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ABSTRACT

The Yellow-legged hornet, Vespa velutina, was
accidentally introduced in France in 2004, and
then spread rapidly through the French territory
but also to adjacent European countries (Spain,
Portugal, and Belgium). During summer and au-
tumn, V. velutina workers hunt domestic hon-
eybees, Apis mellifera, for feeding their larvae.
The impact of this alien species is mainly eco-
nomic, beekeepers experiencing heavy colony
losses, but also ecological, V. velutina hunting
other pollinators. In their year-round life cycle,
nest initiation by single queen during spring is
the critical stage. In invaded areas, spring queen
trapping using food baits has been promoted by
apicultural unions in order to limit V. velutina
population expansion. The goals of this work
were 1) to evaluate the yield of this method, 2) to
identify appropriate sites for trapping, 3) to
identify potential optimal climatic windows of
capture, and 4) to quantify the impact on local
entomofauna. Our results showed that water pro-
ximity enhances trapping but not beehives pro-
ximity, and that trapping is inefficient if average
week temperatures are below 10°C. Although the
trapping effect on biodiversity should be studied
more carefully, spring queen trapping is highly
guestionable unless specific attractants could
be proposed.

Keywords: Foundress; Invasive Species;
Metareplication; Vespa velutina; Yellow-Legged
Hornet

1. INTRODUCTION

The recent biological invasion of the Yellow-legged
hornet, Vespa velutina, in France raises an important
ecological problem because this Vespidae predates do-
mestic honeybees, Apis mellifera. Its introduction is at-
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tributed to boat shipment from China of a single queen
[1]. The first installed colony was observed close to Agen
in south-western France in 2005 [2,3]. Since this intro-
duction, local predation on honeybees started and was
rapidly noticed by beekeepers. This is the first biological
invasion by a Vespidae species the European area has
had to deal with [4-6]. To date, almost half of the French
regions is colonised, and V. velutina is currently expanding
to neighbouring countries: Spain [7], Portugal (A. Golda-
razena, pers. com.) and Belgium [8]. Italy could probably
be invaded in a near future since several nests were de-
tected in 2011 in the region of Nice near the Italian
boundary. Moreover, a simulation predicted a geographi-
cal expansion along the Mediterranean coast [9].

The consequences of V. velutina invasion are at least
three. The first one is obviously ecological because the
Yellow-legged hornet predates numerous honeybees but
also other pollinators, thus potentially affecting insect
pollinated plants. The second effect is economic, bee-
keeper activities being directly affected by their colony
losses. The third obvious impact concerns the human
population. Indeed, V. velutina colonies are mostly lo-
cated close to rivers, lakes and cities, and because of the
spectacular large-sized nests at autumn, it starts generat-
ing a frenzy even if French Control Poison Centres re-
ported in 2007 no significant increase of Hymenoptera
stings [10] and only two cases of death by V. velutina en-
venomation has been confirmed to date.

Like other Vespinae, V. velutina nests are initiated by a
single queen [1,11]. Each year, a single queen can pro-
duce up to several hundreds of individuals from spring to
autumn, generating intense predation pressure on hon-
eybees. During nest initiation, foundresses basically need
water to build their primary nest, carbohydrates for en-
ergy and proteins to feed their larvae. Although total
eradication is probably no more possible and geographi-
cal area extension is in progress, several methods have
been proposed to limit V. velutina impact such as trap-
ping hunters in apiaries or foundresses during spring.
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The most critical stage of the year-round life cycle oc-
curs during nest initiation by single foundress [11]. Bee-
keepers unions currently promote the general use of food
traps against V. velutina foundresses during the nest
initiation in early spring [12]. Sweet baits dissolved in
water can be used to lure foundresses because they provide
carbohydrates. However, this method is subjected to con-
troversy [12,13]. To date, only one V. velutina spring
queen trapping study has been published [13]. Nonetheless,
many ecologists recommend to realise metareplications
(the replication of an entire study but with different method-
ology, experimenters, locations, or years [14]), particularly
in wildlife researches [15]. Such a methodology is parti-
cularly helpful to avoid wrong conclusions arising from
specific situations, and thus metareplication provides either
a support for the consistency of the results or alternative
interpretations [14-19].

The lack of metareplication of V. velutina spring queen
trapping study and the growing extension of such trap-
ping in France, conducted us to replicate in 2011 and in
another area, the previous study realised in 2009 [13].
Here, we tested the efficiency of spring queen trapping
and its relation with temperature, an important factor in
Vespidae foraging activities [20-22] but also in the num-
ber of flying queens [23]. We also tested the effect of the
vicinity of water source and beehives which can provide
the basic ingredient for nest construction [11] and a food
source for feeding larvae.

2. MATERIAL AND METHODS
2.1. Study Area and Attractive Baits

Spring queen trapping was realised in two areas (cit-
ies): Mérignac (MER, GPS: 44°50'41.56"N, 0°39'22.89"

W) and Villenave d’Ornon (VIL, GPS: 44°47'27.05"N,
0°34'38.35"W), distant approximately of 10 km. In each
area, traps were placed respectively in three and two sites.
In MER, experiment was conducted in the city centre
(urban area), in the park of the city Hall and in a private
property (Table 1). In VIL, trapping was realised around
the experimental apiary of La Grande Ferrade (Institut
National de la Recherche Agronomique, thereafter noted
INRA, Villenave d’Ornon) and in the adjacent public
park of Soureil (Table 1).

Water proximity (natural ponds) and/or beehives was
based on a distance of twenty meters: traps placed in less
than twenty meters from a water source and/or hives
(range: 1 m - 20 m) were opposed to those placed in
more than twenty meters from a water source and/or hives
(range: 100 m - 600 m, Table 1).

Two types of traps were used. The first one is a classi-
cal funnel trap design (Figure 1(a)) and the second one
is based on the same principle but it is implemented of
holes allowing small insects but not V. velutina to escape
from the traps, and of a sponge soak with bait to reduce
insect mortality due to drowning (Figure 1(b)). In VIL,
two baits based on a mix with beer (to avoid honeybee
trapping) were used: one with honey (HB) and the second
with blackcurrant syrup (CB see Table 1 for details). The
CB bait was used with classical funnel trap, while the
HB bait was used with derived funnel trap (Figure 1(b)).
In MER, only CB was used classical funnel traps.

Traps were weekly monitored for all sites, on Monday
in VIL and on Wednesday in MER. In VIL, queen trap-
ping began on the 21% of February 2011 (first checking
on the 28™ of February week). In MER, queen trapping
began on the 21% of March 2011 (first checking on the

Table 1. Number of traps (N), baits (CB: blackcurrant-beer, HB: honey-beer), vicinity to water and to beehives (yes or no) for all

study sites in MER and VIL.

Area/Site N Bait Wiater Beehives
VIL
Soureil 1 HB Yes Yes
1 HB No No
1 CB Yes Yes
1 CB No No
INRA 1 HB No Yes
1 HB No Yes
1 CB No Yes
1 CB No Yes
MER
City centre 3 CB No No
City Hall park 4 CB Yes No
Private property 1 CB No No

Copyright © 2012 SciRes.
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Figure 1. Funnel trap designs used in this study: a) Classical funnel trap design and b) funnel trap design implemented of exit holes
(according to Mr. Jean-Paul Cros from the Association Action Anti Frelon Asiatigue de Gironde, AAAFA33,

http://anti-frelon-d-asie-jp33.over-blog.com).

28" of March week). Both surveys ended on the week of
the 9" of May (last checking on the 11" of May) when
the first workers were trapped. To allow comparisons
between sites, only the matching periods were used for
the analyses from the 21 of March 2011 (week 1) to the
9" of May (week 7). The period from the 21% of Febru-
ary to the 21* of March 2011 in VIL was only used for
temperature effect on trapping and represented only a
single V. velutina queen.

2.2. Data Acquisition

Trap contents were collected, insects scored, and as-
signed to taxonomic groups (order for most of them).
Hornets were then dried [24] at 70°C in a stove for at
least two hours and then, weighted to the nearest 0.1 mg
using a precision scale (Sartorius MC 210 S). Thirteen
individuals were not weighted due to their poor condi-
tions.

Temperatures for the VIL experimental site were ob-
tained by INRA weather station located in La Grande
Ferrade (extraction from the database done by the Cli-
matik application v. 1.2, Agroclim INRA), and averaged
in order to get a mean temperature between two consecu-
tive dates.

2.3. Data Analysis

The difference in bait attractiveness was assessed with
non-parametric Mann-Whitney U tests (rank test for
independent observations). The body mass variation

Copyright © 2012 SciRes.

between dates and cities was tested using an analysis of
variance, i.e. ANOVA (after checking for normality and
homoscedasticity with respectively Shapiro-Wilk and Le-
vene tests). Statistical significance of each term was
assessed with F-statistics. Catching differences per weeks
between and within areas, the temperature effect and the
effect of the vicinity of water and beehives were tested
with Poisson log-linear Generalised Linear Models
(GLMs). For temperature effect, temperature was inclu-
ded in the model both as linear and quadratic variable to
account for potential optimum effect. Deviance of the
Poisson log-linear GLM was tested against degrees of
freedom using y? distribution in order to detect and then
account for potential overdispersion which is classical
for count data [25]. Statistical significance of each para-
meter was then assessed with likelihood ratio-based y2-
statistics. A post hoc multiple comparison tests was used
after the GLM test for catching differences per weeks to
identify differences between groups.

All statistics were done using R software v. 2.15.0 [26]
implemented with epicalc package (“poisgof” function
for overdispersion detection) and dispmod package
(*glm.poisson.disp” function for Poisson log-linear GLM
overdispersion correction).

3. RESULTS

Captures of V. velutina in both cities from the 21* of
March to the 9" of May scored 80 queens (55 in MER
and 25 in VIL) with 16 traps during seven weeks which

Openly accessible at http://www.scirp.org/journal/oje/
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overall yielded 0.71 female per trap per week (0.98 in
MER and 0.45 in VIL). In VIL, if we accounted for the
first period (from the 21* of February to the 21% of March
2011, scoring only one queen) the yield fell to 0.29.

3.1. Attractiveness and Selectivity of Traps
for Vespa velutina Queens and other
Species (VIL Only)

There was no difference in attractiveness between CB
and HB for V. velutina (Mann-Whitney U test, Soureil: Z
=130.5, P=0.10, N = 28; INRA: Z=1125,P=0.29, N
=28; overall: Z =483.5, P =0.06, N = 56).

Thus, sample from both baits were pooled for sub-
sequent analyses on V. velutina numbers. Overall, CB
and HB trapped equivalent quantity of other species,
except for Dipterans which is most probably due to the
possibility of escape through exit holes (Table 2). Con-
sidering the total sample, V. velutina represented only
1.70% of the individuals trapped (all traps mixed).

3.2. Trapping Dynamics and Differences
Between Cities and Sites

Overall, more foundresses were trapped in MER than
in VIL (GLM, Poisson family corrected for overdisper-
sion: y; = 6.09, P = 0.01) with differences within cities
between sites (x; = 10.15, P = 0.02, Figure 2), due to
differences between MER-city Hall and VIL-INRA (Post

hoc multiple comparison test, P = 0.03, all other P-values
> 0.15). Trapping efficiency differed between weeks
(x; = 4.68, P = 0.03, Figure 3) with the same trend in
both cities ( y; = 0.11, P = 0.74) and sites (y; = 2.94,P =
0.40). All sites combined, most of foundresses were
trapped between the 22" of March and the 27" of April
with a pick the first week of April (from the 4™ to the 13"
of April).

3.3. Vicinity of Water and Beehives

A weak effect of the vicinity of water appeared (GLM,
Poisson family corrected for overdispersion: y; = 4.06, P
= 0.04): more foundresses were caught in traps located
closed to water sources (Nyaer = 41). At the opposite, bee-
hive proximity did not favour trapping since less foun-
dresses were caught in traps located closed to hives ( y; =
5.48, P = 0.02, Npeenives = 17).

3.4. Temperature Effect on Trapping (VIL
Only)

Best model for fitting relation between queen trapping
and mean temperature included a quadratic effect of tem-
perature (GLM Poisson family: linear temperature ef-
fect: y; = 5.33, P = 0.02, and quadratic temperature effect:
% =17.22, P < 0.0001, Figure 4). No capture was ob-
served below temperature 10°C and the best scores were
reached at 15°C.

Table 2. Comparison of non-target species yields between CB and HB traps in VIL. Mann-Whitney U test values (Z) and associated
probabilities (P), number of individuals caught in CB (Ncb) and in HB (Nhb) are specified. Significant probabilities after Bon-

ferroni’s correction (P = 0.007) are in bold.

INRA Soureil
z P Ncb/Nhb z P Ncb/Nhb
Vespa crabro 105.0 0.35 1/0 137.0 0.03 14/2
Wasps 105.0 0.35 1/0 105.0 0.35 1/0
Honeybees 84.5 0.33 3/13 0/0
Diptera 1745 <0.001 587/65 196.0 <0.0001 438/11
Lepidoptera 100.0 0.94 35/23 116.5 0.35 72/12
Arachnids 98.0 1.00 11 105.0 0.35 1/0
Others 118.5 0.27 83/51 110.0 0.49 50/9

Copyright © 2012 SciRes.

Openly accessible at http://www.scirp.org/journal/oje/




K. Monceau et al. / Open Journal of Ecology 2 (2012) 183-191 187

10 = Q.
8 —
o«
~
S
2
B
o
2 6 -1
=
on
]
3 ° 2 2
=
: o«
2
<
o
2
K = =
- 1
i
|
2 _ i 2
T |
: | |
i |
1 o 1
i
i
0 —
City hall park City centre  Private property INRA Soureil
(29) (24) (2) 5) (20)
MER VIL
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Figure 4. Number of Vespa velutina queens trapped according to mean temperature, based
on predicted values fitted with GLM model (plain line) assorted with 95% confidence interval

(dash lines).
3.5. Body Mass Variation

Foundresses’ body mass was similar between MER
and VIL (ANOVA: Fig5 = 2.43, P = 0.12) and between
weeks (Fgs5 = 0.84, P = 0.54) with no interaction (F455 =
0.75, P = 0.56). Nevertheless, for the last week, body
mass variability was clearly higher due to a smaller indi-
vidual which was probably a worker if considering its
lower body mass (78.06 mg, Figure 5).

4. DISCUSSION
4.1. Queen Trapping Efficiency

In our study, 80 foundresses (excluding the single one
caught earlier in VIL) were trapped. In early 2011, at
least 10 nests (colonies founded in 2010) were detected
in the vicinity of INRA and Soureil in VIL.

According to the survival rates based on the number of
nests detected each year since 2004, these 10 nests should
have produced more than one hundred of queens (111),
each one producing a new colony the next year. Thus, the
26 queens we have trapped were few in a location where

one should have expected more than one hundred queens.

Thus, we consider that such trapping is far from being
efficient. However, our estimation does not take into ac-
count long-range dispersion because we do not know how
V. velutina queens disperse. An efficient management plan

Copyright © 2012 SciRes.

should consider this kind of parameters but to date, this
information is missing.

The overall yield of our trapping experiment was 0.71
female per trap per week. Even though it appears low,
this efficiency was much higher than the previous study
[13] that is 0.01 female per trap per week (eight foundre-
sses with 90 traps during eight weeks). Although the pe-
riod of trapping can have strong effect on the yields (see
the example of VIL), their study was realised from the
23" of March until the 18" of May 2009, thus corre-
sponding to the same duration. Such a difference can pro-
bably be explained by different population levels be-
tween these two studies. Differences in weather condi-
tions could also explain such differences. Indeed, tem-
perature effect on Vespidae activity is well known
[20-22]. In V. velutina, temperature modulates the overall
activity at nest [27]. Here, we show that trapping started
above an average week temperature of 10°C and reached
an optimum at 15°C. Thus, queen trapping is not neces-
sary when temperature is below this limit, and removing
or closing the traps below this temperature could be a way
for adverse effects on biodiversity. Our results also point
the importance of trap location. Water source and diverse
types of wood fibre proximity as basic elements for nest
building are essential [11,24]. Nests are often found in

Openly accessible at http://www.scirp.org/journal/oje/
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poplar treetops which are present in riparian forest. Thus,
using this trapping technique in the vicinity of important
water source should be promoted in future monitoring or
spring management strategies. Inversely, hive proximity
provided low capture rates which suggests that protein
requirement for feeding larvae occurs later or that queens
chase on other insects. We thus discourage from placing
traps close to hives.

4.2. Body Mass, Trapping Dynamics and
Bet-Hedging Strategy

Nest initiation in Vespidae does not begin soon after
the emergence of queens but takes a delay from few days
to a couple of weeks [28]. Spring queen trapping exploits
the fact that during this pre-nesting period, foundresses
search for carbohydrate sources such as flower nectar or
tree sap [29]. Basically, most of the fat contents of queens
are used during overwintering [11]. Nevertheless, these
heavy losses are not compensated after the emergence by
carbohydrate intakes because these later are only col-
lected to provide energy for pre-nesting activities. Con-
sequently, the queen body mass does not increase during
spring [11].

Our trapping data illustrate that ¥ velutina queens be-
gin to feed on carbohydrates in the end of March until

Copyright © 2012 SciRes.

early May with a peak occurring early April. Such a long
period of flight activity is coherent with those reported in
several Vespidae species (e.g. V. crabro or Vespula rufa,
[11,24]). This result suggests that overwintering emer-
gences of V. velutina foundresses are spread over time.
Overwintering duration variability has been described in
insects as a bet-hedging strategy to adapt to novel envi-
ronments [30]. Such a trait could provide a fitness bene-
fit in V. velutina by enhancing nest foundation success. It
could thus represent a valuable strategy to increase the
performances of invasion.

4.3. Impact on Local Entomofauna

Other insect species were attracted to sweet baits. Es-
pecially, Dipterans are often expected to pay a heavy
tribute in such spring trapping campaigns. To some ex-
tent, we confirm conclusions made by summer trappings
[31] and spring ones [13]. Anyway, the use of funnel
traps with lateral holes and sponge should be preferred to
classical ones, as they limit the impact on non-target spe-
cies. One major criticism that could be formulated
against these studies (including ours) is to only provide a
qualitative aspect of the non-selectivity of trapping. Data
on the effect of the method on non-target species popula-
tion dynamics which is probably a better estimator

Openly accessible at http://www.scirp.org/journal/oje/
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should be provided to assess the real negative impact of
this method. Indeed, we are in a critical position balanc-
ing between deleterious effects on entomofauna, which is
yet not clearly measured, and the use of a tool to control
a predator of pollinators. Obviously, finding specific at-
tractants like pheromones in future would be the best
option. Thus, the best current solution is to find a realis-
tic compromise between efficiency and deleterious ef-
fects, like for any trapping strategies in agriculture.

4.4. Concluding Remarks for Vespa velutina
Management

Four lessons can be drawn from our experiment for ¥/
velutina management: 1) traps placed close to water
source are slightly more efficient than the others, 2)
spring apiary protection is not necessary, 3) trapping
yields no capture when mean daily temperatures is below
10°C and thus, trap installation should be adapted to lo-
cal average temperatures, and 4) queen trapping cannot
clearly be considered useful because it does not seem to
significantly reduce the population level.

Although we agree with the conclusion of the previous
study on the potential impact on local entomofauna [13],
we encourage further well-designed experiments inte-
grating the ecological functionality of each targeted spe-
cies to quantify the exact deleterious effect of spring trap-
ping. Overall, the results obtained in the present study
confronted to the results previously obtained [13] illus-
trate the risk to generalise conclusions from a single stu-
dy and thus highlight the usefulness of metareplication.

One may conclude from the present study that V. ve-
lutina queen trapping is a drop in the invasiveness ocean,
and this method may appear as a ‘bandage on a wooden
leg’ for honeybee protection. Nevertheless, could one
discourage from queen trapping when facing a trade-off
between attempting any methods that could protect hon-
eybees and the risk against insect biodiversity, which is
not yet confirmed? The devil’s advocate would argue that
if queens were not trapped, insect biodiversity would
also suffer later from V. velutina predation. Thus, instead
of prohibiting queen trapping, this method should be

improved, for example using more specific attractants e.g.

pheromones. In the absence of such products, the use of
classical funnel trap design implemented of holes (to
allow part of non-target species to escape) should be
considered. Obviously, such practices must also be regu-
larly monitored to limit collateral damages to entomo-
fauna and highlight the need to set up a management
network.
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