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Abstract

BACKGROUND: Vespa velutina has become a species of concern in invaded regions of Europe and Asia, due to its impacts on
biodiversity, apiculture and society. This hornet, a ferocious hunter of pollinating insects, poses a serious threat to biodiversity
and pollination services. Despite ongoing efforts, its extermination in continental Europe is hampered by a lack of effective con-
trol methods, thus effective mitigation measures are primary concerns. The aims of this work were: (i) to study the effects of
V. velutina predating on honey bee colonies, and (ii) to assess the effectiveness of electric harps in reducing hunting pressure
and predation.We assessed the predation pressure and compared honey bee colony performance, bodyweight of workers, and
winter survivorship for protected versus unprotected colonies in 36 experimental hives across three apiaries.

RESULTS: Electric harps protected honey bees by reducing predation pressure and thereforemitigating foraging paralysis. Con-
sequently, foraging activity, pollen income, brood production andworker bodyweight were higher in protected colonies which
in turn showed greater winter survivorship than those that were unprotected, especially at sites with intermediate to high
levels of predation.

CONCLUSION: The predation of V. velutina affects foraging activity, breeding, body weight and colony survivorship of Apis mel-
lifera. Electric harps contribute significantly to mitigate the impact of this invasive hornet on apiaries; however, they should be
deployed in tandem with additional measures to preserve honey bee colony stocks, such as facilitating access to food sources
for colonies during the periods of highest predation pressure.
© 2022 The Authors. Pest Management Science published by John Wiley & Sons Ltd on behalf of Society of Chemical Industry.
Supporting information may be found in the online version of this article.
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1 INTRODUCTION
Human population growth necessitates the expansion of culti-
vated areas, and therefore a higher demand for pollination ser-
vices.1 However, insect populations are declining worldwide,2

owing tomultiple interacting stressors, including habitat loss, lack
of floral resources, spread of parasites and diseases, and antago-
nistic interactions with invasive species.3–5

Vespa velutina Lepeletier 1836, is an invasive species of concern
in several European and Asian regions because of its impacts on
biodiversity, economics, and human health.6,7 This eusocial insect
has a polyandrous mating system, and an annual cycle,8 that
increase their capacity to raise entire populations from the mini-
mum propagule: one single mated foundress.9

Although native to East Asia, V. velutina was accidentally intro-
duced to South Korea10 and France.11 It successfully expanded
into neighboring areas affecting more than ten new countries in
the last decade,12,13 and continues to spread.

Vespa velutina has a generalist diet, feeding on floral nectar, sap,
fruit, honeydew and honey as carbohydrate sources, while pro-
teins are obtained from hunting arthropods and scavenging,8

leading to impacts on biodiversity through predation and compe-
tition for resources.14–17 Notably, V. velutina hunts pollinators in
flower patches, leading to altered abundance and foraging habits,
with detrimental effects on pollination for native plants.18 It is also
an effective and persistent hunter of honey bees at hive
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entrances, causing colony losses, and thus threatening the sus-
tainability of beekeeping within invaded ranges.19

Western honey bees (Apis mellifera Linnaeus, 1758) perform
defensive behaviors in response to hornet attacks.20 Nevertheless,
these are ineffective in reducing hunting pressure, allowing hor-
nets to intensively predate honey bees at hive entrances.21 This
increases the expression of genes associated with oxidative stress,
potentially harming bee health in colonies under attack.22 Further,
hornet hunting triggers a phenomenon known as foraging paral-
ysis, i.e. the cessation of foraging activity in predated colonies,
which in turn leads to a reduction in honey storage.23–25 Popula-
tion modeling points to this phenomenon as the cause of the
increased winter mortality observed in apiaries within invaded
areas,23 however no empirical evidence confirming such a rela-
tionship has yet been reported.
In order to reduce the hornets' impact on honey bee colonies, a

number of practices have been implemented in apiaries, but sev-
eral of them have a low effectiveness and/or represent an addi-
tional pressure on biodiversity, and others need further
development.26 Beehive muzzles are a biodiversity-friendly
method that reduces foraging paralysis and likely enhances the
survivorship of colonies,25,27 but the device does not capture or
kill hornets, thus its impact is local. Electric harps are another
method commonly used in apiaries, with a medium economic
cost, and low side effects on native fauna.26 They consist of a
frame with vertical parallel electrified wires that produce an elec-
tric shock when touched by a flying insect. Its actual performance
in reducing hornet hunting activity at honey bee colonies requires
further evaluation, but preliminary observations suggest that this
could be an effective and selective method.28

In an insular area, the eradication of V. velutina has been possi-
ble through a combination of effective tools, coordinated engage-
ment of all sectors involved, and timely action.29 The control of
the species once it is established, however, is challenging and
requires the development and evaluation of novel methods to
reduce its spread and effects on biodiversity.30 Here, we moni-
tored colony parameters in 36 experimental hives, distributed
across three apiaries within different environments. Our aims
were to (i) study the effects of V. velutina predating on honey
bee colonies in terms of foraging activity, pollen income, resource
storage, population growth (area covered by brood and adults),
bee weight, and winter survivorship, and (ii) assess the effective-
ness of electric harps in reducing hunting pressure and predation.

2 MATERIALS AND METHODS
2.1 Study sites
The experiment was performed from July to October 2020 in
three apiaries in the southwest region of Pontevedra, Galicia,
Spain (Supporting Information, Fig. S1). For this year a density of
1.92 nests/km2 in the Pontevedra province, and 0.96 nests/km2

for the whole Galician autonomous community, were reported
to the authorities (Xunta de Galicia, unpublished data). However,
it has been suggested that the actual density of nests in this
region can be approximated to 14–17 nests/km2.5 The three sites
present different environmental conditions and each one repre-
sents a main ecosystem of this region (Fig. S1).

2.2 Experimental design
A total of 36 Langstroth hives were placed in three apiaries
(12 hives per apiary). To ensure homogeneity in the state and
genetics of the honey bees, the colonies of IberianWestern honey

bees (A. mellifera iberiensis Engel, 1999) were acquired from the
same provider with queens reared early in the season and main-
tained in one apiary under same apicultural practices until shortly
before the transport to the experimental apiaries.
Within each apiary two treatments were set: six hives protected

from the predation of V. velutina with harps and six unprotected
hives where V. velutina hunted honey bees ad libitum. The two
groups of hives were placed in opposite corners of the apiary with
a distance > 20 m between them. Each group of hives was placed
in line, with the entrances oriented in the same direction, with a
separation of 20 to 30 cm between them, and placed over bases
at 30–40 cm height.
Electric harps were located perpendicularly to the hive

entrances, between two contiguous hives (Fig. 1(a)). These
devices were placed in the apiaries 1 month before first observa-
tions. During the first week the harps were turned-off to allow
honey bees to habituate to their presence. The trap consists of a
frame with parallel vertical wires alternatively connected to the
positive and negative poles of an electric circuit.26 The model
used here has a modification to minimize bycatches (Fig. S2).
Flying-through hornets receive an electric shock whenever they
touch two consecutive wires (Fig. 1(b)), paralyzing them for a
few seconds and falling into a cage beneath with mesh walls that
allow smaller insects to escape. Then hornets crawl within the
cage until falling into a collector bottle.

2.3 Captures of V. velutina and non-target insects in
harps
Monthly samples of captured insects were obtained. Trapped
insects were identified and counted in situ to the level of order,
family and, in the case of hymenopterans, species level. The cap-
tures of species or groups were expressed as the rate of captured
insects per trap per day by dividing the number of captured
insects by the number of capturing days at each trap. Selectivity
was calculated as the fraction of trapped hornets over the total
captured insects.

2.4 Predation pressure of V. velutina on hives
Two methods were used to quantify the predation pressure of
V. velutina on honey bees from July to October. The first one con-
sisted of visually counting the number of hunting V. velutina in a
period of 10 min, once a month, between 10:00 and 11:00 h, on
the same day that the performance of experimental colonies
was assessed. One to three observers were situated 3–5m in front
of each group of six experimental hives and counted the number
of hornets that arrived at each group. No differences among
countings were detected when multiple observers were present.
To calculate the hunting rate per hive (HRH), the total number of
observed hornets was divided by the number of hives and then
expressed in terms of number of hornets/hive/10min. In the same
observation period, the number of successful hunting events was
quantified. The predation rate was estimated as the number of
captured honey bees/number of hunting hornets in 10 min. The
second method to quantify the presence of V. velutina in front
the hives made use of video recordings to calculate the Hive
Entrance Predation Index (HEPIX). A camera (GoPro Hero7) was
placed at 0.5 m in front of each hive for a recording duration of
10 min. Recordings were performed from 11:00 to 13:00 h. The
videos were visually analyzed in the laboratory using Behavioral
Observation Research Interactive Software (BORIS).31 The first
2 min were discarded to avoid operator interference in honey
bee behavior and to allow habituation to the presence of the
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camera. The optimal number of minutes to be analyzed, for a
maximal efficiency with minimal variance, was set as five. Each
minute was visualized three times by a single observer. One time
to count the number of honey bees entering the hive, another to
count the leaving ones and a last one to register the presence of
V. velutina in front of the hive. HEPIX measures the time with at
least one hunting V. velutina present in the video frame
(Supporting Information, Table S1). During the observation
periods, the observer could not visualize the presence or absence
of the harps. HRH and HEPIX were positively correlated (Pearson
correlation coefficient ρ = 0.57, df = 142, P < 0.001), however, in
September and October at Gondomar, the hornets spent less time
hunting near to the entrance of the hives, but were observed for-
aging at a greater distance (Fig. S3(a)). For this reason, HRH was
used as an explanatory variable for the statistical analyses.

2.5 Performance of experimental honey bee colonies
2.5.1 Foraging activity
The videos were also used to quantify the number of honey bee
foragers leaving and entering each hive during 5 min. To do this
the videos were visualized at slow motion (speed 0.5) with the
QuickTime Player software.

2.5.2 Pollen income
One pollen trap was installed at the entrance of each hive (see
Fig. 1(a)). Once per month the door of the pollen trap was closed
to collect the pollen brought by worker honey bees during 24 h.
At the laboratory, the weight of the fresh pollen was measured
with an OHAUS Pioneer® 0.01 mg precision balance.

2.5.3 Resources storage and assessment of individuals of
different ages
Once a month, frames were extracted from the hives to assess the
area covered by combs full with open honey, capped honey and
pollen, and brood (eggs, larvae and pupae) by using a 5 cm
× 5 cm grid. To calculate the number of adult honey bees a visual
counting of individuals was carried out in a 10 cm× 10 cm grid for
each side of the frames, then estimated for the entire frame and
finally summed to calculate the total number of workers within
the hive.32 The measurements were made from 10:00 to 16:00 h
in sunny days.

2.6 Bee weight
In October 2020, 30 worker bees were collected from the interior
of each experimental hive by brushing them off from one or, at
most, two brood combs. These were stored in 80% ethanol at
4 °C. In the laboratory they were dried up in an oven at 65 °C
for 12 h and then individually weighed with an OHAUS Pioneer®
0.01 mg precision balance. The drying time was optimized and
set after performing a drying curve by measuring consecutive
weights of 30 individuals every 5 min.

2.7 Winter survivorship
In March 2021 the hives were inspected to assess the survivorship
of each colony. Depopulated (with less than 50 individuals) or
queenless colonies (with laying workers thus without female
brood and with less than 50 workers) were considered as dead
colonies. The minimum number of individuals was set below the
critical level for colony survivorship according to the social hive
model for a regular colony.33 To compare winter survivorship of
colonies under different predation pressure a number was
assigned to each hive according to its survivorship (1 = alive,
0 = dead). The overall predation was assessed as a semi-
quantitative variable: null (HRH = 0), low (HRH < 1), intermediate
(1 < HRH 0.5 < 1.5) and high (HRH > 1.5). To assign each group of
hives to one of these categories HRH had to be within these
thresholds for more than 3 months (Fig. S3).

2.8 Statistical analyses
A Pearson correlation was used to study the relationship between
HRH and HEPIX. A Wilcoxon rank-sum test was used to compare
differences between the capture rate of V. velutina in harps versus
the capture of non-target taxa. To test the effect of the sampling
period on the capture rate of V. velutina and selectiveness of
harps, zero inflated generalized linear mixed models (GLMMs)
with negative binomial distributions were fitted using the
glmmTMB default non-linear optimizer function. These models
included month as the fixed effect and site as the random effect.
See Table S2 for a complete description of the models and scripts.
To test differences in HRH across treatments (hives protected with
harps versus unprotected) and sampling period a GLMM, with
negative binomial distribution was fitted using the glmmTMB
default non-linear optimizer function. The model included treat-
ment andmonth as the fixed effects and site as the random effect.

Figure 1. Protection system: six hives placed in line, separated 20–30 cm each, protectedwith five electric harps (a). When hunting honey bees in front of
the hives, hornets fly between electrified wires that paralyze them (b). Afterwards they fall into a cage fromwhich smaller insects escape while hornets fall
into a collection bottle.
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To test the effect of HRH on the quantity of brood, adults, foragers,
pollen brought by foragers (in milligrams), and honey and pollen
stores of experimental hives across sampling period, GLMMs with
negative binomial distributions were fitted using the glmmTMB
default non-linear optimizer function. The models included HRH
and month as the fixed effects and site as the random effect.
The absence of overdispersion was tested via simulation-based
dispersion tests (Table S2), with the ‘DHARMa’ package for R.34 A
sequential Bonferroni correction was applied to correct for multi-
ple comparison testing. The weight of workers of protected versus
unprotected colonies was compared with a generalized linear
model (GLM) using a Gaussian distribution. The model included
treatment, site and their interaction as fixed effects. To analyze col-
ony survivorship, a GLM with a binomial distribution was fitted.
The overall predation and the mean weight of workers and their
interaction were included as fixed effects. The analyses were per-
formed using RStudio software version 1.2.5033. The packages
‘glmmTMB’ and ‘car’ were used for fitting GLMMs.35,36

3 RESULTS
3.1 Captures of V. velutina and non-target insects in
harps
Vespa velutina represented > 90% of 4359 insects captured in
electric harps (Table S3). The capture rate of V. velutina varied
across time (χ2 = 78.88; df = 5, P < 0.01; see Fig. 2). Overall, cap-
tures of V. velutina were significantly higher than the capture of
non-target taxa [mean ± standard deviation (SD) = 1.6 ± 2.0 indi-
viduals/trap/day and mean ± SD = 0.17 ± 0.2 individuals/trap/
day respectively; W = 1889, df = 90, P < 0.01], which consisted
mostly of hymenopterans, such as A. mellifera, followed by dip-
terans of the families Sarcophagidae, Tachiniidae and Calliphori-
dae (Table S3). The selectivity of harps was high (mean ±
SD = 0.75 ± 0.34) and remained high across time (χ2 = 7.80;
df = 5, P = 0.168).

3.2 Hunting pressure and predation rate
Overall, protected hives showed 88.8% less predation pressure
than unprotected hives (Fig. 3). The rate of hornets hunting in
front of the hives (HRH) varied significantly between treatments
(protected with harps versus unprotected) and across sampling
months (χ2 = 42.6, df = 1, P < 0.001 and χ2 = 24.76, df = 3,
P < 0.001 respectively). The hunting activity of hornets exhibited
a general tendency to increase over the study (Fig. S3(a)). HRH
was highest in Gondomar (mean ± SD = 1.4 ± 1.41), medium in

Oia (mean ± SD = 0.6 ± 0.58) and lowest in O Rosal (mean ±
SD = 0.2 ± 0.28). The success of hornets hunting bees (Fig. S3
(b)) had similar tendencies to HRH throughout the season
(Fig. S3(a)), except for the site with high predation pressure where
the highest HRH did not coincide the highest predation rate.

3.3 Performance of experimental honey bee colonies
3.3.1 Foraging activity
The number of foraging workers was affected by hunting pressure
and month (Table 1). The foraging paralysis recorded in unpro-
tected hives at the site with highest predation (Gondomar) started
in August and persisted during the whole study despite the
decrease in predation observed in September (Figs 4(a) and S3
(a)). Foraging paralysis occurredmostly in honey bee colonies that
suffered hunting rates higher than 0.8 hornets/hive/10 min (from
data in Figs 4(a) and S3(a)). In the site with highest HRH protected

Figure 2. Captures of Vespa velutina by electric harps in three apiaries.
The colored lines represent the trend in the mean capture rate per site
(n = 5 for each point). Vertical bars represent standard deviations.

Figure 3. Predation pressure of Vespa velutina on protected and unpro-
tected hives. Whisker plots represent medians (bold horizontal lines),
quartiles (boxes), 2.5–97.5 percentiles (vertical lines), and outliers
(open dots).

Table 1. Effects of hunting pressure, site and time of the year on
honey bee colony performance

Response variables Predictors χ2 P

Pollen income (mg) HRH 33.72 <0.001
Month 84.25 <0.001

Uncapped honey HRH 0.03 0.854
Month 27.59 <0.001

Capped honey HRH 0.31 0.580
Month 4.16 0.245

Pollen stores HRH 0.27 0.599
Month 1.89 0.596

Brood HRH 8.30 0.028
Month 76.99 <0.001

Adults HRH 5.16 0.138
Month 150.13 <0.001

Foragers HRH 8.85 0.024
Month 67.27 <0.001

Brood includes eggs, larvae and capped brood. HRH, hunting rate per
hive. Significant results (P < 0.05), applying the sequential Bonferroni
correction, considering the 14 tests performed, are indicated in bold.
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Figure 4. Honey bee colony performance and storage of resources for protected (blue bars) and unprotected (red bars) colonies in three apiaries
throughout the monitoring season.
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colonies had larger population sizes within the hive than pro-
tected ones during August and September (Fig. 4(b)), precisely
when these colonies showed paralysis (Fig. 4(a)). We observed
workers of all ages remaining inside the hive in paralyzed colo-
nies. Besides foraging, other common behaviors such as gather-
ing of resins for propolis production or hygienic activities, such
as cleaning flights, removal of sick individuals or corpses, also
stopped.

3.3.2 Resources
Unprotected hives had lower income of pollen with a significant
effect of the month (Table 1 and Fig. 4(c)). The amount of pollen
brought by foragers and the foragers' activity followed similar
trends (Table 1 and Fig. 4(c)). Pollen and honey stores were not
significantly affected by the predation of V. velutina (Table 1 and
Fig. 4(d,f)).

3.3.3 Colony performance
The quantity of brood and the foraging activity were significantly
affected by the predation pressure and the month (Table 1). The
amount of brood had lower levels in unprotected hives than in
protected hives in the apiary with the highest hunting pressure
(Fig. 4(g)).

3.4 Weight of honey bees
Workers from unprotected hives were 6.7% lighter than those
from protected hives. The GLM revealed that treatment, site and
the interaction treatment X site influenced honey bees weight
(χ2 = 14.20, df = 1, P < 0.001; χ2 = 95.77, df = 2, P < 0.001;
χ2 = 23.19, df = 1, P < 0.001 respectively).

3.5 Survivorship
Winter survivorship was 77.8% for protected and 55.6% for unpro-
tected colonies. Survivorship of unprotected colonies was lower
at the sites with intermediate and high hunting pressure (Fig. 5).
The survivorship of honey bee colonies was linked to the overall
hunting pressure and the interaction between hunting pressure
and bees weight, but not to the weight of the bees alone
(χ2 = 10.23, df = 3, P = 0.017; χ2 = 11.43, df = 3, P = 0.01; and
χ2 = 0.02, df = 1, P = 0.90 respectively).

4 DISCUSSION
In this study, we examined the effectiveness of electric harps in
protecting honey bee colonies from V. velutina predation and
demonstrated that this method significantly reduces hunting
pressure in front of hives. When comparing protected and

unprotected colonies, we also detected differences in foraging
behavior, resources income, quantity of brood and adults, and
worker body weight. As consequence of hunting pressure, honey
bees enter the winter with lower food storage, a reduced popula-
tion and malnourished individuals. Thus, the overwinter survivor-
ship of colonies is jeopardized, leading to higher winter colony
death rates for unprotected colonies.

4.1 Effectiveness and selectivity of harps
Electric harps, placed perpendicularly to a line of hives, are useful
to reduce the predation pressure of V. velutina in honey bee hives.
The trapping of hunting workers represents an advantage over
other control methods, such as the beehive muzzles or baited
traps,25,37–39 as it effectively reduces foraging paralysis in a tar-
geted manner, while minimizing bycatches. The protective effect
of harps helps to reduce the foraging paralysis and allows bees to
display natural behaviors, including foraging, hygiene or fanning,
necessary for survivorship and health maintaining of colonies.
Hunting rates varied across time and space. A previous study

revealed an increase in predation pressure over time which was
explained as a consequence of the V. velutina population growth
and the need for protein to rear new individuals.21 According to
the negative correlation between altitude and number of nests
observed in a previous study,40 we expected to find a gradient
of hornet predation pressure reflecting altitudinal conditions.
Consistently, the apiary placed at the highest elevation (Oia),
showed intermediate levels of predation as compared with that
of Gondomar, situated at mid altitude. However, contrary to
expectations, the apiary located at the lowest altitude (O Rosal)
exhibited the lowest predation rate. This goes in line with Mon-
ceau and Thiéry,37 who reported that the distribution of this inva-
sive species can be rather variable across time and space, and
might be highly influenced by natural and/or human-mediated
processes.
The GLMMs revealed that, besides predation, temporal factors

also played important roles on the amount of resources available
in the hive and the fitness of the colony. The reduction in pollen
income coincided with the foraging paralysis on unprotected col-
onies and was probably related to the low amount of brood
observed during the last months of the study (Fig. 4). These results
support the idea of the foraging paralysis as the main reason for
the weakening processes and subsequent collapse that affect col-
onies under hornet attack.24 Our evidence suggests that in apiar-
ies with low rates of predation (less than 1 hornet/hive/10 min),
honey bees were better able to cope with the predator and the
use of electric harps was useful to reduce predation at negligible
levels. However, on sites where the blooming season is shorter
and the winter is longer and with lower temperatures (as in Oia,
the highest elevation site in our study), intermediate rates of hunt-
ing lead to lower colony survivorship in protected and particularly
in unprotected hives (Fig. 5).
The lower body weight of workers in unprotected colonies pro-

vides new evidence of the physiological stress that honey bees
suffer under this new threat. Pollen is a resource of capital rele-
vance for honey bees since it is an important source of protein,
lipids, vitamins and other nutrients, necessary to produce royal
jelly, with which larvae are fed.41,42 Also, pollen quality and diver-
sity influence honey bee health and live span and pollen quality is
known to affect larvae weight in honey and bumble bees.43–45

Thus, a shortage in income of nutrients during the rearing of lar-
vae is a plausible mechanism behind lighter workers. Additionally,
the lower amount of brood observed in unprotected hives at the

Figure 5. Winter survivorship of experimental honey bee colonies
(unprotected and protected with electric harps in three apiaries. n = 6
for each bar).
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end of the study suggests that the number of workers to overwin-
ter is smaller than in protected colonies. Thus, our results revealed
that besides the low storage of food resources, two factors are
behind winter deaths of unprotected honey bee colonies: a defi-
ciency in the nutritional levels of wintering adults and a reduced
number of workers.

4.2 Management of apiaries in invaded areas
The threshold in the levels of predation needed to produce signif-
icant changes in colony performance and survivorship is lower
than previously reported.24 This can be explained by several
non-mutually exclusive factors that deserve attention for future
studies and management of apiaries. One of them is related to
environmental factors that determine how easy (or difficult) it is
for bees to access resources during the predation season and
the wintering conditions.
Additionally, we provide evidence that the physiological status

of honey bee workers is affected by hornet predation. Therefore,
we encourage beekeepers to facilitate the access of bees to
diverse floral and freshwater resources, thus contributing to
diminish their physiological stress and homing failure outside
the hive. On that account, when colonies suffer foraging paralysis
the supplement of a diverse diet rich in all necessary nutrients is
recommendable. This must be provided not only during winter
to avoid the starvation of weak colonies but also in autumn when
the workers that are going to endure winter are in larval stage.
The installation of electric harps represents an important initial

economic investment for beekeepers that depends on the num-
ber of harps and its commercial price. This, in turn, is related to
the number and location of hives. It has been suggested a rational
of one harp every two or three hives, which is probably unafford-
able for large apiaries.26 Also, in terms of the time necessary for
maintaining a functional system. Besides, apiaries have to be
often adapted, and it is suggested to form lines with a reduced
distance between hives in order to reduce the distance from hive
entrances to the harp, to achieve a higher protective effect.28 Nev-
ertheless, in this study, we observed that in apiaries placed in sites
with a high abundance of V. velutina, with a compact line of hives
(20–30 cm separation between them) and one harp between two
consecutive hives, the reduction of hunting pressure was signifi-
cant but still not enough to achieve a null predation. Therefore,
in highly invaded areas, this control method should be deployed
in tandem with additional measures, such as V. velutina's nest
detection and destruction in the surroundings of the apiaries in
order to reduce the number of hunters and their detrimental con-
sequences on honey bee colony performance and survivorship.

5 CONCLUSIONS
The predation pressure by the invasive hornet V. velutina inter-
feres with normal hive activity and affect biological traits of honey
bees, such as foraging activity, breeding, body weight and colony
survivorship. A reduced number of hornets hunting honey bees in
front of the hives over a prolonged period is enough to trigger col-
ony paralysis. The high mortality of honey bee colonies is a global
phenomenon recorded since the end of last century. Here we
demonstrate that beekeeping management techniques, such as
the use of electric harps, help to improve the health of honey
bee colonies and to extend their lifespan in invaded areas reduc-
ing the detrimental effects of V. velutina on pollinators. The preda-
tion pressure of V. velutina is added to the stressors that
pollinators face in invaded areas. Therefore, it is indispensable to

avoid the establishment of efficient predators of bees, such as
the hornet V. velutina or other invasive species of the Vespa genus,
in regions at risk.46,47 Thus, the development of prevention and
long-term management plans are required, thus allowing bee-
keeping to remain viable, while preserving pollination of plants
and biodiversity.
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