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Brown marmorated stink bug (Hemiptera: Pentatomidae) 
attraction to various light stimuli
John E. Cambridge1,*, Laurie Francoeur2, and George C. Hamilton3

Abstract

Light trapping is a common method for monitoring and capturing insects such as the invasive agricultural pest, Halyomorpha halys (Stål) (Hemip-
tera: Pentatomidae). Efforts to develop more effective trapping methods for H. halys have led to research investigating the response of this insect 
to potentially exploitable stimuli. A behavioral study was conducted to examine the response of H. halys to various light stimuli. Seven intensities 
(0 [control: dark], 0.1, 10, 50, 75, 100, and 155 lx) of white light were tested. The most attractive intensity for H. halys was 75 lx for adult males and 
females. Nymphal instars 2 to 5, adult males, and adult females were also exposed to 75 lx white light. Adult males were significantly more attracted 
to the light than any other life stage. Adults were also exposed to green, orange, red, white, and yellow light. All colors tested were attractive to H. 
halys. White light was significantly more attractive than the other tested colors. The findings of this study suggest that the incorporation of a white 
light into H. halys traps may increase the number captured.

Key Words: Halyomorpha halys; light trap; intensity; wavelength; life stage

Resumen

La trampa de luz es un método común para monitorear y capturar insectos como la plaga agrícola invasora, Halyomorpha halys (Stål) (Hemiptera: 
Pentatomidae). Los esfuerzos para desarrollar métodos de captura más eficaces para H. halys han llevado a investigar la respuesta de este insecto 
a estímulos potencialmente explotables. Se realizó un estudio de conducto para examinar la respuesta de H. halys a diversos estímulos de luz. Se 
ensayaron siete intensidades (0 [oscuro], 0,1, 10, 50, 75, 100 y 155 lx) de luz blanca. La intensidad más atractiva fue de 75 lx para machos y hembras 
adultas. Los estadios de ninfas de 2 a 5 instares, los machos adultos y las hembras adultas también fueron expuestos a 75 lx de luz blanca. Los machos 
adultos estaban significativamente más atraídos por la luz que cualquier otro estadio de vida. Los adultos también fueron expuestos a luz verde, 
anaranjada, roja, blanca y amarilla. Todos los colores probados fueron atractivos para H. halys. La luz blanca fue significativamente más atractiva que 
los otros colores probados. Los hallazgos de este estudio sugieren que la incorporación de una luz blanca en las trampas de H. halys puede aumentar 
las capturas.

Palabras Clave: Halyomorpha halys; trampa de luz; intensidad; longitud de onda; estadio de vida

For over one hundred years, light has been used to influence insect 
behavior in a variety of ways (Roth 1891; Harding et al. 1966). Insects 
may exhibit positive or negative phototaxis. These behaviors can be 
used to either attract or repel individuals (Jander 1963; Kim et al. 2013). 
Traps that employ light to catch insects are most effective at capturing 
individuals during the night time as sunlight can negate or mask their 
attractive influence (Shimoda & Honda 2013). Many insects have regu-
lar circadian rhythms or other behavioral patterns which are governed 
by the presence or absence of light. These can be exploited to disrupt 
undesirable pest activities (Walcott 1969; Shimoda & Kiguchi 1995). For 
example, some insects use light cues to orient themselves during flight 
or to identify suitable habitats. An understanding of these triggers has 
allowed growers to effectivity cloak green houses and other structures 
from certain nearby pests (Goodman 1965; Legarrea et al. 2010). More-
over, researchers have evaluated the consistency of these types of be-
havioral responses across the visual spectrum and found that different 
insects express peak reactions at different wavelengths (von Helversen 
1972; Coombe 1981; Hardie 1989; Kinoshita & Arikawa 2000).

Investigation into the underlying biology that is responsible for 
these behaviors has provided insight on why variation among species 

occurs. While most of the insects which have been studied can be gen-
erally described as having an ultraviolet (UV)-blue-green trichromacy, 
there are several different pigments and configurations which insects 
may have within their compound eye (Briscoe & Chittka 2001; Koshi-
taka et al. 2008). Even within a species, males and females have been 
shown to have different wavelength sensitivities (Bernard & Reming-
ton 1991). Developers of light traps can use this type of information 
to tailor new devices to the optical peaks of the desired insect (Duehl 
et al. 2011).

Trapping for mosquitoes typically uses white, UV, or yellow lights (Li 
et al. 2015). In agricultural settings, UV light traps are commonly used 
to monitor population levels of pest species (Nielsen et al. 2013). Even 
when pheromones or other species-specific methods for trapping an 
insect have been developed, it is helpful to identify the effect of light as 
an additional incorporation into trapping devices or protocols (Duehl 
et al. 2011; Leskey et al. 2015b). Halyomorpha halys (Stål) (Hemiptera: 
Pentatomidae), the brown marmorated stink bug, is a prime candidate 
for this type of investigation. Several semiochemicals, mainly phero-
mones and kairomones, have been identified and shown to be attrac-
tive to H. halys adults when used in baited traps at certain times. How-
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ever, this species is such a serious pest that the need still exists for trap 
refining and identification of non-pheromonal synergists to attract H. 
halys and increase catches (Leskey et al. 2015a).

H. halys is a highly polyphagous, invasive agricultural pest native to 
Asia whose introduction into North America has been traced back to 
eastern Pennsylvania in or before 1996 (Hoebeke & Carter 2003). Over 
the past 18 years, it has spread across the continent and established 
populations in 42 states, the District of Columbia, and portions of Can-
ada (Leskey 2015). This insect is responsible for damage to numerous 
crops including soybeans, tomatoes, peppers, apples, peaches, corn, 
and cane berries (Rice et al. 2014). Population monitoring and both 
preemptive and responsive pesticide application are currently the pri-
mary strategies employed for control of this pest (Leskey et al. 2012a, 
2012b). Furthermore, UV light traps have been successfully used to 
monitor for H. halys on both local and regional scales (Nielsen et al. 
2011; Nielsen et al. 2013; Wallner et al. 2014).

Recent studies have called for more comprehensive research into 
how different wavelengths of light affect the behavior of stink bug pest 
species (Shimoda & Honda 2013). Leskey et al. (2015b) investigated the 
potential trapping uses of different colors of light and various intensi-
ties under field conditions and in individual laboratory-based choice 
trails, but called for future studies to look into the dynamics of these 
types of responses and specifically the area of arrestment around the 
light stimulus source. This current study further explores the potential 
use of light as an attractant for this insect by investigating how move-
ment of H. halys differs between life stages and sexes in response to 
different intensities of white light and different colors of light across 
the visual spectrum in a laboratory setting.

Materials and Methods

Halyomorpha halys adults and nymphs used in this study were taken 
from a lab colony maintained by the Rutgers Department of Entomology 
since 2004. Genetic diversity is maintained in this lab colony by continu-
ously introducing wild stink bugs throughout multiple generations. Colony 
individuals were sustained on green beans (Phaseolus vulgaris L.; Faba-
ceae), organic sunflower seeds (Helianthus annus L.; Asteraceae), carrots 
(Daucus carota L.; Apiaceae), and water at approximately 25 °C on a 16:8 
h L:D photoperiod as described by Nielson et al. (2008). Standard mainte-
nance protocols were used in accordance with Niva and Takeda (2003) in 
BugDorm2 cages (BioQuip™, Rancho Dominguez, California).

The study arena consisted of a 2.3 × 1.3 × 3.0 m room that was 
gridded into 10 cm squares over all walls, the ceiling, and floor us-
ing black paint (Valspar™, Minneapolis, Minnesota). A light socket 
(3M Company™, Flemington, New Jersey) was affixed to the center of 
four grid cells on one of the 2.3 m walls with a 1 cm disk of hot glue 
(3M Company™, Flemington, New Jersey). The distance from the light 
source was measured for each cell from the center of the square. The 
room was held at 27 °C and 30% relative humidity during all tests. No 
light was visible within the arena other than the light stimulus. All trials 
were conducted between Jun and Nov between 9 AM and 6 PM.

GENERAL PROTOCOL

For each trial, 10 H. halys individuals of a predetermined life stage 
were placed into an empty 1 L polyethylene cubical holding container 
for 10 min to allow them to acclimate to the environment and limit their 
alarm responses. Individuals which exhibited deformities, such as missing 
legs at any stage of development or wing malformations at the adult stage, 
were excluded. All individuals used in the experiments were released at 
a standardized point on the floor of the arena which was consistent be-
tween all trials. This standardized location was 155 cm away from the light 

source. Following release, individuals were allowed to move freely within 
the room for 30 min. At the end of each 30 min trial, the distance from 
the light source of each stink bug was recorded according to the grid cell 
which it was found in. After each trial was completed, the room was aired 
out for 10 min in preparation for the following trial. Individual stink bugs 
were not used in a trial more than once per day and were placed back into 
the colony at the end of each testing day. Each trial was replicated 4 times. 
Individuals who died during the trial were excluded from the data set.

LIGHT BULBS

Color trials were conducted using compact fluorescent light bulbs 
(Brightech International™, Somerset, New Jersey) of a predetermined 
peak wavelength (560 nm: green, 590 nm: yellow, 750 nm: red, 460 
nm: blue, and 640 nm: orange). The white light bulb used in the color 
trial was an incandescent light bulb. During dark trials, the light bulb 
was turned off. The tests investigating light intensity, life stage, and sex 
used an incandescent light bulb.

COLOR

One hundred and fifty eight mixed sex adult H. halys with an ap-
proximately 1:1 male to female ratio were tested for each color. Light 
bulbs in these trials had a luminosity of 30 lx. A digital lx meter (DrMe-
ter™, Union City, California) was placed 0.50 m away from the light 
source to verify the intensity for each trial.

LIFE STAGE

The 2nd, 3rd, 4th, and 5th instars, as well as adult H. halys, were 
tested using a white light set to 75 lx. Trials were conducted in a ran-
domized order. First instars were excluded from consideration as they 
do not move away from the egg mass under natural conditions.

INTENSITY

As described above, a digital lux meter (DrMeter™, Union City, Cali-
fornia) was placed 0.50 m away from the white light source to determine 
the intensity for each trial. Trials were conducted in a randomized order. 
Lux readings of 0.1, 75, and 155 were used for the low, medium, and high 
intensity trials, respectively. An average of 40 males and 40 females were 
tested at each intensity using the general protocol. Males and females 
were tested separately to allow for comparison of the sexes.

DATA ANALYSES

The effect of the various light conditions, life stages, and sex was 
assessed by comparing the average distance of the individuals from the 
source being tested for each trial type in SAS® (SAS Institute Inc. 2014). 
Data were analyzed using a generalized linear model which assessed 
the effect of life stage, light color, adult sex, or light intensity, and their 
interactions on the average distance of H. halys from the light source. 
The generalized linear model was used to calculate means for each 
trial type. An ANOVA was used to determine any differences within 
the trials, and then a Tukey honest significant difference (HSD) test 
was used to separate these means and determine statistical groups 
(SAS Institute Inc. 2014). The relative attractiveness of each light type 
was evaluated using the results from the Tukey HSD, and statistically 
distinct groups (P ≤ 0.05) with a closer average distance to the light 
stimulus were determined to be more attractive.

Results

COLOR

Of all the colors tested, white light was the most attractive stimulus 
tested as determined by it having the smallest ending average distance 
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at 83 cm from the light source. The dark trials had an average ending dis-
tance of 156.3 cm. All colored lights had a small ending distance and had 
an attractive effect on H. halys (P < 0.0001, df = 5, F = 23.96). Green, or-
ange, red, yellow, and blue all had closer ending average distances than 
the initial release distance, which were 104.3 cm, 112.8 cm, 112.1 cm, 
107.8 cm, and 94.4 cm respectively. All measured travel ending distances 
for individuals used in the colored light trials were significantly different 
than ending travel distances in the dark trials. The ending distances of 
the white light trials were significantly different than the ending distanc-
es recorded from all other color light trials (P < 0.05) (Fig. 1).

LIFE STAGE AND SEX

The attractive influence of 75 lx white light was significantly different 
between life stages (P < 0.0001, df = 5, F = 15.95). Nymphs were not at-
tracted to the light and the responses of 2nd, 3rd, 4th, and 5th instar H. 
halys were not significantly different from one another (P > 0.05). Nymphs 
averaged 113.6 cm, 136.1 cm, 136.6 cm, and 140.1 cm away from the light 
source at the end of the trial for 2nd, 3rd, 4th, and 5th instars, respectively. 
Adult males averaged 59.2 cm and adult females averaged 103.5 cm away 
from the light source. Males were significantly more attracted to the light 
source than all other life stages (P < 0.005; ANOVA). (Fig. 2).

INTENSITY AND SEX

The interaction of sex and light source intensity had significant in-
fluence on the response of H. halys (P < 0.05 df = 4, F = 3.47). Intensity 
alone showed a significant difference between the tested lux levels (P < 
0.0001, df = 4, F= 9.88); however, sex did not (P = 0.06, df = 1, F = 3.53). 
Males had a significantly different response to the changes in light in-
tensity than did females (P < 0.05). When white light was dimmed to 20 
or 0.1 lx, it did not induce a significant response from either sex of adult 
H. halys (P > 0.05). Both males and females had the shortest average 
distance away from the light source at 75 lx (Fig. 3).

Discussion

The results of the laboratory studies conducted here are consistent 
with the previous findings that H. halys individuals exhibit a positive 

phototactic response, orient themselves towards visual light sources, 
and show a distinct preference for white light over other colors in a 
laboratory setting (Leskey et al. 2015b). This investigation further ex-
plored several of the behaviors described in Leskey et al. (2015b) and 
identified that the average distance of H. halys around a light source 
depended on the light type and intensity. The area of arrestment 
around a light source for H. halys is of particular interest, because it 
can provide valuable insight into how new traps should be designed 
to effectively monitor this pest. The data from this study suggests that 
when H. halys are attracted to a light source, some of the individuals 
will cluster directly around it while others will stay a short distance 
away (Fig. 4). More research should be done to investigate the indi-
viduals that do not cluster directly around the light and see if the aver-
age proportion exhibiting this behavior is consistent. If traps use light 
sources as an attractant, the data they produce must be interpreted 

Fig. 1. Average distance Halyomorpha halys adults were found away from the 
light source for each color tested at 30 lx using mixed sex adult H. halys popula-
tions. Dark (0 lx) trials were used as the no-attractive-stimulus control. Error 
bars represent the standard error. Bars with the same letter are not significantly 
different (P < 0.05; ANOVA and Tukey HDS).

Fig. 3. Average distance Halyomorpha halys adults were found away from the 
light source for each combination of sex and intensity. Error bars represent the 
standard error.

Fig. 2. Average distance Halyomorpha halys individuals were found away from 
the light source for each life stage tested at 75 lx using white light. Error bars 
represent the standard error. Bars with the same letter are not significantly dif-
ferent (P < 0.05; ANOVA and Tukey HDS).
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Fig. 4. The distribution of Halyomorpha halys around the light source for the adult male and female trials for both the 0 (dark) and 75 lx trials. The grid shown 
is a two dimensional representation of the distances for each stink bug as the actual data was not gathered on a flat plane. The light source is demarcated by the 
small circle in the center. The average distance for the group is shown with the black dashed circle. Grey filled-in circles show 1 SD from the mean. Means and SD 
values were rounded to the nearest 10 cm, and the angle of H. halys that were not found on the light wall were estimated to show general direction in this figure. 
The ending position of each H. halys adult is represented by a black dot.
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in a manner that accounts for the individuals that were within the at-
tractive range, but not induced to enter the trap. If the percentage of 
H. halys that are sufficiently attracted to a light source such that they 
enter a trap is not consistent, it may indicate that light is not a suitable 
lure for monitoring this species. The data collected in the study sug-
gests that more research is needed to assess whether or not light is a 
reliable attractant for H. halys.

Light does not appear to be an effective way to attract nymphal H. 
halys. As light trapping for this species has traditionally failed to capture 
nymphs (Nielsen et al. 2011; Nielsen et al. 2013; Wallner et al. 2014; 
Leskey et al. 2015b), there is limited data on the behavior of nymphs 
to light stimulus. This is the first study to investigate the response of H. 
halys nymphs to white light. The 2nd, 3rd, 4th, and 5th instar nymphs 
did not respond differently to the light source and appeared not to 
show any positive phototaxis throughout the trials (Fig. 2). Adult H. 
halys males were significantly more attracted to the light source than 
any of the nymphal life stages, and adult females were significantly 
more attracted to the light source than 4th and 5th instars. An explana-
tion for these findings is that H. halys adults may use astronavigation 
for orientation during nighttime flight as has been documented in vari-
ous other insects (Sotthibandhu & Baker 1979; Wehner 1984; Dacke et 
al. 2003). If this is the case, nymphal instars would have no use for such 
a behavior as they are incapable of flight. Further research is needed 
in this area in order to further understand the response of H. halys 
nymphs to light.

Adults H. halys showed variable responses to white light at dif-
ferent intensities. As the light was dimmed to 20 lx and below, it ap-
peared that the stimulus was too faint to elicit a response as average 
distance from the light source was not significantly different from the 
dark control. Females did not show as strong an attraction to the light 
as did males. As the intensity increased from 20 lx to 75 lx, the aver-
age distance around the light decreased by 5.6% in females and 40.2% 
in males. As the intensity was increased further to 155 lx, the trend 
changed and the average distance increased, although there remained 
a significant overall attractive response of males to the light source as 
compared with males released in the lower light intensity trials. These 
findings support the idea that there is a minimum detection threshold 
of light intensity at which H. halys does not exhibit a positive photo-
taxis.

The large variability of stopping distances at all intensities presents 
an issue for assigning an optimal intensity to attract these insects. Ma-
ny of the individuals tend to disregard the stimulus, while others cling 
to the blub. Further investigation is needed to clarify these issues. The 
authors also note that temperature played a role in the behavior of the 
insects in these conditions. All trials reported in this study were held at 
27 °C. However, several of the initial trials had to be excluded from data 
analysis, because the temperature controls failed and the room either 
increased to temperatures over 30 °C or decreased to temperatures 
below 23 °C. During the trials that experienced these temperature 
extremes, the insects did not appear to move at all. However, other 
research into the dispersal behaviors of this insect show that flight is 
indeed possible at lower temperatures (Lee & Leskey 2014). One inter-
pretation of this data is that H. halys is less likely to respond to light 
stimulus during periods of temperature fluctuation, regardless of the 
suitability of the temperatures themselves.

This study showed that H. halys response to light is different be-
tween life stages, light colors, and light intensities. These findings can 
be used to develop better sampling methods for this insect, but much 
more research is needed to fully understand all the intricacies of pho-
totactic behaviors of this insect. In order to explore some of these is-
sues, it may be useful to conduct a contained field study to acquire a 
more applied understanding of the response of H. halys to light stimuli.

Acknowledgments

The authors would like to thank the Rutgers University that allowed 
this research to be conducted in their facilities. This project was helped 
tremendously by the guidance and advice from Tracy Leskey, Dan Ward, 
and Mark Robson. This project would not have been possible without 
help from: Allison Payenski, Ana Moiseyenko, Hassan Funchess, Nidhi 
Agrawal, Celena Ali, Mario Hernandez, Jeff Geist, Martha Cambridge, 
Chris Allessi, April Heliotis, Connor Leonard, Daniel Sheriff, Chelcey 
Nordstrom, Camaron Moriarty, Riaz Aziz, Neil Chiclayo, Gourab Das, 
Angela Lu, Marryam Massod, Raynee Morris, Deepti Sailam, Daniel 
Sanchez, Jaswin Singh, Kanan Sharma, Monica Sinha, David Kim, Olga 
Morgunov, Bushra Siddiqui, Samuel Markos, Devin M. Gomez, Daniela 
Chica, Matt Chong, Ryan Fredricks, Ayana Chawla, Sejal Batra, Melody 
Yau, Sirani Miller, Hasan Habib, Ingrid Erazo, Kathleen Kyle, Om Patel, 
Patrick Piszczatowski, Joseph Schiels, Scott Cevera, Yash Thakur, An-
thony Santiago, Will Radin, Laith Abwini, Nicole Guevara, Tooba Mo-
hammad, Sara Rosen, Gabe Batzli, Mahnoor Mirza, Chloe Costea, Matt 
Grillo, and Shruthi Gumudavelli. This project was supported in part by 
the National Institute of Food and Agriculture, U.S. Department of Ag-
riculture, under award number USDA NIFA SCRI #2011-51181-30937, 
USDA SARE 4-36405 and New Jersey Agricultural Experiment Station 
funds, 08191 and its publication D-08-08191-1-16.

References Cited

Bernard GD, Remington CL. 1991. Color vision in Lycaena butterflies: spectral 
tuning of receptor arrays in relation to behavioral ecology. Proceedings of 
the National Academy of Sciences 88: 2783–2787.

Briscoe AD, Chittka L. 2001. The evolution of color vision in insects. Annual Re-
view of Entomology 46: 471–510.

Coombe PE. 1981. Wavelength specific behavior of the whitefly Trialeurodes va-
porariorum  (Homoptera: Aleyrodidae). Journal of Comparative Physiology 
A: Neuroethology, Sensory, Neural, and Behavioral Physiology 144: 83–90.

Dacke M, Nilsson DE, Scholtz CH, Byrne M, Warrant EJ. 2003. Animal behaviour: 
insect orientation to polarized moonlight. Nature 424: 33–33.

Duehl AJ, Cohnstaedt LW, Arbogast RT, Teal PEA. 2011. Evaluating light attraction 
to increase trap efficiency for Tribolium castaneum (Coleoptera: Tenebrioni-
dae). Journal of Economic Entomology 104: 1430–1435.

Goodman LJ. 1965. The role of certain optomotor reactions in regulating stabil-
ity in the rolling plane during flight in the desert locust, Schistocerca gregar-
ia. Journal of Experimental Biology 43: 385–407.

Hardie J. 1989. Spectral specificity for targeted flight in the black bean aphid, 
Aphis fabae. Journal of Insect Physiology 35: 619–626.

Harding W, Hartsock JG, Rohwer GG. 1966. Blacklight trap standards for general
insect surveys. Bulletin Entomological Society of America 12: 31–32.
Hoebeke ER, Carter ME. 2003. Halyomorpha halys (Stål) (Heteroptera: Pen-

tatomidae): a polyphagous plant pest from Asia newly detected in North 
America. Proceedings of the Entomological Society of Washington 105: 
225–237.

Jander R. 1963. Insect orientation. Annual Review of Entomology 8: 95–114.
Kim MG, Yang YJ, Lee HS. 2013. Phototactic behavior: repellent effects of ciga-

rette beetle, Lasioderma serricorne (Coleoptera: Anobiidae), to light-emit-
ting diodes. Applied Biology Chemistry 56: 331–333.

Kinoshita M, Arikawa K. 2000. Colour constancy in the swallowtail butterfly Pa-
pilio xuthus. Journal of Experimental Biology 203: 3521–3530.

Koshitaka H, Kinoshita M, Vorobyev M, Arikawa K. 2008. Tetrachromacy in a 
butterfly that has eight varieties of spectral receptors. Proceedings of Royal 
Society of London B: Biological Sciences 275: 947–954.

Lee DH, Leskey TC. 2014. Dispersal ecology and modeling: a case study with 
brown marmorated stink bug. Korean Society of Applied Entomology Regu-
lar General Conference and Spring Conference. April: 65.

Legarrea S, Karnieli A, Fereres A, Weintraub PG. 2010. Comparison of UV-ab-
sorbing nets in pepper crops: spectral properties, effects on plants and pest 
control. Photochemistry and Photobiology 86: 324–330.

Leskey TC. 2015. Where Is BMSB? [online], http://www.stopbmsb.org/where-
is-bmsb/ (last accessed 15 Jun 2016).

Leskey TC, Short BD, Butler BR, Wright SE. 2012a. Impact of the invasive 
brown marmorated stink bug, Halyomorpha halys (Stål), in mid-Atlan-

Downloaded From: https://bioone.org/journals/Florida-Entomologist on 08 May 2024
Terms of Use: https://bioone.org/terms-of-use



588	 2017 — Florida Entomologist — Volume 100, No. 3

tic tree fruit orchards in the United States: case studies of commercial 
management. Psyche: A Journal of Entomology Article ID 535062, doi.
org/10.1155/2012/535062.

Leskey TC, Wright SE, Short BD, Khrimian A. 2012b. Development of behavior-
ally-based monitoring tools for the brown marmorated stink bug (Heterop-
tera: Pentatomidae) in commercial tree fruit orchards. Journal of Entomo-
logical Science 47: 76–85.

Leskey TC, Khrimian A, Weber DC, Aldrich JC, Short BD, Lee DH, Morrison III 
WR. 2015a. Behavioral responses of the invasive Halyomorpha halys (Stål) 
to traps baited with stereoisomeric mixtures of 10,11-epoxy-1-bisabolen-
3-ol. Journal of Chemical Ecology 41: 418–429.

Leskey TC, Lee DH, Glenn DM, Morrison III WR. 2015b. Behavioral responses of the 
invasive Halyomorpha halys (Stål) (Hemiptera: Pentatomidae) to light-based 
stimuli in the laboratory and field. Journal of Insect Behavior 28: 674–692.

Li CX, Smith ML, Fulcher A, Kaufman PE, Zhao TY, Xue RD. 2015. Field evaluation 
of three new mosquito light traps against two standard light traps to collect 
mosquitoes (Diptera: Culicidae) and non-target insects in northeast Florida. 
Florida Entomologist 98: 114–117.

Nielsen AL, Hamilton GC, Matadha D. 2008. Developmental rate estimation and 
life table analysis for Halyomorpha halys (Hemiptera: Pentatomidae). Envi-
ronmental Entomology 37: 348–355.

Nielsen AL, Hamilton GC, Shearer PW. 2011. Seasonal phenology and monitor-
ing of the non-native Halyomorpha halys (Hemiptera: Pentatomidae) in soy-
bean. Environmental Entomology 40: 231–238.

Nielsen AL, Holmstrom K, Hamilton GC, Cambridge J, Ingerson–Mahar J. 2013. 
Use of black light traps to monitor the abundance, spread, and flight behav-
ior of Halyomorpha halys (Hemiptera: Pentatomidae). Journal of Economic 
Entomology 106: 1495–1502.

Niva CC, Takeda M. 2003. Effects of photoperiod, temperature and mela-
tonin on nymphal development, polyphenism, and reproduction in 

Halyomorpha halys (Heteroptera: Pentatomidae). Zoological Science 20: 
963–970.

Rice KB, Bergh CJ, Bergmann EJ, Biddinger DJ, Dieckhoff C, Dively G, Fraser H, 
Gariepy T, Hamilton GC, Haye T, Herbert A, Hoelmer K, Hooks CR, Jones 
A, Krawczyk G, Kuhar T, Martinson H, Mitchell W, Nielsen AL, Pfeiffer DG, 
Raupp MJ, Rodriguez-Soana C, Shearer P, Shrewsbury P, Venugopal PD, Wha-
len J, Wiman LG, Leskey TC, Tooker JF. 2014. Biology, ecology, and manage-
ment of brown marmorated stink bug (Hemiptera: Pentatomidae). Journal 
of Integrated Pest Management 5: A1–A13.

Roth JG. 1891. U.S. Patent and Trademark Office, Washington District of Colum-
bia. U.S. Patent No. 449, 138.

SAS Institute. 2014. Base SAS 9.4 Procedures Guide: Statistical Procedures. SAS 
Institute Inc., Cary, North Carolina.

Shimoda M, Honda KI. 2013. Insect reactions to light and its applications to pest 
management. Applied Entomology and Zoology 48: 413–421.

Shimoda M, Kiguchi K. 1995. The sweet potato hornworm, Agrius convolvuli, as 
a new experimental insect: behavior of adult moths in a rearing cage. Japa-
nese Journal of Applied Entomology and Zoology 39: 321–328.

Sotthibandhu S, Baker RR. 1979. Celestial orientation by the large yellow under-
wing moth, Noctua pronuba L. Animal Behaviour 27: 786–800.

von Helversen O. 1972. Zur spektralen Unterschiedsempfindlichkeit der Honig-
biene. Journal of Comparative Physiology A 80: 439–472.

Walcott B. 1969. Movement of retinula cells in insect eyes on light adaptation. 
Nature 223: 971–972.

Wallner AM, Hamilton GC, Nielsen AL, Hahn N, Green EJ, Rodriguez-Saona CR. 
2014. Landscape factors facilitating the invasive dynamics and distribution 
of the brown marmorated stink bug, Halyomorpha halys (Hemiptera: Pen-
tatomidae), after arrival in the United States. PLoS One 9: e95691.

Wehner R. 1984. Astronavigation in insects. Annual Review of Entomology 29: 
277–298.

Downloaded From: https://bioone.org/journals/Florida-Entomologist on 08 May 2024
Terms of Use: https://bioone.org/terms-of-use


