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Proposal Summary 

 
The spotted wing drosophila (SWD), Drosophila suzukii, is an extremely invasive direct pest 
affecting small fruits (raspberry, blueberry, strawberry, and grapes) and tree fruits (particularly 
cherries).  I discovered this pest in New England on August 19, 2011, from traps designed to 
study strawberry sap beetles.  In one month, this pest caused $500,000 - $1,000,000 in losses to 
fruit growers in Connecticut and Rhode Island due to unsaleable maggot-infested fruit.  Late 
fruiting blueberries, nearly the entire crop of fall-bearing raspberries, many wine grapes, and 
day-neutral strawberries were lost.  Current SWD management recommendations developed by 
Oregon State University and SCRI collaborators suggest weekly applications of methomyl, 
malathion, advanced generation pyrethroids, or spinosyns.  Full foliar sprays of these products, 
except for spinosyns, will set back decades of IPM progress by eliminating the beneficial 
predators and parasites in these crops.  Such intensive use of pesticides is very expensive, selects 
intensively for insecticide resistance, and leaves residues on fruit.  This project complements an 
existing SCRI project on the west coast by discovering how attractive baits can be combined 
with insecticides, some organically acceptable, to manage SWD.  Greenhouse trials during 
winter months with a laboratory colony will provide quantitative data on methods that can be 
implemented in the 2012 growing season.  Pest management methods developed in this proposal 
will provide science-based pest management that improves human and environmental health by 
minimizing the need for full foliar sprays of broad spectrum insecticides to manage this new 
pest.  Results will have local, regional, and national importance. 
 
Background and Justification 

 
The spotted wing drosophila (SWD), Drosophila suzukii, is similar in appearance to the common 
fruit fly (more properly called the vinegar fly) used in genetics laboratories, Drosophila 

melanogaster, to which it is closely related (Kopp and True 2002).   Details of its life history as 
observed in west coast fruit crops have recently been described (Shearer et al. 2010).  Adults 
mate within 1 – 2 d of emerging, and can live 21 – 300 d.  Females can lay 300 – 600 eggs 
during their lifetime, usually depositing 1 – 3 eggs per fruit.  Eggs are inserted just under the skin 
of fruit, but paired respiratory filaments are left projecting from fruit, which allow the number of 
eggs to be assessed microscopically.  Eggs develop in 1 – 3 d, larvae in 5 – 7 d, and pupae in 3 – 
15 d.  Therefore, under optimal conditions of about 20 ºC, one generation can complete 
development in about 10 d.  Estimates of 100-fold population increase every 2 wk are believable, 
based upon the explosive colonization and subsequent increase in fruit crops observed in 
Connecticut during September, 2011.   
 



SWD is an extremely invasive direct pest.  It originated from China, but was detected in Japan in 
the early 1900s and Hawaii in 1980 (Hauser 2011).  The reasons it can cause extensive economic 
loss are (1) it has a broad host range, (2) females have an ovipositor equipped with a pair of saw-
like appendages, which permit eggs to be deposited in unripe fruit, (3) each female can lay 300 – 
600 eggs, and (4) the generation time is 10 – 20 days during the growing season (Walton et al. 
2010).  I have reared out flies from infested raspberries, blueberries, strawberries, and grapes 
from Connecticut farms.  Stone fruits are also at risk: fruit growers in the Pacific Northwest 
initially called this species the small cherry vinegar fly.  Cherries in New England may be 
somewhat protected due to sprays to manage cherry fruit flies.  Certain less-common crops are at 
risk.  Table grapes, unlike wine grapes, will have no tolerance for the presence of infested fruit.  
Day-neutral strawberries ripen through the late summer and into the fall, when they are subject to 
higher SWD population pressures.  For example, fruits collected from a farm in Litchfield Co., 
CT, on September 19, 2011, had as many as 500 eggs per strawberry.   
 
SWD was first detected in the continental United States in California in 2008 and then the rest of 
the other Pacific Coast States and Florida during 2009 (Walsh et al. 2010; Hauser 2011).  During 
2010 it was detected in Utah, Louisiana, North Carolina, South Carolina, Wisconsin, Michigan, 
Alberta, Manitoba, Ontario, and Quebec, but the more northern detections were interceptions of 
individual flies (Hauser 2011).  It arrived in the region covered by the Northeast Regional IPM 
programs in 2011, with the first detection in New Jersey on July 7 in blueberries (Cesar 
Rodriguez-Saona, Rutgers University, e-mail alert to BMSB group, July 21, 2011).  I made the 
first discovery (August 19, 2011), of this pest in New England, from strawberry sap beetle traps 
baited with whole wheat bread dough.  Within two days of this find, a different grower received 
complaints of maggot-infested raspberries in south-central Connecticut.  Tropical storm Irene 
traveled through the state soon after these detections, and this pest is now found through the rest 
of New England.  In September, this pest caused $500,000 - $1,000,000 in losses to fruit growers 
in Connecticut and Rhode Island due to unsaleable maggot-infested fruit and increased expenses 
from frequent sprays needed to salvage the crops.  Late fruiting blueberries and nearly the entire 
crop of fall-bearing raspberries were lost this year, with a $50,000 loss of raspberries from four 
acres on one farm.  Grape growers have seen 20 – 50% loss of grapes due to sour rot caused by 
SWD infestation, and growers of day-neutral strawberries are looking at complete crop loss from 
mid-September to the end of harvest (usually in October).  The needs of growers in the northeast 
are critically urgent, and are probably greater than those of fruit growers on the west coast.  One 
reason is that CLIMEX modeling of SWD suggests that this species is better adapted to 
conditions on the east coast than in the west (Walton et al. 2010).  A second reason is that fruit 
crops in the east generally are grown in smaller fields with greater crop and non-crop vegetation 
diversity that favors continuous SWD population growth. 
 
Current recommendations developed by university personnel suggest weekly applications with 
full coverage of foliage and susceptible fruit with methomyl, malathion, pyrethroids, or 
spinosyns to manage this pest (Isaacs et al. 2011).  Recent trials have suggested that use of 
neonicotinoids may kill larvae within fruit (L.Tanigoshi, WSU, personal communication Sept. 
20, 2011).  My previous experience with tree fruits suggests that carbaryl may also be valuable 
for killing newly hatched larvae within fruits.  However, such a strategy runs counter to the 
philosophy of growers to minimize direct application of insecticides to ripe fruit, and it is 
unknown whether this strategy will lead to residues exceeding their tolerance.  These sprays, 



with the exception of the spinosyns, can be anticipated to set back decades of IPM progress by 
eliminating the beneficial predators and parasites in these crop systems.  Fruit growers in New 
England tend to be progressive; some have been participating with fruit scouting and IPM 
programs since the 1980s.  They are therefore reluctantly adopting weekly or more frequent full 
sprays of insecticides to protect their fruit, and are anxious to have better tools available.  One of 
the grave concerns regarding SWD is the likelihood of insecticide resistance development.  Some 
farms in the northeast have June strawberries, blueberries, and fall-bearing raspberries.  This 
combination permits continuous development of flies as they move from one crop to the next.  
Pick-your-own operations try to minimize residues of insecticides on fruits, and some attempt to 
grow fruit with only organically acceptable products.  Currently, spinosyns and pyrethrins 
consist of the only organically acceptable products available for targeting SWD.  Growers may 
rely too greatly upon these insecticides, and could experience insecticide resistance in a short 
time.  A grower of day-neutral strawberries has commented that he had to spray spinosyns so 
frequently to control SWD that he reached the annual per acre limit and still had much of a 
season of fruit to harvest.   
 
This project will examine unconventional low-mammalian toxicity insecticides, and will also 
discover how highly attractive baits or phagostimulants can be combined most effectively with 
various insecticides, some organically acceptable, to manage SWD.  An effective bait treatment 
will require (a) an attractant to elicit directed movement from a distance to the odor source, (b) 
presence of a phagostimulant to elicit feeding, and (c) an efficient toxicant.  Use of attractants 
and/or phagostimulants will directly meet growers’ expressed needs to (1) reduce or eliminate 
insecticide residues on fruit, (2) maintain the ecological balance of predators and parasitoids that 
keep secondary pests at low numbers, (3) provide additional options (besides pyrethrins and 
spinosyns) for organically acceptable management of this pest, and (4) lessen the selection for 
SWD resistance to insecticides. 
 
Objectives, Anticipated Impacts, Approach and Procedures  

 
Objective 1.  Identify highly attractive baits.  Anticipated Impact:  More efficient trapping 
methods may be ready to deploy in 2012 within growers’ fields. 
 
Part A, Odorants.  Attracting most Drosophila spp. to traps is trivial: simply pour apple cider 
vinegar into a pail trap.  Drosophilid attraction to vinegar, gives the family its common name 
"vinegar flies."  However, SWD may be less attracted to vinegar, which is associated with 
decomposing fruit, than its close relatives (pers. obs.; L. Tanigoshi, pers. comm.).  Experience 
with a similarly polyphagous fruit pest (strawberry sap beetle) suggests that complex blends of 
fruit volatiles may be required to elicit directed movement (attraction) of SWD adults to a bait 
(Cha et al. 2011).  In many respects I am expecting SWD to behave like Tephritids (e.g., medfly) 
to baits, because both lay eggs into ripening rather than overripe or rotting fruits.  SWD responds 
variably to vinegar bait, and is attracted to whole wheat bread dough.  I will explore attraction of 
SWD to (1) food based baits by using commercially available fruit essences, yeasts, yeast 
hydrolysate, apple cider vinegar, pure fruit esters, and ammonium acetate, and (2) sex or 
courtship pheromones (Cobb and Jallon 1990; Everaerts et al. 2010), including 11-cis vaccenyl 
acetate, obtainable through Cayman Chemical, Ann Arbor, MI.  Attraction experiments will be 
conducted in small cages (BioQuip rearing cage, 30.5 cm cube), with flies released to fly freely 



in a greenhouse during the winter months, and with bioassays using a Y-tube olfactometer 
(Analytical Research Systems, Inc., Gainesville, FL).   
 
Part B, Visual stimuli.  SWD is known to be more attracted to dark (red or black) colored objects 
(http://swd.hort.oregonstate.edu/color_preference_spotted_wing_drosophila).  This information 
has been used to improve SWD traps for field monitoring (http://www.greatlakesipm.com/ 
spottedwingdrosophila.html), and it also suggests that visual cues could be used to elicit response 
from a distance to a bait station where they may then be induced to feed on toxic baits, similar to 
the approach used with apple maggot (Hu et al. 1997).  Greenhouse trials will compare chemical, 
visual, and combined chemical and visual attractants during the winter, when escapees would not 
cause harm.  Approximately 100 – 200 flies will be released into the greenhouse.  Flies attracted 
to bait will be captured on a surrounding sticky surface to quantify their response in choice trials.  
All trials will be replicated, randomized, and have appropriate negative and positive controls. 
 
Objective 2.  Identify and optimize phagostimulants.  Anticipated impact:  Growers will be able 
to improve the effectiveness of currently labeled products by applying them with 
phagostimulants.   
 
Even if a potent attractant is not found, incorporating an insecticide with a phagostimulant will 
enhance efficacy.  Several candidates include sucrose, artificial sweeteners, molasses, yeasts, and 
enzymatic yeast hydrolysate.  Twenty flies will be released into fruit fly culture tubes (2.5 cm 
diameter × 10 cm) containing 50 mg of candidate phagostimulant preparations, spiked with the 
dye phloxine B to allow quantification of the amount ingested with a microplate reader.   
 
Objective 3. Quantify the toxicity of available insecticides for targeting D. suzukii.  Anticipated 

impact: Fruit growers will have a broader array of effective insecticide options. 
 
Part A.  Define the toxicity of various insecticides.  Dr. Tanigoshi’s lab at Washington State 
University is studying the susceptibility and field residual insecticide characteristics of 
insecticides currently registered for use on small fruits.  That lab uses treated blueberries to 
assess the percent mortality of exposed flies.  My work will complement that of the SCRI CAB 
project by investigating SWD response to many other insecticides, including those not yet 
registered for use on fruits.  The dose-response will be quantified based upon the insecticide's 
mode of action.  For contact acting insecticides, or those with significant contact activity, a 
quantitative surface residue test will establish the slope and LD50 for available products 
(pyrethroids, spinosyns, carbamates, and organophosphates).  For products not yet registered in 
fruits but with promising characteristics that would suggest they could be useful when 
incorporated into baits, trials will be conducted to compare fly response in choice (bait applied 
where there is ample alternative food resource) and no-choice conditions.  Candidate materials 
include boric acid, photoactive insecticidal dyes, and various insect growth regulators (such as 
azadirachtin) that may act as chemosterilants (Cowles 2004), as well as new classes of 
insecticides (e.g., chlorantraniliprole).  I have already tested Bacillus thuringiensis var. 
israeliensis and found it to not have any activity.  Boric acid has good (though fairly slow-
acting) activity in preliminary trials and could be accepted in organic agriculture if formulated in 
bait.  Based on my preliminary data, natural and artificial red food dyes are potent toxins for 
drosophilids.  These flies are small and diurnal, and hence are subject to the toxic effects of these 



dyes (http://www.ars.usda.gov/is/AR/archive/jan96/traps0196.htm.  A strategy unlikely to select 
for resistance is the use of desiccant dusts.  Drosophilids are extremely sensitive to desiccation, 
and preliminary laboratory tests of an EPA Section 25b exempt inactive ingredient, silica aerogel 
dust (Syloid 244, Grace Davison, Columbia, MD), and kaolin dust (Surround WP) killed flies 
within a few hours of exposure.  Trials with surface treatment of fly vials will quantify the 
effectiveness of these products based on quantity required per unit surface area vs percent 
mortality over time.  A grape grower, Rick Burris, Sharpe Hill Vineyard, Ashford, CT, reports 
that a Surround/Delegate combination has virtually eliminated the SWD infestation at his farm 
(pers. comm. Oct. 3, 2011).  I anticipate that Syloid 244 will have exceptional properties when 
applied as a dry dust.  Its known lack of human toxicity (it is used in gel toothpastes and for 
compounding pharmaceutical tablets) and lack of grittiness could allow it to be registered 
through IR-4 for control of various insect pests in these fruit crops. 
 
Part B.  Compare efficacy of baits to optimize their formulation for field use. 
 
Effective concentrations of insecticides will be combined with the best attractants and 
phagostimulants to formulate candidate field-use mixtures.  The rapidity in removal of flies 
released into a greenhouse during winter months will provide quantitative data on the efficacy of 
each candidate.   
 
Evaluation Plan 
 
The objectives will be met if there are concrete guidelines based on this work that growers can 
use in 2012 to mitigate many of their current difficulties in managing SWD. 
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