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Invasive stink bug species, such as Halyomorpha halys (Stal, 1855) (Hemiptera: Heteroptera:
Pentatomidae), are serious agricultural pests worldwide. During autumn dispersal, adults
aggregate in large numbers in human-made structures, homes and on walls of buildings.
Preferred overwintering sites are sun-warmed, well-protected shelters. Exploiting a new
concept, we developed a new collection method for monitoring and controlling them in
their pre-overwintering period. Our trap design exploits the heat preference of stink bugs
seeking overwintering sites. As a result, significantly greater numbers of H. halys adults
moved into our black box traps, equipped with a heating apparatus, than into unheated
ones. Experiments were performed in October during the pre-overwintering autumn dis-
persal period. Traps were placed next to a building that served as an overwintering site,
where stink bugs usually aggregate in large numbers. Heated traps were operated on sun-
ny afternoon hours when stink bugs were found to be active by visual observations. Our
results represent the first example of an effective collection method based on artificially
heated traps placed in natural conditions.
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INTRODUCTION

Invasive stink bug species have widely spread across Europe in the last
few decades, causing significant agricultural losses. One of the most destructive
species in Europe is the brown marmorated stink bug, Halyomorpha halys (Stal,
1855) (Hemiptera: Heteroptera: Pentatomidae), native to East Asia. Other wide-
spread, economically important invasive species are the southern green stink
bug, Nezara viridula (Linnaeus, 1758) (Hemiptera: Heteroptera: Pentatomidae),
native to East Africa and western conifer seed bug, Leptoglossus occidentalis Hei-
demann, 1910 (Hemiptera: Heteroptera: Coreidae), native to North America.
Expansion of their distribution area and worldwide spread are likely caused
by either climate change or the transportation of goods (Panizzi 2008, WERMEL-
INGER et al. 2008, VETEK ef al. 2014, VALENTIN et al. 2017, LesIEUR et al. 2019).
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The severity of their agricultural impact is derived from their polypha-
gous pest status, ability to adapt to new environments, fecundity, and lack
of potential natural enemies (LEsIEUR et al. 2014, Panizzi 2015, PortiLLA et al.
2015). Beyond their economic impact, they invade homes and other human
structures during their pre-overwintering period, causing nuisance and po-
tential allergic reactions (Mertz ef al. 2012, LEskey & NIELSEN 2018).

Change of photoperiod is a key factor that induces overwintering behav-
iour. Seeking for overwintering sites occurs when the day length is shortened
(MusoriNn & Numata 2003, Niva & Takepa 2003). The authors revealed that
H. halys and N. viridula choose well-protected overwintering sites to survive
the winter. In natural landscapes, they overwinter under the bark of dead
trees or leaf litter (KHaLAFALLAH ef al. 2005, Lk et al. 2014). Homes and other
human-made structures ensure protected and heated overwintering sites for
stink bugs; thus, during the pre-overwintering periods, they aggregate in great
numbers on walls and inside of buildings (INxLEY 2012, Hancock et al. 2019).
While pheromone traps are effective methods to capture H. halys adults in high
numbers during their breeding season (AxoTsEN-MENsaH et al. 2018, Ak et al.
2019), however in the autumn, during the pre-overwintering period (which is,
according to our observations, typically in October, under the climate of Hun-
gary), adult captures are less numerous (T1LLmAN et al. 2017). Halyomorpha halys
does not respond to its aggregation pheromone during the overwintering peri-
od (MorrisoN et al. 2017). Here, we report on an alternative method that can be
effective for attracting and trapping stink bugs seeking for overwintering sites.

MATERIAL AND METHODS

Experimental site — The experiment was carried out in a city park composed of diverse
tree species in the town of Martonvasar (Central Transdanubia, Fejér county, Hungary).
Several buildings are situated on the southern and western edge of the park, where large
numbers of stink bugs seeking for shelter had been constantly found during their pre-
overwintering period in previous investigations.

Trap design — The trap body was a 350 x 250 x 140 mm (9 L) black plastic box. Two
sides of the box were opened by 15 x 260 mm slots, while two 20 x 135 mm slots were
opened on the top side of the box (Figs 1 & 2).

Heated traps were equipped with a 250 x 500 mm size heating foil (D3025 type, 220
W/m?, Dimat Fatéstechnika Kft., Pécs, Hungary). Heating foils were placed tightly to the
inner surface of the boxes. They were equipped with a digital thermostat (XH-W3001 type,
220V, 1500 W, Caxtool Kft., Szeged, Hungary) for continuously heating the traps. The ther-
mostat was set to keep the temperature of the heating foil between 36-37 °C. During the
experiments, the traps’” inner space temperature was also regulated to 36-37 °C. The tem-
perature on the surface of the top of the box was set to 32-34 °C.

Control traps consisted of the same trap body as heated ones, without heating appa-
ratus. The temperature inside the control traps was the same as the outside temperature or
slightly above it (maximum recorded temperature was 23 °C) when direct solar radiation
hit the surface of the traps.
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Field observations — During the test days,
numbers of stink bug species were recorded
on the surface of the 40 m long section of a
north-western side wall of a building, up to 4
m height, situated right at the site where the
traps were set up. Visual observations were
made every hour between 11 am and 16 pm.

Field trapping test — The traps were
placed along a 40 m long wall of a glass steel
building at its north-western side, placed on
the ground ca. 15-20 cm from the wall. Heated
and control traps were placed in pairs along
the trapping site (Fig. 2). Three trap pairs were
installed at ca. 10 meters from each other. In
a trap pair, the distance between heated and
unheated traps was ca. 50 cm.

Trapping tests were conducted in Octo-
ber 2022, when stink bugs searched for over-
wintering shelters. Traps were operated in
sunny hours from 11:30 am to 16:30 pm. The
air temperature when the traps were operated
ranged between 18-21 °C.

Six recordings were made during the trapping period. At the end of the experiment
of each day, i.e., after the five-hour operation time, stink bugs were removed from traps,
and the number of the catch was recorded. The sex and species identity of stink bugs in
traps were identified based on their external morphology (Késor 2017). In total, 18-18
catches of heated and control traps were evaluated.

Statistical analyses — To compare the mean numbers of stink bugs seeking overwinter-
ing shelters on the section of a wall where traps were set up, repeated measure ANOVA was
performed, followed by Durbin-Conover pairwise comparison test (alpha was set to 5%).

To compare the catches of heated and unheated traps, data were analyzed by Welch’s
t-test (alpha was set to 5%). A Saphiro-Wilk test was used to assess whether samples likely
originate from the normal distribution. The evaluated value of P < 0.0001 suggests a viola-
tion of the assumption of normality. Homogeneity of variance was analysed by Levene’s
test, revealing a violation of the assumption of equal variances (P = 0.03).

The statistical program of jamovi was used to analyze the dataset (The jamovi project,
2021), jamovi (Version 2.2) [MAC OS], retrieved from https://www jamovi.org).

Fig. 1. Photo of trap design and operation
on field

e25TAT

Fig. 2. Arrangement of the traps. The edges of slots were marked with white lines on the
photo, because of the better visualization

Acta Zool. Acad. Sci. Hung. 69, 2023


https://www.jamovi.org)

42 BOZSIK, G., SZOCS, G. & KONTSCHAN, J.

RESULTS

Field observations — In the observation site, three invasive stink bug species
were found: H. halys, N. viridula and L. occidentalis. Field observation prior to
the trapping revealed that the majority of stink bugs searching for overwinter-
ing shelters was active in the sunny afternoon hours at the trapping site. When
comparing the hourly mean numbers of H. halys during the daily observation
period, it turned out that they did not significantly differ from each other (re-
peated measure ANOVA, P = 0.55, df = 5); nevertheless, adults were recorded
in the highest number between 13 h and 15 h. The mean number of L. occiden-
talis adults was significantly greater from 13 h to 14 h than outside this period
(repeated measure ANOVA, P = 0.013, df = 5). The number of N. viridula was
relatively low at every recording without significant difference (Fig. 3).

Visual observations also revealed that moving activity occurred in the
sunny afternoon hours (13-16 h). Adult stink bugs moved in the traps during
this period. During periods of no direct sunshine, stink bugs were inactive.

Field trapping test — The total number of captured stink bugs in heated traps
was 122, while in unheated traps, it was only 23. The dominant species was H.
halys, accounting for 95.8% of the total captures. The total number of captured
H. halys specimens in heated traps was 117 (making 94% of the total catch),
while the same species made up 99% of the sample in unheated/control traps
(number of adults: 22). Other species in traps were N. viridula and L. occidentalis.

60 1 mH. halys ON. viridula ®L. occidentalis
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Number of stink bugs
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o
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Time of observation (h)

Fig. 3. Mean number of stink bugs observed in the trapping site (statistics: repeated meas-
ure ANOVA, Durbin-Conover pairwise comparison test, P < 0.05)
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81 Sig.P<0.001 The total N. viridula catches in heated traps
71 were two female adults, while unheated
6l ‘ ones did not catch any. Three females of L.
occidentalis were captured by heated traps,
while only one was by unheated ones.
41 Heated traps captured significantly
3l greater numbers of H. halys adults than
unheated control traps (Welch'’s t-test, P <
0.001, df = 19.5). The mean number of H.
halys in heated traps was 6.5+1.16 speci-
. mens/trap/recording, whilst in control
Heated trap UnPC%a,]tterg|§rap traps, it was 1.22+0.32 (Fig. 4). The sex ra-
Fig. 4. Mean number of H. halys cap- 10 was 1:1 in heated traps, while the fe-
tured by traps (Welch's t-test, P< 0.05) male-male ratio was 2:1 in control.

Number of
H. halys (meanzS.E.)
(6]

I
1+ I

DISCUSSION

Our artificially heated trap design proved to be effective in capturing H.
halys in a significantly greater number than unheated traps during their pre-
overwintering period. There was no sex bias in captures. Females and males
moved into heated traps in equal ratios. The dominant species in both types
of traps was H. halys. Although N. viridula and L. occidentalis were present in
the trapping site, their relatively low number was also reflected in captures.
The highest mean number of observed H. halys specimens around the trapping
site was 49.4+12.35 specimens/recordings, while only 1+0.44 and 5.6+1.86 mean
specimens of N. viridula and L. occidentalis were found there, respectively. The
number of specimens by species observed in the trapping site correlated with
their total number in the traps, with somewhat higher captures in the heated
traps. Consequently, we cannot exclude that heated traps were also effectively
capturing N. viridula and L. occidentalis. Our previous, preliminary study re-
flected that both H. halys and N. viridula preferred heated shelters against un-
heated ones (Bozsik et al. 2021). That examination was made under semi-nat-
ural conditions, with isolated specimens, using a laboratory heating element
and cardboard box shelters. That method was unsuitable for field studies. In
contrast, our present trap design is suitable for repeatable field studies because
of its relatively low cost, easy accessibility of its fixtures, reliable operation
mode and construction, which fit well to outside, natural conditions.

Our chosen black trap colour was based on the work of Hancock et al.
(2019), where authors described that H. halys were found in greater numbers
on darker-coloured homes during their autumn dispersal period. Our black
control box traps (without heating apparatus) captured only a relatively low
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number of adults compared to heated traps; thus, the dark colour seemed to
have a low effect in our experiment.

We observed that invasive stink bugs were mostly active in the sunny
afternoon hours on the surface of the north-western side wall where trapping
was carried out. This is in accordance with studies in which the temperature
was found to be the most significant factor influencing the flight activity of
stink bugs during their search for overwintering sites (INkLEy 2012, LEE &
Leskey 2015). The preference for heat during the pre-overwintering period
was shown in numerous studies, which revealed that heated and warmed
spaces are preferred overwintering sites of stink bugs (Kosayasur & Kimu-
RA 1969, WATANABE et al. 1994, Lk at al. 2014, CuamBeRrs 2017). Our findings
about daily activity were used as supporting information for trapping, the
exploration of the diurnal activity was not the aim of our study. Determin-
ing the diurnal activity pattern of stink bugs in the trapping site could help
to determine better the most effective hours for operating the heated traps.
Our preliminary observation showed that the optimal time range for trap-
ping, when stink bugs move into the traps, are those hours when the ambi-
ent temperature and sunshine are favourable for the moving activity of stink
bugs. This typically occurs in the early afternoon hours. In the days of our
preliminary observations, this felt between 13-16 h.

Earlier studies reported the use of overwintering traps with limited suc-
cess, but those were shelter traps without heating apparatus (BercH et al. 2017,
CuamBEeRrs 2017). According to the results of BEpova et al. (2020) H. halys use
vibration signals in the autumn dispersal period. These cues are used only by
males and triggered when adults colonize their overwintering sites and not in
their active, shelter seeking-period. The authors did not find any significant
movement regulator effect by these signals.

Our results are the first to prove the efficiency of overwintering traps
equipped with heating apparatus to capture stink bugs. To further improve the
effectiveness of heated traps, more experiments are planned in the near future.

*

Acknowledgements — This study was financed by GINOP-2.3.2-15-2016-00061 pro-
ject. English proofreading is greatly acknowledged to Dr. Jézsef Vuts (Rothamsted Re-
search, Harpenden, Hertfordshire, UK).

REFERENCES

Ax, K., Uruca, M., Aypin, O. & GokTurk, T. (2019): Important invasive species and its pest
status in Turkey: Halyomorpha halys (Stal) (Heteroptera: Pentatomidae). — Journal of
Plant Diseases and Protection 126: 401-408. https://doi.org/10.1007/s41348-019-00243-7

Acta Zool. Acad. Sci. Hung. 69, 2023


https://doi.org/10.1007/s41348-019-00243-7

HEATED TRAP FOR CAPTURING HALYOMORPHA HALYS 45

AxorseN-MEnsal, C., Kaser, J. M., Leskey, T. C. & NieLsen, A. L. (2018): Halyomor-
pha halys (Hemiptera: Pentatomidae) responses to traps baited with pheromones
in peach and apple orchards. — Journal of Economic Entomology 111(5): 2153-2162.
https://doi.org/10.1093/jee/toy200

Bepova, C. L., BRockeruorr, E. G., Haves, M., Leskey, T. C., MorrisoN, W. R., Ricg, K. B. &
NEerson, X. J. (2020): Brown marmorated stink bug overwintering aggregations are
not regulated through vibrational signals during autumn dispersal. — Royal Society
Open Science 7: 201371. https://doi.org/10.1098/rs0s.201371

Beras, J. C., Morrison, W. R,, Josers, S. V. & Leskey, T. C. (2017): Characterizing spring
emergence of adult Halyomorpha halys using experimental overwintering shelters
and commercial pheromone traps. — Entomologia Experimentalis et Applicata 162(3):
336-345. https://doi.org/10.1111/eea.12539

Bozsik, G., Kerezsi, V. & KoNTscHAN, J. (2021): Attraction of adults of Halyomorpha halys
(Stal, 1855) and Nezara viridula (Linnaeus, 1758) (Hemiptera: Pentatomidae) by arti-
ficially heated shelters. — Acta Zoologica Bulgarica 73(3): 451-455.

CHaMBERs, B. D. (2017): Factors influencing behavior of overwintering brown marmorated
stink bugs (Halyomorpha halys) in human dwellings. — Thesis submitted to the fac-
ulty of the Virginia Polytechnic Institute and State University in partial fulfilment of the
requirements for the degree of Master of Science, Life Sciences in Entomology pp. 13-23.
https://doi.org/10.1603/ICE.2016.113295

Hancock, T. J., Leg, D-H., Beragy, J. C., MorrisoN, W. R. & Leskgy, T. C. (2019): Presence
of the invasive brown marmorated stink bug Halyomorpha halys (Stal) (Hemi-
ptera: Pentatomidae) on home exteriors during the autumn dispersal period: Re-
sults generated by citizen scientists. — Agricultural and Forest Entomology 21: 99-108.
https://doi.org/10.1111/afe.12312

Mogrrison, W. R., AceBes-Doria, A., OGsurN, E., Kunar, T. P., WarGenBaAcH, J. F., BErRGH,
J. C, NortingHawm, L., Dimecrio, A., Hrrkins, P., & Leskey, T. C. (2017): Behavio-
ral response of the brown marmorated stink bug (Hemiptera: Pentatomidae)
to semiochemicals deployed inside and outside anthropogenic structures dur-
ing the overwintering period. — Journal of Economic Entomology 110(3): 1002-1009.
https://doi.org/10.1093/jee/tox097

InkLEY, D. B. (2012): Characteristics of home invasion by the brown marmorated stink
bug (Hemiptera: Pentatomidae). — Journal of Entomological Science 47(2): 125-130.
https://doi.org/10.18474/0749-8004-47.2.125

Kuarararrag, E., SHENISHEN, Z., EL-HAawaARy, 1. & Kuatras, M. (2005): The host range and
overwintering sites of Nezara viridula L. under Kafr El-Sheikh conditions. - Egyptian
Journal of Agricultural Research 83(1): 79-85. https://doi.org/10.21608/Ejar.2005.237994

Kosavashi, T. & KiMURa, S. (1969): Studies on the biology and control of house-entering
stink bugs. — Bulletin of the Tohoku Agricultural Experiment Station 37: 123-138.

Ko6Bor, P. (2017): Invasive stink bugs of Hungary (Heteroptera: Pentatomidae). — Novény-
védelem 53(11): 491-496. [in Hungarian]

Leg, D-H., Currum, J. P., ANDERsON, J. L., DAUGHERTY, J. L., BEckeTT, L. M. & LESskey, T. C.
(2014): Characterization of overwintering sites of the invasive brown marmorated
stink bug in natural landscapes using human surveyors and detector canines. — PLoS
ONE 9(4): €91575. https://doi.org/10.1371/journal.pone.0091575

Leg, D. & Leskey, T. C. (2015): Flight behavior of foraging and overwintering brown marm-
orated stink bug, Halyomorpha halys (Hemiptera: Pentatomidae). — Bulletin of Ento-
mological Research 105(5): 566-573. https://doi.org/10.1017/S0007485315000462

Acta Zool. Acad. Sci. Hung. 69, 2023


https://doi.org/10.1093/jee/toy200
https://doi.org/10.1098/rsos.201371
https://doi.org/10.1111/eea.12539
https://doi.org/10.1111/afe.12312
https://doi.org/10.1093/jee/tox097
https://doi.org/10.18474/0749-8004-47.2.125
https://doi.org/10.21608/Ejar.2005.237994
https://doi.org/10.1371/journal.pone.0091575
https://doi.org/10.1017/S0007485315000462

46 BOZSIK, G., SZOCS, G. & KONTSCHAN, J.

Lesieur, V., YarT, A., GuiLsoN, S., LorME, P., AuGER-RozENBERG, M-A. & Roques, A. (2014):
The invasive Leptoglossus seed bug, a threat for commercial seed crops, but for conifer
diversity? — Biological Invasions 16: 1833-1849. https://doi.org/10.1007/s10530-013-0630-9

LEesieur, V., LomBAERT, E., GuiLLEmauD, T., CourtiaL, B., STRONG, W., ROQUES, A. & AUGER-
RozeNBERG, M-A. (2019): The rapid spread of Leptoglossus occidentalis in Europe: a
bridgehead invasion. — Journal of Pest Science 92(1): 189-200.
https://doi.org/10.1007/s10340-018-0993-x

Leskey, T. C. & NIEeLsEN, A. L. (2018): Impact of the invasive brown marmorated stink bug in
North America and Europe: history, biology, ecology, and management. — Annual Re-
view of Entomology 63: 599-618. https://doi.org/10.1146/annurev-ento-020117-043226

Mertz, T. L., Jacoss, S. B., Craig, T., & Isumagt, F. T. (2012): The brown marmorated stink-
bug as a new aeroallergen. — The Journal of allergy and clinical immunology 130(4): 999—
1001.e1 https://doi.org/10.1016/j.jaci.2012.06.016

Musorin, D. L. & NumaTa, H. (2003): Photoperiodic and temperature control of diapause
induction and colour change in the southern green stink bug Nezara viridula. —Physi-
ological Entomology 28: 65-74. https://doi.org/10.1046/j.1365-3032.2003.00307.x

Niva, C. C., & Takepa, M. (2003): Effects of photoperiod, temperature and melatonin on nym-
phal development, polyphenism and reproduction in Halyomorpha halys (Heterop-
tera: Pentatomidae). — Zoological Science 20(8): 963-970. https://doi.org/10.2108/zsj.20.963

Panizzi, A. R. (2008): Southern Green Stink Bug, Nezara viridula (L.) (Hemiptera: Heterop-
tera: Pentatomidae). Pp. 3471-3472. In: CAPINER4, ]. L. (ed.): Encyclopedia of Entomol-
ogy. — Springer, Dordrecht. 2061 pp. https://doi.org/10.1007/978-1-4020-6359-6_4283

Panizzi, A. R. (2015): Growing problems with stink bugs (Hemiptera: Heteroptera: Pen-
tatomidae): Species invasive to the U.S. and potential Neotropical invaders. — Ameri-
can Entomologist 61(4): 223-233. https://doi.org/10.1093/ae/tmv068

PorrtiLLa, M., SNODGRASS, G., STREETT, D. & LuTTRELL, R. (2015): Demographic parameters
of Nezara viridula (Heteroptera: Pentatomidae) reared on two diets developed for
Lygus spp. — Journal of Insect Science 15(1): 165. https://doi.org/10.1093/jisesa/iev144

TiLman, P. G, BunTin, G. D., & CottreLL, T. E. (2017): First report of seasonal trap capture
for Halyomorpha halys (Hemiptera: Pentatomidae) and native stink bugs in Central
Georgia. — Journal of Entomological Science 52(4): 455—459.
https://doi.org/10.18474/JES17-56.1

Vitex, G., Parp, V., HavtricH, A. & Répger, D. (2014): First record of the brown marm-
orated stink bug, Halyomorpha halys (Hemiptera: Heteroptera: Pentatomidae), in
Hungary, with description of the genitalia of both sexes. — Zootaxa 3780(1): 194-200.
https://dx.doi.org/10.11646/zootaxa.3780.1.8

VarentiN, R, NieLsen, A. L., Wiman, N. G,, Leg, D. H. & Fonseca, D. M. (2017): Global in-
vasion network of the brown marmorated stink bug, Halyomorpha halys. — Scientific
Reports 7: 9866. https://doi.org/10.1038/s41598-017-10315-z

WATANABE, M., ARAKAWA, R., SHINAGAWA, Y. & Oxkazawa, T. (1994): Fluctuation in brown mar-
morated stink bug’s winter migrations into human dwellings. — The Japan Society of Med-
ical Entomology and Zoology: Animal Health 45(1): 25-31. https://doi.org/10.7601/mez.45.25

WERMELINGER, B., WYNIGER, D. & ForsteR, B. (2008): First records of an invasive bug in
Europe: Halyomorpha halys Stal (Heteroptera: Pentatomidae), a new pest on woody
ornamentals and fruit trees? — Mitteilungen der schweizerischen entomologischen Gesell-
schaft 81: 1-8. https://doi.org/10.5169/seals-402954

Revised version submitted February 2, 2023; accepted February 15, 2023; published
February 28, 2023

Acta Zool. Acad. Sci. Hung. 69, 2023


https://doi.org/10.1007/s10530-013-0630-9
https://doi.org/10.1007/s10340-018-0993-x
https://doi.org/10.1146/annurev-ento-020117-043226
https://doi.org/10.1016/j.jaci.2012.06.016
https://doi.org/10.1046/j.1365-3032.2003.00307.x
https://doi.org/10.2108/zsj.20.963
https://doi.org/10.1007/978-1-4020-6359-6_4283
https://doi.org/10.1093/ae/tmv068
https://doi.org/10.1093/jisesa/iev144
https://doi.org/10.18474/JES17-56.1
http://dx.doi.org/10.11646/zootaxa.3780.1.8
https://doi.org/10.1038/s41598-017-10315-z
https://doi.org/10.5169/seals-402954

