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Abstract

Palomena prasina (L.) (Hemiptera: Pentatomidae), the Green Shield Bug, is an important pest of hazelnut crops in southern Europe. While 
biological control strategies against this pest have focused on using egg parasitoids, those targeting nymphs and adults have been neglected. 
In this study, we investigated the community of parasitoids of P. prasina nymphs and adults present in France by identifying the species 
and comparing the rates of overwintering and spring-summer parasitism. Palomena prasina individuals were sampled in overwintering 
sites, emergence traps during early spring, and hazelnut orchards and natural habitats during the active period. Parasitoids were collected by 
dissecting collected adults, and from cages where adults and nymphs were reared. The parasitoids were identified based on both morphol-
ogy or the COI gene. Of the adults collected during the wintering and the active periods, 32.8% and 15.2%, respectively, were parasitised. 
The parasitoids belonged to the Braconidae and Tachinidae families. Braconidae were exclusively represented by Aridelus rufotestaceus 
Tobias, accounting for 100% of the parasitoids identified in the winter period and the vast majority of those present during the P. prasina 
active period. Tachinidae were represented by, based on molecular and morphological approaches, Ectophasia sp., Gymnosoma sp., Phasia 
aurigera (Egger) and, based on morphology only, Trichopoda pictipennis Bigot. Aridelus rufotestaceus and T. pictipennis are reported for 
the first time as parasitoids of P. prasina. Given A. rufotestaceus abundance and its impact on species of Pentatomidae closely related to 
P. prasina, we consider that this parasitoid shows great promise as a biological control agent.
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Introduction

Stink bugs (Hemiptera: Pentatomidae) are a widespread 
group where most species are phytophagous, some of 
which are of economic importance (McPherson 2018). 
For example, outbreaks of the invasive species Haly-
omorpha halys (Stål) resulted in crop losses of $37 

millions in the United States in 2010 (Leskey and Nielsen 
2018) The main strategy currently used to control these 
herbivores relies on the application of broad-spectrum 
insecticides (Kamminga et al. 2012; Koch et al. 2017). 
However, these insecticides have adverse environmental 
and human health impacts and can lead to pest resistance 
(McPherson 2018)
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Integrated Pest Management (IPM) offers a suite of 
alternative control strategies that aim to avoid or min-
imize the use of pesticides (Ehler 2006; Damos 2015). 
One such strategy is biological control, which uses living 
organisms to reduce the abundance and damage caused 
by pest populations (Eilenberg et al. 2001). Biological 
control strategies to limit stink bugs impact generally use 
egg parasitoids, which induce a high mortality rate be-
fore the pests begin to feed (Abram et al. 2020; Conti 
et al. 2021). Examples include Telenomus podisi (Ash-
mead) (Hymenoptera: Scelionidae) against Euschistus 
heros (Fabricius) (Bueno and Panizzi 2024) or Anastatus 
bifasciatus (Geoffroy) (Hymenoptera: Eupelmidae) and 
Trissolcus japonicus (Ashmead) (Hymenoptera: Scelion-
idae) against H. halys (Iacovone et al. 2022; Ioriatti et al. 
2025). Although several species of parasitoids of Pentato-
midae nymphs and adults are also known, comparatively 
few studies have been conducted on their impact.

Parasitoids of nymphs and adult Pentatomidae are 
known to belong to the Braconidae and Encyrtidae fam-
ilies (Hymenoptera) and the Tachinidae, Phoridae and 
Sarcophagidae families (Diptera) (Temerak and Whit-
comb 1984; Shaw et al. 2001; Herting 2017; Marsaro 
Júnior et al. 2020; Ozdemir and Tuncer 2020). Tachinid 
parasitoids are second only to parasitic Hymenoptera in 
terms of diversity and ecological importance (Stireman 
et al. 2006; Stireman et al. 2019). Parasitoids of nymphs 
and adults feed on their host’s tissues or haemolymph and 
can adversely affect their host’s fecundity, longevity and 
feeding behaviour (Francati et al. 2019; Funayama 2022). 
For instance, Gymnosoma rotundatum (L.) (Diptera: 
Tachinidae) reduces the longevity, fecundity, and ovary 
size of Plautia crossota stali Scott (Higaki 2003), where-
as Aridelus rufotestaceus Tobias (Hymenoptera: Braconi-
dae) causes up to 80% mortality in Nezara viridula (L.) 
adults (Shaw et al. 2001).

Parasitoids of nymphs and adults offer interesting 
prospects for improving biological control of stink 
bugs, particularly when considered alongside the ac-
tion of egg parasitoids. Indeed, biological control 
strategies using different functional groups of nat-
ural enemies are more effective at controlling pest 

populations (Cardinale et al. 2012; Jonsson et al. 2017) 
and the greater their niche complementarity, the great-
er the chance of additive or synergistic effects on host 
suppression (Heimpel and Mills 2017). In the case of 
parasitoids, Peralta et al. (2014) demonstrated the im-
portance of functional complementarity in determining 
cumulative parasitism rates.

Palomena prasina (L.) (Hemiptera: Pentatomidae), 
the Green Shield Bug, is a Palearctic species of Pentato-
midae which has recently become a serious pest in south-
ern Europe, primarily affecting hazelnut crops (Tavella et 
al. 2001) but occasionally impacting other crops such as 
apples (Blanc et al. 1988). Feeding punctures caused by 
older nymphs and adults of P. prasina on hazelnuts lead 
to empty fruits or necrosed kernels, resulting in signifi-
cant crop losses (Hamidi et al. 2022).

The adults of Green Shield Bug emerge from over-
wintering sites in early spring and start laying eggs soon 
after; nymphs undergo five developmental stages, and 
a new generation of adults eventually appears around 
June–July, entering in diapause in the following autumn 
(Driss 2024; Driss et al. 2024, 2026). Biological con-
trol strategies using native egg parasitoids to control 
Green Shield Bug are under study: species belonging to 
the genera Trissolcus Ashmead, Telenomus Haliday and 
Anastatus Motchoulsky have been identified in Switzer-
land, Italy and Turkey but none have yet been used in 
biological control programmes (Haye et al. 2020; Oz-
demir et al. 2023; Tortorici et al. 2023). In southwestern 
France, the study of native egg parasitoids of H. halys 
and P. prasina is underway (Bout et al. 2021; Martel 
et al. 2024). To complement these studies and consider 
possible synergistic or additive effects of different nat-
ural enemies on Green Shield Bug biological control 
strategies, we investigate the functional group of Green 
Shield Bug parasitoids of nymphs and adults. While 
some species of this group are already known (Table 1), 
studies from southern Europe are rare and, in some cas-
es, outdated. The present study therefore aims to iden-
tify the parasitoids of P. prasina nymphs and adults in 
southwestern France and compare the rates of overwin-
tering and spring-summer parasitism.

Table 1. Listing of the known nymph-adult parasitoids of Green Shield Bug.

Taxon Parasitoid species References
Hymenoptera Aridelus egregius (Schmiedeknecht) (Goidanich 1948)
Braconidae

Euphorinae
Diptera Cylindromyia brassicaria (Fabricius) (Dupuis 1947; Gilasian et al. 2013)
Tachinidae Ectophasia crassipennis (Fabricius) (Bergstrom and Hall 2008; Dupuis 1947; Herting 1971)

Phasiinae Elomya lateralis (Herting) (Herting 1971)
Gymnosoma dolycoridis Dupuis (Herting 1971)

Gymnosoma rotundatum (L.) (Herting 1971; Kara and Tschorsnig 2003)
Gymnosoma nudifrons Herting (Aksënenko and Gaponov 2011)

Phasia aurigera (Egger) (Dupuis 1946; Markova 2023) 
Phasia hemiptera (Fabricius) (Gammelmo and Sagvolden 2007; Markova 2023; Herting 1971)

Phoridae
Metopininae Megaselia scalaris (Loew) (Ozdemir and Tuncer 2020)
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Material and methods
Green Shield Bug field sampling

The sampling took place in an area within a 20 km radius 
of the city of Cancon, France (44°32'09.7"N, 0°37'30.1"E, 
160 m a.s.l.).

The overwintering and emerging overwintering indi-
viduals analysed are from the study of the overwintering 
ecology of P. prasina described in Driss et al. (2024). The 
former were collected from leaf litter in various ecosys-
tems (hazelnut orchards, linear hedges and woods), from 
December to February, in 2021 and 2022, while the latter 
were collected in emergence traps placed in these same 
ecosystems from February to April 2022; all these individ-
uals were brought to the laboratory and killed immediate-
ly after for parasitoid collection (see below and Table 2).

The sampling of active Green Shield Bug individuals 
was performed weekly between April and November in 
2020, and between April and August in 2022 in various 
hazelnut orchards and adjacent natural habitats (for more 
information about habitats, see Driss et al. 2026). These 
individuals were also brought to the laboratory and killed 
immediately after for parasitoid collection (see below and 
Table 3). Furthermore, in 2022, Green Shield Bug adults, 

as well as 3rd – 5th instar nymphs, were collected in the 
same habitats and kept alive for parasitoid emergence 
(see below and Table 3).

Green Shield Bug individuals were collected using a beat-
ing tray (116 cm x 86 cm) to scout tree and shrub branches, 
while grass strips were inspected with a sweeping net.

Parasitoids collection

Green Shield Bug specimens that were dissected immedi-
ately after field collection were first killed by exposure to 
cold (-20 °C), after which they were pinned ventral side 
down in a waxed Petri dish containing distilled water. The 
legs, wings and scutellum were removed prior to dissec-
tion. The abdomen was then opened longitudinally with 
small scissors and inspected for the presence of parasit-
oids under a Nikon SMZ1270 stereo microscope.

Adult and nymphs of the Green Shield Bug kept alive 
in stock cultures were reared separately in transparent 
cages (BugDorm-1; MegaView Science, Taipei, Taiwan). 
They were supplied with water via a glass tube plugged 
with cotton, and food resources (apples, hazelnut kernels, 
fresh beans and sunflower seeds). The cages were kept 
at 24 ± 1 °C and 40–70% RH, under natural light. The 
emergence of parasitoids was monitored daily and all par-
asitoids that died before reaching the adult stage or in the 
adult stage were collected. Once dead, the Green Shield 
Bug were dissected as described above to check for any 
remaining parasitoids.

All the collected parasitoids were kept isolated in 
2 mL Eppendorf tubes filled with 70% ethanol and stored 
at −20 °C.

Parasitoids identification

Adult parasitoids collected in the stock cultures were 
identified to species based on their morphology with, for 
Hymenoptera, Koch et al. (2017), Achterberg (1993) and 

Table 2. Number of Green Shield Bug individuals dissected 
during the overwintering period and just after emerging from 
overwintering sites.

Year Month Nr of Green Shield 
Bug overwintering 

adults dissected

Nr of emerging Green 
Shield Bug adults 

dissected
2021 December 26 –
2022 January 35 –

February 11 4
March – 47
April – 42

Total 72 93

Table 3. Number of Green Shield Bug sampled during the active period of development and method for parasitoid prospection.

Year Month Nr of Green Shield Bug adults 
dissected immediately after collection

Nr of cage reared Green Shield Bug 
adults for parasitoid emergence

Nr of cage reared Green Shield Bug 
nymphs for parasitoid emergence

2020 April 29 – –
May 17 – –
June 16 – –
July 14 – –

August 20 – –
September 13 – –

October 20 – –
November 13 – –

2022 April 37 50 –
May 29 50 –
June 12 50 100
July 25 50 100

August 25 50 –
TOTAL 270 250 200
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Sharkey and Mcdonald (2001), whereas Diptera were 
identified using Tschorsnig and Herting (1994) and Oos-
terbroek (2006). Larval forms of the parasitoids were 
identified based on the mitochondrial gene Cytochrome 
C oxidase subunit 1 (COI) (710 bp). DNA was extracted 
from whole individuals using the QIAamp DNA Micro 
Kit (QIAGEN). A chemical lysis was performed by incu-
bating samples for 4 h at 56 °C with 180 µL ATL buffer 
and 20 µL proteinase K. AL buffer and absolute ethanol 
was added, and supernatants were loaded onto the col-
umns provided in the extraction kit. The columns were 
then washed with buffers AW1 and AW2. Elution was 
carried out with 25 µL of AE buffer heated at 56 °C and 
incubated for 3 min on the column before centrifuga-
tion. A second elution step with 25 µL was done. DNA 
concentration was determined by Qubit 2.0 (Invitrogen) 
coupled to spectrophotometry (Nanodrop ND-1000). 
Whenever a low concentration was detected, the extract 
was concentrated using the SpeedVac RC1010 (Jouan) 
vacuum concentrator.

The amplifications were performed in a total volume 
of 25 µL with a final concentration of 0.2 mM of dNTPs 
(Promega), 1.25 u of GoTaq G2 DNA Polymerase (Prome-
ga), 1X of 5X Green GoTaq Reaction Buffer (Promega) 
and 0.5 µM of primer mix with LCO-1490 (5'-GGTCAA-
CAAATCATAAAGATTGG-3') and HCO-2198 (5'-TA-
AACTTCAGGGTGACCAAAAAATCA-3') (Folmer et 
al. 1994). The PCR were performed with 2 µL of DNA 
following these cycling conditions: initial denaturation at 
95 °C for 5 min; 38 cycles of denaturation at 94 °C for 
30 s, annealing at 52.4 °C for 30 s, elongation at 72 °C for 
1 min 30 s, followed by a 10-minute final extension at 
72 °C. All PCR were performed on a C1000 Touch Ther-
mal Cycler instrument (Biorad). For samples with no 
amplification, 40 cycles were performed. DNA contam-
ination was controlled by analysing negative controls at 
the same time as samples during extraction (Extraction 
Blank Control) and PCR. Electrophoresis was carried out 
with 8 µL of amplified products on a 1% agarose gel with 
Clear SightDNA for 20 min at 75 V. The gel was read 
under UVs with the Genosmart instrument (VWR).

The samples were sequenced at Eurofins genomics. 
To compensate for sequencing errors due to amplifica-
tion difficulties, we sequenced in both directions. The 
sequences were imported and cleaned on the software 
GENEIOUS version 6.1.8 (by Dotmatics). First, the ends 
were trimmed. Next, the sequences were cleaned up from 
the chromatograph, and we checked that each nucleotide 
was correctly assigned. Once cleaning was complete, the 
forward and reverse sequences from each individual were 
aligned to create a consensus sequence. All consensus 
sequences were then aligned, additional quality control 
filters being applied (i) size requirement, (ii) number of 
undetermined nucleotides and (iii) valid amino-acid se-
quence after translation using the adequate genetic code. 
Haplotypes were then defined and each of them was 
compared to available data in the Barcode of Life Data-
systems (BOLD). Additionally, haplotypes were aligned 

and compared to available GenBank sequences using the 
Neighbor-Joining approach (software MEGA 11). One 
reference sequence for each haplotype was deposited in 
GenBank accession numbers PZ864419–PZ864429.

Results

A total of 53 Green Shield Bug individuals from the over-
wintering sites, and collected immediately after emerging 
from those sites, were parasitised (Table 4).

It should be noted that 90 parasitoid larvae were found 
in those 53 Green Shield Bug individuals, which indicates 
that some individuals contained more than one parasitoid.

A total of 95 parasitoids, corresponding to 27 adults 
and 68 larvae, were collected during the Green Shield 
Bug active period (Table 5). In the case of dissected in-
dividuals (Table 5a), only one parasitoid was found in 
each host.

Morphological identification of the 27 adult parasitoids 
(Table 6a) led to the identification of 4 different species, 
one abundant hymenopteran species (Aridelus rufotesta-
ceus) and four less abundant dipteran ones (Ectophasia 
crassipennis, Gymnosoma rotundatum, G. nudifrons and 
Trichopoda pictipennis).

139 consensus sequences were obtained from the 158 
parasitoid larvae collected. After first exploration, this 
dataset was divided into two subsets, one of Hymenopter-
an sequences (131 consensus consequences) and one of 
Dipteran sequences (8 consensus consequences).

Table 5. Parasitism rate (P rate) during the active period 
based on a) the number (N) of dissected and parasitised adult 
Green Shield Bugs (GSB), collected and immediately dis-
sected, in 2020 and 2022, and b) the number of parasitoid 
adults (A) and larvae (L) emerging from caged GSB adults 
or nymphs in 2022.

Dissected GSB (N) 270
Parasitised GSB (N) 26
P rate 9.6%

Caged GSB (N) 250 200
Parasitoids (N) 38 (16A + 22L) 31 (11A + 20L)
P rate 15.2% 15.5%

Table 4. Number of dissected (D) and parasitized (P) adult 
Green Shield Bugs, collected in 2021 and 2022, during the 
overwintering and emerging from overwintering periods, and 
parasitism rate (P rate).

Overwintering period Emerging period
D 72 93
P 29 24
P rate 40.3% 25.3%

http://boldsystems.org/index.php/Public_BarcodeCluster?clusteruri=BOLD:BOLD
http://www.ncbi.nlm.nih.gov/nuccore/PZ864419
http://www.ncbi.nlm.nih.gov/nuccore/PZ864429
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Within the “Hymenopteran subset”, 50 consensus 
sequences of 673 bp were conserved after the applica-
tions of quality control filters. 7 haplotypes (Hap_A-
Hap_G) were identified, Hap_A being the most abun-
dant (41 individuals) (Table 6b). After translation, 
Hap_E and Hap_F showed each one difference in their 
amino-acid with regard to the others. Using BOLD, all 
these haplotypes were identified as Aridelus rufotesta-
ceus, a species also observed in adults. This identifica-
tion was confirmed by the Neighbour Joining approach 
realised using additional Genbank accessions (Suppl. 
material 1).

Within the “Dipteran subset”, 4 consensus sequenc-
es of 678–681 bp were conserved after the applications 
of quality control filters. All sequences being different 
one with another, 4 haplotypes were defined (Hap_H-
Hap_K) (Table 6b). Using BOLD, two haplotypes were 
identified as Gymnosoma sp. (also observed in adults), 
the two others being identified as Ectophasia sp. (also 
observed in adults) and Phasia aurigera (not observed 
in adults). These identifications were confirmed by the 
Neigbour-Joining approach using additional Genbank ac-
cessions (Suppl. material 2). Interestingly, this approach 
clustered together several Gymnosoma species (including 
G. nudifrons and G. rotundatum) (see Discussion), this 
cluster being however well differentiated from other spe-
cies (G. clavatum, G. dolycoridis, G. par).

All the parasitoids collected during the overwintering 
and post overwintering emergence periods corresponded 

to A. rufotestaceus, and this species was the most abun-
dant during the Green Shield Bug active period.

The parasitism rate based on dissections of Green 
Shield Bug from the winter period shows that 32.8% of 
individuals were parasitised (Table 4). In contrast, during 
the active period, the parasitism rate of adults ranged 
from 9.6% to 15.2% (Table 5b), depending on the meth-
od used to collect the parasitoids. The method involving 
collection after emergence from caged Green Shield Bugs 
proved to be the most efficient. The parasitism rate of 
caged Green Shield Bug nymphs was very similar to that 
of the adults. In P. prasina nymph cages, all the parasit-
oids belonged to A. rufotestaceus, except for one that was 
identified as Gymnosoma sp. If in the adult cages, they 
emerged from the adults. In the nymph cages, it is unclear 
whether they emerged from the nymphs or the adults, but 
in this case, we do know that P. prasina was parasitized 
during the nymphal stage.

Discussion

Biological control is considered one of the most effective 
solutions of gradually eliminating the use of pesticides 
(Bale et al. 2008). However, implementing classical and 
augmentative biological control using exotic natural en-
emies is subject to international and national regulations 
intended to limit non-target side effects (Hajek et al. 2016). 
Furthermore, the sourcing of biocontrol agents from the 

Table 6. Parasitoid species collected during the Green Shield Bug active period. a) Adults identified based on morphological traits; Nr 
= number of individuals. b) Larvae identified based on the mitochondrial gene COI. Nr = number of individuals, BOLD-Id: Taxonomic 
identification provided by BOLD; Conf.: associated confidence provided by BOLD; Barcode Index Number provided by BOLD.

a) Adults
Taxa Nr

Hymenoptera Aridelus rufotestaceus 20
Braconidae
Euphorinae

Diptera Ectophasia crassipennis 4
Tachinidae Gymnosoma rotundatum 1
Phasiinae Gymnosoma nudifrons 1

Trichopoda pictipennis 1
TOTAL 27
b) Larvae

Haplotypes Nr BOLD-Id Conf. BIN
Hymenopteran subset

Hap_A 41 Aridelus rufotestaceus 100% BOLD:AET9876
Hap_B 1 Aridelus rufotestaceus 100% BOLD:AET9876
Hap_C 4 Aridelus rufotestaceus 100% BOLD:AET9876
Hap_D 1 Aridelus rufotestaceus 100% BOLD:AET9876
Hap_E 1 Aridelus rufotestaceus 100% BOLD:AET9876
Hap_F 1 Aridelus rufotestaceus 100% BOLD:AET9876
Hap_G 1 Aridelus rufotestaceus 100% BOLD:AET9876

Dipteran subset
Hap_H 1 Gymnosoma 100% BOLD:ADK2725
Hap_I 1 Ectophasia 96% BOLD:AGR5490
Hap_J 1 Gymnosoma 100% BOLD:ADK2725
Hap_K 1 Phasia aurigera 100% BOLD:AAY2262

http://boldsystems.org/index.php/Public_BarcodeCluster?clusteruri=BOLD:AET9876
http://boldsystems.org/index.php/Public_BarcodeCluster?clusteruri=BOLD:AET9876
http://boldsystems.org/index.php/Public_BarcodeCluster?clusteruri=BOLD:AET9876
http://boldsystems.org/index.php/Public_BarcodeCluster?clusteruri=BOLD:AET9876
http://boldsystems.org/index.php/Public_BarcodeCluster?clusteruri=BOLD:AET9876
http://boldsystems.org/index.php/Public_BarcodeCluster?clusteruri=BOLD:AET9876
http://boldsystems.org/index.php/Public_BarcodeCluster?clusteruri=BOLD:AET9876
http://boldsystems.org/index.php/Public_BarcodeCluster?clusteruri=BOLD:ADK2725
http://boldsystems.org/index.php/Public_BarcodeCluster?clusteruri=BOLD:AGR5490
http://boldsystems.org/index.php/Public_BarcodeCluster?clusteruri=BOLD:ADK2725
http://boldsystems.org/index.php/Public_BarcodeCluster?clusteruri=BOLD:AAY2262
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field is regulated by the Convention on Biological Diver-
sity in many countries (Cock et al. 2010). Consequently, 
there has been a trend toward favouring indigenous species 
over exotic ones in biological control programs (Lommen 
et al. 2017). This is particularly interesting when the target-
ed pest is also indigenous, as the native natural enemies are 
adapted to local conditions and have co-evolved with the 
pest over a long period of time (Sentis et al. 2022; Bueno 
and Panizzi 2024; Ozdemir et al. 2025). In this context, the 
present study aimed to investigate the native community 
of parasitoids of nymphs and adults of P. prasina in south-
western France. These parasitoids can indeed play an im-
portant role in pest regulation (Dindo and Nakamura 2018; 
McPherson 2018) and have proved to be efficient to reduce 
the longevity and fecundity of stink bugs (Harris and Todd 
1982; Francati et al. 2019; Funayama 2022).

Our survey indicates the presence of a minimum of five 
species of parasitoids of P. prasina nymphs and adults, 
belonging to two families, the Braconidae (Hymenoptera) 
and the Tachinidae (Diptera). Species from these families 
are considered important natural enemies of major pests 
(Omkar 2023), including Pentatomidae (Shaw et al. 2001; 
Herting 2017), and are valuable biological control agents 
used in several countries. Zerbino and Panizzi (2019) ar-
gue that parasitoids of adult stink bugs belonging to Dip-
tera and Hymenoptera, together with egg parasitoids be-
longing to Hymenoptera, are the most promising groups 
to be exploited as biological control agents of stink bug 
pests. Furthermore, a study by Abram et al. (2020) using 
simple stage-structured matrix models demonstrated that 
the impact of parasitoids is maximised when parasitism 
of eggs and reproductive adult stages is combined.

The vast majority of the collected parasitoid individuals 
correspond to A. rufotestaceus. Species of Aridelus Marshall 
parasitise various pentatomid species including N. viridula 
(Lee et al. 2017), but A. rufotestaceus had not be previously 
reported as parasitoid of Green Shield Bug. Dupuis (1946) 
observed a hymenopteran larva parasitising P. prasina adults 
and concluded that it could be a Braconidae from the Eu-
phorinae subfamily. However, he was unable to identify 
the species, though (Goidanich 1948) suggested latter that 
it could be Aridelus egrenius (Schmiedeknecht 1907). We 
cannot exclude Dupuis had already observed A. rufotesta-
ceus (Tobias 1986), a sympatric species of A. egrenius.

The second family of parasitoids collected in this 
study was Tachinidae, but it was far less abundant than 
the braconid. Four taxa of the Phasiinae subfamily, were 
identified based on morphology and/or DNA: Ectopha-
sia (probably E. crassipenis based on the morphology), 
Gymnosoma (see below), Phasia aurigera, and (based on 
morphology only) T. pictipennis. About the Gymnosoma 
genus, it should be noted that our molecular approach 
was not able to discriminate between G. rotundatum and 
G. nudifrons although the morphological approach did. 
This echoes to Lee et al. (2021) who have recently con-
sidered that they correspond to a single, highly variable 
species, and therefore are synonymous. All these taxa had 
previously been reported in the literature as stink bugs 

parasitoids (Dupuis 1946, 1947; Higaki 2003; Aksënenko 
and Gaponov  2011; Herting 2017; Francati et al. 2019), 
although T. pictipennis had not been reported as parasit-
oids of P. prasina until now. Phasia aurigera and T. pic-
tipennis were each represented in our samples by a single 
individual. Trichopoda Berthold is a New World genus 
that was first spotted in Italy in 1996 (Salerno et al. 2002); 
in France it has rarely been reported but is considered to 
have become established (Tschorsnig et al. 2000).

The overall parasitism rate during the spring-summer 
season, based on the 250 P. prasina adults in the rearing 
cages (15.2%), is lower than the rate observed in over-
wintering P. prasina individuals (32.8%). The relatively 
higher parasitism rate observed during the winter may 
indicate that P. prasina is parasitised just before entering 
its winter shelters. The parasitoids would then spend the 
winter in their hosts, where larval development could be 
prolonged over many months, with the larvae emerging 
only in spring of the following year.

Finally, although superparasitism and multiparasitism 
have been reported in Braconidae and Tachinidae (Lee 
and Pemberton 2019), our study of dissected P. prasina 
individuals revealed that, during the active phase, no 
more than one parasitoid from either family was recorded 
per host. However, some overwintering individuals were 
parasitised by more than one parasitoid individual which 
all were identified as A. rufotestaceus (Fig. 1). Oviposi-
tion strategies can change according to ecological con-
texts such as resource availability (e.g. Magro et al. 2017) 
but this information is unavailable for A. rufotestaceus.

In summary, the braconid wasp and tachinid fly spe-
cies identified in this study are potentially interesting for 
biological control strategies of P. prasina. Aridelus rufo-
testaceus is the most abundant parasitoid and therefore 
the most promising species.

Aridelus rufotestaceus is a thelytokous solitary en-
doparasitoid, which pupates outside the host. It has been 
recorded from several regions, including Georgia (Black 
Sea, original description), Italy, the United States, and 
New Zealand (Shaw et al. 2001; Ruberson et al. 2011). 
It was primarily identified as a parasitoid of N. viridula, 
which is phylogenetically closely related to P. prasina 
(Roca-Cusachs et al. 2022). It attacks both nymphal and 
adult stages, with a preference for early instars (2nd–3rd 
instars) (Shaw et al. 2001; Francati et al. 2019). Parasit-
ism rates of nymphs and adults of N. viridula can reach 
up from 80 to 95% in laboratory conditions (Shaw et al. 
2001) whereas in the field the parasitism rate is generally 
low (typically <5%), with occasionally reported higher 
values (Shaw et al. 2001; Ruberson et al. 2011; Francati 
et al. 2019). Although primarily associated with N. vir-
idula, available evidence suggests that A. rufotestaceus 
is not strictly host-specific and may parasitize other Pen-
tatomidae under experimental or reported conditions; a 
broader host list is reviewed in Driss et al. (2024).

Although strategies centred on augmentative releas-
es of A. rufotestaceous could be considered, they are 
currently not available, as mass rearing of the species 
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remains challenging (Francati et al. 2023). Another ap-
proach could be to consider conservation biological con-
trol. Aridelus rufostestaceus females feeding on nectar of 
Indian blanket or buckwheat flowers have higher longevi-
ty and fecundity (Aduba et al. 2013). It was demonstrated 
that introducing nectareous flower strips at the crop-to-
crop interface when stink bugs are colonizing the crops, 
increases the parasitism of stink bugs (Tillman 2017; My-
ers et al. 2025). These approaches still need to be tested 
for A. rufotestaceus, in hazelnut crops.

In conclusion, this study identified parasitoids of P. 
prasina nymphs and adults in southwestern France that 
can potentially be interesting biological control agents 
to complement the use of egg parasitoids under conser-
vation and, potentially, augmentative biological control 
strategies. This would contribute to improving the IPM 
of P. prasina in hazelnut orchards and other fruit crops.
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