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(ABSTRACT) _

The boxelder bug, Bgigga triyittaga (Say), is a pest

because large numbers congregate on and in buildings, causing

concern among homeowners. More knowledge of effective

insecticides, seasonal abundance of the pest, and concerns of

the affected homeowner will help to reduce the impact of the

insect in urban areas.

Field-collected adults and nymphs exposed to latex-

painted surfaces treated with 0.1% cypermethrin, 1.0%

diazinon, 0.25% bendiocarb, 0.25% chlorpyrifos, and 1.0%

propetamphos resulted in more than 70% mortality with all

insecticides up to 3 d after treatment for adults, and 7 d

after treatment for medium-and large-sized nymphs.

Fewer than 50% of homeowners surveyed thought boxelder

bugs were a serious pest. Homeowners had little knowledge



about the source of infestations from host trees. Residents

reported spending $22.42 (median) to control boxelder bugs,

but were willing to spend $45.00 (median). Residents

tolerated more bugs outside (median=63) than they would

inside (median=8) their house.

From April to December, 1988, boxelder bug populations

were sampled outdoors in urban areas. First generation nymph

and adult populations peaked during June and July. Fall

generation nymph and adult populations were abundant on the

ground and trees from August to September, but not on

residences. Movement to the ground and surfaces of buildings

occurred in October, and adults peaked in numbers in mid

November.

Temperature profiles on residences and behavioral

observations indicated that boxelder bugs found on host trees

orient toward sunlight; adults were found in greater numbers

on surfaces with higher mean temperatures than other

substrates.
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INTRODUCTION

Qgiggg triyigtggg (Say), the boxelder bug, is a member

of the scentless plant bugs in the family Rhopalidae. It is

a widely distributed, common household pest, and a minor

pest of some fruit crops in the United States (Schaefer

1975). It has been referred to as the "pop bug", "populist

bug", "democrat bug", and the "cottonstainer" (Smith and

Shepherd 1937, Lugger 1896). Boxelder bugs are found near

their primary host, the boxelder tree, Age; ngggggg L.

Large aggregations of adults and nymphs form on houses

during spring and fall causing concern to homeowners. They

move into houses through open windows and doors, cracks and

crevices around windows, doors and eaves with colder

temperatures in the fall. Adults often stain fabric with

their excrement (Davis and Joos 1982). Taub (1970) reported

severe asthmatic reactions during fall migrations of the

boxelder bug into homes. .

Adult boxelder bugs are often found overwintering in

leaf litter around buildings. They emerge the following

spring and deposit eggs in cracks and crevices on sunny

exposures of houses and low-lying vegetation. Boxelder bugs

increase in number on their primary host in late summer and

fall (Tinker 1951) when feeding begins on the sap of the

leaves and seeds. However, feeding is not restricted to

this species of maple. Q. trivigtata has been found feeding
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on a variety of other plants and trees including oak,

mulberry, and the silver maple (McDaniel 1933, Smith and

Shepherd 1937, Wheeler 1982, Bertholf 1985).

The boxelder bug is ranked among the top ten household

pests in the United States (Anonymous 1988). The boxelder

bug was ranked first among insects submitted to the

University of Minnesota's diagnostic clinic in 1977 (Ascerno

1981). Results from a survey conducted by the Cklahoma Pest

Control Assocation (Pinkston 1988), indicated that boxelder

bugs were ranked fifth, along with scorpions and termites,

as being one of the most difficult insect pests to control.

Early studies focused on the geographic location,

taxonomy, morphology, and development of 3. ggiyigtgtg

(Howard 1898, Smith and Shepherd 1937, Knowlton 1944, Tinker

1952). However, there is little or no published data on

homeowners' perceptions, seasonal abundance, and effective

chemical control. The present focus of chemical control is

remedial treatment by applying insecticides directly on the

insects. Several insecticides are available today for

controlling boxelder bugs. However, there is concern that

low·susceptibility to insecticides or behavior may influence

the efficacy of chemical treatment.

Wollerman (1965) reported that with increasing interest

in outdoor recreation and numbers of homes and parks in

sites where boxelder trees are abundant, there will be a

greater demand for control information. Information on the
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perceptions of homeowners, peak abundance, and the level of

mortality achieved with insecticides for boxelder bugs can

increase efforts toward preventing or reducing large

aggregations around houses.

The objectives of this research project are to:

1) determine homeowner knowledge, perceptions of boxelder

bugs, and willingness to pay for control; 2) determine

biological information, including seasonal abundance and

behavior patterns of boxelder bugs at residences in

Blacksburg, Virginia; 3) evaluate the contact-susceptibility

of boxelder bugs to six insecticides; 4) compare temperature

profiles on residences where boxelder bugs are found and

conduct observations on the behavior of boxelder bugs on

host trees.



LITERATURE REVIEW

ßoiseg trivittata is one of the most widely distributed

and common household pests in urban and suburban areas of

the United States (Mampe 1972, Schaefer 1975, Wheeler 1982).

The pest status of this insect is based on the nuisance

caused by large aggregations of adults and nymphs on the

south and west sides of homes, and fecal spots on fabric due

to large indoor infestations (Swenk 1929).

Abundance of boxelder bug aggregations was first

reported in the western United States. Wheeler (1982)

reported that large aggregations occurred in North Dakota as

early as 1894. Ascerno (1985) reported that boxelder bugs

were a serious problem because of large aggregations found

on buildings in Minnesota in 1935, 1936, 1949, 1958, and

1975. Smith and Shepherd (1937) reported that a decrease in

the level of abundance of boxelder bug populations was

correlated with the drought in Minnesota in 1932. In the

last decade, boxelder bug populations were reported to have

increased in Wisconsin (Wheeler 1982).

Unlike a year-round, indoor pest such as cockroaches,

the boxelder bug is found in close association with the

urban community only during spring and fall (Mampe 1972),

and impacts the urban community both indoors and outdoors.

Little is known about homeowner perceptions and acceptance

4
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of control strategies of outdoor pests including boxelder

bugs that are associated neither with the sanitation level

nor public health of homeowners in urban areas. The

cooperation of the homeowner is a strategic element in the

success of a implementing a control program. Knowledge on

the initiation and implementation of control of a target

pest at residences by homeowners is important and should be

a first step to beginning an urban integrated pest

management (IPM) program (Thoms and Robinson 1986).

Questionnaires have been used to gather information

about homeowners' perceptions of the target pest, and

provide information about educational materials (Wood et al.

1981, Robinson and Atkins 1983, Zungoli and Robinson 1984,

Robinson and Zungoli 1985, Thoms and Robinson 1986, Robinson

and Bao 1988, Stein and Wrens 1988). Thoms and Robinson

(1986) reported that rating of homeowners' perceptions was

an accurate method for assessing the activity periods of

insect pests. Understanding the perceived and actual

occurrence of infestations can help establish feasible and

acceptable tolerance levels for the target pest (Thoms and

Robinson 1985). It is important to determine a level of

homeowner tolerance for an insect pest to establish the

level of control needed, the social acceptance of the type

of control to be employed, and willingness to pay for

control measures.
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Taxonomy

The boxelder bug was first described from Missouri in

1829 under the name, Lygaegs grivigtgta Say, and placed in

the Lygaeidae (Wollerman 1965). It was placed in the family

Coreidae by Stal in 1870, and the genus name changed to

Lgpgggggis. Smith and Shepherd (1937) reported it to be in

the Corizidae. It is now placed in the family Rhopalidae.

In 1982, the scientific name was changed to 5g;§gg

ggjyiggggg (Say), as recognized in a revision by Gollner-

Scheiding (Hoebeke and Wheeler 1982).

(

The genus 5giggg includes only two species, 5.

ggjyiggggg (Say) and 5. rghrglingggg (L.) in North America

(Hoffman 1975). Schaefer (1975) reported that 5. ggiyiggagg

is found in the Oriental, Ethiopian and Australian Regions.

5. rggggliggggg, the western boxelder bug, is considered a

pacific coastal species, its range extends to Idaho,

Arizona, Nevada, and Texas (Barber 1956). Smith (1986)

reported that it is found only in Nevada and westward.

The first major pest population of 5. griyitgggg was

reported in 1891 from Columbia County, Washington (Riley and

Howard 1892, Smith and Shepherd 1937). However, the origin

of the boxelder bug is unclear. Slater and Schaefer (1963)

described the boxelder bug as western in origin (Wheeler

1982): Smith and Shepherd (1937) reported it southwestern in
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origin; and Milliken (Smith and Shepherd 1937) suggested the

bug may have originated in Mexico. Wheeler (1982) and

Schaefer (1975) reported that the boxelder bug may have

spread eastward as A. negggdo was planted in towns in the

northeast..

The boxelder bug has been reported in almost every

state of the United States (Wollerman 1965). In 1880, the

insect was reported to be found in Colorado, Arizona,

California, Missouri, Utah and Mexico (Howard 1898). Smith

and Shepherd (1937) reported the insect was found in Iowa.

Osborn and Drake first reported the insect from Ohio in

1913, and McAtee (1926) reported it in Washington, D. C. in

the 1920's (Hoffman 1975).

The boxelder bug has two generations per year in the

South and one in the North (Wollerman 1965, Long 1928). In

the mid West, Smith (1951) reported two generations in

Kansas.

The average length of incubation for the egg is 14 days

(Smith and Shepherd 1937). There are five nymphal instars

collectively regarding an average developmental period of 60

days (Smith and Shepherd 1937). McDaniel (1933) reported

that females deposit their eggs only in the opening buds of

pistillate Age; spp. However, Wollerman (1965) reported

that although boxelder bugs will lay eggs in hibernating
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quarters, such as on stones, grass, paper litter, fences and

in doorway crevices, the eggs are normally laid in the

crevices of the bark and leaves. McNally (1956) reported

that eggs deposited in harborages do not survive, because

the nymphs that hatch are too far from a suitable host and

starve.

Smith and Shepherd (1937) reported that no parasites

emerged from 452 eggs that were observed during rearing. No

predators were found feeding upon boxelder bugs. One

hundred percent of the adult population observed had

parasitic flagellates in the intestinal tract which did not

appear to result in any mortality (Smith and Shepherd 1937).

The boxelder tree, Age; ggggggg, is the primary host of

the boxelder bug (Howard 1898). It prefers pistillate over

staminate trees, but are known to feed on male boxelder

trees. Tinker (1952) reported that boxelder bug movement to

seed-bearing trees coincided with an increase in ovule size

of the boxelder seeds. Smith and Shepherd (1937) reported

boxelder bugs feeding for approximately two weeks before

copulation and oviposition take place. Tinker (1952)

reported that only a small number of boxelder bugs will feed

at one time and the percentage of bugs feeding on the seeds

increased in the afternoon.
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Several researchers (McDaniel 1933, Smith and Shepherd

1937, Hoffman 1975, Pirone 1978) have suggested that

boxelder bugs in large numbers weaken boxelder trees by

feeding on the leaf tissue. Early in the 20th century there

were frequent reports about the damage caused by boxelder

bugs to the host tree because the boxelder maple served as a

popular shade tree in urban and suburban areas. However,

the tree has become increasingly unpopular because of its

weak limbs, short life span, and susceptibility to attack by

insects and decay (Collingwood and Brush 1948).

(

Boxelder bugs will feed on other Age; spp., as well as

ash, and a wide variety of plants. Although host preference

for Age; spp. has not been determined, Bertholf (1985)

reported the insect on Qge;gge spp. and golden raintree,

Rachesky (1971) reported that boxelder bugs fed on

houseplants, and Smith and Shepherd (1937) reported the

insect on Qge;gge pa1gs;;is, Ailegthge elgieeime (Mill.),

and mulberry. Wheeler (1982) reported that Age; eegghe;iggm

(L.) may be an important alternate host tree. Smith and

Shepherd (1937) observed the insect feeding upon the

following ornamental trees and plants: AeeggAge spp., iilie

Spp-, äpimea Spp-„ äxrjmqa Spp-„ lää
Spp-„ Lhaget<-= Spp-, Spp-„ mlipa Spp-„ äsßia
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app-. Lenissra app-, §.a2s.as.¢.a.e app-, and
sänaminaag app·

Damage to fruit crops by boxelder bugs was first

described by Riley and Howard (1892). However, they

reported that boxelder bugs only occur in fruit orchards

with boxelder trees nearby. The boxelder bug has been

reported a destructive pest to fruit orchards such as apple,

peach, plum, pear (Mcbaniel 1933, Davis and Joos 1982, Riley

and Howard 1892, Joos et al. 1976), and strawberries

(Wollerman 1965, Hutson 1932).

Several authors have observed cannibalism in boxelder

bugs (Tinker 1952, Abbott 1948, Knowlton 1944). Boxelder

bugs will attack younger nymphs that are undergoing ecdysis.

Tinker (1952) reported boxelder bugs feeding on bird

droppings. Adler and Wheeler (1984) suggest that this type

of feeding behavior may not only provide food, but also

facultative behavior in males and females. Abbott (1948)

reported that whole-body water extracts of boxelder bugs

placed on filter paper initiated a feeding response in

several boxelder bugs exposed to it. It was proposed that

the boxelder bug contained a water-soluble chemical

sufficiently similar to boxelder tree sap that attracted

members of its own species (Abbott 1948). Palmer and Knight

(1924) reported that the red pigmentation in the boxelder

bug is a flavone—carotinoid type of color derived from the

boxelder sap.
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Qispersgl and Qverwintgring Sites

Time of dispersal to search for feeding or

overwintering sites may vary depending on geographic

location (Wo1lerman 1965). Adults move off boxelder trees

in the fall and seek hibernation in a variety of niches,

such as fence corners, under leaf litter, in and around

houses (McDaniel 1933), under hedges, stone, lumber, bark,

and in hollow trees (Smith and Sheperd 1937). Tinker (1952)

reported that 85% of the bugs found on the houses were

adults. In Kansas, Smith and Shepherd (1937) reported that

boxelder bugs seek shelter in early Qctober, and movement

from places of hibernation begins in late March.

Tinker (1951) reported on the increased abundance of

adults in August and September on female boxelder trees,

which coincided with the development and maturity of the

ovules.

Investigations on temperature selection by boxelder

bugs have been conducted primarily by Tinker (1952).

Boxelder bugs frequently form clusters on high heat-

producing surfaces such as stones, wood, bare soil, gravel,

charcoal, brick, and white-painted siding of houses. Tinker

(1952) reported that as little as a 1.70 C to 3.30 C

difference on these surfaces had boxelder bug aggregations
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at the higher temperature range. Bugs were found on low-

growing vegetation when temperatures were between 7.8o C and

11.1° C (Tinker 1952).

Tinker (1952) reported that an exponential relationship

exists between temperature and amount of activity. Fecal

spots were used as an index of amount of metabolic activity.

Twenty degrees Celsius was considered as the lower limit of

temperature related to an increase in boxelder bug

populations in the Spring on the outside of buildings in St.

Paul, Minnesota (Tinker 1952).

Although boxelder bugs cannot survive cold temperatures

without protection (Tinker 1952), the lower temperature

threshold for survival has not been accurately determined.

Tinker (1952) reported that when bugs were collected near

the foundation of the building and in two other locations

away from the building, there was no mortality next to the

walls but 47% and 84% mortality in the locations away from

the building. Nymphal instars appear to die inversely in

relation to the degree of their development (Tinker 1952)

Tinker (1952) investigated a series of degree—days for

the boxelder bug development in Minneapolis, Minnesota for

1934 to 1950 and reported that abundance was high between

357.8 and 415.0 day—degrees, but was low in 1938 with 258.3

day—degrees and in 1950 with 184.8 day-degrees.

Tinker (1951) reported that boxelder bugs exhibited

preference for sunny exposures of the host tree, Age;
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neggngo L, but congregations of bugs disappeared when the

area became shady. On very hot days, however, the bugs

selected shaded areas.

§og—Qhgm;cg1 ggg Chemical Cggtrol

Interest in clarifying the biology and behavior of

insects is directed toward achieving better control

strategies in and around structures. Control of boxelder

bugs is based on the application of insecticides to the

outside surfaces of buildings where aggregations form

(Gojmerac 1963, Spackman 1977), or through structural

modifications, such as sealing cracks and crevices around

the house. Several entomologists (Gojmerac 1963, Spackman

1977, Wheeler 1982, Ascerno 1985, Smith 1986) report

insecticide applications to host trees reduce boxelder bug

infestations near homes, but suggest that more permanent

control can be achieved by cutting down the female host tree

near infested homes. .

Although removal may provide control (Davis and Joos

1982), elimination of the host tree has been reported to be

ineffective by Ascerno (1985). Smith and Shepherd (1937),

Wheeler (1982), and Bertholf (1985) reported that ß.

trivittgta may feed and survive on a variety of other trees.

The homeowner may have no control over the removal of host

trees that are not on their properties.
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Chemical control for boxelder bugs presents several

problems. Because this pest affects the urban community

primarily during Spring and Fall, chemical control efforts

by homeowners usually are initiated after infestations

invade urban residences. Photodegradation and

volatilization of the insecticide can occur, because the

pesticides are often applied to the sun-exposed areas of the

house, and to heat-producing surfaces such as white-painted

siding that attract the bugs.

Little research has been conducted on the immediate and

residual effectiveness of insecticides to B. trigigtggg.

Insecticides such as DDT, chlordane, dieldrin, and

toxaphene, recommended by several authors (Knowlton 1948,

Monroe and Post 1949, Bruce 1950, Rogoff 1950) have either

been banned or are obsolete. Truman et al. (1976) provided

recommendations on the use of 1.0% diazinon, 1.0% propoxur,

0.5% chlorpyrifos, 2.0% malathion, and 1.0% or 2.0% carbaryl

for indoor application. Mampe (1979) reported that carbaryl

and diazinon dusts and propoxur emulsifiable concentration

spray provided control.

Interest in the residual activity of insecticides on

various building surfaces by the pest control industry has

increased (Roper and Wright 1985). Snetsinger (1984)

reported that when Dursban 2E is applied to latex and oil-

based painted blocks, the evaporation rates of the pesticide

were lower on the latex—painted surfaces, but temperature
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reduced the amount of residue of the pesticides on both

treated surfaces. However, German cockroaches were

attracted more to the latex-painted surfaces than the oil-

based painted surfaces (Snetsinger (1984). Roper and Wright

(1985) reported that 100% mortality was achieved on latex

and enamel painted surfaces and the amount of diazinon

recovered on the surfaces at rates of 0.5% and 1.0% was

greater than plywood, but less than plasterboard.



MATERIALS AND METHODS

Survey

gitg. Urban locations were selected within cities of

Manassas and Lynchburg, Virginia. Information pertaining to

the cost of housing in the two geographical locations was

obtained from real estate agents to estimate the

socioeconomic status of the residents. Sites were selected

based upon the proximity to boxelder bug infestations and

assurance by Cooperative Extension Agents of long-term

boxelder bug infestations in those urban areas.

Pretest surveys were conducted to determine proper

information on phrasing, order, format, and value of

proposed questions intended to obtain the desired

information.
I

A total of 98 residents were surveyed during August,

1987. Based on preliminary data, the survey was conducted

during a major decline in boxelder bug numbers around homes.

Homeowners' responses were based on impressions of boxelder

bug infestations from the previous Spring.

Qgggtiggggigg. The questionnaire (see Appendix A)

consisted of 22 questions including 13 closed—ended, and 9

open-ended questions. The questions were presented verbally

by one person to residents living in single family homes.

16
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The locality of a major infestation area was determined by

homeowners who called Cooperative Extension Agents about

boxelder bug infestations around their home. Homeowners'

attitudes were studied by interviewing homeowners in known

infested areas that were within the block and 1 to 3 blocks

from a major infestation. Households were chosen randomly.

The person interviewed was provided with a pinned-specimen

to confirm positive recognition of the insect. Data were

recorded on residents who did and did not see the insect and

the distance the household was from an infestation area.

However, only those residents who saw the insect were

further interviewed. Each interview took approximately 10

minutes. Specific ages of the respondents were not

recorded, but were placed within a 10 year category, 10-20,

20-30, etc.

Qg;g_ggglygig. Most of the information obtained was

descriptional in nature, and did not require extensive

analysis. The data obtained from Lynchburg and Manassas

were combined by the city where the survey was conducted and

the number of blocks away from an infestation area in some

questions for purpose of valid analysis. All data were

coded and analyses were performed on SAS (Statistical

Analysis System) (1985). Chi-squared analysis was used to

determine if there was an association between some of the

variables. The Spearman correlation coefficient was used to

determine the strength of the relationship between
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variables. A test of agreement was used to determine the

consistency of responses between similar questions.

Seasonal Abundance

The studies were conducted from April to December, 1988

at 3 homes, 3 apartment buildings, and 1 utility building in

Blacksburg, Virginia. At one location, an apartment

building, three boxelder trees were sampled for nymphs and

adults.

Structures were inspected regularly on a weekly basis

for the presence of adults and nymphs on the property. The

surface of buildings and ground area below the wall was

sectioned into 1 mz samples, and the boundaries were marked

with spray paint. The numbers obtained from vegetation and

wall surfaces were combined to provide a total abundance at

each residence.

Tree population samples were taken at the base of the

trees by using quadrants, which were made by marking the

ground with a spot of green spray enamel on the grass at

four points around the tree with a 1.2 m radius. Boxelder

bugs on tree trunks were tallied by counting the number of

insects from the ground to a distance of 1.5 m.

Little is known about the distance between ß.

griyittggg populations on the host tree, A. ggggggg and

overwintering sites. Tinker (1951) reported that the local

distribution of boxelder bugs depended on the location of

the female boxelder tree. The distance was measured between
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residences with boxelder bug infestations and boxelder trees

present at or near the property.

Biological Information
I

Egggggigy. Adults were obtained from residential areas

of Blacksburg, Virginia in the Spring, 1988. The rearing

methods were similar to those reported by Smith and Shepherd

(1952). Conditions in the rearing room were maintained at

20-22° C, 58-62 % RH and 12:12 h photoperiod. Ten pairs of

adult boxelder bugs were used during the life history

studies. Adults were replaced if death occurred. Each pair

was placed into 3.8 1 (25.5 x 8.5 x 6.5 cm) glass jars and

provided with boxelder leaves placed in 125 ml Erlenmeyer

flasks filled with tap water. A 15 ml vial with a sponge

inserted at the mouth was used to provide water for boxelder

bugs. Water bottles and leaf material were replaced daily.

Mortality of female and male adults was recorded and dead

individuals were removed and replaced the next day to

maintain the colony. A reserve colony of adults was

maintained in the rearing room for convenience in replacing

dead individuals.

Mating, length of time and place of oviposition,

percentage of eggs hatched, incubation period, number of egg

batches per female, number of eggs per batch, longevity and

dates of activity were recorded. Egg masses were collected

from the jars and transferred to 100 x 15 mm sterilized
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petri dishes. Upon hatch, first instar nymphs were

transferred to either 9.5 x 5.5 x 8 cm or 11.5 x 7.5 x 9 cm

plastic cups and supplied with small leaf matter placed into

a 4 ml vial filled with tap water and secured with a sponge.

Cheesecloth was used to retain nymphs and adults in the

containers.

§gx;;g;igg. The sex ratios of overwintering adults was

determined from study sites A, B, C, F, and H . Adults were

collected from leaf litter at sites into 1 l glass jars.

Four samples were taken per week over a 5 week period during

September and December, 1988. Adults were taken to the

laboratory to determine the number of males and females from

each sample and then returned to the study site.

Chemical Control

Adult and nymph B. triyittggg were collected around

homes in Blacksburg, Virginia. They were taken to the

laboratory and held approximately 12 h at 16O C prior to

testing. The insects were allowed 30 min to acclimate to

room temperature before the tests. The five insecticides

evaluated were tap water-diluted concentrations of: 0.1%

cypermethrin (Demon WP), 1.0% diazinon (Dzn AG 500 EC),

0.25% bendiocarb (Ficam W), 0.25% chlorpyrifos (Dursban ME),
i

and 1.0% propetamphos (Safrotin EC). Adults, both males and

females, and medium (3rd and 4th instars) and large (5th

instars) nymphs were used for the tests.



21

The insecticides were applied to 9 x 9 x 0.5 cm plywood

panels consisting of Douglas fir and oak. The surfaces were

prepared by brush•painting the panels with two coats of

latex paint (Glidden dramatone-tinted latex indoor wall

paint). All the panels were painted on the same day. The

surfaces were permitted to air dry 3 h before applying

insecticide. It is important to note that the normal amount

of time allowed for air drying is approximately 2 weeks.

A 1—microliter pipette with a plastic tip was used to

dispense 1 ml of the insecticide diluted in tap water onto

the surface. The insecticide was smoothed over the surface

with the tip of the pipette so that the surfaces were

uniformly wetted. The residual activity of each insecticide

was determined by confining the insects on the panels within

an 8 cm diameter glass funnel or 10 x 20 cm petri dish cover

coated with Petroleum jelly to 30 min (represents 0 days in

tables 3 and 5), 1, 3, and 7 day aged residues. Ten insects

were used for each replicate. The insects were anesthetized

with CO2 before being placed upon the wood panels.

Mortality was evaluated following 24 h exposure of the

insects to the panels. A control was used for all tests.

Cumulative mortality of adults was determined by

confining the insects in the same manner as described above

for 24 h to one-day old residues of each insecticide.

Observations on the treated panels were made at 2, 4, 8, and

24h after the insects were placed on the panels.
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Qg;g_Agglygi;. The percentage reductions were analyzed

by the general linear model analysis of variance SAS—GLM

procedures (SAS·Genera1 Linear Model 1985) and means were

separated by the Duncan's Multiple Range Test (P<0.05) (SAS

Institute 1985). Abbott's formula (Abbott 1925) was used to

adjust for mortality in the controls before analysis.

Temperature Studies

Temperature measurements were taken from October 21 to

November 15 at four different locations around residential

homes in Blacksburg, Virginia. Each site was scouted for

the location of boxelder bug populations and records were

kept on the specific location where individuals were found

at each site.

A 201-insulated thermistor probe attached to a Campbell

CR 21 Micrologger was employed to measure temperature at the

various microhabitats. The thermistor probes were insulated

with two layers of styrofoam and taped around the top—side

of the probe to reduce the effect of the temperature within

_ the boundary layer above the surface examined. The probe

was placed into position and taped onto various substrates

such as brick, wood and aluminum siding, cracks, and leaf

litter. Ambient temperature was determined by placing the

probe in the air and recording for approximately 15 min.

The micrologger was programmed to record maximum, minimum,

and average temperatures every 3 min. Records were
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maintained of the time, Julian day, and microhabitat where

the probe recorded temperature. The data were loaded onto a

cassette recorder and transferred later to an IBM mainframe

computer program for data analysis.

Internal thoracic temperatures of the bugs were taken

with an Omega 0.03 cm chromel-alumel thermocouple insulated

with Tygon tubing. To reduce handling and transfer of heat

to the body of the insect, the thorax was held with rubber

gloves and grasped with soft forceps. The thermocouple was

then inserted on the posterial-ventral side between the

second and third coxae. Because of the large size of the

thermocouple, a time-constant of fifteen seconds was used to

record final temperatures. The specific microhabitat where

the insects were found and measured was recorded to compare

their body temperatures in different microhabitats.

Additional observations were made on three boxelder

trees where large aggregations of boxelder bugs were found.

_ Visual observations were made on the movement of individuals

on the trees.

The data were analyzed using the SAS-GLM procedures

(SAS Institute Inc. 1985) and the Student Newman Keul's

h

Range test was used to separate means.



RESULTS AND DISCUSSION

Survey

The results of the homeowner survey are not presented

in the order they were asked, but are grouped together by

the category of information obtained to provide easier

discussion.

Of the 98 households contacted, 77 residents were

interviewed from Lynchburg and 26 residents were interviewed

from Manassas. Homeowners not familiar with the insect were

included in the analysis to determine if homeowners'

recognition of the pest was related to the distance of

households from a major infestation area. Forty-eight

homeowners recognized the insect and were interviewed

further.

ßggkgrgggg. A majority of the respondents were female

(56.3%). The respondents' average range of age was 40 to 50

years (n=47; SEM=2.2). The average number of years the

homeowners lived at their house was 14.4 years (n=46; SEM=

16.93; range=<1-65 years). The estimated cost of housing in

Lynchburg and Manassas was $15,000-$50,000 and $100,000-

$150,000, respectively.

24
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gesgogsgs ggseg gg gggximity tg goxgldgr gug infestgtigns.

Q: Have you seen this insect around your home?

A: Lynchburg Manassas Y

n % n % %

Yes 36 50.0 12 46.1 48.1
No 25 34.7 10 38.5 36.6
Not Sure 11 15.3 4 15.4 15.4

Lynchburg Manassas

Blocks Yes No Yes No
Away or not sure or not sure

n % n % n % n %

0 7 70.0 3 30.0 8 66.6 4 33.3
1 27 57.4 20 42.6 3 50.0 3 50.0
2-3 2 13.3 13 86.7 1 12.5 7 87.5

When homeowners were asked, have you seen this insect

around your home?, approximately half (48%) of the residents

from Lynchburg and Manassas saw boxelder bugs on their

property. Of the remaining, approximately 37% did not see

them and 15% were not sure.

A majority of respondents in Lynchburg (70%) and

Manassas (66.6%) who were closer to an area where boxelder

trees were present saw boxelder bugs. However, the farther

the residents were from a major infestation area, a fewer
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percentage of homeowners saw them. This data may imply that

there is little movement of boxelder bugs from their host

trees; therefore, heavy infestations may effect only a small

number of residences that are closer to host trees.

Q: Do you think this insect is a serious pest?

Lynchburg Manassas Y

n % n % %

Yes‘ 24 33.3 13 50.0 41.7
No 28 38.9 13 50.0 44.5
Not Sure 20 27.8 ° 0 0.0 13.9

An average of about 40% of the residents from Lynchburg

and Manassas thought boxelder bugs were a serious problem.

It is interesting to note that a higher percentage of

homeowners in Manassas (50%) thought they were a problem

when compared to those responses from Lynchburg (33.3%).

A: within blocks 1-2 blocks awayl
of infestation from infestation

n % n %

Yes 9 60.0 7 23.3
No or 6 40.0 26 43.3
Not Sure

1 Responses from Manassas and Lynchburg were combined by
blocks 1 to 3 and no or not sure responses so that all cells
would have expected counts of at least 5 for purpose of
valid analysis.
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A significantly higher number of residents from

Lynchburg and Manassas who were closer to boxelder bug

infestations thought that boxelder bugs are a serious pest

(n=48; DF=1; X2=6.982; P<0.008).

Q: Do you perceive this insect a problem to you?

n %

. Yes 23 47.9
No 24 50.0
Not Sure 1 2.1

When responses were combined between Lynchburg and

Manassas, about half (47.9%) of the respondents thought they

were a problem to them. Between the two questions, do you

think it is a serious pest?, and do you perceive it to be a

problem to you?, there was a 34.8% agreement between the

responses. Bishop et al. (1975) reported that this is a

moderate agreement between responses.

Q: What is it about the bug that bothers you the most?

n %

They're sight alone 16 35.6
Large Aggregations 6 13.3
Odor 0 0.0
Embarrassment 1 2.2
Spotting clothes 0 0.0
Other 2 4.4
Don't know 20 44.4
Didn't answer 3 6.3
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When asked what was it about the bug that bothered them

the most (n=45), 44% of the respondents did not know,

approximately 36% answered that the sight alone of the

insects bothered them. In fact, only approximately 13%

thought that large aggregations bothered them the most, and

6.3% did not respond to the question.

Q: Have boxelder bugs gotten worse, better, or stayed the
same over the last 3 years?

n %

Worse 13 27.1
Better 9 18.8
Same 14 29.2
Not Sure 12‘

25.0

When asked whether the boxelder bug problem had gotten

worse, better, or stayed the same in the last three years,

27% of the respondents thought the boxelder bug had gotten

worse. Of the remaining 73% of the respondents, 19% thought

that the problem had gotten better, 29% thought the insect

had stayed the same, and 25% of the respondents were not

sure.
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A
Knowledge ang Awarengss of ßoxelger ßug Hgbits.

Q: At what times of the year have you seen boxelder bugs
in greater numbers?

A: Spring Summer »Fal1 Winter

n % n % n % n %

Yes 21 56 26 46 13 27 4 8
No 27 44 22 54 35 3 44 92

Respondents (n=48) were allowed to include any

combination of seasons in which they saw boxelder bugs in

greater numbers in their answer. The majority of homeowners

observed more boxelder bugs during Spring(56%) and

Summer(54%) than Fall or Winter.

Q: Do you think boxelder bugs cause any damage inside or
outside your house?

A: Inside(%) Outside(%)

n % n %

Yes 5 10.4 3 6.2
No 21 43.8 20 41.7
Don't know 22 45.8 25 52.1

Few residents said boxelder bugs caused damage inside

(10.4%) or outside (6.2%) the house.
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Q: Do you think boxelder bugs release odor, sting, bite,
are poisonous, carry disease, cause allergies?

A: n Yes(%) No(%) Don't know(%)

Release odor 48 6.3 31.3 62.5
Sting 48 2.1 35.4 62.5
Bite 48 4.2 33.3 62.5
Poisonous 48 2.1 27.1 70.8
Carry disease 48 10.4 16.7 72.9
Cause allergies 48 2.1 14.6 83.3

Less than 11% of homeowners interviewed associated

health implications or harmfulness with the pest status of

boxelder bugs.

Homeowners were asked about the feeding habits of

boxelder bugs to determine how many homeowners were aware

that boxelder bug infestations are associated with the

boxelder tree. A majority (88%) of the respondents were not

sure what are the food sources of this insect. Of the

remaining, only 8% said they feed on maple trees, 2% thought

the bugs feed on paint, and 2% thought they feed on flowers.

Q: Where do you think boxelder bugs spend the winter?

n %

Inside(%) 6 12.5
Outside(%) 6 12.5
Not sure(%) 36 75.0
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When homeowners were asked where boxelder bugs spend

the winter, a majority of the respondents (75%) did not know

the answer. These data suggest that most homeowners do not

know the basic habits or biology of this pest, which

indicates a need for public education on the feeding and

migration habits of boxelder bug infestations.

ggngnol Meaggngs, Willingness to gay, and ngtngl

Few homeowners (13%) had contacted their local

extension agent about boxelder bug problems. However, 31.3%

of the residents interviewed had purchased or used

insecticides to control boxelder bugs. These residents were

located within 1 block of the infestation area.

Q: If boxelder bugs were extremely numerous on your
property, which means of control would you use?

A: Yes(%)
I

No(%) Not sure(%)

n % n % n %

None 3 6 45 94 0 0
Spray 33 6 15 31 0 0
Hire professional 25 52 22 46 1 2
Cut down tree 10 21 38 79 0 0
Move 3 6 45 94 0 O

Homeowners were permitted to choose a combination of

control tactics included in the table above. Many

homeowners said they would apply insecticides (69%) or hire

a professional (52%) to control boxelder bugs if they were
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numerous on their property. Some respondents (21%) said

they would even cut down the boxelder maple to control

boxelder bugs. In fact, 6% said they would move to avoid

having the bugs on their house. These responses show that

boxelder bugs are an urban household pest and a concern even

though they live primarily outdoors and do not threaten

public health. _

Q: How much would you be willing to spend on insecticides
to completely eliminate boxelder bugs in or around your
home?

A: Mean $299.23
Median $45.00
Range $0-$4500.00

The average amount the respondents indicated they were

willing to pay to completely eliminate boxelder bugs around

their home is $299.23 (n=40; SEM=$798.74). Because the data

was skewed, a median of $45.00 may be a more realistic

measurement of willingness to pay for control.

n 12
Mean 22.42
Median 8.5
SEM ;37.92

Only 12 out of 48 residents interviewed actually

responded to the question, "How much did you spend last year

on insecticides to control boxelder bugs?" Few homeowners

experienced problems with boxelder bugs sufficient to

\
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warrant chemical control. Furthermore, a majority of

homeowners were not able to estimate their expenditures,

because household sprays that were purchased were not used

specifically to control boxelder bugs. The average amount

the homeowners actually spent for boxelder bug control was

$22.42 (n=12; SEM=337.92); the median was $8.50.

A number of authors have recommended physical control

including sweeping the bugs away, using hot water to kill

the bugs, or vacuuming the carpet to remove the bugs from

their living space. Twenty-nine percent of the residents

said they used these means. Fifty-three percent said they

did not, 13% were not sure, and 5% did not give an answer.

Q: How many boxelder bugs do you think you would tolerate
before you would do something to control them inside____
outside____?

Inside Outside

N 36 24
Mean 108 204
Median 8 63
SEM 3372.2 3333.2
Range 0-2000 0-1000

A number of urban entomologists have reported on the

tolerance thresholds to different urban pests (Robinson and

Bao 1988, Thoms and Robinson 1986, Zungoli and Robinson

1984, Wood et al. 1981). There was a correlation between

the number of boxelder bugs residents would tolerate outside
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and how far away residents were from a known infestation

area (n=24; R=0.46247; P<0.0229). However, there was a

negative correlation between the number of boxelder bugs

tolerated inside and the residents' distance away (n=36; R=-
i

0.12573; P<0.4650). There was low correlation between how

many bugs homeowners would tolerate outside and how much

they were willing to pay for control (N=21; R=0.14182;

P<0.5241).

Residents were asked how many boxelder bugs they would

tolerate inside and outside their home. The average number

of boxelder bugs respondents would tolerate inside and

outside the house was 108 and 204, respectively. The median

number of bugs tolerated inside and outside was 8 and 63,

respectively. These results suggest that the data was

heavily skewed. Out of 48 residents surveyed, only 24 gave

a tolerance level outside, and 36 gave a number they would

tolerate inside. One reason that a low number of residents

gave a tolerance level may be that they had little

experience with this insect and were not affected on a

routine basis. The fact that the homeowner is in less

contact with the bugs because they are outside and the

clumped appearance of this pest may be factors related to a

wide range in the data and a lower number of homeowners who

responded to the question about tolerance levels of boxelder

bugs outdoors. Results obtained from a survey on tolerance

levels of cockroaches (Zungoli and Robinson 1984) indicate
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that although a fewer number of bugs would be tolerated

inside the house, the average tolerance of boxelder bugs was

considerably higher than the number of cockroaches residents

would tolerate

within a 24 h period or the number of mosquitoes (Y=8)

homeowners would tolerate (Robinson and Atkins 1983) in a

night.
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Seasonal Abundance

The abundance of boxelder bugs recorded around

residences in Blacksburg is presented in Figures 1-4. The

data represent the total number of insects recorded at six

sites (See Appendix B; sites A, B, C, D, E, F). The range

of peak activity differed between nymphs and adults, and the

occurrence of adults varied substantially between the study

sites. Overwintering adults were primarily found in leaf

litter, on bark around A. nggugdg and A. sggghgriggm trees,

and in mulch on southern exposures of residences.

During April, some adults observed at overwintering

sites became active (Figure 1). Mating activity was

observed from March 11 to June 15 on the walls of

residences, at the base of A. ngggggg and A. gggghggiggm

trees, and on low—lying Vegetation. The few adults observed

and recorded during May suggests increased flight activity

and dispersal to suitable mating and oviposition sites.

Females laid eggs predominantly on the surface of

buildings in April and May. However, egg deposition

appeared to shift toward low-lying Vegetation from June to

August. The first appearance of first—generation eggs was

observed on April 14, and nymphs appeared during the second

week of May (Figure 2). An increase in the number of nymphs

was observed during the last week of June, and numbers

peaked during the first week of July. Egg deposition ceased

the last week in June. A low number of nymphs observed and
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an early decline in the summer recorded at some sites during

May and June indicate that conditions including temperature

or food availability may have not been suitable for

development to the adult.

The number of adults at all sites remained low until

June 15. A gradual increase in the number of adults was

observed from June 15 to July 27. This increase was

followed by a low number of nymphs from the end of July

lthrough August. This shift in the structure of the

population indicates that the nymphs molted to first

generation adults.

No mating was observed during July or August on low-

lying vegetation, which indicates that the first generation

observed was completed. However, a number of adults were

observed mating and feeding on female boxelder trees in the

middle of July. A general decrease in the adult population

was observed during August. At several locations, all

adults left the surrounding vegetation and building

entirely. Tinker (1951) reported adults feeding and mating

on female boxelder trees in August and September. The

results from these studies and Tinker's studies show that a

seasonal shift from buildings to host trees of first-

~ generation adults occurs during late Summer. It is apparent

that some overlap exists in the distribution of the first-

generation adults between ground resting sites and host
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trees according to the data presented here and data reported

by Tinker (1951).

An increase in the number of nymphs, representing the

second generation, occurred during late August to September

(Figure 2). A decline in the nymphal population occurred in

October, and only a small residual population of nymphs were

tallied at sites October through December. A decreased

number of nymphs was followed by a dramatic increase of

adults on the surfaces of buildings on October 16 (Figure

3). Movement of adults to buildings at all of the sites

occurred at this time, except for one site where a number of

adults were observed on the building in September. It is

reasonable to suggest that the proximity of this building to

the boxelder trees had an impact on the numbers of adults

found on the surface of walls earlier than other sites

investigated.

At study site F (See Appendix E), there was an

abundance of nymphs and adults on female boxelder trees

during August and September (Figure 4). The location

contained an apartment building with a west and south

exposure approximately 30 m from three female boxelder

trees. On August 30, masses of hatched eggs were observed

on the leaves and seeds. On September 21, there was a sharp

decline in the nymphal and adult populations on trees. A

decline in the adult population was followed by a gradual

increase in the number of adults onto the surface of the
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wall on October 23 (Figure 5). The impact of cold

temperatures and natural death may have resulted in the

decline in the adult population on buildings during mid

November and December.

The mean distance obtained from 7 locations including

study sites A, B, C, F, G, I, J (See Appendix C) between

overwintering harborage sites and host trees is 29 m. At

all the residences where activity of boxelder bug

populations was monitored, female boielder trees were close

to the overwintering sites.
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Laboratory Colony

A total of 38 females and 30 males were observed during

the laboratory rearing procedure. Mating did not occur

immediately. In some jars, mating behavior was not observed

until several days after males and females were placed in

the jars. Of the 38 females, 16 did not lay any eggs.

The mean number of eggs per mass was 9.5 in the

laboratory (Table 1a). The mean incubation period

calculated from all eggs from all batches was 10 days;

however, the incubation period was longer at 12 and 13 days

for eggs which came from females that laid 2 and 3 batches,

respectively (Table lb). ‘Egg batches were laid in various

group sizes. Newly laid eggs were light orange in color,

but turned a dark red as they matured. Not all egg batches

were tightly compacted. Some eggs were slightly separated

from the rest of the batch. The majority of eggs were laid

on the cheesecloth at the neck of the jar. Other egg masses

were laid on the side of the jar wall, on the floor of the

jar on the brown paper, and on the leaves and seeds provided

in the jars. The eggs were laid on both the upper and lower

side of the leaves.
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Table 1a. Descriptive data on laboratory-reared eggs
Of .B•N

Y SD Range

Laboratory: eggs/mass 33.0 9.5 7.7 1-30

Egg incubation 52.0 10.1 3.7 0-16
period (days)

Egg hatch (%) 30.0 84.4 18.9 50-100

Table 1b. Data on fecundity and incubation period
based on number of egg batches per female of ß. trivittaga.

Egg batches No. Females Eggs/mass Inc. period(days)

i3s¤ ig-_sD

0 16 - -

1 17 9.738.4 11.133.4

2 4 11.436.8 12.232.8

3 2 8.035.6 13.3i1.9
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The number of days mating occurred before egg laying

ranged between 1 and 5 days. A total of 30 egg batches were
U

laid in the laboratory colony. The average percentage egg

hatch is summarized for 30 egg batches in Table 1. The

average percentage egg hatch was 84.4%. The frequency for

the number of batches per female is shown in Table 1.

Forty-one percent laid no eggs, 43.6% laid 1 batch, 10.3%

laid 2 batches. and 5.1% laid 3 batches.

The average survival of adults in the laboratory was
u

7.6 days (n=37; S.E.=5.6) for the females and 8.8 days for

the males (n=29; S.E.=6.27). The range of survival was 1-22

days and 1-20 days for females and males, respectively. The

date of death for the female after egg batches were laid

varied from 0 to 13 days. The average number of days death

occurred after eggs were laid was 4.3 days.

The mean number of eggs per mass counted in the field

was 9.9 (n=123.0: S.D.=4.3; range=2-21). When the number of

eggs per mass observed in the field was compared with

laboratory data, the range and standard deviation of the

number of eggs laid per mass was larger in the laboratory.

The standard deviations are 7.7 for the laboratory data and

4.3 for field observations on egg data.

Additional observations were made in the laboratory on

mating activity. Two males were placed in jars with one
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female. Aggressive activity was observed between males in

which both males would attempt to copulate with a female.

During several copulations, males that mounted females on

the dorsal posterial side extended the beak in between the

elytra of the female.

Sex ratios

The sex ratios of the fall generation adults are shown

in Table 2 (see Appendix B for study sites and their

locations). The sex ratios obtained were approximately 1:1.

The ratios shown here contradict the ratio (2:1, female:

male) reported by Smith and Shepherd (1937). A 1:1 ratio is

the most common ratio between males and females. The method

of collecting samples of adults could account for the

Variation in the conclusion of sex ratios between Smith and

Shepherd and the data presented here.

The primary investigators of oviposition and

development of nymphal instars of B. triyittgta females are

Smith and Shepherd (1937). They reported a range between 11

and 19 days and an average of 13.75 days for the oviposition

period. The incubation period reported here is shorter with

only an average of 10.1 days and lasting up to 16 days.

Smith and Shepherd (1937) reported an average number of eggs

per mass laid was reported to be 10 which was the conclusion

made from
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Table 2. Data on the sex ratios of fall—migrating
boxelder bugs (femalezmale).

Sitesl

A C F H B

Sample# Sept 2 Sept 7 Sep 13 Dec 14 Dec 20

1 63 56 64 67 65 89 80 91 119 77

2 72 89 79 90 60 59 44 75 19 14

3 47 55 44 36 89 96 26 25 114 81

4 44 56 48 50 105 98 62 85 95 98

X 59/61 57/64 80/86 53/69 87/68SEM2 4.2 4.5 9.9 13.2 19.7
ratio 0.9:1 0.8:1 0.9:1 0.7:1 1.3:1

1 Refer to Appendix B for map and addresses in Blacksburg.

2 SEM was calculated from the difference between the number
of females and males collected from each sample.
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the laboratory studies reported here. Egg deposition

occurred singly or in clusters as was reported by Smith and

Shepherd (1937).
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Chemical Tests

The percentage mortality data on ß. trivittgta are

shown in Table 3. The treatments, residual days, and

replicates were significantly different (P<0.05). One-

hundred percent mortality of adults was achieved with

cypermethrin, propetamphos, bendiocarb,and diazinon exposed

to 30 min aged residues. More than 90% control was achieved

at one day after treatment for all insecticides. Only

diazinon provided 100% mortality over all three residual

days. Propetamphos and diazinon provided no significant

differences in mortality on three day old residues, but were

significantly different from the seven day residual

treatment. Cypermethrin provided the highest level of

control on 7 day old residues with an average mortality of

67% compared to less than 13% for all other insecticides.

This indicates greater residual activity than chlorpyrifos,

bendiocarb, propetamphos, and diazinon.

The tests with chlorpyrifos resulted in the least

mortality at 24 h after treatment with an average mortality

of 57%. The low initial mortality may be a result of the

physical size of the microencapsulated form of the pesticide

and its penetration into latex paint surface (Snetsinger

1984, Koehler and Patterson 1988). An average significant
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Table 3. Mean mortality of adult Q. trivittatg exposed
to five insecticides after 0, 1, 3, and 7 day contact
exposure.

Adjusted Mean Mortality (%)1

Treatment and
concentrationz Residual time (days)

04 1 3 7

Cypermethrin 0.1% 100a 100a 72a 67a

Chlorpyrifos 0.25% 57b 100a 83ab 13c

Bendiocarb 0.25% 100a 100a 72b 10c

Propetamphos 1.0% 100a 96a 95a 3b

Diazinon 1.0% 100a 100a 100a 10b

Controlg 8 7 10 0

1 Within each row, mortality means that are followed by the
same letter are not significantly different (P>0.05).
Duncan's Multiple Range Test (SAS 1985).

2 n is equal to thirty insects for exposure to one and
seven day aged residues; n is equal to forty insects for 30
min and three day aged residue treatments.

3 Mortality in controls used to correct for percentage of
reduction using Abbott's formula (1925).

4 0 days refers to 30 minute aged residues.



52

increase in mortality of 43% was observed after the 1-day

residual with microencapsulated chlorpyrifos (Dursban ME).

either no change or a decrease in mortality was observed

with all other insecticides one day after treatment.

The effectiveness of each insecticide was evaluated by

how quickly the pesticide caused mortality in adults within

a 24 h period (Table 4). The relative rates of toxicity

varied substantially for the insecticides tested.

Cypermethrin and bendiocarb were the most effective

providing 100% and 93% mortality, respectively, within the

first 2 h exposure after treatment. Propetamphos was the

only other insecticide which caused mortality within the

first 2 h after exposure; mortality was 33%. A majority of

mortality was observed from the 8 to 24 h exposure with

chlorpyrifos with 43% and 53% mortality, respectively.

Diazinon provided 80% mortality after 8 h of exposure.

One-hundred percent mortality of medium-sized nymphs

occurred at 3 d (P<0.2919; Alpha=0.05; DF=9) (Table 5).

Mean mortality of medium-sized nymphs was not significantly

different between treatments 24 h after treatment. However,

100% mortality occurred in the 24 h residual for

cypermethrin, propetamphos, and chlorpyrifos. For large-

sized nymphs, bendiocarb and cypermethrin provided the

highest level of control at 100% and 90% mortality compared

to 73% and 37% mortality for cypermethrin and chlorpyrifos,

respectively.
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Table 4. Rate of mortality of adult 3. gggyigpagg
based on exposure within a twenty-four hour period.

Insecticide and Mean mortality (hours)2
Concentration(%)

2 4 6 24 Total3

Cypermethrin 0.1% 100a Ob Ob Ob 100

Bendiocarb 0.25% 93a 7b Ob Ob 100

Propetamphos 1.0% 33b Oa 3a 50b 86

Chlorpyrifos 0.25% 0a 4a 43b 53b 100

Diazinon 1.0% Ob 10b 80a 10b 100

Control4 O O O O O

1 Mean mortality represents an independent mean percentage
dead subtracted from the previous hour recording.

2 Within each row, mean mortality followed by the same
letter are not significantly different (P>0.05; Student-
Newman-Keuls Sequential range test [SAS 1985].

3 n is equal to 30 insects.

4 Because no mortality occurred in the controls, Abbott's
formula was not used.
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Table 5. Mean mortality of medium and large nymph 5.ggiyiggggg exposed to five insecticides.

Treatment & Conc. Size Mortality (%)
Residual Daysl

0 3 7

Cypermethrin 0.1% Medium 100a 100a 100a
Large * * 90

Bendiocarb 0.25% Medium 90a 100a 100a
Large

* * 100

Propetamphos 1.0% Medium 100a 100a 100a
Large

* * 73

Diazinon 4 E 1.0% Medium 85a 100a 100a
Large * * *

Chlorpyrifos 0.25% Medium 100a 100a 100a
Large * * 37

Controlz Medium 0 0 0
Large 0 0 0

* N.A. Not available.

1 In each row, means followed by the same letter are not
significantly different (P>0.05) (Duncan's Multiple Range
Test) [SAS 1985].

2 Because no mortality occurred ia the controls, Abbott's
formula was not used.
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All of the laboratory tests show that cypermethrin WP

0.1%, bendiocarb W 0.25%, propetamphos EC 1.0%, chlorpyrifos

ME 0.25%, and diazinon EC 1.0% are effective up to at least

3 days after application against adult 5. t;;g„'v;„°1_;tata and 7

days for nymphs on newly painted surfaces.
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Temperature Studies °

Large infestations were found on the trees on August

31, and observations were recorded on September 1. The site

consisted of three boxelder trees situated approximately 20

ft away from an apartment building (See Appendix B, Site F).

Hundreds of adults and nymphs were found on all three trees

infesting mainly the trunk area from the base to the upper

canopy. Egg masses were observed on the leaves and seeds.

However, almost all the nymphs had already emerged. The

numbers of individuals gradually decreased from late

September to October. Occasional feeding was observed on

ivy growing on the trunk of the trees in the late afternoon.

Cannibalism of newly moulted adults was observed at the base

of the tree.

Visual observations that were made throughout the day

indicated that the bugs were clustered primarily on the side

of the tree which received the majority of the sun's rays.

In fact, in the morning, the majority of the clusters were

on the eastern exposure of the tree and in the late

afternoon more were seen on the western expsosure. At

approximately 9:00 A.M., a considerable amount of adult and

nymphal activity was observed, including waggle movements on

the trunk, and rapid dispersal movements toward the ground

around the trunk base. This may have been a response by the

bugs to an increase in the incident angle of the sun.
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During the fall, the boxelder bugs were located mostly

on brick surfaces with south western exposures. Around

residences where boxelder bugs were found, the southerly

exposures consistently had higher temperatures than eastern,

western, or northern exposures in 2 of the 3 locations

(Table 6). The mean differences between the south and west

exposures were 2.6o C, 2.1o C, and 1.00 C at three locations

indicating boxelder bugs have the ability to detect minute

differences in temperature in their environment.

The surface temperatures were always significantly

greater than the ambient and thoracic temperatures in the

four locations (P<0.001) (Table 7). Thoracic temperatures

were significantly higher than the ambient temperature

ranging in differences from 3.20 C to 3.5° C for 3 of the 4

locations (P<0.001) (Table 7). However, differences between

substrates and thoracic temperatures were greater than

differences between ambient temperatures ranging between

3.40 C and 7.00 C. It might be expected that body

temperatures would approximate substrate temperatures.

However, a higher time-constant employed with a larger

diameter thermocouple may have been the cause of lower mean

thoracic temperatures.
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Table 6. A summary of mean temperatures obtained from
different exposures at three locations.

Locationz

A B C

Exp ·1·(°c)1 113 ·1·(°c) n T(oC) E

East 13.5b 5 15.2b 4 11.6c 3
West 14.3b 7 17.8a 21 2.1b 3
North 14.0b 5 14.8b 3 10.5d 2
Ambient — 16.5ab 2 —
South 16.9a 6 15.7a 3 13.1a 6

1 Means in each column followed by the same letter are not
significantly different (Student—Newman-Keuls Multiple Range
test; P>0.00l).

2 See Appendix B for addresses and map of locations in
Blacksburg, Virginia.

3 n refers to the total number of adults present at
exposures of the building.



59

Table 7. Comparison of means for thoracic, surface,
and ambient temperatures measured at four different
locations.

Type Temperaturesz (OC) and Locations3
Temperaturel

A B C D

St 28.7a 28.5a 20.3a 20.8a
Tt 24.9b 21.5b 16.9b 19.8a
At 21.4c 21.9b 13.7c 16.3b

1 The temperatures designated are substrate, thoracic, and
ambient temperature for St, Tt, and At, respectively.

2 Means in each column followed by the same letter are not
significantly different (Student—Newman-Keuls multiple range
test: P>0.001).

3 Refer to Appendix B.
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The mean temperatures observed in various microhabitats

on south exposures are shown in Table 8. The number of

boxelder bugs found was generally higher on substrates which

had significantly higher temperatures. A greater number of

boxelder bugs were found on the concrete base foundation

than on white-painted siding where temperatures differed by
3.10 C. At site A, the mean temperature difference between

brick exposed on the south west side and the ambient

temperature was 4.80 C. At site B, the temperature of the

eastern exposure was not significantly different from the

south exposure (i.e. white painted siding). At site C, the

residence consisted of a concrete base foundation with

aluminum white·painted siding. All the adults were located

on the concrete versus the aluminum panels. 100% of adults

found were located on the sunlit-area opposed to the shaded

area where temperatures differed by 9.6o C.

A number of boxelder bugs were found shaded from the

sun by moving under vegetation and into wood crevices. A
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Table 8. Mean temperature of different microhabitats
where boxelder bugs were found at three different sites.

............_........................;................_.___

Sitel Microhabitat Temp (OC)2 Total No. Bugs

A white siding 26.5a 113
wood crevice 24.9a 0
eastern exp 15.4b 10
shaded cement 14.9b 0
northern exp 10.9c 0
west exp 27.4a 27
sw cement 24.3a 23

B shutter 25.2a 240
brick sw exp 24.7a 140
ambient 24.7a —
behind raingutter 17.9b 8

C blue canvas 24.9a 240
white siding 20.2b 121
aluminum 19.9b 0
east exp 19.8b 0
west exp 17.5b 20
cement base 17.1b 56
north exp 16.4b 0

1 A=Duckpond at Virginia Tech; B-Southgate Drive; C=Dehart
Street; see Appendix B for location of study sites.

2 Means in each column followed by the same letter are not
significantly different (Student—Newman-Keuls multiple range
test; p>0.001).
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difference of 1.60 C was determined between the white-

painted surface on the wall exposed to sunlight and within

the wood crevice.
i



CONCLUSIONS

Boxelder bugs have an economic impact on homeowners

that is dependent on the severity of infestations and the

proximity of boxelder trees to residences. Homeowners are

willing to spend approximately the same amount for control

as they would for cockroach control (Wood et al.). However,

tolerance levels vary depending on the location of the

homeowner to an infestation area. Tolerance levels are

higher than those reported for cockroaches (Wood et al.

1981). Data in this survey suggested that homeowners'

tolerance toward the number of boxelder bugs outside on

their property decreased the closer they were to an area

with boxelder trees. Homeowners' perceptions of the

seasonal-presence of boxelder bugs concurred with the

results of the studies on natural populations outdoors.

The natural population studies showed that adults

emerged from overwintering sites in March and left the outer

surface of buildings in May. The abundance of nymphs and

adults around residences increased in mid to late summer,

and were found primarily on low-lying vegetation around

residences in the summer. A seasonal shift toward boxelder

trees and the ground below was observed during August when

large numbers of hatched eggs, nymphs, and adults were

abundant on boxelder maples in August and September. Adults

found harborages at buildings in mid October.
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A low rate of survival of first instar nymphs in the

laboratory reared from boxelder maple seeds and leaves, and

the fact that nymphs are found on low-lying vegetation in

spring and summer, indicate that other nutrients may be

required for growth and development.

Professional·use insecticides provide control for

adults up to three days after treatment. More than 70%

control occurred with large nymphs when exposed to seven day

aged residues. However, knowledge on the placement and

timing of application of these insecticides with educational

materials provided to homeowners on the biology of boxelder

bugs will reduce levels of infestations on residences.

Correlation of temperatures on outer surfaces of

residences and boxelder bug behavioral responses on host

trees indicated a high degree of attraction toward warmer

substrates in the environment. Aluminum, white—painted

paneling or cement were as much as 7.0 oC higher than the

ambient temperature. Further research may show that

boxelder bugs prefer a higher range in body temperature on

warm substrates. A preference for temporary residence in

cracks and crevices may provide a slightly cooler habitat

when temperatures become too high.



FURTHER RESEARCH NEEDS

Present research shows that insecticides currently

available for boxelder bugs provide good control. However,

further studies are needed to evaluate the efficacy of

control for boxelder bugs outdoors. More data should be

provided on the effect of their behavioral patterns on

structures and seasonal movement from host trees on

effectiveness of insecticide applications. More efficient

control strategies which include timing and placement of

application for boxelder bugs at host trees and surfaces of

buildings should be investigated. This study has shown that

tree trunks in late summer and fall are heavily infested

with nymphs and adults. Treatment of the tree trunks during

this time of year may help to reduce infestations around

buildings in the fall.

Historical records of boxelder bug occurrence indicate

that drought has a negative effect on the level of

infestations. However, no data has been provided on the

affect of moisture and temperature on the development of

first and second generations.

Observations have shown that first generation adults

and nymphs may occur on low-lying vegetation on properties

where boxelder trees do not occur. Further research is

needed to describe dispersal patterns and flight activity in

relation to low vegetation habitats of adults that have left
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overwintering harborage sites. Furthermore, research

completed by Tinker (1951) shows that the increase in the

number of adults and development of the second generation

may occur on female boxelder trees in addition to a

proportion of adults and nymphs found on low-lying

vegetation during the summer. However, no research has

addressed the mechanism of survival for early instars on

boxelder trees in the spring when mature fruit are absent.

The survival of first instar nymphs in the laboratory reared
'

from boxelder leaves and seeds was low in this study.

Further work needs to be conducted to determine the

nutritional needs and host preferences of the different

stages of development to better understand their survival

outdoors.

Further research is needed to determine the number of

instars in the development of 3. grivittatg. Smith and

Shepherd (1937) reported there are six instars and Tinker

(1951) reported five instars.
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Appendix A. Questionnaire used to survey homeowners'
attitude and knowledge toward boxelder bugs.

Survey # Month Day Year

1. Have you seen this insect in or around your home?
yes no don't know *

2. Do you consider this insect a serious pest?
yes no not sure *

3. How many bugs did you see in a twenty-four hour period?
inside outside

4. At what times of the year have you seen boxelder bugs
in greater numbers?*
spring summer fall winter

5. Do you think boxelder bugs cause any damage?*
inside outside

Yes ..... .....no _____ _____
don't know

6. Do you think boxelder bugs
yes no don't know

release odor?*
sting?*
bite?*
poisonous?*
carry disease?*
cause al1ergies?*

7. Where do you think boxelder bugs spend the winter?
outside the house inside the house not sure

8. What do you think boxelder bugs feed on?
paint;_flowers__trees__grass__other insects__other__

9. Do you perceive boxelder bugs as a problem to you?*
yes no don't know

10. Do you find the sight of boxelder bugs displeasing or
offensive?*
yes no don't know

1
* indicates c1osed—ended questions. Questions which do

not have an * indicate the questions were open-ended.
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11. What is it about the bug that bothers you the most?*
their sight
large aggregations
odor
embarrassment
spotting clothes/staining fabric
other
don't know

12. Have boxelder bugs gotten worse better stayed the
same over the last 3 years?*

13. If boxelder bugs were extremely numerous on your
property, which means of control would you use?*
none spray hire professional service
cut down tree/shrub move

14. By chance, do you remember ever calling your local
extension agent about the boxelder bugs?*
yes no can't recall

15. Have you ever purchased any insecticides to control
boxelder bugs on your property?*
yes no not sure

16. If so, how much did you spend last year on insecticides
to control boxelder bugs?

17. How much would you be willing to spend on insecticides
to completely eliminate boxelder bugs in or around your
home? $

18. Besides chemicals, have you ever used any other means
of getting rid of boxelder bugs?*
yes no not sure

19. How many boxelder bugs do you think you would tolerate
before you would do something to control them?
a outside the house
b inside the house

20. How long have you lived in your present home?

21. Sex M F

22. Age 10-20 21-30 31-40 41-50 51-60
61-70 71-80
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Appendix B. List of addresses of study sites and
descriptions on the property and locations of insects.

(A) Duckpond at Virginia Tech (H) 301 Landsdowne Rd
Utility building on Blacksburg, VA.24060
Plantation Rd.
next to I parking lot
Blacksburg, VA. 24060 (I) 103 Warren St.

Blacksburg, VA.24060

(B) 706 Southgate Dr. SW (J) 902 Palmer St.
Blacksburg, VA. 2406 Blacksburg, VA.24060

(C) 616 Dehart St.
Blacksburg, VA. 24060

0) Terrace View Apts
southwest side of Building #100
Blacksburg, VA. 24060

2015 Allendale Ct.
ilacksburg, VA. 2

. Q2

(G) 324 L·;l..rl„f il.

Boxelder trees ae ;ner of Miller
and Harrel Sts.
Blacksburg, VA. 24260

At Site B, adults were found at the base of two silver

maple trees during April and May. The trees were located

about 8 meters away from the house. At this time, adults

and eggs were also found on the south exposure of the house

on the walls and mulched areas around shrubs located on the

south exposure. During summer, adults, nymphs, and eggs

were found on sedum ground cover, which bordered steps
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located on the north side of the house. Adults and nymphs

were also found on peonies located at the base of the steps.

At site E, adults and nymphs were found on the

screening of windows on the southern and eastern exposure of

the house, and on a support wall situated on an embankment

behind the north exposure of the house. Adults and nymphs

were found resting on the upper leaf tissue of peonies

located next to the west exposure of the house.

At Site F, adults and nymphs were found infesting three

boxelder trees located approximately 15 meters away from a

south west exposure of an apartment building. During fall

adults and nymphs were found on the walls and inside the

windows of the south and west sides of the building.

At sites A, C, D, and F-J, adults and/or nymphs were

found on the wall surfaces and at the base of the foundation

of the building.
i
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Appendix C. Raw data file of weekly abundance of nymphal Q.
Qgiyigggga at seven sites in Blacksburg, Virginia at six
sites.

Week no. insects/week/sitel n Y SD

Apr 14 0 0 0 0 0 O 0 0 0

Apr 20 0 0 0 0 0 0 0 0 0

Apr 27 0 0 0 0 0 0 0 0 0

May 4 0 0 0 0 0 0 0 0 0

May 12 0 1 3 0 0 0 4 0.7 1.2

May 19 0 6 49 0 3 0 58 9.7 19.4

May 26 4 23 11 0 11 0 49 8.2 8.8

Jun 2 57 67 16 25 29 0 194 32.3 25.2

Jun 10 14 20 13 150 64 0 261 43.5 56.6

Jun 15 1 50 17 214 124
”

0 406 67.7 85.4

Jun 28 0 255 11 72 250 0 588 98 112

Jul 6 1 343 2 28 334 0 708 118 171.1

Jul 14 0 191 1
l6‘

230 40 478 79.7 103.1

Jul 27 0 18 0 0 U 154 65 237 39.5 61.5

Aug 3 0 0 0 0 62 80 142 23.7 37.1

Aug 12 0 11 O 0 31 151 193 32.2 59.5

Aug 16 0 29 0 0 9 73 111 18.5 28.9

Aug 24 0 35 0 0 0 274 309 51.5 109.9

1 Refer to Appendix B for addresses of study sites and
their locations in Blacksburg, Virginia.
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Sep 7 0 0 0 0 0 300 300 50 122.5

Sep 14 0 0 O 0 0 463 463 77.2 89.0

Sep 21 0 0 0 0 0 86 86 14.3 35.1

Sep 28 7 0 0 0 7 55 69 11.5 21.6

Oct 5 0 0 0 0 O 29 29 4.8 11.9

Oct 16 0 0 2 0 0 8 10 1.7 3.2

Oct 23 1 0 0 0 0 0 1 0.2 0.4

NOV 4 8 0 0 0 0 0 8 1.3 3.3

Nov 11 3 0 0 0 0 0 3 0.5 1.2

Nov 15 0 0 3 0 0 1 4 0.7 1.2

Ncv 22 1 0 1 O 0 1 3 0.5 0.6

Dec 1 2 0 4 0 0 0 6 1 1.7

Dec 13 1 0 3 0 0 0 4 0.7 1.2
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Appendix D. Raw data file of weekly abundance of adult B.
tgiyittgtg population in Blacksburg, Virginia at six sites.

Week no. insects/week/sitel n Y SD

Apr 14 15 48 9 20 0 0 92 15.3 17.9

Apr 20 5 76 9 10 0 0 100 16.7 29.4

Apr 27 1 67 6 0 0 0 74 12.3 26.9

May 4 4 18 0 0 0 0 22 3.7 7.2

May 12 2 20 2 0 0 0 24 4 7.9

May 19 12 12 2 0 0 0 26 4.3 5.9

May 26 3 16 0 0 0 0 19 3.8 6.9

Jun 2 0 58 0 0 0 0 58 9.7 23.7

Jun 10 0 7 0 5 5 0 17 2.8 3.2

Jun 15 0 14 0 19 20 0 53 8.8 9.9

Jun 28 0 10 1 15 50 0 76 12.7 19.3

Jul 6 -0 8 0 7 89 0 104 17.3 35.3

Jul 14 0 6 0 7 100 0 113 18.8 39.9

Jul 27 0 18 0 0 82 0 100 16.7 32.8

Aug 3 0 0 0 0 50 0 50 8.3 18.6

Aug 12 0 0 0 0 20 0 20 3.3 8.2

Aug 24 0 0 0 0
'

0 0 0 0 0

Aug 31 0 0 0 0 0 40 40 6.7 16.3

Refer to Appendix B for addresses of study sites and their
locaticns in Blacksburg, Virginia.
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Sep 7 0 0 O 0 0 85 85 14.2 34.7

Sep 14 0 0 0 0
0,

76 76 12.7 31.01

Sep 21 0 0 0 0 0 53 53 8.8 21.6

Sep 28 0 0 0 0 0 19 19 3.2 7.8

Oct 5 0 0 0 0 0 66 66 11 26.9

Oct 16 13 342 59 0 0 64 478 79.7 131.6

Oct 23 56 462 173 0 0 13 704 117.3 181.1

Nct 4 154 341 200 0 0 4 768 128 118.6

Nov 11 93 398 131 0 0 57 679 113.2 148.7

Nav 15 113 114 100 0 0 1 328 54.7 59.7

Ncv 22 92 81 27 0 0 14 214 35.7 40.8

Dec 1 58 54 35 0 0 13 160 26.7 26.1

Dec 13 146 155 35 0 0 0 336 56 74.5
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