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ABSTRACT 

In recent years, Drosophila suzukii Matsumura (Diptera: drosophilidae) caused serious 

damages in cherries and small fruits cultivations in South Tyrol, making it difficult for growers 

to continue their activities without production losses. Biological control of the pest could 

play an important role in its population regulation, by lowering the pest pressure at the 

beginning of the season. This study aims to evaluate the potential of Trichopria drosophilae 

Perkins (Hymenoptera: Diapriidae), an indigenous pupal parasitoid of drosophilids, in 

parasitizing D. suzukii in cherry orchards situated at different altitudes and characterized by 

different agronomic peculiarities. The release trials showed the ability of the parasitoid to 

find and parasitise artificially exposed pupae of D. suzukii in two out of three localities, up to 

915 m. The results highlight the importance for the released species of an adequate 

surrounding environment for its spread and establishment. 
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INTRODUCTION 

Drosophila suzukii (Matsumura) is a poly-

phagous pest native to South East Asia that 

invaded Europe, North and South Americas 

[1] [2] and was first detected in Italy in 2009 

[3]. It infests several fruit crops, including 

stone fruits and berries, causing important 

economic damage in many European re-

gions [4] [5]. 

In recent years, numerous strategies have 

been evaluated to be used against this pest 

in order to develop an integrated and effec-

tive management of the species. Contain-

ment practices are mainly based on the ap-

plication of chemical insecticides and on cul-

tural control, such as the use of insect exclu-

sion nets [6] and sanitation methods. Never-

theless, its management remains difficult 

due to the enormous reproductive potential 

and dispersal capability of the species. Other 

methods are being investigated for D. suzu-

kii control on a larger temporal scale, which 

include biological control [6] [7] [8] [9]. The 

study of the biology of D. suzukii’s natural 

enemies is of fundamental importance to 

understand how to favour their activity as 

antagonists in order to obtain a long-term 

population regulation through augmenta-

tive biological control methods. In the in-

vaded areas, studies were conducted on the 

presence and efficacy of local parasitoid 

species, which could be selected as biocon-

trol agents [7] [9] [10] [11] [12] [13] [14] 

[15]. The larval parasitoids Asobara tabida 

(Hymenoptera: Braconidae), Leptopilina 

heterotoma, and L. boulardi (both Hyme-

noptera: Figitidae) rarely complete their de-

velopment on D. suzukii due to its high im-

mune response [7] [15]. Only two pupal pa-

rasitoids, Trichopria drosophilae (Hymenop-

tera: Diapriidae) and Pachycrepoideus 

vindemmiae (Hymenoptera: Pteromalidae), 

could successfully develop on D. suzukii [11] 

[13]. Several laboratory studies [14] [16] 

[17] have identified in T. drosophilae a pos-

sible candidate for the control of D. suzukii 

populations, due to its good parasitism rate, 

a high longevity, and the ability to effectively 

attack the pupae in a temperature range of 

15-35°C [17]. Field studies [18] [19] showed 

a reduction in D. suzukii emergence in T. dro-

sophilae-treated areas and a lower fruit in-

festation in both commercial cherry or-

chards and unmanaged areas surrounding 

the orchards. However, augmentative re-

leases performed at altitudes higher than 

700 m showed a reduced performance of 

parasitoids [18]. 

In South Tyrol, cherry production covers 95 

ha [20] and most cherry orchards are loca-

ted between 800 and 1300 m a.s.l. [21]. Fur-

thermore, many small fruits, such as straw-

berries and raspberries, are located at hi-

gher altitudes, between 500 and 1800 m 

a.s.l. [22]. Usually, levels of parasitism tend 

to decrease with increasing altitude, pro-

bably due to the cooler temperatures at hi-

gher elevations [23]. Nevertheless, some 

braconid and pteromalid hymenopterans, 

including P. vindemmiae, have been found 

to attack their hosts at elevations up to 1600 

m, while the diapriid endoparasitoid Cop-

tera haywardi could parasitise Anastrepha 

fraterculus and A. obliqua (Diptera: Tephri-

tidae) up to 1200 m [24]. 

The aim of this study is to provide new in-

sights into T. drosophilae’s ability to find and 

successfully parasitise D. suzukii pupae in 

field conditions at different altitudes. For 

this purpose, four parasitoid releases were 

performed between May and June 2018 in 

three different sites, all characterised by the 

presence of a cherry orchard and a hedge-

row. The persistence of T. drosophilae was 

evaluated up to 4 weeks after the last re-

lease. Climatic conditions such as tempera-

ture and humidity were also considered in 

the study, to investigate their influence on 

parasitism levels. 

METHODS 

STUDY SITE AND MICROCLIMATIC 

CONDITIONS 

Three cherry orchards, located at different 

altitudes in the province of South Tyrol, 

were selected for the release trials. These 

are located close to the Laimburg Research 

Centre (site 1), at 220 m a.s.l., in Lengstein 

(site 2), at 915 m a.s.l., and in Kastelruth (site 

3), at 1115 m a.s.l.. In all sites, a hedgerow 

consisting of different plant species, inclu-

ding ornamental trees and shrubs, was pre-

sent along one side of the orchard. Cherry 

orchards were managed by integrated pest 

management, except in site 1, where no in-

secticides were applied. In site 1, the hedge-

row separates the orchard from a building, 

while in site 3 apple orchards are located be-

hind the hedge. In site 2, the hedge is thicker 

than in the other sites and divides the culti-

vated land from meadows. Moreover, insect 

exclusion nets (1.5 x 1 mm mesh) were in-

stalled in this site, around the orchard, 

which separated the hedge from the cherry 

trees. Site descriptions are reported in Table 

1. 

In each site, one datalogger was positioned 

along the hedge to measure temperature 

and relative humidity. The dataloggers were 

hung in shady areas to avoid the exposition 

to direct sun, which could lead to incorrect 

measurements. 

SENTINEL TRAPS 

Sentinel traps (modified after Rossi Stacconi 

et al. 2017 [17]) were built to verify the pre-

sence of natural population of parasitoids 

and to evaluate the presence and persis-

tence of released parasitoids. Two small 

plastic cups (h=35 mm, d=70 mm) were put 

inside red delta traps. Strawberries and ba-

nanas slices were placed inside each cup, re-

spectively, and D. suzukii third stadium lar-

vae were added, which were close to pupa-

tion. Cups were closed by a fine mesh 

(0.8 mm) net to stop D. suzukii adults and 

other drosophilids and to allow the parasi-

toids entrance. Cups were changed weekly 

and, after field exposure, pupae were kept 

in the laboratory, in a climatic chamber at 

T=21±2 °C, RH=75% and 16:8 hours L:D, until 

eclosion. 

PRESENCE OF NATURAL POPULA-

TIONS OF PARASITOIDS 

Before starting the release trials, sentinel 

traps were placed in the hedgerow along the 

cherry orchard to verify the presence of na-

tural populations of already established pa-

rasitoids. Starting from April 9, six weeks be-

fore the first release, a red delta trap was 

placed in the hedgerow of the cherry or-

chard in site 1. The presence of natural po-

pulations of parasitoids was evaluated with 

the same procedure in sites 2 and 3 starting 

respectively 4 and 2 weeks before the first 

release of T. drosophilae. 

RELEASE TRIAL 

T. drosophilae individuals for the trial were 

provided by Bioplanet s.r.l. (Cesena, Italy), in 

plastic bottles containing 500 individuals 

each, either in adult form or inside parasi-

tised D. melanogaster pupae. The parasi-

toids were released one day after arrival of 

the bottles in all three sites. A total of 4 re-

leases of 1000 T. drosophilae individuals 

each were carried out on May 24 and 31 and 

on June 14 and 21. Prior to the first release, 

a check was carried out on 100 individuals of 

T. drosophilae received, to verify the 
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proportion between males and females in-

side the bottle. 

Three sentinel traps were placed along the 

hedge and in the cherry orchard, respec-

tively 15 m from the release point (Fig. 1). 

Two traps were hung along the hedge at 

about 1.5 m height and one inside the or-

chard, on a cherry tree branch. Below each 

Delta trap, dug in the ground, was placed a 

jar containing earth and third-stage D. suzu-

kii larvae. This was also closed by a thin 

mesh net (0.8 mm) to allow the parasitoids 

entrance and to stop drosophilids. 

The traps were changed weekly and brought 

to the laboratory from May 24 to July 19. Af-

ter June 28, only the plastic cups containing 

strawberry pieces were exposed in the 

traps. Pupae were collected from the plastic 

cups and placed in small plastic pots, closed 

with a modified cap to allow air circulation. 

Pots were incubated at 21 ± 1 °C, 75% RH 

and 16:8 L:D until eclosion of D. suzukii or 

parasitoid adults. 

AUGMENTORIUM 

A big bucket was used as augmentorium and 

placed near the release points on May 24. 

Augmentoria structures are used to confine 

adult flies while allowing parasitoids to es-

cape through a fine-mesh net [25]. This 

method is used to facilitate reproduction of 

released parasitoids and to increase their 

persistence [26]. The augmentorium con-

tained several fruits infested with D. suzukii 

larvae and adults, to allow parasitoids to 

multiply inside it. The bucket was closed by 

a fine-mesh net that only allowed parasi-

toids entrance and exit. At the end of the 

trial, it was removed and taken to the labo-

ratory, where the parasitised pupae were 

counted. The type of exit hole of the pupae 

indicates whether they have been parasi-

tised or not. Parasitoids emerge from the 

pupae by chewing a round hole in the pupa-

rium, which can be easily recognised under 

a stereo microscope. 

STATISTICAL ANALYSIS 

For sites 1 and 2, a factorial ANOVA was con-

ducted to compare the main effects of sub-

strate (earth/banana/strawberry), trap posi-

tion (cherry tree/hedgerow South/hedge-

row North) and week and the interaction ef-

fect of substrate and trap position on para-

sitisation by T. drosophilae. The influence of 

substrate, trap position and week on overall 

parasitisation (T. drosophilae and P. vindem-

miae) in site 1 was also analysed using a 

factorial ANOVA. The analyses were con-

ducted on the data collected between May 

24 and June 28. All data were cube-root 

transformed to meet the assumptions of 

normality. Statistical analyses were run 

using IBM® SPSS® Statistics v24 (IBM Corp., 

Armonk, NY, USA). 

RESULTS 

MICROCLIMATIC CONDITIONS 

In site 1, the mean temperature ranged 

between 18.5 °C and 25.9 °C during the re-

lease trial. A maximum temperature of 35 °C 

was reached on June 19 and the minimum 

temperature 9.4 °C on June 23 (Tab. 2). Tem-

peratures in sites 2 and 3 are about 4 °C and 

5 °C cooler compared to site 1, respectively, 

and showed similar trends during the trial 

period (Tab. 2). 

Mean relative humidity ranged between 

40% and 90% and similar maximum and mi-

nimum values were registered in all sites 

during the trial. 

PRESENCE OF NATURAL POPULA-

TIONS OF PARASITOIDS 

Only in site 1 was the natural presence of 

parasitoids observed in the hedgerow be-

fore the release trial (Tab. 3). In the last 

week of April, 6 individuals of the generalist 

pupal parasitoid P. vindemmiae emerged 

from 6 out of 20 pupae collected from the 

trap. Larval parasitoids of the genus Lep-

topilina were recovered from 5 D. suzukii 

pupae exposed in the trap during the second 

week of May (Tab. 3). No parasitoids were 

found in the traps exposed in the hedgerows 

of the cherry orchards before the release 

trial in sites 2 and 3. 

RELEASE TRIAL 

Out of 100 individuals collected from the 

bottles sent by Bioplanet s.r.l., 48 were 

males and 52 females. 

A total of 687 D. suzukii pupae were col-

lected from the traps on the ground baited 

with earth between May 24 and July 19 in 

the three sites; however no parasitoids 

emerged from these during the whole trial. 

In site 1, a statistically significant effect of 

substrates (F[2, 32]=4.24; p=0.02) and 

weeks (F[4, 32]=3.91; p=0.01) was observed 

on T. drosophilae parasitisation during the 

release trial. In fact, parasitisation on straw-

berry and banana differed significantly from 

earth, where no parasitoids emerged. Ne-

vertheless, no difference in parasitisation 

was registered when comparing the two 

fruit types. T. drosophilae successfully at-

tacked D. suzukii in the first three weeks but 

failed in parasitising the pupae in the last 

two weeks of trial. Trap position did not re-

veal any significant effect on the parasitisa-

tion by T. drosophilae and no significant in-

teraction was observed with the type of sub-

strate. 

The overall parasitisation, caused by T. dro-

sophilae and other parasitoids, did not show 

any significant effect due to trap position 

nor week number. Also in this case, the sig-

nificant difference between substrates (F[2, 

36]=9.18; p=0.001) on T. drosophilae para-

sitisation is due to the lack of parasitised pu-

pae in earth, but was not observed between 

the two fruit types, banana and strawberry. 

Mean overall parasitisation was almost dou-

ble compared to only parasitisation by T. 

drosophilae during the release trial; how-

ever, it fell below 6% in the following three 

weeks (Tab. 4). In sentinel traps exposed in 

weeks 27 – 29, no T. drosophilae eclosions 

were observed in the three sites (Tab. 4). 

In site 2, statistically significant interactions 

of substrates (F[2, 32]=6.28; p=0.005) and 

trap position (F[2, 32]=3.76; p=0.03) were 

registered on T. drosophilae parasitisation. 

In fact, parasitoids emergence was observed 

only once in the sentinel trap positioned on 

the cherry branch, whereas parasitisation 

levels were higher in traps exposed on the 

hedgerow (Fig. 2). Week number did not 

show any significant interaction with T. dro-

sophilae parasitisation, which occurred from 

week 22 until week 26 (Fig. 2). 

No parasitisation of D. suzukii pupae was ob-

served in site 3 following the four parasi-

toids releases. 

P. vindemmiae emerged from pupae col-

lected in weeks 28 and 29 in all three sites 

(Tab. 4). In site 1, larval parasitoids of the ge-

nus Leptopilina also emerged from pupae 

during the weeks following the releases. 

Overall parasitisation assessed in the 3 

weeks following the release trial ranged bet-

ween 5% and 6%, whereas no T. drosophilae 

eclosions were registered after week 26 

(Tab. 4). 

More than 100 pupae were found in the 

augmentorium buckets placed in sites 1 and 

2, where 25% and 15.5% of pupae had been 

parasitised, respectively. Of the 50 pupae 

found in the augmentorium placed in site 3, 
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only 16% were parasitised. As parasitisation 

was assessed by observing the empty pupa-

rium, parasitoid species could not be identi-

fied. 

DISCUSSION 

The results obtained in the current study 

show the ability of T. drosophilae to parasi-

tise D. suzukii exposed pupae in different 

field conditions, both in lower and higher 

elevations, up to 915 m. 

The lack of parasitisation by T. drosophilae 

in Kastelruth may be due to several factors, 

including microclimatic conditions and habi-

tat structure. The close proximity of the 

hedgerow to conventionally managed apple 

orchards might negatively influence the ac-

tivity of parasitoids, which undergo both di-

rect and indirect effects of pesticides such as 

the reduction of life span, fecundity, and 

mobility [27] [28] [29]. At the same time, the 

higher distance from the forest compared to 

the other two sites might prevent T. dro-

sophilae from spreading and establishing it-

self in the new environment [12] [15]. 

In site 2, one parasitisation event by T. dro-

sophilae was observed in the trap exposed 

on the cherry tree in week 26, although the 

orchard had been laterally closed by exclu-

sion nets in the previous week. Mesh size of 

the net is 1.5x1 mm and therefore allows 

parasitoids entry. Failure to parasitise pupae 

exposed in the orchard during the first three 

weeks may be due to applications of insecti-

cides with a repellent activity on parasitoids, 

such as pyrethroids [27] [30]. Furthermore, 

spinosyn-based insecticides showed sub-le-

thal effects on several parasitoid families in-

cluding the reduction of reproductive capa-

city, adult longevity, and host-searching ca-

pacity [31]. In Lengstein, D. suzukii parasiti-

sation was carried out exclusively by T. dro-

sophilae until week 26, probably due to the 

lack of competitors during the whole release 

trial. P. vindemmiae, a potential competitor 

of T. drosophilae [16], was first found later 

in the season in week 29. This might repre-

sent an advantage if augmentative releases 

of T. drosophilae were planned before the 

increase in population of interspecific com-

petitors such as the generalist pupal parasi-

toid P. vindemmiae. 

The opposite situation was observed in 

Laimburg, at the valley floor, where the 

presence of natural populations of parasi-

toids, including P. vindemmaie, could have 

triggered direct interspecific interactions 

[32] [33]. A study by Wang et al. (2016) [16] 

showed a reduction in parasitisation by both 

T. drosophilae and P. vindemmiae when 

placed simultaneously in contact with D. su-

zukii pupae under laboratory conditions, 

suggesting a strong interspecific competi-

tion. Nevertheless, T. drosophilae parasi-

tised more hosts than its competitor, show-

ing a higher foraging efficacy and faster host 

handling time [16]. Nevertheless, tempera-

tures often exceeding 30 °C in site 1 proba-

bly prevented T. drosophilae development 

and favoured P. vindemmiae activity [34]. 

Although T. drosophilae is particularly rapid 

and effective in reproduction during the first 

days of life [17], the presence of parasitised 

pupae found on week 24 in different traps in 

both site 1 and 2 indicates that adults were 

active one week after their last release. 

Nevertheless, no T. drosophilae developed 

in the three weeks following the trial. In the 

study performed by Rossi Stacconi et al. 

(2018) [18], T. drosophilae eclosions were 

registered up to 20 weeks following the re-

lease period, during which 200,000 indivi-

duals were released. In our case, only 4,000 

individuals were released in each site, the 

lower amount could explain their failure to 

settle in the environment. Moreover, it can 

be presumed that infested cherries left in 

the field after harvest have attracted the 

parasitoids more than the sentinel traps. 

The absence of parasitisation of pupae on 

the ground suggests a strong preference of 

the parasitoids towards the fruits, which is 

in line with the results by Wang et al. (2016) 

 

ZUSAMMENFASSUNG 

In den letzten Jahren hat Drosophila suzukii Matsumura (Diptera: 

Drosophilidae) in Südtirol schwere Schäden bei Kirsch- und 

Beerenobstkulturen verursacht, wodurch es den Anbauern schwer 

gemacht wurde, ihre Aktivitäten ohne Produktionsausfälle 

fortzusetzen. Die biologische Bekämpfung des Schädlings könnte 

in Zukunft eine wichtige Rolle bei der Populationsregulierung der 

Kirschessigfliege spielen, vor allem um zu Beginn der Saison den 

Befallsdruck zu senken. Diese Studie zielte darauf ab, das 

Parasitierungspotenzial von Trichopria drosophilae Perkins 

(Hymenoptera: Diapriidae), einem einheimischen Puppenpa-

rasitoid von Drosophiliden, in Kirschanlagen in unterschiedlichen 

Anbaulagen in verschiedenen Höhenlagen zu untersuchen. Die 

Freisetzungsversuche haben gezeigt, dass der Parasitoid die 

angebotenen Puppen des Schädlings in zwei von drei „behan-

delten“ Anlagen finden und parasitieren kann, bis auf 915 m. Die 

Ergebnisse zeigen, dass die freigesetzte Art eine geeignete 

Umgebung für ihre Verbreitung und Etablierung braucht. 

RIASSUNTO 

Negli ultimi anni, Drosophila suzukii Matsumura (Ditteri: 

drosophilidae) ha causato gravi danni alle coltivazioni di ciliegie e 

piccoli frutti in Alto Adige, rendendo difficile per i coltivatori 

continuare le loro attività senza perdite di produzione. Il controllo 

biologico di questo fitofago potrebbe svolgere un ruolo im-

portante nella regolazione della popolazione, abbassando la 

pressione delle infestazioni a inizio stagione. Questo studio mira a 

valutare il potenziale di Trichopria drosophilae Perkins 

(Imenotteri: Diapriidae), parassitoide pupale indigeno di droso-

filidi, nel parassitizzare D. suzukii in impianti di ciliegio in diverse 

realtà agronomiche a diverse altitudini. Le prove di rilascio hanno 

mostrato la capacità del parassitoide di trovare e parassitizzare le 

pupe di D. suzukii esposte in due dei tre impianti presi in esame, 

fino a 915 m. I risultati evidenziano l'importanza per la specie 

rilasciata di un ambiente circostante adeguato alla sua diffusione 

e insediamento. 
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[16], which showed through laboratory tests 

a significantly higher parasitisation of the 

pupae present in the fruits compared to 

those present in the soil. Another study by 

Lopez et al. (1999) [35] reports the absence 

of parasitisation in laboratory-reared pupae 

of different Anastrepha species exposed on 

the ground alone. However, Anastrepha pu-

pae exposed on the ground in conjunction 

with uninfested fruits were parasitised by C. 

haywardi [35]. This preference indicates a 

certain attractiveness of the fruit towards 

parasitoids. 

The released T. drosophilae did not use 

much of the pupae present in the augmen-

torium to reproduce. The highest percen-

tage of parasitisation was registered in 

site 1, where natural populations of parasi-

toids were already present, and the climatic 

conditions were probably more favourable 

to the activity of parasitoids. 

In conclusion, this trial confirmed the suita-

bility of T. drosophilae in using D. suzukii pu-

pae to successfully reproduce and the ability 

to find pupae in artificially infested fruits. 

The results indicate that larvae pupating 

within the fruit are more effectively parasi-

tised than those fallen to the ground, inside 

the earth. It would therefore be useful to 

understand the reasons and conditions fa-

vourable to this trend. Nevertheless, further 

research is needed to demonstrate to what 

extent pupae in rotten fruits fallen to the 

ground can be parasitised by T. drosophilae. 

T. drosophilae showed parasitic activity at 

the beginning of the season at higher eleva-

tions, with variable success depending much 

on habitat structure. In our study, tempera-

ture ranges in site 2 and 3 show a similar 

trend and play a negligible role in parasitisa-

tion success. Further investigations are ne-

cessary to evaluate the effectiveness of T. 

drosophilae in suppressing D. suzukii first 

generation and its persistence in the envi-

ronment.
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APPENDIX 1: FIGURES 

 

Fig. 1: Scheme of the experimental design of the release trial. 
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Fig. 2: Weekly parasitization of D. suzukii pupae in sites 1 and 2 on strawberry and banana. Trap position is indicated by the following abbreviations: 

cherry tree branch (CT), southern side of the hedgerow (HS) and northern side of the hedgerow (HN).



02/2020 Laimburg Journal 

 

10 

Releases of Trichopria drosophilae and its potential to parasitize Drosophila suzukii 

APPENDIX 2: TABLES 

Tab. 1: Description of the study sites. 

Locality Site Coordinates Surrounding environment 

Laimburg (220 m) 1 46.3798N, 11.2863E Apple orchards, buildings and woodland 

Lengstein (915 m) 2 46.5518N, 11.4967E Woodland, pond and meadows 

Kastelruth (1115 m) 3 46.5586N, 11.5584E Apple orchards, meadows and buildings 

Tab. 2: Temperature in the three sites during the release trial. 

  Mean Temperature Range (°C) Maximum temperature (°C) Minimum temperature (°C) 

Site 1 18.5 – 25.9 35.5 9.4 

Site 2 14.4 – 21.5 30.5 8 

Site 3 13.1 – 20.9 28.5 8 

 

Tab. 3: Natural presence of parasitoids in the three sites. 

Date Site Nr. parasitized pupae/total pupae found in the trap Parasitoid species 

9 - 16 April 1 0/16   

16 - 24 April 1 0/17   

24 April - 2 May 
1 6/20 Pachycrepoideus vindemmiae 

2 0/11   

2 - 9 May 
1 0/4   

2 0/20   

9 - 16 May 

1 5/19 Leptopilina sp. 

2 0/7   

3 0/6   

16 - 23 May 

1 0/14   

2 0/9   

3 0/7   
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Tab. 4: Mean parasitization (%) in cups baited with strawberry and banana during the release trial (weeks 22-26) and after the trial (weeks 27-29). 
Overall parasitization refers to the emerged parasitoids T. drosophilae, P. vindemmiae and Leptopilina sp. 

Site Type of parasitization 
Mean parasitization (%)  

during weeks 22-26 

Mean parasitization (%)  

during weeks 27-29 

1 T. drosophilae 10.16 0 

 Overall 20.2 5.69 

2 T. drosophilae 14.68 0 

 Overall 14.68 5.05 

3 T. drosophilae 0 0 

 Overall 0 6.03 
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