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Abstract: The Asian Gall Wasp Dryocosmus kuriphilus was accidentally introduced into Italy
in 2004. Since then it has spread all over the peninsula where chestnut represents an economic
important fruit crop. In 2005 the pest arrived in Campania, where about 40% of Italian and 25%
of European chestnut production is concentrated, with devastating consequences. For its con-
trol, the exotic parasitoid Torymus sinensis has been introduced from 2009 onward, but so far
no survey has been completed to assess its acclimation and, most of all, the level of its activity.
In this note data on releasing sites and parasitism rate for the control of D. kuriphilus in
Campania are reported. We show that the parasitoid well established in a region characterized
by mild winters and warm summers, reaching a good level of presence in several sites of the
main area of chestnut production which is concentrated in the provinces of Avellino and Salerno.
We confirmed the ability of this parasitoid in moving away from releasing sites following its
host. In fact, its presence was recorded in an area where only one release was performed. As
expected, the larger releases were followed by higher parasitism rates with some exceptions.
The presence and activity of 7. sinensis recorded had played a pivotal role in the drastic reduc-
tion of D. kuriphilus in Campania within only 5 years from the application of a territorial bio-
control program supported by the local government. Information reported are useful for future
AGW management.
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1 Introduction

The invasive species Dryocosmus kuriphilus Yasumatsu (Hymenoptera: Cynipidae),
commonly known as the Asian Gall Wasp (AGW)), is a major pest of chestnut world-
wide (Abe et al. 2007, Cooper & Rieske 2007, Graziosi & Santi 2008, Quacchia et al.
2008). In Europe the pest adapted to the European chestnut Castanea sativa Miller
(Fagaceae) with levels of damage depending on the attacked variety (Sartor et al.
2015). Italy is the second largest European producer of chestnut (after Turkey), plac-
ing it fourth in the world ranking (Ingino et al. 2006). More than 40% of Italian pro-
duction, totaling 25% of European one, is located in Campania (Southern Italy) with
the province of Avellino reaching nearly 50% of the entire region (Ingino et al. 2006).
In 2005, D. kuriphilus was accidentally introduced into Campania from Piedmont, on
nursery plants that had heavily infested buds (Bernardo et al. 2013) and not surpris-
ingly its effect on the entire production has been devastating. Following the positive
experience ripened in the native area of the pest, a biological control approach has been
implemented in Italy to reduce the populations of the Asian Gall Wasp (Moriya et al.
2003). This approach is based on the introduction of the exotic parasitoid Torymus
sinensis Kamijo (Hymenoptera: Torymidae) characterized by a life cycle strictly
linked and synchronized with that of its host. The activity of the exotic parasitoid was
complemented by that of native parasitoid. The latter actually quickly adapted to the
new host (Aebi et al. 2007, Quacchia et al. 2013, Panzavolta et al. 2013, Palmeri et al.
2014). In Campania, considering the vast extension of cultivated and coppice chestnut
woods, governmental and research Institutions have collaborated to coordinating the
release of the exotic wasp following a pre-designed grid in order to cover the larg-
est area as possible with the available parasitoid quantities. Eight years after the first
release of 10 couples of 7. sinensis in the province of Avellino, a massive effort has
been done to check the presence of the parasitoid and to assess the parasitism rate in
the releasing points and in sites close to them. In this communication, we refer about
the results of this large survey that constitute the base for planning future interventions
in this area and in the entire South of Italy.

2 Materials and Methods

2.1 Parasitoid collection in Piedmont

Every February from 2009 to 2016, 200 galls were collected in several sites of Piedmont
(province of Cuneo) and dissected to assess the parasitization level of 7. sinensis. In
those sites were at least 50% of galls were parasitized, between 250.000 and 350.000
galls were collected to obtain the needed couples to be released. Following a well-
established procedure (Quacchia et al. 2008), collected galls were cleaned to remove
spiders and predator insects from their surface, placed in carton boxes and moved
to Montevergine, province of Avellino, at 1270 meters a.s.l. and stored at ambient
temperature.
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2.2 Parasitoid release

Every March from 2009 to 2016, the galls stored as above described were progres-
sively moved to small carton boxes with two opened 50 ml Falcon tubes inserted on
one side to facilitate the collection of emerging parasitoids. The boxes were placed
in a climate chamber at 22 °C-25 °C,RU50%, photoperiod 12D:12L and checked
daily for parasitoid emergence. At emergence, parasitoids were sexed, grouped in
transparent 50 ml Falcon tubes and fed by little drops of honey:water solution (1:1)
to favour mating. In the releasing vial, five males, ten females and a few drops of
honey solution were placed. In each selected site, the releasing lot was composed by
ten releasing vials, totaling 50 males and 100 females of 7. sinensis. Parasitoid were
released in the field by opening the vials in close proximity of chestnut trees. A single
releasing point was chosen in each site usually placed in the center of it. As chestnut
fruit orchards and coppice woods are present in all provinces of Campania region,
the releasing sites were chosen following a theoretical grid (mesh 5 x 5 km). In the
provinces of Avellino, Benevento, Caserta and Salerno, which represent the core of
Campania chestnut production, more than 90% releasing sites were located in culti-
vated orchards. Conversely, in the province of Naples, all releasing sites were in cop-
pice woods. Releases in coppice woods had the main aim of creating an undisturbed
parasitoid reservoir.

2.3 Parasitoid survey in Campania

In accordance with established protocol (Ghering et al. 2017), on February 2017, in
each selected site, 200 galls were collected on 5 different branches of 10 chestnut trees
selected randomly. Galls maintenance and parasitoid collection followed the same
procedure as described above. In March, to facilitate the parasitoids’ emergence galls
were moved to small carton boxes with two opened 50 ml Falcon tubes inserted.
The boxes were placed in a climate chamber at 22 °C-25 °C, RU 50%, photoperiod
12D:12L and checked daily for parasitoid emergence until the end of June. To avoid
the underestimation of parasitoid activity, ten days after the last parasitoid emergence,
the boxes were opened to check for died parasitoids and all galls were dissected to
count parasitoids not emerged. Kruskal-Wallis test with posthoc Dunn test was used
to evaluate differences between province parasitism rates. Linear regression analysis
was used to assess the relationship between released and collected Torymus sinensis.
The sex ratio for each site was analysed by using GLM with binomial distribution.

2.4 Identification of parasitoids

Collected parasitoids were sexed and identified morphologically using key features at
a binocular (Otake 1987). From each province, 2 samples each composed of 10 males
and 10 females were used for molecular identification (Yara 2006, Yara & Kumini
2009, Matosevi¢ et al. 2017) following a non-destructive protocol (see Guerrieri et al.
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2016 for details). Median, minimum and maximum presence of 7. sinensis were cal-
culated for each province. The total number of 7. sinensis from each site was recorded
and related to the total number of galls (200) to calculate the total rate of parasitism.

3 Results

The number of releases in each considered province and the relative presence of 7.
sinensis in terms of average parasitization rate are reported in Table 1 (for details see
Supplementary Tables S1-S5). Overall 1326 releases, corresponding to 132600 mated
females, were performed in the province of Avellino, 755 in the province of Salerno
(totaling 7550 mated females), 417 in the province of Caserta (totaling 41700 mated
females), 118 in the province of Benevento (totaling 11800 mated females) and 78 in
the province of Naples (totaling 7800 mated females). Recovered parasitoids from
collected galls were 4094 in the province of Avellino, 5313 in the province of Salerno,
180 in the province of Caserta, 937 in the province of Benevento and 36 in the prov-
ince of Naples (Table 1, Tables S1-S5). The sampling effort in 2017 showed the pres-
ence of T sinensis in all sampled sites and molecular characterization confirmed the
identity of the collected parasitoids. The larger recovery of parasitoids were almost
always associated to larger releases. The linear regression between released and col-
lected parasitoids showed a positive correlation (R?2 =0.091; F;_376 = 37.5; P <0.001;
Fig. 1). However, the largest parasitoid collection (329) was recorded in San Cipriano
Picentino, Salerno where only one lot of 7. sinensis was released (i.e. 100 mated
females, Tab. S2). Sampling in sites away from releasing points showed that the para-
sitoid moved following its host for distances as far as 5 km (e.g. Senerchia, Province
of Avellino; Perdifumo and Stella Cilento, Province of Salerno) (see Tabs S1 and S2).
Parasitism rate ranged from 0.5 % to 164% in relation to 200 galls collected in each
site (Tables S1-S5). Considering that in Campania region one gall hosts an average of
2.5 larvae of D. kuriphilus (Bernardo et al., 2013), the cited rates can be transformed
into individual parasitism rate (i.e. referred to single host larvae) by dividing them for
this value. In almost all sites sex ratio was female biased but somewhat close to 1:1
(females to males). Some exceptions were recorded in Salerno Province characterized
by strong male biased values (Table S6).

4 Discussion

The effect of the AG Won European production of chestnut has been devastating since
its first appearance and Italy is no exception (Gehring et al. 2017). Campania region
represents the largest producer of chestnut in Italy and remains second in Europe after
Turkey. As a consequence, the arrival of the pest in this region had also consistent
social effects. Large releases of the exotic parasitoid 7. sinensis were programmed
but so far no survey has been completed to assess its acclimation and, most of all,
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Fig. 1. Released-Collected Torymus sinensis
relationship. Total number of adults released per
sites and adults emerged from galls are presented
(regression line: y=1.06x+20.38).

the level of its activity. The data presented here show that the parasitoid established
well in the South of Italy reaching a good level of presence in several sites of the
main area of chestnut production which is concentrated in the provinces of Avellino
and Salerno. This result was accomplished within only 5 years from the first consis-
tent introduction in 2012. Fast acclimation of 7. sinensis has been observed not only
in the North of Italy (Quacchia et al. 2008) but also in other countries (MatoSevi¢
et al. 2017) characterized by different climatic conditions. In fact, in Campania the
release of 7. sinensis followed an introduction approach closer to inundation than to
propagation even though in many sites a single lot composed of 100 mated females
was introduced. This choice was suggested by considering two aspects that could
have hampered parasitoid performance and diffusion. In Campania, the extension
of chestnut woods is by far greater than that present in the North of Italy and in
other European countries. Moreover, chestnut woods in Campania are composed by
old plants, mainly unmanaged wild coppice and real fruit orchards. The latter are
located at lower altitudes and are characterized by younger plants, yearly pruned to
keep them low to facilitate the cultural operations and periodically drafted to keep
high levels of production. Our data show that the inundative approach was a correct
choice in terms of results and time needed to obtain them. As expected, the larger
collection of parasitoids were often associated to larger releases (see Tables S1-S5).
However, the highest number of parasitoids was collected in a site where only 100
mated females were released (Table S2). This confirms the ability of 7. sinensis to
move following its host covering long distances in line with what was observed in
the North of Italy (Quacchia et al. 2008) and in other European countries (Borowiec
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et al. 2014, Matosevic et al. 2016, 2017). A recent model indicated that the introduc-
tion of 7. sinensis sparks a travelling wave of the parasitoid population that destroys
the pest on its passage (Paparella et al. 2016). The pest can later be able to re-colonize
the empty area left behind the wave, thus the two populations produce an ever-chang-
ing pattern of travelling waves (Paparella et al. 2016). This dynamic provides a good
explanation to the low R-squared obtained (Fig. 1). Indeed, in several sites our survey
possibly probed the moment between cynipid eradication and its recolonization wave.
In these sites, further releases of 7. sinensis had not proved effective due to the host
lacking with negative effects on linear regression. Morover the level of parasitiza-
tion recorded in our survey well adapt to this theory particularly for the reduced time
requested to reach a satisfactory level of parasitization, well shorter than the decade
needed in other continents (Japan, Asia) (Moriya et al. 2003). In this view, predicting
parasitoid fluctuations is crucial to avoid pest explosions with new devastating effect
on production. A periodical survey of pest and parasitoid populations is thus manda-
tory particularly in territories characterized by intense chestnut cultivation such as
Campania region. The data here presented (Tables S1-S5) also indicate to chestnut
growers those sites characterized by parasitism rates > 50% suitable to collect para-
sitized galls to be introduced where the activity of the parasitoid is scarce or null.
Despite the total number of parasitoid releases in the province of Salerno was nearly
a half in respect to that of the province of Avellino, in the former the average parasit-
ism rate resulted higher. Adverse climatic conditions that hamper parasitoid perfor-
mance and diffusion, including high temperatures, rainfall and low humidity, could
have played a role. However, other causes cannot be excluded at all in an area more
intensively cultivated (i.e. the province of Avellino). Among these, the most probable
one seems the use of persistent pesticides targeting other pests of chestnut, e.g. fruit
borers. Another aspect to be considered when assessing the effectiveness of 7. sinensis
as a biological control agent is represented by sex ratio. Although the overall sex ratio
in Campania was slightly male biased (48% females), looking the data aggregated by
site, in the majority of them it resulted female biased (42 sites over 82). In the remain-
ing ones, the male biased sex ratio could be partially explained by the lower number
of parasitoid releases resulting in smaller population recovered (e.g. San Rufo, Perito,
Trentinara in the province of Salerno). These data are in line with what observed so
far in Italy and elsewhere and exclude the possibility of the failure of mating that can
happen when the density of individuals is low and finding a mate is difficult. The
survey of 7. sinensis in Campania was facilitated by the fact that in this region it is
virtually the only “winter” parasitoid. Indeed, autochthonous species are active during
spring and summer and usually moves back to their “primary” hosts during autumn to
overwinter (Guerrieri et al. in prep). The approach followed to contrast the invasive
D. kuriphilus in Campania is also a confirmation that only when applied at territorial
level, biological control accomplishes the result of keeping pest populations below
damage thresholds. The increasing presence and activity of 7. sinensis in chestnut
woods of the South of Italy is demonstrated by the return of canopy development
and in turn of chestnut production in all chestnut orchards of Campania after 5 years
characterized by a virtually absence of chestnut production as caused by the arrival of
the invasive pest (Associazione Castanicoltori Campani, personal communication).
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Tab. S1: Release, acclimation and parasitim rate of Torymus sinensis in the provinces of Avellino (Campania, Italy)
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Chiusano di San Domenico site 4
(1000mt)

Contrada site 1

Contrada site 2 (1000mt)
Contrada site 3 (1000mt)
Contrada site 4 (1000mt)
Contrada site 5 (1000mt)

Corbara

—
—_

2(1/1) 1.0

Forino site 1

Forino site 2 (1000mt)
Forino site 3 (1000mt)
Forino site 4 (1000mt)
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Site'? Parasitoids Released® Parasitoids Survey

Adults Parasitism Rate

2009 2010 2011 2012 2013 2014 2015 2016 Released (/) (%)?

Grottolella site 1

Grottolella site 2 (1000mt)
Grottolella site 3 (1000mt)

Guardia dei Lombardi site 1

Guardia dei Lombardi site 2 (1000mt)
Guardia dei Lombardi site 3 (1000mt)
Guardia dei Lombardi site 4 (1000mt)
Lapio site 1

Lapio site 2 (1000mt)

Lapio site 3 (1000mt)

Lapio site 3 (1000mt)

Lapio site 4 (1000mt)

Lioni site 1

Lioni site 2 (1000mt)

Lioni site 3 (1000mt)

Lioni site 4 (1000mt)

Lioni site 5 (1000mt)

Manocalzati site 1

Manocalzati site 2 (1000mt)
Manocalzati site 3 (1000mt)
Manocalzati site 4 (1000mt)

17 (11/6) 9.5
110 (58/52) 55.0
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250 (103/147) 125.0
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Mercogliano site 1 8 20 15 46 98 (60/38) 49.0

Mercogliano site 2 (1000mt)

L S I S e S S S R O T S B e N S N e e\ B e e
[\







Site'? Parasitoids Released® Parasitoids Survey

2009 2010 2011 2012 2013 2014 2015 2016 Released ?g‘/‘g; Paraszf,}:;? Rate
Mercogliano site 3 (1000mt) 1 1
Montefalcione 7 2 8 17 163 (68/95) 81.5
Monteforte Irpino site 1 5 15 28 71 (44/27) 35.5
Monteforte Irpino site 2 (1000mt) 1 1
Montefredane site 1 2 2
Montefredane site 2 (1000mt) 1 1
Montefusco 1 1
Montella site 1 1 2 18 21 5(2/3) 2.5
Montella site 2 (1000mt) 16 16 10 (6/4) 5.0
Montella site 3 (1000mt) 3 43 46 52 (2/50) 26.0
Montella site 4 (1000mt) 2 56 58 82 (37/45) 41.0
Montella site 5 (1000mt) 3 3
Montemarano site 1 1 1 4 4 10 19 (12/7) 9.5
Montemarano site 2 (1000mt) 1 1
Montemarano site 3 (1000mt) 1 1
Montemarano site 4 (1000mt) 1 1
Montemiletto site 1 1 1
Montemiletto site 2 (1000mt) 1 1
Montoro Inferiore site 1 1 4 4 8 28 6 50 44 (25/19) 22.0
Montoro Inferiore site 2 (1000mt) 2 2
Montoro Inferiore site 3 (100mt) 1 1
Montoro Inferiore site 4 (1000mt) 1 1
Montoro Inferiore site 5 (1000mt) 1 1







Site!?

Parasitoids Released®

Parasitoids Survey

2009 2010 2011 2012 2013 2014 2015 2016 Released

Adults
(R/D)

Parasitism Rate
(%)*

Montoro Superiore site 1

Montoro Superiore site 2 (1000mt)
Montoro Superiore site 3 (1000mt)
Montoro Superiore site 4 (1000mt)
Morra de Sanctis

Moschiano

Mugnano del Cardinale

Nusco site 1

Nusco site 2 (1000mt)

Nusco site 3 (1000mt)

Nusco site 4 (1000mt)

Nusco site 5 (1000mt)
Ospedaletto d’ Alpinolo

Pannarano

Pietrastornina

Prata di Principato Ultra site 1

Prata di Principato Ultra site 2 (1000mt)
Prata di Principato Ultra site 3 (1000mt)

Pratola Serra site 1

Pratola Serra site 2 (1000mt)
Pratola Serra site 3 (1000mt)
Roccabascerana

Rotondi

1
1
1
1
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13
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186 (92/94)
6 (5/1)
45 (24/21)
150 (72/78)

120 (69/51)
33 (11/22)
212 (87/125)

93.0
3.0
22.5
75.0

60.0
16.5
106.0







Site'? Parasitoids Released® Parasitoids Survey

2009 2010 2011 2012 2013 2014 2015 2016 Released ?g‘/‘g; Paraszf,}:;? Rate
Quindici site 1 5 6 20 31 162 (90/72) 81.0
Quindici site 2 (1000mt) 1 1 9 (3/6) 4.5
Quindici site 3 (1000mt) 1 1
Quindici site 4 (1000mt) 1 1
Salza Irpina site 1 1 4 12 21 19 (10/9) 9.5
Salza Irpina site 2 (1000mt) 1 1
Salza Irpina site 3 (1000mt) 1 1
San Mango sul Calore site 1 2 4 12 22 243 (99/144) 121.5
San Mango sul Calore site 2 (1000mt) 1 1
San Mango sul Calore site 3 (1000mt) 1 1
San Mango sul Calore site 4 (1000mt) 1 1
San Martino Sannita 1 1
San Martino Valle Caudina site 1 5 19 24 23 (7/16) 11.5
San Martino Valle Caudina site 2 (500mt) 38 (28/10) 19.0
San Martino Valle Caudina site 3 (500 mt) 1 30 31 25 (19/6) 12.5
San Martino Valle Caudina site 4 (500mt) 15 (6/9) 7.5
San Michele di Serino site 1 1 1
San Michele di Serino site 2 (1000mt) 1 1
San Potito Ultra site 1 1 1
San Potito Ultra site 2 (1000mt) 1 1
Santa Lucia di Serino site 1 1 3 9 16 189 (91/98) 94.5
Santa Lucia di Serino site 2 (1000mt) 1
Sant’ Angelo a Scala 5 4 9 33 (17/16) 16.5







Site!?

Parasitoids Released®

Parasitoids Survey

2009 2010 2011 2012 2013 2014 2015 2016 Released ?g‘/‘g; Paraszf,}:;? Rate
Sant’ Angelo dei Lombardi site 1 2 2 4 252 (106/146) 126.0
Sant’ Angelo dei Lombardi site 2 (1000mt) 1 1 73 (35/38) 36.2
Sant’ Angelo dei Lombardi site 3 (1000mt) 1 1
Sant’ Angelo dei Lombardi site 4 (1000mt) 1 1
Sant’ Angelo dei Lombardi site 5 (1000mt) 1 1
Santo Stefano del Sole 4 4 49 (19/30) 24.5
Senerchia (5000m¢t) 16 (7/9) 8.0
Serino site 1 1 2 40 76 119 20 (8/12) 10.0
Serino site 2 (1000mt) 6 18 24 30 (12/18) 15.0
Serino site 3 (1000mt) 2 2
Serino site 4 (1000mt) 2 2
Serino site 5 (1000mt) 2
Solofra site 1 1 3 18 18 40 20 (11/9) 10.0
Solofra site 2 (1000mt) 1 1
Solofra site 3 (1000mt) 1 1
Solofra site 4 (1000mt) 1 1
Solofra site 5 (1000mt) 1 1
Sorbo Serpico site 1 1 4 4 12 21 141 (69/72) 70.5
Sorbo Serpico site 2 (1000mt) 1 1
Sorbo Serpico site 3 (1000mt) 1 1
Sorbo Serpico site 4 (1000mt) 1 1
Summonte site 1 1 3 3 10 17 45 (29/16) 22.5
Summonte site 2 (500mt) 54 (34/20) 27.0







Site'? Parasitoids Released® Parasitoids Survey

2009 2010 2011 2012 2013 2014 2015 2016 Released ?g‘/‘g; Paraszf,}:;f.‘ Rate
Taurano (2800mt) 1(0/1) 0.5
Teora sitel 1 1
Teora site 2 (1000mt) 1 1
Teora site 3 (1000mt) 1 1
Torre le Nocelle 2 1 3 117 (52/65) 58.5
Volturara Irpina site 1 3 7 10 56 (33/23) 28.5
Volturara Irpina site 2 (1000mt) 1 12 46 59 169 (68/101) 84.5
Volturara Irpina site 3 (1000mt) 1 1
Volturara Irpina site 4 (1000mt) 1 1
Volturara Irpina site 5 (1000mt) 1 1

"In italics sites where no released were performed
?In brackets the distance from the nearest releasing point
* The number indicates the releasing lots each composed by 100 mated females

* Parasitism rate calculated dividing the number of parasitoids collected by 200 (i.e. galls collected in each sample); numbers >100 indicate the event of multiple

parasitoid emergence from a single gall











Tab. S2.pdf

Tab. S2: Release, acclimation and parasitim rate of Torymus sinensis in the provinces of Salerno (Campania, Italy)

Site'”? Parasitoids Released® Parasitoids Survey
2009 2010 2011 2012 2013 2014 2015 2016 Released ‘?g‘/‘gi Paraszf,;:;? Rate
Acerno site 1 1 16 17 207 (75/132) 103.5
Acerno site 2 (500mt) 3 3 232 (70/162) 116.0
Acerno site 3 (1000mt) 3 3 264 (64/200) 132.0
Acerno site 4 (1000mt) 2 2
Acerno site 5 (1000mt) 2 2
Auletta site 1 1 1
Auletta site 2 (1000mt) 1 1
Auletta site 3 (1000mt) 1 1
Auletta site 4 (1000mt) 1 1
Baronissi 1 5 6 42 (24/18) 21.0
Bracigliano site 1 3 15 18 38 (23/15) 19.0
Bracigliano site 2 (1000mt) 1 1
Calvanico site 1 1 1 8 11 20 41 151 (88/63) 75.5
Calvanico site 2 (900mt) 3 5 10 19 51 (30/21) 25.5
Calvanico site 3 (1000mt) 1 1
Calvanico site 4 (1000mt) 1 1
Calvanico site 5 (1000mt) 1 1
Campagna 1 1 97 (52/45) 48.5
Castel San Lorenzo 4 4 178 (99/79) 89.0
Castiglione dei Genovesi site 1 2 2 232 (40/182) 116.0
Castiglione dei Genovesi site 2 (1000mt) 1 1 252 (54/288) 126.0







Site!?

Parasitoids Released®

Parasitoids Survey

2009 2010 2011

2012 2013 2014 2015 2016 Released

Adults
(?/3)

Parasitism Rate
(%)*

Castiglione dei Genovesi site 3 (1000mt)
Castiglione dei Genovesi site 4 (1000mt)
Castiglione dei Genovesi site 5 (1000mt)

Cava dei Tirreni site 1

Cava dei Tirreni site 2 (1000mt)
Corbara

Corleto Monforte site 1

Corleto Monforte site 2 (1000mt)
Corleto Monforte site 3 (1000mt)
Corleto Monforte site 4 (1000mt)
Felitto

Felitto site 2 (750mt)

Fisciano site 1

Fisciano site 2 (1000mt)

Fisciano site 3 (1000mt)

Fisciano site 4 (1000mt)

Fisciano site 5 (1000mt)

Forino

Giffoni Sei Casali site 1

Giffoni Sei Casali site 2 (1000mt)
Giffoni Sei Casali site 3 (1000mt)
Giffoni Sei Casali site 4 (1000mt)
Giffoni Sei Casali site 5 (1000mt)
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0 13 7 15 46 46 (25/21)
47 (35/12)
10 13 85 (57/28)

4 7 25 43 74 (42/32)
218 (149/69)

3.5

23.0
235
42.5

37.0
109.0







Site!?

Parasitoids Released®

Parasitoids Survey

2009 2010 2011 2012 2013 2014 2015 2016 Released ‘?g‘/‘gi Parasg}:;ﬂ‘ Rate

Giffoni Valle Piana site 1 10 16 19 25 70 222 (112/110) 111.0
Giffoni Valle Piana site 2 (1000mt) 3 3 221 (95/126) 110.5
Giffoni Valle Piana site 3 (1000mt) 3 3

Giffoni Valle Piana site 4 (1000mt) 3 3

Giffoni Valle Piana site 5 (1000mt) 2 2

Gioi 7 7 14 (11/3) 7.0
Laureana Cilento (3000m¢t) 72 (41/31) 36.0
Magliano Vetere site 1 6 35 15 56 131 (64/67) 65.5
Magliano Vetere site 2 (950mt) 149 (89/60) 74.5
Mercato San Severino 2 2 4 69 (38/31) 34.5
Moio della Civitella 7 1 (1/0) 0.5
Montano Antilia 1 1

Monteforte Cilento 2 2 10 (6/4) 5.0
Montecorvino Rovella site 1 2 2

Montecorvino Rovella site 2 (1000mt) 1 1

Montecorvino Rovella site 3 (1000mt) 1 1

Montecorvino Rovella site 4 (1000mt) 1 1

Montecorvino Rovella site 5 (1000mt) 1 1

Omignano (20000mt) 34 (21/13) 17.0
Orria 5 5 162 (78/84) 81.0
Ottati site 1 1 1

Ottati site 2 (1000mt) 1 1

Ottati site 3 (1000mt) 1 1







Site'”? Parasitoids Released® Parasitoids Survey
2009 2010 2011 2012 2013 2014 2015 2016 Released ‘?g‘/‘gi Parasg}:;ﬂ‘ Rate

Perdifumo (5000mt) 46 (28/18) 23.0
Perito 10 10 299 (116/183) 149.5
Petina site 1 8 8 7 30 53 128 (58/70) 64.0
Petina site 2 (1000mt) 1 1
Petina site 3 (1000mt) 1 1
Petina site 4 (1000mt) 1 1
Polla site 1 1 2 3 73 (28/45) 36.5
Polla site 2 (1000mt) 1 1
Polla site 3 (1000mt) 1 1
Polla site 4 (1000mt) 1 1
Polla site 5 (1000mt) 1 1
Postiglione site 1 1 6 7 121 (44/77) 60.5
Postiglione site 2 (1000mt) 1 1
Ravello site 1 15 18 33 1(0/1) 0.5
Ravello site 2 (500mt) 3(2/1) 1.5
Roccadaspide site 1 1 14 10 25 1 (0/1) 0.5
Roccadaspide site 2 (750mt) 8 (6/2) 4.0
Roccadaspide site 3 (1000mt) 18 10 25 53 21 (9/12) 10.5
Roccadaspide site 4 (750mt) 1 1 48 (28/20) 24.0
Roccadaspide site 5 (1300mt) 31 (14/17) 15.5

Rofrano site 1
Rofrano site 2 (1000mt)
Rofrano site 3 (1000mt)







Site!?

Parasitoids Released®

Parasitoids Survey

2009 2010 2011 2012 2013 2014 2015 2016 Released ‘?g‘/‘gi Parasg}:;ﬂ‘ Rate

San Cipriano Picentino site 1 1 1 329 (150/179) 164.5
San Cipriano Picentino site 2 (1000mt) 1 1

San Cipriano Picentino site 3 (1000mt) 1 1

San Cipriano Picentino site 4 (1000mt) 1 1

San Rufo 2 2 90 (27/63) 45.0
Sanza site 1 2 2

Sanza site 2 (1000mt) 2 2

Sanza site 3 (1000mt) 1 1

Sanza site 4 (1000mt) 1 1

Sanza site 5 (1000mt) 1 1

Sant’Egidio del Monte Albino site 1 1 1

Sant’Egidio del Monte Albino site 2 (1000mt) 1 1

Sarno site 1 1 1

Sarno site 2 (1000mt) 1 1

Sicignano degli Alburni site 1 8 34 44 114 (45/69) 57.0
Sicignano degli Alburni site 2 (1000mt) 1 1 167 (72/95) 83.5
Sicignano degli Alburni site 3 (1000mt) 1 1 119 (42/77) 59.5
Sicignano degli Alburni site 4 (1000mt) 1 1

Sicignano degli Alburni site 5 (1000mt) 1 1

Sessa Cilento site 1 11 (5/6) 5.5
Sessa Cilento site 2 (800mt) 32 (25/7) 16.0
Stella Cilento (5000mt) 33 (18/15) 16.5
Stio site 1 10 10 10 37 83 (45/38) 41.5







Site'”? Parasitoids Released® Parasitoids Survey

2009 2010 2011 2012 2013 2014 2015 2016 Released ‘?g‘/‘gi Parasg}:;ﬂ‘ Rate
Stio site 2 (750mt) 0 0
Tramonti site 1 6 20 4 30 51 (23/28) 25.5
Tramonti site 2 (1000mt) 1 1 79 (33/46) 39.5
Trentinara 2 2 79 (33/46) 39.5
Trentinara site 2 (750mt) 30 (13/17) 15.0
Trentinara site 4 (1400mt) 10 (3/7) 5.0

"In italics sites where no released were performed
?In brackets the distance from the nearest releasing point
* The number indicates the releasing lots each composed by 100 mated females

* Parasitism rate calculated dividing the number of parasitoids collected by 200 (i.e. galls collected in each sample); numbers >100 indicate the event of multiple

parasitoid emergence from a single gall











Tab. S3.pdf

Tab. S3: Release, acclimation and parasitim rate of Torymus sinensis in the provinces of Caserta (Campania, Italy)

Site"? Parasitoids Released’ Parasitoids Survey
2009 2010 2011 2012 2013 2014 2015 2016 Released Adults Parasitism Rate
(/3) (%)

Alvignano 1 1

Caianello site 1 1 1

Caianello site 2 (1000mt) 1 1

Caiazzo 1 1

Camigliano site 1 1 1

Camigliano site 2 (1000mt) 1 1

Carinola site 1 1 1

Carinola site 2 (1000mt) 1 1

Castel di Sasso site 1 1 1

Castel di Sasso site 2 (1000mt) 1 1

Conca della Campania site 1 3 85 88

Conca della Campania site 2 1 1

(1000mt)

Conca della Campania site 3 1 1

(1000mt)

Conca della Campania site 4 1 1

(1000mt)

Dragoni 1 1

Formicola site 1 1 1

Formicola site 2 (1000mt) 1 1

Formicola site 3 (1000mt) 1 1

Formicola site 4 (1000mt) 1 1







Site!?

Parasitoids Released®

Parasitoids Survey

2009 2010 2011 2012 2013 2014 2015 2016 Released

Adults
(R/D)

Parasitism Rate
(%)*

Galluccio site 1

Galluccio site 2 (1000mt)
Giano Vetusto site 1

Giano Vetusto site 2 (1000mt)
Liberi site 1

Liberi site 2 (1000mt)

Liberi site 3 (1000mt)

Liberi site 4 (1000mt)
Marzano Appio site 1
Marzano Appio site 2 (1000mt)
Marzano Appio site 3 (1000mt)
Mugnano Monte Lungo

Piana di Monte Verna
Pietramelara

Pontelatone site 1

Pontelatone site 2 (1000mt)
Pontelatone site 3 (1000mt)
Pontelatone site 4 (1000mt)
Roccamonfina site 1
Roccamonfina site 2 (500mt)
Roccamonfina site 3 (500mt)
Roccamonfina site 4 (1000mt)

Roccamonfina site 5 (1000mt)
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Site'? Parasitoids Released® Parasitoids Survey

2009 2010 2011 2012 2013 2014 2015 2016 Released Adults Parasitism Rate
(?/3) (%)*

Rocca Romana site 1

Rocca Romana site 2 (1000mt)
Rocchetta e Croce site 1
Rocchetta e Croce site 2 (1000mt)
Sessa Aurunca site 1

Sessa Aurunca site 2 (1000mt)
Sessa Aurunca site 3 (1000mt)
Sessa Aurunca site 4 (1000mt)
Teano site 1

Teano site 2 (1000mt)

Teano site 3 (1000mt)

Tora e Piccilli site 1

Tora e Piccilli site 2 (1000mt)
Tora e Piccilli site 3 (1000mt)
Valle Agricola
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"In italics sites where no released were performed

*In brackets the distance from the nearest releasing point

* The number indicates the releasing lots each composed by 100 mated females







* Parasitism rate calculated dividing the number of parasitoids collected by 200 (i.e. galls collected in each sample); numbers >100 indicate the event of multiple

parasitoid emergence from a single gall











Tab. S4.pdf

Tab. S4: Release, acclimation and parasitim rate of Torymus sinensis in the provinces of Benevento (Campania, Italy)

Site'? Parasitoids Released’ Parasitoids Survey
2009 2010 2011 2012 2013 2014 2015 2016 Released ‘tg‘/‘g; Paraszﬁz;‘} Rate

Cusano Mutri 4 4 3 30 41 238 (113/225) 119.0
Pietraroja 40 40 151 (68/83) 75.5
Pannarano 1 1
Pontelandolfo 1 1
Trevico site 1 7 7 298 (114/184) 149.0
Trevico site 2 (750mt) 5 5 212 (118/94) 106.0
Vitulano 2 21 23 38 (19/19) 19.0

" In italics sites where no released were performed
*In brackets the distance from the nearest releasing point
* The number indicates the releasing lots each composed by 100 mated females

* Parasitism rate calculated dividing the number of parasitoids collected by 200 (i.e. galls collected in each sample); numbers >100 indicate the event of multiple

parasitoid emergence from a single gall











Tab. S5.pdf

Tab. S5: Release, acclimation and parasitim rate of Torymus sinensis in the provinces of Naples (Campania, Italy)

Site"? Parasitoids Released’ Parasitoids Survey

2009 2010 2011 2012 2013 2014 2015 2016 Released  dults  Parasitism Rate

(9/3) (%)
Agerola 2 2 10 (6/4) 5.0
Pimonte 1 1 8 (4/4) 4.0
Scala site 1 3 15 15 42 75 16 (10/6) 8.0
Scala site 2 (700mt) 2 (1/1) 1.0

"In italics sites where no released were performed
*In brackets the distance from the nearest releasing point
* The number indicates the releasing lots each composed by 100 mated females

4 Parasitism rate calculated dividing the number of parasitoids collected by 200 (i.e. galls collected in each sample); numbers >100 indicate the event of multiple

parasitoid emergence from a single gall











Tab. S6.pdf

Tab. S6: Torymus sinensis collected in Campania

Site Q 3 total SexRatio (%)’
Avellino Province
Avella 7 4 11 63.6
Avellino 2 4 6 333
Bagnoli Irpino 3 6 9 333
Calabritto 98 85 183 53.6
Caposele 69 86 155 44.5
Cassano Irpino 11 10 21 52.4
Castelvetere sul Calore 14 14 28 50.0
Cervinara 31 41 72 43.1
Chiusano di San Domenico 58 77 135 43.0
Contrada 1 1 2 50.0
Guardia dei Lombardi 69 58 127 54.3
Lioni 103 147 250 41.2
Mercogliano 60 38 98 61.2
Montefalcione 68 95 163 41.7
Monteforte Irpino 44 27 71 62.0
Montella 47 102 149 31.5
Montemarano 12 7 19 63.2
Montoro Inferiore 25 19 44 56.8
Morra de Sanctis 92 94 186 49.5
Moschiano 5 1 6 83.3
Mugnano del Cardinale 24 21 45 53.3
Nusco 72 78 150 48.0
Ospedaletto d’ Alpinolo 69 51 120 57.5
Pannarano 11 22 33 333
Pietrastornina 87 125 212 41.0
Quindici 93 78 171 54.4
Salza Irpina 10 9 19 52.6
San Mango sul Calore 99 144 243 40.7
San Martino Valle Caudina 60 41 101 59.4
Sant’ Angelo a Scala 17 16 33 51.5
Sant’ Angelo dei Lombardi 141 184 325 43.4
Santa Lucia di Serino 91 98 189 48.1
Santo Stefano del Sole 19 30 49 38.8
Senerchia 7 9 16 43.8
Serino 20 30 50 40.0

Solofra 11 9 20 55.0







Site Q ) total SexRatio (%)"
Sorbo Serpico 69 72 141 48.9
Summonte 63 36 99 63.6
Taurano 0 1 1 0.0
Torre le Nocelle 52 65 117 44.4
Volturara Irpina 101 124 225 44.9
Salerno Province

Acerno 209 494 703 29.7
Baronissi 24 18 42 571
Bracigliano 23 15 38 60.5
Calvanico 118 84 202 58.4
Campagna 52 45 97 53.6
Castel San Lorenzo 99 79 178 55.6
Castiglione dei Genovesi 94 470 484 19.4
Corbara 5 2 7 71.4
Felitto 60 33 93 64.5
Fisciano 57 28 85 67.1
Forino 42 32 74 56.8
Giffoni Sei Casali 149 69 218 68.3
Giffoni Valle Piana 207 236 443 46.7
Gioi 11 3 14 78.6
Laureana Cilento 41 31 72 56.9
Magliano Vetere 153 127 280 54.6
Mercato San Severino 38 31 69 55.1
Moio della Civitella 1 0 1 100.0
Monteforte Cilento 6 4 10 60.0
Omignano 21 13 34 61.8
Orria 78 84 162 48.1
Perdifumo 28 18 46 60.9
Perito 116 183 299 38.8
Petina 58 70 128 45.3
Polla 28 45 73 38.4
Postiglione 44 77 121 36.4
Ravello 2 2 4 50.0
Roccadaspide 57 52 109 52.3
San Cipriano Picentino 150 179 329 45.6
San Rufo 27 63 90 30.0
Sessa Cilento 30 13 43 69.8
Sicignano degli Alburni 159 241 400 39.8
Stella Cilento 18 15 33 54.5







Site Q ) total SexRatio (%)"

Stio 45 38 83 54.2
Tramonti 56 74 130 43.1
Trentinara 49 70 119 41.2

Caserta Province
Roccamonfina 78 102 180 43.3

Benevento Province

Cusano Mutri 113 225 238 47.5
Pietraroja 68 83 151 45.0
Trevico 232 278 510 45.5
Vitulano 19 19 38 50.0

Napoli Province

Agerola 6 4 10 60.0
Pimonte 4 4 8 50.0
Scala 11 7 18 61.1

" In bold are highlighted significative values tested by GLM with binomial distribution, P < 0.01











