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Simple Summary: Since the accidental introduction of the yellow-legged hornet (Vespa velutina
nigrithorax) at the beginning of 21st century in Europe, it has become a threat to many pollinators,
including domestic bees. After its arrival in France in 2004, it quickly spread across the continent,
reaching Gipuzkoa (Basque Country) in 2010, where it poses a serious problem for beekeeping. To
reduce this problem, various control strategies have been developed, such as the removal of nests or
the capture of founder queens in spring. However, these methods have not been effective in reducing
the impact of hornets on beekeeping. The use of protein baits with biocides has shown to be an
effective method to control invasive wasp populations in natural environments, however, they have
not been used to control V. velutina. This study evaluated the efficacy of these baits in reducing the
impact of hornets in apiaries. The results have shown that when the presence of hornets in apiaries is
high, high-bait consumption is produced, leading to a significant reduction in the number of hornets
within 48 h. This reduction lasts for at least two weeks after baiting and allows the honey bees to
recover and return to their normal activity.

Abstract: The yellow-legged hornet (Vespa velutina nigrithorax), outside its natural range, has become
a major threat to domestic bees. Several control methods have been used to fight against V. velutina,
but the results achieved are not satisfactory. The use of protein baits with biocides has shown to be
an effective method to control invasive wasp populations, but they have not been used to control V.
velutina. Thus, the efficacy of protein baits containing fipronil to reduce the presence of hornets in
apiaries was evaluated in this study. After laboratory determination of the optimal efficacy of a protein
bait at a 0.01% concentration of fipronil, field trials were conducted involving 222 beekeepers. The
data reported by the 90 beekeepers who completed the requested questionnaire demonstrated that in
the groups of apiaries with the highest pressure of hornets (groups with 10–30 and >30 hornets), there
was a significant decrease in the presence of V. velutina, lasting at least two weeks. The reduction
in the number of hornets was positively correlated with bait consumption, and bait consumption
was positively correlated with the number of hornets present at the time of treatment. Although the
method used has shown good efficacy and the concentration of fipronil used was very low; possible
negative effects on the environment should also be evaluated.

Keywords: Vespa velutina; protein baits; fipronil; control; beekeeping

1. Introduction

The interconnection of world economies, especially trade, has generated a movement
of people, goods and technologies, which has accidentally led to an increase in the number
of alien species [1]. Some of these species adapt to the new environmental system and
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may even have a negative impact on the ecosystem [2]. In Europe, there are thousands
of invasive species, a large part of which are considered pests due to the interference or
harm they produce to other populations [3]. Several insects, including social insects such
as termites, wasps, ants and hornets, are on the list of the most damaging invasive species
in the world, according to the International Union for Conservation of Nature (IUCN) [1,4].

Regarding hornets, not all invasions establish successfully. However, one of the recent
exceptions is Vespa velutina nigrithorax (V. velutina), also called yellow-legged hornet or
Asian hornet, which was accidentally introduced in France in 2004 [5,6]. This specie
has spread in different countries in Europe, such as Italy, Belgium, the United Kingdom,
Spain, Germany, and Portugal [7], and recently, it has also been reported in Ireland [8] and
Switzerland [9]. Therefore, it is the first successful invasion of the Vespidae family on this
continent [10].

Vespa velutina is a eusocial hymenopteran that lives most of its vital cycle in colonies
that are composed of thousands of individuals [11,12]. The life cycle of V. velutina is
similar to that of other social wasps or hornets [13]. The cycle starts in spring, when the
new founder queens start the construction of the primary nest, which is found in places
protected from the weather and predators. First, it is composed of a small number of cells
where the queen lays the first eggs. Once the workers are born, they will contribute to the
development of the colony, whereas the queen stays in the nest laying eggs. The colony is
still growing until mid-summer when it reaches its largest size. If there is not enough space
to grow, hornets move in search of larger spaces to construct secondary nests and often find
them in trees and, in general, high in trees but also in houses, under roofs, on balconies, in
empty buildings, etc., and in recent years, nests have also been found at ground level [11].
In autumn, when the nest reaches maturity, the mating period starts. The low temperatures
and the lack of food produce the death of the founder queen and the nest. At this time, the
fertilized and overfed future queens (gynes) leave the nest for sheltered places, where they
spend their lethargy to endure the winter and start a new colony in spring [11,14,15].

Because of the need for protein to feed the larvae and the need for carbohydrates for
the adult hornets, mid-summer and early autumn are the periods when hornets massively
attack apiaries and crops [16–19]. Therefore, crops are lost, honey production and the num-
ber of pollinating insects are reduced, involving a large economic loss in the agricultural
and beekeeping sector and a serious biodiversity problem [19]. Furthermore, V. velutina
is also a threat to public health. Their bite can cause serious health problems, especially
for allergic people [20,21]. Although cases of attack on humans are rare, they can occur if
hornets feel threatened or if people get too close to their nests [22].

The damage caused by V. velutina in beekeeping has triggered the development of dif-
ferent control methods, both biological and physical, to reduce its spread and minimize its
economic impact [23]. Biological control methods may include the use of parasitic insects,
viruses or fungi that infect larvae and adult hornets, helping to reduce their population.
Unfortunately, these studies are limited, and the results are still inconclusive [24,25]. Mean-
while, the main physical methods are based on the detection and removal of nests [26], the
use of baited traps to capture founder queens and workers [27–29], or beehive muzzles [30],
among others.

Commercial or homemade traps consist mainly of sugary or protein substances at-
tractive to social vespids with an alcoholic component added as a repellent for honey
bees [28,31–33]. These attractive traps are placed surrounding the apiary to reduce the
pressure of hornets. However, their overuse is not recommended due to their low specificity
for V. velutina and because of their impact on nontarget species [33]. Other methods, such
as electric harps, consist of a frame with parallel electrified wires that produce an electric
shock when touched by a flying insect. Preliminary results of their use complemented with
other methods contribute to reducing the impact of V. velutina on apiaries [32]. Beehive
muzzles [30] are a biodiversity-friendly method that reduces foraging paralysis and likely
enhances the survivorship of colonies, but it does not kill the hornets. In addition, there
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are other types of traps currently in progress based on attractive pheromones, whose main
objective is to trap the males, thus reducing the fecundation of the gynes [34–36].

Other methods to control Vespidae, such as Vespula germanica, consist of the use
of protein baits containing biocides [25,37–40]. Protein baits with biocides are especially
interesting in the beekeeping sector to reduce hornet attacks on apiaries. Baits are placed
near the entrance of the hives with the objective of the hornets picking them up and
introducing them into the nest to feed the larvae. The biocide decreases nest activity by
killing the larvae [41]. According to the literature, biocidal baits are based on fish, meat,
synthetic proteins, or paraffin wax [42–44]. The biocide is added to the different matrices
free or encapsulated [45].

Most of the protein baits commercialized for the control of the Vespidae family contain
fipronil as the biocide in their composition [41,42,46,47]. Fipronil is a systemic insecticide of
the phenyl pyrazole family that acts by blocking neuronal inhibitory receptors, leading to
neuronal hyperexcitability produced by the accumulation of the neurotransmitter GABA in
the synaptic cleft, generating the death of the individual [48]. The use of active fipronil was
approved by the European Union N◦ 540/2011 Implementing Regulation of the 25 of May
of 2011 Commission [49]. However, since it is not selective for V. velutina, it is important to
use the minimum dose to inactivate a nest, killing larvae and adults, since eggs and sealed
brood stages would not be affected by the baits.

The aims of this work were (i) to establish the optimal concentration of fipronil in
the protein bait to kill the larvae of V. velutina. For that purpose, groups of larvae were
fed in the laboratory with protein baits containing different concentrations of the biocide.
The concentration of fipronil in the dead larvae was determined by a validated high-
performance liquid chromatography-diode array detector (HPLC-DAD) analytical method.
Before the analysis, QuEChERS (Quick, Easy, Cheap, Effective, Rugged and Safe) dispersive
solid phase extraction methodology was applied for sample treatment; (ii) to study the
efficacy of the protein baits with fipronil in minimizing the presence of V. velutina in apiaries
in field trials carried out from 2019–2021.

2. Materials and Methods
2.1. Larvae Collection

Secondary nests were collected by trained personnel and supplied in transparent
plastic boxes with holes in the lid to allow the hornets to breathe. To extract the combs
with the larvae from the nests, the hornets were anesthetized using diethyl ether (99.7%)
(Panreac Applichem, Barcelona, Spain). The anesthetic was added progressively until all
the hornets were asleep. The nests were examined, the hornets were removed, and the
combs that contained larvae were separated and placed individually in transparent plastic
boxes. Then, the larvae in each comb were counted.

2.2. Larval Inactivation Assays in the Laboratory

A blank protein bait was supplied by D+S-OABE, S.L. (Orozko, Biscay, Spain). From
this blank protein bait, five bait mashes were prepared to facilitate the feeding of the
larvae and simulate their current feed process by the hornets. One consisted of a blank
bait mash without biocide to monitor the normal activity of the larvae. The remaining
four contained different concentrations [0.003, 0.004, 0.007 and 0.01% (w/w)] of fipronil
(Fipronil technical, purity: 95.4%). For the preparation of the bait mashes, 6 g of protein
blank bait was weighed, and 15 mL of Milli-Q ultra-pure water (18.2 MΩcm) (Milli-Q
Advantage A10 System, Merck Millipore, Darmstadt, Germany) was added. The mixture
was homogenized until a mash consistency was obtained, fipronil concentrations were
added, and the mixtures were homogenized and stored in the freezer until use.

Combs containing between 25 and 50 larvae were placed in different plastic containers.
Larvae from each comb were fed with a different bait. One drop of bait (0.0116 ± 0.0008 g)
was supplied to each larva with the help of a Pasteur pipette. Then, the activity of the
larvae was observed periodically. The response to the stimuli, such as approaching the
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pipette tip close to the larva’s mouth, was taken as a sign of normal activity. Inactive larvae
were defined as those that did not respond to any stimuli, neither to touch nor when food
was offered, but only showed abdominal movement. After 24 h, the number of inactive
larvae in each comb not responding to any food stimulus was counted. The time taken for
all larvae in the combs to die was registered. Once the larvae died, they were then frozen
(−80 ◦C) until analysis by HPLC-DAD.

Newly hatched hornets during the assays were removed to work safely. It is important
to note that larvae in the sealed brood process did not react to feeding and continued with
pupa formation. Therefore, they were not considered in the study.

2.3. Analysis of Fipronil Content in Dead Larvae

Larvae stages are complex matrices and need a previous treatment procedure before
analyses. QuEChERS (Agilent Technologies, Santa Clara, CA, USA), a dispersive solid
phase extraction, was selected for sample treatment. This consists of two steps: extraction
of the compound and clean-up of the sample. Additionally, a bait containing 0.01% w/w
fipronil, supplied by the chemical company, was used as a quality control. The disper-
sive solid phase extraction procedure was applied to this matrix before injection into the
chromatographic system.

Six pools of seven dead larvae fed with a bait mash containing 0.01% fipronil belonging
to one comb were analyzed. Each pool of larvae, weighing 1–2 g (mean larval weight:
202 mg), was placed in 2 mL vials. Larvae were homogenized using a Tissuelyser Precellys
24 homogenizer (Bertin Instruments, Montigny-le-Bretonneux, France) with seven 3 mm
diameter zirconium balls for 3 cycles of 20 s at 4000 rpm and waiting for 30 s between cycles.
Then, 9 mL of acetonitrile (ACN) was added to the homogenate, and the mix was subjected
to the same procedure of the QuEChERS method as the bait up to the frozen step. Before
HPLC-DAD analysis, the obtained supernatant was filtered (0.45 µm) and evaporated to
dryness using a TurvoVap® evaporator (Zymark, Hopkinton, MA, USA) with a nitrogen
flow at 50 ◦C. The residue was reconstituted in 250 µL of ACN and filtered again (0.45 µm).

One gram of bait containing 0.01% fipronil was weighed, and 9 mL of ACN was added
to a Falcon tube. The mixture was homogenized (2 min, 28,000 rpm) with an Ultraturrax
T25 dispersive homogenizer (IKA, Staufen, Germany), and 650 mg of the components of
the first extraction step of the QuEChERS method were added to the homogenized sample,
shaken manually (1 min) and centrifuged (15 min, 8000 rpm, 15 ◦C). Then, the reagents of
the clean-up step of QuEChERS were added to the supernatant to remove the remaining
water, organic acids, fatty acids and sugar from the sample. The same procedure followed
in the first extraction step was applied. The obtained supernatant was frozen at −20 ◦C
overnight to precipitate the remaining lipids. Prior to HPLC-DAD analysis, the sample was
filtered using a 0.45 µm filter.

The liquid chromatographic system consisted of a Waters 2695 separation module
coupled to a Waters 996 diode-array detector (HPLC-DAD) (Waters, Milford, MA, USA).
It was used for the determination of fipronil content in the larvae and baits used in the
field trials.

The chromatographic separation was carried out in isocratic elution mode on an
ABZ+Plus C18 column (25 cm × 4.6 mm, 5 µm) in combination with a precolumn C18
(4 × 3 mm) (Sigma Aldrich, St. Louis, MO, USA). The temperature of the column was set
at 40 ◦C, and the samples were kept in the autosampler at 4 ◦C. The mobile phase used
was water acetonitrile (35:65% v/v) at a flow rate of 1 mL/min. The injection volume
was 10 µL. The working wavelength used was 277 nm, corresponding to the maximum
of the absorption spectrum of fipronil. The analytical method developed was validated
according to the SANTE guide of the European Union for the analysis of pesticide residues
in food [50].



Animals 2023, 13, 2075 5 of 15

2.4. Study Area and Selection of Beekeepers

The study of the efficacy of protein baits to minimize the presence of V. velutina in
apiaries was carried out in the province of Gipuzkoa (Basque Country). The climate in
this province is Atlantic, with mild temperatures and abundant rainfall throughout the
year. Beekeeping in Gipuzkoa is mainly a recreational activity, with a few professional
beekeepers. In fact, although there are many registered apiaries (n = 533), the number of
hives is not high (n = 5336). Thus, considering the beekeeping censuses from 2011 to 2020,
74% of beekeepers owned between 1 and 10 hives, and the density in the province was
2.8 hives/km2.

The study was carried out in collaboration with the Gipuzkoa Beekeepers Association
(GBA), which has approximately 500 members. To select the participating beekeepers, the
GBA contacted its members to inform them of the conditions under which the tests should
be carried out and whether they were willing to comply with them.

2.5. Testing the Efficacy of Baits in Apiaries

To check the efficacy of the protein baits, field work took place between August and
October in 2019, 2020 and 2021. Official authorization was obtained from the Spanish
Ministry of Agriculture, Food and Environment (Ref ES-0015049-0000) and the Provincial
Council of Gipuzkoa (Ref. 3 May 2019/n◦ 3330).

Four types of protein baits were used, three made with fish and one with meat. All
had the same concentration of fipronil (0.01% w/w). As mentioned above, the baits were
prepared by DTS-Oabe, S.L. Between 50 and 100 g of bait was packaged in small recyclable
containers and kept frozen (−20 ◦C) until utilization in the apiaries. The distribution of the
baits to the beekeepers was carried out at the GBA headquarters, where technicians took
note of the quantity of bait provided to each beekeeper, the number of apiaries and hives to
be treated and the locality where they were placed.

To perform the trials, beekeepers who agreed to participate were informed about a
number of prerequisites to be met, (i) a minimum number of hornets should be present
in the apiary (>2 hornets in front of each hive), (ii) days when rain and/or strong winds
should be avoided, (iii) on the day of treatment, the entrance of the hives should be closed
before dawn and kept closed for 4 h, a period in which baits were placed near the hives.

Thus, one hour after sunrise, once the baits had thawed and tempered, a small con-
tainer with approximately 50 g of bait for every 4–5 hives was placed next to the hive
entrance. As the bait was consumed, more bait was added. At the end of the day, the
containers were collected and disposed of at a clean point.

To determine the effectiveness of the protein baits, beekeepers had to complete a
small questionnaire taking note of the amount of bait consumed by the hornets. They
recorded the approximate number of hornets present on the day of treatment (Day 0) and
two (day +2), seven (day +7) and fourteen (day +14) days post-baiting (p.b.). Multiple
hornet counts were conducted in front of the hives and at the bait site to obtain an average
count. Moreover, the beekepers made efforts to count hornets consistently at the same hour
each time. Beekeepers also had to note if other insect species came to the bait, and they
should also evaluate the bees’ foraging activity each day during the trial. The completed
questionnaires were sent to the GBA headquarters. Occasionally, beekeepers requested
additional bait, because of a new increase of hornets in their apiaries.

To compare the reduction effect (RE) expressed as a percentage (RE%) of hornets
on days +2, +7, and +14 p.b., with respect to the count on Day 0, the following formula
was used:

RE% = [(number of hornets on Day 0 − number of hornets on day +X p.b.)/number of hornets on Day 0 × 100]

where day +X p.b. is the day of counting (+2, +7 or +14 p.b.). When the count on day +X
was higher than that on Day 0, the RE was considered 0.
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2.6. Statistical Analyses

All statistical analyses were performed using the statistical software R version 3.6.2 [51].
The differences between the number of hornets on the day of treatment and the bait
consumed in each apiary were evaluated using the Kruskal–Wallis rank sum test. The
decrease in hornet counts was studied using generalized linear mixed models (GLMMs),
where the dependent variable was a quantitative variable (hornet counts), and fixed (day
after baiting) and random (apiary) effects were incorporated. GLMMs were analyzed
using the ‘lme4′ package with Poisson distribution (log-link function). The best model
was selected using the ‘dredge’ function from the ‘MuMIn’ package of R software, which
generates, given a full model, a subset of models and selects the model that best fits the data,
based on Akaike Information Criterion corrected to sample size (AICc). The overall fit of
the best model was assessed by residual analysis and comparison with the null model (with
an intercept and random effects only) using the likelihood ratio test. Models were created
for each group of apiaries (<10 hornets, between 10–30 and >30 hornets). The correlation
between the number of hornets on Day 0 and the bait consumed, and the correlation
between the reduction of hornets on days +2, +7 and +14 p.b. and the consumption of bait
on Day 0 were analyzed using Spearman’s rank correlation test.

3. Results
3.1. Larval Inactivation Assays in the Laboratory

The number of larvae fed different concentrations of fipronil and the control group
of larvae included are summarized in Table 1. Comparing the effects of toxic baits in the
different groups of larvae, those fed with the bait containing 0.01% fipronil presented a
higher percentage of affected larvae at 24 h (Table 1).

Table 1. Number of Vespa velutina larvae fed baits containing different concentrations of fipronil,
number of control larvae, and number of inactive larvae at 24 h postfeeding.

Fipronil % (w/w) Fed Larvae Inactive Larvae (%) at 24 h

0.003 26 42.3
0.004 33 63.6
0.007 48 68.8
0.01 44 84.1

Control 46 0

A 100% mortality was observed 48 h after the administration of the toxic baits. The
control larvae did not show any change in their activity and reacted to touching and moving
their jaws in response to food requests. After 48 h, control larvae were still alive.

Most of the larvae fed with protein baits at different concentrations of fipronil showed
a progressive change in color, turning to a blackish color when they died (Figure 1). To
determine whether the change in color was due to fipronil ingestion, the control larvae
were kept without food until they died. Ten days after the beginning of the experiment, the
control larvae lost activity until they died, turning their whitish color to black, as occurred
with the larvae fed fipronil.

A swelling effect was also observed in the larvae fed baits containing different concen-
trations of fipronil (Figure 1). However, this change was not observed in control larvae.
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Figure 1. Color changes observed in the Vespa velutina larvae (A), and aspect of swollen larva in
comparison with control larva (B,C) within 48 h after feeding with fipronil.

3.2. Analysis of the Fipronil Content in Dead Larvae

The HPLC-DAD method, developed and validated using the SANTE guide, was
applied to the determination of fipronil content in dead larvae and bait. The quality control
of the protein baits used for the efficacy study containing 0.01% fipronil was satisfactory,
obtaining a biocide content of 0.0102%± 0.0001 (w/w). Each larva was fed a dose of protein
bait containing 0.01% biocide equivalent to 1.16 × 10−3 mg of fipronil.

The concentration of fipronil found in dead larvae, expressed as mg of fipronil per
larva, varied from 1.49 × 10−4 mg to 3.47 × 10−4 mg.

3.3. Testing the Efficacy of Protein Baits with Fipronil in Apiaries

Once hornet activity was confirmed, field trials started. The total number of beekeepers
participating in the field trials was similar in 2019 and 2020 but lower in 2021 (Table 2)
because this year’s beekeepers reported a lower intensity of V. velutina in the apiaries, and
the GBA insisted that baiting, to be effective, should be carried out when the presence
of hornets in the apiaries was at least moderate (>20); thus, the number of beekeeper
participants decreased in 2021. This difference was reflected in the number of apiaries and
hives treated, in the number of baits carried out and in the amount of bait delivered by the
GBA each year (Table 2). Although beekeepers were urged to complete the questionnaire
with information on the bait consumed and the counting of hornets after baiting, only 40.5%
(90/222) of the beekeepers submitted it. A total of seven questionnaires were completed in
August, 62 in September and 21 in October.
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Table 2. Number of beekeepers that participated in the field assays, number of apiaries and hives
treated, quantity of bait distributed, and number of questionnaires completed by beekeepers over the
three years.

Year No.
Beekeepers

No.
Apiaries

No.
Hives

No.
Baitings Bait (kg) Questionaries

Fulfilled

2019 96 153 1562 169 23.4 34
2020 97 117 1004 123 14.2 37
2021 29 31 290 36 7.2 19

Considering the results compiled in the 90 questionnaires, an average of 22.6 hornets
were present in the apiaries on the day of the start of the baiting (range 1–186). Both the
average number of hornets and bait consumption (Figure 2) were significantly higher in
August than in September and October (p = 0.01204 and p = 0.0147, respectively), which
did not show significant differences.
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The large variability in the number of hornets present in the apiaries had a great
influence on the amount of bait transported to the nests and on the RE% observed in the
days following baiting (Table 3). An overall reduction of hornets of 40% was observed, but
this value was significantly lower (RE% ≈ 25) in the group of apiaries with a low pressure
of hornets (<10 hornets) and much higher (RE% ≈ 75) in the group with a higher presence
of hornets in the apiary (>30 hornets).
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The decrease in the number of hornets observed in the group of apiaries with a higher
pressure of V. velutina, in addition to being more pronounced 48 h p.b., remained constant
throughout the next two weeks (Figure 3). Post-baiting counts on days +2, +7 and +14 were
significantly lower than on Day 0 for the two groups of apiaries with a higher number of
hornets (Table 4; Figure 3). In the group with a lower pressure of V. velutina, although there
was a slight reduction in the number of hornets on day +2 and day +7, the decrease was
not significant (Table 4; Figure 3).
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Table 4. Summary of GLMMs by categories of apiaries according to the pressure of Vespa velutina
[***, p < 0.001; *, p < 0.05; NS, nonsignificant].

Group of
Apiaries Estimate Std. Error z-Value p-Value

Apiaries
<10 hornets

Intercept 1.55763 0.13537 11.506 <0.001 ***
Day +2 −0.06645 0.12064 −0.551 0.582 NS

Day +7 −0.03637 0.11971 −0.304 0.761 NS

Day +14 0.26343 0.11328 2.325 0.020 *

Apiaries
10–30 hornets

Intercept 2.86838 0.09516 30.144 <0.001 ***
Day +2 −0.56898 0.05706 −9.971 <0.001 ***
Day +7 −0.50479 0.05626 −8.972 <0.001 ***

Day +14 −0.49360 0.05901 −8.365 <0.001 ***

Apiaries
>30 hornets

Intercept 3.99687 0.10193 39.21 <0.001 ***
Day +2 −1.27011 0.06120 −20.75 <0.001 ***
Day +7 −1.16684 0.05938 −19.65 <0.001 ***

Day +14 −0.86979 0.06366 −13.66 <0.001 ***

A significantly positive correlation was observed between the number of hornets
present on the day of baiting and the amount of bait transported (Figure 4). In addition, a
significant correlation between the amount of bait transported and the observed decrease
in hornet counts on days +2, +7 and +14 p.b. was observed (Figure 4).
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Figure 4. Correlation between the number of hornets in the apiaries and the bait consumed on
Day 0 (A). Correlation between the bait consumption on Day 0 and the percentage of reduction (RE%)
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Regarding other insects that may have been attracted to the toxic baits, the beekeepers
reported the presence of some flies, which left quickly when they suffered predation
from V. velutina. Occasionally, the presence of some European hornet (Vespa crabro) was
also reported, although it generally left the apiary when several specimens of V. velutina
appeared. The occasional presence of social wasps, which were immediately preyed upon
by Asian hornets, was also reported.
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4. Discussion

Nest removal and trapping founder queens in spring and workers in summer are
the most common techniques used for V. velutina control [27–29,52]. The best strategy
is to combine different methods throughout the annual activity period of the hornets.
In this study, we present another method successfully used with other members of the
Vespidae family [38,40,41,47] based on chemical control with toxic baiting. Several biocides
have been investigated to control wasps, and fipronil provided optimal efficacy at low
doses [53,54]. In fact, a protein bait with fipronil has recently been commercialized in New
Zealand for this purpose [41]. First, it is essential that the bait is palatable and does not
cause any kind of rejection by hornets. In this respect, over the three years, no beekeepers
indicated in the questionnaires that they had observed any rejection of the bait by hornets.
Second, a low dose of biocide in the bait is key because adult hornets need to survive bait
exposure and be able to transport the bait to the nest to feed the larvae. In the current
study, the in vivo assays feeding larvae with baits containing different concentrations of
biocide showed that the inactivation percentage of larvae increased with the concentration,
obtaining 84.1% inactivation after 24 h for the maximum concentration of fipronil tested
(0.01%). The fipronil remains found in dead larvae represented 13% to 30% of the total
biocide administered. This low concentration could be attributed to the metabolism and
excretion processes of the biocide. Despite this low fipronil content in the larvae, it is
remarkable to consider that the major metabolites of fipronil (fipronil sulfone, fipronil
desulfinyl) [55–57] have a higher toxicity than the biocide itself, assuring the efficacy of
these protein baits. In addition, the most important effect of feeding larvae with toxic baits
in laboratory conditions was the swelling experimented by larvae, which was not observed
in the control group of larvae.

Thus, the protein bait with 0.01% fipronil was selected for the efficacy study in the
apiaries, showing a significant effect in reducing the presence of V. velutina. It was observed
that to minimize the pressure of V. velutina in the apiary, the amount of toxic bait trans-
ported to the nests must be high. However, bait consumption depended on the number
of hornets present in the apiary with optimal results when more than 30 hornets were
present at the same time in front of the hives. The reduction in the number of hornets
in the group of apiaries with >30 hornets (≈75%) was similar to other studies that used
protein baits with fipronil to control Vespula species in natural environments [39,47,58],
but lower in comparison to others [38,41]. However, the concentration of fipronil used
in the present study is ten times lower (0.01% w/w) than the concentrations of fipronil
used to control other species of Vespidae (0.1% w/w) [59]. In addition, we are not aware of
other publications about the efficacy of toxic protein baits to control V. velutina in apiaries,
and unfortunately, we cannot compare the present results with other studies performed
in similar emplacements. Moreover, according to the observations of the beekeepers, the
reduction achieved in the apiaries with a high predation allowed the honey bees to continue
their normal activity.

The duration of the RE% was not affected by the number of hornets on Day 0, and the
effect was maintained in a similar way in the three groups of apiaries over the two weeks
of the experiments. Although hornet counting did not continue after +14 post-baiting days,
some beekeepers reported an increase in hornets but did not reach the initial count. These
increases were probably due to the hatching of new hornets that were in the pupal stage at
the time of baiting and consequently were not fed with the toxic bait. Additionally, after
the initial decline, a rapid increase in hornets was also reported in one apiary. This may be
due to hornets coming from other nests because of the lower competition between hornets
after baiting compared to the previous days. In the group of apiaries with a low hornet
count (<10), a few apiaries showed a slight decrease in the number of hornets but quickly
recovered it.

Several authors found that increasing the intensity of baitings increases their effi-
cacy [38,47,58]. As seen in this study, the use of biocides such as fipronil can be useful
to control V. velutina populations in the periods of highest pressure in the apiaries. How-
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ever, it is worth noting that degradation residues of fipronil can have acute and chronic
effects on bees, affecting the survival and development of bee colonies, and other nontarget
species [60,61]. Therefore, it would be necessary to minimize the impact that dead larvae
and adult hornets might have, together with the part of the transported bait that does
not reach the nests, on other insects, birds, and the environment. Therefore, the use of
protein baits with biocides should be as restricted as possible, optimizing the conditions
for maximum consumption in the shortest possible time. These conditions can be met if
a highly palatable bait is available, and beekeepers use this strategy when apiaries are
heavily predated by V. velutina at the end of summer and beginning of autumn, when
V. velutina nests grow rapidly, under the control and supervision of local authorities.

Control of V. velutina in apiaries not only benefits beekeeping but also preserves the
local entomological fauna, which is also a target of the yellow-legged hornet. In this regard,
studies carried out in France indicate that several species of social wasps may account for a
third of the prey of V. velutina [62].

5. Conclusions

The demonstration that a protein bait with a 0.01% concentration of fipronil was
effective in inactivating and killing the larvae made it possible to use very small amounts
of this biocide in the field trials carried out in apiaries. The use of protein baits with fipronil
in apiaries when the presence of V. velutina workers is high and can reduce the pressure of
the hornets on the hives for at least two weeks after baiting. Furthermore, bees can recover
their normal activity. If this type of protein bait with biocide is used in apiaries when the
males and gynes are in the larval stage, it could be an appropriate strategy to significantly
reduce and control the population of this invasive species and reduce its impact on the
local entomofauna. Moreover, it is necessary to study the risks that dead larvae and hornets
and the remains of bait may represent for birds, other insects and the environment.

Author Contributions: Conceptualization, J.F.B. and A.L.G.-P.; Methodology, J.F.B., O.d.l.H., R.F.,
E.A., R.M.A., M.L.A., E.G. and A.L.G.-P.; Formal Analysis, A.C.; Investigation, J.F.B., O.d.l.H. and
A.R.; Resources, A.L.G.-P., R.M.A. and R.F.; Data Curation, J.F.B., E.G. and A.C.; Writing—Original
Draft Preparation, J.F.B. and O.d.l.H.; Writing—Review and Editing, J.F.B., O.d.l.H., R.M.A., M.L.A.,
E.G., A.C. and A.L.G.-P.; Supervision, A.L.G.-P. and R.M.A. and R.F.; Project Administration, A.L.G.-P.
and R.M.A.; Funding Acquisition, A.L.G.-P. and R.M.A. All authors have read and agreed to the
published version of the manuscript.

Funding: This work was funded by the project ATLANTIC POSITIVE (Interreg Atlantic Area
EAPA_800/2018), and co-funded by the Department of Economic Development and Infrastruc-
tures, and the Department of Education (project IT1673-22) of the Basque Government. Aitor
Cevidanes was supported by a ‘Ramón y Cajal’ post-doctoral grant RYC2021-033084-I funded by
MCIN/AEI/10.13039/501100011033 and by European Union NextGenerationEU/PRTR. Omaira de la
Hera was supported by a pre-doctoral grant funded by Basque Government (project PUE_2021_1_0008).

Institutional Review Board Statement: Not applicable.

Informed Consent Statement: Not applicable.

Data Availability Statement: The data presented in this study are available on request from the
corresponding author.

Acknowledgments: We thank Gipuzkoa Beekeepers Association (GBA) and all the beekeepers that
participated in the field trials, for their support and interest on the study. We thank the public
company BASALAN and Avispa Asiatica Association (Villarcayo, Spain) for providing nests for the
laboratory tests.

Conflicts of Interest: The co-authors RF and EA are employees of D+S-OABE company that partially
participated in experiments (elaborating the protein baits) but there is no commercial interest in
this collaboration. The other authors declare no competing interests. The funders had no role in
the design of the study; in the collection, analyses, or interpretation of data; in the writing of the
manuscript; or in the decision to publish the results.



Animals 2023, 13, 2075 13 of 15

References
1. Bertelsmeier, C. Globalization and the anthropogenic spread of invasive social insects. Curr. Opin. Insect Sci. 2021, 46, 16–23.

[CrossRef] [PubMed]
2. Keller, R.P.; Geist, J.; Jeschke, J.M.; Kühn, I. Invasive species in Europe: Ecology, status, and policy. Environ. Sci. Eur. 2011, 23, 23.

[CrossRef]
3. Puebla, H.; Roy, P.K.; Velasco-Perez, A.; Gonzalez-Brambila, M.M. Biological pest control using a model-based robust feedback.

IET Syst. Biol. 2018, 12, 233–240. [CrossRef]
4. Lowe, S.; Browne, M.; Boudjelas, S.; De Poorter, M. 100 of the World’s Worst Invasive Alien Species. 2020. Available online:

https://portals.iucn.org/library/sites/library/files/documents/2000-126-Es.pdf (accessed on 12 June 2023).
5. Haxaire, J.; Bouguet, J.; Tamisier, J.P. Vespa velutina Lepeletier, 1836, une redoutable nouveauté pour la faune de France et d’Europe

(Hym., Vespidae). Bull. Société Entomol. Fr. 2006, 111, 194. [CrossRef]
6. Villemant, C.; Haxaire, J.; Streito, J.C. Premier bilan de l’invasion de Vespa velutina Lepeletier en France (Hymenoptera, Vespidae).

Bull. Société Entomol. Fr. 2006, 111, 535–538. [CrossRef]
7. Laurino, D.; Leza, M.; Carisio, L.; Manino, A.; Porporato, M. Vespa velutina: An alien driver of honey bee colony losses. Diversity

2020, 12, 5. [CrossRef]
8. Dillane, E.; Hayden, R.; O’Hanlon, A.; Butler, F.; Harrison, S. The first recorded occurrence of the Asian hornet (Vespa velutina) in

Ireland, genetic evidence for a continued single invasion across Europe. J. Hymenopt. Res. 2022, 93, 131–138. [CrossRef]
9. Inventaire National du Patrimoine Naturel, 2023. Le frelon asiatique arrive en Suisse. Available online: https://frelonasiatique.

mnhn.fr/le-frelon-asiatique-arrive-en-suisse (accessed on 12 June 2023).
10. Villemant, C.; Barbet-Massin, M.; Perrard, A.; Muller, F.; Gargominy, O.; Jiguet, F.; Rome, Q. Predicting the invasion risk by the

alien bee-hawking yellow-legged hornet Vespa velutina nigrithorax across Europe and other continents with niche models. Biol.
Conserv. 2011, 144, 2142–2150. [CrossRef]

11. Bunker, S. The Asian Hornet Handbook; Psocid Press: UK, 2019; 164p. Available online: https://www.asianhornethandbook.com/
(accessed on 20 June 2022).

12. Pérez-de-Heredia, I.; Darrouzet, E.; Goldarazena, A.; Romón, P.; Iturrondobeitia, J.C. Differentiating between gynes and workers
in the invasive hornet Vespa velutina (Hymenoptera, Vespidae) in Europe. J. Hymenopt. Res. 2017, 60, 119–133. [CrossRef]

13. Chauzat, M.P.; Martin, S. A foreigner in France: The Asian hornet. Biologist 2009, 56, 86–91.
14. Monceau, K.; Bonnard, O.; Thiery, D. Vespa velutina: A new invasive predator of honeybees in Europe. J. Pest Sci. 2014, 87, 1–16.

[CrossRef]
15. Rome, Q.; Muller, F.J.; Touret-Alby, A.; Darrouzet, E.; Perrard, A.; Villemant, C. Caste differentiation and seasonal changes in

Vespa velutina (Hym.: Vespidae) colonies in its introduced range. J. Appl. Entomol. 2015, 139, 771–782. [CrossRef]
16. Leza, M.; Miranda, M.A.; Colomar, V. First detection of Vespa velutina nigrithorax (Hymenoptera: Vespidae) in the Balearic Islands

(Western Mediterranean): A challenging study case. Biol. Invasions 2017, 20, 1643–1649. [CrossRef]
17. Leza, M.; Herrera, C.; Marques, A.; Roca, P.; Sastre-Serra, J.; Pons, D.G. The impact of the invasive species Vespa velutina on

honeybees: A new approach based on oxidative stress. Sci. Total Environ. 2019, 689, 709–715. [CrossRef] [PubMed]
18. Lioy, S.; Bergamino, C.; Porporato, M. The invasive hornet Vespa velutina: Distribution, impacts and management options. CABI

Rev. 2022, 1643–1649. [CrossRef]
19. Rojas-Nossa, S.V.; Calviño-Cancela, M. The invasive hornet Vespa velutina affects pollination of a wild plant through changes in

abundance and behaviour of floral visitors. Biol. Invasions 2020, 22, 2609–2618. [CrossRef]
20. Feas, X. Human fatalities caused by hornet, wasp and bee stings in Spain: Epidemiology at state and sub-state level from 1999 to

2018. Biology 2021, 10, 73. [CrossRef]
21. Schwartz, C.; Villemant, C.; Rome, Q.; Muller, F. Vespa velutina (frelon asiatique): Un nouvel hyménoptère en France. Rev. Fr.

Allergol. 2012, 52, 397–401. [CrossRef]
22. de Haro, L.; Labadie, M.; Chanseau, P.; Cabot, C.; Blanc-Brisset, I.; Penouil, F. Medical consequences of the Asian black hornet

(Vespa velutina) invasion in Southwestern France. Toxicon 2010, 55, 650–652. [CrossRef]
23. Ruiz-Cristi, I.; Berville, L.; Darrouzet, E. Characterizing thermal tolerance in the invasive yellow-legged hornet (Vespa velutina

nigrithorax): The first step toward a green control method. PLoS ONE 2020, 15, e0239742. [CrossRef]
24. Dalmon, A.; Gayral, P.; Decante, D.; Klopp, C.; Bigot, D.; Thomasson, M.; Herniou, E.A.; Alaux, C.; Le, C.Y. Viruses in the invasive

hornet Vespa velutina. Viruses 2019, 11, 1041. [CrossRef] [PubMed]
25. Turchi, L.; Derijard, B. Options for the biological and physical control of Vespa velutina nigrithorax (Hym.: Vespidae) in Europe: A

review. J. Appl. Entomol. 2018, 142, 553–562. [CrossRef]
26. Pazos, T.; Alvarez-Figueiro, P.; Cortes-Vazquez, J.A.; Jacome, M.A.; Servia, M.J. Of fears and budgets: Strategies of control in

Vespa velutina invasion and lessons for best management practices. Environ. Manag. 2022, 70, 605–617. [CrossRef] [PubMed]
27. Leza, M.; Herrera, C.; Pico, G.; Morro, T.; Colomar, V. Six years of controlling the invasive species Vespa velutina in a Mediterranean

island: The promising results of an eradication plan. Pest Manag. Sci. 2021, 77, 2375–2384. [CrossRef] [PubMed]
28. Lioy, S.; Laurino, D.; Capello, M.; Romano, A.; Manino, A.; Porporato, M. Effectiveness and selectiveness of traps and baits for

catching the invasive hornet Vespa velutina. Insects 2020, 11, 706. [CrossRef]
29. Rojas-Nossa, S.V.; Novoa, N.; Serrano, A.; Calviño-Cancela, M. Performance of baited traps used as control tools for the invasive

hornet Vespa velutina and their impact on non-target insects. Apidologie 2018, 49, 872–885. [CrossRef]

https://doi.org/10.1016/j.cois.2021.01.006
https://www.ncbi.nlm.nih.gov/pubmed/33545436
https://doi.org/10.1186/2190-4715-23-23
https://doi.org/10.1049/iet-syb.2018.5010
https://portals.iucn.org/library/sites/library/files/documents/2000-126-Es.pdf
https://doi.org/10.3406/bsef.2006.16309
https://doi.org/10.3406/bsef.2006.16372
https://doi.org/10.3390/d12010005
https://doi.org/10.3897/jhr.93.91209
https://frelonasiatique.mnhn.fr/le-frelon-asiatique-arrive-en-suisse
https://frelonasiatique.mnhn.fr/le-frelon-asiatique-arrive-en-suisse
https://doi.org/10.1016/j.biocon.2011.04.009
https://www.asianhornethandbook.com/
https://doi.org/10.3897/jhr.60.13505
https://doi.org/10.1007/s10340-013-0537-3
https://doi.org/10.1111/jen.12210
https://doi.org/10.1007/s10530-017-1658-z
https://doi.org/10.1016/j.scitotenv.2019.06.511
https://www.ncbi.nlm.nih.gov/pubmed/31280152
https://doi.org/10.1079/cabireviews202217030
https://doi.org/10.1007/s10530-020-02275-9
https://doi.org/10.3390/biology10020073
https://doi.org/10.1016/j.reval.2012.06.002
https://doi.org/10.1016/j.toxicon.2009.08.005
https://doi.org/10.1371/journal.pone.0239742
https://doi.org/10.3390/v11111041
https://www.ncbi.nlm.nih.gov/pubmed/31717432
https://doi.org/10.1111/jen.12515
https://doi.org/10.1007/s00267-022-01690-z
https://www.ncbi.nlm.nih.gov/pubmed/35900590
https://doi.org/10.1002/ps.6264
https://www.ncbi.nlm.nih.gov/pubmed/33423381
https://doi.org/10.3390/insects11100706
https://doi.org/10.1007/s13592-018-0612-0


Animals 2023, 13, 2075 14 of 15

30. Requier, F.; Rome, Q.; Villemant, C.; Henry, M. A biodiversity-friendly method to mitigate the invasive Asian hornet’s impact on
European honey bees. J. Pest Sci. 2019, 93, 9. [CrossRef]

31. Demichelis, S.; Manino, A.; Minuto, G.; Mariotti, M.; Porporato, M. Social wasp trapping in north west Italy: Comparison of
different bait-traps and first detection of Vespa velutina. Bull. Insectology 2014, 67, 307–317.

32. Rojas-Nossa, S.V.; Dasilva-Martins, D.; Mato, S.; Bartolomé, C.; Maside, X.; Garrido, J. Effectiveness of electric harps in reducing
Vespa velutina predation pressure and consequences for honey bee colony development. Pest Manag. Sci. 2022, 78, 5142–5149.
[CrossRef]

33. Sánchez, O.; Arias, A. All that glitters is not gold: The other insects that fall into the Asian yellow-legged hornet Vespa velutina
‘specific’ traps. Biology 2021, 10, 448. [CrossRef]

34. Cappa, F.; Cini, A.; Pepiciello, I.; Petrocelli, I.; Inghilesi, A.F.; Anfora, G.; Dani, F.R.; Bortolotti, L.; Wen, P.; Cervo, R. Female
volatiles as sex attractants in the invasive population of Vespa velutina nigrithorax. J. Insect. Physiol. 2019, 119, 103952. [CrossRef]

35. Couto, A.; Monceau, K.; Bonnard, O.; Thiery, D.; Sandoz, J.C. Olfactory attraction of the hornet Vespa velutina to honeybee colony
odors and pheromones. PLoS ONE 2014, 9, e115943. [CrossRef] [PubMed]

36. Wen, P.; Cheng, Y.N.; Dong, S.H.; Wang, Z.W.; Tan, K.; Nieh, J.C. The sex pheromone of a globally invasive honey bee predator,
the Asian eusocial hornet, Vespa velutina. Sci. Rep. 2017, 7, 12956. [CrossRef] [PubMed]

37. Beggs, J.; Brockerhoff, E.; Corley, J.; Kenis, M.; Masciocchi, M.; Muller, F.; Rome, Q.; Villemant, C. Ecological effects and
management of invasive alien Vespidae. Biocontrol 2011, 56, 505–526. [CrossRef]

38. Hanna, C.; Foote, D.; Kremen, C. Short- and long-term control of Vespula pensylvanica in Hawaii by fipronil baiting. Pest Manag.
Sci. 2012, 68, 1026–1033. [CrossRef]

39. Sackmann, P.; Rabinovich, M.; Corley, J.C. Successful removal of German yellowjackets (Hymenoptera: Vespidae) by toxic baiting.
J. Econ. Entomol. 2001, 94, 811–816. [CrossRef]

40. Spurr, E.B. Protein bait preferences of wasps (Vespula vulgaris and V. germanica) at Mt Thomas, Canterbury, New Zealand. N. Z. J.
Zool. 1995, 22, 281–289. [CrossRef]

41. Edwards, E.; Toft, R.; Joice, N.; Westbrooke, I. The efficacy of Vespex® wasp bait to control Vespula species (Hymenoptera:
Vespidae) in New Zealand. Int. J. Pest Manag. 2017, 63, 266–272. [CrossRef]

42. Edwards, E.D.; Woolly, E.F.; McLellan, R.M.; Keyzers, R.A. Non-detection of honeybee hive contamination following Vespula
wasp baiting with protein containing fipronil. PLoS ONE 2018, 13, e0206385. [CrossRef]

43. Lester, P.J.; Beggs, J.R. Invasion success and management strategies for social Vespula wasps. Annu. Rev. Entomol. 2019, 64, 51–71.
[CrossRef]

44. Poché, D.M.; Franckowiak, G.; Clarke, T.; Tseveenjav, B.; Polyakova, L.; Poche, R.M. Efficacy of a low dose fipronil bait against
blacklegged tick (Ixodes scapularis) larvae feeding on white-footed mice (Peromyscus leucopus) under laboratory conditions. Parasit.
Vectors 2020, 13, 391. [CrossRef]

45. Peters, B.C.; Wibowo, D.; Yang, G.Z.; Hui, Y.; Middelberg, A.P.J.; Zhao, C.X. Evaluation of baiting fipronil-loaded silica
nanocapsules against termite colonies in fields. Heliyon 2019, 5, e02277. [CrossRef]

46. Anasac Ambiental, SA. Vespugard 1,5% DP. 2023. Available online: https://www.anasaccontrol.cl/producto/vespugard-15-dp/
(accessed on 1 February 2023).

47. Harper, G.; Joice, N.; Kelly, D.; Toft, R.; Clapperton, B. Effective distances of wasp (Vespula vulgaris) poisoning using clustered bait
stations in beech forest. N. Z. J. Ecol. 2015, 40, 65–71. [CrossRef]

48. Castilhos, D.; Dombroski, J.L.D.; Bergamo, G.C.; Gramacho, K.P.; Gonçalves, L.S. Neonicotinoids and fipronil concentrations in
honeybees associated with pesticide use in Brazilian agricultural areas. Apidologie 2019, 50, 657–668. [CrossRef]

49. European Parliament and Council of the European Union. Regulation (EU) No 540/2011 of 25 May 2011 implementing Regulation
(EC) No 1107/2009 of the European Parliament and of the Council as regards the list of approved active substances. OJEU 2011,
L153, 1–186.

50. European Commission. Analytical Quality Control and Method Validation Procedures for Pesticide Residues Analysis in Food
and Feed SANTE 11312/2021. 2021. Available online: https://www.eurl-pesticides.eu/userfiles/file/EurlALL/SANTE_11312_
2021.pdf (accessed on 1 February 2023).

51. R Core Team. A Language and Environment for Statistical Computing. 2019. Available online: https://www.r-project.org/
(accessed on 1 November 2022).

52. Rome, Q.; Sourdeau, C.; Muller, F.; Villemant, C. Le piégeage du frelon asiatique Vespa velutina. Intérêts et dangers. In Proceedings
of the Journée Nationale des GTV, Nantes, France, 15 May 2013; pp. 783–788.

53. Ulloa, A.; Araya, J.; Curkovic, T. Toxicidad oral de seis insecticidas en larvas de Vespula germanica (F.) en laboratorio. Agric. Técnica
2006, 66, 133–140. [CrossRef]

54. Curkovic, T.; Santibañez, D.; Araya, J.; Contreras, A. Attraction of Vespula germanica workers to protein baits mixed with
insecticideses. Chil. J. Agric. Anim. Sci. 2018, 34, 199–204. [CrossRef]

55. Durham, E.W.; Siegfried, B.D.; Scharf, M.E. In vivo and in vitro metabolism of fipronil by larvae of the European corn borer
Ostrinia nubilalis. Pest Manag. Sci. 2002, 58, 799–804. [CrossRef]

56. Scharf, M.; Siegfried, B.; Meinke, L.; Chandler, L. Fipronil metabolism, oxidative sulfone formation and toxicity among
organophosphate- and carbamate-resistant and susceptible western corn rootworm populations. Pest Manag. Sci. 2000, 56,
757–766. [CrossRef]

https://doi.org/10.1007/s10340-019-01159-9
https://doi.org/10.1002/ps.7132
https://doi.org/10.3390/biology10050448
https://doi.org/10.1016/j.jinsphys.2019.103952
https://doi.org/10.1371/journal.pone.0115943
https://www.ncbi.nlm.nih.gov/pubmed/25549358
https://doi.org/10.1038/s41598-017-13509-7
https://www.ncbi.nlm.nih.gov/pubmed/29021562
https://doi.org/10.1007/s10526-011-9389-z
https://doi.org/10.1002/ps.3262
https://doi.org/10.1603/0022-0493-94.4.811
https://doi.org/10.1080/03014223.1995.9518043
https://doi.org/10.1080/09670874.2017.1308581
https://doi.org/10.1371/journal.pone.0206385
https://doi.org/10.1146/annurev-ento-011118-111812
https://doi.org/10.1186/s13071-020-04258-0
https://doi.org/10.1016/j.heliyon.2019.e02277
https://www.anasaccontrol.cl/producto/vespugard-15-dp/
https://doi.org/10.20417/nzjecol.40.7
https://doi.org/10.1007/s13592-019-00676-x
https://www.eurl-pesticides.eu/userfiles/file/EurlALL/SANTE_11312_2021.pdf
https://www.eurl-pesticides.eu/userfiles/file/EurlALL/SANTE_11312_2021.pdf
https://www.r-project.org/
https://doi.org/10.4067/S0365-28072006000200003
https://doi.org/10.4067/S0719-38902018005000503
https://doi.org/10.1002/ps.523
https://doi.org/10.1002/1526-4998(200009)56:9&lt;757::AID-PS197&gt;3.0.CO;2-W


Animals 2023, 13, 2075 15 of 15

57. Aajoud, A.; Ravanel, P.; Tissut, M. Fipronil metabolism and dissipation in a simplified aquatic ecosystem. J Agric. Food Chem.
2003, 51, 1347–1352. [CrossRef]

58. Rust, M.K.; Choe, D.H.; Wilson-Rankin, E.; Campbell, K.; Kabashima, J.; Dimson, M. Controlling yellow jackets with fipronil-based
protein baits in urban recreational areas. Int. J. Pest Manag. 2017, 63, 234–241. [CrossRef]

59. Kishi, S.; Goka, K. Review of the invasive yellow-legged hornet, Vespa velutina nigrithorax (Hymenoptera: Vespidae), in Japan and
its possible chemical control. Appl. Entomol. Zool. 2017, 52, 361–368. [CrossRef]

60. European Food Safety Authority. Conclusion on the peer review of the pesticide risk assessment for bees for the active substance
fipronil. EFSA J. 2013, 11, 3158. [CrossRef]

61. Aliouane, Y.; El Hassani, A.K.; Gary, V.; Armengaud, C.; Lambin, M.; Gauthier, M. Subchronic exposure of honeybees to sublethal
doses of pesticides: Effects on behavior. Environ. Toxicol. Chem. 2009, 28, 113–122. [CrossRef] [PubMed]

62. Villemant, C.; Muller, F.; Rome, Q.; Perrard, A.; Barbet-Massin, M.; Jiguet, F. Estimating the potential range expansion and
environmental impact of the invasive bee-hawking hornet, Vespa velutina nigrithorax. In Silico Bees, 1st ed.; Devillers, J., Ed.; CRC
Press: Boca Raton, FL, USA, 2014; pp. 269–287.

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

https://doi.org/10.1021/jf025843j
https://doi.org/10.1080/09670874.2016.1227883
https://doi.org/10.1007/s13355-017-0506-z
https://doi.org/10.2903/j.efsa.2013.3158
https://doi.org/10.1897/08-110.1
https://www.ncbi.nlm.nih.gov/pubmed/18700810

	Introduction 
	Materials and Methods 
	Larvae Collection 
	Larval Inactivation Assays in the Laboratory 
	Analysis of Fipronil Content in Dead Larvae 
	Study Area and Selection of Beekeepers 
	Testing the Efficacy of Baits in Apiaries 
	Statistical Analyses 

	Results 
	Larval Inactivation Assays in the Laboratory 
	Analysis of the Fipronil Content in Dead Larvae 
	Testing the Efficacy of Protein Baits with Fipronil in Apiaries 

	Discussion 
	Conclusions 
	References

