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Abstract

Overwintering brown marmorated stink bugs (Halyomorpha halys) (Stål) are a notable domestic nuisance. In 
addition to disruptive activity, dead individuals remain in homes, sometimes in large numbers. To better under-
stand the effects of these remains on overwintering behavior, adult H. halys were subjected to several experi-
ments to test their responses to dead conspecifics. In non-tactile tests of individuals exposed to groups of dead 
conspecifics, H. halys did not respond to 1-yr-old desiccated dead conspecifics, but avoided corpses that were 
freshly killed. In tactile tests of individuals exposed to groups of dead conspecifics, H. halys joined those corpse 
aggregations significantly more often than not, and preferred corpses to cotton when given a choice. In tests 
of exposure of overwintering individuals to fresh dead conspecifics over the course of a winter, no necrophagy 
or evidence of survival advantage was observed, but overall females had higher survival rates than males.
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The brown marmorated stink bug (Halyomorpha halys) (Stål), is a 
significant invasive agricultural pest (Leskey et al. 2012, Haye et al. 
2015, Leskey and Nielsen 2018), and a notable domestic nuisance 
pest due to its habit of overwintering in human dwellings. One 
homeowner counted over 26,000 individuals in his home in a single 
year (Inkley 2012).

In addition to the fall search for harborage, H. halys may leave 
their harborage and become active in homes through winter and 
spring, likely in response to poor nutritional state (Funayama 2012, 
Skillman et al. 2018). During active periods, some become trapped 
and die in window frames, light fixtures, and ventilation systems. 
Predation by web-building spiders (Morrison et al. 2017) also leaves 
corpses. Others die in harborage, as overwintering temperatures af-
fect mortality (Cira et al. 2016, Taylor et al. 2017), as does desicca-
tion. The authors have searched many attics, crawl spaces, barns, 
and sheds for overwintering H. halys, and frequently find corpses 
therein, particularly in hard to reach spaces. While H. halys decom-
position rates in these contexts are unknown, one author has found 
corpses lasting over 5 yr in their attic.

Halyomorpha halys aggregate using antennae and a tactile re-
sponse to live conspecifics (Toyama et al. 2006). Halyomorpha halys 
also release an alarm pheromone when disturbed. The pheromone, 
(E)-2-decenal (Zhang et al. 2018), is highly volatile, and will not per-
sist in a corpse. However, the possibility of cues or survival advantage 

for H.  halys from dead conspecifics exists. There is precedent for 
other overwintering heteropterans having responses to recently dead 
conspecifics. Specifically, boxelder bugs, Leptocoris trivittata (Say) 
(Hemiptera: Rhopalidae), have been shown to increase survivorship 
through conspecific necrophagy during overwintering (Brown and 
Norris 2004), with a majority of individuals engaging in the be-
havior, often soon after introduction of corpses. Halyomorpha halys 
have been observed engaging in cannibalism in lab-reared colonies 
(Medal et al. 2012), but this was on freshly molted individuals.

This article collects several exploratory studies investigating the 
responses of overwintering H. halys to dead conspecifics, in order to 
identify the potential importance of their many corpses. It includes 
tests of tactile and non-tactile responses to H. halys corpses, as well 
as overwintering survival in the presence of fresh dead conspecifics.

Methods

All experiments were conducted in a basement frequently occupied 
by overwintering H.  halys in a residence in Blacksburg, VA. The 
space was monitored and kept at 10°C, with two rooms kept in 
complete darkness. Live test subjects were collected in western and 
southwestern Virginia during fall overwintering seasons from the 
sides of buildings, or in winter from settled aggregations in homes 
and barns. These insects were allowed at least 48 h to resettle before 
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use in any experiments. No individuals were reused. Year-old dead 
H. halys were unused experimental subject stock collected the pre-
vious year. All statistical analyses were performed using JMP Pro 13 
(SAS Institute 2016).

Non-tactile Responses to Dead Aggregations
To test responses in the absence of visual or tactile cues, individual 
H. halys were allowed to settle in choice arenas representing a suit-
able overwintering habitat (Lee et al. 2014) with darkened refuges 
on either end, each holding screened-off portions either empty or 
containing living, dead, or year-old dead conspecifics.

Choice arenas were built with laser cut 3.175-mm hardboard 
and 1.5785-mm acrylic. All elements were designed to interlock (Fig. 
1). The overall dimensions of each arena were 240 × 100 × 40 mm. 
Each side held removable treatment boxes sized 100 × 55 × 35 mm. 
Treatment boxes had one screened-off open end facing the center 
of the apparatus. Gates were inserted 20 mm from each treatment 
box, creating a refuge space. Gates had 40 × 6 mm holes to allow 
entry to the refuge. A small acrylic window was inserted over each 
refuge. A larger piece of hardboard was placed over the treatment 
box and refuge window to block light, which could be removed to 
check subject choices without allowing subjects to escape. An acrylic 
window was placed over the center area to permit light exposure and 
encourage the individuals to enter refuges, while preventing escape. 
Filter paper linings were placed on arena floors. Light was provided 
by two GE F40PL/AQ/Eco T12 fluorescent bulbs (Boston, MA) sus-
pended 150  mm above the arenas. Between trials, windows were 
washed with soapy water, screens were wiped, arenas were left open 
for 24 h to air out, and filter paper linings were replaced. Potential 
off-gassing from the hardboard glue was considered negligible for 
the short duration of the experiment.

Treatment boxes contained either 30 living adult H. halys (15 
male and 15 female) that had been given at least 48  h to re-set-
tle in the refuge, 30 dead and partially decomposed overwintering 
H. halys from the previous year (15 male and 15 female), 30 dead 
adult H. halys (15 male and 15 female) killed in an oven at 65°C for 
20 min, or no H. halys. Treatment boxes were reused to reduce the 
total number of corpses required.

Each treatment had 30 replicates, using individual live H. halys, 
half with males and half females. Arenas were assembled with filter 
paper linings, with an empty treatment box on one side and a box 

containing insects on the other. Arenas were placed under lighting 
at 10°C. Test subjects were taken from the overwintering shelter 
boxes, placed into lidded 25 mm Petri dishes, and chilled in a re-
frigerator for 30 min to allow consistent placement in dishes. Dishes 
were then put in the centers of arenas, dish lids were removed, and 
windows were replaced. Locations of H. halys were recorded after 
5 h. Data were analyzed using chi-squared tests with an expected 
value of 50%.

Tactile Responses to Dead Aggregations
To test the tactile response to dead aggregations of conspecifics 
for shelter seeking behavior, individual H. halys were released into 
dishes containing piles of H.  halys corpses and/or cotton, and al-
lowed to settle.

Tests were conducted in clean 150-mm plastic Petri dishes (Fig. 
2). Three treatments were tested: 10 dead H. halys, dental cotton, or 
both. In dead conspecific trials, 10 corpses from the previous year’s 
unused stock were placed in each dish, lids were replaced, and dishes 
were then tilted so that all corpses fell to one side. In corpse and 
dental cotton trials, cotton was added to the opposite side of the dish.

For each treatment, 30 replicates were performed with individual 
overwintering H.  halys, half male and half female. Subjects were 
taken from shelter boxes, and chilled in a refrigerator for 30 min to 
allow consistent placement in dishes. Live individuals were placed in 
the center of each dish. Lids were replaced and dishes stored in dark-
ness at 10°C for 24 h. At the end of this period, we recorded whether 
the live individual was in contact with the cotton, the corpses, or 
neither.

Although the area covered by corpses was small, live subjects 
could touch the aggregations while climbing on the lid of the con-
tainer above as well as beside the piles. The adjacent area used for 
random distribution was conservatively estimated at 1:4. Therefore, 
distributions were analyzed in a chi-squared test that binomial pro-
portions differed from a 20% probability of being in each corpse or 
cotton zone using the standard normal approximation.

Winter Survival in the Presence of Dead 
Conspecifics
This test of the effect of the presence of dead conspecifics on winter 
survival rates of H. halys in shelters closely follows the methodology 
of an experiment on L. trivittata (Brown and Norris 2004), in which 

Fig. 1.  Arenas for testing H. halys non-tactile nonvisual response to settled living and dead conspecifics.

1490 Journal of Economic Entomology, 2019, Vol. 112, No. 3
D

ow
nloaded from

 https://academ
ic.oup.com

/jee/article-abstract/112/3/1489/5308458 by U
niversity Libraries | Virginia Tech user on 27 February 2020



1491

live individuals were provided dead conspecifics and water, and 
monitored throughout winter.

Plastic 6-cm-diameter Petri dishes were arranged on disposable 
aluminum cookie trays, 18 dishes per tray. Between observations, trays 
were stacked and placed in a large plastic container in darkness at 10°C. 
Dishes were treated with single corpses, dental cotton with distilled 
water, both, or neither. Halyomorpha halys corpses provided were killed 
in a freezer at −25°C for at least 48 h, and stored in that freezer.

In December 2015, overwintering H.  halys were selected for 
participation. Each treatment was applied to 36 individuals, half 
male and half female. Every 3 d, subjects were checked for mor-
tality. If no movement occurred, subjects were gently prodded with 
tweezers for a movement response to indicate life. Fresh distilled 
water was applied to dry dental cotton, and corpses showing signs 
of fungal infection were removed. Cotton showing signs of mold was 
replaced. Mold was wiped from dishes when observed. Every 3 wk, 
new corpses were provided. Mortality was recorded until May 2016. 
A chi-squared test of spring survival rates was used to compare treat-
ments and interaction effects, as well as to test the survival effects of 
sex across all treatments.

Results

Non-tactile Responses to Dead Aggregations
In the choice tests of non-tactile responses to aggregations, no sta-
tistically significant response was found for well-settled living aggre-
gations, nor for partially decomposed dead from previous years 
(Table 1). However, the settling individuals exhibited an aversion to 
recently killed groups (χ2 = 4.9370, df = 1, P = 0.0263).

Tactile Responses to Dead Aggregations
Significant responses of H. halys were identified with dead conspe-
cific piles alone (χ2 = 30.6495, df = 1, P < 0.0001), as well as with 
the cotton alone (χ2 = 13.3886, df = 1, P = 0.0003) (Table 2). In the 
trial with both, subjects showed a preference for dead conspecifics 
(χ2 = 18.8692, df = 2, P < 0.0001), with almost twice as many touch-
ing corpses as cotton.

Winter Survival in the Presence of Dead 
Conspecifics
Subjects often settled next to the corpses, but at no point was nec-
rophagy observed. Overall, mortality was low, at about 16%. Most 
mortality occurred at the end of the trial (Fig. 3). Mold on corpses 
appeared to be more prevalent in treatments that involved water, but 
these data were not recorded. No significant difference in survival 
between treatments was observed at the end of the trial (χ2 = 1.785, 
df = 3, P = 0.6182). No interaction effect was found between sex 
and treatment (χ2 = 0.508, df = 3, P = 0.917). Of the 144 individ-
uals tested, females survived at a higher rate than males (χ2 = 4.288, 
df = 1, P = 0.0384).

Discussion

Results suggest that H.  halys respond to dead conspecifics. 
This response depends on touch in the case of year-old corpses. 
Halyomorpha halys have previously been shown to enter and exit 
shelters during the fall (Watanabe et al. 1994), and it is possible that 
seeding trap shelters with old corpses could improve retention, or 
initiate the accumulation of shelter populations. Therefore, further 
investigation may be of use for research and control efforts.

Individuals recently killed by heating created a repellent effect 
in the non-tactile experiment. Semiochemicals may be involved, but 
were outside of our scope. Future research comparing the effects of 
kill method, corpse age, decomposition, and semiochemicals may 
help explain this effect.

No evidence of survival advantage for H. halys from dead con-
specifics was found, though this is inconclusive due to the limited 
scope of this exploratory study. Future research could consider the 
influence of humidity, temperature, ventilation, and mold on winter 
survival in the presence of dead conspecifics. Overall female survival 
rates were higher than males, consistent with Taylor et al. (2017). If 
necrophagy occurred, it was not obvious, unlike with L. trivittatus 
(Brown and Norris 2004).

The removal of conspecific corpses from previous years is not 
indicated as a means of reducing the number of H. halys entering 
refuges. However, removing corpses each year may eliminate a signal 
for H. halys to settle after entering. Careful cleaning of living spaces 
may also reduce exposure to corpse dust from H. halys, which acts 
as an aeroallergen (Mertz et al. 2012).Fig. 2.  Petri dishes to test single H. halys with dead aggregations.

Table 1.  Non-tactile responses of H. halys to dead aggregations

 

Refuge Treatment Box Contents

A: Live H. halys vs. B: Empty A: Recently Dead H. halys vs. B: Empty A: Long Dead H. halys vs. B: Empty

A:B 12:18 9:21 16:14
% Response to A 40.0 30.0 53.3
χ2 1.2081 4.9370 0.1334
df 1 1 1
P 0.2717 0.0263 0.7149
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Table 2.  Tactile responses of individual H. halys to dead conspecific aggregations

 Ten dead H. halys only Cotton only Ten dead H. halys and Cotton

Sample size 30 30 30
Touching corpses 20* - 15*
Touching cotton - 15* 8*
Touching nothing 10 15 7

*P ≤ 0.05 in a chi-squared test between observed and expected numbers based on the assumption of random distribution.
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Fig. 3.  Survivorship of H. halys through diapause, December to May.
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