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The spotted-wing drosophila, Drosophila suzukii(Matsumura, 1931) (Diptera: Drosophilidae), is an invasive pest
of thin-skinned and stone fruits with growing economic impact worldwide. In Brazil, it was first reported in 2013
and has since spread across major fruit-producing states. Although previously detected in Rio de Janeiro (RJ),
records were limited to isolated individuals, never in commercial orchards. Here, we provide the first evidence of
D. suzukiiestablishment in a commercial ‘Biloxi’ blueberry, Vaccinium corymbosum Linnaeus, field in Sapucaia,
RJ. Initial vinegar traps captured seven females, confirmed in the laboratory. Subsequent banana-yeast bait traps
collected both sexes, including one male, confirming establishment. Emergence assays from naturally damaged
fruits demonstrated reproductive success, resulting in approximately 279 individuals (110 males and 169 females)
from a total of 1.6 kg of damaged fruits. Monitoring also detected Zaprionus spp. (Diptera: Drosophilidae), another
invasive drosophilid associated with fruit damage. To assess management options, we evaluated susceptibility of
this D. suzukii population to imidacloprid. Bioassays showed that exposure to 0.140 mg/mL (LC, for a susceptible
reference strain) killed approximately 50% of adults, indicating local susceptibility, in contrast to reduced
susceptibility reported in other Brazilian strains. Collectively, these findings confirm D. suzukii establishment in
a new blueberry-producing region, reveal potential phytosanitary risks, and suggest that chemical control options
remain effective locally. This integrated evidence highlights the importance of early monitoring and management
strategies to safeguard Brazil's expanding blueberry industry.

Introduction

The spotted-wing drosophila, Drosophila suzukii(Matsumura, 1931)
(Diptera: Drosophilidae), is one of the most damaging invasive pests
of fruit crops worldwide and is responsible for significant economic
losses (Digiacomo et al., 2019). Unlike most drosophilids that attack
only overripe or decaying fruits, D. suzukii females use a serrated
ovipositor to infest intact, ripening fruits, which makes their management
particularly challenging (Lee et al., 2011). Originally described in Japan
in 1931, the species gained notoriety after causing severe outbreaks in
the fruit-growing sectors of the United States (Hauser, 2011) and Europe
(Calabria et al., 2012). Currently, D. suzukii is established on almost
every continent, infesting a wide range of thin-skinned fruits, including
Barbados cherry (Mendonca et al., 2019), strawberries (Andreazza et al.,
2016¢; Zanuncio-Junior et al., 2017), raspberries (Digiacomo et al., 2019),
and grapes (Andreazza et al., 2016a).
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In South America, D. suzukii was first detected in Brazil in 2013 in
Santa Catarina, followed by reports in Rio Grande do Sul within the same
year (Depra et al., 2014; Geisler et al., 2015). The pest was later recorded
in Sdo Paulo in 2014, associated with blueberries originating from the
Sdo Joaquim region (Vilela and Mori, 2014) and its presence was also
reported in the Federal District in 2014 (Paula et al., 2014). Since then,
its distribution has expanded to Espirito Santo and Minas Gerais, where
infestations have been confirmed in strawberry fields (Andreazza et al.,
2016¢), and it was again reported in Rio Grande do Sul infesting strawberry,
blueberry, and blackberry fruits (Wollmann et al., 2020). Despite this
progression, in Rio de Janeiro only isolated individuals (Bitner-Mathé et al.,
2014) had been recorded and never in commercial orchards.

Blueberry, Vaccinium spp., cultivation has expanded rapidly
worldwide, with North America and Europe currently leading
production (Cantuarias-Avilés et al., 2014). Global cultivation reached
267,000 hain 2023, a 7.2% increase compared to 2022, with the Americas
accounting for 42% of the production area (EastFruit, 2025; IBO, 2025).
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In Brazil, commercial cultivation has been successfully established in
Rio Grande do Sul, Santa Catarina, and Sdo Paulo, and has more recently
spread to southeastern states such as Rio de Janeiro and Minas Gerais
(Cantuarias-Avilés et al., 2014). Blueberries are valued not only for
their market potential but also for their nutritional benefits, including
antioxidant and neuroprotective properties (Faria et al., 2005). However,
the expansion of cultivation into new regions brings the risk of introducing
or establishing invasive pests such as D. suzukii.

Current control of D. suzukii relies primarily on chemical
insecticides (Van Timmeren and [saacs, 2013). However, the repeated
use of these compounds has led to cases of resistance in the United
States (Ganjisaffar et al., 2022) and Brazil (Andreazza et al., 2025).
Imidacloprid, a neonicotinoid widely applied in fruit crops, has been
particularly affected, with resistant D. suzukii populations already
reported (Andreazza et al., 2025; Ganjisaffar et al., 2022). In addition
to the emergence of resistant populations, some insecticides exhibit
toxicity to non-target organisms, such as pupal parasitoids of D.
suzukii (Schlesener et al., 2019), and cause adverse effects on these
organisms when exposed to sublethal doses (Lisi et al., 2023). Such
challenges reinforce the importance of continuous monitoring and local
susceptibility assessments to guide integrated management strategies.

Here, we report the first evidence of D. suzukii establishment in
a commercial blueberry orchard in the mountainous region of Rio de
Janeiro, Brazil. We describe its detection through field monitoring,
confirm its reproductive success in naturally infested fruits, and evaluate
the susceptibility of this local population to imidacloprid. Our findings
expand the known distribution of D. suzukii in Brazil, highlight its
phytosanitary risks for emerging blueberry-producing regions, and
provide relevant insights for regional pest management.

Material and methods
Sampling site and fly traps

The study was conducted in Sapucaia (22°7'50" S, 42°47'46" W),
Rio de Janeiro State, Brazil (Fig. 1), a mountainous region characterized
by rugged terrain, mild temperatures, and high rainfall from October
to March. Blueberry plants, Vaccinium corymbosum cv. Biloxi, were
cultivated in a 3,000 m? area at a spacing of 0.5 m between plants and
3.0 m between rows, totaling 1,500 plants. We used seedlings produced
through micropropagation, specifically via somatic organogenesis.

Figure 1 Geographic location and field site of blueberry orchards in Sapucaia county, Rio de Janeiro State, Brazil. (A) Map showing the municipality of Sapucaia (red star) within
Rio de Janeiro State and its position in southeastern Brazil. (B - C) General views of the inter-row of blueberry-araucaria cropping system.
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We used two types of traps that were designed to investigate the
occurrence of invasive flies (Fig. 2). The first model, hereafter termed
the vinegar trap, consisted of yellow-painted 350 mL polyethylene
terephthalate (PET) bottles featuring three equilateral triangular holes
(1 cm per side) spaced 120° apart in the upper third of the bottle,
approximately 5 cm below the top (Fig. 2A). Each vinegar trap contained
approximately 100 mL of a solution composed of apple or grape vinegar,
water, and 1 mL of neutral detergent (Fig. 2A) and targeted adult flies,
capturing and killing them. Ten vinegar traps were installed every three
rows, alternating between the beginning, middle, and end of each row.
The traps were positioned 1 m above ground and remained constantly
available in the field, with only the attractive solution being replaced
during fly collections.

The second trap model, hereafter termed as banana traps, was
designed to capture live flies (Fig. 2B). These traps were assembled from
sections of two liters (2L) polyethylene terephthalate (PET) bottles and
consisted of three modules. The first module (reservoir) was formed from
the lower portion of a 2L PET bottle cut approximately 13.5 cm from the
base, with small incisions at the upper edge to facilitate attachment of
the second module. The second module (inverted cone) was prepared
from the upper portion of a 2L PET bottle cut about 12.8 cm below
the threaded neck. This module was fitted onto the first module and
secured with masking or adhesive tape. The third module (fly chamber)
was mounted over the second module and constructed from the upper
portion of a 2L PET bottle measuring approximately 21.0 cm from the
cap. This chamber stores the captured flies and therefore remained
sealed, while the second module functioned as an internal inverted
cone that prevented flies from returning to the reservoir. A Petri dish
containing an attractive diet was placed inside the reservoir. The diet
consisted of mashed ripe banana mixed with brewer’s yeast (10% of
the banana mass) and cornmeal added to obtain a pasty consistency,
thereby preventing flies from drowning (Fig. 2B). The mixture was left
at room temperature for 24 h to ferment, increasing its attractiveness to
flies. The reservoir was coated with non-toxic matte black spray paint
and had walls perforated with holes approximately four millimeters
in diameter, beginning three centimeters above the trap bottom and

A

spaced 2 cm apart. Three horizontal rows were created, each containing
eight to 10 holes. A Petri dish containing the fermented mixture was
placed inside.

Fly samplings using vinegar traps

Fly collection using vinegar traps was conducted by the grower
between August and December 2024. Flies were removed from the
vinegar traps once a week and placed in 70% alcohol in centrifuge
microtubes labeled with the collection date and the corresponding
trap number. After five months of sampling, with at least two sampling
days per month, the flies were taken to the laboratory, where they were
identified using a drosophilid identification key (Yuzuki and Tidon,
2020) and specimens were classified as D. suzukii, Zaprionus spp., and
Drosophila spp., for the remaining drosophilids.

First sampling of live flies captured

Following the confirmation of D. suzukii specimens captured in
vinegar traps, a second visit was made to the property on December
12t, 2024, during the next harvest. To collect living flies, we used 10
banana traps, which were distributed throughout the area, one trap
every three rows of blueberry plants, installed approximately nine
meters apart from each other. The banana traps were available for flies
in the field for 24 h, after which the traps were taken to the laboratory,
and the number of captured drosophilids was recorded.

To investigate the emergence of fruit flies on the property, visually
damaged fruits were collected and placed into 250 mL plastic containers
with 2.5 cm vermiculite to prevent moisture buildup, with 150 g of
fruit per container, divided into four containers over the draining
substrate layer. Both the live flies and the collected fruits were taken
to the laboratory and kept at a temperature of 25°C. The D. suzukiiflies
captured in the banana traps were identified and stored in centrifuge
microtubes with 70% alcohol. Zaprionus spp. and Drosophila spp. were
counted and preserved in 70% alcohol following the same methodology.

Figure 2 Traps used for capturing drosophilids in blueberry orchards in Sapucaia, Rio de Janeiro State, Brazil. (A) Dead fly-capture trap, consisting of a plastic bottle containing
liquid attractant to retain and kill flies. ( B) Live fly-capture trap, designed to allow the collection of Drosophila suzukiiliving flies for further laboratory studies.
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The main morphological characteristics used to identify the flies captured
in traps were the spots located at the tips of the males’ wings and the
serrated ovipositor of the females, as described by Hauser (Hauser,
2011). The damaged fruits were kept in the laboratory for 13 days after
collection. Flies began to emerge from the fruits within six days. Once
again, flies of the species D. suzukii were visually separated, counted,
and maintained in the laboratory in rearing cages with artificial diet
for the establishment of a new population.

Second collection of live flies captured

A second visit was made on January 17, 2025, to collect additional
fly specimens and damaged fruits. We installed nine traps for live fly
capture in the cultivation field, one every three rows of blueberry plants.
Damaged fruits were also collected, totaling 1.6 kg, and evenly divided
into five 5 L containers with 2.5 cm of vermiculite to prevent excess
moisture. It is worth noting that one of the sampled containers contained
only slightly damaged fruits. Again, six days after collection, flies began
to emerge from the damaged fruits and were subsequently classified as
D. suzukii, Zaprionus spp., and Drosophila spp. The flies were separated
and counted over five days following the onset of adult emergence.
Once more, D. suzukii specimens were separated, counted, and kept
in rearing cages with artificial diet to establish a new population for
future toxicological studies to assess fly susceptibility to imidacloprid.
The other species, Zaprionus spp. and Drosophilaspp., were preserved
in Falcon tubes containing 70% ethanol and later counted to evaluate
the proportion of species found in the cultivation area.

Establishment of the new population and susceptibility to imidacloprid

The number of flies from the second collection was used to create
a new laboratory colony, which was maintained in 5 L rearing cages
with air openings protected by organza fabric for ventilation. The flies
were reared on a solid nutritional diet at a ratio of 20 g of sugar to
10 g of brewer’s yeast. An oviposition diet was also used, made with
water, agar, cornmeal, brewer’s yeast, and sugar, with adaptations
(Dalton et al., 2011). The D. suzukiiadults used in the experiments aged
3-5 days after emergence and maintained under laboratory conditions
at a temperature of 25 + 2 °C and a photoperiod of 14h of light. The
experiments were conducted under the same laboratory conditions.
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For the toxicological assays, we used 250 mL glass vials containing a
cylinder of dental cotton soaked with 1.5 mL of a solution containing distilled
water and 20% sucrose (control treatment) along with 0.140 mg/mL of
imidacloprid (insecticide treatment). We used this insecticide concentration
as it corresponds to the lethal concentration estimated for killing 50%
of individuals of an imidacloprid-susceptible population, as proposed
by Andreazza et al. (2025), following IRAC protocol N°. 02631. In the
insecticide susceptibility bioassays, we used a D. suzukii population
maintained as a susceptible reference strain. The colony originated from
individuals collected in September 2014 from loquat orchards in Pelotas,
Rio Grande do Sul State, Brazil (Andreazza et al., 2016b), a region that had
been invaded approximately two years earlier following the first record of
the species in the country. We used five replications for the imidacloprid
and control treatments. Each replicate included 20 D. suzukii adult flies
descended from flies either of Rio de Janeiro or from Rio Grande do Sul.
The insects were counted the following day, after 24 h, to assess mortality
and for subsequent statistical analysis.

Statistical analysis

The data for emergence of D. suzukiiflies were subjected to analysis
of variance (ANOVA) and compared by Tukey’s HSD test (P< 0.05) using
SigmaPlot 14.0 (Systat Software, San Jose, CA, USA) after checking the
assumptions of the normality of the residues and the homogeneity of
variances. The mortality data were submitted to a Z-test for a binomial
proportion with continuity adjustment (Roush and Miller’, 1986)
(PROC POWER [SAS 2013]) (SAS Institute, 2013).

Results
Temporal dynamics of flies captured in vinegar traps

Sampling of flies in vinegar traps between August and December 2024
captured Drosophila spp., Drosophila suzukii,and Zaprionus spp. (Fig. 3).
Non-target Drosophila species dominated trap collections (n =1,197),
reaching nearly 40 individuals per trap in early August before stabilizing at
lower but fluctuating levels (5-15 individuals) during subsequent months.
In contrast, D. suzukii(7 females only) and Zaprionusspp. (10 individuals)
were detected only sporadically and always at very low abundance, rarely
exceeding two individuals per trap. The total number of D. suzukiicollected
by the vinegar traps was seven female specimens (Fig. 3).

temporal dynamics of dead flies captured in vinegar traps
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Figure 3 Identification and temporal dynamics of drosophilid flies captured in vinegar traps in blueberry orchards. (A) Field-captured adult female Drosophila suzukii and detail
of the serrated ovipositor, a diagnostic trait of the species. (B) Temporal dynamics of dead flies captured from August to December 2024. Drosophila spp. was the most abundant
taxon throughout the monitoring period, while D. suzukii and Zaprionus spp. were recorded at consistently lower numbers.
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Living captured flies in banana traps and emerged from damaged fruits

The emergence of drosophilid flies varied considerably between
the two sampling dates (Fig. 4). Fruits collected on December 12,
2024 yielded predominantly Zaprionus spp., which accounted for
the highest number of emerged adults (n=135 individuals), followed
by Drosophila spp. (96 individuals) and, at much lower abundance,
D. suzukii (nine males and nine females) (Fig. 4a). By contrast, fruits
collected on January 17%, 2025 were dominated by D. suzukii, with
emergence surpassing 250 individuals, significantly higher than either
Zaprionus spp. (76 individuals) or Drosophila spp. (28 individuals)
(Fig. 4b). Within D. suzukii, females (n = 169) were more abundant

than males (n = 110), although both sexes were consistently recovered
in large numbers (Fig. 4b).

Susceptibility of Drosophila suzukii to imidacloprid

Both D. suzukii populations, from Rio de Janeiro and Rio Grande
do Sul, exhibited similar susceptibility to 0.140 mg/mL of imidacloprid
(Fig. 5), which is equivalent to the estimated LC,  concentration. Mortality
rates were close to the expected 50% threshold in both cases (48% for
Rio de Janeiro and 38% for Rio Grande do Sul flies), with only minor
differences between populations. Control groups showed negligible
background mortality.
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Figure 4 Emergence of drosophilid flies from fruits collected on December 11, 2024 (A) and January 17, 2025 (B). Left panels show the total number of adults emerged from
each species group, including Drosophila suzukii, Zaprionus spp., and Drosophila spp. Right panels display the sex ratio of emerged D. suzukii. While in (A) no statistical analysis
was conducted considering the total flies collected, in ( B) the results originated of a 1.6 kg sample of damaged fruits, distributed evenly into 5 plastic cages. Bars aligned on the
same horizontal line represent groups that are not significantly different, based on Tukey’s HSD test (P< 0.05).
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Figure 5 Susceptibility of Drosophila suzukii populations from Rio de Janeiro (left panel) and Rio Grande do Sul (right panel) to imidacloprid. Mortality was evaluated at the LC,;
concentration (0.140 mg/mL). Both populations showed comparable responses, with values near the expected 50% mortality. Bars represent mean mortality (+ SE), and the dotted

line indicates the Z-test limit for the expected mortality mediated by the LC,.

Discussion

We reported the presence of D. suzukiiand Zaprionusspp. in a newly
established blueberry cultivation area in Rio de Janeiro. Furthermore,
we assessed the susceptibility of this new D. suzukii population to
imidacloprid, demonstrating that this novel infestation is still manageable
with the application of such neonicotinoid. Our findings revealed a
temporal shift in species composition highlighting a transition from
Zaprionus spp. dominance in damaged fruits collected in December
2024 to D. suzukiiprevalence in fruits collected in January 2025, which
represents the preliminary observations for seasonal dynamics in fruit
infestation and fly emergence. However, further sampling should be
conducted over longer periods of time (e.g., a few years) to verify
interannual variability of D. suzukii and to ensure replication across
different properties and regions, which allows for more assertive
management, both curative and preventive.

The expansion of berry cultivations into new areas may facilitate
the establishment and dispersal of invasive pests such as D. suzukii.
This species exhibits remarkable behavioral and physiological plasticity,
which has enabled its rapid adaptation to novel climates, food resources,
and ecological interactions, contributing to its invasion success across
multiple continents (Santoiemma et al., 2018; Little et al., 2020; Estay et al.,
2023; Shope et al., 2023; Abeijon et al., 2025). For instance, populations
have spread across extensive berry-producing regions within only a few
years through a combination of active movement and human-mediated
transport (Leach et al., 2018; Estay et al., 2023). Furthermore, agricultural
landscape features also play a key role in population dynamics. Complex
landscapes and semi-natural habitats have been shown to increase D. suzukii
abundance and crop damage, indicating that habitat structure should be
considered when designing management strategies (Santoiemma et al.,
2018; Martinez et al., 2025). Regarding novel blueberry production
areas, previous studies have shown that improved blueberry varieties
possess physicochemical traits favorable for fly oviposition, such as larger,
firmer, and less acidic fruits. In these improved varieties, the oviposition
rate is considerably higher than in native blueberry fruits (Rodriguez-
Saonaetal., 2019). Thus, considering climatic adaptability and dispersal
ability, identifying emerging cultivation areas is essential for monitoring
programs and for the early implementation of integrated practices for
managing invasive pests such as D. suzukii.

The occurrence of D. suzukii has been reported in blueberry
fields of all major Brazilian production areas (Wollmann et al., 2019).

However, considering that blueberry cultivation has been gaining ground
in Brazil, with the emergence of growing areas further southeast in the
country, such as in the states of Rio de Janeiro, Sdo Paulo, and Minas
Gerais (Cantuarias-Avilés et al., 2014), the monitoring of potential
D. suzukii infestations, is of fundamental importance for adopting
preventive measures and to ensure effective control of these insects.
Understanding the population dynamics of D. suzukiiin the cultivation
area is a fundamental strategy to support decisions on when to apply
which control method. However, such investigations have to be conducted
over several months or years to ensure the periods of pest increase and
its main causes. For instance, it is reasonable to expect that during the
winter season, the flies enter a diapause period, drastically reducing
egg laying. Thus, controlling insects during the winter period through
attractive traps and toxic baits can be a key tool to reduce the infestation
rate at the beginning of production season (Rossi-Stacconi et al., 2016;
Wiman et al., 2016; Panel et al., 2018). Furthermore, by understanding
the population dynamics of the D. suzukii in association with the
phenology of blueberry production and weather forecasts, scheduled
applications of insecticides or other control methods in cultivation
areas can support preventive or curative measures during production
(Wiman et al., 2016; Winkler et al., 2020; Yeh et al., 2024).

The occurrence of Zaprionus spp. in damaged blueberry fruits
is not surprising as these flies are the most relevant insect pests in
orchards of fig (Renkema et al., 2013; Bragard et al., 2022) and are
considered secondary pests in strawberry crops (Bragard et al., 2022)
by affecting overripe fruits or those with visible physical damage (Van
der Linde et al., 2006; Bernardi et al., 2017). The results also indicate a
possible fluctuation of flies’ populations in the cultivation areas, with
a considerable increase observed in a two-month interval (i.e., from
December 2024 to January of 2025), when occurs the peak period of
blueberry production Brazil (Daniela et al., 2018; Wollmann et al., 2019).
This pattern may be related to the seasonal fruiting of the blueberry
plants on the property. Initial harvest occurs in September/October
with neglected number of infested/damaged fruits.

The increase in fly numbers in January may be associated with the two
harvests being conducted during the rainy season in the region, which
also alters the humidity and temperature conditions. December marks the
first fruit harvest, during which damaged fruits tend to fall to the ground
(Lee etal., 2016; Kienzle et al., 2020; Kienzle and Rohlfs, 2021). In addition,
the pupal stage of the flies occurs outside the fruit, as the larvae exit and
pupate in the soil (Evans et al., 2017; Kienzle et al., 2020; Saeed et al., 2020).
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The D. suzukiithat emerged from the fruits of the first harvest are likely
the same individuals responsible for the higher rate of fruit damage and
increased pest incidence in the cultivation area the following month, as
the previously green fruits began to ripen and give birth to new adults.
However, to obtain a more conclusive response and to validate such a
hypothesis regarding the population dynamics of D. suzukii, further
sampling should be conducted over a higher number of harvest seasons,
not only on the cultivation area used here, but also in adjacent areas.
Toxicological tests showed that the newly recorded D. suzukii
population is susceptible to imidacloprid, with results aligning with a
recent study that reported a lethal concentration (LC,;) of 0.140 mg/mL
(Andreazza et al., 2025). As imidacloprid is an insecticide used against
D. suzukii(Gao et al., 2024; Andreazza et al., 2025), these findings suggest
it may be effective for managing this pest in the newly identified area.

Conclusions

In addition to being the first study reporting the presence of D. suzukii
in agricultural orchards in the state of Rio de Janeiro, our findings revealed
the preliminary observations for seasonality of the invasive insect pest,
with peaks of occurrence in December and January, which coincide
with the peak production period of blueberry plants in the municipality
of Sapucaia. Furthermore, we confirmed the susceptibility of this new
population to imidacloprid, supporting future research related to the
control of these flies in blueberry production fields in Brazil.
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