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ABSTRACT. The SpottedWing Drosophila Volunteer Monitoring Network (SWD*VMN) was developed in 2010. Initial monitoring efforts
included North Carolina, South Carolina, and Virginia and now include 15 states in the eastern United States. The goals of the SWD*VMN
were to detect D. suzukii presence throughout eastern United States fruit growing regions, to describe the phenology and density of
established populations, and to share this information in an accessible format with extension and grower stakeholders. This monitoring
network has provided stakeholders with information on an invasive insect in an accessible, interactive format. It has also engaged
stakeholders as direct participants in data collection, monitoring method development, and data dissemination.
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Drosophila suzukii (Matsumura) is an invasive drosophilid pest that
attacks ripe and ripening soft skinned fruit. D. suzukii’s range rapidly
has expanded worldwide in the last 4 yr, and it has caused significant
economic losses in berry and stone fruit crops (Lee et al. 2011a, Walsh
et al. 2011, Cini et al. 2012). With a presumed native range in eastern
Asia, D. suzukii first was detected in the continental United States in
2008, in California. D. suzukii subsequently has been detected in 35
states (Fig. 1) as well as in Italy, Spain, France, Belgium, Germany,
Switzerland, Austria, Slovenia, Croatia, and England (Cini et al.
2012). D. suzukii has been present in Hawaii since the early 1980s
(Kido 1996), where it does not appear to be a significant crop pest. D.
suzukii is unique among Drosophila spp. in that their relatively large,
heavily scleritized ovipositor (Hauser 2011) allows female flies to
preferentially attack ripe and ripening soft skinned fruit rather than
rotting fruit (Lee et al. 2011b), making it a potentially devastating
primary pest (Goodhue et al. 2011). In the absence of D. suzukii,
eastern berry crops receive few insecticide applications during harvest
(see Crop Profiles for North Carolina blueberries (Cline et al. 2005)
and strawberries (Fragaria � ananassa Duchesne) (Louws et al.
2003) and for Virginia caneberries (Tukey 2000) for examples of pest
management practices before the detection of D. suzukii), suggesting
current production practices would not be expected to protect against
D. suzukii damage. The implementation of an insecticide intensive
management program for D. suzukii, as has occurred in the western
United States, would represent a significant change in current prac-
tices. Although organophosphate, pyrethroid, and spinosyn insecti-
cides have been demonstrated to be effective against D. suzukii (Bruck
et al. 2011), a limited number of these materials have sufficiently short
preharvest intervals to be useful in a management program, and
frequent applications may be necessary because of short residual
activity periods. Many of the insecticides effective against D. suzukii
are broad spectrum and may negatively impact natural enemies that
contribute to existing integrated pest management (IPM) programs
(Epstein et al. 2000, Musser and Shelton 2003). Despite increased
production costs associated with frequent insecticide applications and
potential nontarget impacts, these drawbacks are likely preferable to
crop yield loss (Goodhue et al. 2011).

Understanding pest distribution and phenology are crucial to de-
veloping successful IPM strategies for invasive species, particularly at

the onset of an invasion, but gathering reliable data requires many
years of observation or observations over a large number of locations,
which can be difficult and costly. Some current and potential invasive
species are subject to regulation in the United States by the United
States Department of Agriculture’s Animal and Plant Health Inspec-
tion Service (see regulated pest list, USDA–APHIS 2007) which
limits movement of host crops from infested areas and coordinates
national monitoring efforts through the Cooperative Agricultural Pest
Survey (CAPS). Despite is rapid spread and great potential for eco-
nomic impact (Goodhue et al. 2011), D. suzukii is not a federally
regulated pest in the United States, and no nationally or regionally
supported detection programs exist. Monitoring and data sharing ef-
forts for D. suzukii were established in the Pacific Northwest and
funded by a large, regional grant (Dreves 2011), and a state monitor-
ing program in Florida, primarily focused on invasive tephritids, was
responsible for D. suzukii detections and population monitoring in that
state (Steck et al. 2009). Similar large-scale state or federally sup-
ported efforts were not present elsewhere in the eastern United States.

In anticipation of the movement of D. suzukii northward from
Florida, we established a volunteer-based monitoring network staffed
by county extension agents, agricultural research station personnel,
growers, and entomological researchers. Although insect monitoring
networks using volunteer partners are not new, they have become
easier than ever before to establish, participate in, and share, thanks to
online tools. Networks with a pest management mission include Pest-
Watch (2012) in New England and the mid-Atlantic and Pecan Pest
Information Platform for Extension and Education (PIPE) in the
southeast (Calixto et al. 2011), and other networks capitalize on a
growing interest in citizen science (e.g., The Great Sunflower Project
[LeBuhn 2012] and the National Phenology Network [2012]) to attract
volunteer based data reporting. The mission of our volunteer moni-
toring network (VMN) was to collect information on D. suzukii
presence and seasonal biology in the eastern United States and to share
these data through extension venues.

The Spotted Wing Drosophila Volunteer Monitoring Network
(SWD*VMN) was developed in 2010. Initial monitoring efforts in-
cluded North Carolina, South Carolina, and Virginia and now include
15 states in the eastern United States. Climate models suggested that
D. suzukii would establish in much of the eastern United States



(Damus 2009), but at the beginning of our 2010 monitoring efforts,
adult D. suzukii only had been recorded from Florida, and larval
damage consistent with D. suzukii had not been observed. The goals
of the SWD*VMN were to detect D. suzukii presence throughout
eastern United States fruit growing regions, to describe the phenology
and density of established populations, and to share this information
in an accessible format with extension and grower stakeholders. This
monitoring network has provided stakeholders with information on an
invasive insect in an accessible, interactive format. It has also engaged
stakeholders as direct participants in data collection, monitoring
method development, and data dissemination.
Mechanics. Volunteers for the Spotted Wing Drosophila Volunteer

Monitoring Network (SWD*VMN) were recruited via email and at
extension meetings during early 2010. Initial volunteer targets were
individuals considered likely to first encounter a new invasive species,
such as county cooperative extension agents, state department of
agriculture employees, and university based extension specialists in
North Carolina, South Carolina, and Virginia. In 2011, the
SWD*VMN was expanded to include sites in Arkansas, Georgia,
Louisiana, Maryland, and West Virginia. Extension specialist in each
of these states recruited additional volunteers, which included coop-
erative extension agents, crop consultants, and state government per-
sonnel. In 2012, monitoring sites in North Carolina were expanded to
include nine North Carolina State University and North Carolina
Department of Agricultural and Consumer Services operated agricul-
tural research stations. In addition, D. suzukii monitoring sites were
established in Connecticut, Massachusetts, Maine, New Hampshire,
Rhode Island, and Vermont.

Volunteers were provided with trapping kits containing all the
supplies necessary to maintain traps for the season and voucher
specimens of D. suzukii preserved in 70% ethanol to aid with identi-
fication. Volunteers were trained via a series of three webinars in 2010
with follow up field visits where necessary. During 2011 and 2012,
hands on training sessions were held in North Carolina for local
volunteers and a series of videos were recorded and posted online
demonstrating trap construction and servicing methods. Access to a
dissecting microscope was required for volunteer participation, as
female D. suzukii are difficult to accurately identify with the naked
eye. Suspected D. suzukii were sent to North Carolina State University
for identification confirmation upon initial detection by a volunteer.
After a confirmed identification, all subsequent flies were identified
by volunteers.

Trap design and baits were adapted from those developed in the
western United States (Dreves 2011). Traps consisted of 946-ml clear
plastic deli cups (PFS Sales, Raleigh, NC). In 2010, traps had six
1.3-cm holes, evenly distributed around the cup, 2.5 cm from the top.
In 2011 and later, each trap had twelve 0.5-cm-diameter holes. The
size of the entrance holes was decreased to reduce by catch and bait
evaporation. Traps were hung using 0.5-cm nylon cord threaded
through two of the holes. There is a lack of consensus as to the most
efficient D. suzukii bait (Lee et al. 2011a). Therefore, during the 2010
trapping season, each site contained six traps, three traps baited with
apple cider vinegar (Harris Teeter Brand, Raleigh, NC) mixed with
one to two drops of unscented dish soap (Palmolive Pure & Clear,
Colgate-Palmolive, New York, NY) and three traps baited with a yeast
and sugar slurry (Fig. 2). The yeast and sugar slurry consisted of 30-g

Fig. 1. D. suzukii detections by year in the continental United States.

Fig. 2. Traps employed in the SWD*VMN, a) apple cider vinegar baited trap with yellow sticky card, b) yeast and sugar baited traps with
yellow sticky card, and c) apple cider vinegar baited trap. Trap with yellow sticky cards (a and b) were used in 2010, and a trap baited with
only apple cider vinegar was used in all subsequent years.

2 JOURNAL OF INTEGRATED PEST MANAGEMENT VOL. 4, NO. 3



yeast (Red Star Brand dry active yeast) and 60 g sugar (Domino
Sugars, Iselin, NJ) dissolved in 355-ml water. Dish soap was not
added to yeast baits. Initially, 355 ml of either bait was used per trap
to ensure that bait did not evaporate between servicing, and as weather
cooled in the fall, bait volume was decreased to 150 ml. Lure volume
was 150 ml for 2011 and beyond. A yellow sticky card (yellow sticky
strips, Great Lakes IPM, Vestaburg, MI) was placed in each trap
during 2010, but this practice was discontinued in subsequent years
because it complicated identification of female D. suzukii. Baits were
changed at least every 4 wk and were refilled to desired volume
weekly. Observations during 2010 at North Carolina trapping loca-
tions suggested that apple cider vinegar baited traps were at least as
effective as yeast and sugar baited traps (Table 1) and were easier for
nonexpert users to service. The difference in bait efficiency may have
been due, in part, to the growth of fungal mats and other contamina-
tion in yeast baits, even when changed weekly, which may have
interfered with trap capture. Because of these observations, yeast and
sugar traps were discontinued and all subsequent traps were baited
with apple cider vinegar. The questions of appropriate traps (Lee et al.
2012) and lures (Landolt et al. 2012) for D. suzukii are being actively
researched, and there remains no consensus on which lure and trap
combination is most efficient. We since have conducted comparisons
of apple cider vinegar and yeast and sugar baits and found that yeast
appears more attractive when changed frequently and compared using
the same trap configuration (H.J. Burrack, unpublished data).

In 2012, the SWD*VMN was expanded to include sites in through-
out the northeastern United States (Table 2). Monitoring methods in
the northeast differed from those at southern sites. To maintain con-
sistency, southern sites continued to use apple cider vinegar baited
traps without yellow sticky cards. Northeastern sites used traps con-
structed from 533-ml red Solo brand polystyrene cups fitted with a
24-gauage galvanized wire hanger with a 6.35- by 7.62-cm yellow
sticky card suspended from the lid. Traps were baited with 60–90 ml
of a solution containing 56% grape juice (reconstituted Welch’s brand
100% white grape juice), 37% apple cider vinegar, 6% of 95%
ethanol, and �1% of unscented surfactant (e.g., dish soap). Lures were
changed weekly. Three traps were placed at each site, and in the event
that multiple crops or noncrop habitat were monitored at the same

location, three traps were placed in each habitat and considered
separate sites.

Monitoring efforts began the first week of May during 2010, and
continued through the winter at subset of locations (four total). Sites
which were not active during the winter began monitoring activities
during the second week of March in 2011 and 2012. During 2010, data
were collected and displayed using a Google Documents form and
shared via an extension blog (www.ncsmallfruitsipm.blogspot.com).
In 2011, we partnered with the Center for Invasive Species and
Ecosystem Health at the University of Georgia to develop a custom
data collection and display site (http://www.eddmaps.org/project/
project.cfm?proj � 9) using their Early Detection & Distribution
Mapping System (EDDMapS) platform (Fig. 3).

Outcomes and Impacts
Spotted Wing Drosophila Volunteer Monitoring Network.

Eighteen volunteers were recruited for the SWD*VMN in 2010,
which covered 24 sites in North Carolina, South Carolina, and Vir-
ginia. Of these, 18 sites were active for the duration of the growing
season, two ceased monitoring after initial D. suzukii detection, and
four dropped out of the program. Drosophila suzukii was detected at
12 sites in 2010 (Table 2), and with one exception, all adult D. suzukii
detections occurred after host crops were harvested. The first larval
infestation of D. suzukii recorded in the eastern United States occurred
at the Upper Mountain Research Station, near Laurel Springs, NC on
30 September 2010. This gap between detection and host crop pres-
ence allowed for extensive education efforts targeted to growers,
extension agents, and homeowners. Efforts from July of 2010 to May
of 2011 included presentations at grower meetings (29 meetings with
1,735 attendees), webinars (5 webinars with 164 participants), blog
posts (26 posts viewed by 5,365 visitors, via Google Analytics), and
fact sheets (7). In Virginia, reporting to stakeholders started later
because spotted wing drosophila was found the year after North and
South Carolina. Efforts from July of 2011 to May of 2012 included 1
state grower association meeting (�300 attendees), 5 regional fruit
schools (260 participants), messages to stakeholder email lists (822
recipients), and 1 web page (900 page views, via Google Analytics).

In 2011, the SWD*VMN expanded to 38 volunteers covering 75
sites in eight states (Table 2). Of these sites, 63 reported positive D.

Table 1. Mean � SEM trap captures in apple cider vinegar and
yeast and sugar baited traps in North and South Carolina sites,
2010

Week
Flies per trap

Apple cider vinegar Yeast and sugar

25 July 0.33 � 0.33a 0.00 � 0.00a
1 Aug. 1.33 � 1.33a 0.00 � 0.00a
8 Aug. 4.00 � 1.15a 0.00 � 0.00a
15 Aug. 1.56 � 0.71a 0.89 � 0.45a
22 Aug. 4.33 � 1.54a 0.60 � 0.24a
29 Aug. 6.33 � 5.55a 1.40 � 0.75b
5 Sept. 4.00 � 2.02a 0.60 � 0.60a
12 Sept. 2.60 � 0.58a 0.71 � 0.27a
19 Sept. 0.00 � 0.00a 0.67 � 0.67a
26 Sept. 1.44 � 0.75a 0.56 � 0.29a
3 Oct. 5.00 � 2.18a 1.17 � 0.83a
10 Oct. 5.33 � 1.86a 3.67 � 1.45a
17 Oct. 17.00 � 3.51a 8.33 � 0.67b
24 Oct. 8.00 � 3.46a 1.33 � 1.33b
31 Oct. 13.33 � 5.36a 0.00 � 0.00b
7 Nov. 12.00 � 5.86a 0.33 � 0.33b

Trap captures for sites with more than 3 wk of nonzero fly captures were
analyzed using a repeated measures analysis of variance with week and bait
as fixed independent variables and site and replicates within sites as random
independent variables (Proc Mixed, SAS version 9.1.3). There was a
significant week by bait interaction (F15,123 � 2.05, P � 0.0167).
Means within a week followed by the same letter are not significantly

different (� � 0.05) via Fisher’s protected least significant difference.

Table 2. SWD*VMN activity, participating states, and D. suzukii
detection dates

Year
Total
sites

Positive
sites

Number of
volunteers

States
Date of first
trap capture

2010 24 12 18 NC 30 July
SC 2 July
VA NA

2011 75 63 38 AR NA
GA 7 May
LA 9 Aug.
MD 15 Aug.
NC 17 Mar.
SC 23 June
VA 27 June
WV 26 Sept.

2012 285 268 74 AR 2 Aug.
CT 20 June
GA 19 April
LA 17 July
MA 2 July
ME 13 July
NH 11 July
NC 4 Jan.
RI 29 June
SC 3 May
TN NA
VT 30 July
VA 16 April
WV 21 June
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suzukii detections. During 2012, the SWD*VMN inclued 15 states,
268 sites, and 74 volunteers. The SWD*VMN was responsible for the
first reported D. suzukii detections in North Carolina (July of 2010),
Georgia (May of 2011), Virginia (June of 2011), West Virginia
(September of 2011), Maryland (August of 2011), and Arizona (Au-
gust of 2012). D. suzukii were detected in a United States Department
of Agriculture Animal and Plant Health Inspection Service (USDA–
APHIS) trap near Beaufort, SC (NAPIS 2012) approximately 1 mo
before they first were detected in SWD*VMN traps in SC in July of
2010.

The first D. suzukii captures within a state typically occurred in
mid to late summer (Table 2), often after host crops were no longer
present. The largest number of flies annually are captured in late
summer and fall, as observed in other regions where D. suzukii occurs
(Mitsui et al. 2010). This may be because of poor efficiency of lures
when compared with susceptible fruit, but the first D. suzukii detec-
tions within a site are have not necessarily been accompanied by fruit
infestation. Flies have been captured earlier each year than in the
preceding year, and in North Carolina during the winter of 2011–2012,
flies were captured continuously.
Challenges and Future Directions. The SWD*VMN provided a

valuable early indication of the potential threat posed by D. suzukii to
susceptible crops in the eastern United States, one which was not
possible before the introduction in the western United States. The lack
of nationally coordinated monitoring efforts for D. suzukii necessi-

tated the reliance on volunteer-supported efforts that could be con-
ducted efficiently and economically. We relied on small seed grants to
provide trapping supplies and used free online tools to share data
initially while developing partnerships for long-term data collection.

Coordinating D. suzukii monitoring methodology throughout the
eastern United States is challenging. D. suzukii has been a pest in
North America for a short period of time, but its impact is severe
enough that numerous entomologists are studying monitoring and
management methods. Much of this research is yet unpublished,
leading to a lack of consensus on the most efficient traps and baits and
complicating coordination of research and extension efforts.

Participants in the northeastern United States based their trapping
methods on preliminary research conducted in this region and used red
traps baited with a grape juice and ethanol mixture. Despite the
difference in monitoring methods between regions, there was value in
combining data collection and display efforts to illustrate a more
complete picture of D. suzukii activity in the eastern United States.

While recruiting volunteers, we emphasized the value of partici-
pation. Volunteers were trained to identify and monitor a potentially
significant invasive species and were able to educate their grower
clientele as to its presence and potential impact. After initial detection,
however, volunteer attrition was a challenge. During the first year of
the SWD*VMN, 26% of volunteers ceased participation at some point
during the season. In a post season questionnaire, these participants
most often stated that monitoring was more effort than anticipated as

Fig. 3. The SWD*VMN website.
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their reason for stopping. In 2011, SWD*VMN methods were stream-
lined, including the selection of a single bait, and no participants
dropped out of the program, whereas new participants volunteered as
D. suzukii spread further throughout the eastern United States.

D. suzukii has now been detected throughout the eastern United
States, and populations have been observed for several years in many
locations. In order for the SWD*VMN to remain valuable to partic-
ipating volunteers and grower stakeholders, it must deliver value
beyond simple presence or absence detection. Future efforts will focus
on the collection of seasonal biology data to develop or validate
phenology models and to differentiate between activity patterns in
crop and noncrop hosts. These efforts likely will require fewer vol-
unteers and more paid personnel who can committee significant time
to monitoring efforts. VMNs are an effective tool for early stage
invasive (or native) species monitoring, but they are not necessarily
the most appropriate strategy for sustained, detailed data collection.

Based on the success of the SWD*VMN, a second volunteer-based
monitoring network was established in 2011 to determine the extent of
grape root borer, Vitacea polistiformis (Harris) populations and sea-
sonal activity patterns in North Carolina. The Grape Root Borer
Volunteer Monitoring Network (GRB*VMN) was restricted to North
Carolina, and participants were recruited through extension presenta-
tions, field days, and targeted emails. The GRB*VMN included ten
locations during 2011, nine of which were maintained by grape
grower cooperators and one maintained by an area cooperative exten-
sion agent. Nontarget by catch in V. polistiformis traps is rare in North
Carolina, and the most common other moth caught, the squash vine
borer, Melittia cucurbitae (Harris), is easily distinguished from V.
polistiformis. Therefore, V. polistiformis was an excellent insect to
monitor by using nonexpert volunteers. V. polistiformis adults were
detected at six of the 10 GRB*VMN sites in 2011 and maximum trap
captures at positive sites ranged from 1 to 16 moths per week. Peak
trap captures occurred from 30 July through 20 August, overlapping
with grape harvest and suggesting that insecticide applications against
V. polistiformis will not be a practical control tool at these locations,
due to a prohibitively long preharvest interval for the only registered
insecticide (chlorpyrifos). Perhaps the most significant finding gen-
erated by the GRB*VMN to date is that V. polistiformis is not
ubiquitous in North Carolina vineyards. This suggests that continued
monitoring should play an important role in management.
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