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Halyomorpha halys Stål, brown marmorated stink bug or BMSB, is now present in 43 US states. 

A native of eastern Asia, this pest can feed on ~200 different plant species damaging bark, 

leaves, buds, stems, and fruits. Many of these plant species include wild plants, ornamentals, and 

agricultural crops. BMSB has become a major pest for growers in different cropping systems 

from orchard to row crops. They are also a major nuisance for homeowners because they 

overwinter in high numbers in human structures, where they annoy occupants and can cause 

other problems. Currently, much research has focused on the control and biology of BMSB.  

This thesis focuses on areas of BMSB biology where there are substantial knowledge gaps: the 

nutritional ecology of wild BMSB, nutrient content of BMSB eggs, and how BMSB feeding 

affects nursery crop growth.  

Understanding of the nutritional profile of wild BMSB over the season can help us understand 

how BMSB behavior is driven by nutritional needs and can indicate periods when pest is 

nutrient-limited and potentially more susceptible to management. In Chapter 2, lipid, glycogen 

and sugar levels of wild adult BMSB populations were measured in the Willamette Valley of 

Oregon as they emerged from overwintering boxes from March through June and throughout the 

summer season from May to September. Emerging adults had lower nutrient levels than 

overwintering adults that remained in the shelter suggesting that nutrient limitation may drive 



 
 

adults to leave overwintering sites. Also, nutrient levels of emerging adults steadily declined 

over the months that they emerged. In the summer, nutrient levels of adults collected from holly 

host plants fluctuated, and a dip in nutrient levels was observed as the new generation of adults 

became abundant.   

In Chapter 3, the nutrient content of BMSB eggs were measured to describe what resources are 

provided to the progeny and to the natural enemies that feed on or develop within eggs. Also, 

various fresh and frozen egg masses are used for biological control studies, and nutrient 

comparisons were made between various egg masses to assess quality. BMSB eggs followed 

adult nutrient trends by having higher lipid levels compared to sugar and glycogen. Eggs did not 

vary in nutrient levels over the lifespan of the female suggesting that when supplied a consistent 

diet, females allocate a consistent amount of nutrient to their eggs as they age. Wild and colony 

egg clusters varied in lipid and sugar levels. The color change and age of the egg clusters did not 

influence the nutrient levels. The deployment length caused eggs to decrease in sugar and 

glycogen levels, however, temperature and deployment*temperature combinations did not. Eggs 

that were frozen at -80°C for 1-2 years were associated with declining lipid levels and increasing 

sugar levels.  

While BMSB has been reported to damage nursery crops, and especially fruit, their impact on 

plant growth has not been quantified. Experiments represented in Chapter 4 evaluated BMSB 

feeding damage to nursery plants by caging adults on established stock block trees in the field 

and young potted seedlings in the greenhouse. The impact appeared limited; the established trees 

and young seedlings mostly grew at similar rates to control plants.   

In addition to these three topics, four additional nutrient profiles studies and two studies on 

biological control are included in the Appendices. Baseline information on the nutrient levels of 

the general adult population of BMSB in Oregon (A.1), BMSB nymphs (A.3), and native stink 

bugs of Oregon (A.4) are provided.  Nutrient comparisons in May-June revealed that BMSB 

collected from the host plant of holly had substantially higher nutrient reserves than BMSB just 

exiting overwintering (A.2). Methyl salicylate lures were tested in a nursery and found to have 

no significant effect on egg predation or parasitism (A.5). A commercially available 

entomopathogenic fungus was sprayed directly on BMSB nymphs; it induced 26% greater 

mortality than the controls over a 12-day period.  
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Introduction 

Since its introduction to the United States in 1996, the brown marmorated stink bug 

(Halymorpha halys Stål) has become a major agricultural and structural pest across the country. 

A deeper understanding of its biology through research will increase the effectiveness of current 

control methods as well as development of new methods to help growers and homeowners.  

 

History and Distribution 

Halymorpha halys Stål (Hempitera: Pentatomidae) has become a major pest in the United States 

within the last 20 years. It is native to eastern Asia, including Taiwan, Korea, Japan, and China 

(Hoebeke and Carter 2003). There have been three previous scientific names: Halymorpha picus, 

Halymorpha brevis, and Halymorpha mista. All three are common in the early Asian scientific 

literature. The Entomological Society of America (ESA) approved common name for 

Halymorpha halys is the brown marmorated stink bug or BMSB for short, but it is also called the 

yellow-brown stink bug (Xu et al .2014).  

BMSB was first discovered in the United States in 1996 in Allentown, Pennsylvania. It was not 

until 2001 that it was correctly identified by Cornell University in Ithaca, New York. Although 

not known, the first BMSB have been suggested to arrive on a shipping container from the 

Beijing area of China (Xu et al. 2014). This original introduction on the east coast could have 

been as small as two females. It appeared to take ten years before commercial apple and pear 

orchards in New Jersey and Pennsylvania reported major damage caused by BMSB (Hamilton 

2009). Today, through additional introductions and dispersal, BMSB has established in 43 states 

in the United States (StopBMSB 2016). There are also established populations in Switzerland, 

Greece, Italy, France, and Canada (Haye et al. 2014).  

 

Physical Description 

Adult BMSB are often a marble brown color on their dorsal side, as their common name 

suggests. Their ventral side is whitish or reddish in color. Females tend to be larger in size and 
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have a longer life expectancy compared to their male counterparts (Funayama 2012). Males and 

females are sexually dimorphic (Wiman et al. 2014). They are distinguished by the shape of the 

bottom of their abdomen on the ventral side. Males are horseshoe shaped, concave, while 

females are convex. Two major characteristics are commonly used to identify adults. They have 

two sets of white bands on their antennae and a smooth pronotal border (Leskey et al. 2012). 

Their eggs are commonly soft green in color, 1.3 mm in diameter, and average roughly 28 per 

cluster. When the temperature is over 35°C, eggs cannot develop properly (Nielsen et al. 2008). 

Once laid, the eggs will hatch within four to five days. The life cycle of the BMSB is 

hemimetabolous. The five instars or nymphal stages increasingly resemble the adults but lack 

wings and reproductive organs (Hoebeke and Carter 2003). The first instars that emerge are 

roughly 2.4 mm long, with an elliptical shaped body, and orange-red abdomen. Second instars 

have decreased orange color in the abdomen, and are roughly 3.7 mm in length. Their bodies are 

ovate in shape. The head of the second instars becomes rectangular in shape compared to the 

rounder first instars. The third through fifth instars all have pear shaped bodies, and grow 

increasingly darker in color. The approximate length of third, fourth, and fifth instars are 5.5 

mm, 8.5 mm, and 12 mm, respectively (Hoebeke and Carter 2003). 

 

Biological Life Cycle 

The life cycle of the BMSB consists of an egg stage, five nymphal stages, and an adult stage 

(Hoebeke and Carter 2003). Adults exit their overwintering sites in the early spring, roughly 

April or May. Upon their exit, they enter a reproductive diapause, roughly 14-15 days long. 

During this time, they replenish their nutrient stores before mating (Nielsen et. al 2008). It has 

been found that the status of their nutritional stores may play an important role in how early they 

exit their overwintering sites. The lower their nutrient stores are, the earlier they may leave 

overwintering sites in search of food (Funayama 2012). After they mate, the females will lay a 

cluster of eggs usually on the underside of leaves (Nielsen and Hamilton 2009). Once the eggs 

hatch, the nymphs go through five instar stages before becoming adults. The first instars often 

stay close to the egg cluster and feed on it (Hoebeke and Carter 2003). The other four instar 

stages are highly mobile depending on surface temperature and have a strong response to 

aggregation pheromones (Lee et al. 2014). Overwintering adult populations start to heavily 
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decline around mid-summer, roughly July and early August. Around this time, newly emerged 

adults start to become abundant. The number of generations per year will vary based on location. 

In temperate regions, they have one generation per year while in warmer topical regions up to 

five generations (Leskey et al 2012). In Oregon, two generations per year have been documented 

(Wiman et al. 2014). During the late summer and early fall, September to October, adults start to 

aggregate and locate overwintering sites. They prefer dark locations, such as house walls, attics, 

garden sheds, or loose bark of standing trees (Leskey et al 2012; Lee et al 2014). Olfactory and 

tactile cues are more important in maintaining aggregations over the winter compared to 

temperature and visual cues (Toyama et al 2011). They remain in overwintering sites until 

spring, starting the cycle all over again once they emerge. 

 

Pest Status  

In its native range, BMSB is an occasional agricultural pest. They have intermittent outbreaks in 

orchard crops in addition to being a structural nuisance in the winter. However, they have 

become a major pest in the United States, both agriculturally and structurally.   

BMSB can feed on over 200 different plant species (Bergmann et al. 2014). They feed on all 

above-ground structures of a plant: bark, fruits, leaves, and stems (Leskey et al. 2012). During 

the growing season, they feed on orchard crops such as pears (Pyrus spp.), apples (Malus spp.), 

and peaches (Prunus persica L.), berry crops such as raspberries (Rubus spp.), blackberries 

(Rubus spp.), blueberries (Vaccinium corybosum L.), wine grapes (Vitis vinifera L.), and 

vegetable crops (corn (Zea mays L.), soybean (Glycine max L.), garden tomato (Solanum 

lycopersicon L.), and eggplant (Solanum melongena L.) (Leskey et al 2012; Bergmann et al. 

2014). Contamination of agricultural products can also occur in some cases. An example of this 

is ‘stink bug taint’ in wine grapes (Vitis vinifera L.). The smelly defensive compound they 

produced can be identified in wine (Wiman et al. 2014). Both adults and nymphs are highly 

mobile and often move between crops and border areas. It was noted that most damage from 

BMSB in cropping systems, such as corn fields and ornamental nurseries, is found on field edges 

adjacent to wooded border areas (Venugopal et al 2014, 2015). In addition to agricultural crops, 

they feed on a range of ornamental hosts, such as red maple (Acer rubrum L.), Tree of Heaven 

(Ailanthus altissima Mill.), English Holly (Ilex aquifolium L.), and cherry laurel (Prunus 
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laurocerasus L.) (Bergmann et al. 2014). Many woody ornamental trees and shrubs can be used 

as partial host. It was found that 123 ornamental host species support least one but not all life 

stages (Bergmann et al 2016). BMSB can damage the bark of woody trees and shrubs causing 

the liberation of sugars which attracts other pests, including several hymenoptera species 

(Martinson et al. 2013). BMSB also affect the agroforestry industry. Paulownia or princess tree 

(Paulownia tomentosa Thunb.) is a common species in agroforestry, especially in China. The 

paulownia witches ‘broom disease (PaWB) is transmitted by the BMSB. It is a major 

phytoplasma disease native to Asia and is not currently present in the United States (Hiruki 

1999).  

Adult BMSB often overwinter in manmade structures, making them a structural pest and a 

nuisance to homeowners. They often overwinter in walls and attics. In addition, they can enter 

living spaces of a house on warm winter days. Frequent flight, large numbers of individuals, 

frass on walls or furniture, collisions with sleeping individuals, and general daily presence are 

just some of the complaints from homeowners (Inkley 2012). In forested areas, BMSB can 

overwinter in loose bark or decomposing wood tissues of standing trees, most commonly oak 

(Quercus spp.) and locust (Robinina spp.) species (Lee et al. 2014). Overwintering sites are 

critical for BMSB survival. 

BMSB have become such a major pest because of their ability to disperse. Flight dispersal to 

new areas is highest as they exit overwintering sites in the spring and look for them in the fall. 

The purpose of this behavior is to look for mates and food resources. The abundance and close 

proximity of hosts’ species during the summer lowers their dispersal potential. In a laboratory 

flight mill study with field-collected BMSB, overwintering adults were found to fly more often, 

but for shorter distances, compared to summer F1 adults (Wiman et al. 2014).  

Since the BMSB is a pest in two very different settings, agricultural and structural, a range of 

different control methods will be needed to limit its impact.  

 

Management and Control Methods  

The major control methods being investigated are chemical sprays, trapping, attract and kill, 

parasitoids, and native predators.  
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Insecticides are the most common means of control, especially in agricultural settings. However, 

insecticides are only a short-term tool (Leskey et al. 2012). The efficacy of insecticides can vary 

throughout the growing season (Leskey et al. 2014). A factor that influences the efficacy is the 

age or life stage BMSB. Nymphal stages, especially 5th instars, were found to be more 

susceptible to sprays compared to adults. This is due to their softer bodies (Nielson et. el. 2008). 

The form of insecticide exposure, whether via direct spray or residue on plant material, 

influenced efficacy. Knock-down effect has been observed with several insecticides (Leskey et 

al. 2012). There has been interesting research into the use of entomopathogenic fungi for the 

control. One study tested strains of Beauveria bassiana Bals.-Criv. and Metarhizium anisopliae 

Metchnikoff from different sources. Five adults were sprayed with one milliliter of solution 

containing a strain of an entomopathogenic fungus. The three strains of Beauveria bassiana 

tested had morality range of 67-100% twelve days after application. The morality range of the 

two stains of Metarhizium anisopliae was 40-80% at twelve days post application (Gouli et al. 

2012). Another study look at two commercially available formulations of Beauveria bassiana, a 

wettable powder and an emulsifiable suspension, against 2nd instar BMSB nymphs. They found 

that the wettable powder resulted in higher mortality compared to the emulsifiable suspension. In 

either case, there was 88% morality or higher at 12 days post-treatment based on the strength of 

the formulation (Parker et al 2015). However, there has been some research that indicating that 

BMSB have chemical defenses again fungal exposure, which could limit the impact of 

entomopathogenic fungi sprays as a control method (Pike 2014). Chemical or biological spray 

formulations are just one tool to use to control BMSB. They should be combined with other 

methods for maximum control.  

Traps have been another major area of interest for control. Blacklight traps were most effective 

for early season detection (Nielsen and Hamilton 2009). These traps are designed to collect 

insects at night (Nielsen, et al. 2013). Pheromone traps work best in the fall (Nielsen and 

Hamilton 2009). The most common formulation used in the earlier commercial lures are based 

on the aggregation pheromone of the West Virginia brown-winged green bug (Plautia stali Scott 

(Heteroptera: Pentatomidae)), methyl (2E,4E,6Z)-decadieonate (Joseph et al. 2012). There are 

drawbacks to using pheromone traps, such as spillover effect. This is when insects are attracted 

to the trap but do not enter and traps placed within crops may consequently increase damage in 

the surrounding crop area. For instance, traps placed within backyard vegetable gardens led to 
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increased damage to garden tomatoes (Solanum lycopersicum L.) (Sargent et al. 2014). The 

spillover effect could be used to our advantage by setting up baited or attract-and-kill trees that 

pull BMSB away from the crop and apply a spray to only the bait trees. A study in an apple 

orchard, found that the tree with aggregation pheromone and synergist had much higher damage 

and number of BMSB compared to un-baited apple tree in the surrounding orchard plot 

(Morrison et al. 2016). There has been research into using other crops as bait to attract BMSB 

from the crop field, such as sunflowers (Soergel et al. 2015). Both these approaches can target 

BMSB while limiting insecticide applications to a small area. Traps are useful for monitoring 

BMSB and research is active in incorporating these attractants into control methods.  

Controlling BMSB with classic biological control agents, such as parasitoids, has received a lot 

of attention in recent years. In its native range in Asia, control by parasitism is ~85%. This level 

of control comes from 13 species of egg parasitoids (rev. by Jones et al. 2014). A parasitoid from 

Asia, Trissolcus japonicus Ashmead (Hymenoptera: Scelionidae) has been a major focus. In 

2016, it was given a common name of samurai wasp (Talamas et al. 2016). They are solitary egg 

endoparasitoids. Adult T. japonicus males are the first to emerge and will wait by the cluster for 

adult females to emerge to mate with them. More females are produced than males. Similar to 

BMSB, they can overwinter as adults (Yang et al. 2009). These biological characteristics make 

T. japonicus a prime candidate for biocontrol. In 2009, samples were accidently misidentified as 

a new species and was given the scientific name T. halyomorphae. Host specificity testing of T. 

japonicus has been conducted in the United States since 2007. Preliminary research has found 

that eggs of native Hemipteran species across the United States support its development in a 

laboratory setting. Additional experiments investigated environmental factors that influence T. 

japonicus choice of host species (Hedstrom et al. 2015). Three separate collections of T. 

japonicus have been made in the wild in the United States. In 2014, sentinel eggs placed in a 

wooded area of Beltsville, Maryland were parasitized by T. japonicus. This is the first record of 

T. japonicus’ presence in the United States. Genetic testing showed that this wild population of 

T. japonicus is different than those in quarantine facilities in the United States. The second 

collection was in 2015 in Vancouver, Washington by Washington State University researchers. 

The most recent was in 2016 in sentinel eggs in downtown Portland, Oregon placed out by 

Oregon Department of Agriculture researchers (Pokarney 2016). These wild collections of T. 

japonicus will allow researcher to study how it reacts in the landscape outside of the lab. More 



8 
 

research and monitoring is needed to understand the complete biology of Asian parasitoids so it 

can be used as an effective control method in the United States. 

Endemic parasitoid species in the United States have also been investigated for biocontrol. There 

are 12 species of parasitoids in the United States that parasitize native Hemipteran species. 

However, their rates of parasitizing BMSB eggs have been shown to be quite low. It will take 

time for them to adapt (Biddinger et al 2014). There is some concern about BMSB eggs 

becoming ‘evolutionary traps’ for endemic parasitoids and consequently reduce biological 

control of other stink bug species. This has been suggested for Trissolcus podisi Ashmead 

(Hymenoptera: Scelionidae) based on lab studies (Abram et al. 2014). Its developmental rate to 

adulthood is very low on BMSB eggs. High mortality also occurred early in its development. 

The age of BMSB eggs has been shown to influence the rate of parasitism. A study has found 

that eggs older than 24 hours old are less likely to be used by native parasitoid species in the 

United States. Another factor that heavily influences native parasitoids is whether the eggs are 

sentinel (collected from one location and placed in another via filter paper) or wild (laid and 

remaining at one location). An experiment in Maryland found that wild egg clusters are far more 

preferred than sentinel egg clusters. They also found a great number of endemic parasitoid 

species using wild eggs cluster compared to sentinel ones (Jones et al 2014). The authors 

postulated that kairomones associated with wild egg clusters may have made the eggs easier for 

parasitoids to locate. More time and research is needed to investigate how endemic parasitoids 

are using BMSB eggs as a resource in their habitat.  

There are many native insects that use BMSB as a food source. A study of native biocontrol 

agents in Maryland, West Virginia, and Pennsylvania found a range of different predators 

(Biddinger et al. 2014). Lacewing larvae and ants were among several predators that fed on egg 

clusters. Nymphs were also commonly preyed upon. Sand wasps Bicyrtis quadrifasciatus Say 

(Hymenoptera: Crabronidae) and Astata unicolor Say (Hymenoptera: Crabronidae) prefer to 

raise their young on nymphal BMSB (which are still alive). Bicyrtis quadrifasciatus nests 

contained on average over fifty brown marmorated stink bug nymphs. It may take time for 

additional native predators to adapt to preying on BMSB (Biddinger et al 2014). In addition, 

predation rates on BMSB egg clusters have been as high as 47% by endemic predators, such as 

beetles, big-eyed bugs, and spiders on the East coast of the United States (Leskey et al 2012). 
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Limited research has been done on cultural control methods. It has been noted that planting time 

can influence the amount of damage inflicted by BMSB. Later season planting of beans 

(Phaseolus ssp.) and corn (Zea mays L.) have decreased levels of damage. This is due to the 

abundance of alterative hosts during fruit development (Kuhar et al 2012).  

These different control methods play a key role in monitoring and controlling populations of the 

BMSB. Effective control methods reduce agricultural losses as well as homeowner and grower 

frustration. 

 

Nutrient Research 

Understanding the nutritional needs and trends of brown marmorated stink bugs is very 

important. It leads to a deeper understanding of its phenology and physiology. Examples of how 

this knowledge could be more efficient rearing protocols and control methods.  

There are two methods to find the nutritional status of BMSB. A common method used for living 

individuals is to calculate the nutritional level. The equation is Nutritional Level = Body Weight/ 

(Pronotum width)3 -- (Funayama 2006). Nutritional level is referred to as Nutrient Value 

throughout this thesis to avoid confusion between terms. This Nutrient Value index was 

commonly used by Ken Funayama in Japan for comparing BMSB in the wild. The second 

method of finding the nutritional level is by biochemical assays to determine the level of lipids, 

sugars, proteins, and glycogen. The disadvantage to this method is that individuals must be killed 

for the assay and this is not suitable for experiments where living BMSB are repeatedly 

monitored. This type of research has conducted by a research group in Virginia using lab raised 

BMSB and in my thesis in Oregon with wild caught BMSB. The lipid levels were higher for the 

Virginia BMSB compared to Oregon BMSB. It is unclear what is causing this, whether is their 

origin or differ in nutrient assay methods (A. Acebes-Doria, unpub; Appendix 1).  

Past emphasis for BMSB research has focused on nutritional requirements for rearing them in a 

laboratory setting for research projects. It was found that a mixed diet results in the healthiest 

reared BMSB possible. One study yielded good results with a diet composed of carrots, peanuts, 

and soybeans (Funayama 2006). BMSB nymphs can be reared solely on carrots, apple fruits, or 

Japanese cedar cones. However, they take a longer time to full develop into adults and as adult’s 
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females lay fewer eggs compared to individual raised on mix diet of soybeans, peanuts, and 

apple/carrot (Funayama 2006; Funayama 2004). However, apples (early and late season) and 

Japanese cedar cones (late season) can be important supplementary hosts when others host are 

limited (Funayama 2005; Funayama 2004). Rearing healthy brown marmorated stink bugs in a 

laboratory setting is vital for conducting experiments. 

There has also been research into host suitability using nutrient levels, such lipid, sugar, and 

protein, of BMSB nymphs raised on specific host diets. Acebes-Doria et al. (2016) explored the 

host suitability of four hosts, apple, catalpa, peach, and tree of heaven as a single host or in 

mixed diets. Fruiting bodies are important, while BMSB can feed on foliage, adding the fruits to 

the foliage of a given plant species greatly increased the survivorship and development of the 

BMSB. Mixed diets improved survivorship and development over single host diet, supporting 

and expanding Funayama’s finding to beyond the colony rearing. Nutritional levels were also 

measured among emerging adults that were fed the various diets as nymphs (Acebes-Doria 

2016).  Sugar levels varied between the different diets, BMSB given single plant species diets of 

tree of heaven or catalpa had the lowest sugar levels. While BMSB given a sole diet of peach or 

a mixed diet of apple, peach, and tree of heaven had the highest levels. The impact of diet on 

lipid levels depended on the season the host plant was collected, with no impact from late season 

host material but significant impacts from early season host plant material. Protein levels of male 

and female BMSB adults also varied based on the age of the host plant (Acebes-Doria 2016).  

Throughout the season, nutrient levels of BMSB, as measured by weight, varied (Wiman et al. 

2014). Carbohydrates were suggested to be the main energy sources during winter and lipids the 

main source during the summer. Adult body weights fluctuated throughout the season. Males 

were lightest after leaving their overwintering sites and thought to use carbohydrate stores to 

survive the winter. Females that overwintered were heavier compared to new emerged females. 

Wiman et al. (2014) proposed two theories for explaining the weight difference. One theory is 

that overwintered females’ weights are higher due to accepting male spermatophores in the 

spring. The other is that there is a difference between summer females and overwintered females 

feeding behavior.  

BMSB nutrition is an important area research with past studies done in Japan, and some more 

recently in Virginia (Acebes-Doria 2016). Knowledge from this area plays an important role in 
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developing and deploying control methods. For example, understanding the nutrient profile of 

BMSB in the field can potentially pinpoint vulnerable periods for targeted management, and may 

help predict how plant resources such as crops are utilized. 

 

Conclusion  

BMSB has rapidly become a major pest as it expands its range in the United States and the world 

at large. Understanding its biology, major characteristics and lifecycle, and the current control 

methods, such as spraying, trapping, and classical biocontrol, will lead to new and more effective 

control methods to reduce its global impacts. 
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Abstract 

Since Halyomorpha halys Stål (brown marmorated stink bug or BMSB) arrived in the United 

States in 1996, it has become major a pest and nuisance for both agricultural growers and 

homeowners alike. Understanding the nutritional ecology of a serious pest such as BMSB is 

important for improving management and rearing this insect for research. Much of the nutrient 

research conducted so far has focused on the nutritional requirements for rearing insects in a 

laboratory setting while the nutritional status of wild populations of BMSB is unknown. In this 

research, adult nutritional status, as measured by lipid, glycogen and sugar levels, was examined 

at monthly intervals in both summer and overwintering populations. We also compared 

nutritional status of different subpopulations. The first major trend was that adults emerging from 

overwintering shelters later in the spring had lower nutrient levels and weight than those that 

emerged early. Emerged BMSB adults had lower nutritional status than those that remained in 

the overwintering shelters or adults that were collected from host plants. In the summer, BMSB 

nutrient levels often dip during the months of June and July as the F1 summer generation of 

adults establishes, and these summer adults can have lower nutrient levels than the overwintering 

adult generation. This research on the nutrient levels improves our understanding of BMSB 

nutritional ecology and highlights periods of nutrient stress during their adult life. 

 

Keywords Halyomorpha halys, lipid, glycogen, sugar, overwintering, summer 

Key Messages 

- Research on the nutritional ecology of BMSB has focused on colony rearing and host 

suitability with little examination of wild BMSB populations.    

- Four studies examined the nutrient levels profiles of wild adult BMSB during overwintering 

and summer periods.  

- Nutrient levels of adults emerging from overwintering steadily declined as adults emerged later 

in the spring and early summer. 

- BMSB nutrient levels fluctuated during the summer as populations go through generational 

changes. 

- By understanding nutrient levels in wild populations of BMSB, we can understand their periods 

of nutrient depletion and acquisition.  
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Introduction   

The brown marmorated stink bug (BMSB), Halyomorpha halys Stål, first arrived in the US in 

1996 and has become established in 43 US states including Oregon in 2004 (StopBMSB 2016). 

Native to eastern Asia, BMSB feeds on ~150 different plant species in the U.S., damaging 

leaves, buds, stems, and fruits (Bergmann et al. 2013). In addition, BMSB is a major nuisance for 

homeowners as they overwinter in aggregations in man-made structures, including attics, 

firewood piles, and even rain boots left outside (Inkley 2012). Much research has been focused 

on the control and biology of BMSB (Leskey et al. 2012, Rice et al. 2014). An important 

component of integrated pest management (IPM) and biology understands of pest nutritional 

ecology—how an organisms’ nutritional needs and status are linked to the environment. 

Knowledge of nutritional requirements is also critical for improving laboratory rearing of pests 

to support IPM research. 

Past research on BMSB nutrition has focused on the nutritional requirements for laboratory 

rearing. A mixed diet is considered optimal for rearing and development of BMSB. One study 

yielded good results with a mixed diet composed of carrots, peanuts, and soybeans (Funayama 

2006). While BMSB nymphs can be reared solely on carrots, oranges, or apples, they take longer 

to develop into adults (Funayama 2004, 2006; Mainali et al 2014). Fecundity and development 

are not influenced by the addition of fruits, such as apple and oranges, when being fed a 

soybean-peanut diet (Mainali et al. 2014). Also, adult females reared on single diets laid fewer 

eggs compared to females reared on a mixed diet of soybeans, peanuts, and apple/carrot 

(Funayama 2004, 2006). Medal et al. (2012, 2013) found that BMSB adults, nymphs, and egg 

clusters should be separated to prevent cannibalism. Also, BMSB are best reared at 16:8 L:D, 

25°C, and 50-55% RH for maximum egg production.  



15 
 

A recent study on BMSB nutritional ecology examined host suitability using common host 

plants. Acebes-Doria et al. (2016) found that BMSB nymphs reared only on leaves and stems of 

a single host had very low survivorship and developmental rates. When fruiting structures were 

added to the foliage of a given plant species, development rate increased from slightly to greatly 

depending on the plant species. Adding peach fruit led to 27 to 31% faster development when 

compared to apple or catalpa fruits. When given a mixed diet of three or four plants species, 

nymphal development and survival improved and eclosed adults were larger. Nymphal diet also 

affected the sugar, lipid, and protein levels in eclosed adults (Acebes-Doria 2016). The sugar 

levels of the resulting adults were often highest when fed only peach fruits and foliage. In 

contrast, lipid levels were highest when fed the favorite weedy host tree of heaven (Ailanthus 

altissima L.) or tree of heaven/apple diets. Their protein levels were highest in peach-only diet 

and tree of heaven/apple diets. Therefore, nutrient levels of adult BMSB are influenced by their 

nymphal diet, and nutrient levels increase with more favorable diets of peach or mixed species.  

Two studies are available on the nutritional ecology of naturally-occurring BMSB over different 

seasons. One study looked at the impact of Japanese cedar (Cryptomeria japonica L.f.) as a fall 

food source on the nutrient level index [body weight/(prothorax)3 herein referred to as Nutrient 

Value] of BMSB (Funayama 2014). A high abundance of Japanese cedar cones in fall increased 

the adults’ Nutrient Value before they entered overwintering sites, which allowed adults to 

overwinter longer and subsequently emerge when more suitable food sources became available 

in the landscape. Another study compared pre-overwintering BMSB to those emerging from 

overwintering, an important period of survivorship which affects the next year’s population 

(Funayama 2012). Adult BMSB used up a large proportion of their nutrient stores while 

overwintering, as shown by decreased Nutrient Values when they emerged. The later the adults 

emerged, the shorter they survived without food (Funayama 2012). Therefore, it is clear that 

overwintering nutrient levels play an important role in BMSB overwintering survival. The first 

two studies in this article explore nutrient level trends of wild overwintering populations in 

further detail with North American BMSB. These studies build on Funayama (2012) by 

quantifying the level of lipid, glycogen and sugar reserves in BMSB in pre- and post-emergent 

overwintering modes simultaneously, and monitoring changes in nutrient levels over time. The 

objectives of these studies were to 1) characterize nutrient dynamics of wild BMSB as they 

emerged naturally from overwintering boxes over a five month period from February-June (post-
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emergent), and 2) compare nutrient profiles of post-emergent BMSB to those sampled from the 

overwintering boxes (pre-emergent) from October to June. 

Our studies on nutrient profiles of BMSB over the growing season are based on a preliminary 

study examining seasonal fluctuations of nutrient levels in wild adult populations from 2012-

2014. In that study, BMSB were collected from wild and ornamental host plants from March to 

October in western Oregon to measure their lipid, glycogen and sugar levels (Appendix 1). Two 

major trends were observed, the first being that female BMSB tended to have higher nutrient 

levels compared to males. The second major trend observed was a late summer dip for most of 

the nutrient levels, especially for glycogen and sugar. It has been noted that BMSB populations 

are strongly driven by the presence of mature fruits in the landscape, especially for ornamental 

tree species (Martinson et al 2015). However, there were limitations that made it hard to 

determine if the fluctuations seen were due to seasonality or other factors. Several time points 

had few/no samples collected and collection sites and host plants varied throughout the 

collection season. Therefore, a new study was designed to refine the collection process of 

sampling regularly from select sites with high BMSB populations on English holly, Ilex 

aquifolium L., which is a preferred host known to support high numbers of BMSB throughout 

the summer. By controlling for site and host plant variation, we could monitor subpopulations of 

summer generation adults. The objectives of the revised nutritional study on adults during the 

growing season were to 3) examine general nutrient dynamics of wild BMSB adults throughout 

the summer field season (May to October) on holly trees over two years, and 4) compare nutrient 

differences between overwintering generation of BMSB and summer F1 generation adults that 

appear on holly trees in July and August. 

These four experiments provide insight into BMSB nutritional dynamics and may help explain 

foraging and overwintering strategies that are applicable to IPM strategies. In this paper, we also 

compared Nutrient Values of BMSB with their lipid, glycogen, or sugar levels. The Nutrient 

Value is a convenient index that can be obtained with non-destructive sampling, but it is not 

known how closely this index reflects actual nutrient levels of BMSB.  

 

Materials and Methods 
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Overwintering Post-Emergent Adults Collection 

Adult BMSB were hand-collected from homes in the Portland, Oregon area in the fall of 2014 

and 2015 before being settled into overwintering boxes with 1,000 adults per box in Corvallis, 

Oregon. In the winters of 2015/2016, two overwintering boxes were located at the Oregon State 

University Oak Creek Horticultural Center (44°33’34”N 123°17’14”W). An additional six boxes 

were added in October 2015/2016 at the can yard of the USDA Horticultural Crops Research 

Unit (44°34’01”N 123°17’20”W) containing roughly 150 individuals per box. These locations 

are less than 1 km apart in Corvallis, Oregon. The wooden overwintering boxes were roughly 24 

cm wide by 22 cm tall by 19 cm depth, filled with cardboard slats and placed inside a Bug dorm, 

which is 29.5cm x 29.5cm x 30.5cm (BioQuip, Rancho Dominguez, CA). Entire units were 

placed inside white or brown plastic tunnels (Coroplast, Vanceburg, KY) that were placed 

adjacent to buildings to protect them from the weather. Adults were collected from the Bug dorm 

several times a week as the adults emerged from holes in the boxes from late February to early 

June in 2015-16. Adults were transported directly to the lab where they were frozen at -80°C. 

Overwintering Post- vs. Pre-Emergent Adults Collection  

Some post-emergent adults collected as described above were also used for nutrient comparisons 

between post-emerged and pre-emerged adults. These adult BMSB were hand-collected from 

homes at Corvallis (44° 31’49”N 123°16’09”W), Aurora/Estacada ((45°13’42”N 122°47’09”W)/ 

(45°17’43”N 122°18’03”W)), and Boones Ferry (45°26’25”N 122°41’31”W), Oregon in early 

October 2015. Adults were settled into six wooden overwintering boxes at the USDA 

Horticultural Crop. Roughly 1,000 BMSB were placed in the boxes according to the collection 

location: three Boones Ferry, one Corvallis, one Aurora/ Estacada, and one colony box. Each 

month, boxes were quickly opened, and five male and five female pre-emergent adults were 

collected from each box for a total of 60 adults from October 2015 to June 2016. Post-emergent 

adults were collected several times a week as they emerged naturally from the boxes from late 

February through June 2016. These insects were transported directly to the lab where they were 

frozen at -80°C. 

Summer Adults Collection  

Adult stink bugs were collected from holly trees at five sites in the Willamette Valley of Oregon: 

Corvallis (44° 31’49”N 123°16’09”W), Albany (44°37’53”N 123°07’09”W), Aurora 
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(45°13’42”N 122°47’09”W), Molalla (45°11’42” N 122°34’54”W), and Monmouth 

(44°50’55”N 123°14’20”W). The sites had ornamental or commercial plantings of holly for 

collecting BMSB. We collected BMSB at least twice a month from May through early October 

in 2015 and 2016 at each site. The stink bugs were collected by beat sheet and transported 

directly to the lab, where they were frozen at -80°C. Insects were provided water during 

transport. 

Overwintering vs. F1 Generation Summer Adults Collection  

This objective compared nutritional status of the older overwintering generation that lasts from 

the early spring to the late growing season when the new F1 adult summer generation begins to 

occur. This comparison used the same BMSB samples that were collected from holly during 

summer as described in the prior section with adult generation as a factor. Newly enclosed 

summer F1 adults were identified by their softer and white in the abdomen, while the 

overwintering generation had a darker and colorful in the abdomen indicating sexual maturity 

(Nava and Takeda 2003, 2002, and field observations). Both generations were present from the 

end of July through August in 2015 and 2016.  

Nutrient Bioassay Method for Adults 

After being removed from the -80°C freezer, all adults were weighed, the prothorax (shoulder) 

width was measured, and females dissected to determine reproductive status (Nielsen et al., in 

review). After these measurements, nutrient bioassays were run on the insects. 

The lipid, glycogen, and total sugar content within individual BMSB were quantified using a 

protocol adapted from parasitic wasps (Olson et al. 2000, Lee et al. 2004) with modifications. 

Briefly, each BMSB was crushed with a pestle in a 1.5 mL microcentrifuge tube and 110 µL of 

2% sodium sulfate. A control that included all reagents but no BMSB was run during each assay 

set of 20 BMSB.  Next, 990 µL of chloroform-methanol (1:2) was added, the pestle removed, 

and the tube was centrifuged for 3 min at 13,000 rpm to form a glycogen precipitate at the 

bottom. The supernatant was transferred into a glass test tube (base solution), vortexed and 

divided further: 50 µL for the lipid assay and 50 µL for the sugar assay.   

For the lipid assay, the supernatant was boiled at 90°C for ~1 min until a minimal amount of 

liquid remained, ~5 µg.  Next, 40 µL of sulfuric acid was added and heated at 90°C for 2 min. 
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Once cooled, 960 µL of vanillin reagent was added, vortexed, and left at room temperature for 

20-30 min. Absorbance was read at 525 nm on a spectrophotometer (Ultrospec 3100 pro, 

Amersham Biosciences, Piscataway, NJ), and lipid content was estimated from the absorbance 

values of lipid standards made for each vanillin reagent. To calibrate the standard, 0, 1, 5, 10, 35, 

and 50 µg of canola oil was reacted with vanillin as described above, and the relationship 

between the absorbance value and lipid content was calculated by a linear equation. A similar 

calibration was done for glycogen and sugar standards. For the glycogen assay, 975 µL of 

anthrone reagent was added and vortexed until the precipitate dissolved. An aliquot of 50 µL of 

this mixture was transferred to a new tube to which 950 µL anthrone as added. Once vortexed it 

was heated at 90°C for 10 min. Once cooled, absorbance was read at 625 nm. For the sugar 

assay, each tube was heated at 90°C for 1 min leaving ~25 µL of supernatant. Next, 975 µL of 

anthrone reagent was added, and then tubes were vortexed and heated at 90°C for 10 min. Once 

the solution cooled, absorbance was read at 625 nm to determine sugar levels. Because only 50 

µL out of 1000 µL of the supernatant was used to assess the different nutrient levels (lipid, 

glycogen, and sugar), the estimate was multiplied by a factor of twenty for calculating total 

levels in an individual BMSB.   

Statistical Analyses  

To simplify the models, each sex and year were run independently because of the significant 

difference in nutrient levels between years and because females were expected to have higher 

Nutrient Levels and weight than males (Appendix 1). The weight, Nutrient Value, lipid, 

glycogen, and sugar content of each stink bug were compared separately as response variables 

using a lognormal distribution in PROC GLIMMIX (SAS 2012). In studies 1, 2 and 3, month 

was a fixed effect for each response variable. In studies 2 and 4, the status (pre-/post-emergent, 

or overwintering/F1 generation), month, and interaction terms were fixed effects. Location, the 

site where BMBS adults were collected, was a random effect in the models for studies 3 and 4 

models. Prothorax width was a covariate in all analyses with lipid, glycogen or sugar as the 

response variable, but not with weight or Nutrient Value.   

To clarify the relationship between Nutrient Values of BMSB and their lipid, glycogen or sugar 

levels, linear regressions were run. A total of 48 regressions were run among 16 experimental 

groups in this project: 1-4) overwintering post-emergent males or females in 2015 and 2016, 5-6) 
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overwintering pre-emergent male or females, 7-10) summer males and female in 2015 and 2016, 

11-14) summer overwintering or F1 generation females in 2015 and 2016, and 15-16) summer 

overwintering or F1 generation males in 2016. Analyses were conducted in JMP® 12.0 (SAS 

2015). The untransformed lipid, glycogen or sugar content of each adult BMSB was regressed 

with its Nutrient Value.   

 

Results 

Overwintering Post-Emergent Adults 

Overall, there was a decline in lipid, glycogen, and sugar levels as the adults emerged from 

overwintering boxes over time in both 2015 and 2016 (Fig. 2.1, Table 2.1). Only female lipid 

levels in 2016 did not show this trend and did not change significantly different over the months 

of emergence (Fig. 2.1 f). Some nutrients stabilized in BMSB that emerged in May and June, as 

seen with male glycogen levels in 2016, and male sugar levels in both years (Fig. 2.1 h,i,j). There 

was no significant change in mean weight over the months for both years even though the 

nutrient levels varied (Fig. 2.1 a,b). The Nutrient Value also did not change significantly over 

time for females in both years and males in 2016 (Fig. 2.1 c,d).  

Overwintering Pre-Emerged Adults 

A total of 270 males and 270 females were collected from overwintering boxes over nine months 

from October 2015 to June 2016. There was significant variation between months for both males 

and females for weight, Nutrient Value, glycogen, and sugar of males and females (Table 2.2), 

levels started declining around February 2016 (Fig. 2.2 a,b,d,e). A steeper decline started around 

March and April 2016, which is when adults started to emerge from the overwintering boxes. 

Lipid levels fluctuated throughout the nine months in the overwintering boxes for both males and 

females (Fig. 2.2 e,f). Levels started off low, spiked in December and January, dipped in March 

and then spiked again in June. 

Overwintering Post- vs. Pre-Emergent Adults 

The status of BMSB as either pre- or post-emergent significantly impacted nutrient levels: there 

was often a difference between the pre- and post-emergent adults from March to May but not 

June (Table 2.3, Fig. 2.2). Overall, a slow steady decline of nutrient levels occurred except for 
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lipids of both males and females (Fig. 2.2 e,f). The decline was more pronounced among pre-

emerged adults than post-emerged adults. As expected, the pre-emerged adults had greater 

weight, Nutrient Value, glycogen, and sugar levels than their post-emerged counterparts. The 

difference between the pre- and post-emergent was more pronounced in March and April than 

May and June for weight, Nutrient Value, glycogen, and sugar. There was also a difference 

between month for both pre- and post-emergent BMSB weight, Nutrient Value, lipid, glycogen, 

and sugar of males and females, except for the weight and lipids of females (Fig. 2.2). 

Summer Adults 

There were significant differences between months for weight, Nutrient Level, and the three 

nutrients over the summer for both sexes in 2015 and 2016 (Table 2.4). The weight of males 

remained fairly constant throughout the summer, while females experienced an increase in body 

weight in June or July (Fig. 2.3 a,b). This same increase was observed over this period in the 

Nutrient Value for males and females (Fig. 2.3 c.d). Nutrient levels dipped in June and July, 

especially glycogen and sugar levels (Fig. 2.3 g,h,i,j). The lipid levels did not show a consistent 

trend and varied the most between years (Fig. 2.3 e,f). The egg load for the females followed a 

similar trend as weight in which it peaked in June and July (Fig. 2.3k,l). The ovarial and 

spermatheca ranks followed the egg load trend, with females having non-productive ranks in 

May, September, and October, and higher reproduction ranks in June and July (Supplemental 

Tables 2.1, 2.2). The number of individuals collected both years by location and by gender is 

reported in Supplemental Table 2.3. 

Overwintering vs. F1 Generation Summer Adults 

Newly emerged F1 and overwintered females were present in July and August both 2015 and 

2016. Generation was a significant effect for the number of eggs, weight, and Nutrient Value in 

2015 and 2016, and significant for lipid in 2015 (Table 2.5). Weight, Nutrient Value, and number 

of eggs were higher among overwintered females compared to the newly emerged females in 

both years (Fig. 2.4 a,b,f).  In 2015, lipid levels were lower among the overwintered BMSB 

compared to the F1 summer generation (Fig. 2.4 c). There was a generation*month interaction 

for the number of eggs in 2015; overwintering females had more eggs than F1 females in both 

July and August (Fig. 2.4 f, Table 2.5). There was a generation*month interaction for Nutrient 

Value, glycogen, and sugar among females in 2016 (Table 2.5), with apparent differences 
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between generations in August. Overwintered females had higher Nutrient Values and sugars 

than newly emerged females in August 2016, but the reverse trend occurred with glycogen (Fig. 

2.4 b,d,e). August was only one month when both overwintered and newly emerged males were 

present for a comparison in 2016 (Table 2.5). Lipid, glycogen and sugar levels were significantly 

lower and weight was marginally lower among overwintering than F1 males in August (Fig. 2.5 

c,d,e).  

Nutrient Value 

Out of the total 48 regressions run with Nutrient Value as an indicator of lipid, glycogen, or 

sugar levels, 21 were significant (Table 2.6). Four experimental groups had all three regressions 

significant: overwintering post-emergent males 2016, overwintering pre-emergent males, 

overwintering pre-emergent females, and summer adults 2015. One experimental group of adults 

had two out of three significant regressions, regressions for lipid and sugar for summer male 

overwintering generation 2016. Five experimental groups had only one significant regression out 

of the three nutrients. Four experimental groups had no significant relationships between 

Nutrient Values and corresponding lipid, glycogen, or sugar levels: overwintering post-emergent 

males 2015, overwintering post-emergent females 2015, summer females 2015, and summer new 

generation females 2015. Eight out of 21, 38.1% of the significant nutrient regression models 

were with sugar, 23.8% with glycogen, and another 38.1% with lipids. Six out the 21 significant 

regressions had a negative slope: four of these were from the overwintering pre-emergent groups 

for glycogen and sugar for both sexes. While regressions were significant, it is important to note 

that the r2 values were from 0.0003 to 0.4519, with slight to moderate predictive value.  

 

Discussion  

Several trends were consistently observed among nutrient profiles of overwintering adults and 

summer adult populations of BMSB.  

Overwintering Post-Emergent Adults 

BMSB emerge from their overwintering shelter over a long period of time, suggesting that there 

is no single environmental cue to trigger emergence. Although temperature and photoperiod are 

known to affect development and reproductive status of BMSB (Cira et al. 2016, Nielsen et al. 
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2008, Niva and Takeda 2003, Toyama et al. 2011), they may not directly control emergence. 

Funayama (2012) discussed a balancing act between the environment and the nutrient level of 

adult BMSB. The longer adults remain in their overwintering site, the more likely they will 

emerge into an environment with ample food sources. However, timing of emergence must be 

weighed against nutritional status; the longer adults remain in overwintering shelters, the more 

their nutrient levels deplete. As a result, they emerge weaker and needing to find a good food 

source quickly. In their study, post-overwintering adults in March-May had lower Nutrient 

Values than pre-overwintering adults in late September-early October. Lipid deposits were small 

and undeveloped in post-overwintering adults compared to the large lipid deposits in pre-

overwintering adults. The average lipid level using the Shiga and Moriya (1989) scale was 3.85 

for pre-overwintering and 0.11 for post-overwintering females, while males were an average for 

3.78 for pre-overwintering and 0.18 for post-overwintering.  

Our study with west coast North American BMSB populations further quantified the depletion of 

nutrient levels during overwintering, and showed a continual decline over the period when adults 

emerge. Adult males and females that emerged earlier in February to April had higher lipid, 

glycogen, and sugar levels than those that emerged in May and June. Interestingly, weight did 

not change much over the same period while nutrient levels did. This suggests that a stable 

weight does not necessarily reflect a constant level of nutrient reserves. After BMSB leave their 

overwintering shelter, they may be drinking water to maintain a certain level of hydration 

regardless of their nutrient stores.  An observation when conducting the experiment was that 

males comprised most of the adults emerging in the early months of February, March, and April 

(62.09%), while females comprised most of the emerging adults in May and June (73.88%).  

This may be expected since males were 11% smaller in pronotal width and 37% lighter in weight 

than female when they emerged from overwintering, and therefore may have lower energy 

reserves to sustain themselves.   

Overwintering Pre-Emerged Adults 

As for overwintering adults that remained inside their shelter, they generally showed a slow 

decline of nutrient levels from October through March followed by a steep decline starting in 

April to June. This trend of declining nutrient reserves over the diapause period has been noted 

in other insects. The duration of overwintering diapause can have major trade-offs in terms of 
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fitness effects on egg load, lipid reserves, and dry weight of emerging females. Often these are 

sub-lethal effects, but they can have important fitness consequences (Eller and Alphen 2002). In 

our study, the steeper decline in nutrient levels in April through June could be due to an increase 

in temperature which influenced the metabolism of BMSB. BMSB, like other insects are 

poikilothermic, so the colder they are, the slower their metabolism is and the less nutrient stores 

are used (Cira et al. 2016). Therefore, as the temperature increases in spring months from April 

through June, more nutrient reserves are used resulting in a steep decline in sugar and glycogen 

levels. However, lipid levels fluctuated, which might be tied to a number of different metabolic 

pathways (Arrese and Soulages 2010), and did not follow the same trend as weight, Nutrient 

Value, glycogen, and sugar. It would be interesting to see if nutrient levels of BMSB fluctuate 

based on the severity of the winter and spring weather. The winter and spring in the Mid-

Willamette Valley of Oregon where the study was conducted is mild with no major snow storms 

or prolonged cold spells as seen elsewhere in the United States. Because our study was 

conducted with one type of overwintering shelter, it would be interesting to further investigate 

trends with different overwintering shelters. The location of the overwintering shelter has 

influenced nutrient levels in Coccinella septempunctata L. (Coleoptera: Coccinellidae), seven-

spotted ladybird, where individuals hibernating at colder temperatures had reduced weights and 

lipid levels (Zhou et al. 1995).   

Overwintering Post- vs. Pre-Emergent Adults 

Nutrient levels among pre-emergent adults remaining in the overwintering boxes were higher 

than the post-emergent adults that left the overwintering boxes. This further supports 

Funayama’s (2012) finding that BMSB use up their nutrient stores (measured by Nutrient Value) 

during overwintering and that adults leave their overwintering in search of a host to replenish 

their nutrient stores. The weight, Nutrient Value, glycogen, and sugar were clearly lower among 

post-overwintering compared to pre-emergent adults. However, lipid levels did not follow the 

same trend as the other two nutrients, sugar and glycogen. Lipid levels fluctuated and this might 

indicate that other factors, such as metabolic functions for diapause and reproduction, could 

influence lipid levels. 

Summer Adults 

The nutrient levels of BMSB adults fluctuated during summer months. A major trend observed 
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was a dip in nutrient levels in June/July as well as low reproductive status in September/October. 

Notably, the dip in nutrient levels occurred with repeated sampling from five sites and one host 

type over two summers, and is consistent with observations from more random sampling across 

12 sites in Northwestern Oregon from multiple hosts in 2012-14 (Appendix 1). First, an 

explanation for these fluctuations is that it reflects the generational change in the population 

dynamics (next section). Only one new adult generation was observed at these five holly sites in 

the Willamette Valley of Oregon. However, BMSB has been observed to have F2 adults emerge 

in late summer/fall in Oregon (N.G.W. and P.S., unpub. data). It is possible that only one new 

adult generation was found because only one host type was sampled; by the time F1 adults 

emerged in July/August there was not enough time or ample resources for progeny to reach 

reproductive maturity. Secondly, another explanation for the fluctuations in nutrient levels could 

be the quality of food available and adult movement at different times of the summer. BMSB are 

very mobile creatures (Wiman et al. 2014, Lee et al. 2014, Lee and Leskey 2015), so the adults 

collected from holly may have fed solely on holly or may have migrated from other hosts.  

Fluctuations in nutrient levels may reflect migrations of BMSB depleted of nutrient reserves or 

having fed on hosts of lower quality. Thirdly, other environmental factors could influence BMSB 

metabolism and development, such as temperature or precipitation. The major dip in nutrient 

levels occurred during the heat of the summer, July and August, when their metabolic rates 

might be higher. Lastly, the nutrient dip could have resulted from several factors interacting with 

each other.  

The 2016 collection period was one month longer than in 2015 indicating that BMSB were using 

holly hosts for a longer period in 2016. The 2016 season started two weeks earlier in May than in 

2015, and extended two weeks longer into early October. Average minimum and maximum 

temperatures were 10.8 and 21.0°C from May to October in 2016, and 11.1 and 22.3°C in 2015 

for Salem, a city in the middle of the collection zone. BMSB may favor milder summer 

temperatures as they are not present in fields with average temperature greater than 23.5°C in 

June (Venugopal et al. 2016). In future surveys, researchers should consider the type of holly 

planting. Both the Aurora and Molalla sites, which were holly farms, had the highest number of 

BMSB (Supplemental Table 2.3) and most stable collection numbers for both years compared to 

ornamental planting which had just one or two holly plants.  
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Overwintering vs. F1 Generation Summer Adults 

After collecting the summer adults, there was a question of whether some of the fluctuations 

observed in nutrient levels were due to a change between generations, as the overwintering 

generation died off and the F1 adults emerged in July and August. There were differences 

between generations for females; overwintered females had higher weight, nutrient Value, and 

sometimes sugar levels and yet sometimes lower lipid and glycogen levels compared to F1 

females. The difference between nutrient levels might be due to reproductive status of the 

female. The newly emerged F1 female generation is not sexually mature yet while the 

overwintering females are reproductively active and therefore they may increase feeding to 

support egg development (Wiman et al. 2014). Interestingly, in contrast to females, males 

showed a more consistent trend.  Overwintered males had lower lipid, glycogen, and sugar levels 

and marginally lower weight in 2016 than the newly emerged males. This is consistent with the 

observation of lighter overwintering males than new generation males; male mating behavior 

was suggested to result in males being lighter compared to males who are not reproductively 

mature (Wiman et al. 2014). 

Nutrient Value 

The Nutrient Value index (referred to as Nutritional Level in Funayama 2012) is a non-

destructive method for estimating the physiological status of adult BMSB [body 

weight/(prothorax)3]. Healthier adults should have a higher value. One objective of this research 

was to determine how accurately the Nutrient Value represents BMSB weight and nutrient 

levels. In many cases, the Nutrient Value appeared to follow weight trends. For example, among 

summer 2016 females, the Nutrient Value followed the weight trend closely; it also peaked in 

July (Fig. 2.4 a,b). As expected, the Nutrient Value would follow weight trends because weight 

is used in its calculation. However, Nutrient Value may not always reflect the shifts in lipid, 

glycogen, or sugar levels of BMSB. For example, among post-overwintering adults, the lipid, 

glycogen, and sugar levels fluctuated month to month, but the weight and Nutrient Value 

remained mostly similar between months (Fig. 2.1). There were no to modest associations 

between these nutrient levels and the Nutrient Value index. If a regression was significant, the r2 

indicated a weak to moderate trend among sample sizes greater than 53. Contrary to our 

expectations, six regressions showed that as Nutrient Value increased, corresponding nutrient 

levels decreased weakly. In summary, the Nutrient Value does not always reflect lipid or 
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carbohydrate reserves, but it can provide a general overview of BMSB status that is potentially 

useful if a non-destructive and low-cost comparison is desired. A scale that weighs to 0.1 mg and 

a micrometer on a microscope or a handheld caliper to measure pronotum width is needed to 

determine Nutrient Value on live or previously frozen BMSB. In contrast, the nutrient assays 

cannot be performed on live insects and they require additional labor, chemicals, disposable 

tubes, and laboratory equipment, such as hot plates, vortex, centrifuge and absorbance reader, 

totaling US ~$8,000 or more.  

These experiments provide insight into BMSB biology and phenology in the wild. BMSB adults 

started with high nutrient stores and weight as they entered overwintering sites and slowly 

depleted their stores until early spring when there is steep decline in nutrient levels. The 

emerging adults are lower in nutrient stores and weight compared to those that remain in the 

overwintering site. Among adults collected from host plants, there are some fluctuations in the 

summer months of May through early October nutrient levels with a consistent dip around the 

time the new generation are becoming adults and the overwintering generation are dying off in 

July and August. These results indicate when BMSB are nutrient-limited and might need to look 

further for food sources at specific times of the year. Lastly, Nutrient Value does not always 

reflect the status of lipid, glycogen, and sugar precisely but can provide some information 

without destructively sampling BMSB. 
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Figures 

2015  2016

a)  b)

c)  d)

f)e)  Fig. 2.1 Average (±SE) weight (a, b), Nutrient Value (c, d), 
lipids (e, f), glycogen (g, h), and sugar (i, j) of BMSB adults 
that emerged from overwintering boxes (post-emergent) in 

2015-16, respectively, in Oregon. Upper and lower case 
letters indicate monthly differences by Tukey HSD among 

females and males, respectively 

g) h)

i) j)

2015 2016
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Fig. 2.2 Average (±SE) weight (a, b), Nutrient Value (c, d), 
lipid (e, f), glycogen (g, h) and sugar (i, j) of pre- and post- 
emergent overwintering BMSB females and males. Letters 

indicate monthly differences by Tukey HSD (lower case post-
overwintering and upper case pre-overwintering). Asterisks 
indicate a difference between post- and pre-emergent BMSB 

for the given month from March to June 
 

a)  b) 

c)  d) 

e)  f) 

g) h)

i) j)
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2015  2016
a)  b)

c)  d)

e)  f)

Fig. 2.3 Average (±SE) weight (a, b), Nutrient Value (c, d), lipids (e, f), glycogen (g, h), sugar (i, j), and egg counts (k, l) of BMSB 
adults collected from holly in 2015-16 in Oregon. Upper and lower case letters indicate monthly differences by Tukey HSD among 

females and males, respectively 

g) h)

i) j)

k) l)

20162015



34 
 

e)  f)

d) 

Fig. 2.4 Average (± SE) weight (a), Nutrient Value (b), 
lipids (c), glycogen (d), sugar (e), and eggs (f) for 

overwintered and F1 generation of females collected in 
2015 and 2016. The double pink asterisks between the two 
bars indicate a significant difference between generations 

for that year, and the single gray asterisk indicate a 
significant difference between generations in the given 

month  
  

F1 

Overwintered 

F1 

Overwintered 

c) 

a)  b) 
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Fig. 2.5 Average (± SE) weight (a), Nutrient Value (b), lipids (c), glycogen (d), and sugar (e) for 
overwintered and new generation of males collected in 2016. The asterisks indicate that there was a 

significant difference between generations  

a)  b) c) d)  e)
F1 

Overwintered 
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Tables 

Table 2.1 The effect of month on weight, Nutrient Value, lipid, glycogen, and sugar of post-
emergent overwintering adult BMSB in Oregon in 2015-16, with prothorax as a covariate in a 

generalized linear mixed model 

 

 

Table 2.2 The effect of month on weight, Nutrient Value, lipid, glycogen, and sugar of pre-
emergent overwintering adult BMSB in Oregon in 2015-16 overwintering season, with prothorax 

as a covariate 
Female Male 

Measurement Effect df F P df F P 
Weight Month 8, 258 10.83 <.0001 8, 258 17.95 <.0001 

Nutrient 
Value 

Month 8, 257 15.2  <.0001 8, 257 20.34 <.0001 

Lipid 
Month 8, 257 20.65 <.0001 8, 257 10.43 <.0001 
prothorax 1, 257 0.02 0.898 1, 257 2.34 0.127 

Glycogen 
Month 8, 257 61.64 <.0001 8, 257 56.52 <.0001 
prothorax 1, 257 9.61 0.002 1, 257 17.48 <.0001 

Sugar 
Month 8, 257 81.13 <.0001 8, 257 86.15 <.0001 
prothorax 1, 257 35.95 <.0001 1, 257 13.7 0.0003 

 

   Female Male 
Year Measurement Effects df F P df F P 

2015 

Weight Month  3, 49 0.56 0.644 3, 60 1.35 0.266 
Nutrient Value Month  3, 49 2.65 0.059 3, 60 1.17 0.329 

Lipid 
Month  3, 48 6.29 0.001 3, 59 7.44 0.000 
Prothorax 1, 48 8.49 0.005 1, 59 7.84 0.007 

Glycogen 
Month  3, 48 5.63 0.002 3, 59 4.5 0.007 
Prothorax 1, 48 0.41 0.526 1, 59 7.93 0.007 

Sugar 
Month  3, 48 28.61 <.0001 3, 59 21.37 <.0001 
Prothorax 1, 48 11.1 0.002 1, 59 22.02 <.0001 

2016 

Weight Month  4, 686 6.92 < .0001 4, 765 3.06 0.016 
Nutrient Value Month  4, 686 6.63 <.0001 4, 765 15.15 <.0001 

Lipid 
Month  4, 685 3.39 0.009 4, 764 20.36 < .0001 
Prothorax 1, 685 13.63 0.000 1, 764 10.85 0.001 

Glycogen 
Month  4, 685 43.74 < .0001 4, 764 66.57 < .0001 
Prothorax 1, 685 15.88 <.0001 1, 764 49.53 <.0001 

Sugar 
Month  4, 685 62.66 < .0001 4, 764 67.25 < .0001 
Prothorax 1, 685 30.63 <.0001 1, 764 52.83 <.0001 
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Table 2.3 The effect of month on weight, Nutrient Value, lipid, glycogen, and sugar of post- or 
pre-emergent female and male adult BMSB in Oregon in 2015-16, with prothorax as a covariate 
  Female Male 
Measurement Effect df F P df F P 

Weight 
Month 3, 584 10.05 <.0001 3, 644 19.82 <.0001 
Post vs. Pre 1, 584 286.26 <.0001 1, 644 302.88 <.0001 
Month*Post v. Pre 3,584 10.61 <.0001 3, 644 32.18 <.0001 

Nutrient 
Value 

Month 3, 584 20.61 <.0001 3, 664 29.76 <.0001 
Post vs. Pre 1, 584 343.11 <.0001 1, 644 353.62 <.0001 
Month*Post v. Pre 3584 11.12 <.0001 3, 644 36.13 <.0001 

Lipid 

Month 3, 583 5.28 0.0013 3, 663 6.58 0.011 
Post vs. Pre 1, 583 0.08 0.779 1, 643 8.20 <.0001 
Month*Post v. Pre 3, 583 11.16 <.0001 3, 643 1.51 0.220 
Prothorax 1, 583 3.89 0.0491 1, 643 11.98 <.0001 

Glycogen 

Month 3, 583 76.10 <.0001 3, 663 102.03 <.0001 
Post vs. Pre 1, 583 80.91 <.0001 1, 643 109.13 <.0001 
Month*Post v. Pre 3, 583 11.85 <.0001 3, 643 14.53 <.0001 
Prothorax 1, 583 6.08 0.014 1, 643 32.28 <.0001 

Sugar 

Month 3, 583 94.51 <.0001 3, 663 103.52 <.0001 
Post vs. Pre 1, 583 186.97 <.0001 1, 643 101.02 <.0001 
Month*Post v. Pre 3, 583 19.53 <.0001 3, 643 12.86 <.0001 
Prothorax 1, 583 12.63 0.0004 1, 643 38.87 <.0001 

 
 
 

Table 2.4 The effect of month on weight, Nutrient Value, lipid, glycogen, sugar, and egg of 
summer female and male adult BMSB in Oregon in 2015-16, with prothorax as a covariate 

   Female Male 
Year Measurement Effects df F P df F P 

2015 

Weight Month  4, 633 41.6 < .0001 4, 661 9.32 < .0001 
Nutrient Value Month  4, 633 30.83 <.0001 4, 661 71.82 <.0001 

Lipid 
Month  4, 612 2.06 0.0844 4, 660 2.49 0.0419 
Prothorax 1, 612 0.59 0.4432 1, 660 2.53 0.1124 

Glycogen 
Month  4, 632 25.89 < .0001 4, 660 94.38 < .0001 
Prothorax 1, 632 0.04 0.8452 1, 660 6.62 0.0103 

Sugar 
Month  4, 632 4.5 0.0014 4, 660 38.59 < .0001 
Prothorax 1, 632 7.98 0.0049 1, 660 47.22 <.0001 

Egg Month  4, 632 280.85 < .0001 . . . 

2016 

Weight Month  5, 541 28.37 <.0001 5, 562 9.89 <.0001 
Nutrient Value Month  5, 541 53.59 <.0001 5, 562 0.88 0.4939 

Lipid 
Month  5, 540 30.56 <.0001 5, 561 13.25 <.0001 
Prothorax 1, 540 4.26 0.0396 1, 561 1.38 0.2411 
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Glycogen  
Month  5, 540 1.89 0.0943 5, 561 52.3 <.0001 
Prothorax 1, 540 3.19 0.0748 1, 561 10.5 0.0013 

Sugar 
Month  5, 540 1.89 0.0943 5, 561 24.28 <.0001 
Prothorax 1, 540 17.89 <.0001 1, 561 11.07 0.0009 

Egg Month  5, 540 39.41 <.0001 . . . 
 
 

 
Table 2.5 The effects on weight, Nutrient Value, lipid, glycogen, sugar, and eggs of F1 or 

overwintered generations of adult female and male BMSB in Oregon in July-August of 2015-16, 
with prothorax as a covariate 

2015 2016 
Measurement Effect df F P df F P 
   Female     

Weight 
Generation 1, 163 41.78 <.0001 1, 130 25.59 <.0001 
Month 1, 163 0.33 0.5681 1, 130 4.85 0.029 
Generation*month 1, 163 0.36 0.5496 1, 130 1.78 0.185 

Nutrient 
Value 

Generation 1, 163 48.88 <.0001 1, 130 14.86 0.000 
Month 1, 163 5.88 0.0164 1, 130 37.41 <.0001 
Generation*month 1, 163 0.33 0.5641 1, 130 18.97 <.0001 

Lipid 

Generation 1, 162 8.04 0.0052 1, 129 2.41 0.123 
Month 1, 162 4.09 0.0448 1, 129 20.52 <.0001 
Generation*month 1, 162 0.11 0.7421 1, 129 0.22 0.637 
Prothorax 1, 162 0.24 0.6217 1, 129 1.19 0.278 

Glycogen  

Generation 1, 162 0.05 0.8179 1, 129 0.09 0.768 
Month 1, 162 6.99 0.009 1, 129 1.01 0.317 
Generation*month 1, 162 0.63 0.4269 1, 129 3.99 0.048 
Prothorax 1, 162 0.02 0.8765 1, 129 0.06 0.807 

Sugar 

Generation 1, 162 0.58 0.4484 1, 129 0.08 0.784 
Month 1, 162 0.12 0.7286 1, 129 2.72 0.102 
Generation*month 1, 162 0.03 0.8733 1, 129 4.56 0.035 
Prothorax 1, 162 0.61 0.4344 1, 129 7.6 0.007 

Eggs 
Generation 1, 163 88.91 <.0001 1, 130 35.32 <.0001 
Month 1, 163 16.82 <.0001 1, 130 0.00 0.963 
Generation*month 1, 163 13.41 0.0003 1, 130 0.12 0.734 

        

Male 
Weight Generation - - - 1, 93 3.33 0.071 
Nutrient 
Value 

Generation - - - 1, 93 0.89 0.349 

Lipids Generation - - - 1, 92 9.53 0.003 
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Prothorax - - - 1, 92 0.48 0.492 

Glycogen 
Generation - - - 1, 92 41.38 <.0001 
Prothorax - - - 1, 92 0.99 0.323 

Sugar 
Generation - - - 1, 92 49.2 <.0001 
Prothorax - - - 1, 92 0.66 0.420 

 

 

Table 2.6 Regression analyses of the lipid, glycogen, and sugar level by Nutrient Value of adults 
collected from the four experiments, split by experiment, sex, and year  

Experimental 
Group 

Dep. 
variable 

df F P r2 Regression Equation 

Overwintering 
Post-Emergent 

Adults 2015 
Male 

Lipid 1, 62 0.24 0.624 - - 

Glycogen 1, 62 0.57 0.454 - - 

Sugar 1, 62 0.03 0.857 - - 

Overwintering 
Post-Emergent 

Adults 2015 
Female 

Lipid 1, 51 3.70 0.060 - - 

Glycogen 1, 51 1.63 0.208 - - 

Sugar 1, 51 3.81 0.056 - - 

Overwintering 
Post-Emergent 

Adults 2016 
Male 

Lipid 1, 771 58.56 0.000 0.069 1198.21 - 3332.24*NV 

Glycogen 1, 771 33.35 0.000 0.040 131.70 - 353.52*NV 

Sugar 1, 771 16.99 0.000 0.020 283.56 - 737.34*NV 

Overwintering 
Post-Emergent 

Adults 2016 
Female 

Lipid 1, 692 50.82 0.000 0.067 973.81 - 2462.18*NV 

Glycogen 1, 692 2.94 0.087 - - 

Sugar 1, 692 4.71 0.030 0.005 248.91 - 438.59*NV 

Overwintering 
Pre-Emergent 

Adults 2015-16 
Male 

Lipid 1, 268 12.06 0.001 0.039 804.37 - 972.56*NV 

Glycogen 1, 268 123.86 0.000 0.314 -119.19 + 1228.72*NV 

Sugar 1, 268 222.77 0.000 0.452 -638.068 + 4990.49*NV 

Overwintering 
Pre-Emergent 

Adults 2015-16 
Female 

Lipid 1, 268 25.73 0.000 0.084 882.49 - 1397.99*NV 

Glycogen 1, 268 121.32 0.000 0.309 -148.99 + 1448.12*NV 

Sugar 1, 268 166.61 0.000 0.381 -928.76 + 7039.66*NV 

Summer Adults 
2015 Male 

Lipid 1, 668 12.70 0.000 0.017 499.55 + 725.82*NV 

Glycogen 1, 668 45.02 0.000 0.062 30.09 + 340.54*NV 

Sugar 1, 668 9.98 0.002 0.013 212.03 + 306.15*NV 

Summer Adults 
2015 Female 

Lipid 1, 620 0.60 0.438 - - 

Glycogen 1, 640 0.48 0.488 - - 
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Sugar 1, 640 2.35 0.126 - - 

Summer Adults 
2016 Male 

Lipid 1, 549 9.09 0.003 0.014 458.91 + 1616.99*NV 

Glycogen 1, 549 2.08 0.150 - - 

Sugar 1, 549 8.92 0.003 0.000 315.73 + 542.16*NV 

Summer Adults 
2016 Female 

Lipid 1, 571 0.39 0.535 - - 

Glycogen 1, 571 0.09 0.764 - - 

Sugar 1, 571 8.92 0.003 0.014 315.73 + 542.16*NV 

Summer Female 
Overwintered 

Generation 2015 

Lipid 1, 58 0.41 0.524 - - 

Glycogen 1, 58 5.11 0.028 0.065 -86.21 + 736.43*NV 

Sugar 1, 58 0.09 0.771 - - 

Summer Female 
F1 Generation 

2015 

Lipid 1, 109 0.53 0.466 - - 

Glycogen 1, 109 0.23 0.631 - - 

Sugar 1, 109 0.28 0.600 - - 

Summer Female 
Overwintered 

Generation 2016 

Lipid 1, 81 0.29 0.594 - - 

Glycogen 1, 81 3.69 0.058 - - 

Sugar 1, 81 0.05 0.815 - - 

Summer Female 
F1 Generation 

2016 

Lipid 1, 53 10.47 0.002 0.149 169.95 + 2685.17*NV 

Glycogen 1, 53 0.32 0.576 - - 

Sugar 1, 53 0.52 0.472 - - 

Summer Male 
Overwintered 

Generation 2016 

Lipid 1, 96 1.00 0.320 - - 

Glycogen 1, 96 0.01 0.930 - - 

Sugar 1, 96 8.91 0.004 0.075 5.10 + 629.49*NV 

Summer Male F1 
Generation 2016 

Lipid 1, 55 9.03 0.004 0.125 -410.49 + 6180.00*NV 

Glycogen 1, 55 1.48 0.230 - - 

Sugar 1, 55 0.02 0.893 - - 
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Supplemental Tables 

Supplemental Table 2.1The number (n) and percent (%) of females per ovarial rank (1- 
undeveloped, 2-reproductive mature but not mated, 3-mated with starting of egg development, 4-
high egg count with filled mature eggs, 5-post egg laid) by month and year for summer-collected 

BMSB 

Year 
Ovarial 
Rank 

May June July August September October 

n % n % n % n % n % n % 

2015 

1 74 74.7 17 12.4 10 8.7 81 62.3 143 88.8 0 0.0 

2 10 10.1 28 20.4 12 10.4 19 14.6 16 9.9 0 0.0 

3 6 6.1 47 34.3 33 28.7 12 9.2 0 0.0 0 0.0 

4 9 9.1 41 29.9 26 22.6 11 8.5 1 0.6 0 0.0 

5 0 0.0 4 2.9 34 29.6 7 5.4 1 0.6 0 0.0 

Total 99 . 137 . 115 . 130 . 161 . 0 . 

2016 

1 35 43.8 4 3.6 10 8.7 50 56.8 111 96.5 52 100.0
2 26 32.5 25 22.7 12 10.4 0 0.0 1 0.9 0 0.0 
3 6 7.5 31 28.2 33 28.7 17 19.3 1 0.9 0 0.0 
4 13 16.3 42 38.2 26 22.6 11 12.5 1 0.9 0 0.0 
5 0 0.0 8 7.3 34 29.6 10 11.4 1 0.9 0 0.0 

Total 80 . 110 . 115 . 88 . 115 . 52 . 
 

 

 

Supplemental Table 2.2 The number (n) and percent (%) of female per spermatheaca rank (1- 
unmated, 2-unsure, 3-mated) by month and year for the summer-collected BMSB  

Year 
Sperm. 
Rank 

May June July August September October 
n % n % n % n % n % n % 

2015 

1 72 72.7 26 19.0 11 9.6 85 65.4 160 99.4 0 0.0 
2 8 8.1 20 14.6 12 10.4 14 10.8 0 0.0 0 0.0 

3 19 19.2 91 66.4 92 80.0 31 23.8 1 0.6 0 0.0 

Total 99 . 137 . 115 . 130 . 161 . 0 . 

2016 

1 58 72.5 15 13.6 0 0.0 49 55.7 111 96.5 52 100.0
2 4 5.0 9 8.2 6 5.7 0 0.0 1 0.9 0 0.0 
3 18 22.5 86 78.2 100 94.3 39 44.3 3 2.6 0 0.0 

Total 80 . 110 . 106 . 88 . 115 . 52 . 
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Supplemental Table 2.3 The number of females and males collected at each of the five locations for the 2015-16 summer collection 

of BMSB 
  May June July August September October 
Gender Location 2015 2016 2015 2016 2015 2016 2015 2016 2015 2016 2015 2016

Female 

Albany 25 5 16 20 17 21 26 10 10 26 0 11 
Aurora 19 24 34 24 37 24 37 24 47 24 0 12 
Corvallis 11 10 19 23 11 20 7 12 40 23 0 11 
Molalla 19 33 33 24 32 24 34 24 32 24 0 12 
Monmouth 25 8 35 19 18 17 26 18 32 18 0 6 
Total  99 80 137 110 115 106 130 88 161 115 0 52 

Males 

Albany 15 9 20 21 14 22 24 16 25 22 0 5 
Aurora 20 25 34 24 35 24 37 24 46 24 0 12 
Corvallis 20 16 20 23 22 22 13 13 34 24 0 11 
Molalla 20 31 33 24 34 24 35 24 32 24 0 13 
Monmouth 25 10 35 23 22 23 23 22 32 12 0 6 
Total  100 91 142 115 127 115 132 99 169 106 0 47 
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Keywords Halyomorpha halys, sentinel eggs, lipids, glycogen, sugar  

Abstract  

Halyomorpha halys (Stål), commonly known as the brown marmorated stink bug (BMSB), has 

become a major crop and nuisance pest across the United States. The egg stage is the targeted by 

parasitoid wasps, which are recognized as critical in efforts to establish biological control of this 

pest. Most research on biological control have invariably relied on placement of sentinel egg 

clusters in the field to assess predation and parasitism. No information is available on the nutrient 

levels of BMSB eggs, which could have important effects on biological control studies or could 

elucidate how the nutritional ecology of adult female BMSB impacts egg production. Here we 

report on seven experiments designed to examine egg nutrient levels in the context of female 

reproductive investment and biological control. Among the 542 egg clusters examined, one egg 

contained on average 23.50 ± 0.561 µg lipid, 3.17 ± 0.089 µg glycogen, and 3.08 ± 0.056 µg 

sugar. Mature eggs still within a female’s ovary can make up 61% of the total lipid content of a 

reproductively active female, 35% of glycogen, and 20% of sugars. In females fed a constant lab 

diet, age slightly affected the lipid level of eggs oviposited, but not glycogen or sugar. Wild and 

colony-produced eggs differed in lipid and sugar content, but not glycogen. Whether or not an 

egg turned grey following removal from cold storage or was frozen within 1 or 3 days of 

oviposition did not affect the nutrient content of eggs. The temperature at which eggs are left 

exposed for studies did not impact nutrient content, but glycogen decreased and sugar increased 

with deployment time. The length of time that eggs were held frozen in storage can influence 

their nutrient content. Freshly laid eggs had higher lipid and lower sugar levels than eggs frozen 

for one or two years. These studies provide baseline information about egg nutrient levels as well 

as what factors influence levels. Knowledge about what affects egg quality will help improve 

methodology in future experiments that use egg clusters.   

 

Introduction  

To start their life cycle, female brown marmorated stink bug (BMSB), Halyomorpha halys Stål, 

require 148 DD, which is roughly two weeks, to mature and become reproductively active. They 

have one generation per year in temperate regions and up to five generations in tropical regions 

(Nielsen et al. 2008, Haye et al 2014, Leskey et al. 2012). Female BMSB in the Willamette 
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Valley of Oregon start laying eggs in late May with peak egg production in June and July 

(Chapter 2). Eggs are soft, light green in color, 1.3 mm in diameter, and average 28 per cluster 

(Nielson et al. 2008). Females lay multiple clusters throughout their lifespan, with an average of 

224 eggs laid per lifetime. When the temperature is over 35°C, eggs cannot develop properly, 

and usually cannot hatch. Once eggs are laid, they will hatch within four to five days (Nielsen et 

al. 2008, Haye et al. 2014). First instar nymphs only feed on the egg casing that they hatched 

from which provides gut bacteria. Nymphal development is heavily dependent on the presence of 

gut bacteria and is negatively impacted without it (Bansal et al. 2014, Taylor et al. 2014). Also, 

these 1st instars do not feed on other foods until molting into the 2nd instar, and must rely entirely 

on the egg (internal and casing) for development. There is no information about the nutrient 

content of BMSB eggs. Therefore, the first study measured the general nutrient content of 

oviposited BMSB eggs, and the second study measured the content in pre-ovipositional eggs 

dissected from the abdomen of BMSB.  

To date, research on BMSB nutrient levels have examined wild adults to explore seasonal 

changes in their physiology that correspond with feeding and diapause periods (Funayama 2012, 

Chapter 2). Also, monitoring BMSB that developed on different diets has shown that mixed diets 

provide optimal results in adults having higher nutrient stores (Acebes-Doria et al. 2016, Acebes-

Doria 2016). Given that seasonality and diet affects nutrient stores of adult BMSB, various 

factors experienced by parental females should affect their nutrient allocation to eggs. Thus, the 

third study examined how age of females affects nutrient allocation to offspring. 

In addition to studying the nutrient content of eggs for basic knowledge, the nutrient content may 

provide some practical evaluation of the quality of eggs used for experimentation. Eggs represent 

an important life stage that is susceptible to predators and parasitoids. Egg parasitoids are key 

factors in limiting BMSB populations in its native range (Yang et al. 2009). Many studies have 

used large quantities of sentinel BMSB eggs to study biological control (Abram et al. 2013, 

2014; Aeakawa and Namura 2002, Jones et al. 2014, Morrison et al. 2016). Higher parasitism 

rates by endemic parasitoids were found on wild live egg clusters compared to sentinel live 

clusters by Jones et al. (2014), they postulated that host cues associated with the clusters are 

important for host-finding. While live wild eggs may be ideal for experimentation, it can be hard 

to collect enough wild eggs, and growers may prefer to have freeze-killed egg clusters (often 
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from a colony) placed in their field. Therefore, the fourth study explored potential differences in 

nutrient content between wild-collected and colony-produced eggs. Differences might be 

expected given that colony-reared BMSB are fed a constant diet compared to wild populations of 

BMSB that feed on diverse range of hosts.  

Because sentinel BMSB egg clusters are often used in biological control studies, we explored if 

certain factors influence their quality as measured by nutrient content: coloration, temperature, 

length of field deployment, and cold storage duration. While working with sentinel eggs, we 

noticed that some BMSB egg clusters turned foggy dark grey within an hour after they were 

taken out of ˗80°C. The fifth study examined potential differences in nutrient levels of different 

colored frozen eggs. Sentinel egg clusters are often left in the field for different periods, from 

one day to a week where they are exposed to warm to hot weather from May to September. If 

longer exposure times and higher temperatures cause eggs to degrade in nutrient content, 

experimental protocols should be adjusted accordingly. The sixth study compared the nutrient 

levels of sentinel eggs removed from cold storage and exposed to varying temperatures and 

durations. Eggs that are <24 h old are ideal for field deployment as sentinel egg masses or for 

freezing for later deployment.  However, acquiring egg clusters can be limited by access to wild 

populations and lab colony egg production, and eggs held for 1-2 years at ˗80°C might be used. 

The seventh study explored the difference in nutrient content between freshly laid eggs and 

sentinel eggs masses frozen for one or two years. These three studies (studies 5-7) were designed 

to help clarify what factors might influence the nutrient content of sentinel eggs.  

To summarize, seven studies explored the basic and practical questions about the nutrient content 

of BMSB eggs. 1) What are the nutrient levels of BMSB eggs: lipid, glycogen, and sugar? 2) 

What is the nutrient levels of pre-ovipositional eggs, and what proportion of nutrients are in the 

egg load compared to the entire body of the female? 3) Does nutrient allocation to egg masses 

change as female BMSB age? 4) Is there a nutrient difference between wild collected eggs and 

eggs laid by a colony? 5) Do previously frozen eggs that turn grey have different nutrient 

content? 6) Does temperature and duration of deployment affect nutrient content of frozen 

sentinel eggs 7) Is there is a nutrient difference between freshly laid egg clusters or those that 

have been frozen for a year or two?  
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Materials and Methods  

Wild adult BMSB used in these studies were field-collected from five holly (Ilex aquifolium L.) 

sites throughout the Willamette Valley of Oregon from May to October in 2014, 2015, or 2016. 

Colonies were maintained at 22°C, 16:8 L:D 60% RH (Metal et al. 2013, 2012). Each 29.5cm x 

29.5cm x 30.5cm Bug dorm container (BioQuip, Rancho Dominguez, CA) had ~50 individuals 

that were given carrots, jelly beans, dried raw unsalted peanuts, and a water wick. Eggs were 

collected daily from Monday to Friday. Egg clusters collected from Tuesday to Friday were less 

than 1 d old while Monday egg clusters were of unknown age from 0-3 d-old. 

Nutrient Bioassay Method.  The lipid, glycogen, and total sugar content of a BMSB egg cluster 

was measured using a protocol adapted for parasitic wasps (Olson et al. 2000, Lee et al. 2004). 

Briefly, each egg cluster was crushed with a pestle in a 1.5 mL microcentrifuge tube and 110 µL 

of 2% sodium sulfate. A control that did not include an egg cluster was run during each assay set 

of 20 clusters. Next, 990 µL of chloroform-methanol (1:2) was added, pestle removed, and tube 

was centrifuged for 3 min at 13,000 rpm to form a glycogen precipitate at the bottom. The 

supernatant was transferred into a glass test tube (base solution), vortexed and divided further: 50 

µL for the lipid assay and 50 µL for the sugar assay.   

For the lipid assay, the supernatant was boiled at 90°C for ~1 min until a minimal amount of 

liquid remained, ~5 µg. Next, 40 µL of sulfuric acid was added and heated at 90°C for 2 min. 

Once cooled, 960 µL of vanillin reagent was added, vortexed, and left at room temperature for 

20-30 min.  Absorbance was read at 525 nm on a spectrophotometer (Ultrospec 3100 pro, 

Amersham Biosciences, Piscataway, NJ), and lipid content was estimated from the absorbance 

values of lipid standards made for each vanillin reagent. To calibrate the standard, 0, 1, 5, 10, 35, 

and 50 µg of canola oil was reacted with vanillin as described above, and the relationship 

between the absorbance value and lipid content was calculated by a linear equation. A similar 

calibration was done for glycogen and sugar standards. For the glycogen assay, 975 µL of 

anthrone reagent was added, and the tube was vortexed until the precipitate dissolved.  An 

aliquot of 50 µL of this mixture was transferred to a new tube to which 950 µL anthrone was 

added. Once vortexed, it was heated at 90°C for 10 min. Once cooled, absorbance was read at 

625 nm.  For the sugar assay, each tube of 50 µL was heated at 90°C for 1 min leaving ~25 µL of 
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supernatant. Next, 975 µL of anthrone reagent was added, vortexed and heated at 90°C for 10 

min. Absorbance was read at taken at 625 nm to determine sugar levels once cooled.   

Because only 50 µL out of 1000 µL of the supernatant was used to assess the different nutrient 

levels (lipid, glycogen, and sugar), the estimate was multiplied by twenty for calculating total 

levels in an individual BMSB egg cluster.  

General Egg Nutrient Levels.  To document the nutrient range of laid BMSB eggs, 40 egg 

clusters were collected from the laboratory colony of wild BMSB collected from the field during 

fall 2014 and early summer 2016. Twenty egg clusters were collected and frozen each day on 

February 9, 2015 and June 13, 2016. The age of the clusters were 0-3 d-old. Individual egg 

clusters were sprayed with a small amount of water and carefully moved to a small filter paper 

(4.25 cm diam.) with a flat scoop. Eggs were held at ˗80°C before each cluster was weighed and 

the number of eggs counted. Cluster sizes ranged from 19 to 30 eggs, with an average of 27.5 

eggs per cluster. 

No statistical analysis was performed; the average lipid, glycogen and sugar content and standard 

errors were reported per egg. To standardize here and in all other sections, the value for each 

cluster was divided by the number of eggs in the cluster. Because numerous frozen and freshly 

laid egg clusters were measured in all the studies, a second average was taken pooling egg data 

from studies 1, 3, 4, 5, and 7. The egg data in study 2 and 6 were excluded from the pooled 

analysis because study 2 were pre-ovipositional eggs and study 6 eggs were set out for an 

extended period. 

Pre-ovipositional Eggs.  Eleven and nine females were picked from the lab colony during 2015 

and 2016, respectively. They were weighed and prothorax (shoulder) was measured before being 

dissected to determine reproductive status and egg count. Eggs were carefully removed from the 

female and washed in a small beaker of deionized water. Eggs were dried on a piece of filter 

paper. All eggs and the corresponding female with eggs removed were stored in paired 

microcentrifuge tubes at ˗80°C until nutrient assays were run. Adult BMSB nutrient assay are 

described in Chapter 2 - Nutrient Bioassay Method for Adults.  

The average lipid, glycogen and sugar content and standard errors were reported for dissected 

eggs, female body without eggs, and combined value of a given female and her egg load.  



49 
 

Levels as Females Age.  To determine the nutrient content of eggs as females age, wild adult 

BMSB were collected from holly in Monmouth, OR on May 14, 2015 and later transferred into 

egg laying arenas. Fifteen arenas were set on May 14, five arenas on May 15, and five more on 

May 26, 2015. Each arena had an adult male and female pair, one carrot, three shelled raw 

peanuts, and ~59 mL water wick. The carrot was changed every week, and the water wick was 

re-saturated with water each week and replaced once a month and the peanuts replaced every few 

weeks. The arena was a 591.5 mL plastic container with a hole cut in the top covered with fine 

mesh. The arenas were kept on a lab bench at ~22°C and ambient light on a west facing window 

(Fig. 3.1).  

The arenas were checked for the presence of eggs and mortality of adult BMSB. If the female 

died, the observation was ended. If the male died, he was replaced with a male from the colony. 

Checking daily insured that all the egg clusters were less than 1 d old. The arenas were checked 

daily from May 14 to September 25, 2015. After September 25, 2015, the arenas were only 

checked on weekdays due to limited egg production. When eggs were found, they were 

collected, counted, and stored in microcentrifuge tubes at -80°C until nutrient assays were run.  

The untransformed lipid, glycogen or sugar content of eggs was regressed with the days since 

trial initiation. Linear regressions were run with a single independent and single dependent 

variable for all comparisons. These analyses and all others were conducted in JMP® 11.0.0 (SAS 

2015). 

Wild vs. Colony Egg Comparison.  Seventeen wild egg clusters were collected during the 

summer collection for wild adults in 2015 and 2016. Egg clusters that fell onto the beat sheet 

were placed into a microcentrifuge tube, transported to the lab and frozen at -80°C. The age of 

the egg clusters was unknown; however, two of the clusters had egg bursters, which are black 

triangle structures that tear the operculum and allow BMSB nymphs to emerge from the egg. 

Presence of egg bursters indicates eggs are close to hatching. The number of eggs per cluster was 

counted before the nutrient assay. Clusters ranged from 17 to 29 eggs, with an average of 24.83 

eggs per cluster. For the other treatment, seventeen egg clusters were picked from the colony 

around the same dates that the wild eggs were collected and stored at ˗80°C. Clusters ranged 

from 23 to 33 eggs, with an average of 27.35 per cluster.  
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The untransformed lipid, glycogen, and sugar content of egg clusters, standardized on a per egg 

basis, were compared between wild and colony BMSB in three t-tests.  

Color and Age of Egg Comparison.  Twenty egg clusters of each color, green and grey, were 

used in this study (Fig. 3.2). Ten clusters of each color were of unknown age between 0-3 d-old, 

and ten clusters were of less than 1 d-old. All clusters were collected from the BMSB colony and 

were laid between July 2014 and September 2015. Cluster sizes ranged from 18 to 37 eggs, with 

an average 26.63 eggs per cluster. 

The untransformed lipid, glycogen, and sugar content of egg clusters, standardized on a per egg 

basis, were compared in separate tests.  A two-factor ANOVA tested the effects of egg color, age 

group, and color*age interactions.  

Temperature and Deployment Duration Comparison.  The two temperatures tested in this 

experiment were 22.5°C to represent a warm summer day and 34.5°C to represent a hot summer 

day. The controls were not exposed to heat but were collected from the same stock of frozen 

eggs as those placed into the warm or hot treatments. The three deployment lengths were 0 d 

(control), 4 d, and 7 d; eggs are commonly deployed for 4 or 7 d in the field. Ten clusters were 

replicated for each of six treatment combinations: control warm, control hot, 4 d warm, 4 d hot, 7 

d warm, and 7 d hot. The experiment was run twice: in November and December 2016. All egg 

clusters used were from the lab colony, collected and frozen within a day of oviposition between 

May and August 2016, and were stored at ˗80°C for less than 1 yr before experimentation. For 

the warm and hot treatments, the filter paper (4.25 cm diam.) containing the egg cluster was 

paper clipped to the underside of leaves of a rhododendron plant in a 3.8 L pot. Ten egg clusters 

were paper clipped to each of four plants: five clusters were collected at 4 d and five at 7 d. The 

warm treatment plants remained on the lab bench under ambient temperature. The hot treatment 

plants were placed into an incubator at 34.5°C. Photoperiod was 16:8 h L:D under the warm and 

hot temperature treatments (Fig. 3.3). All the eggs were stored at -80°C before counting the 

number of eggs and running the nutrient assays. 

The untransformed lipid, glycogen, and sugar content of egg clusters, standardized on a per egg 

basis, were compared in separate tests. Egg clusters together from both experimental runs were 

pooled together for analyses. A two-factor ANOVA tested the effects of temperature, 

deployment length, and temperature*deployment interactions.  
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Fresh vs. Frozen Egg Comparison.  Thirty egg clusters of fresh, frozen at -80°C for 1 yr or 2 yr 

were compared for a total of 90 egg clusters. The age of all the egg clusters was 0-3 d old. The 

fresh, frozen 1 yr, and frozen 2 yr egg clusters were laid by different sets of females that were 

collected from the same field locations, five holly sites in the Willamette Valley of Oregon, 

during late August or September 2014-2016. Fresh egg clusters were collected from the BMSB 

lab colony right before the bioassay on December 5, 9, and 12, 2016. The 1 yr frozen egg 

clusters were collected and frozen on December 1, 3, 10, 15, 21, 23 and 29, 2015. The 2 yr 

frozen egg clusters were collected on December 1, 11, 23, and 30, 2014.  

The untransformed lipid, glycogen, and sugar content of egg clusters, standardized on a per egg 

basis, were compared in separate tests. A one-way ANOVA tested the effect of treatment, and 

Tukey HSD compared means between fresh, frozen 1 yr, and frozen 2 yr clusters. 

 

Results 

General Egg Nutrient Levels  

An average egg contained 18.79 ± 1.00 µg lipid, 2.52 ± 0.149 µg glycogen, and 2.22 ± 0.092 µg 

sugars. Each cluster weighed on average 37.30 mg. Lipid levels were roughly ten times higher in 

concentration compared to sugar or glycogen levels (Fig. 3.4). When all the eggs in this and 

other four additional studies were pooled together, there was a total of 542 egg clusters, in which 

an average egg contained 23.50 ± 0.561 µg lipid, 3.17 ± 0.089 µg glycogen and 3.08 ± 0.056 µg 

sugar.  

Pre-ovipositional Eggs 

The average number of eggs found within a reproductively active female ranged from 10 to 28 

with an average of 22.25. The nutrient levels of pre-ovipositional eggs were 29.01 ± 3.781 µg 

lipid, 4.22 ± 0.22 µg glycogen, and 3.90 ± 0.21 µg sugars. Lipid levels were roughly seven times 

higher in concentration compared to sugar or glycogen levels (Fig. 3.5 a) while sugar and 

glycogen levels were very similar (Fig. 3.5 b,c). A female with her eggs removed contained on 

average 365.07 ± 36.65 µg lipid, 178.22 ± 16.72 µg glycogen, and 361.40 ± 29.43 µg sugars 

(Fig. 3.5). The nutrient level when the eggs and female are combined is 944.67 ± 89.73 µg lipid, 

269.14 ± 17.39 µg glycogen, and 446.93 ± 28.84 µg sugars (Fig. 3.5 c). Egg nutrients make up 
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37-70% of lipid, 22-63% of glycogen, and 7-41% of sugar levels for a reproductively active 

female with 10-28 eggs in her ovaries. 

Levels as Females Age 

A total of 340 egg clusters were laid during the experiment with an average of 11.3 clusters laid 

in captivity per wild-collected female. An average egg contained 22.53 ± 0.82 µg lipid, 3.29 ± 

0.13 µg glycogen, and 2.78 ± 0.04 µg sugar (Table 3.1). One female survived a year and laid 

eggs throughout her whole life span. Her final egg cluster was laid 245 days into the experiment. 

For the most part, nutrient content of eggs laid did not vary as females aged (Fig. 3.6). Lipid 

levels of eggs increased as females aged by days since trial initiation (Table 3.1). However, the 

relationship was very weak with an r2 value of 0.02. 

Wild vs. Colony Egg Comparison  

Lipid and sugar content per egg were also different between wild and colony egg cluster, 

however, not for glycogen (Fig. 3.7, Table 3.2). Wild eggs were higher in lipid, while colony 

eggs were higher in sugar.  

Color and Age of Egg Comparison 

There was no difference between the average lipid, glycogen, and sugar content per egg for any 

of the four egg types: unknown age green eggs, <1 d-old green eggs, unknown age grey eggs, 

and <1 d-old grey eggs (Fig. 3.8 a) and no effect of color, age, or their interaction (Table 3.3).  

Temperature and Deployment Duration Comparison 

There was no effect of temperature nor deployment*temperature interaction on the average lipid, 

glycogen, and sugar content per egg (Table 3.4). However, there was a significant effect of 

deployment length on the glycogen and sugar levels, but not lipid levels (Table 3.4, Fig. 3.9). If 

eggs were deployed for 4 or 7 d there was a significant increase in sugar and a decrease in 

glycogen content compared to control non-deployed eggs.  

Fresh vs. Frozen Egg Comparison 

There were some differences observed between fresh, frozen 1 yr, and frozen 2 yr eggs for lipid 

and sugar levels, but no difference for glycogen levels (Fig. 3.10, Table 3.5). For lipid levels, 

fresh eggs were highest and the frozen 1 yr and 2 yr eggs were lower. For sugar levels, fresh and 

frozen 1 yr eggs were similar while the frozen 2 yr eggs was higher than both of them. Two 
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extreme values were observed, one in the sugar of a frozen 2 yr egg and the other in the lipid of a 

fresh egg.  

 

Discussion  

Understanding the nutrient profile of BMSB eggs and the factors that influence it are an 

important part of BMSB biology. The egg stage of BMSB’s lifecycle provides an offspring with 

an average of 23.50 ± 0.561 µg lipid, 3.17 ± 0.089 µg glycogen, and 3.08 ± 0.056 µg sugar in 

nutrient reserves. Eggs are an important component of the adult female nutrient profile of 

BMSB. The pre-ovipositional eggs can comprise 61% of the lipid content of a female, 35% of 

glycogen, and 20% of sugars. Studies that monitor nutrient levels of adult females should ideally 

record the egg load of females if eggs are included in the whole-body nutrient assay, or exclude 

eggs entirely from the nutrient assay. Excluding eggs is time-consuming because eggs must be 

removed gently to prevent popping, and body remnants must be carefully separated from pre-

ovipositional eggs. The egg stage of BMSB is also a vulnerable time and apparent to natural 

enemies. Much like adult BMSB, eggs are higher in lipid levels than in glycogen and sugar 

(Chapter 2). Lipid levels were roughly 11 times higher than the other two nutrients, meaning 

lipids are a critical nutrient for adult females during egg production. Given that BMSB eggs are 

primarily composed of lipids, they are also an attractive resource for predators and parasitoids. 

In other insects, maternal age influences egg production. As female cowpea weevils age, 

Callosobruchus maculatus Fabricius (Coleoptera: Chrysomelidae), the egg size and hatchability 

decrease (Fox 1993). In addition, the age of the maternal grandmother could influence offspring 

in Drosophila serrata Malloch (Diptera: Drosophilidae) (Hercus and Hoffmann 2000). Older 

mothers produce female offspring which later produce eggs with lowered hatchability. Therefore, 

the maternal age of BMSB might be expected to influence the nutrient quality of the eggs. 

However, the adult life span of wild BMSB females held in captivity, which ranged from 10 to 

370 days since trial initiation, did not influence the nutrient levels of the eggs. The number of 

eggs laid per female ranged from 6 to 20 egg clusters, with an average of ~11 clusters. It was not 

clear what influenced the number of egg clusters a female laid during her life course. Four 

females laid an egg cluster within 48 hours of dying and the one female that lived 133 days died 
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right after her last cluster was laid. The average time between when a female laid her last cluster 

and when she died was 29 days. In addition, the average number of eggs per cluster was 26. Our 

values were slightly less than the standard average of BMSB laying 17 egg clusters over a 

lifespan with 28 eggs per cluster, but resemble the observed range of averages reported (Nielsen 

et al. 2008; Haye et al. 2014). The slightly lower number of clusters and eggs per cluster 

produced by females in our trial could be due to the fact that females were collected from the 

wild in late May. It is possible that they had laid a few egg clusters in the field before the 

experiment started. The lipid levels allocated to eggs slightly increased as females aged, but it is 

unclear what might have caused this.  

The source of BMSB egg clusters from the wild or lab colony influenced their nutrient profile. 

The lipid and sugar levels varied between the wild and colony eggs, which could have been due 

to the diet of the parental females. The diet of the squinting bush brown, Bicyclus anynana Bulter 

(Lepidoptera: Satyridae), influences the reproductive output, egg composition, and hatchability 

of egg (Geister et al. 2000). The diet history of the wild BMSB females was unknown, but they 

were collected off holly, a known host of BMSB. The colony females were supplied a constant 

mixed diet of jellybeans, carrots, and peanuts. Jellybeans are high in sugar, so it not surprising 

that the colony-produced eggs were higher in sugar than wild-collected eggs.  

Frozen sentinel eggs are used in biocontrol studies to measure parasitism or predation rates, or 

identify endemic natural enemies. Some frozen BMSB sentinel egg clusters were observed to 

turn from their original pale green to a foggy grey color after being removed from storage in the -

80° freezer. However, the presence/absence of this color change did not influence their nutrient 

levels, whether it occurred among eggs stored frozen within a day of being laid or eggs stored at 

an unknown age of less than three days old. This suggests that color change is not associated 

with nutrient degradation, which was an initial concern when we were deploying eggs for 

biological control studies. The reason for this color change remains unknown.  

Temperature of deployment (22.5 or 34.5°C) did not impact nutrient levels of previously frozen 

BMSB eggs, even though high temperatures are known to degrade nutritional value of fruits and 

vegetables (Barrett 2007). However, temperature does impact the development of BMSB eggs 

and the parasitoids within them. Eggs can develop between 15°C and 33°C with no development 
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occurring above 35°C (Nielsen et al. 2008). Three parasitoid species of BMSB, Trissolcus 

mitsukurii Ashemead, T. plautiae Watanabe, and T. itoi Ryu (Hymenoptera: Scelionidae), 

develop successfully between 17°C and 27°C, which is a smaller window within the 

developmental range of BMSB (Arakawa and Namura 2002).  

Deployment length impacted the nutrient level of the eggs. There was a 17.6% and 33.4% 

decrease in glycogen levels from non-deployed eggs to 4 d and 7 d deployments, respectively. 

Concurrently, there was an 82.2% and 77.5% increase in sugar levels from non-deployed eggs to 

4 d and 7 d deployments, respectively. These trends might suggest that the glycogen in the eggs 

were breaking down into sugar; glycogen is a storage form of glucose (Arrese and Soulages 

2010). More studies with varying exposure times should be conducted with eggs collected from 

multiple parental female stocks to ensure that such trends are consistent. Whether decreased 

glycogen and increased sugar content of eggs affects parasitoid development or host finding is 

unknown. Nevertheless, future experiments using frozen clusters should keep deployment times 

consistent across treatments in case it will affect natural enemy performance. 

The duration that eggs were stored in the freezer affected nutrient levels. The first trend was a 

slight decline in the lipid levels between fresh and frozen BMSB egg clusters, a 11.6% and 10.6 

% decrease from fresh to 1 yr and 2 yr old, respectively. This decline might do due to lipid 

oxidation, which is the breakdown of polyunsaturated fatty acids caused by breaking of the 

double bond due to the presence of oxidation catalysts. Lipid oxidation has been noted in frozen 

fish and poultry meat which lead to the loss of nutrient value, change in color, and the production 

of toxins (Soyer et al. 2010). In addition, the length of time frozen will influence the amount of 

lipid oxidation. Decreasing lipid levels have also been observed in human breastmilk frozen for 

90 days (García-Lara et al. 2012). Therefore, it is possible that the BMSB eggs experienced lipid 

oxidation while frozen which could decrease the presence of lipids in the eggs. The second trend 

observed was the increase in sugar levels the longer the eggs were frozen, a 17.8% and 53.2% 

increase from fresh to 1 yr and 2 yr old, respectively. While glycogen levels of frozen and fresh 

eggs did not significantly vary, glycogen levels numerically decreased with storage time.  It is 

possible that a slight breakdown of glycogen produced an elevated level of sugars among freeze-

stored eggs. Previously, there have been mixed results on what freezing does to the sugar levels 

of other substances. There was a reduction in lactose sugar concentration in breastmilk that had 
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been frozen for 90 days (García-Lara et al. 2012). There was no change in glucose levels in 

human serum when frozen for three months (Cuhadar et al. 2013), but one freeze-thaw cycle of 

human serum can increase glucose levels by 14% (Flood et al. 2002). None of the experiments 

referenced here exceeded six months, and froze samples at ˗20 °C or less, while in this study the 

BMSB egg clusters were frozen at ˗80°C for one or two years. Freezing BMSB eggs can 

influence their nutrient composition with more changes the longer the egg clusters are frozen.   

In summary, we provide a baseline measurement of lipid, glycogen, and sugar content of a 

BMSB egg, and demonstrate that eggs comprise a substantial portion of the nutrient levels in 

reproductive females. Subsequent studies showed that the nutrient levels of frozen eggs did not 

appear to be affected by the age of the ovipositing female when the female was given a constant 

diet, by color change, by egg age at the time of freezing, nor temperature during the deployment. 

On the other hand, nutrient levels of eggs were affected by the source of BMSB that produced 

eggs, length of time deployed, and whether the egg clusters were fresh or frozen for extended 

durations. Given that nutrient levels differed in these comparisons, future experiments should use 

egg clusters that are consistent in source, fresh/frozen status, and deployment times across 

treatments. Future, studies could look examine if nutritional status of the egg at these magnitudes 

has any effect on parasitoid fitness.  
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Fig. 3.1. Arenas on a lab bench (a) and inside an arena with two BMSB adults, carrot, 
water wick, and peanuts (b). 

a) 

b) 

Fig. 3.2. Green egg 
cluster (left) and grey 

egg cluster (right). 

a)  b) 

Fig. 3.3. Egg clusters attached on rhododendrons in the hot incubator (a), and on the lab 
bench (b).  

Figures 
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Fig. 3.4. Nutrient content among the 40 egg clusters for lipid (a), glycogen (b),  
and sugar (c); average ± SE as grey diamond and bars. 

a)  b)  c) 

Fig. 3.5. Nutrient content among 20 pre-ovipositional egg clusters, females with eggs 
removed, and entire female for lipid (a), glycogen (b), and sugar (c); average ± SE as grey 

diamond and bars. 

a)  b)  c) 
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Fig. 3.6. Nutrient levels by days since trial initiation of lipids (a), glycogen (b), and sugar (c) 
using linear regression. Each cluster is represented by one averaged point. 

a) 

b) 

c) 
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Fig. 3.7. Nutrient content among 17 egg clusters from wild or colony sources for lipid/egg 
(a), glycogen/egg (b), and sugar/egg (d); average ± SE as grey diamond and bars. Asterisk 

indicates a difference between wild and colony. 

a)  b)  c) 

Fig. 3.9. Average 
nutrient content 

(±SE) per egg for 
the six 

deployment length 
and temperature 

combination 
groups. Letters 

denote significant 
differences 

between 
deployment 

lengths.   

Fig. 3.8. 
Average 
nutrient 

content (±SE) 
per egg for 

the four color 
and age 

combination 
groups.  
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Tables 

Table 3.1. Lipid, glycogen, and sugar content per egg regressed with days since trial initiation 
(as females aged) as the independent variable. 

 Average ± SE df F P r2 
Lipid/egg 22.53 ± 0.82 1, 338 6.887 0.009 0.020 

Glycogen/egg 3.29 ± 0.13 1, 338 0.623 0.430 - 
Sugar/egg 2.78 ± 0.04 1, 338 0.789 0.375 - 

 
 

Table 3.2 Average (± SE) number of eggs per cluster and nutrient content per egg for both 
colony and wild eggs with results from a t-test. 

Egg Type Average ± SE df t P 

Lipid/Egg 
Colony 23.40 ± 1.04 

32 5.57 0.000 
Wild 40.04 ± 2.80 

Glycogen/Egg 
Colony 2.85 ± 0.10 

32 0.23 0.817 
Wild 2.79 ± 0.24 

Sugar/Egg 
Colony 6.64 ± 0.42 

32 2.56 0.015 
Wild 5.07 ± 0.45 

 

Fig. 3.10. Nutrient content per egg among 17 egg clusters from fresh collection, frozen 1 year, 
or frozen 2 years for lipid (a), glycogen (b), and sugar (c); average ± SE as grey diamond and 

bars. Letters indicate the difference between fresh, frozen 1 year, or frozen 2 years frozen eggs. 

a)  b)  c) 
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Table 3.3. Average (± SE) nutrient content per egg among four treatments, and the effects of 
color and age on nutrient content. 

Nutrient Treatment Average ± SE Effect df F P 

Lipid/egg 

Grey < 1 d 26.14 ± 2.31 
Color 
Age 
Color*Age 

1, 36 
1, 36 
1, 36 

0.670 
0.150 
0.204 

0.418 
0.701 
0.654 

Grey Unknown age 23.94 ± 3.64 
Green <1 d 22.81 ± 2.18 
Green Unknown age 22.98 ± 2.05 

Glycogen/
egg 

Grey < 1 d 3.08 ± 0.47 
Color 
Age 
Color*Age 

1, 36 
1, 36 
1, 36 

0.020 
0.002 
0.107 

0.887 
0.967 
0.746 

Grey Unknown age 3.23 ± 0.79 
Green <1 d 3.32 ± 0.36 
Green Unknown age 3.130 ± 0.34 

Sugar/egg 

Grey < 1 d 4.58 ± 0.32 
Color 
Age 
Color*Age 

1, 36 
1, 36 
1, 36 

1.056 
0.225 
0.615 

0.311 
0.638 
0.438 

Grey Unknown age 5.11 ± 0.52 
Green <1 d 5.35 ± 0.43 
Green Unknown age 5.22 ± 0.40 

 
 
 

Table 3.4. Average (± SE) nutrient content per egg among six treatments, and the effects of 
deployment length and temperature on nutrient content. 

Nutrient Treatment Average ± SE Effect df F P 

Lipid/egg 
 

Control Warm  22.02 ± 2.18 

Deploy 
Temperature 
Deploy*Temp. 

2, 114 
1, 114 
2, 114 

0.224 
0.001 
0.274 

0.800 
0.976 
0.761 

Control Hot 21.92 ± 1.98 
4 d Warm 21.6 ± 2.17 
4 d Hot 19.88 ± 2.09 
7 d Warm 21.32 ± 2.76 
7 d Hot 22.98 ± 2.52 

Glycogen/ 
egg 
 

Control Warm  4.76 ± 0.38 

Deploy 
Temperature 
Deploy*Temp. 

2, 114 
1, 114 
2, 114 

12.01 
0.034 
0.253 

<0.001 
0.854 
0.777 

Control Hot 4.47 ± 0.35 
4 d Warm 3.73 ± 0.20 
4 d Hot 3.88 ± 0.31 
7 d Warm 3.07 ± 0.26 
7 d Hot 3.06 ± 0.28 

Sugar/egg 
 

Control Warm  2.74 ± 0.34 

Deploy 
Temperature 
Deploy*Temp. 

2, 114 
1, 114 
2, 114 

35.39 
0.089 
2.92 

<0.001 
0.766 
0.058 

Control Hot 2.78 ± 0.40 
4 d Warm 4.73 ± 0.61 
4 d Hot 5.33 ± 0.91 
7 d Warm 5.33 ± 1.06 
7 d Hot 4.47 ± 0.75 

 
 
 
 



66 
 

Table 3.5. Average nutrient content per egg among fresh, frozen 1 year, and frozen 2 year egg 
cluster with ANOVA results. 

 Egg Type Average ± SE df F P 

Lipid/egg 
Fresh  27.85 ± 1.02 

2, 57 4.41 0.017 Frozen 1 yr 24.05 ± 0.71 
Frozen 2 yr 26.90 ± 1.05 

Glycogen/ 
egg 

Fresh  2.55 ± 0.15 
2, 57 1.26 0.290 Frozen 1 yr 2.14 ± 0.24 

Frozen 2 yr 2.34 ± 0.15 

Sugar/egg 
Fresh  2.02 ± 0.14 

2, 57 15.74 0.000 Frozen 1 yr 2.51 ± 0.11 
Frozen 2 yr 3.37 ± 0.23 

 

 

Supplemental Table 

Supplemental Table 3.1. Average (± SE), maximum, and minimum nutrient content per egg for 
40 general egg clusters, pooled cluster across five studies, 20 egg clusters, females with eggs 

removed, and entire female (for journal submission in place of Fig. 3.1 and 3.2). 
Study  Nutrient Average ± SE Max. Min. 

40 General egg clusters 
Lipid/egg 18.79 ± 1.00 30.37 5.85 
Glycogen/egg 2.52 ± 0.15 5.93 1.22 
Sugar/egg 2.22 ± 0.09 4.05 1.34 

542 Pooled clusters across 
five studies  

Lipid/egg 23.50 ± 0.56 159.76 1.54 
Glycogen/egg 3.17 ± 0.09 26.68 0.66 
Sugar/egg 3.08 ± 0.06 10.79 0.40 

20 pre-ovipositional egg 
clusters 

Lipid/egg 29.01± 16.91 70.48 10.49 
Glycogen/egg 4.22 ± 0.97 6.32 2.55 
Sugar/egg 3.90 ± 0.95 5.66 2.43 

Females with eggs removed 
Lipid/egg 365.06 ± 36.65 708.23 140.26 
Glycogen/egg 178.22 ± 16.72 363.28 76.29 
Sugar/egg 361.40 ± 29.43 688.78 166.34 

Combined of pre-
ovipositional eggs and 
female 

Lipid/egg 944.68 ± 89.73 2289.18 461.47 
Glycogen/egg 269.14 ± 17.39 467.74 150.09 
Sugar/egg 446.93 ± 28.84 741.58 227.06 
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Abstract. Halyomorpha halys Stå, commonly known as the brown marmorated stink bug or 

BMSB for short, has become a major pest and nuisance since it arrived in the US in 1998 for 

both agricultural growers and homeowners. They can feed on ~200 different plant species, 

several of which are important ornamental crop species. The aesthetic damage they cause is 

known but there is little information on how their feeding can impact plant growth. Therefore, 

two experiments examined how BMSB feeding might damage nursery crops. The first study 

looked at adult BMSB feeding damage on branches of established trees in a stock block of five 

plant species over one month. Four physical measurements were taken to assess damage by 

BMSB: branch length, leaf area, number of leaves, and dry weight. The second study looked at 

adult BMSB feeding on seedlings of eight plant species after one month and two months. In this 

study, the same four measurements were taken as well as the change in trunk diameter. Overall, 

there were few differences between branches caged with BMSB or none (control) after one 

month in the field for the four physical measurements taken. There were also few differences 

between seedlings with BMSB or none for the five physical measurements taken. Adults laid 

eggs on plants in both trials, and nymphs were observed to develop to the 2nd instar stage in the 

seedling trial.   

 

  



69 
 

Introduction 

The brown marmorated stink bug (BMSB), Halyomorpha halys Stål, arrived in the US in 1996 

and has become established in 43 US states (StopBMSB, 2016). Native to eastern Asia, they can 

cause major crop losses and plant damage for growers and be a nuisance for homeowners as 

BMSB overwinter in man-made structures (Rice et al., 2014). By 2010, BMSB had become a 

concern in the nurseries as well (Leskey et al., 2012). Nursery fields are commonly located by 

other agricultural fields, and adult BMSB have been found in high numbers along the edges of 

nursery fields that bordered soybean (Venugopal et al., 2015). This suggests movement of 

BMSB into nursery fields. The nursery industry represents an important part of US agriculture 

with $6.6 billion in sales in 2007 (USDA 2007).  

Of the 200+ plants species that BMSB are known to feed on, many are important nursery crops 

(Bergmann et al., 2013). Bergmann et al. (2016) found that BMSB prefer plants from the genus 

Syringa, Malus, Ulmus, Acer, and Tilia. In that study, they also found that out of the 254 species 

and cultivars tested, 123 were partial hosts. A partial host supports at least one life stage of 

BMSB but not all. Therefore, partial hosts could be important as BMSB move through a 

landscape. Since BMSB can feed on wide range of ornamental hosts, the impacts to the plant are 

of concern. BMSB have been observed to feed on fruit of crabapple, hawthorn, and serviceberry, 

which was associated with fruit disfigurement and overall plant wilting (Leskey et al., 2012). 

BMSB feeding on the bark of Malus, Ulmus, and Acer has been found to cause sap flow which 

attracts ants and wasps (Martinson et al., 2013). The fact that sugar is liberated from the trunks 

raises questions about whether this makes the plant vulnerable to pathogens. There is concern 

about BMSB’s ability to be a possible disease vector because BMSB is known to vector witch’s 

broom in Paulownia in its native range of Asia. So far, no cases of witch’s broom in Paulownia 

have been reported in the US (Rice et al., 2014).   

While damage reports exist, there has been little research on how BMSB might affect the growth 

of nursery plants or quantified the impact. Growers have observed BMSB adults on the shoot tips 

of nursery crops in early spring before other crops are out (JCL pers. comm.). This is a concern 

because feeding by other hemipteran species has been shown to reduce plant growth. The 

tarnished plant bug (Lygus lineolaris Palisot de Beauvois), which is a pest in nurseries across the 

US, will feed on meristematic tissue in the absence of fruiting bodies (Strong, 1970), which is 
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similar to BMSB. The feeding damage by the tarnished plant bug results in bud damage and loss 

of apical dominance. Subsequent growth of lateral shoots and a reduction in internode length 

permanently misshaped the plants’ overall structure (Strong, 1970). Plant structure is important 

in nursery crops grown for aesthetic value, and it is costly to retrain seedlings after such damage. 

Before growers decide on whether BMSB control methods are needed, it is important to 

understand the damage BMSB could cause when exposed to leaf, stem and meristematic tissue. 

The main objective of this study was to evaluate the damage caused by BMSB feeding on 

nursery crops by monitoring plant growth as measured by trunk diameter, branch length, leaf 

area, number of leaves, and dry weight on six or eight common nursery plant species. A 

secondary objective was to pinpoint what life stage of the plant was vulnerable to determine 

when it might be appropriate to deploy control methods. Therefore, plant growth measurements 

were taken on young seedlings, of primary concern to growers, and on branches of mature plants.  

 

Materials and Methods  

Adult BMSB used in both studies were field-collected from five holly sites throughout the 

Willamette Valley of Oregon in May and June. They were maintained at 22°C, 16:8 L:D 60% 

RH. Each 29.5 cm x 29.5 cm x 30.5 cm plastic mesh container had ~50 individuals that were 

given carrots, jelly beans, raw shelled peanuts, and water wick (Medal et al., 2012, 2013).   

Feeding Damage in the Nursery Fields.  Six common nursery species that are known hosts of 

BMSB were used to evaluate the possible damage caused by BMSB feeding (Table 4.1). This 

study was done using stock block trees, mature established trees where cuttings are taken for 

propagation. These trees are seldomly sprayed compared to planted seedlings that would later be 

sold, and have enough foliage to provide a reasonable environment to observe caged BMSB. A 

study conducted here can also provide data on how BMSB exposure to the meristem impacts 

plant growth. Initially, we wanted to test BMSB directly on seedlings planted in the field, but 

were concerned that the BMSB could harm the actual crop and that BMSB would not survive 

being caged to a sparsely vegetated seedling exposed to heat and insecticides.  

Each plant species had six replicate trees with a paired BMSB and control treatment. Each 

treatment was enclosed in a white mesh bag ~137 cm long by 42 cm wide, with four branches of 

apple, hawthorn, or elm, or three branches of cherry, silver linden, or maple. The number of 
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branches per bag was based on leaf size and foliage density to support BMSB. Each branch was 

marked 33 cm from the tip with a permanent maker. The bags were set up on opposite sides of 

the tree, alternating BMSB or control treatments down both sides of the tree row. One bag per 

tree contained three adult BMSB pairs while the other bag was a control with no BMSB present. 

Inside every mesh bag, a plastic 14 mL test tube filled with water and plugged with cotton was 

tied to a branch (Fig 4.1). All bags were set on the 7 and 9 June 2016. BMSB survival and 

reproduction were monitored throughout the month. After one month, all branches were clipped 

from the trees and taken back to the lab.  

To evaluate BMSB feeding damage, each branch was measured for the growth in branch length, 

total leaf area, total number of leaves, and total dry weight. The change in branch length was 

determined by re-measuring the branch from the marking to the tip and subtracting the starting 

length of 33 cm. Next, each individual leaf on the branch was removed without its petiole, and 

fed through a leaf area meter for output in mm2. All leaves from a branch were added together 

for total leaf area. Lastly, all leaves from a branch were counted and placed with the stem in a 

brown paper bag. Samples were dried at 60°C for seven days and weighed.  

The growth in branch length, leaf area, number of leaves, and dry weight of each branch were 

averaged for a given replicate. A paired t test was performed for each plant species for each of 

the four different plant growth measurements in R-studio 3.3.1 (2016-06-21) -- "Bug in Your 

Hair" (R Development Core Team, 2016). 

  

Feeding on Nursery Seedlings. Eight common nursery plants species were used to evaluate adult 

BMSB feeding damage on nursery seedlings (Table 4.1). Bare-root seedlings of each plant 

species were potted in early May 2016 and maintained in a greenhouse. Trials were initiated 

once the seedlings had rooted and grown leaves in late June. Then each seedling was enclosed in 

a mesh bag, which ranged in size from 137 cm long by 42 cm wide to 70 cm long by 30 cm wide 

depending on seedling size (Fig 4.2). Half of the seedlings received two pairs of adult BMSB and 

the other half had none for a control (Table 4.1). Ginkgo seedlings each had four adult males due 

to a low number of females available. Seedlings were assigned to BMSB or control treatments to 

keep plant sizes between both treatments relatively similar in size at the starting point. After one 

month of BMSB exposure in late July, ~5 seedlings with BMSB and ~5 controls were measured 
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for plant growth (next paragraph). The remaining seedlings were maintained in the greenhouse 

and measured for plant growth in late August, two months from the start date. Seedlings were 

watered three times a week by adding water to a tray under the pot throughout the whole trial. 

BMSB were able to feed on the whole seedling so no extra food was provided. Water was 

supplied by keeping the soil moist. BMSB survival was checked two weeks into the study, but 

none were replaced during the study.    

Seedlings were evaluated for five plant growth traits. The change in trunk diameter required a 

pre-trial and end measurement; branch length, leaf area, number of leaves, and dry weight were 

measured at the end as described in the field trial. To assess change in diameter, the trunk was 

marked roughly 5 cm above the soil with a permanent marker and measured with a digital caliper 

just before it went into the mesh bag. The same point was then re-measured after one or two 

months and subtracted from the starting diameter for the change in diameter. All branches were 

removed from the main stem and measured. Lastly, each seedling was photographed before it 

was placed into the mesh bag and after plant growth measurements were taken at the end. This 

was to note any major changes to the seedling during the trial. 

Branch length, leaf area, number of leaves, and dry weight were summed together for a given 

seedling (replicate), while there was only one measurement for change in trunk diameter per 

seedling. A model was performed for each plant species for each of the five plant growth 

measurements in R-studio 3.3.1 (2016-06-21) -- "Bug in Your Hair" (R Development Core Team 

2016). Treatment, time, and treatment*time interactions were the main effects in the model. For 

maple and hawthorn, the treatment*time interaction was significant, and treatment effects were 

compared each month.   

 

Results and Discussion 

Plants can respond to insect damage or stressors with a susceptible, tolerant, or 

overcompensatory response (Isaacs et al., 2012). In the susceptive response, the damage is seen 

right away often with reduced yields. A tolerant response is when a plant can handle insect 

damage up to a ‘threshold level’ after which the plant shows signs of the adverse effects. This 

response is often seen with foliage pests. An overcompensatory response is when plant reacts to 

overcome and even gain from mild insect damage, with increased growth or yield. This occurs 
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mainly with low pest density and limited damage. The plant’s physiology, environmental factors, 

and damage level of the pest can influence the compensation level of the plant (Isaacs et al., 

2012). Overcompensation is often seen in annual crops, and sometimes in perennial crops. The 

classic example is in scarlet gilia (Ipomopsis aggregate Grant) where lightly damaged plants by 

large herbivores are more fit than undamaged ones (Agrawal, 2000). 

 

Feeding Damage in the Nursery Fields. Overall, there were few differences between branches 

caged with BMSB and without BMSB for one month in the field for growth in branch length, 

leaf area, number of leaves, and dry weight (Fig. 4.3, Supplemental Table 4.1). This is not 

surprising; only eight or six branches per tree were used for the experiment among well-

established healthy trees. The large tree could enact a tolerant or overcompensatory response to 

BMSB feeding.   

There were only five statistical differences out of 24 comparisons: the dry weight of apple, 

hawthorn, and silver linden, number of leaves of hawthorn, and growth in branch length of silver 

linden. Three controls were higher, and two BMSB treatments were higher. Interestingly, in 

silver linden, control plants had significantly higher dry weight and growth in branch length (Fig. 

4.3a,d). For hawthorn, trends were mixed with BMSB treatment higher for dry weight and the 

control higher for the number of leaves (Fig. 4.3c,d). For apple, control plants had a higher dry 

weight compared to BMSB (Fig. 4.3d). Dry weight was more often affected than the other four 

plant growth parameters. Weight was higher in the BMSB exposed branches than controls of 

apple and hawthorn, and weight was lower in BMSB branches of silver linden. With inconsistent 

trends between BMSB and control treatments, it is hard to generalize whether BMSB damage 

improved plant growth or impeded growth.  

BMSB adults survived the stock block tree from two to four weeks depending on plant species. 

Hawthorn and apple had the most adults alive at the end of one month. The presence of egg 

clusters were found on the different plant species, showing that BMSB did reproduce before 

dying. Two second instar nymphs were found in a hawthorn BMSB mesh bags, indicating that 

the nymphs were able to survive as well (Supplemental Table 4.2).  

The low survival of the BMSB during the experiment was expected as several factors could have 

negatively impacted them. BMSB are known to prefer and thrive best on mixed diets (Funayama, 
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2006), are very mobile creatures (Lee et al., 2014; Wiman et al., 2014), and the nursery 

management practices, such as overhead irrigation, may have affected them. Therefore, BMSB 

may have had difficulty surviving for a month on a single food source, under confinement while 

exposed to agronomic disturbances. It is important to note that this assay was designed to 

measured plant growth response in a no-choice enclosed situation. By limiting BMSB to a few 

branches, maximum damage could be inflicted to part of a plant. This nursery site was largely 

BMSB-free during mid-summer and our study used enclosures to minimize the risk of spreading 

BMSB in their fields. 

 

Feeding on Nursery Seedlings. Overall, there were few differences between seedlings with 

BMSB or control treatments for the five plant growth measurements (Fig. 4.4, 4.5). A difference 

between the months was observed in ten out of 40 analyses (Supplemental Table 4.3); this might 

be expected as plants had grown more by the second month. Only one significant treatment 

effect was observed, the number of leaves was overall lower in hawthorn seedlings with BMSB 

than the control. Two treatment*month interactions were significant, and differences between 

treatments appeared in one month but not the other.  In hawthorn, the number of leaves was 

lower in BMSB seedlings than the control by a magnitude of 24% for month two (Fig. 4.5c). In 

red maple, the branch length was greater in BMSB seedlings than the control by a magnitude of 

62% in month one (Fig. 4.4a). Like the field study, when treatment differences did occur, the 

trends were inconsistent between BMSB and control treatments.   

Very few adults were alive after one month, just two females on cherry, but none were alive after 

two months. The adults were reproductively active based on the presence of several hatched egg 

clusters on most seedlings, except Ginkgo which were only exposed to male BMSB. A total of 

56 egg clusters and 363 2nd instar nymphs were observed. More live nymphs were observed at 

the end of month one, 225 nymphs, compared to month two, 89 nymphs (Supplemental Table 

4.2). More dead nymphs were observed in month two compared to month one.  

As with the field study, the low survival of the BMSB adults over a two-month period was 

expected and may have been caused by the same factors listed earlier. In addition, the adults 

were the overwintering generation so they were coming to the end of their lifespan by July and 

August (Skillman et al., in review). The low nymphal survival rate was also expected. BMSB 2nd 
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instar nymphs are the life stage that start to disperse, they can travel up 20 m in 4-5 hours over 

mowed grass (Lee et al., 2014). Also like adults, nymphal survival is highest when supplied a 

mixed diet (Acebes-Doria et al., 2016). Consequently, nymphs may not thrive when confined 

and given a single diet. Although adult survival was low, they reproduced readily on these 

seedlings with a total of 56 hatched clusters from tall seedlings.   

 

Summary. Our field exposure test suggests that BMSB feeding on the branches of well-

established nursery plants during early summer may have little or no impact on growth in one 

month. Similarly, the seedling exposure test showed no or minimal impact from BMSB feeding 

in one or two months. These results might suggest that branches or seedlings are growing and 

developing fast enough during the summer to outpace potential damage occurring. While direct 

feeding damage in the short-term does not appear problematic, other concerns with BMSB in 

nurseries should be further examined: whether feeding makes plants more vulnerable to 

pathogens or whether shipped plants are likely contaminated with eggs, nymphs or adults.  

Certain factors might limit the impact of BMSB feeding in nursery production. BMSB thrive on 

fruiting bodies of plants (Acebes-Doria et al., 2016), which may be in short supply in nurseries 

which focus on foliage production, have ornamental cultivars bred not to produce fruit, or where 

plants are shipped off before bearing fruit. Also, nurseries are often surrounded by well-known 

hosts such as hazelnuts (Hedstrom, 2014), or corn (Cissel, 2015). Therefore, BMSB may pass 

through nurseries as they move to preferred hosts in the landscape. 
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Figures  

Fig. 4.1. Field set-up with branches of 
elm in large mesh bags with two per tree. 

Fig. 4.2. Greenhouse set-up with 
seedlings in mesh bags.  

a)  b) 

c)  d) 

BMSB   Control 

Fig. 4.3. The average (±SE) growth in branch length (a), leaf area (b), number of leaves 
(c), and dry weight (d) per branch of each replicate. Asterisks indicate a significant 

difference between the BMSB and control treatments (greater than 0.05 in paired t-test). 
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Fig. 4.4 The average (± SE) branch length 
(a), leaf area (b), number of leaves (c), dry 
weight (d), and change in stem diameter 
(e) per seedling of each of the eight plant 

species after one month. Asterisks indicate 
a significant difference between the 

BMSB and control treatments (> 0.05). 
 

a)  b) 

c)  d) 

e) 

Control BMSB 
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Fig. 4.5 The average (± SE) branch length 
(a), leaf area (b), number of leaves (c), dry 
weight (d), and change in stem diameter (e) 

per seedling of each of the eight plant 
species after two months. Asterisks indicate 
a significant difference between the BMSB 

and control treatments (> 0.05). 
 

a)  b) 

c)  d) 

e) 

BMSB   Control 
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Tables  
 

Table 4.1. Nursery plant species used the field and seedling study and number of replicates. 
Study Common name Species, Cultivar n (Con., BMSB) 

Field 

Apple Malus, ‘Dolgo’ Crabapple  6 pairs 
Cherry  Prunus x yedoensis Matsum, Akebone 6 pairs 
Elm  Ulmus davidiana Planch.  6 pairs 
Hawthorn Crataegus phaenopyrum Borkh, Washington  6 pairs 
Maple Acer truncatum Bunge, Crimson Sunset 6 pairs 
Silver Linden Tilia tomentosa Moench, Green Mountain  6 pairs 

Seedling 

Apple Malus, ‘Dolgo’ Crabapple 7, 8 
Cherry  Prunus x yedoensis Matsum, Akebone  10, 10 
Elm  Ulmus pumila L., Siberian Elm 10, 10 
Ginkgo Gingko biloba L. 10, 10 
Hawthorn Crataegus phaenopyrum Borkh,, Washington 10, 10 
Lilac Syringa reticulata Blume,‘Ivory Silk’ 10, 10 
Maple Acer rubrum L. ‘Franksred’ Sunset 10, 10 
Silver Linden Tilia tomentosa Borkh, Sliver Linden 8, 9 

 

Supplemental Tables 
 

Supplemental Table 4.1. Paired t test of branch length, leaf area, number of leaves, and dry 
weight between BMSB and control treatments for apple, cherry, elm, hawthorn, maple, and 

silver linden in the nursery field. 
Measurement Plant Type df t P 

Change in 
Branch Length 

Apple 5 1.971 0.106 
Cherry 5 -0.827 0.446 
Elm 4 1.524 0.202 
Hawthorn 5 -1.135 0.308 
Maple 5 0.793 0.464 
Silver Linden 5 -2.668 0.044 

Leaf Area 

Apple 5 1.884 0.118 
Cherry 5 0.548 0.607 
Elm 4 0.631 0.562 
Hawthorn 5 0.127 0.904 
Maple 5 0.107 0.919 
Silver Linden 5 -0.712 0.509 

Number of 
Leaves 

Apple 5 0.747 0.489 
Cherry 5 -0.665 0.535 
Elm 4 0.492 0.648 
Hawthorn 5 -2.871 0.035 
Maple 5 0.107 0.919 
Silver Linden 5 -2.250 0.074 
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Dry Weight 

Apple 5 3.078 0.028 
Cherry 5 0.469 0.659 
Elm 4 1.919 0.127 
Hawthorn 5 3.351 0.020 
Maple 5 1.930 0.112 
Silver Linden 5 -2.880 0.035 

 
 

 
 

Supplemental Table 4.2. The number of egg cluster and nymphs present after month one and 
month two for apple, cherry, elm, hawthorn, maple, silver linden and lilac. 

July August 

Plant Species 
Egg 

Clusters 
Live 

Nymphs 
Dead 

Nymphs 
Egg 

Clusters 
Live 

Nymphs 
Dead 

Nymphs 
Apple 4 11 0 1 0 0 
Cherry 3 54 0 4 88 0 
Elm 7 9 5 7 0 0 
Hawthorn 3 25 0 6 0 9 
Maple 1 0 3 4 0 0 
Silver Linden 6 38 0 2 0 24 
Lilac 6 88 0 2 1 8 
Total 30 225 8 26 89 41 
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Supplemental Table 4.3 The effects of treatment, time, and treatment*time interaction on branch length, leaf area, number of leaves, 

dry weight, and stem diameter change among apple, cherry, elm, Ginkgo, hawthorn, maple, lilac, and silver linden seedlings. 

Measurement Effects Plant Sp. df t P Plant Sp. df t P 

Total Branch 
Length 

Treatment 
Apple 

1,11 0.799 0.390 
Hawthorn 

1,16 0.095 0.762 
Time 1,11 0.007 0.937 1,16 0.025 0.876 
Treatment*Time 1,11 0.008 0.931 1,16 0.100 0.756 
Treatment 

Cherry 
1,16 2.418 0.140 

Lilac 
1,16 0.014 0.907 

Time 1,16 0.088 0.771 1,16 0.108 0.747 
Treatment*Time 1,16 0.049 0.828 1,16 0.328 0.575 
Treatment Elm 1,16 0.553 0.476 

Maple 
1,16 0.969 0.340 

Time  1,16 1.499 0.239 1,16 4.046 0.061 
Treatment*Time  1,16 2.386 0.142 1,16 9.528 0.007 
Treatment 

Ginkgo 
1,16 1.660 0.216 

Silver  
Linden 

1,13 0.187 0.672 
Time 1,16 2.512 0.133 1,13 0.556 0.469 
Treatment*Time 1,16 1.189 0.292 1,13 4.562 0.052 

Total Leaf 
Area 

Treatment 
Apple 

1,11 0.400 0.540 
Hawthorn 

1,16 0.388 0.542 
Time 1,11 1.041 0.330 1,16 7.954 0.012 
Treatment*Time 1,11 0.275 0.610 1,16 2.482 0.135 
Treatment 

Cherry 
1,16 0.462 0.507 

Lilac 
1,16 1.384 0.257 

Time 1,16 0.032 0.860 1,16 2.884 0.109 
Treatment*Time 1,16 0.095 0.762 1,16 0.083 0.777 
Treatment 

Elm 
1,16 0.598 0.451 

Maple 
1,16 1.274 0.276 

Time 1,16 1.608 0.223 1,16 0.001 0.982 
Treatment*Time 1,16 0.557 0.466 1,16 0.731 0.405 
Treatment 

Ginkgo 
1,16 0.595 0.452 

Silver  
Linden 

1,13 1.700 0.215 
Time 1,16 1.083 0.314 1,13 4.885 0.046 
Treatment*Time 1,16 2.320 0.147 1,13 3.973 0.068 

Total Number 
of Leaves 

Treatment 
Apple 

1,11 0.039 0.847 
Hawthorn 

1,16 7.085 0.017 
Time 1,11 0.687 0.425 1,16 74.657 0.000 
Treatment*Time 1,11 0.049 0.829 1,16 7.528 0.014 
Treatment Cherry 1,16 0.716 0.410 Maple 1,16 0.483 0.497 
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Time  1,16 0.335 0.571  1,16 14.841 0.001 
Treatment*Time  1,16 0.084 0.776  1,16 0.189 0.670 
Treatment 

Elm 
1,16 0.365 0.554 

Lilac 
1,16 0.104 0.752 

Time 1,16 0.162 0.692 1,16 0.259 0.618 
Treatment*Time 1,16 1.037 0.324 1,16 3.529 0.079 
Treatment 

Ginkgo 
1,16 0.346 0.565 

Silver  
Linden 

1,13 0.611 0.448 
Time 1,16 20.065 0.000 1,13 1.400 0.258 
Treatment*Time 1,16 1.302 0.271 1,13 0.044 0.837 

Dry Weight 
 

Treatment 
Apple 

1,11 0.770 0.399 
Hawthorn 

1,16 0.004 0.949 
Time 1,11 1.199 0.297 1,16 6.328 0.023 
Treatment*Time 1,11 0.421 0.530 1,16 0.311 0.585 
Treatment 

Cherry 
1,16 0.089 0.770 

Lilac 
1,16 0.348 0.564 

Time 1,16 0.189 0.670 1,16 0.220 0.645 
Treatment*Time 1,16 0.149 0.705 1,16 0.573 0.460 
Treatment 

Elm 
1,16 0.233 0.631 

Maple 
1,16 1.853 0.192 

Time 1,16 5.820 0.028 1,16 2.227 0.155 
Treatment*Time 1,16 2.544 0.130 1,16 0.591 0.453 
Treatment 

Ginkgo 
1,16 0.629 0.440 

Silver  
Linden 

1,13 0.514 0.486 
Time 1,16 1.142 0.301 1,13 3.801 0.073 
Treatment*Time 1,16 0.728 0.406 1,13 0.758 0.400 

Change in 
Diameter 

Treatment 
Apple 

1,11 1.961 0.189 
Hawthorn 

1,16 1.284 0.274 
Time 1,11 0.045 0.837 1,16 6.148 0.025 
Treatment*Time 1,11 0.792 0.393 1,16 0.039 0.846 
Treatment 

Cherry 
1,16 1.255 0.279 

Lilac 
1,16 1.242 0.282 

Time 1,16 5.105 0.038 1,16 0.019 0.893 
Treatment*Time 1,16 1.827 0.195 1,16 1.665 0.215 
Treatment 

Elm 
1,16 0.000 0.992 

Maple 
1,16 2.348 0.145 

Time 1,16 2.734 0.118 1,16 1.119 0.306 
Treatment*Time 1,16 0.100 0.756 1,16 0.008 0.928 
Treatment 

Ginkgo 
1,16 0.002 0.961 

Silver  
Linden 

1,13 0.106 0.750 
Time 1,16 1.091 0.312 1,13 0.002 0.967 
Treatment*Time 1,16 1.518 0.236 1,13 0.621 0.445 
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The brown marmorated stink bug or BMSB (Halymorpha halys Stål) is native to eastern Asia, 

and in 1996 it was discovered in Allentown, Pennsylvania, United States. To date, BMSB has 

spread across North America, as well as many European counties (StopBMSB 2016, Haye et al. 

2014). Shortly after its arrival, this marble-patterned brown stink bug has been causing major 

trouble for agricultural growers of a wide range of crops. BMSB feeding on fruits, seeds, leaves, 

stems, and even bark can cause major damage in terms of crop loss and injured plants for 

growers (Leskey et al. 2012). It has been noted that BMSB can have multiple generations per 

summer (Leskey et al 2012; Wiman et al. 2014). However, the adults are hard to control with 

convention insecticidal sprays due to many factors, such as age of the bug and amount of 

exposure to the spray (Leskey et al. 2012, 2013; Nielson et. el. 2008). Traps have been designed 

with special lures formulated for BMSB (Nielsen and Hamilton 2009). In addition, many 

different areas of control have focused on of biological control, including endemic predators and 

use of classical biocontrol with a parasitic wasp, Trissolcus japonicus Ashmead (Abram et al. 

2014). However, there is still much to learn about BMSB, especially in terms of the nutritional 

status of wild populations and the feeding damage they can cause to ornamental nursery crops. 

Nutritional status is an important component of insect biology. For BMSB, the main focus of 

research into nutrient levels has been on finding the ideal diet for lab-rearing individuals for a 

range of research projects (Funayama 2004, 2006). It could also be relevant to other areas of 

BMSB control and biology, such as Acebes-Doria’s (2016) work on host suitability from a 

nutrient standpoint. However, there has been little research into the nutrient profile of wild adult 

populations of BMSB in North America over two different time points, summer and 

overwintering periods. Four experiments were designed to take a closer look at the nutrient 

profile of adult BMSB over the different seasons. Thus, several major trends were observed. Pre-

emergent BMSB still in their overwintering shelter had nutrient levels slowly decrease over the 

overwintering period of October-June. This is consistent with other insects during their winter 

diapause period; however, overwintering diapause is a complex life stage in which many factors 

within the insect and in the environment, can influence it (Hahn and Denlinger 2007, 2011). 

Post-emergent BMSB had lower nutrient levels compared to their counterparts that remained in 

the overwintering site or on host plants. This support the results of Fuanyama (2012, 2014), 

which proposed at adults may leave their overwintering sites due to nutrient levels. The summer 

adult population had nutrient levels fluctuate throughout the season as the new generation start to 
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establish and the overwintering generation dies off. These nutrient trends observed for the 

overwintering/emerging and the summer wild adult populations of BMSB provide information 

on what BMSB are looking for in a diet as well as population dynamics.  

Understanding the nutrient status of BMSB is not just limited to adults. It can also be applied to 

BMSB eggs, which are light green in color and come in a cluster of roughly 28 eggs. Eggs are 

the life stage that is often the focus of biocontrol efforts because they are vulnerable to predators 

and parasitoids. First, a baseline was established for what the nutrient levels of lipid, glycogen, 

and sugar were in BMSB eggs. Then several factors were explored to see if they had an impact 

on the nutrient levels of the eggs. Nutrient levels of eggs were not affected by when they were 

laid during the lifespan of the parental female, their color, or by the temperature at the time of 

deployment in the field. However, the nutrient levels were affected by the collection source of 

the eggs such as wild or colony, length of time deployed, and whether the egg cluster were 

frozen. Therefore, it is important to take in this factor when working with BMSB eggs as a food 

source for natural enemies. 

BMSB is known to feed on a wide range of plant species (Bergmann et al. 2013). Their feeding 

can lead to disfigured fruits and seeds, cause necrotic lesions, and overall decline of the plant’s 

health. The effects of BMSB feeding has been explored for several agricultural crops: orchard 

crops including peaches and apples, vegetable crops including tomato and eggplant, and row 

crops including corn and sow (Leskey et al 2012; Bergmann et al. 2014). However, there has 

been little research into the feeding damage of BMSB on ornamental crop grown in a nursery 

setting, especially in terms of plant growth. Many nursery growers are worried about BMSB 

damaging their seedling and stock blocks, but my project provided welcome news for growers. 

BMSB feeding appears to cause limited damage to either established stock block trees or the 

young seedling in terms of plant growth measurements. It is possible that BMSB might feed on 

nursery stock as they move through a diverse landscape, so growers should still monitor for 

BMSB and be aware of the damage they can inflict.  

Six additional studies on BMSB are presented in the appendix section. Four of the studies 

explore nutrient levels, two more studies focusing on BMSB adults, one on BMSB nymphs, and 

one on native stink bugs in Northwestern Oregon. The last two studies look at biocontrol 
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methods of BMSB. The first study found that methyl salicylate lure in a nursery field setting did 

not improve predation or parasitism of BMSB eggs. The second study testing the effectiveness of 

entomopathogenic fungi spray on BMSB nymphs, finding there was significantly higher 

mortality from the entomopathogenic fungi spray than a water spray but not high enough to be 

biological significance. 

As BMSB spread across North America and the world at large, it is important to clearly 

understand its biology, including the nutrient levels at different life stages as well as the damage 

they can inflict by feeding. Nutrient levels and feeding damage are components of BMSB 

biology that can be useful in designing and timing control methods to limit their impact on crops. 

By understanding the damage BMSB can inflict when feeding, it can help grower know the signs 

of damage and decide on whether management is necessary. 
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Appendix 1  
 

General Adult Nutrient Profile of Wild BMSB of Northwestern Oregon  
 

Victoria Skillman1,2, Nik Wiman1, and Jana Lee2 
 

1Dept. Horticulture, Oregon State University  
2USDA ARS Horticultural Crop Research Unit Corvallis, Oregon 

skillmav@oregonstate.edu, nik.wiman@oregonstate.edu, Jana.Lee@ars.usda.gov 

 

Background Introduction 

Most of the nutrient ecology research on BMSB has focused on diets for rearing them in a 

laboratory colony or comparing development on various hosts. While this is important for 

conducting research on BMSB to maintain a health lab colony and use optimal hosts, the nutrient 

ecology of wild populations’ remains understudied. The nutrient profile of a wild population 

provides insight into the health status of BMSB at specific times of the year. It also provides 

insight into their population dynamics and seasonal fluctuations that could be useful for timing of 

control methods. Also, knowing the nutrient levels of adult BMSB will reveal the nutrient 

content ingested by endemic predators. There is no research into looking at those seasonal 

fluctuations of wild populations to date. 

 

Objective Statement 

Survey the general nutrient profiles of wild BMSB adults in Northwestern Oregon throughout 

the summer from May to September on various host plants or building structures, over three 

years.  

 

Methods  

Collection  

Adult stink bugs were picked up during general collections through Northwestern Oregon from 

2012 through 2014 by Nik Wiman and Vaughn Walton’s lab at Oregon State University. The 

stink bugs were collected by beat sheet or by hand collecting off buildings. They were 

transported directly to the lab, where they were frozen at -80°C.  
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Nutrient Bioassay Method for Adults 

Refer to Chapter 2- Nutrient Profiles of Brown Marmorated Stink Bug  

Statistical Methods 

No statistics were run because the information was intended to provide baseline measurements 

for wild populations of adult BMSB in Northwestern Oregon. 

 

Results  

The adult BMSB were collected from a total of twelve sites in Northwestern Oregon (Figure 

A1.1). Six sites were located within the Portland metropolitan area: Gladstone, Hillsboro, 

Milwaukie, Oregon City, Portland International Airport, and Tualatin. The other six sites were 

Albany, Corvallis, McMinnville, Monmouth, Newberg, and Salem. A total of 300 females and 

331 males were collected over the three years (Table A1.1). A similar number were collected in 

2013 and 2014, with males and females counts being close in both years. However, the collection 

in 2012 had slightly fewer males and females than the following two years. BMSB were 

collected mainly in the summer months from May to October, with the peak collection in June-

September.  

The weight and nutrient values appeared to follow similar trends in both males and females (Fig. 

A1.2 a,b,c,d). Some seasonality fluctuations appeared, such as a dip in nutrient levels in 

September as seen with male glycogen, female sugar, and male sugar levels (Fig.A1.2 h,i,j). 

Lipid levels appeared to fluctuate more by year than the other nutrient levels. Peak egg load per 

female did vary between years but by September there were no eggs present for all three years 

(Fig. A1.2k).  

  

Conclusion 

This project provided a good start point to further explore the seasonal nutrient fluctuations of 

BMSB in the Willamette Valley of Oregon (see Chapter 2 - Nutrient Profile of Brown 

Marmorated Stink Bug). Most of the adults were collected May through October, which is the 

summer season in Oregon. There were possible summer seasonal trends with these BMSB, with 

their nutrient levels often dipping in the late summer months of August and September. 

However, it is hard to make out more detailed trends or what caused them based on some 
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limitations. Several time points had no samples or had very few collected, such as no individuals 

collected in March 2012 and 2013. Also, the sites collected from ranged throughout western 

Oregon and were not remain constant throughout the three years of the survey. In addition, the 

adults were collected from a range of host plants and even buildings so it was hard to known if 

nutrient trends fluctuated based solely on seasonality.  
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Figures  

 

 

 

 

 

 

 

 

 

 

 

a)  b)

c)  d)

Fig. A1.1. Map of the 12 collection sites: six in the Willamette Valley of 
Oregon and six in the Portland metropolitan region. 
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Fig. A1.2. Overall and yearly (2012-2014) 
averages of weight (a, b), Nutrient Value 
(c, d), lipids (e, f), glycogen (g, h), sugar 

(i, j), and number of eggs (k) of the 
general collection of adult male and 

female BMSB from Northwestern Oregon. 

e)  f)

g)  h)

i)  j)

k) 
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Table 

Table A1.1. The number of BMSB collected per month over three years, 2012-2014. 
Female Male 

Month 2012 2013 2014 2012 2013 2014 
March 0 0 8 0 0 3 
May 12 16 21 22 11 18 
June 7 17 30 20 0 23 
July 10 27 25 26 32 43 

August 3 10 18 9 17 27 
September 2 39 24 16 35 11 

October 2 22 7 3 7 8 
Total 36 131 133 96 102 133 

3-Year Total  300 331 
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Appendix 2 

Nutrient Comparison of the Emerging Overwintering BMSB and those on Summer Host 
Plant of Holly 

 
Victoria Skillman1,2, Nik Wiman1, and Jana Lee2 

 
1Dept. Horticulture, Oregon State University 

2USDA ARS Horticultural Crop Research Unit Corvallis, Oregon 
skillmav@oregonstate.edu, nik.wiman@oregonstate.edu, Jana.Lee@ars.usda.gov 

 

Background Introduction  

While making BMSB collections, there was a time period when BMSB were being collected 

from both from the summer plant host holly and as they emerged from their overwintering sites. 

This overlap in collection occurred in May and June over two years. Chapter 2 compares the 

nutrient levels of each respective group over the season; this appendix here compares the two 

groups to each other during the overlapping collection period. [Note: This data and specific 

comparison has been submitted to Angelita Acebes for a combined manuscript on nutrient 

profiles of BMSB.] 

 

Objective Question 

What is the difference in nutrient levels between adult BMSB as they emerged from their 

overwintering sites compared to adult BMSB found on summer host plants during the months of 

June and May in 2015 and 2016?   

 

Methods  

Summer Collection Method  

Adult stink bugs were collected from holly, Ilex aquifolium L., at five sites throughout the 

Willamette Valley of Oregon: Corvallis, Albany, Aurora, Molalla, and Monmouth. The sites 

were either holly farms or ornamental plantings of holly. Collections occurred at least twice a 

month from May through June in 2015 and 2016 at each site. The stink bugs were collected by 

beat sheet and transported directly to the lab, where they were frozen at -80°C. They were only 

given water during transport. 
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Overwintering Collection Method  

Adult BMSB were collected from homes in Portland, Oregon the previous fall in 2014 and 2015 

and settled into overwintering boxes in Corvallis, Oregon. The boxes were roughly 24 cm wide 

by 22 cm tall by 19 cm depth filled with cardboard slats (Fig. A2.1) and placed inside a bug 

dorm with dimensions of 29.5cm x 29.5cm x 30.5cm. The boxes were held in a plastic tunnel to 

protect them from the environment. Adults were collected several times a week as they emerged 

from the boxes from late March through June in 2015 and 2016. They were transported directly 

to the lab, where they were frozen at -80°C. 

Nutrient Bioassay Method for Adults 

Refer to Chapter 2- Nutrient Profiles of Brown Marmorated Stink Bug 

 

Statistical Analyses 

Weight, nutrient value, lipid, glycogen, and sugar content of each stink bug were compared 

separately as response variables using a lognormal distribution in PROC GLIMMIX (SAS 2012).  

For each response variable, the physiological status (emerging or on host plant), year, and 

interaction terms were fixed effects. The males and females were run in separate analyses even 

though they are pictured on the same graph in the results section.  

 

Results 

Year and physiological status affected of the nutrient levels of males and females. Both year and 

physiological status had significant effects on Nutrient Value, lipids and glycogen of the males, 

and the weight and glycogen of females (Table A2.2). The effect of physiological status 

significantly impacted the sugar levels of both males and females. This was the same case for 

Nutrient Value of females. For the lipids of females and weight of males, there was no difference 

between years for the summer collection but there was for overwintering. The fact that nutrient 

levels varied by year was surprising with 2016 being higher than 2015 (Fig.A2.2). The overall 

trend is that BMSB collected from summer host plant of holly had higher lipids, glycogen, and 

sugar levels than those adults emerging from overwintering sites, which was expected. It is 

important to note that overwintering emergence in 2015 had the lowest number of individuals, 

whether male or female, while overwintering emergence in 2016 had the highest number the 



106 
 

individuals collected (Table A2.1). The summer collection for both males and females had 

similar numbers of individuals collected each year.  

 

Conclusion  

The adults collected from the summer host of holly had higher nutrient levels compared to the 

adults emerging from their overwintering sites as expected. The increased nutrient levels show 

that adults are replenishing their nutrient stores, especially sugar and glycogen, by feeding on 

host plants like holly once they leave their overwintering sites. There is a greater weight gain 

between overwintering and summer adults for females compared to males. This may be due to 

the fact that females are maturing eggs during June and have larger in body size. Interestingly, 

the year influenced the nutrient levels of overwintering BMSB, with 2016 being higher than 

2015. This effect might be due to the warm weather in 2016 which resulted in BMSB leaving 

their overwintering sites early than in 2015, which was an average winter for Willamette Valley 

of Oregon.  
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Figures 

 

  

Fig. A2.1. 
Overwintering 
boxes adults 
emerged for 

2016 at 
Corvallis, OR. 

Fig. A2.2. Average (± SE) weight (a), 
Nutrient Values (b), lipid (c), glycogen 

(d), and sugar levels (e) of overwintering 
emerging and summer holly BMSB 
adults in 2015 and 2016. Upper and 
lower case letters indicate monthly 
differences by Tukey HSD among 
females and males, respectively. 
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Tables 

Table A2.1. The number of BMSB adults collected from each collection sites at each year. 
Collection Site & Year No. of individuals 

Female 

overwinter 2015 42 
overwinter 2016 478 
summer 2015 236 
summer 2016 132 

Male 

overwinter 2015 47 
overwinter 2016 423 
summer 2015 242 
summer 2016 148 

 
 
 

Table A2.2. The effect of group (overwintering or summer), year, and year*group on weight, 
Nutrient Value, lipid, glycogen, and sugar adult BMSB in Oregon.  

  Female Male 
Measurement Effects df F P df F P 

Weight 
Group  1, 884 1369.78 <.0001 1, 856 269.61 <.0001 
Year 1, 884 12.04 0.0005 1, 856 34.86 <.0001 
Year*Group 1, 884 41.35 <.0001 1, 856 33.78 <.0001 

Nutrient Value 
Group  1, 884 435.86 <.0001 1, 856 266.44 <.0001 
Year 1, 884 0.51 0.4773 1, 856 42.26 <.0001 
Year*Group 1, 884 2.69 0.101 1, 856 1.90 0.169 

Lipid 
Group  1, 884 97.05 <.0001 1, 856 132.91 <.0001 
Year 1, 884 19.07 <.0001 1, 856 60.98 <.0001 
Year*Group 1, 884 7.21 0.0074 1, 856 0.70 0.402 

Glycogen 
Group  1, 884 732.42 <.0001 1, 856 421.68 <.0001 
Year 1, 884 161.85 <.0001 1, 856 201.39 <.0001 
Year*Group 1, 884 10.33 0.0014 1, 856 10.65 0.001 

Sugar 
Group  1, 884 900.33 <.0001 1, 856 471.49 <.0001 
Year 1, 884 2.89 0.0897 1, 856 0.56 0.455 
Year*Group 1, 884 1.37 0.2416 1, 856 0.05 0.820 
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Appendix 3  
 

Nutrient Profile of BMSB Nymphs 
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Background Introduction 

BMSB nymphs are very common in the environment. It is interesting and important to track the 

nymphal stages over the season. Some benefits of this include more precise timing of control 

methods. In addition, there was interest in their nutrient profile and how they varied between the 

five nymphal stages.  There are several natural predators that feed on the nymphal stages of 

BMSB, such as green lacewing larvae and the assassin bugs.  

 

Objective Question 

What is the seasonal occurrence and nutrient content (sugar, lipid, glycogen) of BMSB nymphal 

stages at five sites in the Willamette Valley during the summer from mid-May through late- 

September? 

 

Methods and Statistical Analysis 

Collection Methods 

Nymphal stink bugs were collected from holly at five sites throughout the Willamette Valley of 

Oregon: Corvallis, Albany, Aurora, Molalla, and Monmouth. The sites were either holly, Ilex 

aquifolium L., farms or ornamental planting. Collections occurred at least twice a month from 

mid-May through September 2015 at each site. The stink bugs were collected by beat sheet and 

transported directly to the lab where they were frozen at -80°C. They were only given water 

during transport. 
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Nutrient Bioassay Method for Nymphs  

After removal from storage, all nymphs were sorted by nymphal instars, weighed and their 

prothorax width (shoulders) measured. This was done before the nutrient bioassay was run. 

The lipid, glycogen, and total sugar content within individual BMSB was measured using a 

protocol adapted for parasitic wasps (Olson et al. 2000, Lee et al. 2004). Briefly, each BMSB 

was crushed with a pestle in a 1.5 ml microcentrifuge tube and 110 µL of 2% sodium sulfate. A 

control that did not include a BMSB nymph was run during each assay set of 20 BMSB nymphs.  

Next, 990 µL of chloroform-methanol (1:2) was added, pestle removed, and tube was 

centrifuged for 3 min at 13,000 rpm to form a glycogen precipitate at the bottom.  

The supernatant was transferred into a glass test tube (base solution), vortexed and divided 

further. The final aliquot of the supernatant used to react for sugar and lipid assay was based on 

nymphal stage (Table A3.1). The multiplier used to estimate the resulting nutrient content on the 

whole body of the nymphs was adjusted accordingly for each nymphal stage (Table A3.2).  

For the lipid assay, the supernatant was boiled at 90°C depending on amount until a minimal 

amount of liquid remained, ~5 µg. Next, 40 µL of sulfuric acid was added and heated at 90°C for 

2 min. Once cooled, 960 µL of vanillin reagent was added, vortexed, and left at room 

temperature for 20-30 min. Absorbance was read at 525 nm on a spectrophotometer (Ultrospec 

3100 pro, Amersham Biosciences, Piscataway, NJ), and lipid content was estimated from the 

absorbance values of lipid standards made for each vanillin reagent. To calibrate the standard, 0, 

1, 5, 10, 35, and 50 µg of canola oil was reacted with vanillin as described above, and the 

relationship between the absorbance value and lipid content was calculated by a linear equation.  

A similar calibration was done for glycogen and sugar standards. For the glycogen assay, 975 µL 

of anthrone reagent was added, vortexed until the precipitate dissolved.  In a new tube, an aliquot 

of supernatant was taken based on nymphal stage (Table A3.1) and the corresponding amount of 

the anthrone was added to reach 1000 µL (Tables A3.2). Once vortexed it was heated at 90°C for 

10 min. Once cooled, absorbance was read at 625 nm. For the sugar assay, each tube was heated 

at 90°C for depending on the amount of supernatant resulting in ~25 µl of supernatant remaining. 

Next, 975 µL of anthrone reagent was added, vortexed and heated at 90°C for 10 min. Once the 

solution cooled, absorbance was read at 625 nm to determine sugar levels.   
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Statistical Mehods 

No statistics were run because the information was intended to provide baseline measurements 

for the five instars.  

 

Results 

A total of 605 nymphs were collected over the 2015 summer. The 1st and 5th nymphal stages 

have the fewest number of individuals collected by beat sheet, while the 2nd and 3rd nymphal 

stages have the most. The percent of nymphal instars was tracked monthly from June through 

September (Fig. A3.2 and Table A3.3). In June, only the smallest stages, 1st and 2nd instars, were 

collected. In September, the 4th and 5th nymphal instars predominated. In the mid-summer of July 

and August, there was a mix of nymphal stages found. 

As expected, there is an increase in total lipids, glycogen, and sugar level, weight and prothorax 

width with the progression of nymphal stages (Fig. A3.3). First instars have the lowest nutrient 

levels while the fifth nymphal instar had the highest. The nutrient value appears to fluctuate 

some between nymphal stages.  

Moreover, there is an increase in total lipids, glycogen, and sugar when body size is taken into 

account, which was done by dividing the nutrient amount by the prothorax, with the progression 

of nymphal stages. The 1st instars have the lowest nutrient levels while the 5th nymphal instar had 

the highest. Trends are similar to those above of nutrient amount (Fig. A3.4). 

 

Conclusion 

It is somewhat difficult to distinguish between the 2nd and 3rd nymphal stages and the 4th and 5th 

nymphal stages when collected from wild collections. However, they do fall into three general 

categories: 1st as tiny nymphs, 2nd/3rd as small nymphs, 4th/5th as large nymphs. This might be a 

good way to look at the data. 

The percentage of nymphs per month over the summer suggests that there may be just one 

generation per year on holly hosts. Nymphs are present starting in June, which corresponds with 

a large number of the adults leaving their overwintering sites in mid-May and laying eggs. The 

presence of larger nymphal stages in the summer corresponds with the fact that much of the F1 
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generation on holly may not be reproductively mature before fall weather sets in and they start 

moving to overwintering sites.  

As expected, there was an increase in the amount of nutrient content with increasing nymphal 

stages, with 5th nymphal stages having the most nutrient amounts. It is interesting that the 4th and 

5th nymphal stages are very similar in nutrient amounts. There is an increase in nutrient amount 

when the body size is taken into account (nutrient/prothorax), which was not expected. The 

original thought that the nutrient levels would be similar across the five nymphal stages when the 

body size was taken into account.  

It appears that 2nd and 3rd nymphal stage would make great food for native predators for they are 

present in the field longest period of time and most abundant in terms of the number of 

individuals. The 2nd and 3rd nymphal stages have some of the highest nutrient values. 
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Figures 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. A3.1. A photograph of the five nymphal stage of 
BMSB. 

(Bethke et al 2016) 

Fig. A3.2. The percentage of nymphal instars collection per month in 2015  
(see Table A3.3 for values). 
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Fig. A3.3. Average (± SE) of weight (a), Nutrient Value (b), prothorax (c), lipid (d), glycogen (e), and sugar (f) of the five 
nymphal instars of BMSB collected in 2015. 

a)  b) c)

d)  e) f)

Fig. A3.4. Average (±SE) lipid/prothorax (a), glycogen/prothorax (b), and sugar/prothorax (c) of the five nymphal instars of BMSB 

collected in 2015.  

a)  c)b)
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Tables 

Table A3.1. The aliquot amounts of supernatant for lipid, glycogen, and sugar based on nymphal 
instar of BMSB. 

 Aliquot of Supernatant  
Nymphal 

Stage 
Lipid Glycogen Sugar 

5th 50 µL 50/100 µL 50 µL 
4th 50 µL 100 µL 50 µL 
3rd 50/100 µL 100/150 µL 50/100 µL 
2nd 150/250 µL 200/400 µL 150/250 µL 
1st 300 µL 500 µL 300 µL 

 

Table A3.2. The evaporation time for lipid and sugar reading, amount of anthrone for glycogen 
reading, and multiplier based on amount of supernatant of BMSB. 

 

 

 

 

 

  
  

 
 

Table A3.3. The percentage and number of individuals per nymphal instar collection by month 
in 2015. 

 

 

 

 

 

 

 

 

Amount of 
Supernatant 

Lipid/Sugar 
Evaporation 

Time 

Amount of Anthrone 
used for Glycogen 

Reading 

Multiplier Based on 
Supernatant Amount 

50 µL 1 min 950 µL 20 
100 µL 2 min 900 µL 10 
150 µL 3 min 850 µL 6.667 
200 µL 4 min 800 µL 5 
250 µL 5 min 750 µL 4 
300 µL 6 min 700 µL 3.333 
400 µL 7 min 600 µL 2.5 
500 µL 8 min 500 µL 2 

Nymphal Stage June July August September 
1st 61.9% 52 1.4% 4 . . . . 
2nd 38.1% 32 43.4% 124 6.9% 12 . . 
3rd . . 50.7% 145 40.2% 70 . . 
4th . . . . 31.6% 55 66.7% 30 
5th . . 4.5% 13 21.3% 37 33.3% 15 

Total . 84 . 286 . 174 . 45 



116 
 

Appendix 4 
 

Nutrient Profile of Common Endemic Stink Bugs of Northwestern Oregon 
 

Victoria Skillman1,2, and Jana Lee2 
 

1Dept. Horticulture, Oregon State University  
2USDA ARS Horticultural Crop Research Unit Corvallis, Oregon 

skillmav@oregonstate.edu, Jana.Lee@ars.usda.gov 
 

Background Introduction 

When collecting BMSB in the landscape, it is very common to come across other stink bug 

species native to Willamette Valley of Oregon. Because these species were available, I became 

interested about what their lipid, glycogen, and sugar levels were and how they might compare 

with BMSB. 

 

Objective Question  

What is the nutrient (lipids, glycogen, and sugar) levels of endemic stink bug adults collected at 

five sites in the Willamette Valley during the summer from mid-May through early-October? 

 

Methods and Analyses 

Collection Method 

Adult stink bugs other than BMSB were collected from holly at five sites, Corvallis, Albany, 

Aurora, Molalla, and Monmouth, throughout the Willamette Valley of Oregon. The sites were 

either farms or ornamental plantings of holly, Ilex aquifolium L.. Collections occurred at least 

twice a month from May through early October in 2015 and 2016 at each site. The stink bugs 

were collected by beat sheet and transported in cages with water wicks directly to the lab where 

they were frozen at -80°C. Once removed from storage, the species and gender of the stink bug 

was identified, after which they were weighed, prothorax (shoulder) measured, and females 

dissected to determine reproductive status. This was done before the nutrient bioassay was run. 

Nutrient Bioassay Method for Adults 

Refer to Chapter 2- Nutrient Profiles of Brown Marmorated Stink Bug  
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Statistical Analysis 

Because this was an observational survey, no statistical analysis was run. The averages and 

standard errors are reported for each species and five measurements: weight, prothorax, lipid, 

glycogen, and sugar. 

 

Results 

Five native stink bug species (pictured in Fig. A4.1) were collected from the five holly sites in 

the Willamette Valley of Oregon over two years, 2015 and 2016. In 2015, a total of 211 

individuals were collected and in 2016 a total of 222 individuals. The number of individual 

collected per species varied as well as their nutrient composition of lipids, glycogen, and sugar. 

In all five species, the lipid levels tend to be higher than the glycogen and sugar levels (Table 

A4.1).  

 

Conclusions 

Five other stink bug species were collected from five holly sites that are known to support 

BMSB populations during the summer. They ranged in their nutrient levels and presence 

throughout the summer during both years. In general, the lipid levels were higher than either 

sugar or glycogen levels. This trend was common in BMSB as well.  
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Figure 

Banasa 
dimidiata Say 

Chinavia 
hilaris Say 

Chlorochroa 
ligata Say 

Euschistus 
conspersus Uhler 

Thyanta custator 
Fabricius 

Fig. A4.1. Photographs of five endemic species collected from holly at five sites in 
Northwestern Oregon in 2015-16. 
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Table 
Table A4.1. Averages weight (mg), prothorax (mm), lipid (µg), glycogen (µg), and sugar (µg) for each of the five species collected in 
2015-16 in Northwestern Oregon: Banasa dimidiata (a), Chinavia hilaris (b), Chlorochroa ligata (c), Euschistus conspersus (d), and 

Thyanta custator (e).  
Banasa dimidiata Chinavia hilaris Chlorochroa ligata 

Year Measure. Ave. ± SE Year Measure. Ave. ± SE Year Measure. Ave. ± SE 

2015 
n = 133 

Weight 50.0 ± 0.867  

2015 
n = 26 

Weight 200.0 ± 7.844  

2015 
n = 39 

Weight 150.0 ± 4.8 
Prothorax 5.33 ± 0.025  Prothorax 9.10 ± 0.09  Prothorax 7.65 ± 0.11 
Lipid 841.4 ± 25.1  Lipid 530.0 ± 28.3  Lipid 610.8 ± 41.0 
Glycogen 96.8 ±  9.5  Glycogen 321.4 ± 37.5  Glycogen 240.7 ± 21.2 
Sugar 105.4 ± 5.6  Sugar 576.9 ± 56.4  Sugar 430.9 ± 34.2 

2016 
n =105 

Weight 50.0 ± 0.976  

2016 
n = 73 

Weight 220.0 ± 26.9  

2016 
n = 30 

Weight 0.17 ± 0.005 
Prothorax 5.34 ± 0.027  Prothorax 8.83 ± 0.053  Prothorax 7.55 ± 0.082 
Lipid 1357± 40.8  Lipid 754.2 ± 43.5  Lipid 789.9 ± 75.4 
Glycogen 110.3 ± 9.3  Glycogen 236.5 ± 16.8  Glycogen 240.5 ± 21.0 
Sugar 103.2 ± 4.1  Sugar 450.9 ± 26.3  Sugar 430.0 ± 56.1 

 

Euschistus conspersus Thyanta custator 
Year Measure. Average ± SE  Year Measure. Average ± SE 

2016 
n = 4 

Weight 110.0 ± 6.0  

2016 
n = 2 

Weight 60.0 ± 0.0 
Prothorax 7.31 ± 0.19  Prothorax 5.73 ± 0.0 
Lipid 844.6 ± 56.3  Lipid 1081.9 ± 12.6 
Glycogen 153.5 ± 16.6  Glycogen 84.9 ± 27.9 
Sugar 291.9 ± 30.0  Sugar 70.5 ± 27.9 

2016 
n = 8 

Weight 90.0 ± 7.07  

2016 
n = 6 

Weight 50.0 ± 4.08 
Prothorax 7.38 ± 0.30  Prothorax 5.73 ± 0.07 
Lipid 1087.8 ± 168.5  Lipid 1323.3 ± 205.7 
Glycogen 116.7 ± 18.9  Glycogen 101.9 ± 23.3 
Sugar 170.5 ± 27.6  Sugar 117.7 ± 24.7 

a) 

d) 

c)

e)

b)
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Appendix 5 
 

 Methyl Salicylate Lure for Biocontrol in a Commercial Nursery 
 

Victoria Skillman1,2 and Jana Lee2 

 
1Dept. Horticulture, Oregon State University  

2USDA ARS Horticultural Crop Research Unit Corvallis, Oregon 
skillmav@oregonstate.edu, Jana.Lee@ars.usda.gov 

 

Background Introduction 

Plants have a few different methods of protecting themselves from herbivorous predators. One 

method of these is to release herbivore-induced plant volatiles when insect pests feed on them. 

These volatiles are used to attract natural enemies into the area to the plants. The goal is to 

control the pest populations feeding on the plant. There has been much research into this area of 

biocontrol for use in commercial agricultural settings over the last twenty years. One of the most 

common herbivore-induced plant volatile hormones is methyl salicylate, which has been 

produced by a range of different of crops such as cabbage, hops, Norway spruce, and 

strawberries (Lee 2010). It has increased natural enemies’ presence like green lacewings and 

parasitism in several cropping systems, such a vineyards and strawberry fields. In additional, it 

has been found to repel aphids, a major pest in many cropping systems including nurseries (Lösel 

et al 1996). Methyl salicylate is commercially available and is designed as a slow-release lure to 

provide control over an extended period of time. This study focused on enhancing biological 

control by the use methyl salicylate lures to increase parasitism and natural enemy presence in 

commercial nurseries for control of BMSB. Several ornamental nursery plant species are hosts 

for BMSB, such as red maples, and crabapples. It can be difficult to control BMSB in a nursery 

due to several reasons. The plants being grown range in age from small seedlings to established 

stock blocks, therefore their susceptibility to BMSB damage may differ. Therefore, methyl 

salicylate lures could help enhance biological control of BMSB in the diverse landscape of a 

nursery throughout the summer.  

 

Objective Question 

Does the presence of a methyl salicylate (MeSA) lure increase the predation and/or parasitism of 
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BMSB eggs in a nursery setting during the summer months of June through September over two 

years? 

 

Methods 

Established stock block plantings of two maple, two crabapple, and one silver linden sites (Table 

A5.1) were used at a local nursery in Aurora, Oregon (Table A5.1). Each block had an area with 

and without a MeSA lure that were 50+ m apart. Three sentinel BMSB egg clusters collected 

from the lab colony on filter paper were placed at each site using a paper clip. See Chapter 3 

“General BMSB Colony Care and Egg collection” for details on egg collection. One egg cluster 

of less than a day old was placed into a mesh cage to prevent removal of the eggs but to allow 

parasitism. Parasitoids were observed to readily move through this 1 x 1 mm size mesh and 

parasitize eggs (Wiman, pers. comm.)  The other two egg clusters were uncaged and accessible 

to a variety of predators; one of the egg clusters was 0-3 days old and the other was less than a 

day old. In 2015, the eggs were collected and frozen over a span of a year: July 2014 to July 

2015. In 2016, all eggs were collected from January to May 2016, making them roughly six 

months old at the time of use. Additional caged eggs were added in 2016, for a total of six 

clusters over three sites along the wooded edge of the nursey. A white sticky card was placed 

within 2 m of the trees with the BMSB clusters. All egg clusters, MeSA lures, and white sticky 

cards were collected after a week in the field and the eggs were examined for predation upon 

return to the lab and reared for parasitism. Eggs were dissected to check for parasitism 60 to 80 

days after collection (Fig. A5.2). In 2015, vacuum samples were taken on collection day; the 

foliage was vacuumed for 1 min at each site. In 2016, a second white sticky card was added on 

the tree with an egg cluster to increase sampling effort because vacuum samples collected very 

few insects in 2015 (Fig. A5.1). The sampling was done once a month from June through 

September 2015 and 2016.  

Statistical Analysis 

All statistical analyses were done in JMP 12.0 (SAS 2015). Percent egg predation, counts for 

vacuum samples, and counts for sticky card were compared separately using a repeated measure 

model. Treatment, month, age of egg, and treatment*month interactions were fixed effects, and 
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block and the plot that was repeatedly sampled were random effects. Statistical analyses were 

done separately by year because there were differences in the methods between years. 

 

Results  

Egg Parasitism 2015 and 2016  

In 2015, there was no parasitism among the 120 egg clusters placed in the nursery.  In 2016, one 

egg cluster had three parasitoids emerge that appear to be Anastatus sp. (Fig. A5.4). This egg 

cluster was from a crabapple MeSA plot, was < 1 day old, and caged. There was no parasitism 

among the other 119 egg clusters deployed in 2016. No parasitism occurred in the 36 egg 

clusters placed in the border area in 2016 as well. An adult parasitoid of an unknown species 

unknown was observed on one of the egg clusters at the second border site during the June 

collection but none of the eggs produced parasitoids.    

Egg Predation 2015 and 2016 

There were both chewing and piecing damage to egg clusters deployed in the nursery. Most 

damage was chewing damage in both years. The damage observed among caged egg clusters was 

primarily sucking or piecing damage. In 2015, a green lacewing larva was found on a crabapple 

MeSA egg cluster at the time of collection (Fig. A5.3). We observed higher percent predation in 

the uncaged eggs compared to the caged eggs which was expected. There was no difference 

between the MeSA and the control treatments for either year (Table A5.2). The sample size of 

caged eggs was 20 and 40 for the uncaged eggs for each year.  

Vacuum Sampling 2015  

The vacuum sampling collected very few insects, and was therefore only done in 2015. There 

was a total of 144 pests, 13 parasitoids, 25 predators, and 38 natural enemies collected for all 

four months among 40 vacuum samples, 20 per treatment. August had the lowest collection out 

of the four months, with no insects collected for eight out of ten samples taken. More insects 

collected in the MeSA treatment compared to the control, except for parasitoids. However, there 

was no significant difference between control and MeSA treatments (Table A5.3).  

Sticky Card 2015 and 2016 

There was no significantly different between the MeSA and the control treatment. This trend is 

seen on the graph below of the average natural enemies and pests per card for 2015 and 2016 
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(Figure A5.6). In 2015, there were 4.25 times more lacewing adults in MeSA compared to the 

control. However, there was only 1.23 times more lacewing in MeSA than control in 2016. There 

was twice was many lady beetles found in the MeSA than in the control but in 2016 it was 1.12 

times more. There is month to month variation for insect groups (Fig. A5.7) but no significant 

month*treatment interaction (Table A5.4).  

 

Conclusion  

There was no statistical difference between the MeSA and control treatments in the nursery 

therefore MeSA lures were ineffective at increasing natural enemy abundance. In terms of 

control of BMSB eggs, there was no increase in predation or parasitism of BMSB eggs in the 

presence of a MeSA lure from June through September in 2015 and 2016. Similar results have 

been found in MeSA trials in the Eastern United States (Morrison et al., in prep).   
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Fig. A5.5. Percent egg predation for 2015 (a) and 2016 (b) from 
June to September. 

a)

b)

Figures 

Fig. A5.1. Field with 
uncaged egg cluster on 

maple in 2016. 

Fig. A5.4. Three 
parasitoids that emerged 

from the 2016 egg cluster. 

Fig. A5.3. Lacewing 
larva on egg cluster in 
2015 from crabapple. 

Fig. A5.2. BMSB egg 
dissection to check for 

parasitism and predation. 
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Fig. A5.6. Average (± SE) natural enemies (a) and pest per sticky card (b) for each 
treatment/year.  

b)a) 

Fig. A5.7. Average number of pests (a, b), natural enemies (c, d), and parasitoids (e, f) 
per sticky card each month of the field season for each year. 

Control 
MeSA 

b)a) 

c)  d)

e)  f)



126 
 

Tables 

Table A5.1. List the plant species, cultivars used based on block and treatment. 
 

 

 

 

 

 

 

Table A5.2. Average percentage (± SE) of egg predation per BMSB egg cluster by treatment, 
year, and egg set-up, and results from repeated measures analyses. 

 
 
 

Table A5.3. Average (± SE) pest and natural enemies’ counts collected by vacuum sampling per 
treatment in 2015, and results from repeated measures analyses. 

Insect Group MeSA ± SE Control ± SE Effect df F P 

Predator 0.85 ± 0.25 0.45 ± 0.17 
Treatment 1, 4 1.753 0.256 
Date 3, 24 2.339 0.099 
Treatment*Date 3, 24 0.339 0.797 

Block Treatment Plant Species, Cultivar 
I - Silver Linden Control Tilia cordat Mill,, Shamrock  
I - Silver Linden MeSA Tilia x euchlora, Crimean  

II - Maple Control Acer ginnala Maxim., Red November 
II - Maple MeSA Acer miyabei Maxim., State Street  

III - Crabapple Control Malus, Winter Gold  
III - Crabapple MeSA Malus, Brandywine  
IV - Crabapple Control Malus, Zumi Calocarpa  
IV - Crabapple MeSA Malus, Adams  

V - Maple Control Acer platanoides L., Crimson King 
V -  Maple MeSA Acer platanoides L. Crimson Sentry  

Year 
Egg 

Setup 
MeSA ± 

SE 
Control ± 

SE 
Effect df F P 

2015 

Caged 
7.14 ± 
4.95% 

4.45 ± 
1.55% 

Treatment 1, 4 0.199 0.679 
Month 3, 24 1.224 0.323 
Treatment*Month 3, 24 0.690 0.567 

Uncaged 
39.17 ± 
6.86% 

39.7 ± 
7.11% 

Age of Eggs 1, 39 23.268 0.000 
Treatment 1, 4 0.002 0.970 
Month 3, 24 3.316 0.037 
Treatment*Month 3, 24 2.304 0.102 

2016 

Caged 
7.97 ± 
2.91% 

3.92 ± 
1.82% 

Treatment 1, 4 3.199 0.148 
Month 3, 24 2.044 0.134 
Treatment*Month 3, 24 0.539 0.660 

Uncaged 
31.65 ± 
6.16% 

31.22 ± 
6.29% 

Age of Eggs 1, 39 0.351 0.557 
Treatment 1, 4 0.002 0.967 
Month 3, 24 3.965 0.020 
Treatment*Month 3, 24 1.109 0.365 
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Parasitoid 0.45 ± 0.17 0.55 ± 0.17 
Treatment 1, 4 0.242 0.648 
Date 3, 24 2.623 0.074 
Treatment*Date 3, 24 0.197 0.898 

Natural 
Enemies 

1.3 ± 0.34 1 ± 0.22 
Treatment 1, 4 0.419 0.553 
Date 3, 24 2.222 0.112 
Treatment*Date 3, 24 0.360 0.783 

Pest 5.3 ± 2.12 2.35 ± 1.06 
Treatment 1, 4 2.463 0.192 
Date 3, 24 4.505 0.012 
Treatment*Date 3, 24 0.929 0.442 

 
 
 

Table A5.4. Average (± SE) pest and natural enemies’ counts collected by sticky card per 
treatment, and results from repeated measures analyses. 

Year Insect Group 
MeSA ± 

SE 
Control ± 

SE 
Effect df F P 

2015 

Predator 
9.60 ± 
1.59 

7.95 ± 
1.45 

Treatment 1, 4 0.419 0.553 
Date 3, 24 16.654 <.0001
Treatment*Date 3, 24 1.351 0.281 

Natural 
Enemies 

28.85 ± 
4.68 

21.30 ± 
3.02 

Treatment 1, 4 0.497 0.520 
Date 3, 24 8.021 0.001 
Treatment*Date 3, 24 3.218 0.041 

Pests 
470.40 ± 

99.66 
508.90 ± 

99.64 

Treatment 1, 4 0.083 0.787 
Date 3, 24 6.210 0.003 
Treatment*Date 3, 24 0.110 0.953 

Ladybugs 
2.05 ± 
0.61 

1.05 ± 
0.29 

Treatment 1, 4 3.721 0.126 
Date 3, 24 13.159 <.0001
Treatment*Date 3, 24 3.206 0.041 

Leafhoppers 
29.80 ± 

9.66 
14.20 ± 

5.08 

Treatment 1, 4 60.688 0.002 
Date 3, 24 42.463 <.0001
Treatment*Date 3, 24 5.052 0.008 

Thrips (Pest) 
438.00 ± 

95.85 
488.20 ± 

98.74 

Treatment 1, 4 0.145 0.723 
Date 3, 24 5.740 0.004 
Treatment*Date 3, 24 0.146 0.932 

Thrips 
(Predator) 

2.65 ± 
0.58 

3.80 ± 
0.96 

Treatment 1, 4 0.497 0.520 
Date 3, 24 8.021 0.001 
Treatment*Date 3, 24 3.218 0.041 

Lacewings 
1.70 ± 
0.55 

0.40 ± 
0.15 

Treatment 1, 4 4.477 0.102 
Date 3, 24 4.120 0.017 
Treatment*Date 3, 24 2.151 0.120 

Parasitoid 
Wasps 

19.25 ± 
3.89 

13.35 ± 
1.90 

Treatment 1, 4 2.477 0.191 
Date 3, 24 2.364 0.096 
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Treatment*Date 3, 24 1.220 0.324 

2016 

Predator 
5.15 ± 
0.74 

4.25 ± 
0.51 

Treatment 1, 4 0.927 0.390 
Date 3, 24 8.567 0.000 
Treatment*Date 3, 24 4.307 0.014 

Natural 
Enemies 

18.28 ± 
1.44 

16.10 ± 
1.39 

Treatment 1, 8 0.658 0.463 
Date 3, 24 7.178 0.001 
Treatment*Date 3, 24 1.167 0.343 

Pests 
487.05 ± 

65.45 
478.75 ± 

89.20 

Treatment 1, 4 0.001 0.972 
Date 3, 24 5.929 0.004 
Treatment*Date 3, 24 0.475 0.703 

Ladybugs 
0.88 ± 
0.23 

0.78 ± 
0.23 

Treatment 1, 4 0.077 0.795 
Date 3, 24 4.281 0.015 
Treatment*Date 3, 24 0.408 0.749 

Leafhoppers 
3.51 ± 
0.59 

2.59 ± 
0.61 

Treatment 1, 3.6 2.012 0.237 

Date 
3, 

24.5 
2.509 0.082 

Treatment*Date 
3, 

24.5 
0.714 0.553 

Thrips (Pest) 
479.58 ± 

65.23 
473.63 ± 

88.92 

Treatment 1, 4 0.001 0.980 
Date 3, 24 5.869 0.004 
Treatment*Date 3, 24 0.460 0.713 

Thrips 
(Predator) 

1.78 ± 
0.35 

1.33 ± 
0.33 

Treatment 1, 4 0.345 0.588 
Date 3, 24 2.601 0.075 
Treatment*Date 3, 24 1.697 0.194 

Lacewings 
1.21 ± 
0.35 

0.97 ± 
0.25 

Treatment 1, 3.5 0.581 0.494 

Date 
4, 

22.7 
8.844 0.000 

Treatment*Date 
4, 

22.7 
1.268 0.309 

Parasitoid 
Wasps 

13.13 ± 
1.19 

11.85 ± 
1.14 

Treatment 1, 4 0.339 0.592 
Date 3, 24 10.147 0.000 
Treatment*Date 3, 24 0.593 0.625 
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Appendix 6  
 

MT 52 Spray Trial with BMSB Nymphs 
 

Victoria Skillman1,2, and Jana Lee2 
 

1Dept. Horticulture, Oregon State University  
2USDA ARS Horticultural Crop Research Unit Corvallis, Oregon 

skillmav@oregonstate.edu, Jana.Lee@ars.usda.gov 
 

 

Background Introduction  

The article Virulence of select entomopathogenic fungi to the brown marmorated stink bug, 

Halyomorpha halys by Gouli et al. (2012) explored using entomopathogenic fungi to control 

BMSB adults. The study found that direct sprays in the laboratory worked fairly well in killing 

BMSB adults within 12 days. One of the fungal isolates used in the study was Metarhizium 

anispoliae Metchnikoff. While field collected strains were used in the experiments, there are 

strains of Metarhizium anispoliae that are commercially available. An additional study, 

Virulence of BotaniGard® to second instar brown marmorated stink bug, Halyomorpha halys by 

Parker et al. (2015), examained entomopathogenic fungal sprays on 2nd instar BMSB nymphs. 

That study also found good control after 12 days with using Beauveria bassiana Bals.-Criv. from 

a commercial product, BotaniGard®. However, there was been not research into other BMSB 

nymphal stages, such as the larger 4th and 5th instars or the use a commercially available 

Metarhizium anispoliae product. 

 

Objective Question 

How effective is commercial Metarhizium anisopliae (Met) formulation spray at killing nymphal 

BMSB? 

 

Methods  

Collection of insects 

The nymphs were collected from five sites through the Willamette Valley of Oregon: Aurora, 
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Molalla, Corvallis, Monmouth, and Albany. There were two size categories for nymphs, large 

(older instars – 4th and 5th) and small (younger – early 4th or 3rd). 

Met solution 

The Metarhizium (Met) solution used was Met 52 EC (Novozymes Biologicals, Inc., Salem, 

VA), which contains an 11% solution of Metarhizium anisopliae strain F52 spores. The Met 52 

EC solution was mixed that same day of spraying at a rate of 7.81 mL per liter of water 

according to this formula: (1fl.oz Met52 EC/gallon water) X (29.57mL/fl.oz.) X (1gal./3.785L). 

Set up and Spray 

Both the ‘Met’ and the control spray arena were a 60 x 22 mm diameter Petri dish containing 

five nymphal BMSB of one size category (Fig. A6.1a). Control dishes were sprayed with 2 mL 

of sterile distilled water. Sprays were done with a Potter spray tower (Burkard Scientific, 

Uxbridge, UK) at 15 psi, located at the Agricultural Life Sciences building of Oregon State 

University. Prior to spraying, the BMSB nymphs were chilled at ~0C for 5-10 minutes to 

immobilize them during the spray. Before the spraying of treatments commenced, a potato 

dextrose agar (PDA) plate was sprayed with water for a negative control, as an indicator of 

whether fungal contaminants were present in the spray apparatus. Next, control plates were 

sprayed, followed by Met plates. For a positive control, two PDA plates were sprayed with Met 

as an indicator that the solution had viable spores. All Petri dishes with BMSB had filter paper 

placed inside them prior to spraying to absorb excess spray residue and prevent drowning.  

Afterwards, the Potter tower was cleaned with acetone sprays to prevent residual Met build up 

for subsequent trials.  

Monitoring  

BMSB from each replicate were transferred into a new arena for monitoring. The arena consisted 

of a 16 oz. clear lidded plastic container with a 1 oz. water wick, two carrots, and a few raw 

peanuts (Fig. A6.1a and A6.1b). The food was changed once a week. Then each arena was 

placed in an incubator at 26C with roughly 16:8 L:D and 40-50% RH. Each arena was checked 

for BMSB mortality and molting three times a week for two weeks for a total of seven checks. If 

mortality was observed, dead BMSB from only the Met sprays were placed in small 56 mm Petri 

dishes with wet filter papers to retain moisture. These were then placed in a separate incubator at 

26C with 0:24 L:D and 40-50% RH and checked after approximately two weeks for sporulation. 
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Sixteen replicates of small nymphs (8 control and 8 Met) and 39 large nymphs (20 control and 

19 Met) were done over two spray dates: July 29 and August 5, 2015.   

 

Statistical Analysis 

The total number and percentage of nymphal BMSB which did and did not sporulate were 

compared graphically. A repeated measures test compared the percent mortality in control and 

Metarhizium with treatment, day, and treatment*day interaction as fixed effects, and the spray 

trial date and arena subject as random effects. Percent mortality was arc-sin transformed (SAS 

2012).   

 

Results  

In the end, 66% of nymphs treated with Met spray died, which was higher than the 40% percent 

treated with the water control. By day fourteen, more than half of the nymphs treated with Met 

that died clearly showed signs of sporulation (Fig. A6.2). The sporulation was white or gold in 

color and started at the joints of the insect (Fig. A6.3). However, sprays did not appear to prevent 

nymphs from molting into adults, 51 nymphs sprayed with Met and 65 control nymphs out of 

100 molted into adults over the two trials. One adult from the spray treatment even reached 

reproductive maturity and laid a cluster of twenty eggs.  

 

Conclusions 

While there was significantly higher mortality after the Met spray than the control water spray, 

there appeared to be little biological significance. The mortality from the water spray at 14 days 

was just under 40%, which was high. High nymphal mortality and BMSB has been noted in 

other experiments and was expected for this experiment. The mortality in the Met spray was 66% 

percent at 14 days, so it only increased morality of nymphs by ~26%. Also, just over half of (51 

out of 100) nymphs molted to the adult stage and even one reached reproductive maturity (noted 

by presence of an egg cluster) in the Met treatment. While Met may have infected BMSB, it took 

considerable time before they died. It is important to note that this experiment was conduct with 

direct spray, which will be hard to get in the field setting as BMSB may sit on the underside of 
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leaves and often drop when bothered. Additional research has shown that entomopathogenic 

fungi may not be as effective as originally expected and suggests possible suppression factors at 

play. It was found that two chemicals trans-2-octenal and trans-2-decenal, both are produced by 

BMSB as a defense response, complete suppressed fungal growth (Pike 2014). Therefore, a 

foliar spray of commercial Met may not be an effective control method against BMSB 

populations for conventional growers, who could use insecticidal sprays. However, it could 

possibly be used by organic growers which have few or no options to control BMSB. More 

research is needed on understanding the interaction between BMSB and the entomopathogenic 

fungi sprays. 
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Fig. A6.2. Graph of the percent morality of BMSB over 14 days of control and 
MT 52 spray. Treatment F1,51=11.7, P=0.0013; Day F5,265=87.5, P<0.0001; 

Treatment*Day F5,265=6.0, P<0.0001; Instar Size F1,51=0.04, P=0.83. 

Fig. A6.3. Example of the Met sporulation in a BMSB nymph (a) and adult (b) 
BMSB. 

a)  b)

a)  b)  c) 

Fig. A6.1. Petri dish containing five nymphal BMSB of one size category ready to be put 
into the potter spray tower (a). The arena that BMSB nymphs were held in for the 14 days 
after being sprayed (b). Two arenas with five BMSB nymphs after they were sprayed (c). 



 
 

 


