices in Italy (A), Lebanon (B), Spain (C), and Tunisia (D). YP,
yellow panel; GP, green panel; WJYP, white Jackson with yellow panel; YJWP, yellow Jackson with white panel; YJYP, yellow Jackson
with yellow panel; MP, McPhail. Different letters refer to significant differences between devices (ANOVA, P<0.05).
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comparison reasons, we tested only one-sided sticky panels, while
the standard practice is to have both sticky surfaces exposed. Studies
carried out in Crete (Greece) in September reported that YP captures
were significantly lower than those using MP (Varikou et al., 2013),
whereas other studies in the Balearic Islands (Spain) highlighted a
better performance of YP than MP (Miranda et al., 2019).
Katsoyannos et al. (2007) suggested that, under dry and hot condi-
tions, wet traps perform better for OFF than dry ones.
Environmental conditions can thus influence the performance of
traps and could explain the differences observed among the different

= Mymaridae

= Pteromalidae
= Platygastridae
= Encyrtidae

= Eurytomidae

Other families

B LEBANON

= Eupelmidae

= Encyrtidae

= Pteromalidae

® Braconidae

= Ichneumonidae
Chrysidoidae

= Chalcidoidea

= Pteromalidae

: Braconidae

® [chneumonidae

cases. More generally, the information provided by monitoring traps
in the field is always limited because it is subject to ecological or
biological factors that may interfere with the performance of the
trap; thus, a good practice is to supplement the capture of adults with
sampling of the drupes (Varikou, 2014).

GP had a comparable result with YP in Italy and Spain but a sig-
nificantly lower result in Greece and Lebanon. The color yellow has
a reflectance between 500 and 520 nm and has the highest attractiv-
ity toward B. oleae (Girolami and Cavalloro, 1973). In previous
experiments, Katsoyannos and Kouloussis (2001) highlighted that
yellow was comparatively more attractive for B. oleae than green.
However, odor attractants are usually more effective than visual cues
(Prokopy et al., 1975); this could explain why GP and YP performed
equally in Italy and Spain.

Jackson traps with different combinations of colours always had
significantly lower levels of catches. Calabrese and Sciarretta (2019)
tested various traps, including YP and Jackson traps of different
sizes, baited with ammonium carbonate, and in contrast to our
results, they found that making traps equivalent in relation to the size
of the sticky surface resulted in no differences in the capture of both
sexes. However, the observed lower catches could be explained by
the reduced propensity of B. oleae individuals to enter the inner part
of the trap. For example, using MP, Prokopy et al. (1975) observed
that flies first land on the trap exterior, mostly on the outer wall, and
many of these arrivals eventually fly away and escape.

The ammonium carbonate used in dry traps was demonstrated to
attract both sexes, although with a variable ratio of females to total
catches among the different countries. For YP, the ratio was above
50% in Greece and Spain but 33-35% in Italy and Lebanon. In pre-
vious studies where ammonia attractants were used, a prevalence of
males was usually found (Longo et al., 1982; Rice et al., 2003;
Katsoyannos et al., 2007). However, Mazomenos et al. (2002) found
no differences in male and female captures when using MP baited
with 3% ammonium carbonate. The result was similar for GP, except
in Lebanon, where this device caught very few flies and no females.
In the case of MP activated with water-soluble proteins, the ratio was
close to 50% in Italy and Spain, lower than that in Lebanon.

With regard to the capture of non-target insects, Crysopidae is an
important group of beneficial insects, and its presence is well-known
in olive agroecosystems (Herrera et al., 2019). Their larval stages are
key predators of main olive pests, such as Prays oleae (Bernard),
Saissetia oleae (Olivier) and Euphyllura olivina (Costa) (Ramos et

LEBANON
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m Megachilidae
= Halictidae
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Figure 9. Families of hymenopteran parasitoids recorded in all
trapping devices during the field trials carried out in Italy (A),
Lebanon (B), and Tunisia (C).

Figure 10. Numbers of specimens belonging to different families
of Apoidea recorded in all trapping devices during the field trials
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al., 1984; Campos, 1989; Szentkiralyi, 2001). In our trials,
lacewings were well represented at all sites. MP caught more indi-
viduals than the other traps in Italy and Spain, whereas, in Lebanon
and Greece, the highest catches were found using the two sticky pan-
els. The high presence in MP-type traps has also been reported by
Katsoyannos et al. (2007), who observed an increase in catches
when baiting with ammonium bicarbonate. The use of ammonium
carbonate in sticky traps may explain the high number caught in the
sticky traps in our experiments.

Captures related to hymenopteran parasitoids, for which sensi-
tivity to certain colors, such as yellow, is known (Vargas et al.,
1991), were relatively homogenous between countries, with a gen-
eral prevalence of catches in sticky panels. The family composition
in traps was diverse in the three countries where identification was
carried out, showing different dominant families. Olive groves are
home to a rich fauna of hymenopteran parasitoids, linked to the
numerous phytophagous insects present in the olive grove, including
B. oleae, as well as to the many species linked to other plants exist-
ing in this rich agroecosystem (Neuenschwander, 1982; Pascual et
al., 2022). Among the most commonly reported families are
Scelionidae, Encyrtidae, Pteromalidae, Eulophidae, Mymaridae,
Braconidae, Aphelinidae and Trichogrammatidae (Pascual et al.,
2022). Their faunal composition is strongly influenced by environ-
mental factors, such as the presence of cover crops (Rodriguez et al.,
2012) and the heterogeneity of the landscape (Pascual et al., 2022).

Coccinellidae is a family of predatory beetles considered to be
well-represented in olive groves, with numerous species present
from spring to autumn (Gongalves et al., 2007; Franin et al., 2019).
Neuenschwander (1982) reported the presence of hundreds of coc-
cinellids in YP, with a decline during the summer months. However,
in our experiments, they were found only in Lebanon in very low
numbers. This result could be related to the type of management of
the herbaceous cover of the olive grove; in fact, Lebanon was the
only case where there was no weed management, not even mowing.

The presence of Syrphidae in olive groves has been reported to
be well-represented and favored by complex landscape structures in
the presence of flowers (Ortega et al., 2023). Syrphid larvae are
predators of various olive pests, such as Euphyllura straminea
Loginova, E. olivina, Palpita vitrealis (Rossi) and P. oleae (Rojo et
al., 2003), whereas adults are pollinators of many types of plants,
including olives (Canale and Loni, 2010). In our case, hoverflies
were found only in tests conducted at the end of the season (Greece
and Tunisia), when some fall blooms probably occurred. In Tunisia,
most of the catches occurred in sticky panels, whereas in Greece,
catches in sticky panels were extremely low but highest in yellow
Jackson traps.

A large number of bees are usually found in the olive grove
agroecosystem throughout the year, although the olive tree does not
require entomophilous pollination (Pascual, 2022). However, it has
been reported that even if olive trees produce small and inconspicu-
ous flowers that are less attractive to many pollinators, bees are high-
ly attracted to the scent and nectar of olive flowers (Giovanetti,
2018). In our trials, we observed bee catches only in Lebanon in YP
with one-quarter of them being honeybees.

According to the captured data of male and female B. oleae flies,
both MP and YP showed the best performance in terms of the flies
captured. Therefore, as far as their efficacy is concerned, both trap
types can be used in automated traps for monitoring OFF, particular-
ly the sticky panel, which can be easily adapted (Shaked et al., 2018).
From an operational point of view, counting the trapped individuals
in the MP trap and their sexing is a more time-consuming and com-
plex operation than the adhesive panel. Furthermore, in the case of
low temperatures, the reduced evaporation of the liquid may reduce
the attractiveness of MP. However, the sticky panel, in the case of
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high populations, can quickly become saturated within a few days,
i.e., it is covered with dead flies and loses its adhesive capacity.

Overall, YP and GP showed more catches of hymenopteran par-
asitoids in all countries, whereas for other groups of non-target
insects, such as Chrysopidae, a more differentiated situation was
observed. According to Neuenschwander (1982), who assessed the
effect on beneficial insects when using YP for B. oleae mass trap-
ping, a density of 3-5 YP/tree can virtually eliminate beneficial
fauna from the olive grove. However, if YPs are used for monitoring
purposes with a density of around 2 YP/ha, the negative effect on the
populations of any non-target insect groups is deeply reduced.

These data, combined with the efficacy data of the different trap
types tested in this study, are also useful in choosing the trap type to
be used in the development of electronic traps. In fact, the selection
of the trap type should be made based on various evaluations carried
out on-site, including operational ones such as those implemented
here in 5 Mediterranean countries. Based on the evidence gained,
both MP and YP could be used in automated traps to monitor OFFs,
particularly sticky panels, which can be easily adapted (Shaked et
al., 2018).
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