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Factors Influencing Behavior of Overwintering Brown Marmorated Stink Bugs 

(Halyomorpha halys) in Human Dwellings 

Benjamin Daniel Chambers 

ABSTRACT 

The brown marmorated stink bug (Halyomorpha halys) (Stål) is known for overwintering 

in human homes. Studies were conducted to understand the behavior of adult bugs in 

response to characteristics of potential overwintering structures including gap sizes, light, 

and presence of dead conspecifics. In a test where bugs were placed in increasingly tight 

boxes, most bugs settled in gaps 4.5 - 5.5 mm high. None settled in a space less than 3.5 

mm high. In boxes with constant tightness, bugs tended to move to the back, and 

primarily settled along walls and in corners. In both box types, bugs tended to turn and 

face the cavity entrance during settling. In tests of responses of disturbed overwintering 

bugs to common household light bulbs over the course of a year, bugs were taken from 

shelters and exposed to lit bulbs. Bug responses were seasonal, with attraction to light 

bulbs in spring and summer, but little or no consistent response in fall or winter. The lack 

of response occurred more often at night than in afternoons. Because not all bugs survive 

the winter, corpses can accumulate. Single shelter-seeking H. halys were found not to 

respond to the presence of dead aggregations from the previous years unless touch was 

possible, in which case aggregations were joined. Dead aggregations from the same year 

had a repellent effect. Presence of a single dead bug from the same year did not provide 

any survivorship advantage to overwintering bugs. Results suggest possible 

improvements to trap shelters. 

  



 

 

GENERAL AUDIENCE ABSTRACT 

The brown marmorated stink bug (Halyomorpha halys) is known for overwintering in 

human homes. This research investigated the responses of these bugs to some 

characteristics of overwintering structures, including crevice tightness preference, light 

sources, and dead bugs leftover from previous years. Tightness experiments indicated 

that bugs in crevices with hard walls prefer to settle in spaces between 4.5 and 5.5 mm 

high. Bugs also tended to stay on the floor, go back as far as they could, and face the 

entrance of the crevice. These findings will help improve overwintering box designs for 

collection and research, and will help pest control professionals focus their efforts. When 

bugs were disturbed and exposed to common household light bulbs, they tended to move 

toward the bulbs in late summer and in spring, but responded less in fall and winter, and 

responded more often in the afternoon than at night. Bugs were also exposed to other 

dead bugs in several ways. When lone bugs were exposed to groups of dead bugs from 

previous years, they went to them only if they could touch them. Single dead bugs had 

less of an impact. Exposure to groups of dead bugs from the same year drove live bugs 

away. Overwintering brown marmorated stink bugs do not appear to eat other bugs that 

have recently died. These results suggest several possible improvements to the designs of 

trap shelters used for research and control. 
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Chapter One: Literature Review 

In the last few years, several reviews of the literature on the brown marmorated stink bug 

(Halyomorpha halys) have been written. Leskey et al. (2012) reviewed the pest status of these 

insects, discussing the myriad agricultural damage and research, as well as home nuisance 

problems, and measures being taken to solve the problem. Lee et al. (2013) reviewed the body of 

Chinese, Japanese, and Korean literature on H. halys. Because of H. halys’ long-standing status 

as an agricultural pest in its native region, this review was able to collect extensive literature on 

the life history, host range, damage and economic importance, sampling and monitoring tools, 

and management strategies. Rice et al. (2014) then wrote a general review that began with the 

origin and spread of H. halys and its pest status in invaded regions worldwide. The review also 

covered biology, ecology, agricultural monitoring and research, and biological and chemical 

control methods. 

The review in this manuscript provides a general overview of the literature, but focuses primarily 

on items germane to overwintering research. The introductions of each chapter include more 

focused and detailed reviews of the literature directly relevant to them. The review papers 

previously mentioned are excellent sources of further information not directly relevant to the 

research presented here. 

Nomenclature 

The brown marmorated stink bug (Halyomorpha halys) (Stål) (Hemiptera: Pentatomidae), 

commonly referred to as BMSB, originated in Asia. It has been known by a series of scientific 

names since its first identification in 1855 (Hoebeke and Carter 2003), including some mistaken 

identities. In 1978, the naming was settled, though some Japanese literature continued to refer to 

them as Halyomorpha mista into the 1990s. 

Invasion 

The presence of H. halys in North America was first reported in Allentown, Pennsylvania, in the 

mid-1990s (Hoebeke and Carter 2003), when bugs began aggregating on building exteriors en 

masse. It has been hypothesized that the bugs were transported to the US after seeking winter 
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shelter in shipping containers (Hamilton 2009). This is consistent with dispersal patterns in the 

US that indicate the spread of these insects closely follows railroad shipping (Wallner et al. 

2014). Genetic studies have traced this Eastern US population back to the area around Beijing 

(Xu et al. 2014). 

Since arriving in North America, H. halys has enjoyed a successful spread. As of 2017, it had 

been detected in 43 states and in four Canadian provinces (Northeastern IPM Center 2017). It has 

also become established in several European countries (Haye et al. 2015). The range and severity 

is expected to expand further, based on an analysis of climate data (Zhu et al. 2012). It is also 

expected to continue to expand internationally (Kriticos et al. 2017). Methods of treatment for 

international cargo shipments are being tested and used to try to arrest this spread (Aigner and 

Kuhar 2016). 

Much of the research attention has been inspired by agricultural losses. As it has spread, H. halys 

has become a major agricultural pest, causing significant damage to a wide variety of crops 

(Leskey et al. 2012; Rice et al. 2014). However, in addition to the agricultural damage, it has 

become a major nuisance in human habitations (Inkley 2012), and is expected to continue to get 

worse as it spreads across North America and other continents (Haye et al. 2015). 

Description 

Adult H. halys generally range between 12 – 17 mm long, and 7 – 10 mm wide (Hoebeke and 

Carter 2003). They are shield shaped, with brown and tan marmoration on their backs. Their 

undersides are cream or tan colored. They are distinguishable by white stripes on their antennae, 

and white bands along the edges of their abdomens. They are sexually dimorphic, with males 

generally being smaller and having an indentation at the tip of their abdomens that females lack. 

When disturbed, these insects may release a distinct odor, which is sometimes described as 

reminiscent of musty cilantro. Their excreta is generally brown liquid, which leaves brown 

streaks on the walls of infested homes. This can also stain human skin for several days. 

Additionally, disturbed bugs release a foul smelling defensive chemical (Baldwin et al. 2014, 

Harris et al. 2013, Solomon et. al 2015). Fortunately, this chemical, E-2-decenal, is a highly 

volatile aldehyde, and rapidly dissipates under most conditions. 
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Lifecycle 

In spring each year, adults begin to emerge from their winter shelters. This tends to occur 

between late March and mid-May (Lee et al. 2013), as temperatures begin to regularly exceed 10 

°C, but has been observed as occurring much later in the year. Emergence has also been linked to 

nutritional states and fat body depletion (Funayama 2012), which could explain the variability. 

Once out of their winter refuges, adults begin to feed. Female ovarian development completes, 

and bugs begin to mate and lay eggs on the undersides of tree leaves. Those eggs hatch in four to 

22 days, temperature depending (Nielsen et al. 2008).  Development through five instars takes 

another 38 to 122 days, moving much faster in warmer temperatures. H. halys are generally 

univoltine in the upper mid-Atlantic, and bivoltine in Virginia, West Virginia, and North 

Carolina (Hamilton 2009). This is consistent with their life history in their native range of Asia 

(Lee et al. 2013). The end of oviposition may be related to photoperiod and temperature, and has 

been recorded as ending in higher latitudes in Japan at 15 hours light and 9 hours dark, and 14 

hours light and 10 hours dark in lower latitudes (Fujiie 1985). 

As fall arrives, bugs begin to move away from their feeding grounds and towards overwintering 

sites.  This occurs between August (Hoebeke and Carter 2003) and November (Lee et al. 2013), 

with peaks varying by geographic location. This has been described as at least partially 

temperature related. Arrival began when daily lows dropped below 15 °C, with highs around 25 

°C, and peak numbers when lows dropped to 10 °C (Watanabe et al. 1994a). Photoperiod is also 

indicated, as a daily cycle of 11 hours light to 13 hours dark in the lab has been shown to trigger 

diapause significantly more than a 16 hours light and 8 hours dark cycle at 20 °C (Niva and 

Takeda 2003). A 12 hour light and 12 hour dark cycle at 15 °C has also been used to trigger 

diapause in the lab (Toyama et al. 2006). 

Overwintering 

While H. halys do overwinter in many natural structures, such as dead standing trees (Lee et al. 

2014a), it is their habit of using man-made structures that garners them the most attention. As 

they begin to arrive on the outsides of buildings, they climb all over foundations, outer walls, 

eaves, and the frames of doors and windows (Hoebeke and Carter 2003). Which structures they 
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prefer is still under investigation. Higher elevation (Cullum et al. 2016) and visibility from lower 

elevation (Watanabe et al. 1994a) seem to be important factors, though. A Japanese study found 

no correlations in building materials (Kobayashi and Kimura 1969), but more recent studies 

suggest that brown and grey coloration, and wood and stone materials, could be more attractive 

(Hancock et al. 2015). It is hypothesized that reflected ultraviolet light is more attractive than 

infrared, but this may be related more to the heat inside of traps (Watanabe et al. 1994a). 

Entry points on a structure may vary. Bugs are often observed on windows and doorframes 

(Hoebeke and Carter 2003), and have been observed entering through them. The height of entry 

point has been studied. On a building in Japan, many more bugs were trapped on the ground than 

under eaves or under buildings (Watanabe et al. 1994b), though trap placement and design 

varied. A count of bugs inside of college dorms found significantly more in upper floors than in 

lower floors (Cambridge et al. 2015). 

When bugs reach interior living spaces, they move around on every surface searching for refugia. 

It’s not clear yet what the most appealing refuges are, but they have been observed moving more 

to sites warmed by the sun or heating elements, but also moving into every available crevice 

(Kobayashi and Kimura 1969). This attraction to warm spaces has been contradicted and instead 

described as a repulsion to heat in descriptions of traps (Watanabe et al. 1994a) and of natural 

overwintering sites (Lee et al. 2014a). Other tests found no difference (T. Leskey, personal 

communication). At least some degree of thermal protection is required, as H. halys are chill-

intolerant (Cira et al. 2016), and dryness seems to be preferred (J. Cullum, personal 

communication)(Lee et al. 2014a), though desiccation is a threat.  The drive to enter refugia may 

be related to a negative phototaxis that these bugs exhibit, particularly at lower temperatures 

(Toyama et al. 2011). Spectrum of light is important in some behaviors, (Leskey et al. 2015), and 

some types of light may not affect selection of winter refugia (T. Leskey, personal 

communication). Once inside a refuge, bugs have been shown to leave, sometimes in significant 

numbers (Watanabe et al. 1994a). 

The range of acceptable site characteristics may be wide. In the Japanese literature, bugs have 

moved under mats, into mattresses, cushions, and piles of paper, and into every other space 

available (Kobayashi and Kimura 1969).  A number of traps have been successfully used to 
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collect and research these bugs. These include simple slit traps consisting of parallel sheets of 

wood (Watanabe et al. 1994a), accordions of cardboard, and plywood structures resembling 

birdhouses that contain layers of cardboard separated by strips of cardboard (Bergh et al. 2017). 

Bugs can also readily be collected from tarps and piles of lumber in sheds (Lee et al. 2014b). The 

physical limitations and preferences on sizes of these spaces is unknown, but they have been 

described as “tight” and “crevices” repeatedly (Lee et al. 2014a,b).  

Overwintering H. halys tend to be found in clusters. This may be pheromonal or tactile, as 

removal of antennae eliminates aggregation behavior (Toyama et al. 2006), though identified 

aggregation pheromones do not elicit much response at this time of the year (Funayama 2008). 

Interestingly, the aggregation behavior is significantly sped up by the presence of illumination 

(Toyama et al. 2006). Vibrational cues may also assist in aggregation (Polajnar et al. 2016). 

The populations of these H. halys in homes can become very large. One homeowner collected 

over 26,000 individuals from his home in a single year (Inkley 2012). These bugs become 

nuisances for the occupants of these houses, and a variety of traps and control methods have 

been designed, marketed, or tested, including light-based traps (Aigner and Kuhar 2014), 

insecticide applications (Watanabe et al. 1994b), and insecticide treated window screens (Aigner 

et al. 2016). 

Gaps 

Generally speaking, the overwintering habits of H. halys are not yet well described. Many of the 

published details are anecdotal, and much of what has been experimentally examined has 

focused on the behavior of wild insects arriving at a small sample of buildings. Given the 

complexities of environmental conditions inherent in the construction and occupation of homes, 

there is much still to be learned. The research in this manuscript focuses on three unclear or 

unknown areas. The first is the physical size of crevices utilized by overwintering bugs, and 

settling locations therein. The only mention of physical limitations and preferences on gaps are 

descriptions of them as “tight” (Lee et al. 2014a,b). The second area, photoresponse, is one of the 

most studied behaviors of overwintering H. halys, but previous seemingly conflicting results 

suggest there is more to be learned. Finally, there is an examination of responses to dead 
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conspecifics. Corpses of H. halys may accumulate in overwintering sites, and while alarm 

pheromones will likely have long since dissipated, visual and tactile cues also matter to 

aggregating H. halys, and their corpses can remain tactilely and visibly recognizable at least until 

the next year. 
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Chapter Two: Settling Depth and Tightness Preferences of 

Overwintering Halyomorpha halys 

Abstract 

Overwintering brown marmorated stink bugs (Halyomorpha halys) (Stål) are household nuisance 

pests that inhabit cavities in buildings during the winter months. This experiment explored the 

depth and tightness preferences of these insects. Adult overwintering H. halys were placed in two 

types of simulated refugia, one with a constant tightness, and the other of increasing tightness. 

Bugs were allowed to enter and settle, then their locations were observed. In increasingly tight 

boxes, bugs tended to settle where the cavity was 4.5mm - 5.5mm deep. In the constant tightness 

boxes, bugs tended to move all the way back, and settled along edges and in corners. In both 

configurations, bugs had a significant tendency to orient their heads towards the cavity entrance. 

Introduction 

The brown marmorated stink bug, Halyomorpha halys (Stål), is a major agricultural pest (Haye 

et al. 2015; Leskey et al. 2012; Rice et al. 2014). It is also a major nuisance pest in homes due to 

its tendency to occupy them over winter in large numbers (Inkley 2012). These bugs crawl into 

many nooks and crannies, and appear to seek dark, tight spaces where they will spend the winter 

months.  

Some of the characteristics of H. halys overwintering sites have been reported. Lee et al. (2014a) 

searched for natural overwintering sites in a woods in the Appalachian Mountains and found that 

H. halys primarily overwintered in dead standing trees, with no bugs found in fallen trees on the 

ground. Dry habitats appeared to be preferred, as did trees with thicker bark (Lee et al. 2014a). 

Temperature has also been implicated, with bugs preferring cooler sites (Lee et al. 2014a; 

Watanabe et al. 1994a), though a preference for warmer sites was suggested by Kobayashi and 

Kimura (1969). 

Several kinds of overwintering shelters have been designed and built for research and 

management of H. halys. An early slit trap was used in several experiments in Japan (Watanabe 

et al. 1994a; b). The trap was a 90cm by 180cm rectangular panel leaning at a 30° angle. The trap 
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had 10 mm thick veneer panels, and three layers of 3mm thick slits. In the available translation, 

the slits were reported to be 3mm wide, but that is questionable, as it appears to be too small for 

the majority of H. halys adults; the average height of H. halys adults measured in Virginia is 3.5 

mm and 4.0 mm in females (Table 2.2) (Chambers et al. 2017). Therefore, it may be that the 

panels between slits were 3 mm thick, and the slit spacing is unknown. It appears that the traps 

were open around all edges from the sketch in the paper.  

A more recent study of spring dispersal used two kinds of overwintering shelter boxes (Bergh et 

al. 2017). In the first year of the study, opaque plastic containers were loaded with concentric 

tubes of rolled 4.8 mm thick cardboard sheets, with about 5 mm of space between layers and 

space between tubes and the outer walls. Entry to these boxes was through a large circular hole, 

but the boxes were designed around bugs exiting the boxes. The second kind of shelter was 

originally used to collect bugs in fall. It consisted of a plywood box that looked like a birdhouse, 

which contained a stack of 3 mm thick cardboard sheets, spaced with strips of 3 mm cardboard, 

creating 3 mm tall gaps. These gaps varied due to deformations in the cardboard. There were 

other larger spaces between sheets and the outer walls, some 13 mm and others 25 mm. This 

wooden box design has successfully been used by researchers in the mid-Atlantic U.S. for 

collecting bugs in the fall for several years. 

One thing that these boxes have in common is fairly uniform gap height, excepting variations 

caused by warping and rough handling of cardboard or other substrate materials. In 

overwintering refuges that have not been designed for H. halys, gaps may not be so uniform. 

The gap size preferences of settling overwintering H. halys have not previously been 

demonstrated. Based on observations of overwintering aggregations, the bugs do seem to prefer 

tight spaces (Lee et al. 2014b). However, the cloth, tarps, and boards from which they often can 

be collected have varying gap sizes. The cavities in old buildings in which they hide may also 

vary as buildings settle and warp with moisture and age. Some gaps will be too small for H. 

halys to fit through, but larger gaps may not be suitable. Understanding these preferences could 

help to find H. halys aggregations within structures, making collection or treatment easier. It 

could also allow for improved trap box designs for H. halys. The research presented here 

explores these gap tightness preferences. 
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Methods 

Experiments were conducted in Blacksburg, VA in the winter of 2016-2017. Overwintering H. 

halys adults were placed into two kinds of boxes and allowed to re-settle. Each box had a 

windowed area to allow light in and encourage the bugs to enter the box. One box type had a 

constant height, and the other tapered off. Lids were removed after 24 hours, and bug locations 

were marked. 

Test Subjects 

All bugs used in these experiments were overwintering H. halys adults that were collected in 

southwest Virginia, from the sides of houses during fall and from overwintering clusters that 

were encountered in manmade structures during winter. Bugs were kept in containers full of 

paper and foam insulation pieces in darkness at 10 ºC until the time of the experiment. No bugs 

were re-used. 

Apparatus 

Boxes were laser cut from 3.175 mm (1/8 in.) hardboard and 1.5785 mm (1/16 in.) acrylic sheets 

(Fig. 2.1). All pieces were designed to interlock, with smooth sides facing inward (Fig. 2.2). 

Boxes were approximately 300 mm wide by 600 mm long, and cavities at the window were 

9.5mm deep. Increasing tightness box cavities ran from 9.5 mm deep to 0 mm deep, with a slope 

of about 0.02, over the course of about 480 mm. Constant tightness box cavities were 9.5 mm 

deep for the entire length. Sides of boxes were ruled for tightness reference in photos, with lines 

at every tightness change of 0.25 mm. Each box was lined with plain paper, which was replaced 

after each test to absorb and remove excreta. Boxes were given at least 24 hours to air out after 

each trial. 
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Figure 2.1: Schematics for constant tightness box (top) and increasing tightness box (bottom). 
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Figure 2.2: Halyomorpha halys adults in the experimental (a) increasing tightness box and (b) constant 

tightness box, with side views (shown below). 
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Procedure 

The experiment was conducted four times using four boxes of each type, with ten adult H. halys 

in each, for an expected n = 160 bugs for each box type. Boxes were arranged on a table (Fig. 

2.3) in a room kept at 15 °C and 65% relative humidity, with a single overhead light, a bare 

Sylvania CF13EL/MICRO/865/BL2 6500K bulb. Boxes were lined with plain white paper. Box 

lids were replaced, and distributed weights (large ceramic floor tiles) were placed on top to 

prevent moisture-related warping. Acrylic windows were placed to the side. 

For each box, ten adult H. halys were removed from an overwintering shelter and chill-stunned 

in a freezer at about -15 °C for 4 minutes. The bugs were then placed in the window section, and 

arranged right-side-up, and the windows were replaced. The boxes were left for 24 hours. At the 

end of that time, lids were carefully lifted one by one, and photographs were taken of the floor of 

the box and of the underside of the lid. Using photo editing software, lines were drawn between 

the rule marks (Fig. 2.4). 

For the increasing tightness boxes, the furthest back line that at least 50% of the pronotum went 

past was recorded, as well as the furthest back line that the body crossed. The direction faced 

was also recorded, as well as whether the bug was on the floor or ceiling. Cavity tightness at 

pronotum location was determined and analyzed. 

For the constant tightness boxes, ruling lines were further apart. Bug location characterizations 

were noted, including distance into the refuge, whether the bug was touching a wall or a corner, 

and whether the bug was on the ceiling or floor. Edge zones were defined as within 12.5 mm 

from the sides or the back wall, and corners were the spaces within 12.5 mm from a side and the 

back (Fig. 2.5). 

Results were analyzed using JMP Pro 13 statistical software (SAS Institute, Inc., Cary, NC), with 

which we ran chi-squared tests of the hypothesis that the binomial proportions of orientation and 

placement on the floor or ceiling were significantly different from a probability of 50% by using 

the standard normal approximation (Ott & Longnecker 2010).  Chi-squared tests of the 

placement along edges or in the middle were run against the expected probabilities in Table 2.1, 
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89% in the middle, 10.8% along edges, and 0.2% in corners, and in the pooled case 89% in the 

middle and 11% in edges and corners. 

 

Figure 2.3: Halyomorpha halys overwintering shelter increasing and constant tightness boxes laid out with tile 

weights. 
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Figure 2.4: Lines marking distance back in an increasing tightness box. 
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Figure 2.5: Constant tightness box zone definitions (not to scale). 
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Results 

Although 160 H. halys adults were included in each experiment, some bugs died, remained in the 

window area, or escaped when the lid was removed. These bugs were excluded from the results, 

leaving n = 135 bugs in the constant tightness boxes and n = 140 bugs in the increasing tightness 

boxes. 

In both the increasing tightness boxes and the constant tightness boxes, most of the bugs, 72.1% 

and 67.9% respectively, oriented their heads towards the entrance.  These proportions were 

significantly higher than random orientation (ꭓ2 = 45.4, DF = 1, P < 0.0001). Thus, most of the 

bugs apparently walked into the shelter cavity then turned around to face the open window where 

light came into the cavity. Bugs were also much more likely to be sitting on the floor than on the 

ceiling, with 92.1% and 68.9% on the floor in the increasing tightness boxes and the constant 

tightness boxes, respectively. This is significantly higher than a random expected 50% (P < 

0.0001).  

In the increasing tightness boxes the majority of bugs (about 68%) settled where the tightness of 

the cavity was between 4.5 mm and 5.5 mm, with a mean ± SEM of 5.33 ± 0.0936 mm at 

pronotum. The bugs settled in a range from the entrance height of 9.5 mm down to a tightness of 

3.66 mm.  

In the constant depth boxes, summary statistics for the distance from the window at which bugs 

settled show that bugs overwhelmingly went as far back as they could (mean ± SEM of 326.7 ± 

13.59 mm), and settled against the back wall and in the back corners. 

Because the tightness and movement were not limited in the constant tightness boxes, the 

proportions of bugs along the edges (12.5mm from a wall), in a corner, or in the middle, were 

recorded (n = 135), and compared to what would be expected given even distribution across 

surface area (Table 2.1). Aggregations occasionally were large enough to extend beyond the 

edges and corners, so any bugs physically touching corner bugs were also counted as being in a 

corner, and any bugs physically touching edge bugs were also counted as being in an edge. As 

expected, bugs disproportionately went to edges and corners (ꭓ2 = 385.3, DF = 2, P < 0.0001). If 

edge and corner bugs are pooled, the disproportion remains (ꭓ2 = 320.8546, DF = 1, P < 0.0001).  
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Table 2.1: Expected and observed proportions of H. halys in constant depth refuges.  

 Expected (%) Observed (%) 

Middle 89.0 23.0 

Edge 10.8 45.9 

Corner 0.2 31.1 

 

Table 2.2: Measurements of H. halys during fall, adapted from Chambers et al. (2017). 

 Female Male 

Number Measured 465 465 

Pronotum Width   

Average (mm) 8.33 7.47 

Standard Deviation (mm) 0.40 0.36 

Maximum (mm) 9.43 8.25 

Minimum (mm) 7.04 6.00 

Height   

Average (mm) 4.03 3.50 

Standard Deviation (mm) 0.23 0.20 

Maximum (mm) 4.60 4.00 

Minimum (mm) 2.99 2.41 
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Discussion 

Since the bugs in the constant tightness boxes tended to go as far back as they could, it is 

assumed that the bugs in the increasing tightness boxes went back as far as they could 

comfortably go. Previous analyses of H. halys pronotum heights and ability to navigate gaps 

suggests that they can get through tighter spaces than they settled at in this experiment 

(Chambers et al. n.d.).  In that study, the largest bug height measured ways 4.6 mm (Table 2.2), 

compared to the average settling depth of 5.33 mm. This suggests that there may be a degree of 

tightness at which these bugs can move, but which is uncomfortable in some way and which they 

will try to move out of once the stimulus pushing them in is removed.  

The fact that the bugs went disproportionately to the corners and edges is something that has 

been observed anecdotally, but, to our knowledge, has not yet been analyzed in a scientific 

experiment. The bugs clearly go towards edges in the constant tightness boxes, and probably 

move along edges until they hit corners. In the increasing tightness boxes, bugs also went as far 

back as comfortably possible. Therefore, we confirm that H. halys exhibits lateral and dorsal 

thigmotaxis during winter shelter seeking. 

This experiment also suggests some potential improvements to methodology for future 

experiments of similar design. The constant tightness apparatus lid was not easily removed, due 

to the tabs. This made them harder to photograph. The bugs were also much more likely to hang 

out on the ceiling of that apparatus than the slanted one, which meant that disturbance was more 

often an issue.  In the slanted boxes, very few bugs moved in the time it took to take photographs 

when the lids were removed, while these constant tightness bugs on the ceiling occasionally 

dropped or moved. The researchers suggest that future experiments use an acrylic sheet window 

under the lid, such that the lid can be removed without physically moving any bugs. This would 

make the bugs easier to photograph, and would disturb them less. The edges of the windows 

would need to be darkened, either by setting the window within the walls, or by painting the 

edges. 

The use of laser-cut hardboard made for easy and inexpensive design iteration. However, sheets 

this large tend to warp with moisture. Setting ceramic tiles on top countered this, but it affected 

the photographs and line drawing in at least one of the boxes. In experiments using apparatuses 
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as large as these, it might be helpful to add stiffening measures, or to use more expensive and 

less warpable materials for final designs. Using the laser to engrave ruler lines on those surfaces 

that were not covered with liner paper would also be helpful. 

The information about preferred tightness suggests some possible future research that could 

improve methods for a variety of other experiments. Several experiments have already utilized 

overwintering boxes containing cardboard substrate, with cardboard layers spaced apart by strips 

of cardboard. This is an easy and cheap construction method. However, most common kinds of 

corrugated cardboard are 4 mm thick or less (Twede et al. 2014), and the cardboard used in some 

previous experiments was only 3 mm thick (Bergh et al. 2017). This is less than the preferred 

tightness found in this experiment. The average size and nutritional status of H. halys does vary 

between years in Japan, with the availability of certain food items likely being a factor 

(Funayama 2008, 2012). Average size may also vary between regions, but Funayama’s pronotum 

width averages are all within 0.5 mm (6%) of ours, with similar variance. Therefore, the 

suggestion of using larger spaces in shelters should be generalizable. 

Adult H. halys sometimes exit overwintering boxes they have entered during the shelter seeking 

stage, and this might be a relevant factor. Experiments testing the effects of attractants and 

repellants on overwintering H. halys most likely want refuges that appeal to all individuals. Since 

females are statistically larger than males, and are more often larger than the 4mm cardboard at 

their pronotum, the dimensions here could create significant bias in the results. Therefore, it is 

recommended that future research be done to compare the retention rates of shelters with 

cardboard substrate spaced at the cardboard width (4 mm), and spaced at 5mm. Comparisons of 

these rigid substrates with softer ones like balled up newspaper might also be meaningful, 

although internal morphological consistency would be difficult to achieve. 
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Chapter Three: Seasonal Response of Halyomorpha halys Adults to 

Light 

Abstract 

Brown marmorated stink bug, Halyomorpha halys (Stål), adults were tested for their movement 

toward light over the seasons. Adult H. halys were taken from the field in August and October, 

and from overwintering shelters in December and April. In the afternoon and again at night, bugs 

were placed on wooden dowels with a lit bulb at one end in a darkened room, and recorded as 

having moved towards or away from the bulb (positive or negative phototaxis). Bugs showed 

positive phototaxis in response to daylight bulbs in August, October, and April afternoons and 

April nights, and in response to soft white bulbs in August and April afternoons. There was no 

significant response to light during the month of December in any of the experiments. This 

suggests a seasonal difference in phototaxis, with a lack of response to light in the winter 

months. 

Introduction 

The brown marmorated stink bug, Halyomorpha halys (Stål), is a major agricultural and 

nuisance pest, particularly in regions where it has recently invaded (Haye et al. 2015; Leskey et 

al. 2012). It is well known for overwintering in human habitations in large numbers (Inkley 

2012). The bugs create a nuisance for the human occupants with their corpses, their excreta, and 

by buzzing loudly around light fixtures throughout the winter and spring months as they come 

out of hiding, either from disturbance or depleted fat stores (Funayama 2015).  The response of 

H. halys adults to light stimuli has been a topic of interest particularly as it relates to bug 

invasions in human dwellings. 

Light stimuli have been shown to affect behavior and development of H. halys.  Photoperiod 

affects nymphal development into adults as well as triggers diapause states (Niva and Takeda 

2003). Acebes-Doria et al. (2016) recently demonstrated that H. halys nymphs are positively 

phototactic. During the summer months, blacklights are attractive to H. halys adults and can be 

used for monitoring purposes (Nielsen et al. 2013). Wavelength-restricted white, blue, and black 
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stimuli were shown to be most attractive to H. halys in the lab and the field (Leskey et al. 2015), 

with white and blue lights suggested as useful for active season monitoring of this invasive pest. 

Moreover, higher intensity light tends to create larger disturbances of active bugs (Li et al. 2007). 

However, Toyama et al. (2011) showed that both diapausing and non-diapausing adult H. halys 

strongly preferred settling in the dark, with more entering and few leaving over time. In the 

absence of hiding places, light has also been shown to speed up aggregation formation (Toyama 

et al. 2006).  Thus, the response to light stimuli in H. halys appears to be conditional and perhaps 

more complex than at first thought.  

H. halys individuals appear to exit their hiding places over the course of the winter and spring in 

a staggered manner, and inconsistently during disturbances. Attraction to light-based stink bug 

traps has been shown useful in reducing the number of these active overwintering bugs in homes 

(Aigner and Kuhar 2014), and in fact many commercially available or do-it-yourself traps are 

light based. However, it is unclear what percentage of the population in a house is actually being 

caught during overwintering trapping, and what percentage is staying put. It is also unclear what 

portion of disturbed bugs will resettle, and what portion will be drawn to lights within human 

dwellings, annoying the occupants.  This study investigates the response of H. halys adults to 

light from typical household light bulbs, across the seasons. 

Methods 

This experiment utilized a setup very similar to that used by Acebes-Doria et al. (2016), who 

tested photoresponse in H. halys nymphs. In our experiment, adult H. halys were released at the 

center point of a dowel with a lit light bulb at one end and movement was recorded.  The 

experiment was repeated in the fall, winter, spring and summer to assess any seasonal differences 

in response. 

Apparatus 

A 13 mm diameter wooden dowel was hung in a dark room at 15 °C and 65% relative humidity. 

The dowel was marked at the center for a release point, and at response points 315 mm to either 

side. A standing lamp was placed at one end of the dowel, 100 mm away (Fig. 3.1). This distance 

reduced the heat bugs would experience coming from the lamp. The lamp was lit either with a 
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60W equivalent compact fluorescent bulb, either daylight or soft white. The lamp was moved to 

the opposite side of the dowel halfway through each trial. Trials were conducted in late afternoon 

and late evening at four times through the year, in August before overwintering shelter seeking, 

in October during shelter seeking, in December during mid-winter settled time, and in April 

during the tail end of consistent settling. 

The soft white bulb was a Sylvania CF13EL/MICRO/827/BL4 bulb, rated at 13W, with 2700K 

color temperature, and 900 lumen output. The daylight bulb was a Sylvania 

CF13EL/MICRO/865/BL2 bulb, rated at 13W, with 6500K color temperature, and 800 lumen 

output. These bulbs are the same size, and look identical when turned off. This bulb type was 

selected because CFLs are common, inexpensive, and easily available options that are used in 

over 96% of US homes as of 2015 (USEIA 2015), including those of the authors. 

Test Subjects 

H. halys adults were collected in the field mostly from trees near Blacksburg, VA for use during 

the late-summer tests, and from the sides of structures during shelter-seeking for all other tests. 

After collection, a 24 hour settling period was provided to all bugs before eligibility for 

participation. Bug settling and storage occurred in mesh cages full of paper and foam pieces. 

These cages were kept in darkness in a basement at 10 °C and 65% relative humidity.  For each 

trial, 30 individuals were retrieved from storage, half male and half female, and stored in a 

separate mesh cage under the same conditions for at least one hour before tests began.  

Individuals were not reused. 

Procedure 

Light bulbs were turned on and allowed to warm up to full output. Individual H. halys were 

placed in a paper tube held below and perpendicular to the dowel, and allowed to crawl out onto 

the center point of the dowel. Once a bug walked along the dowel past a response point, it was 

marked as having chosen and removed. If a bug had not passed a response point after 5 minutes, 

it was removed. Bugs that flew or fell off the dowel were considered as no response, and 

replaced. These non-responsive bugs were not included in analysis. Results were analyzed using 

JMP Pro 13 statistical software (SAS Institute, Inc., Cary, NC), in which we ran chi-squared tests 
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of the hypothesis that the binomial proportions of each photoresponse test were significantly 

different from a probability of 50% by using the standard normal approximation (Ott & 

Longnecker 2010). 

 

Figure 3.1: The hanging dowel and lamp setup used for the experiment. 
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Results 

There were no significant differences in response between male and female H. halys (ꭓ2 = 2.454, 

DF = 1, P = 0.1172), or which side the bulb was on (ꭓ2 = 3.333, DF = 1, P = 0.0679), or bulb 

type (ꭓ2 = 0.370, DF = 1, P = 0.5431), thus, data were combined for analysis (Table 3.1). Less 

than 5% of bugs did not respond, and those bugs were not considered in this analysis. Overall, 

bugs were more likely than not to move towards either light bulb (soft white or daylight) during 

August (pre-shelter seeking) or April (post diapause). Bugs demonstrated no response to lights 

during December (diapause) and mixed responses during October with a significant positive 

phototaxis to daylight bulbs in the afternoons (Fig. 3.2).  
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Table 3.1: Positive responses to light bulbs. Non-responsive bugs were not included. 

Test Time 

  

Moved to Soft White 

Bulb 

Moved to Daylight 

Bulb 

Moved to Any Bulb 

% P % P % P 

August: 

Pre-Shelter 

Seeking 

Afternoon 80.0 0.0007* 76.7 0.0027* 78.3 <0.0001* 

Night 66.7 0.0653 66.7 0.0653 66.7 0.0091* 

October: 

Shelter 

Seeking 

Afternoon 65.5 0.0920 76.7 0.0027* 71.2 0.0009* 

Night 50.0 1.0 60.0 0.2717 55.0 0.4382 

December: 

Settled 

Afternoon 50.0 1.0 46.7 0.7149 48.3 0.7962 

Night 53.3 0.7149 43.3 0.4645 48.3 0.7962 

April: 

Settled 

Afternoon 76.7 0.0027* 76.7 0.0027* 76.7 <0.0001* 

Night 66.7 0.0653 83.3 <0.0001* 75.0 <0.0001* 

*Responses differed (P < 0.05) by testing that the binomial proportion was significantly different 

from P = 50% using the standard normal approximation. 
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Figure 3.2: Percentages of bugs moving towards bulbs.  

*Responses differed (P < 0.05) by testing that the binomial proportion was significantly different from P = 

50% using the standard normal approximation. 
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Discussion 

The strongest attractive responses to light bulbs in this study were observed at the end of 

overwintering in April and in non-diapausing individuals in August, and no response was 

observed in December. Therefore, we conclude that there is seasonal variation in the 

photoresponse of H. halys. The variation may be related to the nutritional state mechanism that 

helps drive these insects out of their winter hiding places as their diapause ends (Funayama 

2015). This suggests future study of the nutritional states of active bugs captured by light traps in 

homes in winter. Those traps may just be culling the bugs that did not develop sufficient fat body 

to survive the winter. 

While positive phototaxis was observed, there was no significant negative response recorded. 

The lack of negative response is partially consistent with other photoresponse experiments. 

Acebes-Doria et al. (2016) reported immediate positive phototaxis in all nymphs subjected to the 

experiment upon which ours was based. Leskey et al. (2015) also reported no negatively 

phototactic responses in the ten minute period of that experiment’s design, though an arrestment 

response to high intensity light occurred. These results are inconsistent with a settling study by 

Toyama et al. (2011) that reported a preference for dark places in both diapausing and non-

diapausing adult H. halys, demonstrated after settling periods of 30 minutes and 5 hours. Leskey 

et al. (2015) supposed that the different responses in their experiment from Toyama et al. (2011) 

could be related to differences in light intensity or data collection methods and timeframes. The 

light intensity in our experiment was inconstant as a result of the design allowing bugs to move 

closer to bulbs, as was that of Acebes-Doria et al. (2016) and Toyama et al. (2011), though the 

latter was inconstant for unspecified reasons. Our work adds another experiment to the literature 

where non-diapausing H. halys demonstrated positively phototactic behavior in a time frame of 

ten minutes or less, and showed no negative phototaxis. By comparison, the long-term negative 

phototactic response of non-diapausing and diapausing bugs shown by Toyama et al. (2011) was 

demonstrated and utilized with diapausing adult H. halys in chapters 2 and 4 of this manuscript. 

This supports the notion that exposure time is worth further study as a possible factor in 

photoresponse. It is possible that in some cases attraction to light may be useful in helping bugs 
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find open areas to quickly escape some kinds of disturbances, and that darkness is sought once 

the immediate danger has passed. 
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Chapter Four: Responses to Dead Conspecifics in Overwintering 

Halyomorpha halys 

Abstract 

Overwintering brown marmorated stink bugs (Halyomorpha halys) (Stål) were subjected to 

several experiments to test their responses to dead conspecifics. In non-tactile tests of individuals 

exposed to groups of dead bugs, H. halys adults did not respond to 1-year old desiccated dead 

bugs, but avoided freshly-killed bugs. In tactile tests of individuals exposed to groups of dead 

bugs, bugs joined those corpse aggregations significantly more often than aggregating alone. In 

tactile tests of groups exposed to single dead bugs, bugs were slightly more likely to aggregate 

with the dead individuals, but not significantly so. In tests of exposure of single overwintering 

bugs to fresh dead bugs over the course of a winter, no conspecific necrophagy or evidence of 

survival advantage was observed.  

Introduction 

The brown marmorated stink bug (Halyomorpha halys) (Stål), is a significant agricultural pest, 

and has been expanding its range in recent years as an invasive species (Leskey et al. 2012, Haye 

et al. 2015). It is also a notable nuisance pest to the general public due to its habit of 

overwintering in human dwellings. In the fall, adult bugs land on buildings en masse, and crawl 

around looking for ways to enter.  

A quick search will turn up a wide variety of personal and business web pages devoted to the 

problem of home invasion by these insects. The scientific literature also contains several 

descriptions of these infestations (Hoebeke and Carter 2003; Kobayashi and Kimura 1969; 

Watanabe et al. 1994). One homeowner counted over 26000 individuals in his home in a single 

year (Inkley 2012). 

Several studies have been conducted examining the influence of environmental cues on the 

overwintering behavior of these H. halys. They have been shown to exhibit negative phototaxis, 

particularly when exposed to colder temperatures during this period (Toyama et al. 2011). They 

express a preference for certain species of dead standing trees in natural overwintering settings 
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(Lee et al. 2014). Cool temperatures may be desirable for overwintering sites, but this has not 

been conclusively shown (Lee et al. 2014; Watanabe et al. 1994), and is contradicted by some 

older literature (Kobayashi and Kimura 1969). 

Over the course of winter and spring, the bugs come out of hiding and crawl around buildings 

they have taken residence in; this may be related to their nutritional state (Funayama 2012). 

Regardless of why, some become trapped in places like window frames, light fixtures, and 

ventilation systems. There, they die, and leave their corpses. Others die before leaving their 

harborage, with mortality rates that may depend on factors such as temperature (Cira et al. 2016). 

These bug corpses are the focus of the research described in this paper. 

Dead bugs are anecdotally reported in many parts of buildings. The authors of this paper have 

personally investigated many attics, crawl spaces, barns, and sheds in search of overwintering H. 

halys for experiments, and have frequently found bug corpses, sometimes in high numbers. 

There have also been reports received of thousands of dead bugs in wall cavities, with older ones 

turning to dust. 

Not everyone cleans these spaces every year, or clean them at all. Therefore, the bug corpses 

often remain. As yet, there is no scientific assessment of BMSB decomposition rates, but 

personal observations at home have found bug corpses lasting multiple years in some places. It is 

well established that BMSB give off alarm pheromones when disturbed, and during certain types 

of death. It is also established that BMSB like to aggregate when touching live conspecifics 

(Toyama et al. 2006), and that this requires antennae. Pheromones tend to be very volatile, and 

so will not likely persist in a corpse. However, there remains the possibility that there are other 

cues that BMSB can take from dead conspecifics.  

Further, the fact that BMSB move around during the winter, particularly in response to 

nutritional states (Funayama 2012), and the fact that not all of them live through the winter, begs 

the question of whether there is a response to newer dead conspecifics. There is precedent for 

other overwintering bugs having responses to fresh dead conspecifics. Specifically, boxelder 

bugs, Boisea trivittata (Hemiptera: Rhopalidae), have been shown to engage in conspecific 

necrophagy during overwintering (Brown and Norris 2004), increasing survivorship. In that 

study, water was a significantly more limiting factor, but the dead bugs also contributed. BMSB 
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have been observed engaging in cannibalistic behavior amongst colonies reared in labs (Medal et 

al. 2012), but this may have been among immatures and freshly molted individuals. 

This paper collects several exploratory studies meant to determine what response BMSB gave to 

dead conspecifics during winter, if any. It includes tactile and non-tactile responses to groups, 

tactile responses to individuals, and overwintering survival of H. halys with and without fresh 

dead conspecifics. 

Methods 

All experiments were conducted in the basement of a residence in Blacksburg, VA. The 

basement was monitored and kept at approximately 10 °C, and had several rooms that could be 

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 collected diapausing bugs were allowed at least 48 hours 

to resettle before use in any experiments. No bugs were reused. Long dead bugs were collected 

from unused bug stock storage from previous years. 

Non-Tactile Responses to Dead Aggregations 

This test was designed to remove the possibility of tactile and visual cues from dead bugs. 

Choice boxes were designed with two opposite refuges, with screened-off portions either empty 

or containing bugs. Individual bugs were released in the center and allowed time to select a 

refuge. 

Apparatus 

Choice boxes were built with laser cut from 3.175 mm (1/8 in.) hardboard and 1.5785 mm (1/16 

in.) acrylic sheets, and all elements were designed to interlock (Fig. 4.1). The overall dimensions 

of each box were 240 x 100 x 40 mm. On each side were removable treatment box sized 100 x 

55 x 35 mm. Each had one screened open end facing the center of the apparatus. Gate pieces 

were inserted 20 mm from each treatment box, creating a refuge space. Gate pieces had 40 x 6 

mm holes to allow entry to the refuge. Over each refuge, a small acrylic window was inserted, 

and a larger piece of hardboard was placed over the treatment box and refuge window to black 
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out the refuge, which could be removed to check subject choices without allowing subjects to 

slip out. An acrylic window was placed over the center area to allow light in and encourage the 

bugs to enter refuges while keeping them from escaping. Light was provided by two GE 

F40PL/AQ/Eco T12 fluorescent bulbs hanging 150 mm above the boxes. 

 

Figure 4.1: Boxes for testing the choice of H. halys adults to select overwintering sites.  

Treatment boxes contained either 30 living BMSB (15 male and 15 female) that had been given 

at least 48 hours to re-settle in the refuge, 30 dead and partially decomposed BMSB (15 male and 

15 female) recovered from overwintering sites, 30 dead BMSB (15 male and 15 female) killed in 

an oven at 65 °C for 20 minutes until trials began, or no BMSB. Treatment boxes were reused to 

reduce the total number of dead insects needed for these experiments. 

Procedure 

Filter paper linings, treatment boxes, and gates were inserted into choice boxes, with an empty 

treatment box on one side and one containing insects on the other. Refuge windows and lids 

were added, and choice boxes were placed under lighting at 10 C. Test subjects were taken from 

the overwintering shelter boxes, placed into lidded 25 mm petri dishes, and stunned in a 

refrigerator for 30 minutes. Dishes were then placed in the center of the choice boxes, dish lids 
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were removed, and windows placed on top of boxes. Locations of bugs were recorded at 0.5 hr 

and 5 hrs. Each treatment was repeated with 30 bugs, half male and half female. 

Between trials, windows were washed with soapy water, screens were wiped, apparatuses were 

allowed to air out for 24 hours, and filter paper linings were replaced. Off-gassing from the 

hardboard glue was not considered to be an issue, as it would be uniform and experimental time 

frames were relatively short. Test subjects were not reused. 

Tactile Responses to Dead Aggregations 

This experiment was designed to see whether shelter seeking BMSB had a tactile response to 

groups of dead conspecifics. Bugs were released into dishes containing piles of dead BMSB 

and/or cotton, and allowed to settle. 

Apparatus 

Tests were conducted in clean 150mm plastic Petri dishes (Fig. 4.2). For each trial, ten dead bugs 

gathered from the previous year’s overwintering stock containers were placed in a dish. The lids 

were put on, and then dishes were tipped on their sides so that all bugs gathered at one end. 

Dishes were then laid flat again. If a trial used dental cotton, it was added at the opposite side of 

the dish. Three treatments were tested: ten dead bugs, dental cotton, or both. No bugs or dental 

cotton pieces were reused. 
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Figure 4.2: Petri dishes to test single bugs with dead aggregations. 

Procedure 

Thirty overwintering bugs, half male and half female, were taken from shelter boxes, and 

stunned in the refrigerator for 30 minutes. A single bug was placed in the center of each dish, 

then a lid put on. The dishes were placed in darkness at 10 °C for 24 hours. At the end of this 

period, we recorded whether the live bug was in contact with the cotton, the dead bugs, or 

neither. There were 30 trials for each of the three treatments. 

Tactile Responses to Dead Individuals 

This experiment was designed to test whether overwintering BMSB would aggregate around 

dead individuals. Single dead bugs were placed in the corners of arenas, and groups of live bugs 

were released in the centers and allowed to settle. 
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Apparatus 

The arenas were based on those from a previous aggregation study (Toyama et al. 2006), though 

materials were changed. Each arena was a box sized 290 x 215 x 55mm, with walls and floor of 

laser-cut 3.175 mm (1/8 in.) hardboard and 1.5785 mm (1/16 in.) acrylic sheets. The bottom of 

each box was lined with a sheet of white printer paper with two ruler-drawn pencil lines dividing 

it into quarters. A plastic petri dish lid holding a cotton ball soaked with distilled water was 

placed in the center over the intersection of the pencil lines (Fig. 4.3). In one corner, a dead bug 

from a previous season was secured with a small drop of glue. No dead bugs, paper, or cotton 

balls were reused. 

Procedure 

For each trial, ten overwintering bugs were selected from the pool, half male and half female. 

They were stunned in the refrigerator for 30 minutes, then placed in the center of a box. They 

were provided a recovery period of 1 hour at 18 C, then a trial period of 5 hours at 10 C. Low 

intensity light was provided at both steps to help speed aggregation per the findings of the study 

on which this was based (Toyama et al. 2006). 

At the end of the trial period, a photograph was taken. The number of bugs in each quarter was 

counted from this image, with the head determining the location of any bug straddling a line. 

Aggregation was also determined at the time of photographing, defined as bugs touching and not 

moving. The number of bugs touching the dead bug was recorded, as were the sizes and 

locations of other aggregations. Between each trial, papers and cotton were removed and 

disposed of, lids were washed with soap and hot water, and boxes were wiped out with a damp 

cloth and allowed to air out for 24 hours. The procedure was repeated for a total of 24 trials. 
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Figure 4.3: Single dead bug arena. 
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Winter Survival in the Presence of Dead Conspecifics 

This experiment was designed to test whether the presence of dead conspecifics improves winter 

survival rates of H. halys in shelters. It closely follows the methodology of an experiment on 

boxelder bugs (Brown and Norris 2004), in which bugs were provided dead conspecifics and 

water, and monitored over the course of winter. 

Apparatus 

Overwintering bugs were placed in individual 6 cm plastic petri dishes. Dishes were arranged on 

disposable aluminum cookie trays, 18 dishes per tray (Fig. 4.4). While not being checked, these 

trays were stacked and placed in a large plastic container in darkness at 10 °C. Dishes were 

treated with single dead bugs, dental cotton with distilled water, both, or neither. Dead bugs 

provided were killed in a freezer at -25 °C for at least 48 hours, and then stored in the same 

freezer. 

Procedure 

In December 2015, overwintering bugs were selected for participation. Each treatment was 

applied to 36 bugs, half male and half female. Cookie sheets were taken out every three days. At 

each check, bugs were checked for mortality. If no movement occurred, bugs were gently 

prodded with tweezers to instigate movement. Fresh distilled water was applied to dry dental 

cotton, and dead bugs showing signs of fungal infection were removed. Cotton showing signs of 

mold was replaced. Mold was wiped from dishes as needed. Every three weeks, new dead bugs 

were provided. Mortality was recorded until May 2016. 
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Figure 4.4: H. halys with dead conspecifics to test effect on survival rates. 
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Results 

A series of four experimental designs were used to test the responses of overwintering bugs to 

the presence of dead conspecifics in refugia. This section collects the data and results for each 

experiment.  

Non-Tactile Responses to Dead Aggregations 

In the choice tests of non-tactile responses to aggregations, no statistically significant response 

was found for well-settled living bugs, nor for partially decomposed dead from previous years 

(Table 4.1). However, the settling bugs exhibited an aversion to recently dead bugs (ꭓ2 = 4.9370, 

DF = 1, P = 0.0263). 

Table 4.1: Non-Tactile Responses to Dead Aggregations 

  Refuge Treatment Box Contents 

  A: Live Bugs 

vs. B: Empty 

A: Recently Dead 

Bugs vs. B: Empty 

A: Long Dead Bugs 

vs. B: Empty 

Ratio 12:18 9:21 16:14 

% Response to A 40.0 30.0* 53.3 

ꭓ2  1.2081 4.9370* 0.1334 

P 0.2717 0.0263* 0.7149 

*Responses differed (P < 0.05) by testing that the binomial proportion is significantly different 

from P = 50% using the standard normal approximation. 

Tactile Responses to Dead Aggregations 

When individual bugs were given the opportunity to settle touching piles of dead bugs, they did. 

Assuming random distribution of bugs in the dishes, one can compare the area adjacent to the 

piles and otherwise. Since the bugs had the option of climbing on the top of the container above 

as well as beside the piles, the area of adjacent placement was roughly estimated as 1/5 of the 
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total area. Therefore, for random distribution, the ratio of aggregation pile to empty space used 

was 1:4. This is a very generous estimate, resulting in a harder test to pass. Nevertheless, bugs 

settled with the dead bug piles alone (ꭓ2 = 30.6495, DF = 1, P < 0.0001), as well as with the 

cotton alone (ꭓ2 = 13.3886, DF = 1, P = 0.0003) (Table 4.2). In the trial with both, bugs again 

aggregated (ꭓ2 = 18.8692, DF = 2, P < 0.0001), with twice as many touching dead bugs as 

cotton. 

Table 4.2: Tactile responses to dead aggregations 

  Dead Bugs Only Cotton Only Dead Bugs and 

Cotton 

Sample Size 30 30 30 

Touching Dead Bugs 20* - 15* 

Touching Cotton - 15* 8* 

Touching Nothing 10 15 7 

*Significant response in a chi-squared test between observed and expected numbers based on the 

assumption of random distribution of bugs. 

Tactile Responses to Dead Individuals 

Over 24 trials of 10 bugs each, 25 bugs (10.4%) ended up touching the dead individuals, and 74 

bugs (30.8%) were in the same quadrant as the dead individuals. Due to some unexpected 

experimental effects that may be related to uneven lighting, there was a significant difference in 

quadrant occupation in a chi-squared test between observed and expected numbers based on the 

assumption of even random distribution (ꭓ2 = 33.1086, DF = 3, P < 0.0001), with quadrants 1 & 

2 having twice as many bugs sitting in them as quadrant 3 & 4. As such, data are presented both 

for the full experiment with all quadrants considered, as well as a comparison between quadrants 

1 & 2 for those repetitions where the dead bug was placed in quadrant 1 or 2, and a final set 

considering only quadrants 1 & 2 (Table 4.3). After eliminating quadrant 3 & 4, n = 84 bugs 
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remained in the dataset. Of these, the bugs tended to move into the quadrant with the dead bug in 

a test between observed numbers and those expected based on a random distribution (ꭓ2 = 

3.8872, DF = 1, P = 0.0487). Slightly more than half of all aggregating bugs (57%) in this pared 

dataset aggregated with the dead individual. This indicates that H. halys will move towards and 

form aggregations with individual dead conspecifics from previous years. 

Table 4.3: Responses to dead individuals. 

 Total Bugs Total Bugs 

Aggregating 

(% of total) 

Bugs 

Aggregating 

with Dead  

(% of total) 

Bugs in 

Quadrant 

with Dead 

(% of total) 

All Reps 240 91 (37.9%) 25 (10.4%) 74 (30.8%) 

Dead Bug in Q1 or Q2 120 48 (40%) 24 (20%) 51 (42.5%) 

Dead Bug in Q1 or Q2, 

Ignoring Q3 and Q4 

84 42 (50%) 24 (28.6%) 51 (60.7%) 

 

Winter Survival in the Presence of Dead Conspecifics 

Data were collected from 20 December 2015 to 12 May 2016, every three days. The live bugs 

frequently settled next to the dead bugs, but at no point was any bug observed feeding on a dead 

bug.  Overall, mortality was low, at about 16%. Most mortality occurred at the very end of the 

trial (Fig. 4.5). Of the 144 bugs tested, females survived at a higher rate than males (ꭓ2 = 4.288, 

DF = 1, P = 0.0384), with half as many dead (Table 4.4). 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 (ꭓ2 = 1.785, DF = 

3, P = 0.6182).  
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Table 4.4: Final counts of dead bugs after necrophagy trial. 

 Dead Males at End  

(% of 18)) 

Dead Females at End 

(% of 18) 

Total Dead at End  

(% of 36) 

Control 3 (17%) 1 (6%) 4 (11%) 

Water 4 (22%) 3 (17%) 7 (19%) 

Dead Bug 5 (28%) 3 (17%) 8 (22%) 

Dead Bug and Water 4 (22%) 2 (11%) 6 (17%) 

 

 

 

 

Figure 4.5: Survivorship in necrophagy experiment. 
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Discussion 

These results suggest that BMSB do, in fact, respond to dead conspecifics. The response seems 

to depend on touch in the case of long-dead individuals. When attempting to encourage 

occupation of shelters, seeding with corpses from the previous year may be beneficial. These 

results show that live bugs will settle next to these corpses. Bugs have previously been shown to 

exit shelters after entering them during shelter evaluations, and it is possible that corpse seeding 

could improve retention, or kickstart the snowballing of shelter populations. For researchers 

seeking large populations of bugs as test subjects, or individuals designing end-of-season traps 

for control, these results encourage further investigation. 

Recently killed individuals did not require touch to create a repellent effect. It is unclear whether 

some element of the chemical ecology of these insects is responsible. Examinations of 

semiochemicals were outside of the scope of this work. Future research comparing the effects of 

kill method, corpse age, and decomposition type may help to explain this effect.   

The removal of dead from previous years is not indicated as a means of reducing the interest of 

bugs in entering homes. However, home occupants who are unhappy with the locations of 

aggregations in their living spaces may wish to consider more active cleaning of those spaces, as 

this may remove one of the signals to bugs to settle in those specific spaces. Removal of dead 

bugs from living spaces will have the added effect of reducing exposure to corpse dust from H. 

halys, which acts as an aeroallergen (Mertz et al. 2012). These people should be careful while 

cleaning non-accessible spaces and non-living spaces, due to safety considerations and the 

possibility of stirring up dust and other allergens. 
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Chapter Five: Summary and Conclusions 

The responses of the brown marmorated stink bug (Halyomorpha halys) to various 

environmental cues in their overwintering shelter structures were evaluated in the laboratory. 

The research presented includes findings from seven different experiments. The results could 

assist in improving future research programs, as well as the development of control tactics. This 

chapter discusses the results and their implications, and includes some other research 

methodology suggestions that don’t fit elsewhere in the manuscript. 

Methodology Notes for Future Research 

This section contains observations, advice, and lessons learned. While the information contained 

here is interesting and potentially significant, it is important to remember that these methodology 

notes are anecdotal observations, which have not been scientifically demonstrated or confirmed. 

Instead, treat them as suggestions for possible future research. 

In late September, red maples provided lots of bugs. The sides of houses were also good sources 

of bugs.  In winter, many bugs were recovered from barns containing piles of wood and tarps. 

These were often loaded with dust and rodent droppings, so wearing a mask and gloves was very 

important. Having several containers ready helped, as putting too many bugs in a one seemed to 

lead to stress that killed many bugs. By rotating out containers the stress on the bugs seemed to 

be reduced, resulting in less defensive odor produced. 

Storing bugs in buckets full of pipe insulation pieces (Fig. 5.1a) worked well long term, but 

drilling holes and covering them with screen was necessary. It helped to open and close buckets 

a few times to stretch out the lid, as yanking on stiff new lids disturbed a lot of the bugs and lead 

to their escape. Mesh cages full of crumpled paper or old junk mail (Fig. 5.1b) provided easy 

access to bugs, and also worked long term, depending on where they were stored. In one cage 

stored in a shed, field mice chewed through the mesh and ate most of the bugs. In addition to 

their vulnerability to rodents, these cages do not hold in moisture as well, particularly in 

combination with paper towel substrates, and the bugs seem to be at higher risk of death by 

desiccation. 
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Figure 5.1: (a) A bucket full of pipe insulation, with a screened-over hole cut in the side, and (b) a mesh cage 

with junk mail. 

 

Laser cutting to produce experimental apparatus was fast and easy, and produced exact cuts. 

Using lasers to cut sheets of material meant designing interlocking parts. Design of these parts 

was much easier using units of thickness of the materials, 1/8 in. for the hardboard and 1/16 in. 

for acrylic. This introduced a source of error and confusion in both the design and analysis 

stages. It would be better to go to SI units at the very beginning of the process, if possible.  

Hardboard is a good material for prototyping and short-term experiments, but large pieces tended 

to warp fairly quickly in humid environments. Alternative materials and structural reinforcement 

may be necessary in some designs. Acrylic sheets are significantly more expensive than 

hardboard, but are much easier to clean. It may also be important to use acrylic to build in 

windows so that removing lids does not physically move bugs in an experiment. 
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Contributions 

Tests of cavity tightness preferences indicated an ideal range for settling locations (4.5 - 5.5 

mm). Constant tightness cavities confirmed the strong suspicion that bugs prefer settle along 

walls and in corners when possible. These cavity tests also indicate that bugs tend to face the 

entrance to their cavities, and may prefer to be right-side-up. 

Evaluation of disturbed bugs’ attraction to common household light bulbs over the course of a 

year indicated that bugs do not always respond to the bulbs, with significant responses failing to 

occur more at night than in the afternoon, and also less in fall and winter than in summer or 

spring. 

A variety of tests of responses to dead conspecifics were conducted. In non-tactile choice tests, bugs 

failed to respond to groups of dead bugs from previous years, but did respond negatively to groups of 

recently killed bugs. When exposed to piles of dead bugs from previous years, a single live bug tended to 

settle touching them. The presence of dead bugs from the same year does not appear to confer any 

survival advantage, at least in the case of single bugs. 

Limitations and Future Research 

The experiments on cavity tightness and settling depth utilized horizontal cavities made of rigid 

materials. Bugs settle in many types of cavities, the orientations and materials of which may vary 

considerably. They have been observed in softer and more flexible materials such as tarps and 

insulation. However, testing of the preferred tightness of bugs settling in more flexible material 

would be considerably more difficult and involved. Future research on settling tightness in semi-

rigid materials like cardboard is recommended, particularly as this material is used in research 

shelter design.  

The refuge cavity design in these tightness experiments was arranged horizontally. As H. halys is 

known to exhibit negative gravitaxis during shelter evaluation, it is possible that this could 

provide extra motivation to push into tighter cracks. Therefore, research on the effects of 

horizontal or vertical components of the orientations of refuges may be worth investigation. 
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Phototaxis experiments in this study only used two common types of bulbs, which were both 

compact fluorescent. These tend to have more UV spectral components than LED or 

incandescent bulbs, which are also common in houses. Insects generally find UV light more 

attractive, and H. halys is no exception. It is possible that this could have increased the positive 

response of the bugs in these experiments, so future research on interactions between these 

insects and home lighting may benefit from considering bulbs of greater variation. 

Time since disturbance was suggested as a possible area of future photoresponse research, based 

on the variation in results among both previous research and that presented in this manuscript. 

The research here relied on recently disturbed bugs that were actively removed from shelters, 

and put near to the bulbs. It is possible that this disturbance affects responses to light, and thus 

future research should consider these disturbances in photoresponse in terms of duration, nature, 

and time since occurrence. 

The dead conspecifics experiments were designed with some considerations for the chemical 

ecology of H. halys, but those considerations mostly involved cleaning and airing out test 

apparatuses. However, the chemical ecology of these insects is quite complex. It’s unknown 

exactly how the freeze kills used for survivorship or the heat-desiccation kills used for non-

tactile experiments effect release and residence of the various relevant pheromones. Furthermore, 

the persistence of these pheromones under the conditions of the experiments is unknown. Future 

research on dead conspecifics may benefit from comparisons of responses between kill styles 

and corpse age, or direct observation of semiochemicals. 

Corpses of bugs from previous years used were in good condition, and visually recognizable as 

whole specimens. This is not always the case in places where they accumulate. Corpses degrade 

and fall apart as they age, and as dermestid beetles and other decomposers consume them. Dead 

conspecific studies of aggregations with long-dead bugs did not consider the effects of degraded 

corpses. Therefore, it is not clear whether the response depends upon the corpses being visually 

or tactilely recognizable as a conspecific, or if there is some other mechanism. These 

experiments should be repeated in future research with crushed or powdered corpses.  
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Practical Applications 

The authors are frequently asked what this research has uncovered that will help people to get rid 

of the bugs in their houses. This can be difficult to answer, as the benefits may be indirect. The 

real and largest potential practical impacts of this research are likely related to the design and 

construction of overwintering boxes. These are used not only as traps on the sides of buildings to 

collect or control bugs, but also in a variety of research applications. The gap tightness 

experiment suggests that the spacing between cardboard sheets used as substrate may be too 

small, and could be excluding or discouraging larger bugs from staying inside. This could skew 

results depending on physiological characteristics or sex, since larger bugs tend to be female. 

The decision of bugs to aggregate with dead from previous years also suggests that seeding these 

shelter boxes with dead bugs may make them more appealing to the first bugs to enter, and thus 

accelerating aggregation in the boxes. If this is tested and confirmed, it could improve trapping 

efficacy for research and control. 

 

 


