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Abstract

The development of reliable monitoring techniques can offer valuable sources of knowledge on the control of
Thaumetopoea pityocampa (Denis and Schiffermiiller) (Lepidoptera: Thaumetopoeidae). Nevertheless, there is
a knowledge gap on the simultaneous large-scale monitoring of T. pityocampa male adult population by using
novel trap devices. Thus, the influence of type of trap device on the capture of male adults of T. pityocampa was
evaluated in four areas with pine trees in southern Europe; two in Greece (Thessaly and Attica), one in ltaly
(Molise), and one in Spain (Valencia). Six different novel trap devices, i.e., Prototype 1, Prototype 2, Prototype 3,
Prototype 4, Prototype 5, and Prototype 6, were tested during 2015 between July and November. In general, the
male adult catches lasted longer in the two sites of Greece compared with Molise and Valencia. Hence, in
Thessaly, captures started in early August and remained at high levels until late September. In Attica, captures
started in mid-August and lasted until early November. In contrast, for both Molise and Valencia, most of the
male adults were captured in August, while male adult catches were recorded until September. From the trap
devices tested, Prototype 1 was found superior than the other devices, regardless of the area, with the exception
of Valencia, where there were no differences in the overall captures among Prototype 1, Prototype 5, and
Prototype 6. In most of the combinations tested, there was a positive and significant correlation among captures
of T. pityocampa in pairs of different trap devices, indicating that most of them gave similar population fluctu-
ations. Our results suggest that Prototype 1 should be selected for the monitoring of T. pityocampa male adult
population.
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Thaumetopoea  pityocampa  (Denis  and  Schiffermiiller) 2003, Athanassiou et al. 2007, Kerdelhué et al. 2009). It can cause

(Lepidoptera: Thaumetopoeidae) is probably the most commonly serious defoliations, which eventually weaken the trees or even lead
known species that infests pine trees in the Mediterranean area to death, especially in the cases of infestations by secondary colon-
(Devkota and Schmidt 1990, Devkota et al. 1992, Zhang et al. izers, such as wood- and bark-boring insects or fungi (Athanassiou
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et al. 2007). Nevertheless, even in cases that the trees are able to sur-
vive the infestation, tree growth is seriously affected (Jacktel et al.
2006). This is particularly important in the case of pine trees located
in urban and suburban areas, such as parks, recreational and resi-
dential areas, especially in the coastal zones of the Mediterranean
basin, where pines constitute an essential floristic element. Apart
from the infestation per se, larvae of this species release urticating
hairs that are able to cause serious skin and eye irritation problems,
strong allergic reactions, and respiratory disorders to humans or ani-
mals (Moneo et al. 2015).

Despite the fact that, until recently, T. pityocampa was con-
sidered a species restricted only in the Mediterranean basin, recent
reports revealed that it has already expanded in areas of northern
Europe that were regarded as Thaumetopoea pityocampa-free
(Robinet et al. 2012). For example, Li et al. (2015) showed that
T. pityocampa has moved far northern than initially considered, and
it is now a common pest at the areas of Bretagne and central France,
often with extreme population outbreaks. In fact, some of these “long
jumps” to central and northern Europe are considered as “human
mediated”, but they are also associated with climate change (Robinet
etal. 2012, Li et al. 2015). Currently, T. pityocampa is regarded as an
invasive species for many areas of Northern-Central Europe and its
further expansion is likely to carry on in next years (Robinet et al.
2012, Battisti et al. 2015). Moreover, in Portugal, it has been recently
revealed that there are two allochronic populations of T. pityocampa,
with shifted phenologies, which coexist in the same ecosystems
(Berardi et al. 2015, Branco et al. 2016).

From a phytosanitary point of view, as from the perception of
the economic damage in forests, urban or suburban areas, and pub-
lic health issues, it is essential to draw an action plan not only for
controlling its further spatial distribution, but also for drastically
reducing larval populations in already heavily infested areas.
Chemical control of T. pityocampa has relied on a relatively narrow
range of active ingredients, such as those that are based on the bac-
terial insecticide Bacillus thuringiensis Berliner var. kurstaki (=Btk)
(Bacillales: Bacillaceae) and those that are based on insect growth
regulators (Robredo 1980, Robredo and Obama 1987, Trematerra
2016). The development of reliable monitoring techniques can offer
valuable sources of knowledge on the control of T. pityocampa
(Martin 2015). Nevertheless, monitoring strategies face several
drawbacks in the case of T. pityocampa. For instance, counting of
winter nests is not easy when the trees are tall or grow at high-dens-
ity stands and may lead to unreliable estimations in the beginning of
outbreaks when the population levels are still low (Jacktel et al.
2006). Furthermore, monitoring of larvae of T. pityocampa is not
easy owing to the health risks that are associated with the possible
contact with the larvae during sampling (Battisti et al. 2011).
Hence, monitoring of male adults is one of the solutions suggested,
as there are no allergenic risks, while at the same time, trapping can
be less laborious than direct (absolute) sampling. In an earlier study,
Jacktel et al. (2006) compared different types of pheromone-baited
trap devices for the capture of T. pityocampa male adults in one area
in France and one area in Portugal on the basis of the mean number
of captured male adults per trap device per day, and reported that
those with adhesive surfaces were able to capture more male adults
than nonadhesive ones. Similar results on the effectiveness of adhe-
sive versus nonadhesive pheromone-baited traps have also been re-
ported by Athanassiou et al. (2007) from one area of central Greece.
Jacktel et al. (2006) showed that the increase of pheromone dose sig-
nificantly increased the captures of male adults on sticky trap de-
vices. Furthermore, sticky trap devices caught significantly more
male adults at the top of the tree crown in comparison with lower

(i.e., mid and breast) heights. The authors also reported that the
mean numbers of male adults captured on sticky pheromone traps
baited with 0.2 mg of the commercial T. pityocampa sex pheromone
(pityolure) per day were significantly positively correlated with the
density of winter nests per hectare. Athanassiou et al. (2007) indi-
cated that the pine density significantly affected trap device perform-
ance and that trap device color should be considered as one of the
factors that can affect captures. Given that different trap devices ex-
hibit variable capture efficacy (Jacktel et al. 2006, Athanassiou et al.
2007, Martin 2015), the evaluation of novel trap devices, in terms
of their capture sensitivity and capacity, could optimize pheromone-
based monitoring protocols of the male adult population of T. pityo-
campa. However, any experimentation should be conducted at the
same time frame, in a large scale in order, to obtain results that will
be widely applicable. Therefore, the objective of the current study
was to simultaneously evaluate six different novel trap devices on
the capture of T. pityocampa male adults, during 2015 in four areas
that are located in three countries of southern Europe (Greece, Italy,
and Spain).

Materials and Methods

Experimental Sites

The experiments were carried out in four different sites, two in
Greece (Thessaly and Attica), one in Italy (Molise), and one in Spain
(Valencia). The first site in Greece was in the hill of Goritsa (180 m
a.s.l.,, Magnessia, Thessaly, central Greece). This area is covered by
~120 ha of pines, with 200 trees per ha, which in majority are Pinus
brutia Tenore (Pinales: Pinaceae) and secondarily, Pinus halepensis
Miller (Pinales: Pinaceae). The climate of this area is warm and tem-
perate. The average minimum temperature was 7.2°C, whereas the
average maximum temperature was 27.2°C. The annual rainfall was
491 mm. The second one was in Amarousion (270 m a.s.l., Attica,
southern Greece). This area includes an ~65 ha of P. halepensis for-
est, with 180 trees per ha. The climate is warm and temperate. The
average minimum temperature was 8.7°C, whereas the average
maximum temperature was 26.7°C. The annual rainfall was
456 mm. The third area in Italy was in Petacciato (10 m a.s.l.,
Campobasso, Molise, central Italy). This area is covered by ~35 ha
of pines, with 650 trees per ha, which in majority are P. halepensis
with few Pinus pinea L. (Pinales: Pinaceae). The climate is warm
and temperate. The average minimum temperature was 6.8°C,
whereas the average maximum temperature was 23.5°C. The annual
rainfall was 686 mm. The area of Spain was located in Porta Coeli
(179 m a.s.l., Serra, Valencia, eastern Spain), which is covered by
~600ha of P. halepensis, with 600 trees per ha. The climate is
warm, temperate, and subtropical. The average minimum tempera-
ture was 8.6°C, whereas the average maximum temperature was
23.7°C. The annual rainfall was 469 mm. The selection of the areas
was based on the fact that they were heavily infested by T. pityo-
campa in the previous years.

Trap Devices

Six trap devices were used for the experimentation: Prototype 1,
Prototype 2, Prototype 3, Prototype 4, Prototype 5, and Prototype 6.
Prototype 1 consists of the dark brown plastic rectangular parallel-
epiped body (24.1cm in length, 10cm in height, and 10cm in
width); one elastic band; one insect reservoir (plastic bag; 29.5 cm in
length and 41.5cm in height), of which the upper part (29.5cm in
length and 19.5cm in height) is transparent and the lower part
(29.5cm in length and 22cm in height) is black; one green
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pheromone plastic container that has the shape of a truncated cone
(2.8 cm in large diameter, 2cm in small diameter, 3.8 cm in height
and 4cm in slant height), bearing peripherally eight rectangular
parallelogram openings (0.4cm in length and 2.4cm in height),
with a lid at the large base; and two nylon cords that the trap de-
vice is hanged from (Fig. 1a—c). At the four angles of the top of the
body, there are four triangular constructions with a small hole
(0.7 cm in diameter) at the top each that help to hang the trap de-
vice (Fig. 1a and ¢). The pheromone container is fixed centrally on
the top, inside a hole (2.4 cm in diameter) of the body, as an inverted
truncated cone (Fig. 1a and b). The body is opened on the right and
left sides shaping two internal square truncated pyramids (10cm in
edge at large base, 2cm in edge at small base, 5.5cm in height and
7 cm in slant height each), having the directions of their cut vertexes to
the center of the body (Fig. 1d). The small base of each truncated pyra-
mid is permanently attached to a cube (2 cm in edge) that is diametric-
ally opened from both sides (Fig. 1d). The body is also opened at the
bottom (Fig. le). A prominent dark brown plastic ellipsoid ring
(22.3cm in large diameter, 8.7cm in small diameter and 2.2cm in
height) surrounds this opening that has the shape of an inverted isos-
celes pyramid (16.5 cm in edge at large base, 5 cm in edge at large base,
13.5cm in edge at small base, 1.5 cm in length of edge at small base
and 2.5 cm in slant height; Fig. 1e). The bag is attached to the body by
the elastic band that surrounds the ellipsoid ring (Fig. 1c). The moths
can enter the body from the right and left openings, pass through the
opening at the bottom, and finally are trapped inside the bag.

Prototype 2 consists of two half light brown plastic bodies
(18 cm in length, 18.5 cm in maximum height and 14.5 cm in max-
imum width each), providing a spindle type construction; one insect
reservoir (semitransparent plastic bag; 26.5 ¢cm in length and 30.5
cm in height); one green pheromone plastic container with lid (as in
Prototype 1); one elastic band; and one nylon cord that the trap de-
vice is hanged from (Fig. 1f and g). Each half body bears at the max-
imum periphery two cylindrical projections (0.5 cm in diameter and
0.7cm in high; Fig. 1f) and two small holes (0.8 cm in diameter),
forming a conceivable rectangular parallelogram (11cm in length
and 9.5 cm in height). The two half bodies join each other by enter-
ing the projections inside holes and form the joint body (Fig. 1g). At
a distance of 2.5 cm from the vertex of each body, there are two dis-
coid constructions (diametrically opposed) with a small hole (0.4 cm
in diameter) each at the center that helps to hang the trap device
(Fig. 1g). The pheromone container is fixed centrally on the top, in-
side a hole (2.4 cm in diameter) of the joint body (Fig. 1g). The body
is opened on the right and left sides shaping two internal truncated
cones (2c¢m in small diameter, 11cm in large diameter, 8cm in
height and 9 cm in slant height each), having the directions of their
cut vertexes to the center of the body (Fig. 1h and i). The small base
of each truncated cone is permanently attached to a cylinder (2cm
in diameter and 1.8 cm in height) that is opened from both sides
(Fig. 1i). A prominent rectangular parallelepiped (5.5 cm in height,
20 cm in length and 2.5 cm in width) is formed at the bottom of the
joint body (Fig. 1j). The parallelepiped is opened at the top and bot-
tom forming a new internal rectangular parallelepiped (2.5cm in
height, 24 cm in length and 2.5 cm in width; Fig. 1j). The bag is at-
tached to the external parallelepiped of the joint body with the elas-
tic band (Fig. 1g). The moths can enter the joint body from the right
and left openings, pass through the opening at the bottom, and fi-
nally are trapped inside the bag.

Prototype 3 consists of a large inverted truncated conical plastic
transparent insect container (12 cm in diameter at the top, 10.8 cm
in diameter at the bottom, 9 cm in height and 9.3 cm in slant height);
a truncated conical green plastic body (13cm in large diameter,

10.7cm in small diameter, 6.5cm in height and 7.6cm in slant
height) bearing three small holes on its top (1.9cm in diameter
each), forming a conceivable equilateral triangular (8.3 cm in height
and 9.3 cm in base); a green plastic cover that is composed by a disk
(12cm in diameter) and three cylindrical projections (1.8cm in
diameter and 3.2 cm in height each) triangularly and permanently
attached to its lower part; one green pheromone plastic container
(as in Prototype 1); and one nylon cord that the trap device is
hanged from (Fig. 1k and 1). The top disc and the body join each
other by entering the projections inside holes. The joint top disc and
body is semiscrewed upon the insect container (Fig. 11). At a dis-
tance of 0.5 cm from the periphery of the disc, there are two holes
(0.4cm in diameter; diametrically opposed) that help to hang the
trap device (Fig. 1k). The pheromone container is fixed centrally on
the top of the disk inside a hole (2.4 cm in diameter; Fig. 1k). The
body is opened in the center shaping an internal inverted truncated
cone (7.5cm in large diameter, 3.5 cm in small diameter, 6.5 cm in
height and 7cm in slant height; Fig. 1k). The moths can enter the
body through its opening and finally are trapped inside the
container.

Prototype 4 is a Prototype 3 with the following modification:
there is one more green pheromone plastic container (as in
Prototype 1) that is placed in the internal part of the body as trun-
cated cone (Fig. 1m). Thus, Prototype 4 holds two pheromone lures.

Prototype 5 consists of one transparent insect container (bottle
like; 31 cm in height, 3.5 cm in diameter at the top, 8 cm in diameter
at the bottom, 1.5 liter capacity); one dark brown plastic body that
is composed by two opened anterolateral rectangular parallelepipeds
(2.7 cm in height, 17.5 cm in length and 5 cm in width each) forming
an isosceles cross; one dark brown plastic disc (10cm in diameter)
that partially and centrally covers the upper part of the body; one
green pheromone plastic container (as in Prototype 1) that is fixed
centrally at the top of the disc inside a hole (2.4 cm in diameter); and
two nylon cords that the trap device is hanged from (Fig. 1n—p). On
the periphery of the disc, there are four discoid constructions with a
small hole (0.3cm in diameter) each at the center, forming a con-
ceivable square that help to hang the trap device (Fig. 10). The body
is opened centrally at the bottom to be permanently attached to an
inverted truncated cone (7.2cm in large diameter, 4.5cm in small
diameter, 1.7 cm in height and 2 cm in slant height) and a cylinder
(4.5 cm in diameter and 2.2 cm in height) that is opened from both
sides (Fig. 1p). The body, with the disc, is screwed upon the con-
tainer (Fig. 1p). The moths can enter the body through its opening
and finally are trapped inside the container.

Prototype 6 consists of one transparent insect container (as in
Prototype 5); one dark brown plastic body that is a disc (20 cm in
diameter) with a central circular opening (8 cm in diameter), which
is permanently attached below with an inverted truncated cone
(8cm in large diameter, 4.5 cm in small diameter, 2.8 cm in height
and 3.2cm in slant height) and a cylinder (4.5 cm in diameter and
2.2 cm in height), opened from both sides; one green plastic cover
(as in Prototype 3); one green pheromone plastic container (as in
Prototype 1) that is fixed centrally at the top of the disc, inside a
hole (2.4 cm in diameter); and one nylon cord that the trap device is
hanged from (Fig. 1q-s). The trap device is hanged as in the case of
Prototype 3. The body bears three small holes (as in Prototype 3;
Fig. 1r). The cover joins the body as in Prototype 3 (Fig. 1s). The
joint body and cover are screwed upon the container (Fig. 1s). The
moths can enter the body through its opening and finally are trapped
inside the container.

All trap devices were baited with lures containing 1 mg of the sex
pheromone component (Z)-13-hexadecen-11-ynyl acetate (Trécé
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Fig. 1. Trap devices that were tested and their parts: (A) Prototype 1 in parts, (B) Pheromone container, (C) Prototype 1 fully composed, (D) Lateral aspect of
Prototype 1, (E) Basal part of Prototype 1, (F) Prototype 2 in parts, (G) Basal part of Prototype 2, (H) Lateral aspect of the Prototype 2 half part body (external part),
() Lateral aspect of the Prototype 2 half part body (internal part), (J) Prototype 2 fully composed, (K) Prototype 3 in parts, (L) Prototype 3 fully composed, (M)
Internal part of body of Prototype 4; (N) Prototype 5 in parts; (O) Dorsal aspect of body and disc of Prototype 5, (P) Prototype 5 fully composed, (Q)
Prototype 6 in parts, (R) Dorsal aspect of body of Prototype 6, (S) Prototype 6 fully composed.
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Fig. 2. Mean number of T. pityocampa male adults captured in each trap de-
vice in Thessaly during the experimental period.

Inc., Adair, OK). Prototype 4 contained two lures with 1 mg of the
sex pheromone each.

Placement and Inspection of Trap Devices

In all areas, there were four blocks, with the exception of Attica
where there were three blocks. Each block contained one trap device
from each type; hence, there were 24 trap devices for each site (18 in
Attica). The distance among trap devices in the same block was
~100 m and among blocks 100 m or more. The trap devices were
suspended in the test sites on early July within 2015 to be able to de-
tect the male adult flight initiation, based on previous trappings
from earlier years. As first trap device-check date for each experi-
mental site was considered the one in which the first captures were
recorded. The trap devices were inspected for captured male adults
at weekly intervals, until the end of the male adult catches, with the
exception of Valencia, where trap devices were checked at shorter
intervals, from early September until the end of the fight period (3—4
d). During each inspection, the male adults that had been captured
were recorded and removed from the trap devices. After the termin-
ation of this procedure, the trap devices were rotated clockwise
within each block to minimize the influence of the individual trap-
ping location. Each trap device was placed with its lower part at a
height of 2-3 m from the ground. The lure was replaced every 4 wk.

Data Analysis

The data were analysed by using a two-way ANOVA, separately for
each site, with trap device and date as main effects. All analyses
were conducted using the JMP 11 software (SAS Institute Inc.
2012). Before the analysis, counts were transformed to log (x+ 1),
to normalize variances and standardize means (Athanassiou et al.
2002, 2004; Kavallieratos et al. 2005; Athanassiou et al. 2007,
2008). Means were separated by the Tukey—Kramer (HSD) test at
0.05 probability (Sokal and Rohlf 1995). Moreover, the correlation

coefficient values between pairs of trap devices was also calculated,
in order to estimate the synchronization between pairs of catches
among different trap devices throughout the monitoring period, sep-
arately for each site. These values were tested for departure from
zero by using the two-tailed # test at 7 — 2 df and 0.05 probability
(Snedecor and Cochran 1980).

Results
Thessaly

In total, 796 male adults were captured in the trap devices, during
the entire experimental period. The flight of T. pityocampa male
adults initiated in early August and lasted until end of October (Fig.
2). The highest number of male adults was recorded during mid-
September, but captures were relatively high since late August. Trap
device and date were significant (Table 1). Significantly more male
adults were captured in Prototype 1 than in the other trap devices
(Table 2). Moreover, significantly more male adults were captured
in Prototype 2 than in Prototype 3 and Prototype 6. The correlation
coefficient values for the 15 pairs of trap devices were positive and
significant, with the exception of two pairs (Prototype 1-Prototype 3
and Prototype 1-Prototype 6) (Table 3). Within different dates, sig-
nificant differences were noted among trap devices in 9 out of the 11
trap device-check dates (Table 4).

Attica

In total, 604 male adults were captured in the trap devices. In
Attica, the flight period of T. pityocampa males was initiated in mid-
August and lasted until early November (Fig. 3). The highest num-
ber of male adults was recorded during early September, while the
overall captures were high also from late August, but captures were
relatively high from late August and the following weeks till mid-
September. In contrast, during October and until the end of the
monitoring period in November, captures were extremely low. Trap
device and date, as well as their interaction, were significant (Table
1). Significantly more male adults were captured in Prototype 1 than
in the other trap devices (Table 2). The correlation coefficient values
for the pairs of trap devices were positive and significant, with the
exception of two pairs (Prototype 2-Prototype 3 and Prototype 3-
Prototype 5) (Table 3). Within different dates, significant differences
were noted among trap devices in 6 out of the 13 trap device-check
dates (Table 4). No significant differences were recorded among the
trap devices either early or late in the experimental period.

Molise

In total, 1,640 male adults were captured in the trap devices. In
Molise, the flight of T. pityocampa male adults started in early
August and lasted until the first week of September (Fig. 4). The
highest number of male adults was recorded during early August.
Trap device and date were significant (Table 1). Significantly more

Table 1. ANOVA parameters for main effects and their interaction of catches of T. pityocampa male adults in trap devices for the experimen-

tal areas during the monitoring period

Area Thessaly Attica Molise Valencia

Source df F p df F p df F P df F P
Trap device 5 35.1 <0.01 5 30.2 <0.01 5 7.5 <0.01 5 8.3 <0.01
Date 10 15.4 <0.01 12 45.3 <0.01 S 27.4 <0.01 13 9.9 <0.01
Trap device x date 50 1.1 0.27 60 3.8 <0.01 25 1.5 0.08 65 1.1 0.23

For Thessaly total df =263, for Attica total df =233, for Molise total df =143, for Valencia, total df = 335; HSD test at 0.05.
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Table 2. Mean number (* SE) of T. pityocampa male adults cap-
tured in each trap device in the four experimental areas during the
monitoring period

Trap device/Area  Thessaly Attica Molise Valencia
Prototype 1 0.8+0.1a 0.5*0.1a 1.1*x0.1a 02=*0.1a
Prototype 2 0.5*0.1b 0.1*=0.3b 0.6 =0.1b 0.1 *=0.1c
Prototype 3 02+0.1¢c 03=*=0.1b 0.7*0.1b 0.1 +0.1bc
Prototype 4 0.3 £0.1bc 0.3 =0.1b 0.7 =0.1b 0.1 = 0.1bc

Prototype 5 0.3 =0.1bc 0.1 =0.1b 0.7 £0.1b 0.2 = 0.1ab

Prototype 6 02+0.1¢c 02=*0.1b 0.7*0.1b 0.2 +0.1ab
F 22.2 7.4 3.7 6.1
P <0.01 <0.01 0.01 <0.01

Within each column, means followed by the same letter are not signifi-
cantly different, for Thessaly df =5, 263, for Attica df =5, 233, for Molise df
Molise = 5, 143, for Valencia df = 5, 383; HSD test at 0.05.

male adults were captured in Prototype 1 than in the other trap
devices (Table 2). The correlation coefficient values for the pairs of
trap devices were positive and significant with the exception of
two pairs (Prototype 2-Prototype 3 and Prototype 3-Prototype 6)
(Table 3). Significant differences were noted among trap devices in 3
out of the 6 trap device-check dates (Table 4).

Valencia

In total, 322 male adults were captured in the trap devices during
the entire monitoring period. In Valencia, the flight of T. pityo-
campa male adults started in early July and lasted until mid-
September, but the vast majority of male adults were captured be-
tween late August and early September (Fig. 5). The highest number
of male adults was recorded during late August, while captures in
the previous weeks were negligible. Trap device and date were sig-
nificant (Table 1). Significantly more male adults were captured in
the Prototype 1 than in Prototype 2, Prototype 3, and Prototype 4
(Table 2). The correlation coefficient values for the pairs of trap
devices were positive and significant for twelve pairs but not for the
Prototype 1-Prototype 4, Prototype 2-Prototype 4, Prototype
2-Prototype 5) (Table 3). Significant differences were noted among
trap devices in 3 out of the 14 trap device-check dates (Table 4).

Discussion

Despite the fact that there are some data available referring to the
trapping of T. pityocampa male adults, there are very few studies re-
garding the influence of trap device on the capture of this species,
which reflects the perception that its phenology is still poorly under-
stood. Jacktel et al. (2006) reported that Funnel trap devices were
much less effective than plate sticky trap devices on the capture of T.
pityocampa male adult individuals in 1999 in France and 2003 in
France and Portugal. In an earlier work from Greece, which was ac-
tually carried out in the same area with the current study (Goritsa),
Athanassiou et al. (2007) noted that the adhesive trap devices Delta
and Pherocon II performed better than Funnel on the capture of T.
pityocampa male adults, during experiments that were carried out
in summer and fall of 2002 and 2003. In this regard, adhesive trap
devices may have some advantages over the use of trap devices that
have no adhesive surface, such as Funnel, in terms of detection sensi-
tivity. However, in the case of T. pityocampa, there may be some
certain drawbacks in the use of sticky Delta over the Funnel trap de-
vices. For instance, male adults of this species have large bodies, fact
that means that the sticky surface is quickly saturated during catches

(Jacktel et al. 2006). As a result, additional male adults that ap-
proach these trap devices are not eventually captured. On the other
hand, Funnel traps are considered “high-capacity” trap devices and
can serve for this purpose (Martin et al. 2012). Athanassiou et al.
(2007) used the organophosphorus insecticide dichlorvos (as a solid
formulation) inside the funnels as a killing agent, which might have
a repulsive activity of the adults that were approaching the trap de-
vices, as has been noted for other species (Manoukis 2016). In our
experiments we used funnel-like trap devices, as the insects are cap-
tured in the trap devices with a similar mechanism to Funnel, i.e., by
entering from openings at the upper part of the devices and moving
downwards. Based on the results from all areas, Prototype 1 was
proved superior to the other five trap devices used. This was evident
as the number of male adults that was recorded in Prototype 1 was
2-12x higher than those recorded in the other trap devices. The
highest number of male adults captured in all experimental areas
was owing to captures in this trap device, which reflected the more
clear difference in capture capacity between Prototype 1 and the
other trap devices. Hence, in Valencia (Spain), where captures were
relatively low, considering the overall data, there were no significant
differences between the captures of Prototype 1 and Prototype 5 or
Prototype 6 trap devices. Conversely, in Molise, where the highest
numbers of male adults were recorded, Prototype 1 was clearly
more effective on the capture of T. pityocampa male adults than all
the other trap devices.

Apparently, by considering a number of previous studies, it be-
comes evident that T. pityocampa has different patterns of male
adult catches among different areas (Devkota et al. 1992, Zhang
and Paiva 1998, Berardi et al. 2015), a fact that it is also evident
from the findings of the present study. In Thessaly and Attica, the
male adult catches lasted considerably longer than the other areas
tested. This is important, as the accurate assessment of the seasonal
abundance of the male adults is informative in order to time control
measures that are friendly to the environment, i.e., mass trapping
and mating disruption for reducing mating process (Martin 2015).
Furthermore, an accurate monitoring system of T. pityocampa male
adult population will also provide valuable information for the
exact application of the rapid degradable Btk-based microbial in-
secticides against larvae (Martin 2015). In Thessaly, the highest
number of captures was recorded during September, and male adult
catches continued with relatively high captures until October.
Similar results have also been reported by Athanassiou et al. (2007)
for the same area. In contrast, in Molise (Italy), the period of male
adult catches was extremely short, while most of the male adults
were captured considerably earlier, i.e., during August. Previous pre-
liminary observations of the authors for these areas also confirm
these male adult catches patterns. The different patterns may indi-
cate the influence of local environments and habitats (Bonsignore
and Manti 2013) but also the influence of other factors. In
Mediterranean, T. pityocampa (Iberian Peninsula, France, Balkan
Peninsula without the island Crete (Greece), a part of Turkey,
Morocco, and part of Algeria) occurs with Thaumetopoea wilkin-
soni  Tams (Cyprus, Israel,
Lebanon, and part of Turkey), and the clade provisionally named
Thaumetopoea pityocampa ENA (part of Algeria, Tunisia, Libya),

(Lepidoptera: Thaumetopoeidae)

forming a species complex, with distinct geographical distribution
(Kerdelhué et al. 2009, Simonato et al. 2013, Kerdelhué et al. 2015).
However, in a recent study, Avtzis et al. (2016) found that the ENA
clade is present in Attica (Greece), probably introduced by Libya. At
the same time, T. pityocampa is expanding to the north of Europe
(Robinet et al. 2012). Members of the complex can be separated
identification based on

with molecular methods as any
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Table 3. Correlation coefficient values for captures between pairs of different trap devices during the monitoring period

Pair of trap devices/Area Thessaly P Attica P Molise P Valencia P
Prototype 1-Prototype 2 0.41* 0.01 0.60* <0.01 0.68* 0.01 0.26* 0.04
Prototype 1-Prototype 3 0.21 0.17 0.66* <0.01 0.49* 0.02 0.34* 0.01
Prototype 1-Prototype 4 0.48* 0.01 0.77* <0.01 0.58* 0.01 —0.01 0.93
Prototype 1-Prototype 5 0.48* 0.01 0.43* 0.01 0.75* <0.01 0.34* 0.01
Prototype 1-Prototype 6 0.27 0.08 0.64* <0.01 0.63% 0.01 0.41* 0.01
Prototype 2-Prototype 3 0.34* 0.02 0.24 0.14 0.33 0.12 0.47* <0.01
Prototype 2-Prototype 4 0.49* 0.01 0.60* <0.01 0.67* 0.01 0.06 0.65
Prototype 2-Prototype 5 0.50* 0.01 0.63* <0.01 0.57* 0.01 0.08 0.55
Prototype 2-Prototype 6 0.39% 0.01 0.48* 0.01 0.46* 0.01 0.43% 0.01
Prototype 3—-Prototype 4 0.66* <0.01 0.76* <0.01 0.40* 0.05 0.44* 0.01
Prototype 3—Prototype 5 0.58* <0.01 0.28 0.09 0.52* 0.01 0.36* 0.01
Prototype 3-Prototype 6 0.50% 0.01 0.77* <0.01 0.35 0.10 0.55* <0.01
Prototype 4-Prototype 5 0.67* <0.01 0.41* 0.01 0.55% 0.01 0.33% 0.01
Prototype 4-Prototype 6 0.63* <0.01 0.70* <0.01 0.47* 0.02 0.36% 0.01
Prototype 5-Prototype 6 0.46* 0.01 0.54* 0.01 0.76* <0.01 0.42* 0.01

An asterisk declares that value is significantly different from 0, for Thessaly df =42, for Attica df Attica =37, for Molise df =22, for Valencia df = 62; two-

tailed #-test at 0.05.

Table 4. ANOVA parameters for different dates of catches of T. pity-
ocampa male adults in the trap devices for the experimental areas

Thessaly Attica Molise Valencia

Date F P Date F P Date F P Date F P

8/11 0.3 090 8/17
8/18 52 0.01 8/28

1.0 0.46 8/3 3.1 0.03 7/10 0.8 0.56
17.8 <0.01 8/10 3.6 0.02 7/17 1.0 0.45
825 29 0.04 8/31 4.0 0.02 817 2.5 0.07 7/24 - -
9/1 1.0 047 9/7 54 0.01 8/24 49 0.01 8/1 1.0 0.45
9/8 3.1 0.04 9/14 45 0.02 831 04 0.84 8/7 - -
915 7.4 0.01 921 22.4 <0.01 9/7 0.6 0.70 8/17 1.4 0.27

922 17.2 <0.01 9/28 3.5 0.04 8/21 6.8 0.01
929 123.8 <0.01 10/5 2.3 0.11 8/24 1.7 0.20
10/6 10.3 <0.01 12/10 2.7 0.07 8/28 1.8 0.17
10/13 5.2 0.01 10/19 1.0 0.46 8/31 0.4 0.86
10/20 5.0 0.01 10/26 1.3 0.32 917 0.7 0.63
112 0.7 0.61 9/11 2.8 0.05

11/9 1.1 043 9/14 4.1 0.01

9/18 1.0 0.45

For Thessaly, Molise and Valencia df =35, 23, for Attica df =5, 17; HSD
test at 0.05.

morphological characters is extremely difficult (Frérot and Démolin
1993, Kerdelhué et al. 2009, Simonato et al. 2013, Kerdelhué et al.
2015). Still, the adult male flight period of T. wilkinsoni is poorly
understood, given that both T. pityocampa and T. wilkinsoni re-
spond to the same pheromone (Frérot and Démolin 1993). Hence,
the long period of male adult catches for Thessaly and Attica, along
with the peak records which were recorded later than the other
areas, may not be attributed to the presence of T. pityocampa s.str.
necessarily, but to a mixed population (Avtzis et al. 2016). In the
case of Attica, Avtzis et al. (2016) assumed that the port of Piraeus,
which is the largest passenger and mercantile port of Greece, could
play a role for the introduction of ENA clade haplotypes in this
area. Similarly, the proximate to Goritsa large passenger and mer-
cantile port of Volos could be a similar nodal insect source.

Capture capacity consists one of the most important elements of
a given trap device. However, apart from the capture capacity per
se, which is expressed as the number of captured individuals in a
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Fig. 3. Mean number of T. pityocampa male adults captured in each trap de-
vice in Attica during the experimental period.

given period of time, the captures should be representative of the ac-
tual changes of male adult population densities in the test area. For
example, Athanassiou et al. (2007) also found that the male adult
catches of T. pityocampa ended 5-6 wk earlier when Funnel trap de-
vices were compared with Delta or Pherocon II trap devices, suggest-
ing that some devices may not be good indicators on reflecting
seasonal fluctuation and may underestimate the presence of male
adults. Based on our results, the correlation of the captures between
pairs of trap devices was fair in most of the cases examined, but in
some cases, there were asynchronies arising mostly by the low num-
ber of male adults that were captured in one or in both trap devices
of a given pair. If the estimation of the peak period is one of the
most important questions that need to be answered by the use of a
trapping protocol, then any asynchronies may lead to wrong conclu-
sions and, concomitantly, to ineffective measures. For Pectinophora
gossypiella (Saunders) (Lepidoptera: Gelechiidae), Athanassiou et al.
(2002) noted that the peak of the male adult catches, based on the
Funnel trap devices, was much later than the one that was given by
two adhesive trap devices, a fact that was very likely to affect trap-
oriented chemical control. In this regard, trapping should be com-
bined with additional sampling of the other life stages of T. pityo-
campa, in order to have a holistic and accurate view of its
phenology.
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Fig. 4. Mean number of T. pityocampa male adults captured in each trap de-
vice in Molise during the experimental period.
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Fig. 5. Mean number of T. pityocampa male adults captured in each trap de-
vice in Valencia during the experimental period.

To our knowledge, this is the first study that examined in paral-
lel the influence of numerous novel trap devices on the capture of
male adults of T. pityocampa in the extensive area of southern
Europe. Our findings suggest that Prototype 1 was found to be the
most effective trap device for the capture of T. pityocampa male
adults, and therefore, it should be selected for the monitoring of this
species. However, it is not significantly more sensitive to low popu-
lation densities than Prototypes 5 and 6. The development of novel
pheromone trap devices that have high capture capacity is important
as they can be used for the mass trapping of male adult individuals
of T. pityocampa, which is a potential method for the control of this
noxious species (Martin 2015). At the same time, our study revealed
a different pattern and male adult flight duration of T. pityocampa,
which may indicate the simultaneous presence of different members
of the Thaumetopoea species complex. Additional experimental
work is needed toward these directions.
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