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The parasitoid complex of D. suzukii 
and other fruit feeding Drosophila 
species in Asia
Pierre Girod  1,2, Nicolas Borowiec3, Matthew Buffington4, Guohua Chen5, Yuan Fang5, 
Masahito T. Kimura6, Francisco Javier Peris-Felipo7, Nicolas Ris3, Hao Wu5, Chun Xiao5, 
Jinping Zhang8, Alexandre Aebi9, Tim Haye1 & Marc Kenis1

Drosophila suzukii is an invasive fly of East Asian origin that has become a serious fruit pest worldwide. 
Classical biological control through the introduction of parasitoids from Asia could help reduce 
populations of D. suzukii in invaded regions. Little is known about the native parasitoids of the fly in 
Asia. Therefore, surveys for larval parasitoids of D. suzukii were carried out in China and Japan between 
2015 and 2017. Parasitoids of D. suzukii and other fruit-inhabiting drosophilids (D. pulchrella and D. 
subpulchrella) that are probably attacked by the same parasitoid complex were found in four Chinese 
provinces and four Japanese prefectures. Larval parasitoids were obtained at most sites where D. suzukii 
was found, with parasitism varying from 0.0 to 75.6%. At least eight parasitoid species were reared. 
The most abundant and frequent parasitoids were the Figitidae Ganaspis cf. brasiliensis and Leptopilina 
japonica, but another Leptopilina species and at least five Braconidae species belonging to the genera 
Areotetes, Asobara and Tanycarpa were obtained in low numbers. Due to its likely restricted host range, 
the most promising parasitoid for biological control is Ganaspis cf. brasiliensis. However, its exact 
specificity and taxonomic status require future research.

The spotted wing Drosophila, Drosophila suzukii Matsumura (Diptera, Drosophilidae), is native to Asia and has 
recently invaded several regions and continents including Europe, North and South America, Reunion Island 
and Central Asia1,2. The economic impact of this invasive fly is increasing proportionally to its geographic range. 
Unlike most other Drosophilidae, D. suzukii is able to lay eggs in fresh fruits, due to the possession of a ser-
rated ovipositor. With this feature, D. suzukii has become a major pest of small and stone fruits in most invaded 
regions3–5. It also has a very wide host range comprising many cultivated fruits as well as fruits from ornamental 
and wild plants6–8, and a short development time, which allows the completion of several generations per year1. 
As a result, crops are constantly reinvaded from neighbouring habitats, which complicates management strate-
gies. Current control methods include chemical treatments and good cultural practices (e.g. sanitation, bait traps 
and insect proof nets)9. In addition, in invaded regions, D. suzukii encounters very few competitors. It is attacked 
by generalist predators10 and, to a much lower extent, by generalist pupal parasitoids11–14. In contrast, larval par-
asitoids, which are often considered as major mortality factors in Drosophilidae15,16, are so far absent from the 
natural enemy complex of D. suzukii in invaded regions8,9,17. Indeed, larval parasitoids of local Drosophilidae 
either do not show interest for D. suzukii or are not able to develop successfully in D. suzukii larvae, partly because 
of the strong host immune response of the fly larvae18–22.

Classical biological control, i.e. the introduction of larval parasitoids from the region of origin of the pest that 
are specialised in parasitizing D. suzukii, could help reduce populations at the landscape level and, consequently, 
decrease the need for management. However, little is known of the larval parasitoids of D. suzukii in Asia. The 
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most comprehensive studies have recently been carried out in Japan but these often focused on specific parasi-
toid species or genera and rarely provided quantitative data on the role of parasitoids in the natural control of 
D. suzukii23–27. They concluded that the most promising biological control agent would be the figitid Ganaspis 
brasiliensis (Ihering) (Hymenoptera, Figitidae), a species that has been of unclear taxonomic status (first named 
G. xanthopoda24, and then G. brasiliensis26,27, following Buffington and Forshage28). This species is composed of 
different host races, some of which may warrant species status, and a specific host race appears to be specialised 
on D. suzukii26. In Asia, data on larval parasitism are restricted to a parasitoid survey in South Korea29 and a 
survey of the braconid genus Asobara in the Yunnan Province of China and South Korea30. Both studies used 
fruit collection and traps baited with uninfested fruits and suggest that field collection of suitable fresh fruits 
is a more reliable method to collect parasitoids. The most abundant larval parasitoids collected in South Korea 
were Asobara japonica Belokobylskij (Hymenoptera, Braconidae), Ganaspis brasiliensis and Leptopilina japonica 
Novković & Kimura (Hymenoptera, Figitidae)29.

In this publication, we report on surveys made from 2015 to 2017 in 12 Chinese Provinces and five Japanese 
prefectures to gather quantitative data on larval parasitism of D. suzukii. These surveys were made by sampling 
potentially suitable fresh fruits and, thus, also allowed us to collect two other Drosophila spp. living in the same 
habitat, D. pulchrella and D. subpulchrella Takamori and Watabe. The parasitoid complex of these two latter spe-
cies is presently unknown.

Results and Discussion
Parasitism of Drosophila species. Details of all collections are provided in Table S1 (Supplementary infor-
mation S1) and the results of the larval parasitoid surveys, with parasitism rates, are summarised in Table 1. For 
2015 and 2016, only parasitism rates from samples that produced at least one larval parasitoid are shown because, 
in some cases, a high mortality occurred in the host pupal stage and the lack of parasitism may be due to sample 
deterioration in the period between fly and parasitoid emergence. For 2017, samples without parasitoid emer-
gence were added because the rearing techniques had improved and we were more confident that all samples 
could be kept clean and healthy until parasitoid emergence. In any case, parasitism rates provided in Table 1 
should be considered with caution. These rates are based on fly and parasitoid adult emergence and the rearing 
and transport conditions experienced during these surveys may have affected D. suzukii and its parasitoids very 
differently. On the one hand, most parasitoids emerge about two weeks after the D. suzukii adults. During this 
period, fruits became frequently covered by fungi, which surely prevented some parasitoids from emerging. On 
the other hand, D. suzukii pupae are extremely sensitive to high temperatures and low humidity. Unpublished 
observations by the authors showed that no fly emerges when pupae are exposed to temperature above 30 °C or 
humidity below 50% RH. It is possible that parasitoids in the host pupa are less sensitive than their host, however, 
nothing is known yet about the developmental requirements of the parasitoid species.

Larval parasitism rates were highly variable, from 0 to 75.6%. The highest rates of parasitism were observed 
in Yunnan Province (China) and Nara prefecture (Japan). In contrast, parasitism seems to be lower in northern 
and eastern China, as shown by collections in Beijing, Jilin, Inner Mongolia, Jiangsu and Zhejiang Provinces, 
which did not yield parasitoids (Tables 1 and S1 and unpublished data). A possible explanation could be that D. 
suzukii is likely non-native in these areas and parasitoids may be less well adapted to cold winter and hot summer 
conditions experienced in these regions. Strong variations in parasitism were observed between nearby sites but 
also from year to year at the same sites. For example, parasitism in Japan on the same Prunus serrulata Lindley 
(Rosaceae) trees in Tokyo climbed from 9% in 2015 to 28% in 2016 at the same period of the year. These strong 
variations in parasitism are typical for insects that have short development times and many annual generations. 
Indeed, abiotic factors may affect hosts and parasitoids differently. Another factor that may affect the estimation 
of parasitism rates is the fact that parasitoids attack young larvae whereas we probably collected Drosophila spp. as 
eggs as part of the sample, i.e. before the attack of the parasitoids, which may result in an underestimation of the 
parasitism rate. On the other hand, parasitoids emerge later than D. suzukii and it cannot be ruled out that some 
samples contained empty fly pupae and immature parasitoids in host pupae. This, however, is rather unlikely 
because most larvae leave the fruits to pupate10 and we specifically sampled fruits on the plant that looked undam-
aged, to avoid collecting other Drosophila species.

Other data on parasitism rates of D. suzukii in Asia are scarce. Data on parasitism in South Korea have been 
recently published29 and parasitism rates of 0–17% have been reported, i.e. in line with our results from Northern/
Eastern China. Another survey focused on the genus Asobara (Braconidae) in South Korea and Yunnan30, and 
found two species, A. japonica and A. leveri (Nixon), associated with D. suzukii, but it did not provide parasitism 
rates. Parasitism of D. suzukii has been studied more extensively in Japan but the information provided in the lit-
erature is mostly qualitative. Quantitative data were published from Prunus serrulata in Tokyo in 2015 and 201627. 
These results are very similar to our findings because fruits were collected at the same time. Other quantitative 
data from the same site in Japan have been published24.

In the majority of samples, D. suzukii was accompanied by two congeneric species that are also able to attack 
fresh fruits, D. pulchrella at high altitudes in Yunnan and Sichuan Provinces (China) and D. subpulchrella in Japan 
and at lower altitudes in China (Beijing and Hubei Provinces). This confirms the geographic range of the two 
species described31.

To our knowledge, this is the first time that D. pulchrella and D. subpulchrella have been sampled for parasit-
ism. However, these two species occur nearly always together with D. suzukii and pupae of the three Drosophila 
species are morphologically indistinguishable, hence it was impossible to determine from which host the para-
sitoids emerged. Several samples, including very large ones, contained only D. suzukii, from which we deduced 
that the parasitoids emerged from this host. In contrast, only one small sample gave rise to D. subpulchrella only 
and no sample provided exclusively D. pulchrella. Thus, the association of the parasitoids with these two species 
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Locality Fruit
Month of 
collection

Other 
Drosophila 
sp. (%)*

Larval parasitoids and parasitism rates (%)

Ganaspis cf. 
brasiliensis

Leptopilina 
japonica

Leptopilina 
sp.

Asobara 
spp.†

Tanycarpa 
chors Areotetes striatiferus

Total 
parasitism (n 
insects)

China - Yunnan

Kunming - YAU Prunus cerasoides June 2015 5.1 (Dp) 42.0 10.9 — — — — 52.9 (174)

Shiping Myrica rubra June 2015 3.5 (Dp) 1.7 0.7 — — — — 2.4 (537)

Dali Prunus cerasoides May 2016 1.8 (Dp) 1.8 — — — — — 1.8 (224)

Kunming – West 
Mountain Prunus (Cerasus) sp. May 2016 6.7 (Dp) 1.4 — — — — — 1.4 (142)

Panzihua Prunus (Cerasus) sp. Apr 2016 0.0 2.1 — — — — — 2.1 (373)

Fumin Myrica rubra July 2016 74.5 (Dp) 0.4 11.8 35.9 6 — — 54.1 (566)

Wenshan Myrica rubra June 2016 0.0 12.6 34.5 — — — 6.9 54.0 (87)

Kunming – West 
Mountain Myrica rubra July 2016 0.0 25.0 17.2 7.2 1.8 — — 51.2 (615)

Dali Sambucus williamsii July 2016 55.3 (Dp) 1.2 — — 1.0 — — 2.3 (483)

Kunming - Snake 
Mountain Solanum nigrum July 2016 0.0 5.9 5.9 — 29.4 — — 41.2 (17)

Wenshan Rubus sp. Sept 2016 73.5 (Dp) 2.0 7.0 — — — — 9 (199)

Qujing Lonicera maacki Sept 2016 83.7 (Dp) 1.8 1.8 — — — 0.6 4.3 (326)

Kunming Lonicera maacki Sept 2016 65.0 (Dp) 8.7 4.3 — — — — 13 (23)

Kunming – West 
mountain Prunus (Cerasus) sp. May 2017 14.0 (Dp) — — — — — — 0 (150)

Kunming - Snake 
mountain Rubus sp. May 2017 26.7 (Dp) — — — — — — 0 (56)

Kunming - YAU Rubus ellipticus (?) May 2017 90.0 (Dp) 18.2 4.5 — — — — 22.7 (22)

Kunming – Xining 
temple Prunus (Cerasus) sp. May 2017 8.4 (Dp) 5.2 4.6 — — — — 9.8 (504)

Fumin Myrica rubra June 2017 0.0 6.8 2.3 — — 9.1 (88)

Fumin mountain Prunus (Cerasus) sp. June 2017 92.2 (Dp) 16.8 3.6 — 0.2 — — 20.6 (552)

Fumin mountain Princepia utilis June 2017 92.5 (Dp) 9.5 — — — — — 9.5 (74)

China - Beijing

Jiu Mountain Prunus (Cerasus) sp. June 2016 2.3 (Dsp) 0.2 1.0 — 0.04 — — 1.2 (8114)

Lija Farm Prunus (Cerasus) sp. June 2016 0.0 1.6 1.6 — — — — 3.3 (366)

Yiangtai Mountain Prunus (Cerasus) sp. June 2016 0.0 10.8 19.9 — — — — 30.7 (251)

China - Sichuan

Dazhou Prunus (Cerasus) sp. May 2016 −(Dp)# 2.7 15.2 — 0.4 2.1 — 20.4 (816)

China - Hubei

Xiaoguan Coriaria nepalensis June 2016 100.0 
(Dsp) 9.7 — — — 3.2 — 12.9 (31)

China - Jilin

Changchun Vaccinium spp. Aug 2017 0.0 — — — — — — 0.0 (2298)

Wanliang Rubus sp. Aug 2017 0.0 — — — — — — 0.0 (15)

Quanyang Rubus sp. Aug 2017 0.0 — — — — — — 0.0 (116)

Liaoyuan Vaccinium sp. Aug 2017 0.0 — — — — — — 0.0 (147)

Japan

Tokyo Prunus serrulata June 2015 0.0 7.5 0.2 — 1.2 — — 8.9 (402)

Tokyo Prunus serrulata June 2016 0.0 26.3 1.5 — — — 27.8 (205)

Nara Morus sp. June 2016 0.0 75.6 — — — — — 75.6 (127)

Tsukuba Prunus serrulata June 2016 0.0 4.4 — — — — — 4.4 (45)

Yoshigadaira Vaccinium spp. Aug 2017 0.0 — — — — — — 0.0 (95)

Hasuike Vaccinium spp. Aug 2017 24.0 (Dsp) 9.9 1.8 — 2.5 — 14.2 (566)

Yamanouchi Prunus (Padus) sp. Aug 2017 7.7 (Dsp) — — — — — — 0.0 (13)

Table 1. Larval parasitoids and parasitism rates observed from fruit collections in China and Japan in 2015, 2016 
and 2017. Only samples that produced at least one larval parasitoid and more than 10 adults (D. suzukii + parasitoids) 
and for which quantitative data on parasitism are available are shown. Samples with no parasitism are shown for 2017 
only. Parasitism rates were calculated, for each sample, by dividing the number of individuals of one or all parasitoid 
species by the total number of parasitoid and Drosophila spp. adults that emerged from the sample. *Percentage of 
other Drosophila spp. in the sample, based on emerging adult flies. Dp = Drosophila pulchrella; Dsp = Drosophila 
subpulchrella. Other Drosophila spp. accounted for less than 1% in all samples and were not included in the 
calculations. #D. pulchrella present but not quantified. †Includes at least three species; see text.
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could not be ascertained. The only solution would be to keep all pupae singly and to identify pupae from which 
parasitoids have emerged using molecular tools32.

Larval parasitoid species. Ganaspis cf. brasiliensis (Hymenoptera, Figitidae). A figitid wasp of the genus 
Ganaspis was the most frequently reared parasitoid of D. suzukii in China and Japan, being present in all sam-
ples from which parasitoids emerged. It was also the species that reached the highest levels of parasitism in both 
countries. The same parasitoid was also reared from the sample in Hubei province, from which D. subpulchrella 
emerged without D. suzukii, suggesting that G. cf. brasiliensis also parasitizes this host (Table 1).

All specimens were morphologically similar to specimens from D. suzukii collected in South Korea and Japan 
and were identified as G. brasiliensis by one of the co-authors (MB) who had examined the specimens of all 
studies26,28. Ganaspis brasiliensis was also the most abundant parasitoid collected in South Korea29 and Japan27. 
By using molecular tools and behavioural studies, it has been suggested that G. brasiliensis may be a complex of 
cryptic species and/or host races with unique distribution patterns and host ranges26. Sufficient evidence for taxo-
nomic assignment have not been provided, and hence, no new names were proposed for these lineages. However, 
it has been shown that the host race of G. brasiliensis, attacking D. suzukii is the ‘suzukii-specialised’ type of 
Ganaspis xanthopoda24. It has been suggested that this host race only attacks and develops on D. suzukii24,26 and 
possibly other species inhabiting fresh fruits such as D. pulchrella and D. subpulchrella. Its specificity is largely 
confirmed by our studies in quarantine conditions in Switzerland33,34. The same species is also being considered 
for release in USA, where the biology of a Korean population has recently been studied in quarantine condi-
tions35. Future research, combining data from multiple gene regions in specimens from across a wide geographic 
area and cross-mating experiments are required to further elucidate the taxonomic status of Ganaspis brasiliensis 
s.l. In the meantime, the specimens collected in this study from Drosophila spp. in fresh fruits are referred to as 
Ganaspis cf. brasiliensis.

Leptopilina japonica (Hymenoptera, Figitidae). Leptopilina japonica has been found in all regions of China and 
at two sites in Japan, but rarely reached high parasitism rates. Among the 20 sites where this species was collected, 
we observed parasitism above 10% at only six sites, and with a maximum rate of 34.5%. However, it was at least as 
abundant as Ganaspis cf. brasiliensis in Beijing, and more abundant in the single sample from Sichuan (Table 1). 
This parasitoid was already known from D. suzukii in Japan and Taiwan23,27 and was also reared frequently from 
D. suzukii in South Korea29. To our knowledge this is the first record of L. japonica in the People’s Republic 
of China. Two sub-species23, L. japonica japonica Novković & Kimura and L. japonica formosana Novković & 
Kimura, have been reported from Japan and Taiwan, respectively. Both sub-species were also found in South 
Korea29. Morphological observations suggest that most species collected during this study belong to the sub-
species L. japonica japonica. However, at least one sample collected in Hasuike (Japan) in 2017 provided speci-
mens of L. japonica formosana and not all specimens reared during this study were identified to subspecies level. 
Leptopilina japonica was successfully reared on D. suzukii in the laboratory34 and is also known to successfully 
develop in Drosophila biauria Bock & Wheeler and Drosophila rufa Kikkawa & Peng in Japan under natural 
conditions and in Drosophila simulans Sturtevant in the laboratory23. Its biology has been recently studied in 
quarantine conditions in USA35.

Leptopilina sp. (Hymenoptera, Figitidae). Another Figitidae was reared in high numbers from bayberry fruits 
collected at two sites in Yunnan (China). While one sample yielded a mixture of D. suzukii and D. pulchrella, only 
D. suzukii emerged from the other. This parasitoid has also been successfully reared on D. suzukii in the CABI 
laboratory in Beijing (J. Zhang, unpublished data). It is morphologically very different from L. japonica, and a 
description is presently being prepared (Buffington et al., in prep).

Asobara spp. (Hymenoptera, Braconidae, Alysiinae). Asobara is the third important genus of larval parasitoids 
of Drosophilidae worldwide15. At least three species of Asobara spp. have been collected, but usually in very low 
numbers. Asobara sp. TK1 has been found in Tokyo. This undescribed species could be specific to D. suzukii, 
based on a study of the capacity of eight Asobara species associated with Drosophila spp. in Japan to parasitize D. 
suzukii25. So far, Asobara sp. TK1 has only been collected in Tokyo25,27, but it has been suggested that Asobara sp. 
TK1 could be the recently described species, A. triangulata van Achterberg & Guerrieri, based on the molecular 
analysis of one specimen from Yunnan, China30.

Other species found in this study include Asobara pleuralis (Ashmead) and A. mesocauda van Achterberg and 
Guerrieri, reared from pupae of D. suzukii and possibly D. pulchrella collected in Sichuan and Yunnan. Asobara 
pleuralis has also been reared from D. suzukii and/or D. subpulchrella in Beijing. These two species are known to 
be associated with Drosophila spp.30, but not yet with D. suzukii, D. pulchrella or D. subpulchrella. Other surveys 
for parasitoids of Drosophilidae in Yunnan (China) and South Korea found Asobara japonica and possibly A. 
brevicauda van Achterberg & Guerrieri and A. leveri (Nixon) associated with D. suzukii29,30.

Tanycarpa chors (Hymenoptera, Braconidae, Alysiinae). Tanycarpa species are also known as parasitoids of 
Drosophila flies15. However, no species have ever been recorded from D. suzukii, D. pulchrella or D. subpulchrella36. 
In this study, Tanycarpa chors Belokobylskij was obtained from two sites in China and one site in Japan (Table 1).

Areotetes striatiferus (Hymenoptera, Braconidae, Opiinae). Opiinae are very common larval parasitoids of 
Diptera, but more frequently attack fruit-infesting Tephritidae and mining Agromyzidae37. However, parasitism 
of Drosophilidae has been occasionally reported38. A few specimens of Areotetes striatiferus Li, van Achterberg 
and Tan emerged from pupae of Drosophila suzukii obtained from two sites in Yunnan (China). At one site 
D. suzukii was the only host species to emerge. Areotetes striatiferus was previously known only from Hunan 
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province (China) and its biology was unknown37. It is also the first time that a species of Areotetes is recorded as 
a parasitoid of a Drosophila species.

Conclusions - Prospects for biological control
For the first time, a large survey for larval parasitoids of D. suzukii was carried out in several Chinese Provinces. 
These surveys, and those made in Japan, revealed that most populations are parasitized and a complex of at 
least eight parasitoid species has been identified. The most abundant species collected during these surveys, i.e. 
Ganaspis cf. brasiliensis and L. japonica, are similar to those observed in previous surveys in Japan24,27 and South 
Korea29. Except Asobara sp. TK1 that was already known from Japan25,27, all other species found in this survey 
have been recorded for the first time from D. suzukii and should be further investigated. However, current studies 
presently on the biology of the parasitoids33, in accordance with previous research24,27, suggest that our Ganaspis 
cf. brasiliensis, or the suzukii-specialised-race of Ganaspis brasiliensis, is the most specific parasitoid among those 
associated with D. suzukii. Since it is also the most abundant parasitoid of D. suzukii in Asia, it is clearly the first 
candidate for introduction into Europe, North America and other regions invaded by D. suzukii. The fact that it 
also probably attacks two other species also found in fresh fruits in Asia, D. pulchrella and D. subpulchrella, sug-
gests that it may be specific to fresh fruits rather than purely host specific. This would not prevent its introduction 
in Europe and North America since native Drosophilidae in these regions are not able to attack fresh, undamaged 
fruits. These surveys also showed that, in some East Asian regions, D. pulchrella and D. subpulchrella are nearly 
as common in fresh fruits as D. suzukii, and their introduction to other continents should be avoided at all costs. 
It remains to be discovered whether Ganaspis cf. brasiliensis would be able to colonise all invaded regions or 
whether it would be limited by climatic constraints. The highest parasitism rates were observed in sub-tropical 
and warm-temperate climates in Yunnan (China) and Japan. However, the fact that Ganaspis cf. brasiliensis was 
also rather abundant at a ski resort in Nagano Prefecture (Central Japan: Hasuike, 1490 m average T° in January: 
ca. −13 °C) suggests that it may establish in temperate regions in Europe and North America. Since larval para-
sitism of D. suzukii in invaded regions has not been reported, introduction of a parasitoid may help lower popu-
lations and reduce the need for other management methods. Nevertheless, before its introduction, completion of 
host specificity tests and resolution of the taxonomic status of Ganaspis cf. brasiliensis are needed.

Methods
Collection sites and methods. Surveys for D. suzukii and associated parasitoids were carried out in China 
and Japan from 2015 to 2017. Fruits that could potentially host D. suzukii were collected at more than 100 sites 
in five prefectures in Japan and 12 provinces in China. Among these, seven sites in Japan (5 prefectures) and 29 
sites in China (7 provinces) provided a sufficient number of D. suzukii and parasitoids (arbitrarily set at 10 indi-
viduals) to assess parasitism (Figs 1 and 2 and Table S1, Supplementary Information). Only fresh fruits that were 
still on the plant were sampled to avoid the collection of Drosophila spp. that prefer rotten or damaged fruits on 
the ground. The protocol to obtain Drosophila spp. and parasitoids varied slightly among years and regions but, 
in general, was as follows. Collected fruits were placed in a cooler box during their transport to the laboratory. 
Records of the location (GPS coordinates) and names of the collected fruit were annotated for each sample. In 
most cases, fruits were counted and then placed on a layer of slightly moist cellulose paper in plastic containers 
of various sizes, with ventilated lids. The boxes were inspected daily and Drosophila spp. and parasitoids that 
emerged were reared in a cage or placed in alcohol (96%). The cellulose paper was checked and moistened if 
necessary. After about a week, the paper was inspected and each fruit dissected to collect remaining drosophilid 
pupae as some larvae may have pupated inside the fruits. All pupae were placed in Petri-dishes on slightly moist 
cellulose paper. The Petri-dishes were then inspected daily. Emerged drosophilids and parasitoids were either put 
directly in alcohol or placed in cages for laboratory rearing.

Figure 1. Geographic distribution of the sampling sites in China. A: Kunming - Fumin, B: Shiping, C: Dali, D: 
Panzihua, E: Wenshan, F: Qujing, G: Jiu Mountain - Lija Farm - Yiangtai Mountain, H: Dazhou, I: Xiaoguan and 
J: Jilin.
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Identification of Drosophila spp. and parasitoids. Drosophila suzukii, D. pulchrella and D. subpul-
chrella were identified using keys31,39. Other Drosophila spp. were not determined to species level. Parasitoids were 
identified by MB, FRPF, MTK and MK using morphological characters and reference collections housed at the 
National Insect Collection (NIC), NMNH, Washington DC, and the Zoological Institute RAS of St Petersburg, 
Russia (ZISP). Vouchers for this study are housed at the NIC, the CABI collection in Delémont, the entomological 
collection of Natural History Museum Basel (NMBA) and the ZISP.

Calculation of parasitism rates. Parasitism rates were calculated, for each sample, by dividing the number 
of individuals of one or all parasitoid species by the total number of parasitoid and Drosophila spp. adults emerged 
from the sample. Samples that contained more than 1% of Drosophila spp. unable to attack fresh, undamaged 
fruits, i.e. other than D. suzukii, D. pulchrella and D. subpulchrella, were discarded because it is supposed that 
these species have their own assemblage of parasitoids, specialised in rotten habitats, that may be different from 
those attacking Drosophila spp. specialised in fresh fruits”.

Data Availability. The datasets generated during and/or analyzed during the current study are available from 
the corresponding author on reasonable request.

References
 1. Asplen, M. K. et al. Invasion biology of spotted wing Drosophila (Drosophila suzukii): a global perspective and future priorities. J. 

Pest Sci. (2004). 88, 469–494 (2015).
 2. Fraimout, A. et al. Deciphering the routes of invasion of Drosophila suzukii by means of ABC random forest. Mol. Biol. Evol. 34, 

980–996 (2017).
 3. Walsh, D. B. et al. Drosophila suzukii (Diptera: Drosophilidae): invasive pest of ripening soft fruit expanding its geographic range and 

damage potential. J. Integr. Pest Manag. Ecol. Soc. Am. 1–8 (2010).
 4. Ros, G., de, Conci, S., Pantezzi, T. & Savini, G. The economic impact of invasive pest Drosophila suzukii on berry production in the 

Province of Trento, Italy. J. Berry Res. 5 (2015).
 5. Mazzi, D., Bravin, E., Meraner, M., Finger, R. & Kuske, S. Economic impact of the introduction and establishment of Drosophila 

suzukii on sweet cherry production in Switzerland. Insects 8, 18 (2017).
 6. Lee, J. C. et al. Infestation of wild and ornamental noncrop fruits by Drosophila suzukii (Diptera: Drosophilidae). Ann. Entomol. Soc. 

Am. 108, 117–129 (2015).
 7. Poyet, M. et al. The wide potential trophic niche of the asiatic fruit fly Drosophila suzukii: the key of its invasion success in temperate 

Europe? PLoS One 10, e0142785 (2015).
 8. Kenis, M. et al. Non-crop plants used as hosts by Drosophila suzukii in Europe. J. Pest Sci. (2004). 89, 735–748 (2016).
 9. Haye, T. et al. Current SWD IPM tactics and their practical implementation in fruit crops across different regions around the world. 

J. Pest Sci. (2004). 1–9, https://doi.org/10.1007/s10340-016-0737-8 (2016).
 10. Woltz, J. M. & Lee, J. C. Pupation behavior and larval and pupal biocontrol of Drosophila suzukii in the field. Biol. Control 110, 62–69 

(2017).
 11. Gabarra, R., Riudavets, J., Rodríguez, G. A., Pujade-Villar, J. & Arnó, J. Prospects for the biological control of Drosophila suzukii. 

BioControl 60, 331–339 (2015).
 12. Miller, B. et al. Seasonal occurrence of resident parasitoids associated with Drosophila suzukii in two small fruit production regions 

of Italy and the USA. Bull. Insectology 68, 255–263 (2015).
 13. Rossi-Stacconi, M. V. et al. Host stage preference, efficacy and fecundity of parasitoids attacking Drosophila suzukii in newly invaded 

areas. Biol. Control 84, 28–35 (2015).
 14. Wang, X.-G., Kaçar, G., Biondi, A. & Daane, K. M. Life-history and host preference of Trichopria drosophilae, a pupal parasitoid of 

spotted wing drosophila. BioControl, https://doi.org/10.1007/s10526-016-9720-9 (2016).

Figure 2. Geographic distribution of the sampling sites in Japan. K: Tokyo, L: Nara, M: Hasuike and N: 
Tsukuba.

http://dx.doi.org/10.1007/s10340-016-0737-8
http://dx.doi.org/10.1007/s10526-016-9720-9


www.nature.com/scientificreports/

7SCIENtIFIC RePoRTs |  (2018) 8:11839  | DOI:10.1038/s41598-018-29555-8

 15. Carton, Y., Bouletreau, M., van Lenteren, J. C. & van Alphen, J. J. M. In The genetics and biology of Drosophila (eds Ashburner, M. & 
Novitsky, E.) 347–389 (Academic press, 1986).

 16. Fleury, F., Gibert, P., Ris, N. & Allemand, R. Chapter 1 Ecology and life history evolution of frugivorous drosophila parasitoids. 
Advances in Parasitology 70 (2009).

 17. Kremmer, L. et al. Field monitoring of Drosophila suzukii and associated communities in south eastern France as a pre-requisite for 
classical biological control. Insects 8, 124 (2017).

 18. Chabert, S., Allemand, R., Poyet, M., Eslin, P. & Gibert, P. Ability of European parasitoids (Hymenoptera) to control a new invasive 
Asiatic pest. Drosophila suzukii. Biol. Control 63, 40–47 (2012).

 19. Kacsoh, B. Z. & Schlenke, T. A. High hemocyte load is associated with increased resistance against parasitoids in Drosophila suzukii, 
a relative of D. melanogaster. PLoS One 7, e34721 (2012).

 20. Poyet, M. et al. Resistance of Drosophila suzukii to the larval parasitoids Leptopilina heterotoma and Asobara japonica is related to 
haemocyte load. Physiol. Entomol. 38, 45–53 (2013).

 21. Knoll, V., Ellenbroek, T., Romeis, J. & Collatz, J. Seasonal and regional presence of hymenopteran parasitoids of Drosophila in 
Switzerland and their ability to parasitize the invasive Drosophila suzukii. Sci. Rep. 7, 40697 (2017).

 22. Rossi-Stacconi, M. V. et al. Comparative life history traits of indigenous Italian parasitoids of Drosophila suzukii and their 
effectiveness at different temperatures. Biol. Control 112, 20–27 (2017).

 23. Novković, B., Mitsui, H., Suwito, A. & Kimura, M. T. Taxonomy and phylogeny of Leptopilina species (Hymenoptera: Cynipoidea: 
Figitidae) attacking frugivorous drosophilid flies in Japan, with description of three new species. Entomol. Sci. 14, 333–346 (2011).

 24. Kasuya, N., Mitsui, H., Ideo, S., Watada, M. & Kimura, M. T. Ecological, morphological and molecular studies on Ganaspis 
individuals (Hymenoptera: Figitidae) attacking Drosophila suzukii (Diptera: Drosophilidae). Appl. Entomol. Zool. 48, 87–92 (2013).

 25. Nomano, F. Y., Mitsui, H. & Kimura, M. T. Capacity of Japanese Asobara species (Hymenoptera; Braconidae) to parasitize a fruit pest 
Drosophila suzukii (Diptera; Drosophilidae). J. Appl. Entomol. 139, 105–113 (2015).

 26. Nomano, F. Y. et al. Genetic differentiation of Ganaspis brasiliensis (Hymenoptera: Figitidae) from East and Southeast Asia. Appl. 
Entomol. Zool. 52, 429–437 (2017).

 27. Matsuura, A., Mitsui, H. & Kimura, M. T. A preliminary study on distributions and oviposition sites of Drosophila suzukii (Diptera: 
Drosophilidae) and its parasitoids on wild cherry tree in Tokyo, central Japan. Appl. Entomol. Zool. 52, 429–437 (2017).

 28. Buffington, M. L. & Forshage, M. Redescription of Ganaspis brasiliensis (Ihering, 1905), new combination, (Hymenoptera: Figitidae) 
a natural enemy of the invasive Drosophila suzukii (Matsumura, 1931)(Diptera: Drosophilidae). Proc. Entomol. Soc. Washingt. 118, 
1–13 (2016).

 29. Daane, K. M. et al. First exploration of parasitoids of Drosophila suzukii in South Korea as potential classical biological agents. J. Pest 
Sci. (2004). 89, 823–835 (2016).

 30. Guerrieri, E., Giorgini, M., Cascone, P., Carpenito, S. & van Achterberg, C. Species diversity in the parasitoid genus Asobara 
(Hymenoptera: Braconidae) from the native area of the fruit fly pest Drosophila suzukii (Diptera: Drosophilidae). PLoS One 11, 
e0147382 (2016).

 31. Takamori, H., Watabe, H., Fuyama, Y., Zhang, Y. & Aotsuka, T. Drosophila subpulchrella, a new species of the Drosophila suzukii 
species subgroup from Japan and China (Diptera: Drosophilidae). Entomol. Sci. 9, 121–128 (2006).

 32. Kim, S. S., Tripodi, A. D., Johnson, D. T. & Szalanski, A. L. Molecular diagnostics of Drosophila suzukii (Diptera: Drosophilidae) 
using PCR-RFLP. J. Econ. Entomol. 107, 1292–1294 (2014).

 33. Girod, P. From Asia to Europe, evaluation of parasitoids for the biological control of the invasive fruit pest Drosophila suzukii. 
(University of Neuchâtel, Switzerland, 2018).

 34. Girod, P., Rossignaud, L., Haye, T., Turlings, T. C. J. & Kenis, M. Development of Asian parasitoids in larvae of D. suzukii feeding on 
blueberry and artificial diet. J. Appl. Entomol. 142, 483–494 (2018).

 35. Wang, X.-G., Nance, A. H., Jones, J. M. L., Hoelmer, K. A. & Daane, K. M. Aspects of the biology and reproductive strategy of two 
Asian larval parasitoids evaluated for classical biological control of Drosophila suzukii. Biol. Control 121, 58–65 (2018).

 36. Yu, D. S., van Achterberg, C. & Horstmann, K. Taxapad 2016. Ichneumonoidea 2015 (Biological and taxonomical Information), 
Taxapad interactive catalogue database on flash-drive. Nepean, Ottawa (2016).

 37. Li, X.-Y., van Achterberg, C. & Tan, J.-C. Revision of the subfamily Opiinae (Hymenoptera, Braconidae) from Hunan (China), 
including thirty-six new species and two new genera. Zookeys 1 (2013).

 38. Wharton, R. A., Austin, A. D. & Thomson, J. A. Two new species of Opius Wesmael (Hymenoptera: Braconidae) parasitic on 
Drosophilidae (Diptera) in Australia. Austral Entomol. 29, 11–18 (1990).

 39. EPPO. Diagnostic Drosophila suzukii. EPPO Bull. 43, 417–424 (2013).

Acknowledgements
We thank all our partners in China and Japan for their help in the collection of the parasitoids, in particular 
Dong Wenxia, Chen Xiao, Liu Yan, Liu Bing, Yan Xiong, Renya Liao, Seiichi Moriya, Hiroaki Sata and Stefan 
Toepfer. We also thank Ted Turlings, Catherine Baroffio, Patrik Kehrli and Antonio Biondi for their support 
and comments on earlier drafts of this paper and Sergey Belokobylskij for his support in the identification of 
the Braconidae. This work was funded by the EU 7th Framework Programme (DROPSA project, no. 613678). 
Mention of trade names or commercial products in this publication is solely for the purpose of providing specific 
information and does not imply recommendation or endorsement by the USDA. USDA is an equal opportunity 
provider and employer.

Author Contributions
P.G., N.R., N.B., J.Z., H.W., Y.F., M.T.K. and M.K. collected Drosophila spp. and reared out the parasitoids. M.B., 
J.P.F., M.T.K. and M.K. identified the collected specimens. G.C., C.X., A.A., T.H. and M.K. supervised the work. 
P.G. and M.K. wrote the paper with the collaboration of all authors.

Additional Information
Supplementary information accompanies this paper at https://doi.org/10.1038/s41598-018-29555-8.
Competing Interests: The authors declare no competing interests.
Publisher's note: Springer Nature remains neutral with regard to jurisdictional claims in published maps and 
institutional affiliations.

http://dx.doi.org/10.1038/s41598-018-29555-8


www.nature.com/scientificreports/

8SCIENtIFIC RePoRTs |  (2018) 8:11839  | DOI:10.1038/s41598-018-29555-8

Open Access This article is licensed under a Creative Commons Attribution 4.0 International 
License, which permits use, sharing, adaptation, distribution and reproduction in any medium or 

format, as long as you give appropriate credit to the original author(s) and the source, provide a link to the Cre-
ative Commons license, and indicate if changes were made. The images or other third party material in this 
article are included in the article’s Creative Commons license, unless indicated otherwise in a credit line to the 
material. If material is not included in the article’s Creative Commons license and your intended use is not per-
mitted by statutory regulation or exceeds the permitted use, you will need to obtain permission directly from the 
copyright holder. To view a copy of this license, visit http://creativecommons.org/licenses/by/4.0/.
 
© The Author(s) 2018

http://creativecommons.org/licenses/by/4.0/

	The parasitoid complex of D. suzukii and other fruit feeding Drosophila species in Asia
	Results and Discussion
	Parasitism of Drosophila species. 
	Larval parasitoid species. 
	Ganaspis cf. brasiliensis (Hymenoptera, Figitidae). 
	Leptopilina japonica (Hymenoptera, Figitidae). 
	Leptopilina sp. (Hymenoptera, Figitidae). 
	Asobara spp. (Hymenoptera, Braconidae, Alysiinae). 
	Tanycarpa chors (Hymenoptera, Braconidae, Alysiinae). 
	Areotetes striatiferus (Hymenoptera, Braconidae, Opiinae). 


	Conclusions - Prospects for biological control
	Methods
	Collection sites and methods. 
	Identification of Drosophila spp. and parasitoids. 
	Calculation of parasitism rates. 
	Data Availability. 

	Acknowledgements
	Figure 1 Geographic distribution of the sampling sites in China.
	Figure 2 Geographic distribution of the sampling sites in Japan.
	Table 1 Larval parasitoids and parasitism rates observed from fruit collections in China and Japan in 2015, 2016 and 2017.




