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Non-target host risk assessment for the parashorgmus sinensis
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Abstract

Torymus sinensiKamijo (Hymenoptera: Torymidae) has been reledisexighout Italy for
biological control of the chestnut gall wasp. Ispense to concern about non-target impacts
associated with the introduction of this exoticlbgscal control agent, this study aimed at
investigatingT. sinensis host range. In total, 1,371 non-target gallseanedllected in north-central
Italy in a two-year period, representing nine digfet species. Collections were carried out on
common oak, downy oak, sessile oak, Turkey oakvaltrose.

A total of five native torymid species were reaaildrom the non-target gallMégastigmus
dorsalis Torymus affinisT. auratus T. flavipes andT. gerani), and three?d T. sinensis
individuals emerged frorBiorhiza pallidagalls collected in the field. Under controlled ddions,
most of the non-target galls tested were not swathbkts for ovipositionl. sinensigemales only
laid eggs orAndricus curvatorIn olfactometer bioassays, higher numbers.dinensigemales
showed more interest to the chestnut galls comgaradn-target hosts. This data highlights hbw
sinensishas a broader ecological host range than reportiée literature and that it is attracted by

non-target hosts other th@n kuriphilus

Keywords:Torymus sinensjsisk assessment, host specificity, chestnut gak,gall
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Introduction

Biological control of arthropod pests, weeds arahptliseases has been practiced for centuries. It
a cost-effective, environmentally friendly appro&shiesolve pest problems in terrestrial and
aquatic ecosystems. Classical biological contropdrticular, involves selecting natural enemies of
invasive species in their native range and relga$ieam in a recently invaded environment. It can
assure lasting, highly selective, and effective peatrol (McEvoy 1996), but in addition to
providing a long-term benefit, the dispersal and@nent establishment of a beneficial insect for
biological control leads to an irreversible sitoatwith the potential to cause negative
consequences to species other than the targefArebieassen et al. 2009; Brodeur 2012).
Prey/host specificity appears to be one of the masable biological traits of biocontrol agents;
natural enemies currently used in biological cdmirogrammes may show various degrees of
specificity, ranging from organisms having a nartowgt range restricted to a single species or
genus to those with a wide spectrum of potentiatdoovering several orders, classes or even
kingdoms. Specificity primarily establishes theimgic potential of a given species to become an
efficient safe natural enemy of a target pest (Buv®012)Risks tonon-target species from
biological control programmes were already notetthé1980s; issues concern the risks, if any, that
biological control agents introduced to new cow#may pose, causing a decline in species that are
not the target pest (Howarth, 1991; Strand andd®pr1996; Brodeur 2012).

Torymus sinensiKamijo is a biological control agent of the chestgall waspDryocosmus

kuriphilus Yasumatsu that has been distributed in Japan (18#5USA (in the late 1970s), Italy
(2005), and France (2011) (Moriya et al. 1989; Gw@nd Rieske 2007; Quacchia et al. 2008;
Borowiec et al. 2014). It is reported in the litewra as univoltine like its host, predominantly
reproducing amphigonically, even if recent evidepe®/ed it may exhibit a prolonged diapause
mainly as late instar larva. After emergence, takés place in early spring, and mating, the female

lays eggs inside the larval chamber of newly formaks, usually one egg per host larva. After



57

58

59

60

61

62

63

64

65

66

67

68

69

70

71

72

73

74

75

76

77

78

79

80

81

82

hatching the larva feeds ectoparasitically on th&t leova, and it pupates in the host larval chamber
during winter (Moriya et al., 1990; Ferracini et 2015).

The introduction of this parasitoid is widely knoas one of the typical successful cases of
classical biological control in Japan and Italy (Mworiya et al. 2003; Ferracini et al. 2015);
however, the risks of the agent concerning potenégative effects on non-target native gall
makers mainly present on oak3dugercusspp.) and closely related parasitoids have newar be
evaluated thoroughly. Murakami et al. (1977) repaiit. sinensisamong the Chinese parasitoids,
as the only species host specific and synchrondatirste chestnut gall wasp, but we currently
know little about its host range and host sped¢ifizi its native or introduced ranges. A few lingite
host range tests were carried out under laboratmmglitions with alternative host galls from

Mikiola fagi Hartig (Diptera: Cecidomyiidae) , and on asexualegation of the oak gall wasps
Cynips quercusfoliL. andAndricus kollariHartig (Hymenoptera: Cynipidae) in 2004 (Quacdtia

al. 2008), but no oviposition ever occurred. Moreliminary tests with seven oak gall speci&s [
crispator Tschek A. curvatorHartig, A. cydoniaeGiraud,A. grossulariagsGiraud,A. multiplicatus
Giraud,Biorhiza pallidaOlivier, andD. cerriphilusGiraud (Hymenoptera: Cynipidae)] were also
performed in 2014, supporting the specificity tedarther (Quacchia et al. 2014).

In response to concern about non-target impactsedsd with the introduction of this exotic
biological control agent, the EFSA Panel on Plaealth established a new alternative host species
list for testing the host-specificity @f. sinensiscomprising galls which may be more susceptible to
attack during the period that females are seardbinigosts, such a&. curvatorsexual generation;

A. cydoniaesexual generatiorA. grossulariaesexual generatior. inflator sexual generatior.
lucidussexual generatiorA. multiplicatussexual generatioB. pallidasexual generatior).
cerriphilussexual and asexual generatidleuroterus quercusbaccaruiin.) sexual generation)
(EFSA Panel On Plant Health 2010).

The present study aimed at investigafinginensis host range, with particular regard to the oak

galls species listed by EFSA Panel On Plant H€allih0). No choice trials were carried out



83  applying recently-developed protocols for host/pi@yge testing, considering the hypothesis that
84  species most closely related taxonomically andaggchlly to the target are more likely to be

85 utilized as hosts by the biological control agesing tested (Kuhlmann et al. 2006; van Lenteren et
86 al. 2006). Furthermore, olfactometer bioassays wertormed to assess the attractiveness of

87  volatiles forT. sinensigemales; experiments were conducted to test $orese of the parasitoid

88 comparing chestnut galls, reported in literaturéhasonly target hostersusnon target oak galls.

89 Materialsand methods

90 Insect

91  All T. sinensisised in the trials emerged from parasitized chegfalls randomly collected, by
92  hand from low branches (from ground level to 2 ghhiand with the aid of lopping shears from the
93  medium-high tree crown (from 2 to 5 m high), oncgear, in winter, both in 2013 and 2014 in
94  chestnut orchards in Piemonte region, where thasgard was first released in 2005 and then
95  successfully established. The galls were keptidazard boxes outdoors from January to April
96 until emergence of the parasitoids (Tmin=-1.9, Tat#k3°C, RHmMin=67.8=, RHMax=78.8% in
97  2013; Tmin=0.8°C, Tmax=19.3°C, RHmMin=64.5=, RHMak-A86 in 2014) . Newly emerged
98 females were fed every 48 h with drops of honegamlboard and individually kept in glass tubes
99 (120 mm in height by 18 mm in diameter), with ne\pous contact with a host, in a climatic
100 chamber at 15 1 °C, 60+5% RH, and a photoperiatbd (L:D) h.
101  Gall collection
102  Non-target galls were collected in 4 regions (8ssfter region): Liguria [Borzonasca (GE)
103 44°26'01.6”N 9°23'45.9"E, Sassello (SV) 44°29'33'N 8°33'17.9”E], Piemonte [Molare (AL)
104 44°34'40.2”N 8°36'10.5"E, Pianfei (CN) 44°19°'41"AN 7°40°'58.9”E], Toscana [Marradi (FI)
105 44°04’53.1"N 11°38'17.8"E, Piazza al Serchio (L4®°10'31.8”N 10°17°14.9”E], Valle d’Aosta
106  [Arnad (AO) 45°38'22.7"N 7°43'41.8"E Perloz 45°363.9”N 7°48'24.4”E] (Figure 1).
107  Collections were carried out on common o@kiércus robut..), downy oak Q. pubescens

108  Willdenow), sessile oak. petraeaMattuschka) Lieblein), Turkey oak)( cerrisL.), and wild



109 rose Rosaspp. L.). The selection of non-target oak hosts based on the species list for host-
110  specificity testing established by EFSA Panel CanPHealth (2010), and host galls from the genus
111  Rosa since their abundance in the wood, were testededsas suggested by Gibbs et al. (2011).
112 Investigations were carried out over a 2-year pe(gD13—2014) in all regions and in the same
113  sites. Withered galls were collected in Januaryrir@ty in order to verify ifl. sinensisnay emerge
114  from non-target hosts, and fresh galls were cakbat April-May (duringT. sinensigmergence)
115  both on non-target hosts and chestnut trees (tssacdantrol), to perform oviposition trials and
116  olfactometer bioassays under controlled conditions.

117  Sampled trees and shrubs were located in mixedtfootose to infested chestnut stands whiere
118  sinensiswas previously released in order to evaluate antiat shift from chestnut to non-target
119  hosts. In the Table 1 the years of release anddbedinates of . sinensigelease points are

120  provided.Collectionswere made by hand from low branches (from groumdll® 2 m high) and
121 with the aid of lopping shears from the medium-higde crown (from 2 to 5 m high). Galls were
122 stored in plastic bags, transferred immediatelhéolaboratory, and identified using voucher

123  specimens deposited at the DISAFA-Entomology |aiooya

124  Withered galls were individually isolated in plastiontainers (70 mm in height by 55 mm in

125  diameter) with a fine-gauze lid, and stored outdaaithin 24 hrs from collection. Containers were
126  checked weekly, and then daily after the first paioed emerged. Fresh galls were kept in climatic
127  chamber at 15 1 °C, 60+5% RH, and a photoperiatba8 (L:D) h and used in the trials within 24
128  hrs from collection. Containers were kept outddoyen January to December until emergence of
129  the parasitoids (Tmin=-1.9, Tmax=29.1°C, RHmin=64- RHMax=83.4% in 2013; Tmin=0.8°C,
130 Tmax=26.3°C, RHmMin=63.0%=, RHMax=89.7% in 2014) .

131 No choice oviposition trials

132  These tests, based on the ‘no choice black box(#est Lenteren et al. 2006), aimed to f€st
133 sinensis host range, investigating the parasitoid’s &ptlb develop in non-target hosts. No choice

134  exposures to non-target hosts were conducted in@osed arena in order to maximise the



135

136

137

138

139

140

141

142

143

144

145

146

147

148

149

150

151

152

153

154

155

156

157

158

159

160

likelihood of non-target attackourfresh oak gall species included in the EFSA listentested in
2013 @A. curvator A. grossulariaeB. pallida, andN. quercusbaccarumand only two in 20144
curvator, andB. pallida).

A single fresh non-target gall was offered to a 6ldlnaiveT. sinensigemale placed on a wet filter
paper inside a Petri dish (diameter, 10 cm) in otd®btain data on its behaviour in relation to
parasitism, with a minimum of 20 replications faick gall species. Observations were performed
using a stereomicroscope for 1 hour. Three behaalisequences were recorded: host location,
defined as a walk on the gall locating the hostiulgh vibrotaxis, attempted oviposition, defined as
the attempted insertion of the ovipositor, and osipon, defined as successful insertion of the
ovipositor followed by the pumping action of thedalmen.

At the end of the observation the female was tleemoved from the arena and individually isolated
in a Petri dish containing a fresh unparasitisegstiiut gall as control, and the three behavioural
sequences were recorded following the same proeatkscribed above. All the tested galls were
individually stored in glass tubes (120 mm in heigy 18 mm in diameter), and then dissected with
the aid of a scalpel using a stereomicroscope e3ggs may have escaped detection, galls were
stored in a climatic chamber at 24+£2°C, 50+£10% Rtdl @ photoperiod of 16:8 (L:D) h for 10 days
to ease the detection of the parasitoid at lategjes All the trials were performed in laboratory
conditions.To avoidany influence in the behaviour of the parasitoltestnut galls were collected
in Alto Adige region in a site with no presencelofsinensisOn the contrary, since during
collection it was not possible to detect previoysdyasitised galls (e.g. by visual inspection), oak
galls were discarded after the trials if any napeeasitoid larva was identified by molecular
analysis after dissection.

Olfactometer bioassays

In the olfactometer bioassays, 6-d-dldsinensigemales were used to assess their olfactory
responses to the odours of the chestnut gall (@sedcontrol) and 6 non-target galds ¢urvator

A. cydoniagA. grossulariagA. multiplicatus B. pallida N. quercusbaccarujras alternative hosts.
7
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Before the trials, the insects were individuallpkat room temperature without any host in a glass
tube for 18 h with a humid cotton cap and microdrophoney to acclimate the wasps to the
experimental conditiong.he bioassaywere carried out in a horizontal Y-shaped Pyrextub
following the procedure described for another wxremnuspp. (Ferracini et al. 2012). The air
flow was provided by an air pump (Air 275R, Serajitsberg, Germany) and then filtered in an
activated CO2 filter, regulated with a flowmeteRah liters/min (EK-2NRK, Comer, Bologna,

Italy) and humidified in a 1-liter water bubblertf@led with deionized water. After the air flow
was established, a single parasitoid female wasdaoted into the entry arm. Each female was
observed until she had moved at least 2 cm up btieeside arms or until 10 min had elapsed. For
each test the same odour sources were used whitercong the wasps, a female was evaluated
only once to prevent any behaviour conditioned)peeience. The odour sources chosen by
females that responded were recorded. Thirty regsonsre recorded for each pair of odour
sourcesAfter testing five females, the odour sources were seddbietween the left-hand and
right-hand side arms to minimize any spatial eftactchoices. The Y-tube and cameras were
cleaned with mild soap and alcohol (70%v) and I&zed in an autoclave at 120°C for 20 min. The
olfactory bioassays were conducted at 24+2°C, 50a¢RH, and 250+10 lux.

Parasitoid identification

Among all the parasitoids emerged from non-targstdy@mnly the torymid species were
morphologically identified using specific dichotooskeys (Kamijo 1982; de Vere Graham and
Gijswijt 1998) and by comparison with voucher spssns deposited at the DISAFA-Entomology
laboratory. Doubtful species and larvae recordetissected galls in the no choice oviposition
trials were submitted to DNA extraction and thegusnced for the cytochrome oxidase | (COI)
gene following Kaartinen et al. (2010).

Statistical analyses

In the behavioural trials the numbers of times Thatinensigemales engaged in three types of

behaviour (host location, attempted oviposition, anghosition) were recorded, and means were
8
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analyzed for each non-target gallDokuriphilusgall (as control) by paired t-tests for dependent
samples. In the olfactory bioassays, the resparfsearasitoid females were analysed by a chi-
square test. The null hypothesis was that pardsiéonales had a 50:50 distribution across the two
odour sources. All analyses were performed usirgSS®ersion 20.0 (SPSS, Chicago, IL).
Results

In total, 1,371 non-target galls were collectedrdhe 2-year period, corresponding to 4 different
generaAndricus Biorhiza Diplolepis,andNeuroterugTable 2). The galls found most frequently
were the sexual generationsBfpallida(856), while only 3 galls fromA. grossulariaeand 1 gall
from A. luciduswere recorded. A total of 707 native torymid speams emerged from the isolated
galls, belonging to 5 speciddegastigmus dorsaligorymus affinisT. auratusT. flavipes andT.
geranii (Table 3). The most frequent species WaBavipes(381 specimens), whild. dorsalis(6
specimens), and. geranii(3 specimens) were recorded sporadic&lypallidagalls proved to be
parasitized by all the parasitoid species recordecept forM. dorsalis which was recorded
emerging from galls oA. cydoniagA. lucidus andA. multiplicatus T. geraniiemerged only from
B. pallidagalls, and the only species recorded emerging DomosaewasT. auratus

In addition to native torymid species, in 2013 @tof 333 T. sinensisndividuals emerged from
non-targeB. pallidagalls collected in the Piemonte region in bothveyed sites (Z'3 from

Pianfei and 15 from Molare). The cytochrome oxidase | gene olgdifiom the specimens
submitted to molecular identification was sequerared sequences were compared with those in
the National Center for Biotechnology InformatiddiGBI) sequence database. In all cases, a
minimum of 99 % similarity withT. sinensigelated sequences was observed.

No other emergence of the exotic parasitoid wasrdsd for the other non-target oak galls nor for
D. rosaeduring the surveyed period (Table 3). All the targt species emerged from the withered
non-target galls were collected between April areyMlepending on the site.

No choice oviposition trials
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In the no choice oviposition trials all the behavaduraits recorded on non-target and target hosts
are reported in Table 4. In the close confinemeposed by the experimental desinsinensis
females responded to all non-target and targeiepéy locating and investigating the hosts. The
number of host location events was significantlydo for A. curvatorboth in 2013 and 2014 (t
test=-4.59; df=29; P<0.001 in 2013; t test=-2.962@; P=0.008 in 2014), and fér. grossulariae

(t test=-3.14; df=19; P=0.005), ahd quercusbaccarurtt test=-4.36; df=19; P<0.001) compared to
the control, while foB. pallida no significant differences were revealed (t-te382; df=19;

P=0.42 in 2013; t-test=-1.18; df=19; P=0.25 in 20Mtempts of oviposition were observed when
the parasitoid was offerdsl pallidagalls both in 2013 and in 2014 (t-test=1.83; df-2980.08 in
2013; t-test=1.79; df=19; P=0.09 in 2014), but mgosition ever occurred.

Only in 2014 both host location and oviposition waserved when the parasitoid was offered a
non-target gall. In fact, &. sinensigemales out of the 20 tested showed interesniomatarget

host, laying eggs iA. curvatorgalls (each female laid one egg per gall), altimatings was
significantly lower that the number @f sinensigemales that subsequently oviposited on the
control,D. kuriphilusgalls (t-test=-3.25; df=19; P=0.004).

In the non-target galls tested no native parasik@d detected by molecular analysis carried out
after dissection. In the control trials ovipositioccurred in 96% of the chestnut galls tested.

The cytochrome oxidase | gene obtained from eatheofarvae found in the dissected galls, both
on non-target and target hosts, was submitted tecular identification, sequenced and the
sequences compared with those in the National EémtiBiotechnology Information (NCBI)
sequence database. In all cases, a minimum of 88#asty with T. sinenisigrelated sequences
was observed.

Olfactometer bioassays

In the olfactometer bioassays all fhesinensigemales tested responded by making a choice within
the fixed time. Higher numbers of sinensisemales were attracted to the chestnut galls cozdpa

to non-target hosts. In particular, significanfeiénces in the responses of adults were found when
10
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chestnut gall was comparedAocydoniag’=6.53; df=1; P=0.01), andl. grossulariagy’=13.33;
df=1; P<0.01), while foA. curvator(y’=3.33; df=1; P=0.07)A. multiplicatus(y’=3.33; df=1;
P=0.07)B. pallida(x*=3.33; df=1; P=0.07), and. quercusbaccarurfy’=2.13; df=1; P=0.14) no
significant differences were observed (Figure 2).

Discussion

In recent years there has been growing concernt dbepotential or actual threat presented by
alien entomophagous biological control agents taifaijons of native non-target arthropod species
(Lépez-Vaamonde and Moore 1998). The use of tesisgess plants as potential hosts for
herbivorous insects began over 70 years ago ankbhg®een routine. In contrast, interest in
estimating parasitoid and predator host range$aga®d considerably behind (van Driesche and
Murray 2004).

A full environmental risk assessment relies onitlemtification and evaluation of potential risks
associated with natural enemy release and the @mwelnt of a plan to minimize them. That is why
in a classical biological program it is extremetyportant, prior to releasing the exotic natural
enemy, to identify, assess and weigh all adverdebaneficial effects in a risk-cost benefit
assessment (Gibbs et al. 2011).

The set of species that can support the developaienparasitoid or serve as prey for a predator—
observed under laboratory conditions exclusivelydefined as the fundamental host range of a
potential agent, also termed the physiological hasgie. In contrast, the ecological host range is
defined as the current and evolving set of hostispeactually used for successful reproduction in
the field (Onstad and Mcmanus 1996; Haye et al520@wever assessment of the host range of a
biological control agent in the laboratory ofteelgis a significantly broader fundamental host
range in comparison to the ecological host rangg/é-et al. 2005), overestimating the field host
range.Generally the results of the host specificity study congtita key factor in the risk analysis

performed before an exotic beneficial arthropod lmasafely utilized as a biological control agent.

11
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In the last decade annual chestnut productioraig ttnderwent several drops, mainly ascribed to
adverse climatic conditions and pests. In partiguie Asian chestnut gall wasp has been
responsible for a severe reduction in fruiting witeld losses estimated to reach between 65% and
85% in northern Italy (Bosio et al. 2013; Battistial. 2014), with a heavy economic impact on
Italian chestnut production.

From the first report of this pest in Italy in 20@@llowing the successful experiences in Japan and
North America, and due to the severity of the peallpros and cons in the release of the exotic
parasitoid were balanced, and biological contrad w@nsidered the only economically and
environmentally sustainable solution to deal wité pest promptly, since in the literature
alternative approaches (e.g. chemical treatmesssstant varieties) were all found infeasible.tén i
native distributionD. kuriphiluspopulations are controlled by natural enemiesllithe countries
invaded by the pest a rich parasitoid communityldesen reported, but the attack rates have
remained low (typically less than 2%) (Aebi et aD07; Gibbs et al., 2011; Quacchia et al., 2013).
Introductions of exotic organisms carry with it ssomknown level of environmental risk, but these
risks must be weighed against the consequences a@fitiating biological control, which can also
include serious environmental as well as economnsequences (Heimpel et al., 2004). The
releases of. sinensigarried out aided in restoring a habitat to singlanditions as those observed
prior to the pest introduction, representing adaognefit for the chestnuts and chestnut growers.
Even though the host rangeTofsinensidas never been studied or tested in detail inreithie

native or introduced ranges over a long periodnoét the parasitoid was considered specifiD to
kuriphilus (Murakami et al. 1977; Quacchia et al. 2014).

Nevertheless the host range of an apparentlylgtrmadnophagous parasitoid species may not be
constant, either in space or time; it could exparghvironments with greater diversity and hence
have a larger number of new potential hosts (Ldga@amonde and Moore 1998)ttackingnon-
target hosts is of concern due to the potentiahithat exotic natural enemies may impose on

native or beneficial exotic species (Nadel et @09). However, the risk to non-target species is
12
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complex and difficult to estimate; guidelines f@paopriate host range tests have been proposed by
the EFSA Panel on Plant Health (2010). Following fuggestion, our approach was to as$¥ess
sinensi&% capacity to attack and reproduce on non-targktsgecies inhabiting common habitat

with Castanedrees.

Even if, to date, no severe non-target effects leaee been reported in the literature after the
release off. sinensisthis paper represents the first report of potémgative effects on non-target
native galls makers mainly present on odBadrcusspp.) by introducing the exotic parasitdid
sinensisas a biological control agent for the chestnult\gakp,D. kuriphilus In contrasto

Quacchia et al. (2008; 2014), who confirmed a eyl of specificity forT. sinensi®n the basis

of a set of non-target species tested, our stughylights howB. pallidaoak galls proved to be
successfully parasitized. Even if the case recas w (3 galls parasitised By sinensisut of

856 collected in the field), this finding suggettat this oak gall species is a suitable hostHer t
exotic parasitoid. In 2013 the emergencd ofinensisvas recorded only from8. pallidagalls
collected in both surveyed sites of Piemonte redioat; is why, due to the considerable presence of
B. pallidain our environment, a mass collection of this gakcies was performed in 2014, but no
other emergence was recorded. In the laboratorgdhditions under which non-target tests are
conducted may also limit interpretation of the hastge. Test arenas confine the parasitoid with the
host and may force encounters with non-target hostseasing the probability of the parasitoid
accepting completely factitious hosts (Mason e2@l1). Nevertheless, in the no choice oviposition
trials, when they were offered 1o sinensigemales oviposition only occurred in 2014/An

curvator, since galls were dissected to detect the presaitbe larvae, no data is available about
their potential development to the adult stage. &pnobing attempts were recordedirpallida,

but no oviposition ever occurred.

And in generalT. sinensigproved to be more attracted by chestnut galls emetpto non-target
hosts, showing a similar responsiveness in thetfaeter bioassays as well. Statistical differences

were observed only fak. cydoniaeandA. grossulariagbut the interest showed by the parasitoid
13
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for A. curvator A. multiplicatus B. pallida, andN. quercusbaccarurave to be further
investigated.

In the oviposition trials, all the parasitoid femslwere naive and tests were conducted only under
no choice conditions. In accordance with Witherd Brown (2005), no choice tests with both
naive and oviposition-experienced females shoulpdrmed because it has been shown that
oviposition experience may either reduce or enhagsgonsiveness. Furthermore, since parasitoids
can display wider host ranges in choice testsoitld/be useful to set up choice trials where the
parasitoid is given a choice of host and non-tangst for a more accurate prediction of potential
host range. In fact, parasitoid response is gegezapected to be biased toward the familiar host,
especially after the parasitoid successfully oviggas it (Nadel et al. 2009).

In this study we confirmed that sinensidas a broader physiological host range than regant

the literature and determined that it may be atchby non-target hosts other tHankuriphilus

The assessment of risk requires considerationeolikblihood and magnitude of an effect and
evaluation of risk management priorities (Moeedlgt2006). Methods for quantifying the
magnitude and spatiotemporal scale of impact ofiexatural enemies on populations of native
insects are crucial to advance current risk assass(Wyckhuys et al., 2009), however, the
incidence of these host shift in the complex chdstrak is currently difficult to be quantified ihe
natural environments.

Over the 2-year period, in order to monitor thegptill emergence df. sinensis8 oak gall species
suggested in the EFSA list were collected, whilthmoviposition trials 4 non-target species out of
9 were tested. At present, research is ongoingstii&\t cydoniagA. inflator, A. lucidus A.
multiplicatus andD. cerriphilusin controlled conditions as possible hostsTosinensissince they
provide the closest phenological match to the flggriod of the parasitoid (i.e. between April and
May in Italy) (EFSA Panel On Plant Health Aebi bt 2011).Furtherinvestigations need also to

be performed oB. pallida given the emergence of the parasitoid from gallkected in the field

and the interest showed by some females in theositipn trials.
14
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Food availability is an important aspect that mafjuence the biological traits of many arthropods.
Recently a novel insight concernifigsinensiss life cycle was highlighted in this regard: a
prolongation of diapause was in fact reported. B¥&ns hard to speculate what are the factoet th
triggered this response, this may be read as grtisdaalue to protect the population against the
yearly fluctuation in food supply (Ferracini et 2015). At present, there is growing evidence that
theT. sinensigarasitism rate is dramatically increasing in sdtakan regions, almost reaching
98% in old release sites (Bosio et al., 2013), @a@sitisation on non-target hosts was recorded
only in sites where a stable population of the iexparasitoid is present, (Piemonte region), since
the first releases date back to 2005. Hence, adhmif$tto oak galls may be due to the need to find
another suitable host since populations of theAskeestnut gall wasp have recently declined
significantly (Ferracini et al. 2015), and evenubb the frequency of cases of observed non-target
impacts were small, major effects on non-targesgadpulations could be expected to be
detectable. Hence, longer term studies are negetssalow more precise conclusions to be drawn
on non target impacts, that is why an exhaustigearch about all potential non-target galls and
their phenology is needed in order to better urtdadsthe relationship between the exotic
parasitoid and native biocoenoses. At the same 8mee in this paper four natii@rymusspecies
emerged from non target galls durifigsinensiglight period as well, and in literature five nadi
speciesT. auratus T. erucarum(Schrank),T. flavipes T. geranii andT. scutellaris(Walker)] are
reported from chestnut galls (Alma et al., 2018)ewmaluation of the potential for hybridization
between these congeneric species is also requiredier to have a comprehensive knowledge of

the environmental risk to non-target species Thainensisnay pose to native biodiversity.
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472  Table 1 Years of release and coordinateb. ginensigelease points in the surveyed sites

Italian regions  Surveyed sites Year of release Coordinates
Liguria Borzonasca 2012 44°26'01.6"N 9°23'45.9"E
Sassello 2011 44°29'33.7"N 8°33'17.9"E
Piemonte Molare 2012 44°34'40.2"N 8°36'10.5"E
Pianfei 2008 44°19'41.2"N 7°40'58.9"E
Toscana Marradi 2010 44°04'53.1"N 11°38'17.8"E
Piazza al Serchio 2011 44°10'31.8"N 10°17'14.9"E
Valle d'Aosta Arnad 2012 45°38'22.7"N 7°43'41.8"E
Perloz 2012 45°36'563.9"N 7°48'24.4"E
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488
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493  Table 2 Number of non-target galls collected intthie-year period (2013-2014) from the surveyed
494  sites according to the species list for host-spriftesting established by EFSA Panel On Plant

495  Health (2010).

Year Italianregions Host plant Galls species Generation No.
2013  Liguria Quercus robur Andricus curvator sexual 1
Quercus petraea Biorhiza pallida sexual 29
Piemonte Quercus robur Andricus curvator sexual 26
Quercus cerris Andricus cydoniae sexual 205
Quercus robur Andricus inflator sexual 46
Quercus cerris Andricus multiplicatus sexual 12
Quercus robur Biorhiza pallida sexual 132
Rosa canina Diplolepis rosae asexual 17
Quercus robur Neuroterus sexual 2
guercusbaccarum
Toscana Quercus cerris Andricus lucidus sexual 1
Quercus cerris Andricus multiplicatus sexual 41
Rosa spp. Diplolepis rosae asexual 1
Valle d'/Aosta  Quercus robur Andricus curvator sexual 61
Quercus cerris Andricus cydoniae sexual
Quercus cerris Andricus grossulariae sexual
Quercus pubescens Andricus inflator sexual 12
Quercus pubescens Biorhiza pallida sexual 317
Rosa canina Diplolepis rosae asexual 6
Quercus pubescensNeurOterus sexual 79
guercusbaccarum
2014  Liguria Quercus robur Biorhiza pallida sexual 76
Piemonte Quercus robur Biorhiza pallida sexual 150
Toscana Quercus petraea Biorhiza pallida sexual 10
Valle d'/Aosta  Quercus robur Biorhiza pallida sexual 142
496
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498
499
500
501
502
503
504
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514

Table 3 Numbers of native torymid species and #o¢i@ Torymus sinensi@n bold) emerged from

non-target galls collected in the 2-year period @®D14) from the surveyed sites.

Torymid species

Y ear Italian regions Gall species emerged 29 348
2013 Liguria Biorhiza pallida Torymus affinis 9 6
Torymus auratus 40 36
Torymus flavipes 20 3
Piemonte Andricus cydoniae Megastigmus dorsalis 0 1
Biorhiza pallida Torymus affinis 10 13
Torymus auratus 0 2
Torymus geranii 0 1
Torymussinensis 0 3
Diplolepis rosae Torymus auratus 1 3
Toscana Andricus lucidus Megastigmus dorsalis 4 0
Andricus multiplicatus Megastigmus dorsalis 0 1
Valle d'Aosta Andricus curvator Torymus flavipes 27 44
Andricus cydoniae Torymus flavipes 0
Biorhiza pallida Torymus affinis
Torymus auratus 11 14
Torymus flavipes 105 105
Torymus geranii 0 2
Neuroterus quercusbaccarum Torymus flavipes 24 50
2014 Liguria Biorhiza pallida Torymus auratus 4 8
Piemonte Biorhiza pallida Torymus affinis 23 40
Torymus auratus
Toscana Biorhiza pallida Torymus affinis
Torymus auratus
Valle d'Aosta Biorhiza pallida Torymus affinis 84 69
Torymus auratus 2
Torymus flavipes 0
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515 Table 4 Mean number (xSE) of host location, att@dmiviposition, and oviposition events

516 engaged in by. sinensidemales comparing non-target oak gadadD. kuriphilusgalls (control)

517 recorded during 1 h observation periods in no ahomposition trials over a two-year period

518 (2013-2014). Means were compared for each nonttapgeies using a paired t-tests for dependent

519 samples; P<0.05 *; P<0.01 **; P<0.001***,

Year Non-target species compared to the Attempted

No. Host location S Qviposition
control oviposition
Andricus curvator 30  0.330.09%* 0.00 0.00***
Dryocosmus kuriphilus 30 0.97+0.10 0.00 0.83+ 0.07
Biorhiza pallida 20 1.40+ 0.29 0.15+ 0.08 0.00***
2013 Dryocosmus kuriphilus 20 1.45+0.15 0.00 0.80+ 0.09
Andricus grossulariae 20 0.85+ 0.15* 0.00 0.00***
Dryocosmus kuriphilus 20 1.55+0.17 0.00 0.90+ 0.07
Neuroterus quercusbaccarum 20 0.80+ 0.12*** 0.00 0.00*+*
Dryocosmus kuriphilus 20 1.90+0.22 0.00 0.80+ 0.09
Andricus curvator 20 0.35+ 0.11* 0.00 0.30 £ 0.11*
014 Dryocosmus kuriphilus 20 0.95+0.15 0.00 0.80+ 0.09
Biorhiza pallida 20 1.50+ 0.44 0.25+0.14 0.00***
Dryocosmus kuriphilus 20 1.55+0.18 0.00 0.90+ 0.07

520 "The selection was based on the species list fardpesificity testing established by EFSA PanelRnt Health (2010)

521

522  Figure 1 Location of the sampling sites (black §iof&e inset indicates the location of the four
523  surveyed regions in Italy.

524

525  Figure 2 Responses ®f sinensignumber of responding females in bars) in a Y-tolf@ctometer
526  to the odours of chestnut gall and non-target ghlllsnbers in bars represent individuals that

527 moved toward the volatiles. Chi-square statistid3 €0.05; df=1) tested the hypothesis that the
528 distribution of side arm choices deviated from d mddel where odour sources were chosen with
529 equal frequency.

530
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