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Abstract

The squash bug, Anasa tristis (DeGeer), is an endemic species of the Americas that feeds on plants in the family
Cucurbitaceae. The pest is particularly abundant and damaging on plants in the genus Cucurbita (i.e., zucchini,
summer squash, and pumpkins). Squash bug has become problematic in recent years due to changes in insecti-
cide use strategies by conventional growers, dramatic increases in organic vegetable production, and increas-
ing incidences of cucurbit yellow vine disease, a phloem-clogging bacterial disease transmitted by the bug. A
review of insect biology, description of life stages, host plants, damage, and management options for squash

bug is presented.
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Being endemic to North America, the squash bug, Anasa tristis (De
Geer) (Hemiptera: Coreidae), has a long history as a pest of cucur-
bits in the United States (Britton 1919, Wadley 1920, Beard 1940).
The pest status of squash bug remains considerably high because of
changes in cucurbit production and pest management tactics, and
because of its association with the bacterial disease cucurbit yellow
vine disease (CYVD), which has occurred in several states in the
United States in the past decade. This piercing-sucking insect is par-
ticularly problematic on Cucurbita vegetables like squash and
pumpkin, but may attack other cucurbits as well (Bonjour and
Fargo 1989; Bonjour et al. 1990, 1991). A discussion of the biology
of the squash bug and integrated pest management options in cucur-
bit crops follows.

Description of Life Stages

Adult

The adult squash bug is typically a brindled grayish brown color
1.4-1.6cm in length and 0.75 cm wide at the widest part of the ab-
domen (Beard 1940; Fig. 1). Although it is a member of the family
Coreidae, commonly known as leaf footed bugs, A. #ristis does not
have a noticeable thickening of its hind tibia as most coreids do. The
adults are darker on their dorsum and lighter gray in color ventrally.

Egg

Eggs are deposited in groups often on the undersides of leaves (Weed
and Conradi 1902, Bonjour et al. 1990; Fig. 2). Clutch size can vary
from only a few to more than 40 eggs, averaging 18 eggs per mass

(Bonjour et al. 1990). As the female lays the eggs, she incorporates an
adhesive to adhere each egg in the mass to the surface of the leaf.
Individual eggs are oval shaped, around 1.5 mm long and 1.2 mm
wide, and begin a pale off-white color that later darkens to a shiny,
coppery maroon to brown color (Fig. 3). The egg is larger on one end
and does not appear to have any external openings. The pseudo-
operculum, visible once eggs have tanned, is an egg structure found
throughout the corinae subfamily (Beard 1940, Koerber 1963,
Roversi et al. 2014). This structure is reported to aid in gas exchange
through micropores in the chorion as well as serving as a specific
point of weakness exploited during egg eclosion.

Nymph

The nymph stage has five instars. Immediately following egg hatch,
first instars (neonates) are 2-3 mm in length, and light green in color
with red legs, head and thorax, which later darkens to black (Weed
and Conradi 1902, Capinera, 2001; Fig. 4). Second instars are
~3mm long, a darker green color with black appendages. With
each successive molt, the nymph’s size increases, it becomes lighter
gray in color and the end of the abdomen widens into a tear drop
shape (Fig 5). The fourth and fifth instars have a more distinct tho-
rax and wing pads and are ~6.5 mm and 9.5 mm long, respectively
(Beard 1940).

Insect Biology

Squash bugs overwinter in the adult stage and emerge from the soil
or ground litter in the spring. Cooler spring temperatures may delay
emergence of adults (Nechols, 1987). After emergence, overwintered
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Fig. 1. Squash bug adult (actual size, 1.5cm long by 0.75 cm wide).

Fig. 2. Ovipositing squash bug female and eggs.

adults immediately seek out cucurbit plants on which to feed and
mate. Adults are cryptic and prefer to remain hidden during the day
(Nechols, 1987). They also can emit a distinct, unpleasant odor
from their repugnatory glands, similar to stink bugs, when disturbed
(Moody 1930). Gravid females can lay eggs 7-10d after their

Fig. 4. Neonate squash bug nymphs.

Fig. 5. Squash bug nymphs and an adult aggregating on fruit in late summer.

emergence (Nechols 1987). They often prefer to deposit eggs on the
undersides of leaves next to leaf veins (Fig. 3).

The squash bug typically completes its entire life cycle in 6-8
wk, and development can be predicted based on heat-unit accumula-
tion. Using a lower and upper temperature threshold of 58°F and
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92°F, respectively, degree-day (°F) accumulations required for eggs
is 193 DD, nymphs is 554 DD, and a complete generation 747 DD
(Fargo and Bonjour 1988). In the southern United States, egg devel-
opment time is typically 6-15d, and first to fifth instars last ~3, 9,
8, 7, and 9d, respectively (Weed and Conradi 1902, Beard 1940,
Bonjour and Fargo 1989, Capinera 2001).

Nymphs have a strong disposition toward aggregating (Palumbo
et al. 1991), particularly after egg hatch on leaves (Fig. 3) and on
fruit following leaf desiccation (Fig. 4). Both adults and nymphs pre-
fer sheltered areas, with a partiality for the base of plants. Squash
bug adults can be observed hiding in the center of plants, under large
leaves, wilted leaves (Fig. 6), and in the transplant holes of plastic
mulch.

Dependent upon location, the squash bug can have one to three
broods (Wadley 1920). In coastal Virginia from 2009 to 2012, we
observed one to two generations with new adults typically emerging
in late July to early August and entering diapause in late September
to early October. According to Nechols (1987), an overlap of over-
wintered adults and adults of the first summer generation can be
observed.

Host Plants and Damage

Squash bug can feed on most cucurbit crops (Quaintance 1899, Beard
1935, Metcalf et al. 1962, Nechols 1985, Fargo et al. 1988, Bonjour
et al. 1990, Edelson et al. 2002a). However, they strongly prefer sum-
mer squash (Cucurbita pepo) and pumpkin (Cucurbita pepo,
Cucurbita maxima) for oviposition (Bonjour et al. 1993). Moreover,
incidence in the field and survival from egg to adult is significantly
higher on squash and pumpkins compared to cucumbers (Cucumis
sativus) or muskmelons (Cucumis melo; Bonjour and Fargo 1989,
Cook and Neal 1999). In addition, watermelons (Citrullus lanatus)
also suffer important economic damage from squash bug in Texas
and Oklahoma (Riley et al. 1998, Edelson et al. 2002b). In field sur-
veys conducted in community gardens throughout Virginia in 2014
and 2015, we observed significantly more squash bug egg masses on
zucchini squash compared with other squash varieties, gourds, or
other cucurbit species (T. K. and J. W., unpublished data).

Squash bug is a piercing sucking feeder. During the feeding process,
adults and nymphs pierce through the leaf with their stylets. Although
it was once believed that a salivary toxin was injected during the feed-
ing process (Surface 1902), the resulting leaf injury is chiefly explained
by physiological dysfunctions of the leaf as well as disruption of the xy-
lem (Neal 1993). Neal (1993) disputes that salivary fluids have no toxic
effects but the injection of these fluids interrupt the flow of water and
some nutrients in the xylem and can cause its collapse along with the
general vessel disruptions resulting from the feeding. The subsequent
wilting of the leaf tissue was historically referred to as “Anasa wilt”
(Robinson and Richards 1931, Knowlton 1935, Hoerner 1938).
Prolonged feeding by squash bugs will lead to this condition followed
by leaf necrosis, fruit rot, and plant death (Fargo et al. 1988, Neal
1993, Capinera 2001). Plants colonized by squash bug nymphs in the
2-4 leaf stage may quickly succumb to feeding (Woodson and Fargo
1991). In addition, feeding injury occurring at flowering and fruit set
can significantly impact fruit production. Palumbo et al. (1993) ob-
served reductions in yield of over 50% in untreated summer squash
plots that were invaded at flowering and fruit set by squash bug. In a
laboratory and greenhouse study, Woodson and Fargo (1991) reported
a decrease in vegetative growth rate and ovulate flower productivity in
summer squash with increasing numbers of squash bug. In watermelon,
seedlings also experienced more frequent mortality with increasing
squash bug density (Edelson et al. 2002a).

Fig. 6. Squash bug nymphs aggregating on a leaf exhibiting necrosis caused
by feeding injury.

Squash bug feeding on fruit (Fig. 5) creates blemishes and sunken
areas most likely resulting from the phenomenon previously described
as “Anasa wilt” as well as the likely introduction of pathogens during
feeding. The piercing of the fruit tissue by the squash bug certainly
adds to the potential for diseases by creating an opportunistic gateway
for the common squash fruit pathogens described by Ramsey et al.
(1938) as anthracnose, choanephora fruit rot, gray mold rot, and rhizo-
pus soft rot. Subsequently, a greater incidence of fruit rot in storage can
be observed as a result.

In addition, squash bug can transmit the phloem-colonizing bac-
terium Serratia marcescens Bizio, which can cause significant yield
losses due to CYVD (Bruton et al. 2003, Pair et al. 2004). This dis-
ease is a recent challenge for cucurbit growers, particularly since
coreids or hemipterans in general are not widely known as disease-
vectoring insects. According to Pair et al. (2004), adult squash bugs
harbor the bacterium during winter diapause and can infect plants
the following spring upon emergence. CYVD can inflict heavy losses
to watermelon, pumpkin, cantaloupe, and squash (Bruton et al.
2003). Occurrences of the disease have been observed most often in
Oklahoma and Texas (Pair et al. 2004), but more recently in several
other midwestern and eastern states (Wayadande et al. 2005,
Gugino et al. 2014).

Management of the Squash Bug

Chemical control is generally the most commonly used strategy by
conventional growers, and there are a number of insecticides that
are efficacious and registered for use. However, for organic produc-
tion, squash bug is especially challenging to control because of the
lack of efficacious approved insecticides and because the habitat on
organic farms (i.e., weedy ground cover, straw mulch, etc.) is condu-
cive to squash bug infestations (Cranshaw et al. 2001). Snyder
(2015) reviews strategies for managing squash bugs in organic farm-
ing systems, and several of these tactics are described below.

Cultural Control

Before the advent of synthetic insecticides, a number of cultural
practices were recommended to reduce squash bug populations, in-
cluding proper field sanitation to reduce debris and old squash
plants serving as shelters for squash bug, crop rotation to eliminate
host plants on the farm, and early planting to reduce infestation lev-
els (Weed and Conradi 1902, Wadley 1920, Woodson and Fargo
1992). Each of these strategies has merit and can contribute to the
integrated pest management of this pest.
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Because there is considerable variation among species and culti-
vars of squash with respect to susceptibility to damage and ability to
support the development of squash bugs (Bonjour and Fargo 1989,
Cook and Neal 1999, Capinera 2001), varietal selection can impact
squash bug infestation levels. In Virginia, we consistently observed
the highest densities of squash bug on zucchini (personal observa-
tion, Doughty 2015). Winter squash such as green striped cushaws
and Waltham butternut are not as attractive to squash bug and the
bug does not survive well on them compared to summer squash
(Vogt and Nechols 1993). Other varieties of C. moschata (sweet
cheese), C. pepo (royal acorn), and C. maxima (pink banana) also
demonstrated resistance or less susceptibility to damage by the
squash bug (Novero et al. 1962). However, during field observa-
tions in a commercial organic farm in Virginia in 2009 and 2010,
squash bug infestations and damage were quite extensive on
Waltham butternut squash (C. moschata). Thus, there may be local
adaptations and preferences among squash bug populations for cer-
tain cucurbit plants, or the availability of more preferred host plants
may impact pest densities on a specific crop.

Eliminating weeds and straw or organic mulch, which provide hid-
ing places for the insect, may reduce infestation levels and damage
(Cranshaw et al. 2001). As squash bugs also have been observed quite
frequently hiding in the planting holes, minimizing the use of plastic
mulch also may reduce infestations. However, because there are many
benefits of using both organic and plastic mulches (i.e., soil moisture re-
tention, weed control, cleaner fruit at harvest, etc), it is often not a com-
patible pest management tactic to eliminate them from cucurbit
production systems.

Alternatively, because squash bugs have an affinity to seek shel-
ter, the practice of placing wooden boards between the rows of
crops can be used to trap bugs below where they may be crushed by
stepping on the board (Weed and Conradi 1902, Smith 1910). We
evaluated this strategy in summer squash in Virginia using 0.91- by
0.61-m sheets of plywood boards placed at opposite ends of squash
rows. Insects were consistently found using the boards for harborage
(Fig. 7), and there were numerically fewer adults and nymphs ob-
served on those squash plots compared to plots with no boards
(H. D., unpublished data).

Polyester floating row covers offered some respite from early in-
festations by the squash bug in summer squash but populations
quickly rebounded following removal of the covers (Cartwright
et al. 1990). In coastal Virginia, the use of row covers (Covertan 19)
from the time of transplanting to first flowering (11d) led to a re-
duction in squash bug adults and egg masses on plants (H. D.,
unpublished data). However, cucurbits need to be pollinated and
row covers are only practical for a short time. Moreover, we ob-
served that the use of row covers actually had a negative impact on
squash yield despite removal at flowering. Row covers appeared to
affect the overall health of the squash plants (wilted, shrunken ap-
pearances) under hot and humid conditions (H. D., unpublished
data). In previous studies, floating row covers have been shown to
increase humidity and temperature in zucchini and lettuce crops
(Qureshi et al. 2007, Rekika et al. 2008a), leading to some negative
effects in radish crops with reduced foliage health (Rekika et al.
2008b). Other effects have shown increased vegetative growth and
reduced fruit production (Gaye et al. 1991).

As the squash bug has a preference for squash or pumpkin over
other cucurbits (Bonjour et al. 1993), planting these as a trap crop
for cantaloupes and cucumbers can be effective (Chittenden 1899,
Bonjour et al. 1990). Treating the trap crop with a systemic insecti-
cide has been shown to increase the efficacy of this strategy (Pair
1997, Wallingford et al. 2013).

Fig. 7. Squash bug adults and nymphs found sheltering under plywood
boards placed between rows in a commercial squash field in Virginia.

Use of interplanting or companion planting with repellent plants
is a strategy that needs further investigation. In a preliminary on-
farm study in Virginia, we found fewer squash bug egg masses on
squash plants that were interplanted with nasturtium transplants
(H. D., unpublished data). Essential oils of clove, spearmint, lemon-
grass, rosemary, and geranium have been shown to act as a repellent
to other insects including stink bugs (Zhang et al. 2014), and should
perhaps be investigated for their use in squash bug control including
a push-pull control strategy with an attractive trap crop.

Biological Control

Squash bug eggs, nymphs, and adults are attacked by various gener-
alist predators such as spiders, carabids, staphilinids, geocorids, and
coccinellids, all of which contribute to lowering population levels
(Rondon et al. 2003, Decker and Yeargan 2008). Predation of
squash bugs may be increased by employing farmscaping strategies
that conserve predators (Snyder 2015). However, the most impor-
tant natural enemies of squash bug are parasitoids.

The orange-bodied tachinid fly, Trichopoda pennipes F.
(Diptera: Tachinidae; Fig. 8), deposits its eggs on late instar nymphs
and adults of squash bug as well as other coreids and pentatomids
(Fig. 9). The larva of T. pennipes will subsequently emerge and bur-
row into the body of its host, fastening itself onto the squash bug’s
tracheal trunk to ensure appropriate levels of oxygen (Beard 1940).
Upon termination of its larval development, it will emerge through
the posterior of its host to undergo pupation in the soil (Worthley
1925, Shahjahan 1968). Development from egg to adult averages
18d (Shahjahan 1968). One or more eggs may be deposited by T.
pennipes onto the body of its host (Beard 1940, Shahjahan, 1968,
McPherson et al. 1982), but only one larva will undergo develop-
ment in the squash bug (Beard 1940). T. pennipes will generally un-
dergo two generations, emerging from squash bug soon after
termination of diapause, developing to deposit eggs on new hosts in
July (Worthley 1925). The following generation will develop mid to
late summer to parasitize second generation squash bug in August—
September (Worthley 1925). Beard (1940) reported that 20% of the
squash bugs that were collected in Connecticut in late summer were
parasitized by T. pennipes. In coastal Virginia in 2009, we recorded
an average parasitism rate of 12% (20% in organic fields, 8% in
conventional fields).

Egg parasitism plays a major role in the biological control of squash
bug. Recognized egg parasitoids of this pest include Gryon pennsylvani-
cum (Ashmead) (syn. Hadronotus ajax Girault) (Hymenoptera:
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Fig. 8. Trichopoda pennipes adult. Image courtesy of Russ Ottens, University
of Georgia, Bugwood.org

Fig. 9. Mating squash bugs revealing an egg of Trichopoda pennipes on the
back of the bug to the right.

Platygastridae [formerly Scelionidae]), Ooencyrtus anasae (Ashmead)
(Hymenoptera: Encyrtidae), and Anastatus sp. (Hymenoptera:
Eupelmidae) (Schell 1944; Nechols et al. 1989). Squash bug egg parasit-
ism levels in Florida were reported to be about 30% (Capinera 2001),
but parasitism rates can be higher in individual fields particularly later
in the season (Nechols et al.1989, Olson et al. 1996). Based on a collec-
tion of over 80 egg masses from two farms in southwest Virginia in
2013, we found that 66% of squash bug eggs were parasitized predomi-
nately by G. pennslyvanicum (Fig. 10) (J. W. and T. K., unpublished
data). As this egg parasitoid species has been shown to readily parasitize
and develop on other coreids, it has been released into Europe for con-
trol of Leptoglossus occidentalis Heidemann (Heteroptera: Coreidae)
(Koerber 1963, Peverieri et al. 2012).

Entomopathogenic nematodes have also been investigated as bi-
ological control agents of squash bug adults. In laboratory studies,
Wu (1988) indicated the potential of Steinernema carpocapsae
Weiser (Nematoda: Steinernematidae), as it caused death to adult
squash bugs by its symbiotic bacterium. Furthermore, nymphs
hatched from egg masses laid by infected female squash bug before
their death, were also infective (Wu 1988).

Fig. 10. Gryon pennsylvanicum, a major egg parasitoid of squash bug and
other coreids.

Sampling and Economic Thresholds

Inspecting plants to determine squash bug density should be done
prior to making the decision to apply insecticides. Sampling plans for
scouting in summer squash and watermelons have been developed.
The recommended economic threshold in summer squash is one
squash bug adult per plant (Palumbo et al. 1991) or one egg mass per
plant (Doughty et al. 2014). In watermelons, the economic threshold
is one to two squash bug adults per plant (Dogramaci et al. 2006). A
fixed precision sampling plan of 64 plants in summer squash
(Palumbo et al. 1991) and 54 plants in watermelons (Dogramaci
et al. 2006) is suggested to determine the density of one squash bug
adult per plant. Squash bug populations are indeed more heavily ag-
gregated in summer squash than in watermelons therefore requiring a
higher number of samples (Dogramaci et al. 2006). Fewer plants are
required to determine egg mass density. Palumbo et al. (1991) sug-
gested that 38 plants needed examining to determine the threshold of
one egg mass per plant. In regions where CYVD is prevalent, such as
Texas and Oklahoma, preventative control is recommended rather
than the use of sampling and thresholds.

Chemical Control

Chemical control is the most widely used strategy to prevent crop dam-
age from squash bug. Insecticides are often applied to target the nym-
phal stage, which is easier to kill than adults. Effective control of
squash bug nymphs can be achieved with foliar applications of pyre-
throids such as bifenthrin, cypermethrin, fenpropathrin, lambda-cyha-
lothrin, and others, as well as neonicotinoids such as thiamethoxam,
imidacloprid, clothianidin, and acetamiprid, and organophosphates
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such as disulfoton and metasystox-R (Edelson et al. 2002b, 2003;
Eiben et al. 2004; McLeod et al. 2003; Kuhar et al. 2005; Abney et al.
2011). However, foliar applications of pyrethroids, which are the most
commonly used foliar insecticides by growers because of their low cost,
have deleterious effects on natural enemy populations and can cause
outbreaks of secondary pests such as melon aphids, Aphis gossypii
Glover (Kuhar et al. 2005). All of the aforementioned foliar insecticides
with the exception of acetamiprid are also highly toxic to pollinators
(Johansen, 1977, Smith and Stratton 1986, Iwasa et al. 2004, Desneux
et al. 2007, Laurino et al. 2011, Van der Sluijs et al. 2013). Thus, alter-
natives to their use have been explored.

One option is changing application method. Because of their
ability to be taken up by the roots from the soil as systemic insecti-
cides and transported to the foliage, neonicotinoids can be applied
to cucurbits quite effectively, efficiently, and economically via drip
chemigation (Ghidiu et al. 2012). Edelson and Otieno (2003) evalu-
ated the efficacy of imidacloprid, thiamethoxam, as well as the car-
bamate, carbofuran applied as a soil drench, and showed that all
three insecticides were efficacious on squash bug. However, the effi-
cacy of soil-applied neonicotinoids will decrease over time and may
not provide control over the growing season, particularly when
needed for squash bug later in the crop cycle (Kuhar et al. 2005).

Other more IPM-friendly insecticides have been evaluated for
squash bug control. Novaluron, a benzoylphenyl urea insecticide, has
demonstrated efficacy against squash bug nymphs (Eiben et al. 2004).
As an insect growth regulator, it offers an alternative to broad-spec-
trum insecticides with a better fit in an IPM program. The spinosyn,
spinosad, has also been evaluated, but shown to be not very effective
against squash bug (Edelson et al. 2002). Other reduced-risk insecti-
cides that may show promise for control of this pest in the future in-
clude sulfoxaflor, flonicamid, and cyclaniliprole (Aigner et al. 2015,
Wilson et al. 2015). Additional field efficacy tests are needed to con-
firm results from laboratory bioassays.

Organic producers have fewer chemical control options.
Applications of pyrethrins and azadirachtins can suppress squash bug
nymphal densities. However, under heavy pest pressure, these insecti-
cides have not provided effective or consistent control in the field.

Concluding Remarks

Squash bug remains an important economic pest of cucurbit crops in
the United States, particularly in areas where CYVD occurs. For
conventional growers today, a number of insecticides, particularly
pyrethroids and neonicotinoids, are registered that provide effective
control of the pest. However, these insecticides pose risks to nontar-
get organisms such as natural enemies and pollinators and are not
the most IPM-compatible control options. A combination of preven-
tative and curative control measures discussed above provide a num-
ber of options to effectively manage this pest using an IPM
approach. A greater focus on scouting for the pest before applying
pesticides, awareness and conservation of natural enemies in the
agro-ecosystem, and use of more selective narrow-spectrum insecti-
cides, if and when they are needed, would provide a more sustain-
able approach to managing this pest.

References Cited

Abney, M. R., and R. Davila. 2011. Evaluation of foliar and soil applied insec-
ticides for control of squash bug on zucchini squash, 2010. Arthrop.
Manag. Tests 36: E68.

Aigner, J., ]J. Wilson, L. Nottingham, ]J. Morchead, A. Dimeglio, and T.
Kuhar. 2015. Bioassay evaluation of IKI-3106 (cyclaniliprole) for control of

brown marmorated stink bug and harlequin bug, 2014. Arthrop. Manag.
Tests 40: in press.

Beard, R. L. 1935. Further observations on the squash bug in Connecticut.
Conn. Agric. Exp. Stn. Bull. 383.

Beard, R. L. 1940. The biology of Anasa tristis (DeGeer), with particular refer-
ence to the tachinid parasite, Trichopoda pennipes Fabr. Conn. Agric. Exp.
Stn. Bull. 440: 597-679.

Bonjour, E. L., and W. S. Fargo. 1989. Host effects on the survival and devel-
opment of Anasa tristis (Heteroptera: Coreidae). Environ. Entomol. 18:
1083-1085.

Bonjour, E. L., W. S. Fargo, and P. E. Rensner. 1990. Ovipositional preference
of squash bugs (Heteroptera: Coreidae) among cucurbits in Oklahoma. J.
Econ. Entomol. 83: 943-947.

Bonjour, E. L., W. S. Fargo, J. A. Webster, P. E. Richardson, and G. H.
Brusewitz. 1991. Probing behavior comparisons of squash bugs
(Heteroptera: Coreidae) on cucurbit hosts. Environ. Entomol. 20: 143-149.

Bonjour, E. L., W. S. Fargo, A. A. Al-Obaidi, and M. E. Payton. 1993. Host ef-
fects on reproduction and adult longevity of squash bugs (Heteroptera:
Coreidae). Environ. Entomol. 22: 1344-1348.

Britton, W. E. 1919. Insects attacking squash, cucumbers, and allied plants in
Connecticut. Conn. Agric. Exp. Stn. Entomol. Series No. 27. Bull. 216: 33—
S1.

Bruton, B. D., F. Mitchell, J. Fletcher, S. D. Pair, A. Wayadande, U. Melcher,
J. Brady, B. Bextine, and T. H. Popham. 2003. Serratia marcescens, a
phloem-colonizing, squash bug transmitted bacterium causal agent of cucur-
bit yellow vine disease. Plant Dis. 87: 937-944.

Capinera, J. L. 2001. Handbook of Vegetable Pests. Academic Press, New
York, p. 729.

Cartwright, B., J. C. Palumbo, and W. S. Fargo. 1990. Influence of crop mulches
and row covers on the population dynamics of the squash bug (Heteroptera:
Coreidae) on summer squash. J. Econ. Entomol. 83: 1988-1993.

Chittenden, F. H. 1899. Some insects injurious to garden and orchard crops.
USDA Div. Entomol. Bull. 19: 99.

Cook, C. A., and J. J. Neal. 1999. Feeding behavior of larvae of Anasa tristis
(Heteroptera: Coreidae) on pumpkin and cucumber. Environ. Entomol. 28:
173-177.

Cranshaw, W., M. Bartolo and F. Schweissing. 2001. Control of squash bug
injury: Management manipulations at the base of pumpkin. Southwest.
Entomol. 26: 147-150.

Decker, K. B., and K. V. Yeargan. 2008. Seasonal phenology and natural ene-
mies of the squash bug (Hemiptera: Coreidae) in Kentucky. Environ.
Entomol. 37: 670-678.

Desneux, N, A. Decourtye, and J. M. Delpuech 2007. The sublethal effects of
pesticides on beneficial arthropods. Annu. Rev. Entomol. 52: 81-106.

Domagraci, M., J. W. Shrefler, K. Giles, and J. V. Edelson. 2006. Spatial pattern
and sequential sampling of squash bug (Heteroptera: Coreidae) in watermelon.

Doughty, H. B., J. M. Wilson, and T. P. Kuhar. 2014. Squash Bug. Virginia
Cooperative Extension Publication ENTO-64NP

Edelson, J. V., and O. Otieno. 2003. Greenhouse bioassays of systemic insecti-
cides to control squash bug, 2001. Arthropod Manag. Tests 28: (doi:http:/
dx.doi.org/10.1093/amt/28.1.L11)

Edelson, J. V., J. Duthie, and W. Roberts. 2002a. Watermelon seedling growth
and mortality as affected by Anasa tristis (Heteroptera: Coreidae). J. Econ.
Entomol. 95: 595-597.

Edelson, J. V., J. Duthie, and W. Roberts. 2002b. Control of squash bugs on
pumpkin with foliar applications, 2001. Arthropod Management Tests 27:
E79. (doi:http://dx.doi.org/10.1093/amt/27.1.E)

Edelson, J. V., J. Duthie, and W. Roberts. 2003. Residual activity of foliar ap-
plied insecticides for controlling squash bug, 2002. Arthropod Manage.
Tests 28: E69. (doi:http://dx.doi.org/10.1093/amt/28.1.E69)

Eiben, J., C. Mackey, W. Roberts, and J. V. Edelson. 2004. Foliar applied in-
secticides for controlling squash bug, 2003. Arthrop. Manag. Tests 29: E74.

Fargo, W. S., and E. L. Bonjour. 1988. Developmental rate of the squash bug,
Anasa tristis (Heteroptera: Coreidae), at constant temperatures. Environ.
Entomol. 17: 926-929.

Fargo, W.S., P. E. Rensner, E. L. Bonjour, and T. L. Wagner. 1988. Population
dynamics in the squash bug (Hemiptera: Coreidae) squash plant (Cucurbitales:
Cucurbitaceae) system in Oklahoma. J. Econ. Entomol. 81: 1073-1079.

9T0Z ‘0z Afenuer uo 1s9nb Aq /Bio'sfeulnolpioyxowdily/:dny wouy pspeojumoq


http://dx.doi.org/10.1093/amt/28.1.L11
http://dx.doi.org/10.1093/amt/28.1.L11
http://dx.doi.org/10.1093/amt/27.1.E
http://dx.doi.org/10.1093/amt/28.1.E69
http://jipm.oxfordjournals.org/

Journal of Integrated Pest Management, 2016, Vol. 7, No. 1

Gaye, M. M., A. R. Maurer, and F. M. Seywerd. 1991. Honey bees
placed under row covers affect muskmelon yield and quality. Sci. Hortic.
47:59-66.

Ghidiu, G., T. P. Kuhar, J. Palumbo, and D. Schuster. 2012. Drip chemigation
of insecticides as a pest management tool in vegetable production. J. Integr.
Pest Manag. 3: 2012, (doi:http://dx.doi.org/10.1603/IPM10022)

Gugino, B. K. 2014. The old and the new: Yellow vine decline and update on
the mildews, pp. 19-21 In Proceedings of the 2014 Mid-Atlantic Fruit and
Vegetable Convention, January 28-30, 2014, Hershey, PA.

Hoerner, J. L. 1938. Controlling the squash bug. Colo. Expt. Sta. Press Bul.
93: 1-8.

Iwasa, T, N. Motoyama, J. T. Ambrose, and M. R. Roe. 2004. Mechanism for
the differential toxicity of neonicotinoid insecticides in the honey bee, Apis
mellifera. Crop Prot. 23: 371-378.

Johansen, C. A. 1977. Pesticides and pollinators. Ann. Rev. Entomol. 22:
177-192.

Knowlton, G. F. 1935. The squash bug. Utah Agric. Expt. Sta. Leaflet 55. 4 p.

Koerber, T. W. 1963. Leptoglossus occidentalis (Hemiptera: Coreidae), a
newly discovered pest of coniferous seed. Ann. Entomol. Soc. Am. 56:
229-234.

Kubhar, T. P., J. Speese, R. J. Cordero, and V. M. Barlow. 2005. Evaluation of
insecticides in pumpkins, 2004. Arthrop. Manag. Tests 30: E70.

Laurino, D, M. Porporato, A. Patetta, and A. Manino. 2011. Toxicity of neon-
icotinoid insecticides to honey bees laboratory tests. Bull. Insectol. 64: 107-
113.

McLeod, P., J. Diaz, S. Eaton, and L. Martin. 2003. Evaluation of insecticides
for control of squash bug on summer squash, 2002. Arthrop. Manag. Tests
28: (doi:http://dx.doi.org/10.1093/amt/28.1.E72)

McPherson, R. M., J. R. Pitis, L. D. Newsom, J. B. Chapin, and D. C. Herzog.
1982. Incidence of tachinid parasitism of several stink bugs (Heteroptera:
Pentatomidae) species associated with soybean. J. Econ. Entomol. 75: 783—
786.

Metcalf, C. L., W. P. Flint, and R. L. Metcalf. 1962. Destructive and useful in-
sects: their habits and control. Fourth Edition. McGraw-Hill Book
Company. New York, p. 1087.

Moody, D. L. 1930. The morphology of the repugnatory glands of Anasa tris-
tis De Geer. Ann. Entomol. Soc. Am. 23: 81-104.

Neal, J. J. 1993. Xylem transport interruption by Anasa tristis feeding causes
Cucurbita pepo to wilt. Entomol. Exp. Appl. 69: 195-200.

Nechols, J. R. 1985. The squash bug: biology and management. Kans. Coop.
Ext. Serv. Publ. MF-758.

Nechols, J. R. 1987. Voltinisms, seasonal reproduction, and diapauses in the
squash bug (Heteroptera: Coreidae) in Kansas. Environ. Entomol. 16: 269-
273.

Nechols, J. R., J. L. Tracy, and E. A. Vogt. 1989. Comparative ecological stud-
ies of indigenous egg parasitoids (Hymenoptera, Scelionidae, Encyrtidae) of
the squash bug, Anasa tristis (Hemiptera, Coreidae). J. Kansas Entomol.
Soc. 62: 177-188.

Novero, E. S., R. H. Painter, and C. V. Hall. 1962. Interrelations of the squash
bug, Anasa tristis, and six varieties of squash (cucurbita spp.). J. Econ.
Entomol. 55: 912.

Pair, S. D. 1997. Evaluation of systemically treated squash trap plants and
attracticidal baits for early-season control of striped and spotted cucumber
beetles (Coleoptera: Chrysomelidae) and squash bug (Hemiptera: Coreidae)
in cucurbit crops. J. Econ. Entomol. 90: 1307-1314.

Pair, S. D., B. D. Bruton, F. Mitchell, J. Fletcher, A. Wayadande, and U.
Melcher. 2004. Overwintering squash bugs harbor and transmit the causal
agent of cucurbit yellow vine disease. J. Econ. Entomol. 97: 74-78.

Peverieri, G. S., P. Furlan, S. Simoni, W. B. Strong, and P. F. Roversi. 2012.
Laboratory  evaluation of  Gryon  pennsylvanicum  (Ashmead)
(Hymenoptera, Platygastridae) as a biological control agent of Leptoglossus
occidentalis Heidemann (Heteroptera, Coreidae). Elsevier Ltd, Oxford, UK,
Biological Control 61: 104-111.

Palumbo, J. C., W. S. Fargo, and E. L. Bonjour. 1991. Colonization and sea-
sonal abundance of squash bugs (Heteroptera, Coreidae) on summer squash
with varied planting dates in Oklahoma. J. Econ. Entomol. 84: 224-229.

Palumbo, J. C., W. S. Fargo, R. C. Berberet, E. L. Bonjour, and G. W.
Cuperus. 1993. Timing insecticide applications for squash bug

management: impact on squash bug abundance and summer squash yields.
Southwest. Entomol. 18: 101-111.

Quaintance, A. L. 1899. Some important insect enemies of cucurbits. Georgia
Agric. Exp. Stn. Bull. 45: 25-50.

Ramsey, G. B., J. S. Wiant, and G.K.K. Link. 1938. Market diseases of fruits
and vegetables: Crucifers and cucurbits. U.S. Dept. of Agriculture,
Washington, DC.

Rekika, D., K. A. Stewart, G. Boivin, and S. Jenni. 2008a. Reduction of insect
damage in radish with floating row covers. Intern. J. Veg. Sci. 14: 177-193.

Rekika, D., K. A. Stewart, G. Boivin, and S. Jenni. 2008b. Row covers reduce
insect populations and damage and increase early season crisphead lettuce
production. Intern. J. Veg. Sci. 15: 71-82.

Riley, D. G., J. V. Edelson, M. Miller, G. Cuperus, R. Roberts, J. Anciso, and
N. Roe. 1998. Integrated pests management for cucurbit crops in the south
central U.S.: Pest status, attitudes towards IPM and a plan for implementa-
tion. J. Extension 36: 4, Feature 3-3343.

Robinson, L. R., and B. L. Richards. 1931. Anasa wilt of cucurbits.
Phytopathology 21: 114.

Rondon, S. L., D. J. Cantliffe, and J. F. Price. 2003. Anasa tristis (Heteroptera:
Coreidae) development, survival and egg distribution on Beit alpha cucum-
ber and as prey for Coleomegilla maculata (Coleoptera: Coccinellidae) and
Geocoris punctipes (Heteroptera: Lygaeidae). Fla. Entomol. 86: 488-490.

Roversi, P. F., G. Sabbatini Peverieri, M. Maltese, P. Furlan, W. B. Strong and
V. Caleca. 2014. Pre-release risk assessment of the egg-parasitoid Gryon
pennsylvanicum for classical biological control of Leptoglossus occidentalis.
J. Appl. Entomol. 138: 27-35.

Schell, S. C. 1944. The biology of Hadronotus ajax Girault (Hymenoptera-
Scelionidae, a parasite in the eggs of squash bug (Anasa tristis DeGeer).
Ann. Entomol. Soc. Am. 36: 625-635.

Shahjahan, M. 1968. Superparasitization of the southern green stink bug by
the tachinid parasite Trichopoda pennipes pilipes and its effect on the host
and parasite survival. J. Econ. Entomol. 61: 1088-1091.

Smith, R. I. 1910. Insect enemies of cantaloupes, cucumbers and related
plants. North Carolina Agric. Exp. Stn. Bull. 205. p. 40.

Smith, T. M., and G. W. Stratton. 1986. Effects of synthetic pyrethroid insecti-
cides on nontarget organisms. Residue Reviews: Rev. Environ. Cont.
Toxicol.: 93-120.

Snyder, W. E. 2015. Managing squash bugs in organic farming systems. online
article downloaded November 22, 2015 from eXtension.org. (http:/arti
cles.extension.org/pages/63329/managing-squash-bugs-in-organic-farming-
systems#.VIKLo41dG1s)

Surface, H. A. 1902. Insects injurious to cucurbitaceous plants. Penna. Dept.
Agric. Bull. 96.

Van der Sluijs, J. P., N. Simon-Delso, D. Goulson, L. Maxim, J. M. Bonmatin,
and L. P. Belzunces. 2013. Neonicotinoids, bee disorders and the sustain-
ability of pollinator services. Curr. Opin. Environ. Sustain. 5: 293-305.

Vogt, E. A, and ]J. R. Nechols. 1993. Responses of the Squash Bug
(Hemiptera: Coreidae) and Its Egg Parasitoid, Gryon pennsylvanicum
(Hymenoptera: Scelionidae) to Three Cucurbita Cultivars. Environ.
Entomol. 22: 238-245.

Wadley, F. M. 1920. The squash bug. J. Econ. Entomol. 13: 416-425.

Wallingford, A. K., T. P. Kuhar, D. G. Pfeiffer, D. B. Tholl, J. H. Freeman, H.
B. Doughty, and P. B. Schultz. 2013. Host plant preference of harlequin bug
(Hemiptera: Pentatomidae), and evaluation of a trap cropping strategy for
its control in collard. J. Econ. Entomol. 106: 283-288.

Wayadande, A. B. Bruton, J. Fletcher, S. Pair, and F. Mitchell. 2005.
Retention of cucurbit yellow vine disease bacterium Serratia marcescens
through transstadial molt of vector Anasa tristis (Hemiptera: Coreidae).
Ann. Entomol. Soc. Am. 98: 770-774.

Weed, C. M., and A. F. Conradi. 1902. The squash bug. New Hampshire
College Agricultural Experiment Station, New Hampshire College of
Agriculture and the Mechanic Arts, p.28.

Wilson, J., J. Aigner, L. Nottingham, and T. Kuhar. 2015. Bioassay evaluation
of Closer SC for control of harlequin bug, brown marmorated stink bug,
and kudzu bug, 2013. Arthrop. Manag. Tests 40: in press.

Woodson, D. W., and S. W. Fargo. 1991. Interactions of temperature and
squash bug density (Hemiptera: Coreidae) on growth of seedling squash. J.
Econ. Entomol. 84: 886-890.

9T0Z ‘0z Afenuer uo 1s9nb Aq /Bio'sfeulnolpioyxowdily/:dny wouy pspeojumoq


http://dx.doi.org/10.1603/IPM10022
http://dx.doi.org/10.1093/amt/28.1.E72
http://articles.extension.org/pages/63329/managing-squash-bugs-in-organic-farming-systems#.VlKLo41dG1s
http://articles.extension.org/pages/63329/managing-squash-bugs-in-organic-farming-systems#.VlKLo41dG1s
http://articles.extension.org/pages/63329/managing-squash-bugs-in-organic-farming-systems#.VlKLo41dG1s
http://jipm.oxfordjournals.org/

Journal of Integrated Pest Management, 2016, Vol. 7, No. 1

Woodson, D. W., and S. W. Fargo. 1992. Interactions of plant size and squash
bug (Hemiptera: Coreidae) density on growth of seedling squash. J. Econ.
Entomol. 85:2365-2369.

Worthley, H. N. 1925. The biology of Trichopoda pennipes, Fab.
(Diptera: Tachinidae). A parasite of the common squash bug. Psyche 31:
7-16.

Wu, H. J. 1988. Biocontrol of squash bug with Neoaplectana carpocapsae
(Weiser). Bull. Inst. Zool. Acad. Sin. (Taipei) 27: 195-203.

Zhang, Q., R. G. Schneidmiller, D. R. Hoover,G. Zhou, A. Margaryan, and P.
Bryant. 2014. Essential oils as spatial repellents for the brown marmorated
stink bug, halyomorpha halys (stdl) (hemiptera: Pentatomidae). J. Appl.
Entomol. 138: 490-499.

9T0Z ‘0z Afenuer uo 1s9nb Aq /Bio'sfeulnolpioyxowdily/:dny wouy pspeojumoq


http://jipm.oxfordjournals.org/

