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Abstract — The efficiency and selectiveness of baited traps to control the invasive hornet Vespa velutina is often
questioned. Comparative assessments are needed to improve control plans and reduce the impact on honeybees and
entomofauna. Our aims were to study the performance of traps and baits, to identify environmental conditions that
affect capture rates and to identify the groups of insects affected by trapping. During spring in 2016, three types of
trap and baits in a full factorial design were tested. Vespa velutina accounted for less than 1% of all captures,
reflecting the low selectiveness of the method. The trap design and its location are decisive aspects to determine the
capture rates of V. velutina queens. All trap-bait combinations captured a very high quantity of dipterans, native
hymenopterans, and lepidopterans. High capture rates of insect groups which are not common prey of V. velutina

reflect that the method constitutes an additional threat on native insects.

apiculture / Apis mellifera / invasive species / pest management tools / yellow-legged hornet

1. INTRODUCTION

Vespa velutina (Lepeletier) is a social hornet
native to Eastern Asia that has successfully invad-
ed several countries of Europe and Asia (Choi
et al. 2012; Monceau et al. 2014; Ueno 2014). In
Europe, first records situate the invasion focus in
central France short before 2005 (Haxaire et al.
2006; Rortais et al. 2010). By 2012, it had invaded
an area of 360,000 km? at a speed of 100 km/year
(Rome et al. 2015) and by 2017, it had spread over
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several countries of Central and Eastern Europe
including France, Spain, Portugal, Belgium, Italy,
Germany, the UK, the Netherlands, and Switzer-
land (Witt 2015; EPPO 2016; A.C.M. Cornelissen
Pers. Comm.; Sciences Switzerland 2017; INPN
2018). Suitability models suggest that its ecolog-
ical niche is limited by low temperatures, precip-
itation regimes, and land use, making large areas
of the Iberian Peninsula, central Europe, the
Balkan Peninsula, and Turkey appropriate for the
colonization of the species (Villemant et al. 2011a;
Bessa et al. 2016).

The invasion of V. velutina constitutes a mul-
tiple threat for biodiversity, economic activities,
and human health (Monceau et al. 2014). Adults
are predators of a wide diversity of arthropods,
including bees, social wasps, and flies, hunted and
carried to the nest to provide protein for the larvae
(Tan et al. 2007; Perrard et al. 2009; Rome et al.
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2011b). They specialize in hunting honeybees by
waiting for prey in front of the beehives (Monceau
et al. 2013a). Hunting activity in honeybee hives
could be so intense that apiculture results severely
affected by the invasion of this social insect. Al-
though far from the nest hornets seem not to be
particularly aggressive against humans, workers
defend the nest when people approaches less than
5 m (Perrard et al. 2009; de Haro et al. 2010).
Some attacks occur when people try to destroy the
nest without proper tools and techniques (de Haro
et al. 2010) or when nests are accidentally dis-
turbed, e.g., during vegetation clearing activities.
Despite the increase in the population of the inva-
sive hornet, records of envenomation by hyme-
nopterans in France remained constant between
2009 and 2013 (Viriot et al. 2015). The most
common clinical manifestations after stinging are
local reactions (Ciron et al. 2015; Tabar et al.
2015). However, under particular circumstances,
people can suffer immediate hypersensitivity or
massive envenomation with severe consequences
(Fitzgerald and Flood 2006; de Haro et al. 2010;
Ciron et al. 2015; Liu et al. 2015).

The annual cycle of V. velutina begins with
queens emerging of hibernation and beginning
the foundation from new colonies in early spring
(Monceau et al. 2014). The period since the queen
initiates the construction of the nest until the day
before the first worker adult emerges is named the
“queen colony phase” (Archer 2010). Colonies
are highly vulnerable during this period because
their success relies mainly in the energy, perfor-
mance, and survivorship of a single individual, the
young queen or “foundress” (Spradbery 1973;
Archer 2010). Hence, it is considered a particular-
ly suitable time for trapping, because for each
captured queen, there is a potential colony being
destroyed (Spradbery 1973; Haxaire and
Villemant 2010).

The social and economic implications of the
invasion and the high colonization ability of
V. velutina have fostered massive trapping cam-
paigns, commonly supported by beekeepers and
local governments, with the aim of reducing the
population and diminishing its impacts. Bait trap-
ping is one of the most used tools to control wasps
and hornets (Toft and Harris 2004; Demichelis
et al. 2014). Nevertheless, the effectiveness of
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spring trapping campaigns has been questioned
for several reasons. First, because the capture rate
is low in comparison with the estimated quantity
of queens produced during the former season
(Monceau et al. 2012). Also because re-
colonization from adjacent areas is probably high
(Monceau and Thiéry 2017), particularly consid-
ering that the invasion in Europe was caused by
one single female and that the spread rate is
around 100 km per year (Arca et al. 2015;
Robinet et al. 2017). In addition, a high number
of non-target animals are commonly captured in
baited traps. Several evidences indicate that this
low selectiveness of the method has important
impacts on the entomofauna threatening native
populations of insects (Dauphin and Thomas
2009; Haxaire and Villemant 2010; Monceau
et al. 2012, 2014; Goldarazena et al. 2015;
Monceau and Thiéry 2017). Together, high re-
colonization rates and the low selectiveness of
baited traps make trapping campaigns ineffective
in terms of balance between the benefits to control
the invasive population and the environmental
costs (Monceau and Thiéry 2017).

Traps (either commercial or craft-made) consist
of a container in the form of a vessel, dome, or box
with one or more entrances that hinder the exit of
insects and a chamber where they die of exhaus-
tion and/or drowning. Baits consists mainly of
sugary or protein substances attractive to social
vespids or chemical compounds similar to the
volatiles released by fruits or animals in decom-
position, with an alcoholic component added as a
repellent for honey bees (Landolt 1998; Wegner
and Jordan 2005; Landolt et al. 2007; Demichelis
et al. 2014). Both the characteristics of the trap
and the type of bait are expected to affect the
effectiveness and selectiveness of trapping cam-
paigns. In addition to the features of traps and
baits, diverse environmental factors can influence
the effectiveness of baited traps. Factors such as
land cover, habitat structure, or human distur-
bance are likely to affect both abundance and
foraging preferences of V. velutina, increasing
the chances to capture them in particular areas.
For instance, one of the most frequent prey of
V. velutina is the honeybee (Perrard et al. 2009);
thus, traps placed next to apiaries may have higher
chances to capture hornets (Rome et al. 2011a).
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On the other hand, evidence suggests that nests
are mainly placed in trees near rivers or streams
(Bessa et al. 2016 but see Fournier et al. 2017),
which might increase capture rates in the proxim-
ity of water bodies.

A better knowledge of the performance of dif-
ferent methods is essential for improving the suc-
cess of spring trapping campaigns and to reduce
their detrimental effects on the native entomofau-
na. With this aim, the objectives in this work are as
follows: (a) to study and compare the capture rate
and selectiveness of traps and baits commonly
used as control methods; (b) to study the environ-
mental conditions that affect capture rates of
queens of V. velutina in baited traps; and (c) to
identify the groups of insects affected by trapping
campaigns.

2. MATERIALS AND METHODS
2.1. Tested traps and baits

The performance of three different kinds of
traps filled with three commonly used baits was
compared. In total, nine treatments (each combi-
nation of trap x bait) were tested. Tested traps
included two commercial traps: Avispa’clac©
(PROTECTA SAS, Le Thor, France) and Véto-
Pharma®© (Véto-Pharma, Villebon-sur-Yvette,
France), and one home-made trap (Figure 1).
The Avispa’clac© trap (A trap onwards) consists
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of a green container covered with dome-shaped
transparent plastic, with one entrance (60-mm
diameter) placed in the bottom of the trap, in the
center of the base (Figure 1a). The Véto-Pharma©
trap (V trap onwards) consists of a plastic cup of
translucent-yellow color with a black lid with two
opposite entrances (14-mm diameter) and a black
plastic cover that prevents the entrance of rain and
produces a tunnel effect (Figure 1b). Home-made
traps (H trap onwards) were made with transpar-
ent plastic 1.5-1 water bottles, by cutting off the
upper part (funnel) and sticking it upside down
into the bottom part of the bottle (shaft). Small
holes of 5 mm are made in the lateral walls to
provide an escape for small insects. Another piece
of plastic was placed over the trap as a roof to
prevent rain water from entering the trap
(Figure 1c). Regarding baits, we tested two com-
mercial types: Avispa’clac© (PROTECTA SAS,
Le Thor, France) and Véto-Pharma® (Véto-
Pharma, Villebon-sur-Yvette, France), and one
home-made bait. The Avispa’clac© bait (A bait
onwards) was prepared by mixing 125 ml attrac-
tant and 250 ml water. The Avispa’clac© attrac-
tant contains an extract of food flavorings and
acetic acid, according to the information provided
by the manufacturer. The Véto-Pharma®© bait (V
bait onwards) was prepared by mixing 10 ml at-
tractant, 50 g sugar, and 200 ml water. The Véto-
Pharma@© attractant contains water, ethanol, plant
extracts, and natural active compounds

Figure 1. The performance of tree kind of traps was evaluated: Avispa’clack (a ), Véto-pharma (b ), and Home-made

trap (¢).
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accordingly to the information provided by the
manufacturer in the product label. The home-
made bait (H bait onwards) was prepared by
mixing 100 ml of black beer, 100 ml of white
wine, 50 ml of cranberry juice, and 50 g of sugar.
Because the A trap has a bigger chamber, the
quantity of bait in the treatments using this trap
was 1.5 times higher than other treatments.

3. SAMPLING METHOD

Traps were placed hanging on trees or poles at
1.50 m over the ground (Figure 1). Baited traps
were placed from 1 April to 30 June 2016. Every
14-15 days, the traps were emptied. All individ-
uals captured were preserved in vials with ethanol
70% and the bait was renewed.

A total of 180 traps and baits were randomly
distributed among volunteer beekeepers of 21 mu-
nicipalities (Table I and Figure 2) throughout the
invaded area of Galicia, Spain (nine treatments,
two replicates of each treatment per “Delegation
of Galician Beekeeping Association”). Because in
each municipality, there were a different number
of volunteers, the number of sites and traps dif-
fered among municipalities. Treatments were ran-
domly distributed among sites. When different
treatments were placed in the same site, the dis-
tance between traps was > 20 m. The final number
of samples was unbalanced because in some cases,
the samples were partially collected (not for the
whole 3 months). Also, in few cases, the trap was
fallen, damaged, or the entrance was blocked by
snails failing to capture any insect during one
sampling period. These samples were discarded
for analysis.

Additionally, because the aim was to compare
the capture rates of queens during spring, it was
necessary to identify the periods when only
queens were trapped and separate these samples
from those in which the first workers appeared. To
do this, 200 V. velutina individuals from the sam-
ples of the whole sampling period were randomly
selected. The exemplars were characterized mor-
phologically to determine the end of the queen
colony phase and the presence of individuals of
the first cohort of workers in traps. The threshold
of 4.5 mm for mesoscutum width was used to
differentiate queens from workers, so that
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individuals with a wider mesoscutum were iden-
tified as queens (Pérez-de-Heredia et al. 2017).
This characterization allowed determining that
first workers are more frequent in June in most
localities. Therefore, only samples obtained from
1 April to 31 May with complete data for all
environmental variables were included in the
analysis. Finally, a total of 253 samples were
analyzed.

At the laboratory, all individuals collected in
traps were determined and counted at the order
level, except in the case of Vespa crabro, Vespa
velutina , and Apis mellifera which were identi-
fied and counted at the species level. Other indi-
viduals within Hymenoptera were identified as
Apoidea, Vespoidea, or Formicidae.

3.1. Environmental factors

To analyze the effect of environmental factors
for the capture of V. velutina , traps were randomly
placed. Then, environmental conditions for each
trap were characterized according to the land use
and the proximity to apiaries and bodies of water.
Three categories of land use were selected: (a)
urban areas, (b) rural areas, composed by an agri-
cultural mosaic with scattered houses, orchards,
mixed crops, and garden plants, and (c) forest
areas with predominance of Pinus sp., Eucalyp-
tus sp., and Quercus sp. trees and a understory
often composed by Ulex sp. and several species of
Ericaceae. The proximity to apiaries and bodies of
water was characterized by a binary variable (yes/
no) according to the following criteria: Traps were
considered to be near apiaries when the distance
was <50 m and near to bodies of water when the
distance was <2 km to streams, rivers, or lakes.

3.2. Data analysis

To compare the performance of treatments, the
rate of V. velutina individuals captured per trap
per day was estimated. Selectiveness was assessed
as the capture rate of V. velutina /capture rate of
other insects per trap per day.

The effect of the trap, bait, and location on the
capture rate and selectiveness of trapping
V. velutina and non-target taxa was analyzed by
fitting generalized linear mixed models (GLMM)
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Table I. Number of samples analyzed for each site (municipality) and category of environmental factor. *Proximity
of the traps to apiaries was classified as yes for traps paced <50 m. *Proximity to bodies of fresh water (streams,

rivers, or lakes) <2 km.

Site Land use Apiary* Bodywater®
Forest Rural Urban Yes No Yes No

Arteixo 27 27 27

Baiona 6 6 2 4

Boiro 11 8 3 9 2

Capela 2 2

Carifio 2 2

Culleredo 6 6 6

Gondomar 7 5 2 2 5

Laracha 9 23 10 22 32

Maiion 12 12 10 2

Moana 43 43 13 30

Mos 3 3 3

Muros 2 2

Oia 3 3

Oleiros 6 4 22 4 28 16 16

Ortigueira 26 10 16 16 10

Salceda de Caselas 4 4 8

San Sandurifio 8 8

Tui 11 11 11

Valdovifio 1 1

Vicedo 4 1 3

Vigo 7 7

Total 17 208 28 62 191 172 81

using the type of trap and bait (and its interaction),
the proximity to apiaries, to bodies of water, and
the land use as fixed effects. Since each trap was
used repeatedly to collect samples throughout the
study period, the identity of traps was included as
a random factor into the model to control for
pseudoreplication. Response variables either the
amount of individuals of V. velutina captured
(when evaluating capture rate) or the proportion
of V. velutina out of the total amount of insects
captured (when evaluating selectiveness) were in-
cluded. After checking the data distributions, the
negative binomial error distribution and the log-
ratio link function for the amount of V. velutina
captured were used. The binomial error distribu-
tion with logit link function was used for the
proportion of V. velutina out of the total amount
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of insects captured (selectiveness). To select the
best model for capture rate and selectiveness of
trapping, we fitted several models including inter-
actions between predictors. Because we were par-
ticularly interested in the effect of environmental
variables and performance of the interaction of
traps and baits, we maintained these basic predic-
tors (trap, bait, land use, proximity to apiaries,
proximity to bodywaters) and the interaction (trap
x bait) in all fitted models. Per response variable
(capture rate of V. velutina and selectiveness), we
fitted models including all possible interactions
between environmental variables, the type of trap,
and the type of bait following suggestions by
Burnham and Anderson (2002). Models including
the interaction land use x proximity to bodywaters
were not fitted because of the low number of
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Galicia

Figure 2. The study was performed in the coastal area of Galicia, Northwest Spain.

samples obtained for traps placed into the forest
that were at the same time far from bodywaters.
The top three performing models for each re-
sponse variable are shown in Supplementary Ma-
terial Tables S1 and S2. We used Akaike’s infor-
mation criteria to compare the models and select
the best performing model for each response var-
iable (performance and selectiveness for the cap-
ture of V. velutina). Models were fitted in R
software using the packages MASS version 7.3-
47 (Venables and Ripley 2002) and glmmADMB
version 0.8.3.3 (Skaug et al. 2011).

4. RESULTS
4.1. Capture rate of baited traps

The average number of captured V. velutina
individuals was 0.37 individuals per trap per day.
The capture frequency of the target species was
relatively low (0.55, see Table II), meaning that
only one half of the traps placed in spring in areas
invaded achieve the goal of trapping V. velutina
queens. The type of trap had a significant effect on
the quantity of V. velutina individuals captured
(Table III). A-type traps had the highest capture

rate (Figure 3a), which was 2.5 times higher on
average than that of V traps, and 12.7 times higher
than that of H traps. The capture rate of V traps
was 5.2 times higher on average than that of H
traps. Neither the type of bait nor the interaction
between trap and bait had significant effects on
the capture rate of the invasive hornet (Table III).

4.2. Selectiveness of baited traps

V. velutina accounted for 0.90% of all captures
(Table II). All treatments captured a high number of
individuals of non-target species per trap for each
V. velutina captured (mean = 134.6). The selective-
ness of traps was significantly affected by the type
of trap (Table IV). A traps were the most selective
(Figure 3b), with an average 2.5 and 5.6 times
higher selectiveness than V traps and H traps, re-
spectively. V traps, on their part, had higher selec-
tiveness than H traps (2.2 times higher on average).

4.3. Environmental factors

The land use and the proximity to apiaries had
significant effects on the capture rates of the invasive
hornet (Table IIT). Traps placed in the forest and
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Table II. Percentage, mean, and frequency of individuals captured in baited traps of the invasive target species
(Vespa velutina ) and non-target insects. "Excluding A. mellifera . *Excluding V. velutina , V. crabro , and Formicidae.
SFrequency calculated as number of samples with presence of the species (or group)/253 (samples analyzed).

% of the total captured
individuals (n = 144,368)

Insects captured

Taxa hunted by V. velutina
according to a previous study
(Villemant et al., 2011a)

Mean per sample +
standard deviation
(§ frequency)

Vespa velutina 0.90
Non-target taxa
Diptera 92.65
Hymenoptera
Apoideat 0.08
Apis mellifera 0.17
Vespoidea 0.28
Vespa crabro 0.16
Formicidae 3.82
Lepidoptera 1.20
Coleoptera 0.66
Blattodea 0.02
Aracnoidea 0.02
Dermaptera 0.01
Other groups 0.03

528.67+578.67 (1)

5.13+11.25 (0.55)

6.13+8.13 (0.06)
0.96 +4.02 (0.25)
3.69+5.87 (0.43)
5.61+5.42 (0.16)

82.25+242.77 (0.26)

12.45+ 18.64 (0.55)

12.63+27.56 (0.30)
3.25+5.18 (0.03)
1.65+1.69 (0.07)
1.67+1.72 (0.05)
0.16+1.20 (0.05)

Yes

Yes

Yes

rural areas and those near apiaries captured more
individuals of the target species (Figure 4a, b). The
capture rate in the forest was 1.2 and 2.6 higher than
in rural and urban areas respectively, while traps
placed in rural areas captured 2.1 times more
V. velutina individuals than those placed in urban
areas. The capture rate of traps was 3.7 higher when
placed next to apiaries than far from them.

Table III. Results from (GLMM) analysis of the cap-
ture rate of V. velutina with nine treatments (three types
of trap combined with three baits).

Factor d.f.  Deviance p value
x?
Trap 2 31.63 <0.001**
Bait 2 3.71 0.157
Trap:Bait 4 1.54 0.819
Proximity to apiaries 1 9.51 0.002*
Proximity to 1 0.26 0.608
bodywaters
Land use 3 14.34 <0.001%*
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4.4. Native insects affected by trapping
campaigns

Among non-target insects captured, Diptera
were the most frequent, accounting for 92.65% of
all captures (Table II). Other frequent taxa captured
were Hymenoptera (particularly Formicidae,
Vespula sp., Apis mellifera, and Vespa crabro),
Lepidoptera and Coleoptera. The type of trap had a
significant effect on the capture rate of Diptera
(X?=15.12, p <0.001, df=2 Figure 3c),
A. mellifera (X*=9.71, p =0.008, df=2
Figure 3d), Vespoidea (X2 =19.40,p <0.001, df=
2 Figure 3e), Formicidae (X 2= 14.40, p <0.001,
df=2 Figure 3g), and Lepidoptera (X*=51.62,
p <0.001, df =2 Figure 3h). The latter was also
the only group affected by the type of bait (X* =
7.13, p =0.029; df=2). Among environmental
variables, the GLM revealed that the land use
affected captures of Vespoidea (X*=6.69, p =
0.035, df=2 Figure 4c), V. crabro (X*=6.14,
p =0.047, df=2 Figure 4d), Formicidae (X*=
17.71, p <0.001; df =2 Figure 4e), and Lepidop-
tera (X2 =13.79, p =0.001; df =2 Figure 4f).
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Figure 3. Effectiveness (a ) and selectiveness (b ) of three traps tested for the capture of V. velutina . Ratio between
the number of individuals of non-target taxa and individuals of V. velutina for groups of insects commonly captured
(c—h). Abbreviations: A, Avispa’clack trap; V, Véto-pharma trap; H, home-made (funnel) trap. Box plots represent
medians (horizontal bold lines), quartiles (boxes), 2.5-97.5 percentiles (vertical lines), and outliers (open circles).

5. DISCUSSION

5.1. Capture rate and selectiveness of baited
traps

The results highlight the relevance of the de-
sign and placement of traps as key parameters to
optimize captures of queens of the invasive hornet
V. velutina. Commercial traps had higher effec-
tiveness than home-made (H) traps, especially A
traps. H traps were the less selective despite that

the small lateral holes allow small insects to es-
cape. Because of their bigger size, A traps use 1.5
times more bait than the other traps, but they
achieve more than 1.5 higher performance com-
pared to the other trap types, both in terms of
capture rate and also selectiveness. Besides, A
traps differ not only in the amount of bait, but also
in the shape and size of the chamber and the
position of the entrance. A bigger chamber allows
drowning and accumulation of more individuals
with a lower impact on the strength of the scent
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Table IV. Results from (GLMM) analysis for the selec-
tiveness of baited traps (measured as the number of
V. velutina individuals divided by the total number of
individuals captured per trap and per day) to capture the
target taxa.

Factor d.f.  Deviance p

(x 2) value
Trap 2 6.32 0.042*
Bait 2 2.26 0.324
Trap:Bait 4 0.47 0.976
Proximity to apiaries 1 9.301 0.002*
Proximity to bodywaters 1 2.73 0.099
Trap: proximity to 2 4.44 0.976

bodywaters

Land use 2 0.98 0.612

Vespa velutina

S. V. Rojas-Nossa et al.

signal compared to smaller traps. However, this
cannot explain the higher selectiveness of this trap
type. Either the position of the entrance (in the
bottom instead of the upper part), the size of the
hole that allows a higher evaporation rate of bait
and therefore emanates a higher amount of scent
signal or the shape and the color of this trap make
it more effective in capturing V. velutina . Interest-
ingly, commercial and home-made baits had sim-
ilar performance, both in terms of effectiveness
and selectivity, and their performance did not
differ depending on the trap.

Traps with chemical attractants are broadly
used as a control tool for the capture of invasive
wasps (Landolt 1998; Beggs et al. 2011). The
results in this study show relative low capture
rates of V. velutina in baited traps, which agrees
with previous assessments, despite differences
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Figure 4. Capture rates of V. velutina (a, b) and non-target taxa (c—f) under several environmental factors. Box
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(open circles).

@ Springer



Performance and impact of baited traps

among studies in trap design, bait composition,
sampling seasons, and sites (Dauphin and Thomas
2009; Rome et al. 2011b; Monceau et al. 2013b;
Goldarazena et al. 2015). In regions recently in-
vaded or during the queen colony phase, it is
expectable to have a low capture rates because
of the lower number of individuals in the environ-
ment in comparison with regions with a long story
of invasion during the summer season. However,
according to previous studies made in different
regions and seasons, capture rates of V. velutina
with baited traps or its proportion in comparison
with non-target taxa are low to intermediate, even
in summer and when nests reach maximal size and
workers are very active in the field (see Monceau
etal. 2012; Monceau et al. 2013b; Decante 2015).

In order to determine the effectiveness of trap-
ping campaigns to control V. velutina , a compre-
hensive assessment of the actual impact on its
populations is urgently needed. However, little is
known at the moment in this regard. Monceau
et al. (2012) estimated the probable number of
founding queens capable of initiating a nest in
the spring in one region, 111 queens, and com-
pared this number with the number of queens
trapped in the same area during the spring, 26
queens. That is, they captured 23.4% of the po-
tential founders. Although this percentage is not
negligible, the method cannot be considered as
effective and probably requires a combination
with other tools implemented at the long term to
cause considerable reductions of the species (see
Robinet et al. 2017). Also, the number of
founding queens initiating a nest in spring is prob-
ably variable among regions and years according
to climatic conditions, resource availability, and
survivorship or usurpation rates (Gamboa 1978;
MacDonald and Matthews 1981; Archer 2012).
Broad scale studies are needed to quantify the
actual efficiency of trapping campaigns for reduc-
ing the population of V. velutina to evaluate its
sustainability as a control method and facilitate
decisions by policy makers. However, with the
traps and baits currently used, the populations of
native insects can be threatened by trapping cam-
paigns. Particularly to those insects which are
frequently trapped but that are not common prey
of V. velutina such as V. crabro, Lepidoptera, or
Coleoptera (Table II). Also, Diptera are
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commonly captured in baited traps (80-95% ac-
cording to land use, assessed in this study), but
less frequently hunted by V. velutina (17-34%
according to land use, see Villemant et al.
(2011b)). Apidae and Vespidae had the contrary
tendency (0.93-0.27% captured in traps vs. 33—
65% hunted; and 1.2-1.3% captured in traps vs.
7.8-28% hunted, respectively). This comparison
is informative about the tendencies, but must be
taken with care since the data were obtained for
different regions and years and the relative abun-
dances of taxa can vary between them.

5.2. Environmental factors that affect
capture rates of Vespa velutina

Traps placed in forest areas and near apiaries
were the most effective for the capture of
V. velutina queens in spring. The higher capture
success in forested areas can be related to differ-
ences in the availability of resources (food, nest
materials, insects), which has been suggested as
broad scale drivers of invasion (Bessa et al. 2016).
It could also reflect that there is a higher abun-
dance of queens that hibernate and survive in this
habitat since they can find more suitable places to
overwinter and be protected by vegetation in
harsh environmental conditions (Edwards 1980;
Matsuura and Yamane 1990; Vetter and Visscher
1997). The higher capture success achieved next
to apiaries suggests that queens are attracted to
honeybee colonies. This finding differs with a
previous study where it is suggested that it is not
necessary to protect the apiary in spring in invad-
ed areas, based on the fact that captures of
V. velutina in the vicinity of apiaries were very
low (Monceau et al. 2012). Indeed, in previous
years, queens were not frequently seen hunting in
beehives at the beginning of the spring. However,
in the region of the present study during the last
years, they began to hunt in apiaries very early in
the season even when no baited traps were placed
near the apiaries (pers. obs.). This can be related to
the capacity of V. velutina to be attracted toward
particular compounds present in pollen, honey,
and honeybees’ pheromones (Rome et al. 2011a;
Couto et al. 2014). These findings can be used to
enhance control plans using honey bee scents as
component of selective lures.
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Previous studies stress the relevance of the prox-
imity to bodies of water as key parameters for
trapping and nest location (Monceau et al. 2012;
Bessa et al. 2016). However, this study does not
reveal a significant effect of this factor on the
capture rates of V. velutina queens. The study area,
the coastal part of Galicia, is rainy in spring and
drained by numerous rivers and streams, facilitat-
ing hornets to find water sources virtually every-
where, which would explain the low significance
of this factor. In addition, small sources of water,
such as small pools, ponds, trough, or irrigation
channels, which were not considered in our study
due to its geographic broad scale, can be enough
for the development of colonies. In spring, the
colonies are small and so are their resource require-
ments. Further in the season, the growing of the
colony conduce to an increase in the requirements
of food, water, and other resources in summer, at
the same time that water becomes less abundant. It
is then when the proximity to water sources could
become a limiting factor contributing to stagnation,
collapse, or relocation of the colony.

5.3. Groups of native insects affected by
trapping campaigns

The comparative better performance of A traps
in terms of capture rate of V. velutina and selec-
tiveness must be considered with caution. This
trap also captured higher rates of non-target in-
sects, including dipterans, honeybees, and other
hymenopterans. In particular, its wider entrance
allows the access of bigger-bodied species, such
as lepidopterans and the native hornet V. crabro,
compared with traps with smaller entrances. Cap-
tures of V. crabro must be avoided for several
reasons. First, because it is a native species listed
as endangered or protected in some European
areas such as Germany (http://www.gesetze-im-
internet.de/bartschv_2005/anlage 1.html) or Aus-
tria (https://www.ris.bka.gv.at). Also, considering
the phylogenetical and biological similarities with
V. velutina , it is probably one of the species likely
to compete with the invasive hornet for resources
(Monceau et al. 2015). Therefore, it has the po-
tential to counteract naturally, to some degree, the
expansion of V. velutina . Further research regard-
ing the interaction between these congeneric
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species is needed to clarify the effects that one
species has on the other one.

According to the capture rates of non-target
species recorded in our study, spring control cam-
paigns against V. velutina could result in signifi-
cant impacts on insect populations. Groups such
as Diptera, different Hymenoptera, Lepidoptera,
and Coleoptera are attracted by baits and odors of
dead bodies in traps. Other studies recording in-
sects captured in traps for V. velutina in diverse
regions report similar results: during spring and
autumn, high quantities of Dipterans, Lepidop-
terans and Coleopterans are commonly trapped
in France (Dauphin and Thomas 2009; Haxaire
and Villemant 2010; Rome et al. 2011b; Monceau
et al. 2012), while Diptera, Lepidoptera, and Hy-
menoptera were the most common insects record-
ed in Northeast Spain during summer and autumn
(Goldarazena et al. 2015).

The use of baited traps is often justified by the
argument of “killing one queen in spring will
protect many insects that the colony (founded by
this queen) would hunt in summer and autumn.”
Considering the identity of insects hunted by
V. velutina (Villemant et al. 2011b), probably the
honey bee (A. mellifera) is the most favored spe-
cies with trapping, as it is highly predated by
V. velutina but capture rate in baited traps is
relatively low. Other groups such as dipterans,
vespids, and other hymenopterans benefit to a
lesser extent, since they are more frequently cap-
tured by V. velutina (at least considering broad
taxonomic levels). However, there are other
groups of insects such as Coleoptera, Lepidoptera,
Vespa crabro , and Bombus sp. that are not com-
monly hunted by V. velutina, but that frequently
fall into baited traps (Table II). For these groups,
the impact of trapping can be significantly nega-
tive, endangering populations in entire regions.
These findings support the growing body of evi-
dence which indicates that baited traps currently
being used to reduce the invasive population rep-
resent a potential threat for the native fauna added
to the direct impact of V. velutina as a predator.

6. CONCLUSION

The low capture rate and selectiveness of baited
traps currently used together with the high
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colonization ability of V. velutina and the high
mortality caused on non-target insect groups, par-
ticularly some that are not common prey of the
invasive species, questions the utility of this meth-
od as a control tool. There is an urgent need for
improving both attractants and trap designs. This
study shows that commercial baits do not exhibit
significant improvements compared to home-
made baits. Trap designs, however, probed to
mark differences both in terms of effectiveness
and selectiveness, with commercial designs show-
ing better results than the home-made design test-
ed. Caution however is advisable, since the most
effective and selective design tested (Avispa’ clac)
showed high rates of capture of sensitive species
such as some lepidopterans, especially moths, and
V. crabro . Research in improving trap designs
appear as a promising field for advancement,
aiming at enhancing capture rates of V. velutina
and, above all, selectiveness, in order to minimize
impacts on native entomofauna.
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