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Abstract

The Walnut Twig Beetle (WTB), Pityophthorus juglandis Blackman, is a small bark beetle native to Mexico and South-
western USA recorded for the first time in Europe (NE Italy) in 2013. WTB attacks walnut (Juglans spp.) and wingnut trees
(Pterocarya spp.) and is the vector of Geosmithia morbida Kolarik et al., a pathogen causing the thousand cankers disease
(TCD). WTB and TCD represent a serious threat for walnut orchards in Europe. Spatiotemporal data of the WTB-TCD
infestations recorded from an 8-year-long (2013-2020) monitoring conducted in 106 walnut orchards of NE Italy were used
to develop a model in order to analyze: (i) the effective dispersal capacity of WTB, (ii) the factors affecting dispersal and
(iii) the colonization risk of healthy walnut orchards. We registered a mean annual dispersal of 9.4 km, with peaks of about
40 km. Pest dispersal is affected by distance of suitable hosts from the nearest infested site, number of walnut orchards in
the surroundings (both infested and healthy), orchard size and walnut species in the orchard. Using the model, it was also
possible to calculate the colonization risk of a specific walnut orchard according to its characteristics showing, for instance,
that a medium-size (5,000 trees) black walnut orchard located at 25 km from the nearest infested orchard has an infestation
risk of about 50% of probability.
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Key message Introduction

International trade, moving large amounts of goods glob-

e Pityophthorus juglandis is a Neartic pest of walnut trees
introduced in Europe in 2013.

e No study verified the WTB spread capacity for Europe
and the factors affecting the dispersal.

e This lack makes effective containment and eradication
measures difficult to plan.

e We found that even at distances greater than 50 km the
risk of colonization can be high.

e The risk depends on the number of orchards in the sur-
roundings, their size and walnut species.
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ally, leads to inadvertent global translocation of invasive
insects (Seebens et al. 2018). Wood-boring beetles, like
bark and ambrosia beetles (Scolytinae), longhorn beetles
(Cerambycidae) and jewel beetles (Buprestidae), are one of
the most successful guilds of alien species invasive of forest
habitats (Eyre and Haack 2017). Bark and ambrosia bee-
tles, especially, represent a serious threat to European forests
and wood orchards, due both to the ease with which they
are transported all over the world inside wood-packaging
materials, timber and woody plants (Meurisse et al. 2019),
and the plant pathogens they may carry (Kirisits 2007; Six
2012; Ploetz et al. 2013; Carrillo et al. 2014; Malacrino et al.
2017). Every year, new alien species of bark and ambrosia
beetles are recorded in Europe (Kirkendall and Faccoli 2010;
Barnouin et al. 2020). An example is the Walnut Twig Bee-
tle (WTB), Pityophthorus juglandis Blackman (Coleoptera:
Curculionidae, Scolytinae), found for the first time in Europe
in 2013 in northeastern Italy (Montecchio and Faccoli 2014).
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Pityophthorus juglandis is a small (1.5-1.9-mm-long)
bark beetle native to Mexico and southwest USA (Wood
and Bright 1992). Adults colonize and reproduce in the
phloem of walnut (Juglans spp.) and wingnut trees (Ptero-
carya spp.). In spring, with a mean air temperature of about
18 °C, overwintering adults disperse and infest new hosts
mainly at the base of twigs, although large branches and the
warmer side of the trunk can also be attacked (Newton and
Fowler 2009). In southern Europe, the first-generation devel-
opment takes about 7-9 weeks with new adult emergence
occurring at mid-end July, whereas the second generation is
complete at the end of September (Faccoli et al. 2016). In
both North America and Europe, P. juglandis is the vector of
Geosmithia morbida Kolarik et al., an aggressive pathogen
causing the thousand cankers disease (TCD) (Kolafik et al.
2011). The conidia of the pathogen are carried on the elytra
of WTB adults (Newton and Fowler 2009) and introduced
into the host plant during beetle bark colonization (Tisserat
et al. 2009).

Pityophthorus juglandis is native to Mexico, New Mex-
ico, Arizona and Southern California (Bright and Stark
1973; Wood and Bright 1992). Nevertheless, since 2009
WTB and the associated pathogen G. morbida have spread
to northwestern USA (Colorado, Idaho, Oregon, Utah and
Washington) and the east coast, reaching Tennessee (2010),
Nevada (2011), Virginia (2011), Pennsylvania (2011), Ohio
(2012), North Carolina (2012), Indiana (2013) and Maryland
(2013) (Cranshaw 2011; Seybold et al. 2012, 2013; Wiggins
et al. 2014; Rugman-Jones et al. 2015).

In 2013, the species crossed the Atlantic Ocean reach-
ing Europe, where both P. juglandis and G. morbida were
found in a black walnut orchard in Vicenza province (Veneto
region, northeastern Italy) (Montecchio and Faccoli 2014;
Montecchio et al. 2014). During a preliminary visual survey
conducted immediately in the surrounding walnut orchards,
a further four infested sites (i.e., orchards) were found in
the same province (Faccoli et al. 2016). The following year
(2014), a second more extensive survey was done in the
whole Veneto region (where the first finding was recorded)
and in the two west and east bordering regions (Lombardy
and Friuli-Venezia Giulia), to check the real distribution of
WTB in northeastern Italy. During the second survey, the
pest was found in other nine orchards, including one located
in Lombardy (Faccoli et al. 2016). Since 2013, WTB has
spread in many other regions of central-northern Italy, and to
date, the species has been recorded in Friuli-Venezia Giulia
(2015) (Montecchio et al. 2016), Piedmont (2015) (Bosio
and Cooke-McEwen 2018), Tuscany (2018) (Moricca et al.
2019) and Emilia Romagna (2019) (EPPO 2019). The dis-
persal of P. juglandis and its associated pathogen G. morbida
in Italy and Europe is considered a serious threat for walnut
orchards (mainly J. nigra) largely used in the last decades
for wood production (Eichhorn et al. 2006). Massive attacks
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of this pest may have great impacts on the economy and
landscape of many areas of southern Europe, as occurred in
the USA (Leslie et al. 2009; Seybold et al. 2019).

In less than 6 years, WTB has colonized 13 American
States and reached another continent, representing one of
the fastest and most successful invaders among forest insect
species. Nevertheless, little is known about the active and
passive dispersal capacity of P. juglandis. In a recent labora-
tory experiment, Kees et al. (2017) found that the maximum
total active flight distance covered by WTB adults was about
3.6 km in 24 h, but mean and median distances flown by
beetles were much lower (about 372 m and 158 m, respec-
tively). However, the contribution of natural dispersal (for
instance, by wind) to the insect’s spread across the Western
USA remains unknown (Cranshaw 2011). A recent study
carried out on more than 60 American populations of WTB
demonstrated that the expansion of the insect is, in part,
facilitated by anthropogenic movement of infested wood
(Rugman-Jones et al. 2015), which probably also allowed
the pest to reach Europe.

In this study, we present the results of the WTB survey
conducted for eight consecutive years in northeastern Italy
(2013-2020) since the first discovery of the pest in Europe.
The aim of the study is to investigate the annual increase
in invaded range of P. juglandis based on data from the
yearly survey and to present a descriptive model assessing
the spreading capacity of WTB populations according to
specific environmental parameters. In particular, we hypoth-
esize that the dispersal of WTB is affected by the presence
and distribution of walnut orchards, by the walnut species
and by the orchard size, as bigger suitable sites are easier
to find and may promote greater proliferation of the pest.
Based on the historical epidemiological data collected in
NE Italy during the last 8-year survey, this model is intended
to quantify (a) the real dispersal capacity of the insect, (b)
the factors affecting dispersal and (c) the risk of infestation
(probability) of healthy walnut orchards in a given area.

Materials and methods
Monitored areas and survey protocol

The survey of WTB occurrence was conducted in the Veneto
region (northeastern Italy) since 2013 when the pest and
associated pathogen were found for the first time at Bressan-
vido (province of Vicenza). In the year of discovery, a first
inspection was made on 19 walnut orchards within about
10 km of the infested area. Since 2014, a more extensive
survey has been conducted in all the provinces of the Veneto
region where walnut orchards occur. Initially, the customer
lists of the major forest tree nurseries of the region were used
to identify all the main walnut orchards planted in Veneto in
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the previous 15 years. Then, more than 100 walnut orchards
identified from the lists and other public parks and private
gardens with walnut trees were monitored annually by vis-
ual inspections looking for symptoms of insect colonization
or disease infection according to the regional protocol for
detection of alien species (Montecchio et al. 2016). In addi-
tion, 40-50 orchards (depending on the year) homogene-
ously distributed in the region were monitored annually also
with a 12-black-multifunnel trap (Econex, Murcia, Spain)
baited with a 400 mg dispenser of a pheromone specific for
WTB (3-methyl-2-buten-1-ol; Contech Enterprises, Delta,
BC, Canada; Seybold et al. 2013) (Table 1). The release
rate was about 1 mg/day with a temperature of 20 °C and
generally doubled with every 5 °C rise in temperature. Aver-
age daily temperature in the study area in spring—summer
is about 25 °C, so the estimated duration of the blend was
about 200 days. One trap per site was set up in the last weeks
of July, in the middle of the walnut orchard at about 2 m
above the ground, fixed to a tree branch and emptied every
second week. Traps were removed in the last week of Octo-
ber, 80-90 days later, assuring that they were active during
the main emergence period and dispersal of adults of the
second generation (Faccoli et al. 2016). Orchards where the
presence of WTB was confirmed by captures with the traps
or visual inspection were then excluded from the survey in
the following years and replaced with new uninfected ones.

Dataset

The dataset used for the analyses was obtained from 106 sites
(walnut orchards, public parks and private gardens) visu-
ally inspected or monitored with traps in Veneto since 2013
(Table S1). Data collected through different detection methods
were handled in the same way, because they only served to
ascertain the presence of WTB in the site. Sites from other
Italian regions where the WTB presence was recorded in the
following years were not included in the dataset because they
were isolated points not belonging to a widespread and inten-
sive monitoring network, and were recorded only following
an accidental finding. For each monitored site, identified by a

unique code, the beginning of monitoring, spatial coordinates
(UTM zone 32 N), number of trees, species composition (J.
nigra, J. regia or “mixed”) and year of first attack (from that
year onwards the site was considered infected) were reported
(Table S1). The dataset was then updated year by year with
information on new sites considered infested by WTB accord-
ing to trap captures and visually detected symptoms. WTB has
been added in the EPPO A2 Quarantine Pest list just in 2019
(EPPO 2021), and to date, no clear-cut or pesticide treatments
were performed in infested sites. For this reason, an “infected
site” of our database was considered infected for all subsequent
years.

Statistical analysis

A probabilistic model was constructed through the analysis
of the binomial (infested or not infested) individual site’s data
using a generalized linear model (GLM) with a probit link
function (McCullagh and Nelder 1989). The independent vari-
ables included in the model tested were: attack index (ati),
available host index (ahi), distance to nearest attacked site
(dna), orchard size (number of trees in the site) and walnut
species (J. nigra, J. regia or mixed orchards). The dependent
variable was the probability (P) that an orchard or group of
trees can be attacked by WTB as a function of its character-
istics. The dependent variable and the first four independent
variables (ati, ahi, dna, orchard size) were considered continu-
ous, whereas walnut species was discrete variable.

The attack index (ati) and the available host index (ahi)
were introduced by Favaro et al. (2015) in a similar study on
the dispersal of invasive populations of the Asian longhorned
beetle, Anoplophora glabripennis Motschulsky (Coleoptera:
Cerambycidae). The attack index for site i considers how many
sites attacked in the previous years by WTB occur nearby, and
is calculated as:

ati; = )" [exp (—dy/c,)] (1

Table 1 Sites monitored

. Year Monitored  Sites per province

with traps: total number of sites

sites monitored in each year Vicenza Padova Rovigo Venezia Treviso Verona

and number of sites for each

province monitored 2013 19 13 6 - - -
2014 17 3 1 3 4 2
2015 50 4 12 8 11 7 8
2016 51 9 12 8 11 7 4
2017 50 4 12 9 11 7 7
2018 50 4 13 9 11 7 6
2019 50 4 11 9 10 13 3
2020 40 2 18 4 10 4 2
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where d;; is the distance between site i and each site (j)
attacked in the previous years, whereas c, is a constant (see
below).

The available host index for site i, instead, considers how
many available sites (site with available uninfested hosts)
occur nearby, and is calculated as:

ahi; = Z [exp (—dy/cy)] )

where dj; is the distance between site i and each monitored
non-attacked site (j) in the current year, and ¢, is a con-
stant. The two indices ati and ahi are calculated for each
site and year, for a range of values of c. The constants c,
and ¢, are instead estimated using an iterative approach as
they represent a threshold distance: all distances d;; greater
than c have little influence on the final value of the index;
the terms related to shorter distances will strongly affect
the final value. In order to obtain a biologically plausible
model, the constants ca and ch were set on the basis of the
displacement capacity of the insect. Because there is cur-
rently no precise information about P. juglandis dispersal,
we set a surrogate limit value of 80 km, corresponding to
the maximum distance covered actively by the six-toothed
bark beetle Pityogenes chalcographus (L.) (Coloeptera: Cur-
culionidae), a similar size bark beetle (Nilssen 1984). This
distance was considered a feasible estimate also for the WTB
by the expert working group who drew up the EPPO report
for P. juglandis (EPPO 2015). The best values of ¢, and
¢;, were chosen using Akaike’s information criterion (AIC)
(Akaike 1974), choosing the couple that minimizes the AIC
index. Initially, all possible pairs of ca and ch were tested
in the model in a range from 1 to 80,000 m (the threshold

Fig. 1 Year-by-year number of 45-
new colonized sites and total
amount of colonized sites

value presented), with intervals of 2,000 m. Subsequently,
the model was gradually refined by narrowing the range of
the two constants around the best value and reducing the
dispersal interval.

All the independent variables and their interactions were
considered in the preliminary model. During each iteration
the least significant variable or interaction, evaluated on
the basis of the significance level, was removed from the
model. The process continued until all nonsignificant vari-
ables were eliminated and all variables left were significant
at 1% (P<0.01). Data were analyzed using the GLM routine
in R software (R Core Team 2019).

Results

Of the 106 sites monitored over the 8-year survey
(2013-2020), 44 walnut orchards (41.5%) were found
infested by WTB (Fig. 1). Among the attacked sites, 34
(77%) were black walnut orchards (corresponding to 45% of
all black walnut monitored orchards), 6 (14%) were English
walnut orchards (corresponding to 29% of all English walnut
monitored orchards), and 4 (9%) had a mixed composition.
The median size of infested orchards was 92 trees and 25%
of attacked sites had at least 160 trees. The year-by-year
evolution of the survey, with sites monitored and sites found
infected, is shown in Fig. 2.

The cumulative distribution of dna covered annually by
WTB indicates a nonlinear trend: the minimum dna regis-
tered is about 830 m, whereas the maximum is 40.91 km,
with a mean distance of 9.43 +0.49 km. However, 25% of
newly infested sites were located at least 12.89 km from the
closest infested ones (Fig. 3).
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Fig.2 Year-by-year evolution
of the WTB infestation in the
Veneto region. Maps show the
sites attacked (bigger red dots),
monitored with traps (smaller
black dots), monitored visually
(smaller gray dots) and the
approximate spread area of the
pest (red shape)

LEGEND:
Infested area

Monitored sites

* Monitored

® Attacked sites

° Other sites
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Fig.3 Cumulative distribution
function of minimum distance 1.007
to each new infested orchard
from the nearest infested
orchard recorded in the previous
ear
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Table2 Summary of GLM fit for the model (3)
Variable Estimate SE z-value P
Intercept 1.955E-01 3.017E-01 0.648 0.52
Ati 1.957E-01 3.971E-02 4.927  8.33E-07
Ahi —1.086E-01 1.348E-02 -8.053 8.07E-16
Dna —3.949E-02 8.679E-03 —4.550 5.36E-06
Species J. regia  —1.281 2.631E-01 —4.868 1.13E-06
Species mixed —6.088E-01 2.016E-01 —-3.020 2.53E-03
n_trees 1.549E-04 5.527E-05 2.803  5.06E-03

All variables considered were significant in the model,
even if all the interactions considered were rejected because
they did not produce significant effects. The final GLM
model, therefore, is the following:

P ~ ati + ahi + dna + hostspecies + n_trees ?3)

The estimated constants c, and c, for the attack (ati)
and available host indexes (ahi) are 21 km and 14 km,
respectively. The final GLM fit summary statistic for the
model (Eq. 3) is reported in Table 2.

Using the model of Eq. (3), it is possible to predict the
attack risk of a healthy walnut orchard as a function of its
characteristics and distance from the closest attacked site
(Fig. 4). According to the model, the probability of attack
of a walnut orchard increases with its size (increasing num-
ber of trees) (z-value =2.803; P <0.001), but decreases
inversely to the distance from the closest infested site
(source orchard) (z-value =—4.550; P <0.001). Moreover,
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the risk of being infested is higher in orchards composed
of J. nigra (Fig. 4a) rather than J. regia (z-value = —4.868;
P <0.001; Fig. 4b), whereas it has an intermediate value
for mixed orchards, but still significantly lower than black
walnut (z-value =-3.020; P <0.001).

Discussion

The study analyzes spatial and temporal data related to the
dispersal of WTB in northeastern Italy since the species dis-
covery in 2013. Our analysis shows that dispersal of WTB
in this region reached up to 41 km in one year, although the
probability of new infestations at a given distance depends
on the number of walnut orchards occurring around the
healthy ones (i.e., attack index and available host index,
respectively), its size (i.e., the number of trees), its dominant
walnut species (J. nigra or J. regia) and its distance from the
sites attacked during the previous year.

The model shows WTB preference for black walnut (J.
nigra) over English walnut (J. regia), consistent with the lit-
erature (Newton and Fowler 2009; Wilstermann et al. 2020).
In the sites monitored during this study, more than 45% of
black walnut orchards were attacked by WTB, compared to
29% of English walnut orchards. Even in mixed composition
sites, the risk of attack was significantly lower than in pure
black walnut orchards, indicating a greater preference of the
pest for this species. Black and English walnuts are largely
cultivated in Europe both for nuts and noble hardwood tim-
ber production (EPPO 2015), and they can be found in most
of Europe, apart from northern regions (de Rigo et al. 2016).
Moreover, walnut trees are also widely spread as ornamental
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Fig.4 Probability of attack for
a black walnut (J. nigra) (a) and 1.00
English walnut (J. regia) (b)
orchard as a function of its size
(increasing number of trees)
and distance from the closest 0.75+
infested site (dna), predicted by
the model in Eq. (3) with the
parameter estimates in Table 2
0.50
0.25
s
8 0.001
- - : - - : - - : : ~ N° of trees
- 0 10 20 30 40 50 60 70 80 90 100 110 120
= = 10000
o
[]
E| -— 5000
o 1.004
o b « s 10
0.75
0.50
0.25
0.00

plants in parks, gardens and street tree lines (Eichhorn et al.
2006). This capillary presence of host plants could therefore
facilitate the spread and stabilization of WTB over much of
the continent.

Our study clearly shows that the risk of WTB attack
increases with orchard size. An orchard of 10,000 black
walnuts should be easy to find by dispersing beetles, show-
ing a risk of attack reaching almost 100% when infested
sites occur in the immediate proximity and remaining high
(about 50%) even at distances greater than 40 km; instead
for a small group of trees, the risk of attack is just over 50%
even for very short distances (Fig. 4a). For English walnut,
the risk of attack is lower but not negligible (Fig. 4b). The
size of the source orchard may also have a crucial role mod-
erating insect dispersal. Faccoli et al. (2016) report that an
infestation in a walnut orchard can persist for many years,
with a progressive increase in the population density of
P. juglandis that will then disperse to other nearby walnut

3 4 50 60 70 80 90 100
Distance (km)

orchards looking for new host trees. Thus, a large walnut
orchard can sustain a longer infestation with a large WTB
population and a higher dispersal probability.

Another interesting result regards the decrease in the
infestation risk with increasing availability of potential host
trees, i.e., high available host index (ahi). This means that a
site in an area with a large number of other host orchards or
groups of trees has a lower probability of being infested than
an isolated one. This result can be explained by the coloniza-
tion strategies of bark beetles. Typically, bark beetles feed
and breed in recently dead or severely weakened host trees
which are located through specific plant volatiles released by
dying trees; nevertheless, when no suitable hosts are avail-
able, the insects may also attack healthy hosts massively
(using aggregation pheromones), to overcome the plant’s
defenses (Wood 1982; Kausrud et al. 2011). Walnut orchards
are usually maintained in healthy and vigorous conditions
to maximize wood and nut production. In this context, a
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large pest dispersal would have little chance of success (with
a few individuals attacking vigorous hosts); for this reason,
even with many sites available in the area, the insect coloni-
zation remains concentrated only in one or a few orchards, in
order to maximize the attack effectiveness. Moreover, with
a small WTB population density, a greater number of avail-
able host sites reduce the risk of each one being colonized.

Finally, data collected during the survey highlight a high
spread of WTB, with dispersal capacity of over 40 km per
year (the longest distance between an attacked site and the
closest infested one recorded in the previous years) and with
75% of newly infested sites located at least 4 km away from
the nearest source sites. Considering the results of Kees et al.
(2017), which presented an active flight distance covered by
WTB estimated at less than 2 km, additional factors other
than active dispersal must be considered to explain such
a spread of the pest. As previously observed by Seybold
et al. (2012), a fundamental contribution to spread of beetle
population is made by the human-mediated movement of
walnut logs or wood products. Cases have been observed
where even the wind has favored the dispersal of WTB
(Cranshaw and Tisserat 2012), although this is not consid-
ered as the main dispersal mechanism of diffusion of this
pest (EPPO 2015). Such a large active and passive disper-
sal capacity causes many problems for pest management.
The containment measures currently applied in the Veneto
region were based on the creation of a buffer zone with 2 km
range beyond the infested area (Regione del Veneto 2014a,
b, 2015). According to our model, a 2 km buffer around
the infested site corresponds to an infestation risk higher
than 80% and 40% for medium-size orchards (5,000 trees)
of black and English walnut, respectively (Fig. 4). This
remains, hence, a very high risk of colonization for wal-
nuts growing also outside the buffer area, despite the con-
siderable size of the buffer proposed. Adjustment of buffer
zones, with an increase in radius, can be used in synergy
with other techniques to achieve greater protection of still
healthy orchards. An example are the recent works by Aud-
ley et al. (2020a, b) on the repellent effect of some semio-
chemicals against WTB: volatiles such as (R)-(+)-limonene,
trans-conophthorin, (R)-(+)-verbenone and a-pinene can be
used to repel the pest from the sites to be protected.

In conclusion, this model has been built using the data
obtained from an eight-year-long surveillance program of
the main walnut orchards of Veneto region to explain the
natural dispersal of WTB in northeastern Italy. Although
some of the most important factors affecting WTB pres-
ence and its dispersal probability have been clarified
(distance from nearest attacked site, attack index, avail-
able host index, orchard size and tree species), the role
of other variables—such as environmental conditions
(e.g., dominant winds) and human-related activities (e.g.,
main trade routes, volume and type of potentially infected
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goods)—should be carefully considered to better under-
stand the potential spread of this relatively new invasive
pest across Europe and to establish effective containment
and local eradication measures. Help in this regard may
come from the recent work of Chen et al. (2020) presenting
the effects of climatic variables (i.e., precipitation, solar
radiation, vapor pressure, air temperature, relative humid-
ity and wind speed) on the flight activity of WTB. Consid-
ering also the other Italian regions where WTB was found,
after its first record in 2013 the insect traveled over 320 km
westwards reaching the Piedmont region in 2014 (Bosio
and Cooke-McEwen 2018) and about 200 km southwards
reaching the Tuscany region in 2018 (Moricca et al. 2019).
These distances are incompatible with our results (320 km
in one year to reach Piedmont) or extremely unlikely (a
mean of 40 km per year to reach Tuscany), but several
hypotheses can be explored. First, the human-mediated
movement of infested materials can play a key role in the
dispersal of WTB, allowing the insect to cover hundreds
or thousands of kilometers in a few days. This dispersal
pathway was well documented in the USA (Newton and
Fowler 2009; Jacobi et al. 2012). Another possibility is
that P. juglandis was already present in Italy long before
the year of discovery (2013) and it was found only when
an active and specific survey had been implemented. This
would have given the insect more time to disperse slowly
into new areas and regions. Nevertheless, although cer-
tainly possible, this hypothesis does not explain how the
presence of such aggressive species as WTB and TCD
was not detected earlier. Lastly, reports of the presence of
P. juglandis in various regions of Italy, even far from the
first record, may be due to several independent introduc-
tions. This latter hypothesis seems extremely probable and
could be tested by performing specific genetic analyses to
compare specimens collected from populations sampled
in the Italian regions where the pest has been recorded in
the last years.

Pityophthorus juglandis represents only one of the
insect alien species recently introduced in Europe that
attack Juglans species. The walnut husk fly, Rhagoletis
completa Cresson (Diptera: Tephritidae), is a pest origi-
nating from North America and introduced in Europe in
the early 1990s (Duso and Dal Lago 2006; Verheggen
et al. 2017). Megaplatypus mutatus (Chapuis) (Coleop-
tera: Curculionidae) is an ambrosia beetle native to South
America (Wood 1993), accidentally introduced to Italy in
1998 (EPPO 2004), polyphagous on a wide range of forest
and fruit tree species, including walnuts (Gonzalez-Audino
et al. 2013). The black timber bark beetle, Xylosandrus
germanus (Blandford) (Coleoptera: Curculionidae), is an
ambrosia beetle native to Eastern Asia, Russian Far East
and China introduced to both Europe (Groschke 1953) and
USA, where is causing large damage to American walnut
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orchards (Weber and McPherson 1984). For the future pro-
tection of walnut orchards and to prevent further spreading
of quarantine pests, phytosanitary measures for Juglans
plants and their products are required (EPPO 2020) and
specific and accurate monitoring of these environments
have to be implemented.
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