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Abstract:

The brown marmorated stink bug (Halyomorpha halys) and southern green stink bug (Nezara viridula)

(Hemiptera: Pentatomidae) are invasive species in Europe. They move into overwintering sites (tree bark,
buildings) in the temperate latitudes in the autumn, which is induced by the change of photoperiod in the
autumn. The aim of this study is to examine whether heating has an impact on their behaviour in the pre-
overwintering period and whether the two species can be attracted with artificially heated shelters. A heated
box shelter and the same shelter as structure and size but unheated (as control) have been made and the num-
bers of stink bugs entering into them were recorded. Significantly higher numbers of H. halys and N. viridula
specimens have been registered in the heated shelter than in the unheated one. This indicates that temperature
has an impact on their overwintering site choice and thus heated shelters can attract the two species.
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Introduction

The brown marmorated stink bug Halyomorpha
halys (Stal, 1855) and the southern green stink bug
Nezara viridula (Linnaeus, 1758) (Hemiptera: Pen-
tatomidae) are present in Europe as invasive species
(CoLAzzA et al. 1996, REDEI & TorMA 2003, WER-
MELINGER et al. 2008, SALISBURY et al. 2009, VETEK
et al. 2014, Cesari et al. 2015, DioLr et al. 2016).
Both species are polyphagous and cause serious
damages on agricultural crops (Topp 1989, BARri-
SeLLI et al. 2016). In addition, their mass presence
at winter diapause sites in buildings makes them a
nuisance pest (INKLEY 2012).

In temperate latitudes, the most stink bug spe-
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cies overwinter in adult stage and a few as eggs or
nymphs (SAULICK & MusoLIN 2012). Diapause is
generally controlled by photoperiodic events, i.e.
shorter day length (MUSOLIN & NUMATA 2003, SAU-
LICK & MUSOLIN 2012). Halyomorpha halys and N.
viridula, similarly to other pentatomids, overwinter
as adults in natural or artificial shelters, e.g. under
bark of dead trees or in buildings (MusoLIN 2012,
RICE et al. 2014, LEE et al. 2014a). In the autumn,
they move to aggregate in protected overwintering
sites and stressors such as low temperatures, desic-
cation and nutrition state equally influence the over-
wintering success (CIra et al. 2016, Ciancio 2018,
SKILLMAN et al. 2018).

Halyomorpha halys can fly 2—5 km to find suit-
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Fig. 1. Box shelters and experimental site. Heated box shelter (left). Heated and unheated (control) shelters (right).

able overwintering sites (LEE & LESKEY 2015) and
prefers tight spaces in protected shelters (LEE et al.
2014a, b). CHAMBERS et al. (2019a) revealed that H.
halys avoids places with corpses of freshly dead con-
specifics. A long spell of temperatures under -6°C
can cause severe mortality in overwintering H. halys
(Cra et al. 2016, LOWENSTEIN & WALTON 2018).

Overwintering of N. viridula go together with a
reproductive diapause (EsQUIVEL 2011). The change
of photoperiod indicates reversible reddish-brown
colour change of N. viridula adults in this period of
the season (MUSOLIN & NUMATA 2003) and they do
not require low temperatures to trigger the overwin-
tering diapause. Short day-lengths alone are enough
to trigger the behavioural and physiological changes
needed for successful winter survival (MUSOLIN et
al. 2007). The winter mortality is relatively high in
the temperate latitudes (50-60%) and every 1°C de-
crease in temperature results into c. 16% increase of
mortality (CoomBs 2004, Kirrtant 2011).

The aim of the present study was to clarify
whether the two species enter artificially heated
shelters in greater numbers than unheated ones. This
can provide underpinning knowledge for future
studies on the attraction of stink bugs to artificially
heated shelters during the pre-overwintering period.

Materials and Methods

Collection and experimental sites

Adults of H. halys and N. viridula were collected in
Budapest, Hungary (GPS 47.5599735 N, 18.921735
E) from their host plants (Vitis vinifera L., Solanum
lycopersicum L., Humulus lupulus L. and Rubus fru-
ticosus L.) by insect nets and insect collector vials.
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Fig. 2. Heating apparatus.

We also collected adult N. viridula from other popu-
lations in Torokszentmiklos (GPS 47.1793568 N,
20.409153 E) and Szentistvan (GPS 47.7714601 N,
20.6633045 E). Collections were carried out during
September and October 2019, when stink bugs start-
ed to move to their overwintering sites. The collected
individuals of each species were kept in a separate
insect-rearing cage under natural conditions in the
garden of the Experimental Station of Plant Protec-
tion Institute (Budapest, Hungary), in an open-wall
greenhouse under outdoor temperatures (13—-19°C),
where experiments were carried out in October 2019
in the afternoon hours (12:30-16:30).

Selection between heated and unheated box shelters

Tests were done in a 600 x 600 x 1600 mm transpar-
ent cage with insect screen sites. We made 150 x 150
x 200 mm, 3 layers, 3 mm wall thickness cardboard
(Frogpack s.r.0., Zlin, Czech Republic) box shelters.
Ten mm from the top of the shelters was cut a 20



Attraction of Adults of Halyomorpha halys and Nezara viridula (Pentatomidae) by Artificially Heated Shelters

S Average number of H. halys
(Mean +S.E.) SIG.
4 L
3
2
1 :
0

Unheated shelter
(control)

Heated shelter

g r
Average number of V. viridula
(Mean £ S.E.) T
SIG.
4 -
3
2
1
0 !
Unheated shelter Heated shelter
(control)

Fig. 3. Average number of Halyomorpha halys adults (=
S.E.) in the heated and unheated shelters. Welch’s t-test,
P<0.05.

mm tall and 100 mm long slot. Before starting the
experiment, the cardboard shelters in the cage were
put on a 1 m tall table inside the cage. The distance
between the shelters was ca. 150 mm, and their po-
sition was randomly changed in the cage between
experiments (Fig. 1).

A silicone rubber heating tape (Cole-Parmer
Instrument Company, LLC., Vernon Hills, IL United
States) with percentage control manual thermostat
and equipped with an aluminium body was placed
into one shelter (Fig. 2). The other shelter was not
heated and thus served as control. The outside tem-
perature and temperature of the heated shelter were
continuously measured during the experiments. The
temperature of the heated shelter was adjusted in or-
der the internal side of the slot to be always 35 °C.
The slot of the shelters was faced to the bright side
of the greenhouse. Under the shelters, a 5 mm tall
and 15 mm wide iron grille was placed.

When the required conditions were achieved,
10 female and 10 male H. halys or 8 female and 8
male N. viridula adult specimens were placed into the
cage in one experiment. In an experimental day, H.
halys and N. viridula were tested, separately by spe-
cies and following one another. The tested specimens
were removed from the cage after the experiments.
The shelters were changed between experiments to
avoid the potential contamination from aggregation
pheromones. A test was lasted for 2 hours and 8 rep-
etitions were made with both species (V=160 H. ha-
lys and N=128 N. viridula, sex ratio 1:1).

Statistical analyses

To analyse the homogeneity of variance, we used
Levene’s test. Homogeneity consists in the case of
N. viridula data. However, the score of analyses

Fig. 4 Average number of Nezara viridula adults (+
S.E.) in the heated and unheated shelters. Welch’s t-test,
P<0.05.

with H. halys data did not show homogeneity. For
comparison of the number of stink bugs in the heat-
ed and unheated (control) box shelters, we used
Welch’s t-test (GraphPad2018 Software Package,
GraphPad Software Inc., San Diego, CA) (a was
set to 0.05). Chi-square (}2) test was made with
Yates correction to evaluate the quantitative dif-
ferences between the two species in the artificially
heated shelters (o was set to 0.05) (GraphPad2018
Software Package).

Results

Our recordings showed that H. halys (Fig. 3) and
also N. viridula (Fig. 4) moved in significantly larg-
er numbers into the heated box shelter than into the
unheated one.

Significantly more specimens of H. halys
were found in the heated shelter than in the con-
trol (P=0.0002, df=10). The average number of
H. halys adults in the heated shelter was 3.75 +
0.5, while in the control only 0.63 + 0.26 (N=30
in the heated and N=5 in the unheated box) (Fig.
3). Twenty-eight percent of the adults in the heated
box were female.

Significantly more individuals of N. viridula
were found in the heated shelter than in the control
(P=0.0003, df=10). The mean number of N. viridula
in the heated box was 3.5 = 0.5, while in 0.375 =
0.26 adults in the control (Fig. 4). Twenty-eight N.
viridula adults were staying in the heated and three
specimens used the control shelter. Sixty-two per-
cent were females in the heated one.

Six among 10 individuals of both species were
under or right next to the heater body of the heated
shelter.
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The chi-square (x2) test did not show signifi-
cant differences between the number of H. halys and
N. viridula individuals in the heated box shelters
(P=0.7261, df=1).

Discussion

We show that artificially heated shelter during the
pre-overwintering aggregation period attracted sig-
nificantly more adults of both sexes of H. halys and
N. viridula than unheated one, highlighting that tem-
perature plays an important role in the choice of their
overwintering sites. INKLEY (2012) has reported that
walls of human-made structures heated by sunshine
can induce movement to overwintering locations of
H. halys, facilitating invasion of human-made struc-
tures by this species. This behaviour can lead to a
reduction of winter mortality (Kiritant 2007, RiCE
etal. 2014, Cira et al. 2016).

In this study, both species chose the heated shel-
ters in similar numbers (N=30 H. halys and N=39 N.
viridula), or 19% of H. halys and 22% of N. viridula
adults entered into the heated shelter. Only 3% of H.
halys and 2% of N. viridula chose the unheated shel-
ters. The low mean numbers in shelters are possibly
the result of the relatively short experimental time (2
h). However, longer experimental time might have
been skewed by aggregation pheromone production,
causing mass attraction.

Numerous overwintering shelter traps were de-
signed and made for stink bug, mostly for H. halys
management. These traps, which are usually made
from cardboard or wood, have holes or slit entries of
around 3.0-9.5 mm (WATANABE et al. 1994, BERGH et
al. 2017, CHAMBERS 2017). CHAMBERS et al. (2019b)
found that 9-10 mm hole size or 4-5 mm wide slots
were optimal entrance sizes for H. halys, and our box-
es with 20 mm wide slots under 5 mm tall and 15 mm
width grids were thus also suitable. CHAMBERS et al.
(2019b) used a heat application but not with the same
scope as we did. They triggered escape after chill stun-
ning with heating. Our observations emphasise the
importance of combining heating and overwintering
shelter structures, which result in increased catches.

AIGNER & KUHAR (2016) reported 5.0 = 1.4%
mortality at 35°C after 4 hours exposure time in the
case of H. halys. We did not experience any mortal-
ity at this temperature within 2 hours in the case of
both species.

Overwintering shelter tarps are successfully
used for trapping and monitoring stink bug adults.
Despite of this, in some cases smaller number of
adults have entered into these traps than expected
(BErGH et al. 2017, CHAMBERS 2017). None of these
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traps used thermal equipment or other heating ap-
paratus. Therefore, according to our results, a com-
bination of heating and overwintering shelter boxes
can enhance catches.

According KoBayasHr & KimMura (1969) and
LEE et al. (2014a), many adult stink bugs move to
sun-warmed places or heating elements. However,
the attraction by warm overwintering spaces has
been remained contradictory so far and has not been
clarified satisfactorily (CHAMBERS 2017). Our re-
sults reveal that warm places can attract stink bugs
to overwintering sites.

Our examination gives a platform to develop a
novel method to monitor stink bug numbers during
the pre-diapause period. It was not our aim to clarify
the operability of this method in field conditions but
it would be essential for future works.
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