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Pachycrepoideus vindemiae (Rondani) is a solitary generalist pupal ectoparasitoid that parasitizes dipterans 
of various families and genera. This study aimed to evaluate Anastrepha fraterculus (Wiedemann), Ceratitis 
capitata (Wiedemann), and Drosophila suzukii (Matsumura) to determine the best host for the development 
and mass production of parasitoid P. vindemiae in the laboratory. The experiments were performed in air-
conditioned rooms at a temperature of 25 ± 2 °C, relative humidity of 70% ± 10%, and photophase of 12 h. 
Moreover, 24-h-old pupae of A. fraterculus, C. capitata, and D. suzukii were provided daily to 25 pairs of the 
parasitoid. The following parameters were determined: percentage of parasitism, percentage of emergence, 
hind tibia size, sex ratio, and longevity. A fertility life table was established using biological data. Notably, 
P. vindemiae parasitized the pupae of all 3 hosts but did not affect the sex ratio of the offspring. Parental 
parasitoids from the pupae of A. fraterculus and C. capitata lived longer than those from the pupae of D. 
suzukii. However, for all other parameters, parasitoids from D. suzukii showed better performance than those 
from other hosts, with shorter intervals between generations (T) and a higher net reproduction rate (Ro), in-
trinsic rate of increase (rm), and finite rate of increase (λ).

Key words: biological control, fruit flies, drosophila, rearing, life table

Introduction

Pachycrepoideus vindemiae (Rondani) is a generalist pupal 
ectoparasitoid parasitizing many species of Diptera in 60 coun-
tries worldwide (Wang and Messing 2004). Its hosts include species 
of great economic importance, especially those in Tephritidae and 
Drosophilidae families (Marchiori et al. 2013, Marchiori and Borges 
2017, Rasool et al. 2017, Funes et al. 2019, Zhang et al. 2021).

Among the hosts of P. vindemiae, fruit flies are the most af-
fected pests impacting the global fruit market (Dias et al. 2018a). In 
South America, Anastrepha fraterculus (Wiedemann) and Ceratitis 
capitata (Wiedemann) are the most economically important pests 
of the tephritid group (Uchôa 2012). In addition to causing direct 
and indirect damage (Nava and Botton 2010), these pests necessitate 
the use of phytosanitary barriers, leading to fruit export restrictions 
(Dias and Moreira, 2023).

In addition to tephritids, Drosophila suzukii (Matsumura), the 
spotted-wing drosophila native to Southeast Asia and distributed 
in several countries across Europe, North America, South America, 
and Africa, is the most important pest of small fruits worldwide 
(Asplen et al. 2015, Andreazza et al. 2017a, Tait et al. 2021), es-
pecially blackberry [Morus sp. (Urticales: Moraceae)], cherry 
[Prunus sp. (Rosales: Rosaceae)], raspberry [Rubus idaeus Linnaeu 
(Rosales: Rosaceae)], strawberry [Fragaria × pineapple Duch 
(Rosales: Rosaceae)], and blueberry [Vaccinium myrtillus Linnaeu 
(Ericales: Ericaceae)] (Lee et al. 2011, Klick et al. 2016, Bernardi 
et al. 2017). Drosophila suzukii has received attention owing to its 
high harmful capacity (Cini et al. 2012, Ioriatti et al. 2015), fecun-
dity, rapid cycle (Emiljanowicz et al. 2014), global transmission 
rate (Asplen et al. 2015), and host diversity (Lee et al. 2015, Poyet 
et al. 2015).
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Despite being a facultative hyperparasitoid, P. vindemiae has 
attracted considerable interest for the biological control of fruit flies 
(Garcez et al. 2023). Recently, several studies have assessed the bio-
logical control potential of tephritids (Ovruski et al. 1999, Yang et 
al. 2020). It is also worth noting that although generalist parasitoids 
are often not preferable in biological control programs, their great 
plasticity can favor adaptation to environmental variations (Thibert-
Plante and Hendry 2011, Kingsolver and Buckley 2018) and ex-
change of host when a preferred host is not available (Jaworski et 
al. 2013).

Parasitoids exhibit great potential to control D. suzukii (Bezerra 
da Silva et al. 2019, Bonneau et al. 2019), but their use remains 
controversial. Augmentative release of P. vindemiae to control D. 
suzukii in caneberry hoop house crops in Minnesota, Oregon, and 
California in the USA resulted in a high parasitism rate only in 
Oregon (Hogg et al. 2022). The authors revealed that the release of 
a high quantity of P. vindemiae increases the parasitism of D. suzukii 
in areas with large populations of D. suzukii with conditions unsuit-
able for dispersal.

Improving P. vindemiae rearing techniques is essential to 
enhancing its production in the laboratory. The host for multiplica-
tion should be selected considering the production cost and ability to 
host parasitoids with high reproductive capacity and long life, similar 
to wild insects (Parra et al. 2021). Several hosts, such as Drosophila 
melanogaster (Meigen) (Diptera: Drosophilidae) (Hogg et al. 2022), 
D. suzukii (Mariano-Macedo et al. 2020, Missere et al. 2023), and 
Musca domestica Linnaeus (Diptera: Muscidae) (Peterssen et al. 
1992), have been used for parasitoid rearing. In Brazil, A. fraterculus, 
C. capitata, and D. suzukii are produced in several laboratories for 
the research and development of control methods. This study aimed 
to determine the best host among A. fraterculus, C. capitata, and D. 
suzukii for the development of P. vindemiae parasitoid and its mass 
production in the laboratory.

Materials and Methods

Insect Rearing
The insects used in this study were obtained from the mainte-
nance rearings of the Entomology Laboratory of Embrapa Clima 
Temperado, Pelotas, Rio Grande do Sul, Brazil. Colonies of A. 
fraterculus and C. capitata were reared during the larval stage on 
an artificial diet based on wheat germ following the methodology 
adapted from Nunes et al. (2013) and Gonçalves et al. (2013), re-
spectively. Drosophila suzukii colony was maintained in test tubes 
(2.5 cm × 8.5 cm) on an artificial diet based on corn flour according 
to the methodology proposed by Andreazza et al. (2017b).

Parasitoid P. vindemiae was obtained from fruit collections 
infested with fruit flies from peach orchards in the Municipality 
of Pelotas, RS, Brazil. In the laboratory, after emergence, the 
parasitoids were kept in plastic cages (26.2 cm × 17.7 cm × 14.7 cm) 
and fed pure honey solution (Bezerra da Silva et al. 2019). For the 
experiments, parasitoids reared for 15 generations in the 3 hosts (D. 
suzukii, A. fraterculus, and C. capitata) were used. All populations 
were kept in an air-conditioned room at a temperature of 25 ± 2 °C, 
relative humidity of 60% ± 10%, and photophase of 12 h.

Biology of P. vindemiae
To study the biology of P. vindemiae, 25 pairs of 5-day-old parasitoids 
were obtained from each host (A. fraterculus, C. capitata, and D. 
suzukii). The pairs were individualized and kept in cages consisting 
of plastic cups (200 ml) inverted in the respective lids and closed 

at the top with voile fabric. Pure honey, as a source of food, and 
water soaked in cotton were provided separately on plastic plates 
(2.2 cm diameter × 0.7 cm height). The food was replaced every 48 h 
to avoid fermentation and contamination by microorganisms, and 
water was replenished daily.

From the day of the formation of pairs of each population until 
the death of the females, 10–24-h old puparia from each host (A. 
fraterculus, C. capitata, and D. suzukii) were offered to each female 
parasitoid species. The puparia were placed on cotton moistened 
with distilled water on plastic plates (2.2 cm diameter × 0.7 cm 
height). After 24 h of exposure, the puparia were removed and 
placed in acrylic tubes (2.5 cm diameter × 4.5 cm height) closed at 
the top with cotton wool to prevent the adults from escaping during 
emergencies. In the case of no emergence, pupal dissection was 
performed to verify the presence of parasitoids/flies.

Based on the emergence data, parasitism of P. vindemiae was de-
termined in each host as well as the sex ratio of the offspring popu-
lation and number of parasitized pupae. To determine the longevity 
of the parents, the insects were fed honey and evaluated daily until 
death. After determining the biological parameters, a fertility life 
table was constructed, estimating the interval between generations 
(T), net reproduction rate (Ro), intrinsic rate of increase (rm), and 
finite rate of increase (λ), as described by Southwood (1995). The 
algorithms used to estimate these parameters are described below.

Net reproduction rate (Ro), indicating the sum for the entire 
oviposition period, was determined by multiplying the average 
number of eggs produced per female per day by the corresponding 
accumulated survival at each date:

Ro =
∑

Lx . Mx

Approximate estimate of the interval between generations (T) 
corresponds to the average of the oviposition age (x) weighted by 
the net number of descendants (Lx.Mx) produced at that date:

T =
∑ Mx . Lx . X

Lx . Mx

Intrinsic growth rate (rm) was determined as described by Silveira 
Neto et al. (1976) using the net reproduction rate (Ro) as follows:

rm =
logRo

T x 0, 4343

Finite growth rate (λ) was calculated using the following equation:

λ = erm

After the emergence of the first offspring of each host, 50 individuals 
of each sex were sacrificed to measure the size of hind tibia, which 
were subsequently arranged on slides. A stereoscopic microscope 
(Zeiss, Jena, Germany) was used at 4 × magnification, and the tibiae 
were captured using a camera (Leica Biosystems). Offspring lon-
gevity was verified by sampling 15 pairs from each host, which were 
kept under similar conditions as their parents but without pupae.

Statistical Analyses
The experiments were conducted using an entirely randomized de-
sign with 3 treatments (parasitoids from A. fraterculus, C. capitata, 
and D. suzukii) and 25 replicates (pairs of parasitoids). All data 
were checked for normality and homoscedasticity of residuals using 
the Shapiro–Wilk and Bartlett tests, respectively. Data on the per-
centage of parasitism, number of parasitized pupae, percentage of 
emergence, tibia length, and sex ratio did not meet the assumptions 
of normality and homoscedasticity; therefore, they were analyzed 
via the Kruskal–Wallis test (P ≤ 0.05). When statistical significance 
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was confirmed, the data were compared using Dunn’s test (P ≤ 0.05). 
Longevity data of males and females and their offspring in different 
treatments were analyzed via survival curves using the Kaplan–Meier 
estimator and compared using the log-rank test (P ≤ 0.05). Statistical 
analyses were conducted using the R software version 4.0.3 (R Core 
Team 2020). Parameters of the fertility life table were determined 
using the jackknife technique applying the “lifetable.sas” procedure 
developed by Maia et al. (2000) with SAS 9.1 (SAS Institute 2011).

Results

Effects of Host Species on P. vindemiae
Parasitism (H = 16.20; df = 2; P = 0.0003), number of parasitized 
pupae (H = 16.20; df = 2; P = 0.0003), emergence (H = 5.99; 
df = 2; P = 0.0500), and tibia lengths in males (H = 67.11; df = 2; 
P < 0.0001) and females (H = 101.87; df = 2; P < 0.0001) were 
significantly affected by the host species. Females of P. vindemiae 
on D. suzukii parasitized an average of 47.91% of the pupae, 
which was much higher than the average pupae parasitized in A. 
fraterculus (24.78%) and C. capitata (11.76%). The number of 
pupae parasitized per day was 2.39 ± 0.35 in D. suzukii, 1.24 ± 0.19 
in A. fraterculus, and 0.59 ± 0.13 in C. capitata. Similarly, higher 
emergence was observed in D. suzukii (96.43%) and A. fraterculus 
(81.22%) than in C. capitata (62.82%). Males and females of A. 
fraterculus exhibited the longest tibia length (416.25 ± 2.51 and 
428.39 ± 1.33 μm, respectively) compared to those of C. capitata 
(397.94 ± 4.23 and 421.86 ± 1.56 μm, respectively) and D. suzukii 
(386.40 ± 1.64 and 385.55 ± 1.33 μm, respectively). Notably, sex 
ratio was not significantly affected by the host species (H = 4.49; 
df = 2; P = 0.1061; Table 1).

Longevity of parental females (χ2: 27.6; P < 0.001) and males (χ2: 
15.6; P < 0.001) was significantly affected by the host species, with 
A. fraterculus and C. capitata exhibiting the longest-living insects 
superior to those of D. suzukii (Fig. 1). However, in the descendants 
(F1), the log-rank test showed that the longevity of males (χ2: 5.6; 
P = 0.06) and females (χ2: 0.3; P = 0.90) was not significantly af-
fected by the host species (Fig. 2).

Fertility Life Table
Fertility life table parameters of P. vindemiae were significantly af-
fected by the host species. The shortest interval between generations 
(T) was observed for P. vindemiae on D. suzukii (T = 29.65 days) 
compared to that for P. vindemiae on A. fraterculus (T = 35.03 days) 
and C. capitata (T = 36.16 days). The net reproduction rate (Ro), in-
trinsic rate of increase (rm), and finite rate of increase (λ) were high for 
P. vindemiae on D. suzukii (Ro = 31.85; rm = 0.12; λ = 1.12; Table 2).

Discussion

In this study, P. vindemiae development was observed in all 3 host 
species, but to varying degrees, with D. suzukii providing the best 
conditions for its multiplication. This growth capacity of parasitoids 
can be attributed to their highly adaptive evolution (Jones et al. 2015, 
Woltering et al. 2019). Generalist species, such as P. vindemiae, ex-
hibit phenotypic plasticity, allowing individuals to adapt to different 
hosts (Zepeda‐Paulo et al. 2013, Wang et al. 2021). Therefore, devel-
opment of P. vindemiae can change over several generations in the 
host (Jones et al. 2015).

In addition to a higher percentage of parasitism, higher number 
of parasitized pupae was obtained with D. suzukii than with A. 
fraterculus and C. capitata for P. vindemiae, with approximately 
2- and 4-times more parasitized pupae, respectively. However, 
adult females from D. suzukii were smaller (385.55 ± 1.33 µm) 
than those from C. capitata (421.86 ± 1.56 µm) and A. fraterculus 
(428.39 ± 1.33 µm). The size of the parasitoid is possibly related to 
the size of the host puparia, which is large in tephritids. According 
to Jervis (2005), large parasitoids exhibit high fertility and fecun-
dity; however, further studies should assess the associations between 
the size and reproductive parameters of parasitoids. Development 
of D. suzukii in the laboratory is easier than that of tephridids, es-
pecially A. fraterculus, which require high labor costs to obtain the 
ingredients for the larval diet.

Here, longevity of parasitoids from D. suzukii was short. 
Lampson et al. (1996) suggested that large parasitoids exhibit a long 
lifespan and high competitiveness. Mariano-Macedo et al. (2020) 
reported longer mean longevity in female parasitoids (32.2 ± 1.83 
days) than in male parasitoids (28.2 ± 1.06 days), in contrast to our 
study, where females exhibited shorter longevity (TMS = 14.1 days) 
than the males (18.6 days). However, analysis of F1 generation with 
no parasitism yielded results similar to those of Mariano-Macedo 
et al. (2020), with the average survival time being 37.1 days for 
females and 34.1 days for males. The short longevity of parasitoids 
from D. suzukii is possibly due to the energy spent by females under 
parasitism.

High number of females increases the population growth and 
parasitism rates, as observed in this study, where the sex ratio was 
high. Percentages of P. vindemiae females for the hosts evaluated in 
this study did not differ from those previously reported for other 
host species (Cancino et al. 2004, Wang and Messing 2004, Zhao 
et al. 2013). However, further studies are needed to determine the 
proportions of males and females suitable for mass rearing and as-
sess the reproductive characteristics, such as age and size, affecting 
the sex ratio. Sun et al. (2013) indicated that mating with virgin 
males results in the low emergence of male offspring; however, 

Table 1. Percentage of parasitism, number of pupae parasitized per day, percentage of emergence, tibia length (males and females), and 
sex ratio (average ± standard error) of P. vindemiae reared on pupae from three hosts. Temperature 25 ± 2 °C, relative humidity 60% ± 10% 
and photophase 12 h

Hosts
Parasitism 

(%)α

Parasitized 
pupaeα

Emergence 
(%)α

Hind tíbia length (µm)

Sex ratioβMale α Female α

A. fraterculus 24.78 ± 3.86b 1.24 ± 0.19b 81.22 ± 6.99ab 416.25 ± 2.51a 428.39 ± 1.33a 0.78 ± 0.08
C. capitata 11.76 ± 2.65c 0.59 ± 0.13c 62.82 ± 11.93b 397.94 ± 4.23b 421.86 ± 1.56b 0.98 ± 0.01
D. suzukii 47.91 ± 7.09a 2.39 ± 0.35a 96.43 ± 3.45a 386.40 ± 1.64c 385.55 ± 1.33c 0.94 ± 0.04

αMeans followed by same letter within the column do not differ according to Dunn test (P ≤ 0.05).
βns, not significant.
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increase in the mating time and duration of oviposition of females 
decreases the sex ratio.

Of the hosts evaluated in this study, D. suzukii exhibits the 
shortest life cycle, remaining in the pupal stage for approximately 6 
days (Emiljanowicz et al. 2014), whereas the tephritids exhibit longer 
life cycles, with approximately 11 days for A. fraterculus (Nunes et 
al. 2013, Dias et al. 2018b) and 10 days for C. capitata (Nestel and 
Nemny‐Lavy 2008, Ricalde et al. 2012). Evolutionary studies have 
indicated that parasitoid populations are highly adaptive to their 
hosts (Stireman et al. 2006, Henry et al. 2008, Forbes et al. 2009). 
Studies on larval parasitoids have indicated that they can slow down 

their maturation rate (Beckage 1993), remaining in a specific instar 
stage until the host reaches a stage meeting their nutritional needs 
using hormonal stimuli (Pennacchio et al. 1993, Kadono‐Okuda et 
al. 1995, Hu et al. 2002). Therefore, short interval between genera-
tions (T) of P. vindemiae in this study is possibly related to the syn-
chronization of the parasitoid life cycle with that of its host. Wang 
and Messing (2004) also demonstrated that P. vindemiae shows 
rapid development in D. melanogaster but slow development in C. 
capitata.

Net reproduction rate (Ro) of P. vindemiae parasitoid in D. 
suzukii host was high with 31.85 females generated per female per 

Fig. 1. Longevity (days) of the parental females A) and males B) de P. vindemiae reared on different hosts. TMS represents the mean time of survival. Lowercase 
letters represent the significant difference according to log-rank test (P ≤ 0.05).
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Fig. 2. Longevity (days) of the descendant females A) and males B) of P. vindemiae reared on different hosts. TMS represents the mean time of survival.

Table 2. Parameters of fertility life table of P. vindemiae reared on pupae from 3 hosts. Temperature 25 ± 2 °C, relative humidity 60% ± 10%, 
and photophase 12 h

Hosts T (days) Ro (♀/♀) rm (♀/♀*day) λ

A. fraterculus 35.03 ± 0.46b 13.90 ± 0.68b 0.07 ± 0.001b 1.08 ± 0.002b
C. capitata 36.16 ± 0.35b 9.53 ± 1.28b 0.06 ± 0.004c 1.06 ± 0.004c
D. suzukii 29.65 ± 0.45a 31.85 ± 3.99a 0.12 ± 0.003a 1.12 ± 0.004a

T = interval between generations; Ro = net reproductive rate, rm = intrinsec growth rate, and λ = finite rate of increase. Values represent means ± SE 
obtained using Jackknife method in SAS program. For each evaluated parameter, values followed by the same letter are not statistically different 
(P > 0.05).
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generation, which is more than double that of A. fraterculus (13.90) 
and triple that of C. capitata (9.53). Similarly, the innate capacity 
for population growth (rm), which determines whether the species 
can thrive in a given environment (Dias et al. 2010), and finite rate 
of increase (λ), which represents the number of females added to the 
population per female, were high in insects on D. suzukii (rm = 0.12; 
λ = 1.12) and low in insects on C. capitata (rm = 0.06; λ = 1.06).

Overall, this study showed that P. vindemiae on D. suzukii 
exhibited performance superior to that of A. fraterculus and C. 
capitata. Therefore, among those evaluated, D. suzukii was the 
most suitable for parasitoid rearing in biological control programs. 
However, further studies should investigate the implications of using 
P. vindemiae for biological control. Furthermore, development of D. 
suzukii in the laboratory is easier than that of tephritids, requiring 
simpler ingredients for the artificial diet, which is economical and 
easily accessible in the market. However, owing to the constant im-
provement in rearing techniques, future studies should optimize the 
different phases of development for both P. vindemiae and its host.

Funding

This study was conducted with the support of the Coordenação de 
Aperfeiçoamento de Pessoal de Nível Superior—Brazil (CAPES)—
Finance code 001. The author would like to thank FAPERGS/SICT 
(announcement 06/2022 - Inova Agro) for financial assistance.

Author contributions

Dori Nava (Conceptualization [equal], Data curation [equal], 
Funding acquisition [equal], Project administration [equal], 
Supervision [equal], Writing—original draft [equal], Writing—re-
view & editing [equal]), Amanda Garcez (Conceptualization 
[equal], Formal analysis [equal], Investigation [equal], Methodology 
[equal], Writing—original draft [equal]), and Alexandra Kruger 
(Conceptualization [equal], Formal analysis [equal], Investigation 
[equal], Methodology [equal], Writing—original draft [equal], 
Writing—review & editing [equal])

References
Andreazza F, Bernardi D, Santos RSS, et al. 2017a. Drosophila 

suzukii in southern Neotropical region: current status and future 
perspectives. Neotrop. Entomol. 46:591–605. https://doi.org/10.1007/
s13744-017-0554-7

Andreazza F, Bernardi D, Botton M, et al. 2017b. Drosophila suzukii 
(Matsumura) (Diptera: Drosophilidae) in peaches: is it a problem? Sci. 
Agric. 74:489–491. https://doi.org/10.1590/1678-992x-2016-0206

Asplen MK, Anfora G, Biondi A, et al. 2015. Invasion biology of spotted wing 
Drosophila (Drosophila suzukii): a global perspective and future priorities. 
J. Pest Sci. 88:469–494. https://doi.org/10.1007/s10340-015-0681-z

Beckage NE. 1993. Games parasites play: the dynamic roles of proteins and 
peptides in the relationship between para-site and host. In: Beckage NE, 
Thompson SN, Federici BA, editors. Parasites and pathogens of insects. 
NY: Academic Press; p. 25–57.

Bernardi D, Andreazza F, Botton M, et al. 2017. Susceptibility and interactions 
of Drosophila suzukii and Zaprionus indianus (Diptera: Drosophilidae) in 
damaging strawberry. Neotrop. Entomol. 46:1–7. https://doi.org/10.1007/
s13744-016-0423-9

Bezerra Da Silva CS, Price BE, Soohoo-Hui A, et al. 2019. Factors affecting the 
biology of Pachycrepoideus vindemmiae (Hymenoptera: Pteromalidae), a 
parasitoid of spotted-wing drosophila (Drosophila suzukii). PLoS One. 
14:e0218301. https://doi.org/10.1371/journal.pone.0218301

Bonneau P, Renkema J, Fournier V, et al. 2019. Ability of Muscidifurax 
raptorellus and other parasitoids and predators to control Drosophila 

suzukii populations in raspberries in the laboratory. Insects 10:68. https://
doi.org/10.3390/insects10030068

Cancino J, Torre S, Liedo P. 2004. Análisis demográfico de Pachycrepoideus 
vindemmiae (Rondani, 1875) (Hymenoptera: Pteromalidae) empleando 
como hospedadoras pupas de Anastrepha ludens (Loew, 1873) (Diptera: 
Tephritidae). Folia Entomol. Mex. 43:67–78.

Cini A, Ioriatti C, Anfora G. 2012. A review of the invasion of Drosophila 
suzukii in Europe and a draft research agenda for integrated pest manage-
ment. Bull. Insect. 65:149–160. http://hdl.handle.net/10449/21029

Dias VS, Moreira AG. 2023. Tratamentos fitossanitários com fins 
quarentenários. In: Zucchi RA, Malavasi A, Adaime R, Nava DE, editors. 
Mosca-das-frutas no Brasil: conhecimento básico e aplicado. Piracicaba, 
SP, Brazil: FEALQ; p. 527–549.

Dias NDS, Parra JRP, Dias CTDS. 2010. Tabela de vida de fertilidade de três 
espécies neotropicais de Trichogrammatidae em ovos de hospedeiros 
alternativos como critério de seleção hospedeira. Rev. Bras. Entomol. 
54:120–124. https://doi.org/10.1590/S0085-56262010000100016

Dias NP, Nava DE, Smaniotto G, et al. 2018a. Rearing two fruit flies pests 
on artificial diet with variable pH. Braz. J. Biol. 79:104–110. https://doi.
org/10.1590/1519-6984.179347

Dias NP, Zotti MJ, Montoya P, et al. 2018b. Fruit fly management research: 
a systematic review of monitoring and control tactics in the world. Crop 
Prot. 112:187–200. https://doi.org/10.1016/j.cropro.2018.05.019

Emiljanowicz LM, Ryan R, Langille A, et al. 2014. Development, reproduc-
tive output and population growth of the fruit fly pest Drosophila suzukii 
(Diptera: Drosophilidae) on artificial diet. J. Econ. Entomol. 107:1392–
1398. https://doi.org/10.1603/EC13504

Forbes AA, Powell THQ, Stelinski LL, et al. 2009. Sequential sympatric speci-
ation across trophic levels. Science 323:776–779. https://doi.org/10.1126/
science.1166981

Funes CF, Gallardo FE, Reche VA, et al. 2019. Parasitoides de Sudamérica 
asociados a las plagas invasoras Drosophila suzukii y Zaprionus indianus 
(Diptera: Drosophilidae) y su potencial como agentes de control biológico. 
Semiárida 29:25–27.

Garcez AM, Krüger AP, Nava DE. 2023. Intrinsic competition between 2 
pupal parasitoids of Drosophila suzukii (Diptera: Drosophilidae). Ann. 
Entomol. Soc. Am. 116:145–153. https://doi.org/10.1093/aesa/saad010

Gonçalves RS, Nava DE, Pereira HC, et al. 2013. Biology and fertility life table 
of Aganaspis pelleranoi (Hymenoptera: Figitidae) in larvae of Anastrepha 
fraterculus and Ceratitis capitata (Diptera: Tephritidae). Ann. Entomol. 
Soc. Am. 106:791–798. https://doi.org/10.1603/an13044

Henry LM, Roitbergand BD, Gillespie DR. 2008. Host-range evolu-
tion in Aphidius parasitoids: fidelity, virulence and fitness trade-offs 
on an ancestral host. Evol. Int. J. Org. Evol. 62:689–699. https://doi.
org/10.1111/j.1558-5646.2007.00316.x

Hogg BN, Lee JC, Rogers MA, et al. 2022. Releases of the parasitoid 
Pachycrepoideus vindemmiae for augmentative biological control of 
spotted wing drosophila, Drosophila suzukii. Biol. Control. 168:104865. 
https://doi.org/10.1016/j.biocontrol.2022.104865

Hu JS, Gelman DB, Blackburn MB. 2002. Growth and development of Encarsia 
formosa (Hymenoptera: Aphelinidae) in the greenhouse whitefly, Trialeurodes 
vaporariorum (Homoptera: Aleyrodidae): effect of host age. Arch. Insect. 
Biochem. Physiol. 49:125–136. https://doi.org/10.1002/arch.10015

Ioriatti C, Boselli M, Caruso S, et al. 2015. Approccio integrato per la difesa 
dalla Drosophila suzukii. Frutticoltura 4:32–36.

Jaworski CC, Bompard A, Genies L, et al. 2013. Preference and prey switching 
in a generalist predator attacking local and invasive alien pests. PLoS One 
8:e82231. https://doi.org/10.1371/journal.pone.0082231

Jervis MA. Insects as natural enemies: a practical perspective. Dordrecht: 
Springer Science & Business Media; 2005, p. 755.

Jones TS, Bilton AR, Mak L, et al. 2015. Host switching in a generalist par-
asitoid: contrasting transient and transgenerational costs associated 
with novel and original host species. Ecol. Evol. 5:459–465. https://doi.
org/10.1002/ece3.1333

Kadono-Okuda K, Sakurai H, Takeda S, et al. 1995. Synchronous growth of 
a parasitoid, Perilitus coccinellae, and teratocytes with the development 
of the host, Coccinella septempunctata. Entomol. Exp. Appl. 75:145–149. 
https://doi.org/10.1111/j.1570-7458.1995.tb01920.x

D
ow

nloaded from
 https://academ

ic.oup.com
/jee/advance-article/doi/10.1093/jee/toae261/7876358 by guest on 07 N

ovem
ber 2024

https://doi.org/10.1007/s13744-017-0554-7
https://doi.org/10.1007/s13744-017-0554-7
https://doi.org/10.1590/1678-992x-2016-0206
https://doi.org/10.1007/s10340-015-0681-z
https://doi.org/10.1007/s13744-016-0423-9
https://doi.org/10.1007/s13744-016-0423-9
https://doi.org/10.1371/journal.pone.0218301
https://doi.org/10.3390/insects10030068
https://doi.org/10.3390/insects10030068
http://hdl.handle.net/10449/21029
https://doi.org/10.1590/S0085-56262010000100016
https://doi.org/10.1590/1519-6984.179347
https://doi.org/10.1590/1519-6984.179347
https://doi.org/10.1016/j.cropro.2018.05.019
https://doi.org/10.1603/EC13504
https://doi.org/10.1126/science.1166981
https://doi.org/10.1126/science.1166981
https://doi.org/10.1093/aesa/saad010
https://doi.org/10.1603/an13044
https://doi.org/10.1111/j.1558-5646.2007.00316.x
https://doi.org/10.1111/j.1558-5646.2007.00316.x
https://doi.org/10.1016/j.biocontrol.2022.104865
https://doi.org/10.1002/arch.10015
https://doi.org/10.1371/journal.pone.0082231
https://doi.org/10.1002/ece3.1333
https://doi.org/10.1002/ece3.1333
https://doi.org/10.1111/j.1570-7458.1995.tb01920.x


7Journal of Economic Entomology, 2024, Vol. XX, No. XX

Kingsolver JG, Buckley LB. 2018. How do phenology, plasticity, and evolu-
tion determine the fitness consequences of climate change for montane 
butterflies? Evol. Appl. 11:1231–1244. https://doi.org/10.1111/eva.12618

Klick J, Yang WQ, Walton VM, et al. 2016. Distribution and activity of 
Drosophila suzukii in cultivated raspberry and surrounding vegetation. J. 
Appl. Entomol. 140:37–46. https://doi.org/10.1111/jen.12234

Lampson LJ, Morse JG, Luck RF. 1996. Host selection, sex allocation, and 
host feeding by Metaphycus helvolus (Hymenoptera: Encyrtidae) on 
Saissetia oleae (Homoptera: Coccidae) and its effect on parasitoid size, 
sex, and quality. Environ. Entomol. 25:283–294. https://doi.org/10.1093/
ee/25.2.283

Lee JC, Bruck DJ, Curry H, et al. 2011. The susceptibility of small fruits and 
cherries to the spotted-wing drosophila, Drosophila suzukii. Pest Manag. 
Sci. 67:1358–1367. https://doi.org/10.1002/ps.2225

Lee JC, Dreves AJ, Cave AM, et al. 2015. Infestation of wild and ornamental 
noncrop fruits by Drosophila suzukii (Diptera: Drosophilidae). Ann. 
Entomol. Soc. Am. 108:117–129. https://doi.org/10.1093/aesa/sau014

Maia AHN, Luiz AJB, Campanhola C. 2000. Statistical inference on as-
sociated fertility life table parameters using jackknife technique: 
Computational aspects. J. Econ. Entom. 93:511–518. https://doi.
org/10.1603/0022-0493-93.2.511

Marchiori CH, Borges LMF. 2017. First report of the parasitoid Pachycrepoideus 
vindemmiae (Rondani, 1875) (Hymenoptera: Pteromalidae) parasitizing 
Synthesiomyia nudiseta (Van der Wulp, 1883) (Diptera: Muscidae). Braz. 
J. Biol. 77:657–658. https://doi.org/10.1590/1519-6984.03516

Marchiori CH, Borges LMF, Ferreira LL. 2013. Hosts of the parasitoid 
Pachycrepoideus vindemmiae (Rondani) (Hymenoptera: Pteromalidae) 
of medical-veterinary and economic importance collected in the State of 
Goiás, Brazil. Am. J. Life Sci. 1:228–231.

Mariano-Macedo A, Vázquez-González YM, Martinez AM, et al. 2020. 
Biological traits of a Pachycrepoideus vindemiae Mexican population on 
the host Drosophila suzukii. Bull. Insect. 73:241–248.

Missere D, Martini A, Burgio G. 2023. Evaluation of Pachycrepoideus 
vindemiae and Muscidifurax raptor (Hymenoptera: Pteromalidae) as bio-
logical control agents of Piophila casei (Diptera: Piophilidae) in ham pro-
duction facilities. J. Insect Sci. 23:12. https://doi.org/10.1093/jisesa/iead067

Nava DE, Botton M. 2010. Bioecologia e Controle de Anastrepha fraterculus 
e Ceratitis capitata em Pessegueiro. Doc. Embrapa Clima Temp. 315:29.

Nestel D, Nemny-Lavy E. 2008. Nutrient balance in medfly, Ceratitis capitata, 
larval diets affect the ability of the developing insect to incorporate 
lipid and protein reserves. Entomol. Exp. Appl. 126:53–60. https://doi.
org/10.1111/j.1570-7458.2007.00639.x

Nunes AM, Costa KZ, Faggioni KM, et al. 2013. Dietas artificiais para a 
criação de larvas e adultos da mosca-das-frutas sul-americana. Pesqui. 
Agropecu. Bras. 48:1309–1314. https://doi.org/10.1590/S0100-204X20 
13001000001

Ovruski SM, Cancino JL, Fidalgo P, et al. 1999. Nuevas perspectivas para 
la aplicación del control biológico contra moscas de la fruta (Diptera: 
Tephritidae) en Argentina. Rev. Manejo Int. Plagas. 54:1–12.

Parra JRP. 2021. Elaboração de programas de controle biológico: uma visão 
inter e multidiciplinar. In: Parra JRP, Pinto AS, Nava DE, Oliveira RC, 
Diniz AJF, editors. Controle Biológico com Parasitoide e Predadores na 
Agricultura Brasileira. Piracicaba, Brasil: Fealq; p. 39–54.

Pennacchio FSB, Vinson S, Tremblay E. 1993. Growth and development of 
Cardiochiles nigriceps Viereck (Hymenoptera: Braconidae) larvae and 
their synchronization with some changes of the hemolymph composition of 
their host, Heliothis virescens (F.) (Lepidoptera: Noctuidae). Arch. Insect. 
Biochem. Physiol. 24:65–77. https://doi.org/10.1002/arch.940240202

Petersen JJ, Watson DW, Pawson BM. 1992. Evaluation of field propagation 
of Muscidifurax zaraptor (Hymenoptera: Pteromalidae) for control of 
flies associated with confined beef cattle. J. Econ. Entomol. 85:451–455. 
https://doi.org/10.1093/jee/85.2.451

Poyet M, Le Roux V, Gibert P, et al. 2015. The wide potential trophic niche 
of the Asiatic fruit fly Drosophila suzukii: the key of its invasion success 

in temperate Europe? PLoS One. 10:e0142785. https://doi.org/10.1371/
journal.pone.0142785

R Core Team. R: a language and environment for statistical computing. 
Vienna, Austria: R Foundation for Statistical Computing; 2020. https://
www.R-project.org/.

Rasool B, Rafique M, Asrar M, et al. 2017. Host preference of Bactrocera 
flies species (Diptera: Tephritidae) and parasitism potential of Dirhinus 
giffardii and Pachycropoideus vindemmiae under laboratory conditions. 
Pak. Entomol. 39:17–21. https://doi.org/10.1186/s41938-020-00354-6

Ricalde MP, Nava DE, Loeck AE, et al. 2012. Temperature-dependent devel-
opment and survival of Brazilian populations of the Mediterranean fruit 
fly, Ceratitis capitata, from tropical, subtropical and temperate regions. J. 
Insect Sci. 12:33. https://doi.org/10.1673/031.012.3301

SAS Institute. Statistical analysis system: getting started with the SAS learning. 
Cary, NC, USA: SAS Institute; 2011.

Silveira Neto S, Nakano O, Barbin D, Villa Nova NA. Manual de Ecologia dos 
Insetos. Piracicaba: Ceres; 1976.

Southwood TRE. Ecological methods. 2nd ed. London, United Kingdom: 
Chapmam & Hall; 1995.

Stireman JO, Nason JD, Heard SB, et al. 2006. Cascading host-associated ge-
netic differentiation in parasitoids of phytophagous insects. Proc. Biol. Sci. 
273:523–530. https://doi.org/10.1098/rspb.2005.3363

Sun F, Chen ZZ, Duan BS, et al. 2013. Mating behavior of Pachycrepoideus 
vindemmiae and the effects of male mating times on the production 
of females. Acta Ecol. Sin. 33:4354–4360. https://doi.org/10.5846/
stxb201210221465

Tait G, Mermer S, Stockton D, et al. 2021. Drosophila suzukii (Diptera: 
Drosophilidae): a decade of research towards a sustainable integrated 
pest management program. J. Econ. Entomol. 114:1950–1974. https://doi.
org/10.1093/jee/toab158

Thibert-Plante X, Hendry AP. 2011. The consequences of phenotypic plas-
ticity for ecological speciation. J. Evol. Biol. 24:326–342. https://doi.
org/10.1111/j.1420-9101.2010.02169.x

Uchôa MA. 2012. Fruit flies (Diptera: Tephritoidea): biology, host plants, nat-
ural enemies, and the implications to their natural control. In: Soloneski 
S, Larramendy M, editors, Integrated pest management and pest control: 
current and future tactics. Rijeka, Croatia: InTech; p. 271–300.

Wang XG, Messing RH. 2004. The ectoparasitic pupal parasitoid, 
Pachycrepoideus vindemmiae (Hymenoptera: Pteromalidae), attacks 
other primary tephritid fruit fly parasitoids: host expansion and potential 
non-target impact. Biol. Control 31:227–236. https://doi.org/10.1016/j.
biocontrol.2004.04.019

Wang X, Hogg BN, Biondi A, et al. 2021. Plasticity of body growth and devel-
opment in two cosmopolitan pupal parasitoids. Biol. Control 163:104738. 
https://doi.org/10.1016/j.biocontrol.2021.104738

Woltering SB, Romeis J, Collatz J. 2019. Influence of the rearing host on bio-
logical parameters of Trichopria drosophilae, a potential biological con-
trol agent of Drosophila suzukii. Insects 10:183. https://doi.org/10.3390/
insects10060183

Yang L, Yang YM, Liu M, et al. 2020. Identification and comparative analysis 
of venom proteins in a pupal ectoparasitoid, Pachycrepoideus vindemmiae. 
Front. Physiol. 11:9. https://doi.org/10.3389/fphys.2020.00009

Zepeda-Paulo FA, Ortiz‐Martínez SA, Figueroa CC, et al. 2013. Adaptive ev-
olution of a generalist parasitoid: implications for the effectiveness of bi-
ological control agents. Evol. Appl. 6:983–999. https://doi.org/10.1111/
eva.12081

Zhang S, Tao Y, Chen Y, et al. 2021. Niche differentiation of two pupal par-
asitoid wasps of Musca domestica (Diptera: Muscidae): Pachycrepoideus 
vindemmiae and Spalangia endius (Hymenoptera: Pteromalidae). Can. 
Entomol. 153:511–523. https://doi.org/10.4039/tce.2021.23

Zhao HY, Zeng L, Xu YJ, et al. 2013. Effects of host age on the parasitism of 
Pachycrepoideus vindemmiae (Hymenoptera: Pteromalidae), an ectopara-
sitic pupal parasitoid of Bactrocera cucurbitae (Diptera: Tephritidae). Fla. 
Entomol. 96:451–457. https://doi.org/10.1653/024.096.0209

D
ow

nloaded from
 https://academ

ic.oup.com
/jee/advance-article/doi/10.1093/jee/toae261/7876358 by guest on 07 N

ovem
ber 2024

https://doi.org/10.1111/eva.12618
https://doi.org/10.1111/jen.12234
https://doi.org/10.1093/ee/25.2.283
https://doi.org/10.1093/ee/25.2.283
https://doi.org/10.1002/ps.2225
https://doi.org/10.1093/aesa/sau014
https://doi.org/10.1603/0022-0493-93.2.511
https://doi.org/10.1603/0022-0493-93.2.511
https://doi.org/10.1590/1519-6984.03516
https://doi.org/10.1093/jisesa/iead067
https://doi.org/10.1111/j.1570-7458.2007.00639.x
https://doi.org/10.1111/j.1570-7458.2007.00639.x
https://doi.org/10.1590/S0100-204X2013001000001
https://doi.org/10.1590/S0100-204X2013001000001
https://doi.org/10.1002/arch.940240202
https://doi.org/10.1093/jee/85.2.451
https://doi.org/10.1371/journal.pone.0142785
https://doi.org/10.1371/journal.pone.0142785
https://www.R-project.org/
https://www.R-project.org/
https://doi.org/10.1186/s41938-020-00354-6
https://doi.org/10.1673/031.012.3301
https://doi.org/10.1098/rspb.2005.3363
https://doi.org/10.5846/stxb201210221465
https://doi.org/10.5846/stxb201210221465
https://doi.org/10.1093/jee/toab158
https://doi.org/10.1093/jee/toab158
https://doi.org/10.1111/j.1420-9101.2010.02169.x
https://doi.org/10.1111/j.1420-9101.2010.02169.x
https://doi.org/10.1016/j.biocontrol.2004.04.019
https://doi.org/10.1016/j.biocontrol.2004.04.019
https://doi.org/10.1016/j.biocontrol.2021.104738
https://doi.org/10.3390/insects10060183
https://doi.org/10.3390/insects10060183
https://doi.org/10.3389/fphys.2020.00009
https://doi.org/10.1111/eva.12081
https://doi.org/10.1111/eva.12081
https://doi.org/10.4039/tce.2021.23
https://doi.org/10.1653/024.096.0209

	Demographic parameters of Pachycrepoideus vindemiae (Hymenoptera: Pteromalidae) reared on Drosophila suzukii (Diptera: Drosophilidae), Ceratitis capitata (Diptera: Tephritidae), and Anastrepha fraterculus (Diptera: Tephritidae) puparia
	Introduction
	Materials and Methods
	Insect Rearing
	Biology of P. vindemiae
	Statistical Analyses

	Results
	Effects of Host Species on P. vindemiae
	Fertility Life Table

	Discussion
	References


