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Abstract 
 

Evaluations performed in agricultural fields of Mexico indicated that 4500 adults ha−1 of the parasitoid Trichopria drosophilae 

(Perkins) reduced the population of the spotted wing drosophila, Drosophila suzukii (Matsumura), by 50%. To further the effective-

ness that T. drosophilae exerted on D. suzukii, another field evaluation was executed, but now a 5-fold larger release rate was 

included. Thus, three release treatments were performed bi-monthly from January to December 2019 in commercial berry fields of 

Jalisco: 0 (no release control), 4500 and 27000 adults ha−1. These trials determined that the parasitization rate by T. drosophilae 

increased by 2.8 and 1.3 times in the low- and high-release sites, respectively. Moreover, the D. suzukii captures were reduced by 

43.25% and 32.32% in the low- and high-release sites, respectively. These results indicate that between the tested release rates, the 

low rate is the best one to reduce D. suzukii populations, and that such activity contributes substantially to the phytosanitary man-

agement of this invasive pest. 
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Introduction 
 

The spotted wing drosophila, Drosophila suzukii (Matsu-

mura) (Diptera Drosophilidae), is a high-risk pest of the 

worldwide berry industry (blackberries, blueberries, rasp-

berries, among others) because it can cause losses up to 

37% of crop value (DiGiacomo et al., 2019); furthermore, 

as a pest of quarantine importance (EPPO, 2011), the de-

tection of a single infested fruit at the loading docks may 

lead to rejection of the whole shipment (Mazzi et al., 2017). 

Prior to 2008, D. suzukii was present only in Southeast 

Asia (Cini et al., 2012) and in the Hawaiian Islands 

(Hauser et al., 2011); however, its current geographical 

distribution includes Africa, America, Europe, and other 

regions of Asia (Asplen et al., 2015). Its control is based 

primarily on chemical products and cultural practices 

(Cini et al., 2012; Haye et al., 2016; Schetelig et al., 

2018), but these methods are not sustainable in the long 

term (Mazzi et al., 2017; Gress and Zalom, 2019; DiGia-

como et al., 2019), mainly because they are not applied 

in lands adjacent to the cultivation areas, and if these sites 

contain one of the 50 species of wild host plants of this 

invasive dipteran, they could be a constant source of in-

oculum toward agricultural areas (Asplen et al., 2015; 

Haye et al., 2016). Therefore, the use of parasitoids is 

considered a viable option to contribute to the phytosan-

itary management of D. suzukii, since its effect would 

reach both agricultural and surrounding areas. 

D. suzukii was first detected in Mexico in 2011 (CABI, 

2020). To protect the berry industry, the federal govern-

ment implemented an overall strategy for its management 

and control in 2012 (DGSV, 2012), which included as an 

addendum, a program to explore and evaluate local para-

sitoids associated with this pest in 2013. So far, four 

stages of the program have been executed: (1) explora-

tions were carried out in Cuauhtemoc Colima, and Zapot-

lan Jalisco, Mexico, and five species were collected (al-

phabetically ordered): Ganaspis brasiliensis (Ihering), 

Leptopilina boulardi (Barbotin, Carton et Kelner-Pil-

lault) (both, Hymenoptera Figitidae), Pachycrepoideus 

vindemiae (Rondani), Spalangia simplex Perkins (both, 

Hymenoptera Pteromalidae) and Trichopria drosophilae 

(Perkins) (Hymenoptera Diapriidae) (Garcia-Cancino et 

al., 2015; Moreno-Carrillo et al., 2015; Gonzalez-

Cabrera et al., 2020); (2) laboratory evaluations of the 

collected species were executed at the Centro Nacional 

de Referencia de Control Biologico (CNRCB) (Gonza-

lez-Cabrera et al., 2018; Sanchez-Gonzalez et al., 2020), 

and it was concluded that T. drosophilae had the highest 

potential to reduce D. suzukii populations (Garcia-Can-

cino et al., 2020); (3) T. drosophilae was released at dif-

ferent rates (0, 1500, and 3000 adults ha−1) from June 

2015 to October 2016 in berry fields in Colima, Mexico, 

but at the end of the trials, there were no statistical sig-

nificant differences among treatments in the population 

density of this invasive dipteran; and (4) 4500 adults ha−1 

of T. drosophilae were released from June 2017 to May 

2018 in commercial berry fields of Colima and Jalisco, 

Mexico, and 50% reduction in D. suzukii population was 

registered (Gonzalez-Cabrera et al., 2019). 

Worldwide and in Mexico, multiple laboratory studies 

have concluded that T. drosophilae has potential as bio-

logical agent of D. suzukii because of its high fecundity, 

high host specificity, and high parasitization rates 

(Mazzetto et al., 2016; Wang et al., 2016; Kacar et al., 

2017; Rossi-Stacconi et al., 2017, Amiresmaeili et al., 

2018). Likewise, significant pest reduction has been re-

ported in field studies as a direct consequence of aug-

mentative releases of this parasitoid: 28 (Rossi-Stacconi 

et al., 2018a) and 42% in Italy (Rossi-Stacconi et al., 

2018b), and 50% in Mexico (Gonzalez-Cabrera et al., 

2019); however, to the best of our knowledge, T. dro-

sophilae has not been routinely released against this pest, 

except that it started to be marketed in Italy since 2017 

(http://bioplanet.eu/2152-2/). Probably, more effective 

field releases are needed for their large-scale use. 
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To further the field effectiveness that T. drosophilae 

exerts on D. suzukii in Mexico, another field evaluation 

was executed, but with one important modification to the 

previous protocol: a 5-fold larger release rate was in-

cluded, that is 27000 adults ha−1. This high-release rate 

was intended to reduce the pest far beyond the 50% re-

ported by Gonzalez-Cabrera et al., (2019), maybe close 

to 100%. 

 

 

Materials and methods 
 

Place of data processing and source of biological 
material 

The data processing of this study was performed from 

January 2019 to January 2020, at the Centro Nacional de 

Referencia de Control Biologico (CNRCB), a govern-

mental institution of the Direccion General de Sanidad 

Vegetal (DGSV) of SENASICA and located in Tecoman 

Colima, Mexico (18°55'37.73"N 103°53'0.41"W). The 

individuals of D. suzukii and T. drosophilae were ob-

tained from colonies established at the CNRCB in March 

2013 (~ 120 generations) and May 2015 (~ 60 genera-

tions), respectively (Garcia-Cancino et al., 2015; 

Moreno-Carrillo et al., 2015). To maintain its genetic 

vigour, 300-400 wild adults are introduced per colony at 

the end of each year. The dipteran rearing system was de-

scribed by Garcia-Cancino et al., (2015) and Moreno-

Carrillo et al., (2015), and the parasitoid reproduction by 

Garcia-Cancino et al., (2020); both species are repro-

duced under laboratory conditions, of 23 ± 1 °C and 40 ± 

5% relative humidity for the dipterans, and 25 ± 1 °C and 

60 ± 5% RH for the parasitoids. 

 

Selection of berry fields and sampling sites 
To select the sampling sites in which to perform the par-

asitoid-release treatments by quadruplicate (i.e., random-

ized complete block design), four berry areas [Rubus fru-

ticosus L. (Rosales Rosaceae)] (i.e., A to D = adjacent 

land parcels) were selected from an organic farm of 30 

ha, located in the Municipality of Zapotlan, Jalisco (fig-

ure 1); subsequently, in each area, three sampling sites of 

0.1 ha were located the farthest possible from each other 

for random assignment of three treatments: low-release 

rate (4500 adults ha−1), high-release (27000 adults ha−1), 

and a no release control. The berry area selection was 

based on two criteria: just started to produce ripe fruit 

(i.e., newly harvesting section), and size of ~ 2 ha. Such 

size was intended to minimize environmental differences 

among treatments, and at the same time, to provide a 

133.3 m of berry foliage, which was supposed to restrain 

the movement of parasitoids and dipterans among the ex-

perimental areas. Additionally, to allow comparison of 

treatments, the berry farmers were advised to apply nor-

mal agricultural practices, but with the caveat that such 

activity should be applied in the entire experimental field. 

 

Description of traps used per sampling site 
The population density of T. drosophilae per sampling 

site was measured using sentinel traps, and the popula-

tion of D. suzukii was monitored through both vinegar 

and fruit traps. Sentinel traps consisted of 12 pupae of    

D. suzukii (≤ 12 hours) placed on slices of fresh banana, 

in the bottom of plastic containers (8.5 cm in diameter by 

7 cm in height) with a waterproof cap and holes of 1.3 

mm in diameter for parasitoid access in its middle part. 

The vinegar traps were plastic cups (10 cm in diameter 

by 18 cm in height) with a waterproof lid, and 12 holes 

(0.8 cm in diameter at 16 cm from the bottom) to allow 

the entry of the dipteran, and 100 mL of apple vinegar for 

dipteran drowning. The fruit traps consisted of plastic 

cups (2.5 cm in diameter by 3 cm in height) with lid of 

organza fabric, in which ripe fruits were collected and 

placed within (procedure described below). 

 

 

 
 

Figure 1. Berry parcels of Zapotlan Jalisco, Mexico, where were performed by quadruplicate (blocks = A to D), three 

release treatments of T. drosophilae during 2019: low and high density, and no release control. In each block, the 

treatments were randomly located at the vertices of the drawn triangle, and for geolocation purposes, the pin repre-

sents 103°33'16.94"W 19°41'38.86"N. 

500 m
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Sampling procedure per site 
Sampling per site was carried out bimonthly from Jan-

uary to December 2019, and each time it was performed 

in a four-step procedure, as follows: (1) 4 sentinel traps 

and 4 vinegar traps were placed in each site; (2) forty-

eight hours later, the sentinel traps were retrieved and put 

into sealed Styrofoam coolers, the amount and type of 

dipterans present in the vinegar traps was visually 

counted, and 4 ripe fruits (grown on the same site, and of 

market quality) were randomly picked and individually 

placed into the empty plastic cups called “fruit traps” 

(previously described); after that, (3) the parasitoids con-

tained in vials of 4 cm in diameter by 3.5 cm in height 

(randomly collected adults from the CNRCB colony, ≤ 4 

days old) were released (opening the lid) at the centre of 

the site according to the treatment protocol. Finally, (4) 

the sentinel and fruit traps were transported at the 

CNRCB for incubation of parasitoid and dipteran eggs; 

after arrival, they were kept under laboratory conditions 

of 25 ± 1 °C and 60 ± 5% relative humidity. Twenty-five 

days later, when parasitoids and dipterans had emerged 

and died, the number of specimens per container was 

counted under a stereoscopic microscope SteREO-Dis-

covery® V8 (ZEISS Group, DF, Mexico). Captured or 

emerged insects other than the species here evaluated 

were discarded because it was considered that their ran-

dom effect was the same among treatments 

 

Statistical analysis 
The statistical differences among treatments in the 

population density of D. suzukii and T. drosophilae 

were calculated through a generalized linear model us-

ing the GENMOD Procedure with a Poisson probability 

distribution, scale option specified at 1.0 and a log-link 

function fit by maximum likelihood estimation 

(GENMOD Proc. SAS/ STAT®. SAS Institute Inc. 

Cary, NC, USA), in which the explanatory variables 

were the parasitoid-release treatments (low and high 

density, and no release control), sampling dates (bi-

monthly, from January to December 2019) and berry 

fields (four experimental blocks), and the response var-

iables were the number of dipterans trapped in the vin-

egar traps, dipterans emerged in the fruit traps, and the 

percentage of parasitism of T. drosophilae in the senti-

nel traps (measurement used as a proxy of population 

density). Post hoc comparisons for the explanatory fac-

tors among treatments were based on Wald χ2 tests (LS 

MEANS statement with “pdiff” option in GENMOD 

Proc). All data were analysed using the statistical pack-

age SAS/STAT® v.9.2 and P ≤ 0.05. 

 

 

Results and discussion 
 

Based on the percentage of parasitism (used as a proxy of 

population density) obtained from the sentinel traps dur-

ing January to December 2019, the population density of 

T. drosophilae was statistically significantly more abun-

dant in the low-release sites than in the high-release sites 

(Wald's χ2 = 160.20, df = 2, P < 0.001) (figure 2). The 

parasitoid population density was 12.98 ± 1.89, 7.98 ± 

1.41 and 3.49 ± 0.58 adults, respectively, for the sites 

with low-release, high-release, and without releases, that 

is, in relation to the control group the parasitoid popula-

tion increased 2.8 and 1.3-fold at the sites with low and 

high release rate, respectively. 

 

 

 
 

Figure 2. Percentage of parasitism in sentinel traps (used as a proxy of population density) of T. drosophilae, in three 

release treatments carried out in blackberry crops of Zapotlan Jalisco, Mexico. Treatments (upper right corner) with 

different letters indicate significant differences by Wald χ2 tests (P ≤ 0.05). 
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The dipterans caught and emerged (used as a proxy of 

population density), respectively, that were registered 

from vinegar and fruit traps throughout the experimental 

period indicated that the population size of D. suzukii was 

statistically significantly larger in the high-release sites 

than in the low-release sites (Wald's χ2 ≥ 82.43, df = 2,   

P < 0.001) (figures 3 and 4). The vinegar traps had 4.21 

± 0.04, 4.76 ± 0.03 and 6.7 ± 0.03 adults for the sites with 

low-release, high-release and no-release sites, respec-

tively, and following the aforementioned order of sites,  
 
 

 
 

Figure 3. D. suzukii adults caught in vinegar traps, in three release treatments of the parasitoid T. drosophilae carried 

out bimonthly in blackberry crops of Zapotlan Jalisco, Mexico. Treatments (upper right corner) with different letters 

indicate significant differences by Wald χ2 tests (P ≤ 0.05). 
 

 

 
 

Figure 4. D. suzukii adults emerged in fruit traps, in three release treatments of the parasitoid T. drosophilae carried 

out bimonthly in blackberry crops of Zapotlan Jalisco, Mexico. Treatments (upper right corner) with different letters 

indicate significant differences by Wald χ2 tests (P ≤ 0.05). 
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the fruit traps had 2.01 ± 0.04, 2.55 ± 0.03 and 3.97 ± 

0.03 adults, respectively, that is, in relation to the control 

group and considering both types of traps, it was quanti-

fied 43.25 and 32.34% fewer adults at the sites with low 

and high-release rate, respectively. 

In this work, it was expected that the high-release rate 

of T. drosophilae would decrease the D. suzukii popula-

tion close to 100%, but such goal was not accomplished. 

On the contrary, a greater reduction of the pest was rec-

orded at the sites with low-release rate. A better perfor-

mance in low-release rate of entomophagous insects ra-

ther than in high rates was theorized by Collier et al., 

(2004) and Crowder et al., (2007), and it was registered 

in Encarsia formosa Gahan (Hymenoptera Aphelinidae) 

(Hoddle et al., 1997), Spalangia cameroni Perkins (Hy-

menoptera Pteromalidae) (Skovgard et al., 2015), and 

Tamarixia radiata (Waterston) (Hymenoptera Eulo-

phidae) (Razmjou et al., 2019). 

The worse performance of T. drosophilae at the sites 

with high-release rate can be explained by three reasons: 

(1) many females fed on the same pupa. While there are 

no records that this parasitoid behaves in such a manner, 

synovigenic parasitoids [i.e., females need to feed on the 

host to express their full reproductive capacity (Jervis et 

al., 2001)], as T. drosophilae has been called by many 

authors (Wang et al., 2016; Kacar et al., 2017; Chen et 

al., 2018), can decrease the quality of the pupae because 

of their multiple host feeding (i.e., several females feed 

on the same host), and with it, they can affect negatively 

the amount of their emerged offspring (Jervis and Kidd, 

1986), as demonstrated in Pimpla nipponica Uchida (Hy-

menoptera Ichneumonidae) and S. cameroni, where the 

amount of adults decreased 60 and 80%, respectively 

(Ueno, 1997; Bockmann et al., 2012); (2) many females 

oviposited on a single host. Although there are no records 

of this parasitoid behaving in such a manner, solitary or-

ganisms like T. drosophilae (Wang et al., 2016; Kacar et 

al., 2017; Boycheva et al., 2019) can lay many eggs on a 

single pupa when the ratio of parasitoid to host is high 

(Carton et al., 1986), for example, Michel Bouletreae 

found up to 19 eggs of Trichopria sp. in a single pupa 

(mentioned by Carton et al., 1986), and if multiple ovi-

position occurs, subsequently, the larvae could kill each 

other by direct competition, until just one survives or they 

all die; and (3) mutual interference among the released 

adults. A high ratio of released parasitoids to hosts can 

reduce the number of parasitized pupae because of antag-

onistic interactions among conspecifics (Collier et al., 

2004), as demonstrated by Skovgard et al., (2015) in        

S. cameroni. 

At 25 °C, T. drosophilae has an intrinsic rate of increase 

(rm) of 0.18 and mean generation time (T) of 21.29 (Zhu 

et al., 2017); therefore, with the caveat that at least some 

hosts were available (in this study ≥ 56% of D. suzukii 

pupae were not parasitized), the parasitoid population 

should increase over time, but such increase was not ob-

served throughout the study (figure 1). This lack of in-

crease can be attributed to multiple factors, such as neg-

ative environmental conditions (cold temperature or 

heavy rain), presence of natural enemies (ants or Coleop-

tera Staphylinidae), and the various tasks performed in 

the cultivation of blackberry. In these agricultural areas 

of Jalisco, the production of blackberry follows the agro-

nomic management known as forced production that is, 

the intense application of cultural practices, chemical 

promoters and bioregulators to produce berries almost 

the entire year (https://www.intagri.com/articulos/fru-

tillas/produccion-forzada-de-berries); likewise, to pro-

tect the plant against pests and diseases it is required to 

apply an extensive number of measures, including total 

fruit removal, mass trapping (vinegar or yeast + sugar 

traps), detergents and soaps, and botanical extracts (gar-

lic, onion, or neem). These agronomic practices contrib-

uted to keep a low population density of D. suzukii (fig-

ures 3 and 4), but perhaps they negatively affected the 

survival of T. drosophilae. 

As previously stated, blackberry production in Jalisco 

requires the intense application of multiple management 

practices, and such strategy can be effective in control-

ling pest and diseases, as well as in obtaining ripe fruit all 

year round, but at the same time, it can affect the survival 

of the beneficial insects (Welch and Harwood, 2014), as 

demonstrated by Norton and Welter (1996) in Anaphes 

iole Girault (Hymenoptera Mymaridae), where after 96 

hours of field release, the parasitoid population decreased 

93%. Based on this theoretical short survival time, the 

positive effect that T. drosophilae registered in these tri-

als could be improved by executing smaller but more fre-

quent releases, for example, one-third portions every 5 

days instead of 100% every 15 days. Likewise, because 

there are parasitoids that attacks the larval stage of D. su-

zukii, the effect that T. drosophilae exerts on this pest 

could also be improved by the combined release of this 

parasitoid and one larval species, and G. brasiliensis has 

been mentioned several times as a promising candidate to 

provide such additive effect (Nomano et al., 2017; Gior-

gini et al., 2018; Girod et al., 2018). 

The result that the experimental fields with high-release 

rate had lower pest control than the low-release sites is 

useful because it delimits the optimal release rate of         

T. drosophilae within the range of 4500 to 27000 parasi-

toids ha−1. Theoretically, in biological control by aug-

mentation there is an optimal point between the amount 

of released organisms and pest reduction (Collier et al., 

2004; Crowder et al., 2007). 

A caveat of this this study is that it was not possible to 

increase the field effectiveness of T. drosophilae beyond 

the 50% pest reduction achieved by Gonzalez-Cabrera et 

al., (2019). However, the current D. suzukii control meth-

ods (insecticides and cultural practices) are capital in-

tense, high labour input (DiGiacomo et al., 2019; Gress 

and Zalom, 2019) and not sustainable in the long term (as 

previously stated), and additionally, they also have the 

disadvantage that are not always efficient, i.e., even 

though all the management practices are applied, the pest 

still causes a mean yield loss of 19% in raspberries and 

other soft fruits (DiGiacomo et al., 2019). 

The results here obtained show that a significant pest 

reduction (i.e., 43.25%) is obtained by releasing 4500 

parasitoids ha−1, and based on the fact that the evaluation 

was carried out in agricultural areas in which the farmers 

were allowed to follow normal agricultural practices, 

these results also indicate that T. drosophilae is a viable 

option for use in an integrated management of D. suzukii. 
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Conclusions 
 

The high-release rate of T. drosophilae had a detrimental 

effect among conspecifics, as indicated by the fact that 

the parasitoid population was more abundant in the low-

release sites than in the high-release sites. 

The augmentative releases of T. drosophilae against the 

spotted-wing drosophila, D. suzukii, had a higher major 

efficacy (i.e., pest reduction) in the low-release sites than 

in the high-release sites. 

There is an optimal release rate of T. drosophilae as a 

biological agent against D. suzukii, which should fall 

within the range of 4500 to 27000 parasitoids ha−1. 

 

 

Acknowledgements 
 

We would like to thank to the technicians E. Gisela Cor-

doba-Urtiz and Ramón Cobián-Castellanos for colony 

rearings; likewise, appreciation is also extended to three 

anonymous reviewers for their helpful comments and 

suggestions on an earlier version of this article. 

 

 

References 
 

AMIRESMAEILI N., JUCKER C., SAVOLDELLI S., LUPI D., 2018.- 

Understanding Trichopria drosophilae performance in labor-

atory conditions.- Bulletin of Insectology, 71 (2): 251-256. 

ASPLEN M. K., ANFORA G., BIONDI A., CHOI D. S., CHU D., 

DAANE K. M., ISAACS R., 2015.- Invasion biology of spotted 

wing drosophila (Drosophila suzukii): a global perspective and 

future priorities.- Journal of Pest Science, 88 (3): 469-494. 

BOCKMANN E. A., TORMOS J., BEITIA F., FISCHER K., 2012.- 

Offspring production and self-superparasitism in the solitary 

ectoparasitoid Spalangia cameroni (Hymenoptera: Pteroma-

lidae) in relation to host abundance.- Bulletin of Entomologi-

cal Research, 102 (2): 131-137. 

BOYCHEVA W. S., ROMEIS J., COLLATZ J., 2019.- Influence of 

the rearing host on biological parameters of Trichopria dro-

sophilae, a potential biological control agent of Drosophila 

suzukii.- Insects, 10 (6): 183. 

CABI, 2020.- Drosophila suzukii (spotted wing drosophila) (IO-

RIATTI C., STACCONI M., ANFORA G., Ed.). In: Invasive spe-

cies compendium.- CAB International, Wallingford, UK. 

[online] URL: http://www.cabi.org/isc/datasheet/109283 

CARTON Y., BOULETREAU M., VAN-ALPHEN J. J. M., VAN-LEN-

TEREN J. C., 1986.- The Drosophila parasitic wasps, pp. 348-

394. In: The genetics and biology of Drosophila (ASHBURNER 

M., CARSON H. L., THOMPSON J. N., Eds).- Academic Press 

Inc., London, UK. 

CHEN J., ZHOU S., WANG Y., SHI M., CHEN X., HUANG J., 2018.- 

Biocontrol characteristics of the fruit fly pupal parasitoid Tri-

chopria drosophilae (Hymenoptera: Diapriidae) emerging 

from different hosts.- Scientific Reports, 8 (1): 1-8. 

CINI A., IORIATTI C., ANFORA G., 2012.- A review of the inva-

sion of Drosophila suzukii in Europe and a draft research 

agenda for integrated pest management.- Bulletin of Insectol-

ogy, 65 (1): 149-160. 

COLLIER T., VANSTEENWYK R., 2004.- A critical evaluation of 

augmentative biological control.- Biological Control, 31 (2): 

245-256. 

CROWDER D. W., 2007.- Impact of release rates on the effec-

tiveness of augmentative biological control agents.- Journal 

of Insect Science, 7 (1): 15. 

DGSV, 2012.- Lineamientos por lo que se establecen las ac-

ciones fitosanitarias para el manejo y control de Drosophila 

suzukii en Mexico. (Direccion General de Sanidad Vegetal) 

Secretaría de agricultura y desarrollo rural, Mexico. [online] 

URL: https://www.slideshare.net/SINAVEF_LAB/lin-

eamientos-drosophila-susukii-enero-24-2012. Accessed July 

2020. 

DIGIACOMO G., HADRICH J., HUTCHISON W. D., PETERSON H., 

ROGERS M., 2019.- Economic impact of spotted wing dro-

sophila (Diptera: Drosophilidae) yield loss on Minnesota 

raspberry farms: a grower survey.- Journal of Integrated Pest 

Management, 10 (1): 11. 

EPPO, 2011.- Drosophila suzukii (Diptera: Drosophilidae) 

spotted wing drosophila. EPPO Alert List. (European and 

Mediterranean Plant Protection Organization) Intergovern-

mental, France. [online] URL: https://www.eppo.int/QUAR-

ANTINE/Alert_List/insects/drosophila_suzukii.htm. Ac-

cessed April 2016. 

GARCIA-CANCINO M. D., GONZALEZ-HERNANDEZ A., GONZA-

LEZ-CABRERA J., MORENO-CARRILLO G., SANCHEZ-GONZA-

LEZ J. A., ARREDONDO-BERNAL H. C., 2015.- Parasitoides de 

Drosophila suzukii (Matsumura) (Diptera: Drosophilidae) en 

Colima, Mexico.- Southwestern Entomologist, 40 (4): 855-

858. 

GARCIA-CANCINO M. D., GONZALEZ-CABRERA J., SANCHEZ-

GONZALEZ J. A., 2020.- Biological and population parameters 

as well oviposition preference, of two pupal parasitoids of 

Drosophila suzukii (Diptera: Drosophilidae) in Mexico.- 

Journal of Entomological Science, 55 (1): 87-97. 

GIORGINI M., WANG X. G., WANG Y., CHEN F. S., HOUGARDY 

E., ZHANG H. M., CHE Z. Q., GUERRIERI E., 2018.- Explora-

tion for native parasitoids of Drosophila suzukii in China re-

veals a diversity of parasitoid species and narrow host range 

of the dominant parasitoid.- Journal of Pest Science, 92 (2): 

509-522. 

GIROD P., LIERHMANN O., URVOIS T., TURLINGS T. C., KENIS M., 

HAYE T., 2018.- Host specificity of Asian parasitoids for po-

tential classical biological control of Drosophila suzukii.- 

Journal of Pest Science, 91 (4): 1241-1250. 

GONZALEZ-CABRERA J., GARCIA-CANCINO M. D., MORENO-

CARRILLO G., SANCHEZ-GONZALEZ J. A., ARREDONDO-BER-

NAL H. C., 2018.- Fresh banana as an alternative host for mass 

rearing Drosophila suzukii.- Bulletin of Insectology, 71 (1): 

65-70. 

GONZALEZ-CABRERA J., MORENO-CARRILLO G., SANCHEZ-

GONZALEZ J. A., MENDOZA-CEBALLOS M. Y., ARREDONDO-

BERNAL H. C., 2019.- Single and combined release of Tri-

chopria drosophilae (Hymenoptera: Diapriidae) to control 

Drosophila suzukii (Diptera: Drosophilidae).- Neotropical 

Entomology, 48 (6): 949-956. 

GONZALEZ-CABRERA J., CORDOBA-URTIZ E. G., MORENO-CAR-

RILLO G., SANCHEZ-GONZALEZ J. A., ARREDONDO-BERNAL H. 

C., 2020.- First report of the parasitoid Ganaspis brasiliensis 

Ihering (Hymenoptera: Figitidae) in Mexico.- Entomological 

News, 129 (1): 67-70. 

GRESS B. E., ZALOM F. G., 2019.- Identification and risk assess-

ment of spinosad resistance in a California population of Dro-

sophila suzukii.- Pest Management Science, 75 (5): 1270-

1276. 

HAUSER M., 2011.- A historic account of the invasion of Dro-

sophila suzukii (Matsumura) (Diptera: Drosophilidae) in the 

continental United States, with remarks on their identifica-

tion.- Pest Management Science, 67 (11): 1352-1357. 

HAYE T., GIROD P., CUTHBERTSON A. G., WANG X. G., DAANE 

K. M., HOLMER K. A., BAROFFIO C., ZHANG J. P., DESNEUX N., 

2016.- Current SWD IPM tactics and their practical imple-

mentation in fruit crops across different regions around the 

world.- Journal of Pest Science, 89 (3): 643-651. 



 

 207  

HODDLE M., VANDRIESCHE R., SANDERSON J., 1997.- Biologi-

cal control of Bemisia argentifolii (Homoptera: Aleyrodidae) 

on poinsettia with inundative releases of Encarsia formosa 

(Hymenoptera: Aphelinidae): are higher release rates neces-

sarily better?- Biological Control, 10 (3): 166-179. 

JERVIS M. A., KIDD N. A. C., 1986.- Host‐feeding strategies in 

hymenopteran parasitoids.- Biological Reviews, 61 (4): 395-

434. 

JERVIS M. A., HEIMPEL G. E., FERNS P. N., HARVEY J. A., KIDD 

N. A., 2001.- Life‐history strategies in parasitoid wasps: a 

comparative analysis of ‘ovigeny’.- Journal of Animal Ecol-

ogy, 70 (3): 442-458. 

KACAR G., WANG X. G., BIONDI A., DAANE K. M., 2017.- Lin-

ear functional response by two pupal Drosophila parasitoids 

foraging within single or multiple patch environments.- PLoS 

ONE, 12 (8): e0183525. 

MAZZETTO F., MARCHETTI E., AMIRESMAEILI N., SACCO D., 

FRANCATI S., JUCKER C., DINDO M. L., LUPI D., TAVELLA L., 

2016.- Drosophila parasitoids in Northern Italy and their po-

tential to attack the exotic pest Drosophila suzukii.- Journal 

of Pest Science, 89 (3): 837-850. 

MAZZI D., BRAVIN E., MERANER M., FINGER R., KUSKE S., 

2017.- Economic impact of the introduction and establish-

ment of Drosophila suzukii on sweet cherry production in 

Switzerland.- Insects, 8 (1): 18. 

MORENO-CARRILLO G., RODRIGUEZ-VELEZ B., SANCHEZ-GON-

ZALEZ J. A., ARREDONDO-BERNAL H. C., 2015.- Trampeo y 

registro del parasitoide Pachycrepoideus vindemmiae (Ron-

dani) (Hymenoptera: Pteromalidae) sobre Drosophila suzukii 

(Matsumura) (Diptera: Drosophilidae) en Mexico.- South-

western Entomologist, 40 (1): 199-203. 

NOMANO F. Y., KASUYA N., MATSUURA A., SUWITO A., MITSUI 

H., BUFFINGTON M. L., KIMURA M. T., 2017.- Genetic differ-

entiation of Ganaspis brasiliensis (Hymenoptera: Figitidae) 

from East and Southeast Asia.- Applied Entomology and Zo-

ology, 52 (3): 429-437. 

NORTON A. P., WELTER S. C., 1996.- Augmentation of the egg 

parasitoid Anaphes iole (Hymenoptera: Mymaridae) for 

Lygus hesperus (Heteroptera: Miridae) management in straw-

berries.- Environmental Entomology, 25 (6): 1406-1414. 

RAZMJOU J., KERR C. R., LEPPLA N. C., 2019.- Reduced parasit-

ism of Diaphorina citri (Hemiptera: Liviidae) by Tamarixia 

radiata (Hymenoptera: Eulophidae) at increasing parasitoid: 

host ratios.- Florida Entomologist, 102 (1): 246-248. 

ROSSI-STACCONI M. V. R., PANEL A., BASER N., IORIATTI C., 

PANTEZZI T., ANFORA G., 2017.- Comparative life history 

traits of indigenous Italian parasitoids of Drosophila suzukii 

and their effectiveness at different temperatures.- Biological 

Control, 112: 20-27. 

ROSSI-STACCONI M. V., AMIRESMAEILI N., BIONDI A., CARLI C., 

CARUSO S., DINDO M. L., FRANCATI S., GOTTARDELLO A., 

GRASSI A., LUPI D., MARCHETTI E., MAZZETTO F., MORI N., 

PANTEZZI T., TAVELLA L., GARZIA G. T., TONINA L., VACCARI 

G., ANFORA G., IORIATTI C., 2018a.- Host location and dis-

persal ability of the cosmopolitan parasitoid Trichopria dro-

sophilae released to control the invasive spotted wing Dro-

sophila.- Biological Control, 117: 188-196. 

ROSSI-STACCONI M. V., GRASSI A., IORIATTI C., ANFORA G., 

2018b.- Augmentative releases of Trichopria drosophilae for 

the suppression of early season Drosophila suzukii popula-

tions.- BioControl, 64 (1): 9-19. 

SANCHEZ-GONZALEZ J. A., LOMELI-FLORES J. R., RODRIGUEZ-

LEYVA E., ARREDONDO-BERNAL H. C., GONZALEZ-CABRERA 

J., 2020.- Drosophila suzukii response to Leptopilina bou-

lardi and Ganaspis brasiliensis parasitism.- Bulletin of Insec-

tology, 73 (2): 209-215. 

SCHETELIG M. F., LEE K. Z., OTTO S., TALMANN L., STOKL J., 

DEGENKOLB T., VILCINSKAS A., HALITSCHKE R., 2018.- Envi-

ronmentally sustainable pest control options for Drosophila 

suzukii.- Journal of Applied Entomology, 142 (1-2): 3-17. 

SKOVGARD H., NACHMAN G., 2015.- Effect of mutual interfer-

ence on the ability of Spalangia cameroni (Hymenoptera: 

Pteromalidae) to attack and parasitize pupae of Stomoxys cal-

citrans (Diptera: Muscidae).- Environmental Entomology, 44 

(4): 1076-1084. 

UENO T., 1997.- Effects of superparasitism, larval competition, 

and host feeding on offspring fitness in the parasitoid Pimpla 

nipponica (Hymenoptera: Ichneumonidae).- Annals of the 

Entomological Society of America, 90(5): 682-688. 

WANG X. G., KACAR G., BIONDI A., DAANE K. M., 2016.- Life-

history and host preference of Trichopria drosophilae, a pu-

pal parasitoid of spotted wing drosophila.- BioControl, 61 (4): 

387-397. 

WELCH K. D., HARWOOD J. D., 2014.- Temporal dynamics of 

natural enemy-pest interactions in a changing environment.- 

Biological Control, 75: 18-27. 

ZHU C. J., LI J., WANG H., ZHANG M., HU H. Y., 2017.- Demo-

graphic potential of the pupal parasitoid Trichopria drosoph-

ilae (Hymenoptera: Diapriidae) reared on Drosophila suzukii 

(Diptera: Drosophilidae).- Journal of Asia-Pacific Entomol-

ogy, 20 (3): 747-751. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Authors’ addresses: Jorge Antonio SANCHEZ-GONZALEZ 

(corresponding author, e-mail: j_asg2@hotmail.com), Jaime 

GONZALEZ-CABRERA, Gabriel MORENO-CARRILLO, Mario Yamil 

MENDOZA-CEBALLOS, Hugo Cesar ARREDONDO-BERNAL, Cen-

tro Nacional de Referencia de Control Biologico, SENASICA-

DGSV, Km 1.5 Carretera Tecomán-Estación FFCC, C.P. 

28120, Tecomán, Colima, Mexico. 

 

Received December 9, 2020. Accepted April 27, 2021. 

 




