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Abstract. Native to Asia, Drosophila suzukii (Matsumura) is currently undergoing a rapid distribution
expansion in Europe, America, and parts of Africa and has become a major economic pest of cultivated
berry and stone fruits. Understanding the occurrence of D. suzukii and its associated parasitoids in its
native range is crucial for effectively manage this invasive pest. In our study, traps baited with sugar
vinegar wine were used to monitor the population dynamics of D. suzukii in four waxberry orchards in
Fujian province, China, from May 2020 to April 2022. Additionally, parasitoids were sampled using
sentinel traps baited with SWD-infested banana from May to June 2022. Four sites survey in Fujian
indicated that D. suzukii population peak once per year. This peak occurred either in mid-May or mid- to
late June, coinciding with the ripening period of waxberry fruit at the corresponding sites. During the
waxberry ripening period, the percentages of D. suzukii adults captured in the four sites were female-bias,
and the relative abundance of D. suzukii captured in Fuzhou was greater than that in other sample sites.
Moreover, four parasitoid species, namely, Leptopilina japonica Novkovi¢ & Kimura (Hymenoptera:
Figitidae), Pachycrepoideus vindemiae (Rondani) (Hymenoptera: Pteromalidae), Trichopria drosophilae
(Perkins) (Hymenoptera: Diapriidae), and Asobara sp. (Hymenoptera: Braconidae) were identified based
on morphology. Trichopria drosophilae was numerically dominated in the traps, and it was the only
species that emerged from recovered banana slices under laboratory conditions. This study represents the
first investigation on the occurrence of D. suzukii and its associated parasitoids in southeastern China.
Our findings provide important clues for improving the efficacy of parasitoid-based IPM program in
combating this pest, particularly in regions invaded by D. suzukii flies.

Keywords: spotted-wing drosophila, population dynamic, waxberry orchard, parasitoids, classical
biological control

Introduction

Commonly called as Spotted Wing Drosophila (SWD), Drosophila suzukii
(Matsumura) (Diptera: Drosophilidae) has emerged as a significant economic pest,
leading to substantial losses in the worldwide soft-skinned fruit industry (Asplen et al.,
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2015). This species, native to southeastern and eastern Asia, has successfully invaded
and established populations in other Asian regions, as well as in Europe, Americas and
Africa over the last decade (Dos Santos et al., 2017; Kwadha et al., 2021). Unlike
sibling drosophilid species, D. suzukii female is able to penetrate and oviposit in intact
ripening or ripe fruit due to the possession of a serrated ovipositor (Lee et al., 2011).
The visible physical damage directly caused by external piercing, internal larval feeding
and oviposition wounds allow pathogens to penetrate, rendering contaminated fruits
unmarketable (Goodhue et al., 2011; Walsh et al., 2011).

Drosophila suzukii has a very wide host range, including many cultivated fruits such
as cherries, blackberries, blueberries, raspberries, mulberries, and wine grapes, and
other fruits with soft and thin skins (Lee et al., 2011; Walsh et al., 2011; Poyet et al.,
2015; Kenis et al., 2016). In China, D. suzukii was initially recognized as a pest of
cherry and waxberry [Myrica rubra (Myricaceae)] since the damage reports of these
two fruit types by this species were frequently reported in several provinces such as
Yunnan, Sichuan, Shaanxi, Shandong, Henan, and Gansu (Asplen et al., 2015). In
recent years, the blueberry and grape have been identified as additional host plants in
China after their productions have experienced serious economic losses caused by D.
suzukii (Cai et al., 2019a). Previous research has calculated that the potential revenue
losses from D. suzukii infestation in cherry production in China may reach approximate
8.9 billion RMB annually and the total economic losses for soft-skinned fruit growers in
Fujian province alone was 3.5 billion RMB (Cai et al., 2019b).

Drosophila suzukii adults are highly active and can migrate among host plants during
the fruiting season, seeking out other crops or non-crop habitats (Langille et al., 2016) in
pursuit of more suitable host resources or favorable climatic conditions (Kagar et al.,
2016; Wang et al., 2016a). Non-crop or host plants in unmanaged habitats have been
demonstrated to either attract or provide a source for D. suzukii populations in
commercial crops (Briem et al., 2016). The continuous availability of suitable hosts and
favorable climatic conditions in a given region can greatly contribute to the high
population densities of this pest, making it challenging to manage. So far, insecticide
application has been the most preferred approach against D. suzukii worldwide (Haye et
al., 2016). Multivoltinism, continuous host availability and prominent locomotivity of D.
suzukii adults result in remarkable population increases, necessitating repeated insecticide
use to suppress them (Papanastasiou et al., 2020). Frequent insecticide spraying not only
is uneconomical but can also trigger a series of unfavorable feedback, such as pest
resurgence, the enhancement of insecticide resistance, insecticide residues on crops, and
the threat to non-target organisms and human health (Beers et al., 2011; Whitehouse et al.,
2018; Gress and Zalom, 2019). Alternative approaches for controlling this pest are highly
desirable and among these, classical biological control is defined as the deliberate
introduction of natural enemies from the origin region of the pest that are specialized in
attacking D. suzukii. This approach could help to decrease the pest population in both
cultivated areas and more natural habitats (Girod et al., 2018; Zengin and Karaca, 2019).
Particularly, in invaded regions, local larval parasitoids which are generally considered as
the primary mortality factors in Drosophilidae (Fleury et al., 2009), may either have no
interest in attacking D. suzukii or cannot complete their development within the host
partly due to the strong immune response of the fly (Chabert et al., 2012; Kacsoh and
Schlenke, 2012; Knoll et al., 2017; Stacconi et al., 2017).

The lack of effective endemic bio-control agents in invaded regions has led to the
initiation of investigations in the native regions of D. suzukii to find suitable parasitoid
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candidates that could effectively depress the D. suzukii population. These candidates
can then be applied in the field following the classical biological control method
(Guerrieri et al., 2016). China is one of the native regions of D. suzukii, and the
occurrence of this pest has been documented in most parts of the country since its first
detection in 1949 (Tan, 1949). In China, field investigations of D. suzukii parasitoids
have primarily focused on southwestern area, especially Yunnan and Sichuan
provinces (Guerrieri et al., 2016; Girod et al., 2018; Giorgini et al., 2019). Limited
investigations have been conducted in a few other provinces, namely Beijing, Hubei,
Jilin and Liaoning provinces (Girod et al., 2018; Wang et al., 2022). Banana-baited
traps or fruit collection method have been employed in thees surveys, leading to the
detection of seven genera belonging to four families: Leptopilina, Ganaspis
(Hymenoptera:  Figitidae), Asobara, Areotetes, Tanycarpa (Hymenoptera:
Braconidae), Trichopria (Hymenoptera: Diapriidae), and Pachycrepoideus
(Hymenoptera: Pteromalidae). The occurrence and abundance of dominant parasitoid
species have shown variability based on the survey methods, locations, and years. For
instance, Asobara mesocauda van Achterberg et Guerrier (Hymenoptera: Braconidae)
was the most commonly collected parasitoids using banana-baited traps in Yunnan
province from 2013-2015. However, in 2016, Ganaspis brasiliensis (lhering)
(Hymenoptera: Figitidae) emerged as the dominant species and was exclusively
collected from Drosophila-infested fruits (Giorgini et al., 2019). Thus, it is essential to
explore parasitoid species in other native regions of D. suzukii to complement these
recent surveys. This will aid in the search for parasitoids with potentially higher
efficacy and specificity for controlling this pest.

Furthermore, data on population dynamics in a given region are essential for
establishing a robust, ecological-oriented pest management system that may involve
strategic applications of biological control and other control methods. To understand the
patterns of adult D. suzukii phenology in different soft-skinned fruit-producing areas,
the population dynamics of this pest have been investigated in many orchards
worldwide. In several regions, such as California, North Carolina, Oregon, USA (Wang
et al., 2016a), Greece (Papanastasiou et al., 2020), Spain (Arno6 et al., 2016), Italy
(Mazzetto et al., 2015; Zerulla et al., 2015; Antonacci et al., 2017), Japan (Mitsui et al.,
2010), and Anhui province, China (Chen et al., 2021), Drosophila suzukii adults
typically exhibited two population peaks in spring and autumn. However, the phenology
patterns of D. suzukii adults can vary significantly across different areas, depending on
factors such as geographic locations, climatic conditions, host plants phenology,
availability of alternate hosts, and other contributing factors (Papanastasiou et al.,
2020).

Fujian province, also known as the “land of fruit” in China, producing 7.63 million
tons of fruit valued at RMB 37.05 billion in 2021 (FPBS, 2020). The climatic conditions
in Fujian are favorable for the survival, growth and reproduction of D. suzukii.
Waxberry, Myrica rubra (Myricaceae), a highly valued specialty fruit in Fujian
province, has experienced a rapid expansion in cultivation in recent years due to its high
nutritional value, low pesticide residues, and consumers popularity. However,
significant fruit damage caused by D. suzukii has been reported in this region, which is a
major waxberry production area in China (Cai et al., 2019a). Unfortunately, there have
no records of the seasonal population dynamics of this pest in Fujian province. The lack
of information about the occurrence pattern of D. suzukii in this area poses challenges in
establishing or refining control timeline, specifically determining when and how to
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implement control methods. Therefore, the present study aimed to explore the
population dynamics of D. suzukii and its associated parasitoids in Fujian province
located in southeastern China. The specific objectives were to (a) better understand the
population ecology of D. suzukii in this region, (b) explore the potential native range
parasitoids of D. suzukii.

Materials and methods
Survey locations

Monitoring was conducted in four commercial waxberry orchards located in different
regions of Fujian province China. The orchards included Jianfu Family Farm in Xiaohu
town, Jianyang, Nanping city (NP); Fengliuling waxberry orchard in Sanzhou town,
Changting, Longyan city (LY); Guangzheng Shiji Ecological Farm in Fugong town,
Longhai, Zhangzhou city (ZZ); and Longtaishan Ecological Farm in Jingxi town,
Minhou, Fuzhou city (FZ). These orchards were chosen as representative sites for the
study (Table 1; Fig. 1). Waxberry was the predominant fruits grown in all surveyed
locations, along with other potential host plants and agricultural trading or tourism sites.
Climate data, such as temperature, humidity, and rainfall, were collected from
meteorological stations in China (CMA, 2016).

Collection of flies and parasitoids

Harvesting of waxberry typically occurs from mid-May to late June in Fujian
province. Therefore, trapping for D. suzukii and parasitoids began in early May. Traps
were created using clear 1-L PET bottles filled with 300 mL of a sugar vinegar wine
solution (referred to as SVW). These traps were used to monitor D. suzukii adult
population on a biweekly basis from May 2020 to April 2022. The SVW solution was
prepared following the method described by Cai et al. (2019b), which is widely used
for attracting D. suzukii adults in China. To allow fruit flies to enter, the bottles were
perforated with ten 5-mm diameter holes around the sides. Each SVW trap was hung
on a fruit tree at a height of 1-1.5 m above the ground. In each sample site, eight traps
were placed, spaced 10 miles apart from each other. Insects captured in the traps were
separated from the liquid using a nylon mesh and transferred to the centrifuge tubes.
They were then sent to the laboratory of the Plant Protection College at Fujian
Agricultural and Forestry University for identification and counting of D. suzukii
adults.

The banana-baited traps, targeting the parasitoids of D. suzukii, were installed in the
Longtaishan Ecological Farm in Fuzhou city during the waxberry harvest period from
early May to late June in 2022. The sentinel traps consisted of plastic boxes measuring
12x16x32 cm, with twenty 5 mm diameter holes for ventilation. They were provisioned
with banana slices containing fruit fly egg, larvae, and pupae. A total of eight traps were
placed in the 40-hectare waxberry orchard. The traps were replaced weekly and
transported to the laboratory of Plant Protection College, Fujian Agricultural and
Forestry University. Live parasitoids found in the traps were gently transferred into
rearing cages using a suction apparatus, while deceased specimens were preserved in
75% ethanol for identification purposes. Moreover, the banana slices were moved to
rearing cages, which were maintained at 25 + 1°C, and observed daily for parasitoid
emergence.
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Table 1. Survey sites for D. suzukii population from May 2020 to April 2022, Fujian, China

- Annual mean Distance from
Survey . Host plant| Coordinates Annual mean | Annual mean h
location Collection site habitat (N.E) temperature humidity (%)| rainfall (mm) meteorological
! (°C) station (km)
Nanping J'a”fF”arF;m"y Margin [(27.30,118.22)|  19.08 80.89 165.49 5.6
Fengliuling .
Longyan waxberry orchard Margin [(26.17,119.19) 19.76 79.86 159.87 12.3
Zhangzhou | GUangzhend Shijt |y |05 60,116.39)|  22.21 76.96 143.77 10.8
Ecological Farm
Fuzhou Longtaishan | o o |(2437,117.92)| 2017 77.23 153.31 85
Ecological Farm

Annual mean temperature, humidity, and rainfall were the average value of 2020, 2021, and 2022
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Figure 1. Position of the study areas in Fujian Province, China

Species morphological identification

Using a Zeiss microscope (Gottingen, Germany), specimens of D. suzukii were
morphologically identified following published keys (Markow and O’grady, 2008;
Hauser, 2011). Identification was based on characteristics such as body size, body color,
male wings (spots), male tarsal comb, and female ovipositor. For the parasitoids,
morphological identification was conducted referring to detailed reports by Guerrieri et
al. (2016) and Abram et al. (2022). Each parasitoid specimen was examined under a
microscope, focusing on body length, body color, wings, antenna, and leg morphology.
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Data analysis

All analyses were conducted using SPSS 20.0 (SSPS Inc, Chicago, IL, USA). The
relative abundance (RA) and sex percentage of D. suzukii were calculated as follows:
RA = (number of D. suzukii captured/total number of Drosophilidae captured) x 100%.
Female percentage = (number of D. suzukii females captured/total number of D. suzukii
captured) x 100%. Before analysis, assumptions of the one-way ANOVA were
assessed, including normality and homogeneity of variance. However, a violation of
these assumptions was identified, indicating that the data did not meet the requirements
for ANOVA. To address this, a log transformation was performed to stabilize the data
variability and fulfill the ANOVA assumptions, facilitating subsequent statistical
analysis. One-way ANOVA was used to analyze the RA and female percentage of D.
suzukii captured in the four orchards, and means were separated using LSD multiple
comparisons (p < 0.05).

Results
Adult SWD population dynamics pattern

In these four orchards, a total of 32 traps were deployed and successfully recovered
between May 2020 and April 2022, resulting in the capture of 7791 D. suzukii adults
and 46755 other adult Drosophilidae. Despite the four orchards being located in
different geographical locations, the seasonal occurrence pattern of D. suzukii was
nearly identical. There was a peak in captures during May or June, and significantly
lower numbers of trapped flies during the hot summer or cold winter months (Fig. 2).
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Figure 2. Population dynamics of Drosophila suzukii adults in waxberry orchards at four
different locations of Fujian province from May 2020 to April 2022

In 2020, the highest number of D. suzukii individuals recorded in Fuzhou and Longyan
were 571 and 89, respectively, both occurring in mid-June. Zhangzhou had its highest
number at 338 individuals in mid-May, while Nanping recorded 347 individuals in late
June. Moving on to 2021, Fuzhou and Longyan again had their highest catches in mid-
June, with 364 and 185 individuals, respectively. Similarly, Zhangzhou had its highest
catch in mid-May with 247 individuals, while Nanping noted its peak capture in late June
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with 388 individuals. These survey results strongly suggest that the occurrence of D.
suzukii in waxberry plantations is closely linked to the phenology of fruit maturation.

During the waxberry fruit harvesting period (May-July), various adult Drosophila
species were trapped at the investigation sites, with D. melanogaster (Meigen) being the
most dominant among the Drosophilidae populations. In 2020, the relative abundances
(RAs) of captured D. suzukii adults were 16.34%, 24.96%, 33.69%, and 8.65% in
Nanping, Zhangzhou, Fuzhou, and Longyan, respectively (Fig. 3). These RAs changed
slightly in the following year to 18.42%, 22.84%, 31.38%, and 9.35%. Additionally, the
number of D. suzukii adults trapped in Fuzhou was significantly higher than in Nanping
and Longyan in both years (2020: Fz24 =15.165, p=0.000; 2021: F320 = 12.010,
p = 0.000). Figure 4 illustrated that the percentages of captured D. suzukii females did not
show significant differences among the survey locations and were consistently above 55%
in both years (2020: Fz24 = 2.107, p = 0.126; 2021: F320 = 0.921, p = 0.448).

50+
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Nanping Zhangzhou Fuzhou Longyan

Relative abundance of SWD captured (%)
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Figure 3. Relative abundances of D. suzukii adults captured from four different locations

during the waxberry fruit harvesting period (May-July). Different letters topped the bars
indicating significant difference between locations using LSD (p < 0.05)
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Figure 4. Percentages of captured D. suzukii female adults at four different locations during the
waxberry fruit harvesting period (May-July). Different letters topped the bars indicating
significant difference between locations using LSD (p < 0.05)
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SWD-related parasitoids from field collections

From May to June 2022, a total of four parasitoid species of D. suzukii were captured
in the banana-baited traps. These species were Leptopilina japonica Novkovi¢ &
Kimura (Hymenoptera: Figitidae) (3923), Pachycrepoideus vindemiae (Rondani)
(Hymenoptera: Pteromalidae) (2904), Trichopria drosophilae (Perkins) (Hymenoptera:
Diapriidae) (13984, Asobara sp. (Hymenoptera: Braconidae) (6237) (Figs. 5 and 6).
Among the captured wasps, three T. drosophilae females were successfully introduced
into the laboratory, providing us with the opportunity to develop an indoor colony of
this parasitoid. Moreover, under the laboratory condition, only T. drosophilae was
observed emerging from field-exposed banana slices containing D. suzukii immature.
These results indicate that braconids, diapriids, pteromalids, and figitids coexisted in the
waxberry plantations located in Fujian province, with the pupal parasitoid T.
drosophilae being the dominant species.

W Leptopilina japonica 0 Asobara sp.
B Trichopria drosophilae B Pachyerepoideus vindemiae

Figure 5. Composition of SWD parasitoids collected by banana-baited traps during May-June
2022 in Fuzhou City, Fujian Province, China
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Figure 6. Morphological identifications of L. japonica adults (a-f), Asobara sp. adults (g-I), T.
drosophilae (m-r), P. vindemmiae (s, t)

Discussion

An understanding of the seasonal occurrence patterns of D. suzukii populations
would be of aid in determining the timing and requirements for pest management. It
may also allow for the implementation of alternative management approaches, such as
agricultural manipulation, bait sprays, mass trapping, or potentially targeting the release
of bio-control agents in order to decrease the populations in nature (Wang et al., 2016a).
Numerous studies have demonstrated that the number of captured D. suzukii adults
varied among different geographic locations and is affected by the factors such as host
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plant phenology, the environment surrounding the trap, climatic conditions, and
resources availability (Zerulla et al., 2015; Wang et al., 2016a; Drummond et al., 2019;
Naamani et al., 2020; Papanastasiou et al., 2020; Chen et al., 2021; Bagpinar et al.,
2022; Wang et al., 2022). In Fujian province, like in northern areas of China (Wang et
al., 2022), adult fly populations peak once every year. Fly populations start appearing in
March, steadily increase over May, reaching their peak in mid- May or mid- to late
June, and are no longer detected by November due to declining temperatures and
reduced availability of favorable food resources. However, unlike our survey results, D.
suzukii adult populations commonly show two peaks in spring and autumn in other
countries such as USA (Wang et al., 2016a), Greece (Papanastasiou et al., 2020), Spain
(Amo et al., 2016), Italy (Mazzetto et al., 2015; Zerulla et al., 2015; Antonacci et al.,
2017), and Japan (Mitsui et al., 2010).

Among the four locations, the numbers and relative abundance of D. suzukii adults
captured in Fuzhou were higher numerically than in other three locations. The fruits in
this site were also more severely damaged than those from Nanping, Longyan, and
Zhangzhou (personal observation). The Fuzhou site was surrounded by woods and
ornamental plants, and these non-crop habitats could act as sinks or sources of D.
suzukii populations in commercial crops, thus influencing the occurrence and
distribution of the flies (Briem et al., 2016). Numerous studies have explored the
relationships between agricultural fields and edge landscapes to understand D. suzukii
population dynamics and the significance of landscapes context in the occurrence of D.
suzukii in agricultural environments. This information is essential for designing
effective integrated pest management (IPM) system (Harris et al., 2014; Pelton et al.,
2016; Cahenzli et al., 2018; WeiBiinger et al., 2019; Delbac et al., 2020; Hwang et al.,
2020). For example, Hwang et al. (2020) demonstrated that woodland areas were the
main source of D. suzukii, rather than the strawberry fields.

Drosophila suzukii has a broad range of hosts, and many fruits served as oviposition
sites, adult food sources, or offer shelter for overwintering flies (Lee et al., 2015). With
its exceptional mobility, D. suzukii can migrate among host plants, dispersing to other
crops or non-crops areas (Langille et al., 2016) to access more suitable host sources or
environmental conditions, or to evade monitoring and insecticides. This ultimately
results in difficulties in controlling this pest (Mitsui et al., 2010; Kagar et al., 2016;
Thistlewood et al., 2018; Leach et al., 2019). Therefore, treatment methods aimed at
suppressing D. suzukii populations in waxberry orchards may also involve reducing the
potential source of certain crops and uncultivated habitats or strategically arranging the
spatial distribution of source and sink habitats.

This survey confirms the results of previous studies regarding the synchronization of
fruit fly seasonal activity with their host fruits (Lee et al., 2015; Joshi et al., 2017; Man
et al., 2019). Our field investigations also confirmed that the population peak of D.
suzukii was closely related to the maturation process of waxberry fruits. Typically,
waxberry harvest in Fujian province occurs from mid-May to late June, depending on
the cultivars. In 2021, the period of D. suzukii population peak was in mid-May, which
coincided with the ripening period of waxberry fruit in Zhangzhou. Similar findings
were observed in the other three sampling sites as well. This suggests that
recommending the use of early or later maturing waxberry cultivars to farmers could
help reduce fruit fly infestation by mismatching the population peak period of D. suzukii
and achieving a successful harvest.
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Among the survey locations, the percentage of female D. suzukii adults captured was
approximately 60%. The sex ratio of captures can vary seasonally in nature, or it may be
influenced by trap attractants, equipment, deployment methods, competitiveness, or
other factors (Drummond et al., 2019). Other studies have shown different results:
Mazzetto et al. (2015) documented a consistent sex ratio of around 50% female in a
two-year monitoring period, except for berry crops where fewer females (42.9%) were
observed. Similarly, in a three-year monitoring of vineyards in Canakkale province,
Kasap and Ozdamar (2019) reported a sex ratio close to 50% females. In California
citrus orchards, the sex ratio relative to females was also around 50%, but a highly
female-biased ratio of 73-86.7% was observed in neighboring sweet cherry orchards
(Haviland et al., 2016). Drummond et al. (2019) found that the female-to-male sex ratio
in Maine wild blueberry orchards had been increasing over a seven-year period. They
speculated that D. suzukii populations in Maine might be infected with Wolbachia spp.,
a bacteria known to be lethal to males in several insect species, especially in Drosophila
(Hurst et al., 2000). High prevalence levels of Wolbachia bacteria have been observed
in European and North American D. suzukii populations (Cattel et al., 2016; Lee et al.,
2019). However, at this time, we have not sampled and determined flies in Fujian
province to confirm the presence of this bacterial pathogen.

A very weak and unspecific interaction between D. suzukii and indigenous
parasitoids has been documented in many studies conducted in several invaded areas
(Chabert et al., 2012; Kacsoh and Schlenke, 2012; Stacconi et al., 2013, 2015; Cancino
et al., 2015; Gabarra et al., 2015; Miller et al., 2015; Haye et al., 2016; Mazzetto et al.,
2016), which partially contributes to the outbreak of this pest in these regions.
Therefore, classical biological control, specifically the introduction and continuous
establishment of natural enemies sourced from the origin of D. suzukii, is more
desirable than the direct application of specialized existing parasitoids. As one of the
origins of D. suzukii, thin-skin fruit production in China has not experienced heavy
economic losses, likely due to the widespread presence of some efficient local
biocontrol agents of D. suzukii (Asplen et al., 2015). Conducting systematic surveys to
identify efficient native parasitoids of D. suzukii in China is of significant importance.
In our field surveys, a total of four parasitoid species of D. suzukii were captured in
banana-baited traps during the waxberry fruit ripening period, namely, L. japonica, P.
vindemiae, T. drosophilae, Asobara sp. Moreover, T. drosophilae was the dominant
species in terms of numbers in the traps, and it was the only species that emerged from
recycled banana slices under laboratory conditions.

Trichopria drosophilae was the main pupal parasitoid detected during our field
monitoring, and this species has been proved to successfully parasitize and develop on D.
suzukii in many countries, such as Spain (Gabarra et al., 2015), Switzerland (Knoll et al.,
2017), Italy (Mazzetto et al., 2016), France (Chabert et al., 2012), South Korea (Daane et
al., 2016; Wang et al., 2016b), Mexico (Cancino et al., 2015), USA (Wang et al., 2016c)
and China (Zhu et al., 2017; Yi et al., 2020). Based on our previous research, the T.
drosophilae strain from Fujian province appears to be a highly promising candidate for
significantly suppressing D. suzukii in countries invaded by this pest (Yi et al., 2020) due
to its longer lifespan and greater oviposition capacity compared to species from other
regions (Wang et al., 2016b; Zhu et al., 2017). However, extensive evaluations regarding
all the environmental, ecological, and agricultural factors that may impact the
performance of T. drosophilae from Fujian province are necessarry to verify its potential
as a biocontrol agent that can be imported to areas invaded by D. suzukii.
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Although P. vindemiae is regarded as the other main widespread pupal parasitoid of
drosophilids (Mazzetto et al., 2016), fewer individuals of this parasitoid were
documented in our field surveys. Despite being reported as one of the most abundant
and prevalent parasitoids in fields located in Turkey (Zengin and Karaca, 2019),
northern Italy (Mazzetto et al., 2016), Switzerland (Knoll et al., 2017), South France
(Chabert et al., 2012), P. vindemiae is not considered a favorable natural enemy for
controlling D. suzukii. This is because P. vindemmiae is a broad generalist that
parasitizes numerous Dipterans species including D. suzukii (Chabert et al., 2012).
Additionally, it can facultatively hyperparasitize larval parasitoids such as Leptopilina
spp. and Asobara spp. (Van Alphen and Thunnissen, 1982) and compete with other
pupal parasitoids for host resources (Wang et al., 2016b). However, due to its
cosmopolitan nature, wide distribution, and ability to successfully parasitize D. suzukii,
P. vindemmiae has become an important biological control agent against the invasive D.
suzukii, particularly in newly invaded regions where abundant fly resources are
available (Chen et al., 2015).

Leptopilina japonica has been found in many regions of China, such as Yunnan,
Sichuan, Beijing, and Taiwan, with field parasitism rates ranging from 0.7%-34.5%
(Girod et al., 2018). Although China is one of the origins of L. japonica, few studies are
available on this parasitoid. In other Asian areas, this species has already been reported
from D. suzukii in Japan (Novkovi¢ et al., 2011; Matsuura et al., 2018) and is frequently
reared from D. suzukii in South Korea (Daane et al., 2016). Outside of Asia, L. japonica
was first obtained from fresh cherries in Trento, Italy in 2019, and in the following year,
this parasitoid was confirmed to be widely established in the region. The Italian colony
shared more than 99% sequence similarity with L. japonica specimens collected from
Asia, likely resulting from accidental introduction (Puppato et al., 2020). While its
broad host range makes L. japonica a less suitable candidate for intentional use, this
parasitoid could provide complementary control of D. suzukii in regions where it
coexists with other parasitoids (Wang et al., 2019).

Asobara is a rather large genus of larval parasitoids of Drosophilidae worldwide
(Girod et al., 2018). During the exploration process of D. suzukii parasitoids, at least 12
Asobara parasitoids, including A. japonica, A. leveri, A. mesocauda, A. triangulata, A.
pleuralis, A. striatiferus, A. tabida, A. rufescens, A. rossica, A. brevicauda, A. elongata,
and A. unicolorata, were recovered from fruit-baited traps or fruit collections in Japan,
China, and South Korea (Mitsui et al., 2007; Chabert et al., 2012; Kacsoh and Schlenke,
2012; Nomano et al., 2015; Daane et al., 2016; Guerrieri et al., 2016; Giorgini et al.,
2019). Among them, A. triangulata may be useful as a natural enemy for controlling D.
suzukii because it was observed to emerge only from this pest. Most of the remaining
species were found to be generalists, mainly targeting drosophilid species related to
decaying fruits, and some of them exhibited no or very low capacities to parasitize D.
suzukii, such as A. tabida, A. rufescens and A. rossica, indicating that these species are
not or less suitable as biological control agents (Nomano et al., 2015).

Parasitoid species composition varied among regions due to the different climatic
conditions (Knoll et al., 2017). The current investigation in Fujian province further
complements previous studies on the diversity and distribution of D. suzukii parasitoids
in China. Our field surveys suggest that braconids, diapriids, figitids and pteromalids
coexist in the orchards where D. suzukii occurs, which might partly result in significant
suppression of this pest. Although more efficient parasitoids have been recorded in the
region of origin, a specific biocontrol agent of D. suzukii for intentional release in a
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classical biological control program has yet to be identified. Thus, more extensive
surveys are required to explore different species/strains of the native parasitoids in the
Asian origin that can establish their population permanently in different climatic zones
in regions invade by D. suzukii.

Conclusion

To better understand the population ecology of this pest for its effective
management, it is necessary to explore the occurrence of D. suzukii and its biological
control agents in its native range. Here, we reported the occurrence of D. suzukii and
associated parasitoids in Fujian, Southern China for the first time. Over the two-year
survey period, we found adult D. suzukii coinciding with the ripening period of
waxberry fruit at four survey sites, with a peak in May or June. Four species of D.
suzukii parasitoids were detected in this survey, with T. drosophilae predominated in
captures and being the only specie emerge from banana fleshes under laboratory
conditions. Future experiments studying the biological traits of promising parasitoid
candidates collected from China may be necessary, as they will aid in improving the
effectiveness of biological control against D. suzukii by utilizing resident hymenopteran
parasitoids from the fly’s native areas.
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