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A

 

BSTRACT

 

 

Laboratory feeding trials evaluated fly survivorship on six insecticides (acetamiprid,
clothianidin, deltamethrin, fipronil, imidacloprid, and spinosad) incorporated at 4, 40, and
400 ppm in protein baits. Higher concentrations of insecticides resulted in increased fly mor-
tality. At all concentrations of insecticides in baits, except those on deltamethrin, there was
a significantly higher mortality 4 d after the initial feeding, compared with flies that fed on
a control bait. The presence of clothianidin or imidacloprid in baits led to significantly less
feeding compared with a control bait without insecticide. There were no feeding deterrent ef-
fects of bait containing either fipronil or spinosad compared with a control bait without in-
secticide. Exposure of flies to fresh bait containing 40 ppm of acetamiprid, clothianidin, or
imidacloprid, resulted in significantly more flies becoming knocked down than the control.
Baits containing 40 ppm of fipronil or spinosad resulted in higher levels of fly mortality than
baits containing either neonicotinoids (acetamiprid, clothianidin, or imidacloprid) or no in-
secticide for trials with fresh and 1-d-old bait with unlimited exposure. At the rates tested
baits containing deltamethrin resulted in no fly knockdown and always had the lowest mor-
tality of any insecticide treatment. The tradeoffs between insecticides capable of knockdown
and mortality are discussed as they relate to management of 

 

R. mendax

 

.
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R

 

ESUMEN

 

La sobrevivencia de la mosca, 

 

Rhagoletis mendax

 

, contra seis insecticidas (acetamiprid, clo-
thianidin, deltamethrin, fipronil, imidacloprid, y spinosad) incorporados a 4, 40, y 400 ppm
en cebos de proteina fue evaluada en pruebas de alimentación en el laboratorio. Las concen-
traciones mas altas de insecticidas resultaron en un aumento de la mortalidad de las mos-
cas. En todas las concentraciones de los insecticidas en cebo, menos aquellas tratadas con
deltamethrin, hubo una mortalidad significativamente mas alta 4 d después de la alimenta-
ción inicial, comparada con las moscas que se alimentaron sobre el cebo de control. La pre-
sencia de clothianidin o imidacloprid en el cebo resulto en una alimentación
significativamente menor comparada con el cebo de control sin insecticida. No hubo ningún
efecto detrimental en la alimentación del cebo que tenia fipronil o spinosad comparado con
el cebo de control sin insecticida. La exposición de las moscas al cebo fresco con 40 ppm de
acetamiprid, clothianidin o imidacloprid, resulto en significativamente mas moscas derriba-
das que en el control. Los cebos con 40 ppm de fipronil o spinosad resultaron en un nivel mas
alto de la mortalidad de moscas que en los cebos con neonicotinoids (acetamiprid, clothiani-
din, o imidacloprid) o sin insecticida para las pruebas con cebo fresco y de cebo de un dia con
exposición sin limite. A las tasas de insecticidas probadas, ningún mosca fue afectada en la
prueba de cebo con deltamethrin y siempre tenian la menor mortalidad que cualquier otro
tratamiento de insecticidas. Se commentan sobre los factores de los insecticidas con la capa-
cidad para un efecto de noqueo de las moscas versus un insecticida que mata las moscas en

 

relación al manejo de 

 

R. mendax

 

.

 

The blueberry maggot fly, 

 

Rhagoletis mendax

 

Curran, is a serious pest of lowbush and highbush
blueberries, 

 

Vaccinium angustifolium

 

 Aiton and

 

V. corymbosum

 

 L., respectively, in the northeast-

ern United States and Atlantic Provinces of Can-
ada. In areas not infested with 

 

R. mendax 

 

there is
zero-tolerance for maggot presence. As a result,
growers exporting fruit to non-infested areas of
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Canada must participate in a Blueberry Certifica-
tion Program (Canadian Food Inspection Agency
1999).

This certification program mandates following
either a calendar-based or an integrated pest
management (IPM) spray program. A calendar-
based approach requires growers to start spray-
ing insecticides within 10 d of the first detection of
an adult fly in the area, and continue spraying at
7- to 10-d intervals until the end of harvest. An
IPM-spray program requires growers to monitor
the presence of adults with traps baited with am-
monium acetate. A recommended insecticide
should be applied within 5 d of the date of capture
of a single fly in any one of the monitoring traps,
followed by a second spray 7-10 d later. This spray
sequence should be repeated for each subsequent
fly detection until the end of harvest. Many blue-
berry growers use one of these spray regimens,
but there are several alternative strategies that
have been investigated.

 

Rhagoletis

 

 flies can be controlled and managed
by a variety of insecticides and application meth-
ods. Broad-spectrum insecticides, such as organo-
phosphates and carbamates, have been applied in
ultra low volume sprays, where contact and feed-
ing toxicity of small droplets can cause fly mortal-
ity (Mohammad & Aliniazee 1989; Hu et al. 2000).
The enactment of the Food Quality Protection Act
(FQPA) (1996) has placed severe restrictions on
the use of these broad-spectrum insecticides, and
future management of 

 

Rhagoletis

 

 flies will in-
volve the use of insecticides that are not impacted
by FQPA reassessment. Many of these new com-
pounds have little or no contact toxicity; there-
fore, they are often incorporated into a bait sta-
tion or bait spray, in which mortality results after
flies ingest significant quantities of insecticide.

Painted spheres baited with ammonia com-
pounds are highly attractive to tephritids and
have been developed as bait stations. Spheres
were first coated with a sticky material to trap
flies (Prokopy 1975), but the need for decreased
deployment and handling time necessitated find-
ing an insecticide replacement (Duan & Prokopy
1995b). Studies evaluating the effects of insecti-
cides, which were incorporated into the paint and
sugar matrix that coated the surface of spheres,
have been performed for 

 

Anastrepha ludens

 

(Loew) (Prokopy et al. 2000b); 

 

Ceratitis capitata

 

(Wiedemann) (Hu et al. 1998); and 

 

R. mendax 

 

and

 

R. pomonella 

 

(Walsh)

 

 

 

(Duan & Prokopy 1995b;
Liburd et al. 1999; Ayyappath et al. 2000; Stelin-
ski et al. 2001). Comparisons between baited
spheres and azinphos-methyl sprays in a com-
mercial apple orchard showed similar reductions
in populations of 

 

R. pomonella

 

 (Prokopy et al.
2000a). However, in commercial blueberry fields
insecticidal spheres are not currently used be-
cause of the deployment density, lack of attractive
selective lure, associated costs of products (i.e.,

spheres and residue extending agents), and labor
requirements (i.e., monitoring and applying in-
secticides to spheres) (Barry et al. 2004).

Another alternative to broad-spectrum sprays
are protein bait sprays which contain ammonia-
based attractants, a feeding stimulant such as su-
crose, and an insecticide. Protein bait sprays have
been used to control outbreaks of 

 

Anastrepha
ludens

 

, 

 

Bactrocera dorsalis 

 

(Hendel), and 

 

Cerati-
tis capitata

 

 since the 1950s in the United States
(Steiner 1952; Moreno & Mangan 2003). However,
development and evaluation of protein bait
sprays on 

 

R. mendax

 

 has begun only recently. Pro-
tein and ammonia-based attractants have been
evaluated on 

 

Anastrepha

 

 spp. (Moreno & Mangan
2003), 

 

B. cucurbitae

 

 (Coquillett) (Fabre et al.
2003), 

 

B. dorsalis

 

 (Cornelius et al. 2000), 

 

R. cerasi

 

(L.) (Katsoyannos et al. 2000), and 

 

R. pomonella

 

(Duan & Prokopy 1992). Different concentrations
of sugar feeding stimulants have been tested on

 

A. suspensa

 

 (Loew) (Sharp & Chambers 1984), 

 

R.
pomonella

 

 (Duan & Prokopy 1993), and 

 

R.
mendax

 

 (Barry & Polavarapu 2004).
Dowell (1994) outlined alternatives to a

malathion bait spray, which had been the pre-
ferred method in eradicating incipient infesta-
tions of 

 

C. captitata

 

. Further development of a re-
placement has led to evaluation of insecticides
classified as reduced risk. One compound that has
already been incorporated into a bait spray for
tropical and sub-tropical tephritid pests is spi-
nosad, which was developed from the bacterium

 

Saccharopolyspora spinosa

 

 Mertx and Yao. Feed-
ing on baits containing spinosad has resulted in
high mortality for 

 

A. ludens

 

 (Prokopy et al.
2000b), 

 

A. suspensa

 

 (King & Hennessey 1996), 

 

B.
cucurbitae

 

 (Prokopy et al. 2003), and 

 

C. capitata

 

(Peck & McQuate 2000; Vargas et al. 2001; Barry
et al. 2003). Trials assessing toxicity have oc-
curred for several of the non-organophosphate
and non-carbamate compounds, such as delta-
methrin, imidacloprid, and spinosad, on 

 

R.
pomonella

 

 (Duan & Prokopy 1995a; Hu et al.
2000; Bostanian & Racette 2001; Reissig 2003)
and acetamiprid, deltamethrin, fipronil, and imi-
dacloprid on 

 

R. mendax 

 

(Barry et al. 2004). The
reduced risk insecticide clothianidin, a neonicoti-
noid, has not been evaluated on any tephritid spe-
cies.

Our goal was to identify the most effective con-
centrations of insecticides present in bait that re-
sulted in knockdown, mortality, and had the least
feeding deterrence on 

 

R. mendax

 

.

M

 

ATERIALS

 

 

 

AND

 

 M

 

ETHODS

 

Insects

 

Infested blueberries were collected near Chat-
sworth, NJ, in the summer of 2002 and 2003. The
rearing procedures of Ayyappath et al. (2000)
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were used to obtain adult 

 

R. mendax

 

. Briefly, in-
fested berries were placed over moist sand for lar-
vae to drop and pupate. Puparia were sifted from
sand three-five weeks later and kept in a screen-
house. Puparia were transferred to an incubator
on 1 November 2002 and 2 November 2003, at 6°C
with a photoperiod of 12:12 (L:D) to complete dia-
pause. On 27 March 2003 and 30 March 2004 pu-
paria were placed at 8°C. Periodically groups of
puparia were transferred from 8 to 15°C for ap-
proximately 8 d and then transferred to an incu-
bator at 25°C with a photoperiod of 16:8 (L:D) un-
til adult emergence, which occurred 25-45 d later.
Adult flies were kept at 22°C and were provided a
diet of sucrose and water (i.e., protein-starved).
Flies used in assays were 7-13 d-old and allowed
to acclimatize to experimental conditions in the
laboratory for several hours before trials com-
menced.

 

Feeding Assay—Feeding for 10 s

 

In the laboratory (21-23°C), a no-choice feeding
test was used to evaluate survivorship of 

 

R.
mendax

 

 on a control bait with baits containing
three concentrations (4, 40, and 400 ppm or
0.0004, 0.004, and 0.04% [AI], respectively) of six
insecticides: acetamiprid (technical, 30% [AI];
Cerexagri, King of Prussia, PA), clothianidin
(technical, 49.17% [AI]; Arvesta, San Francisco,
CA); deltamethrin and imidacloprid (technical
99.1, and 98.9% [AI], respectively; Bayer, Kansas
City, MO); fipronil (technical 88% [AI]; Aventris
Crop Science, Research Triangle Park, NC); and
spinosad (technical, 90.4% [AI]; Dow Agro-
Sciences, Indianapolis, IN). Solutions of each in-
secticide concentration were prepared by weigh-
ing the appropriate amount of technical and then
adding it to the corresponding 1:3-mixture of Sol-
Bait (prepared as a 2

 

×

 

 concentrate, USDA-ARS,
Weslaco, TX) and water. (A 1:3-mixture corre-
sponds to a 1:4 mixture of GF-120 Fruit Fly Bait
[Dow AgroSciences] to water.) After preparing the
highest concentration, serial dilutions with a 1:3-
mixture of SolBait were used to obtain mixtures
with lower concentrations of insecticides. The con-
trol was a 1:3-mixture of SolBait to water contain-
ing no insecticide.

One 10-µl droplet of bait was placed on a white
plastic lid (5.5 cm in diameter) located on top of a
plastic cylinder (4 cm in diameter, 4 cm in height)
in the center of a Plexiglas cage (30 cm 

 

×

 

 30 cm 

 

×

 

30 cm). A fly was transferred to this lid and placed
next to the droplet. After feeding on a droplet for
10 seconds, the fly was removed from the lid and
placed inside a plastic cylinder (5 cm in diameter,
8.5 cm in height) containing water and sucrose.
Flies that fed less than 10 seconds were dis-
carded, unless it was determined that after the
initial feeding a fly became incapable of feeding as
a result of the insecticide (i.e., knockdown). A total

of 30 flies were evaluated with the control and for
each of three concentrations of insecticide (except
deltamethrin which was not evaluated at 4 ppm).

Flies were assessed for knockdown (i.e., immo-
bile or incapable of walking) 1 h after the 10-s
feeding. The number of dead, active, and incapac-
itated flies was recorded after 1, 2, 3 and 4 d. Flies
were characterized as dead if there was no pres-
ence of visible body movement (i.e., no leg twitch),
active if able to walk, and incapacitated if incapa-
ble of walking (Hu et al. 2000; Reissig 2003). The
number of living flies is represented by the sum of
active and incapacitated flies.

 

Feeding Assay—Feeding for 5 min

 

In the laboratory (21-23°C), a no-choice test
was used to evaluate feeding propensity of female

 

R. mendax

 

 on protein bait containing 40 ppm of
insecticide. Treatments were prepared by the
methods described in the 10-s assay and included
a control bait (without insecticide), clothianidin,
fipronil, imidacloprid, and spinosad. One 10-µl
droplet of a treatment was placed on a silk ficus
leaf (Michaels, Irving, TX) that was placed on top
of a plastic cylinder (4 cm in diameter, 4 cm in
height) in the center of a Plexiglas cage (30 

 

×

 

 30 

 

×

 

30 cm). Silk leaves were preferred to blueberry
leaves because of the presence of chemical cues in
the latter. One fly was transferred to the leaf
within 1 cm of the droplet. Each feeding trial
ended after 5 min if a fly was still present on a leaf
or when a fly left a leaf after 5 s. (Flies that left a
leaf in less than 5 s were not counted because they
were believed to be in an agitated state.) In addi-
tion, all flies had to feed a minimum of 1 s on the
droplet.

The amount of time that a fly spent feeding on
a droplet was recorded. Flies were assessed for
knockdown 1 h after feeding. Mortality was re-
corded 1 and 4 d after feeding. Each fly was tested
only once. A total of 28 replicates were completed
for fly feeding and 20 replicates were completed
for knockdown and mortality. One replicate was
completed after a female fly had been tested on
four protein baits incorporated with different in-
secticides and the control bait.

 

Exposure—4 h

 

Survivorship and knockdown of flies was as-
sessed to blueberry bushes treated with insecti-
cidal baits. A control bait and four baits contain-
ing 40 ppm insecticide of clothianidin, fipronil,
imidacloprid, and spinosad, were prepared by the
methods described in the 10-s Feeding Assay. Bait
was applied with a handheld sprayer (30 Gunjet;
Spraying Systems Co., Wheaton, IL) to deliver
three 1-ml squirts at 30 psi to each of four three-
yr-old blueberry bushes. This rate is equivalent to
9 liters/ha (0.95 gallons/acre). Three branches
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(10-15 cm in length) were removed from each
bush and placed inside a 250-ml Erlenmeyer flask
in a Plexiglas cage (30 

 

×

 

 30 

 

×

 

 30 cm) that con-
tained 20 flies (10 male, 10 female). The flask and
branches were removed after 4 h. Flies were as-
sessed for knockdown 3 h after introduction of
treated branches and for mortality after 24 and
48 h. A total of 4 replicates were completed.

 

Unlimited Access—Fresh and 1-d-old bait

 

A no-choice assay evaluated fly mortality to
bait containing the following insecticides: ace-
tamiprid, clothianidin, fipronil, imidacloprid, and
spinosad. Bait was prepared by adding enough
technical insecticide to obtain 40 ppm [AI] in a
mixture with GF-120 Fruit Fly Bait blank that
did not contain spinosad (Dow AgroSciences). The
control contained bait without the addition of in-
secticide. For each treatment, one 10-µl droplet of
bait was applied to 60 highbush blueberry leaves.
Half of these leaves were removed within 10 min
of application for use in fresh assays and the other
half remained on bushes for 24 h before being col-
lected. Three treated leaves of the same bait were
placed inside each of ten 1-liter plastic containers
with a screened lid, which contained a moist cot-
ton ball. Five flies were then placed in each con-
tainer, which constituted a replicate. Flies were
assessed for knockdown after 1 h and mortality 24
and 48 h after the start of exposure. Ten replicates
were completed for fresh and 1-d-old bait. This ex-
periment occurred in the laboratory where tem-
perature was 21-23°C.

 

Statistical Analyses

 

Knockdown and survivorship data from the 10-
s Feeding Assay are presented in tabular and
graphical form, respectively. For this feeding as-
say, comparisons also were made between the
control and each treatment with multiple chi-
square tests after Bonferroni correction for the
number of flies living versus dead after 4 d. In the
5-min assay feeding, duration was log trans-
formed and analyzed by Fisher’s least significant
different (LSD) tests (

 

P

 

 = 0.05). Knockdown and
mortality were analyzed by multiple chi-square
tests after Bonferroni correction. Prior to analysis
of variance (ANOVA), mortality and knockdown
were arcsine-square root transformed in both the
4-h exposure assay and the unlimited access as-
says (SAS Institute 1999). Means were separated
by Fisher’s LSD tests (

 

P

 

 = 0.05).

R

 

ESULTS

 

Feeding Assay—10 s

 

Insecticide type and concentration resulted in
different survivorship of living (active + incapaci-

tated) and active flies (Figs. 1 and 2, respectively).
After 4 d, 97% of flies fed the control bait were liv-
ing, which was significantly higher than all treat-
ments except 4 ppm of acetamiprid, clothianidin,
and imidacloprid, and 40 and 400 ppm of delta-
methrin (

 

χ

 

2

 

, with Bonferroni correction, 

 

P

 

 = 0.05).
Greater than 90% of flies were living 4 d after
feeding on bait containing 4 ppm of acetamiprid,
clothianidin, and imidacloprid (Fig. 1A-C);
whereas less than 10% were living after feeding
on baits with the same concentration of fipronil
and spinosad (Fig. 1E, F).

Four days after feeding on bait containing 400
ppm of insecticide, there were 13, 43, and 87%
flies categorized as living for treatments of
clothianidin, acetamiprid, and deltamethrin, re-
spectively (Fig. 1A, B, D). At 400 ppm of fipronil,
spinosad, and imidacloprid in baits it took 1, 3,
and 4 d after treatment to reach 0% survivorship,
respectively (Fig. 1C, E, F). Large decreases in
survivorship occurred between 1 and 4 d for all
concentrations of spinosad and 4 ppm fipronil.

Comparison of survivorship curves of living
(active + incapacitated) with active flies appeared
similar for treatments of clothianidin, delta-
methrin, and fipronil (compare Fig 1B with 2B,
1D with 2D, 1E with 2E, respectively), but dif-
fered for the other three insecticides. The number
of active flies increased from 1 to 4 d after feeding
on bait containing 400 ppm acetamiprid, which
indicated that some flies which had been incapac-
itated were now active (Fig. 2A). The percent of
living flies compared with active flies was 40 and
3%, respectively, 1 d after feeding on bait contain-
ing 400 ppm imidacloprid, indicating that most
(>90%) living flies were incapacitated (Fig. 1C
and 2C, respectively). A large proportion of flies
that fed on bait containing 40 and 400 ppm of spi-
nosad were incapacitated, resulting in signifi-
cantly fewer active than living flies 1-2 d after
feeding (compare Fig. 1F with 2F).

More than 80% of flies were knocked down af-
ter 1 h on baits containing 400 ppm of acetami-
prid, clothianidin, and imidacloprid, with 30%
knocked down for fipronil and spinosad (Table 1).
Flies exposed to treatments of deltamethrin and
control bait were not affected. Compared with the
control bait there were significant higher knock-
down effects after 1 h for baits containing 40 ppm
of acetamiprid (20%), clothianidin (80%), and im-
idacloprid (63%).

 

Feeding Assay—5 min

 

Protein baits containing insecticide had a sig-
nificant effect on feeding duration (

 

F

 

 = 65.79; 

 

df

 

 =
4, 135; 

 

P

 

 < 0.0001; Fig. 3). Compared with the con-
trol bait flies fed significantly less on baits con-
taining imidacloprid and clothianidin, and fly
feeding was not significantly different for baits
containing fipronil and spinosad. Bait containing
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imidacloprid was the only treatment that resulted
in knockdown after 1 h that was significantly
higher than the control (

 

χ

 

2

 

 with Bonferroni correc-
tion, 

 

P

 

 = 0.05; Table 2). Flies that fed on fipronil
were dead after one day and flies that fed on spi-
nosad were all dead after four days; and both re-
sults were significantly higher than the fly mor-
tality in the control (

 

χ

 

2

 

 with Bonferroni correction,

 

P

 

 = 0.05; Table 2).

 

Exposure—4 h

 

All insecticide treatments resulted in signifi-
cantly higher knockdown than the control except
spinosad after 3 h (

 

F

 

 = 4.47; 

 

df

 

 = 4, 15; 

 

P

 

 = 0.014;
Table 3). After 24 h, treatments had a significant
effect on fly mortality (

 

F

 

 = 3.58; 

 

df

 

 = 4, 15; 

 

P

 

 =
0.031; Table 3), with all insecticide treatments re-
sulting in significantly higher mortality than the

Fig. 1. Percent of flies that were living (active + incapacitated flies) after feeding for 10 s on a droplet of a given
insecticide concentration. A) Acetamiprid, B) Clothianidin, C) Imidacloprid, D) Deltamethrin, E) Fipronil, F) Spi-
nosad; (� = 4 ppm, � = 40 ppm, � = 400 ppm insecticide; X = control bait without insecticide) (Deltamethrin was
not evaluated at 4 ppm.)
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control except imidacloprid. After 48 h, there were
no differences among the treatments including
the control (

 

F

 

 = 1.12; 

 

df

 

 = 4, 15; 

 

P 

 

= 0.385;
Table 3).

Survivorship Unlimited Access—Fresh bait

Feeding on fresh bait containing insecticide re-
sulted in significant fly knockdown after 1 h (F =
7.45; df = 5, 54; P < 0.0001; Table 4). Significantly

more flies were knocked down on treatments of
bait containing acetamiprid, clothianidin, and im-
idacloprid compared with the control or treat-
ments containing fipronil and spinosad. After 24
and 48 h, treatments had a significant effect on fly
mortality (F = 14.86; df = 5, 54; P < 0.0001; and F
= 15.65; df = 5, 54; P < 0.0001, respectively). After
24 h, fly mortality was significantly higher on
fipronil and spinosad baits compared with the
other three insecticide treatments, all of which

Fig. 2. Percent of flies that were active (with incapacitated flies excluded) after feeding for 10 s on a droplet of a
given insecticide concentration. A) Acetamiprid, B) Clothianidin, C) Imidacloprid, D) Deltamethrin, E) Fipronil, F)
Spinosad; (� = 4 ppm, � = 40 ppm, � = 400 ppm insecticide; X = control bait without insecticide) (Deltamethrin
was not evaluated at 4 ppm.)
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were significantly higher than the control. These
relative treatment relationships were the same
after 48 h.

Survivorship Unlimited Access—1-d old bait

Treatments of 1-d old bait containing insecti-
cides had a significant effect on fly knockdown (F
= 8.49; df = 5, 54; P < 0.0001; Table 4). The highest
numbers of flies were knocked down on acetami-
prid, followed by imidacloprid, with both signifi-
cantly higher than the control. The other three in-
secticides were not different from the control in
fly knockdown. After 24 and 48 h, treatments had
a significant effect on fly mortality (F = 8.88; df =
5, 54; P < 0.0001; and F = 9.9; df = 5, 54; P <
0.0001, respectively). After 24 h, fly mortality was

significantly higher on fipronil and spinosad baits
compared with the control and the other insecti-
cide baits. After 48 h, baits containing fipronil and
spinosad resulted in significantly higher mortal-
ity than baits containing either acetamiprid or
clothianidin, with the latter two baits resulting in
significantly higher mortality than either the con-
trol bait or bait containing imidacloprid.

DISCUSSION

Novel compounds were initially evaluated to
find replacements for organophosphates and car-
bamates. Results of several insecticides warrant
future field trials to determine the efficacy of dif-
ferent bait spray formulations for controlling R.
mendax. Compounds differed in their ability to in-
capacitate and kill flies. Depending on the insec-
ticide chosen for inclusion in protein baits, the
modes of action can be predominantly knockdown
(acetamiprid, clothianidin, and imidacloprid) or
kill (fipronil and spinosad).

TABLE 1. KNOCKDOWN OF FLIES 1 H AFTER FEEDING FOR
10 S ON INSECTICIDAL BAIT.

Treatment

Fly knockdown (%)

400 ppm 40 ppm 4 ppm

Acetamiprid 83 a 20 b 0
Clothianidin 96 a 79 a 0
Deltamethrin 0 c 0 b —
Fipronil 30 b 0 b 0
Imidacloprid 100 a 63 a 3
Spinosad 30 b 0 b 0
Control 0 c 0 b 0

NS

Values in the same column having the same letter are not
significantly different (multiple chi-square tests after Bonfer-
roni corrections; P = 0.05).

n = 600 flies.

Fig. 3. Duration of fly feeding (mean ± SE) on a bait
containing 40 ppm insecticide. Flies were allowed to
feed a maximum of 5 min on a 10-µl droplet. The control
was bait without insecticide. Vertical bars with the
same letter are not significantly different. (Fisher’s LSD
test with log transformed data). (F = 65.79; df = 4, 135;
P < 0.0001).

TABLE 2. FLY MORTALITY AND KNOCKDOWN AFTER 5 MIN
EXPOSURE TO BAIT CONTAINING 40 PPM INSEC-
TICIDE.

Knockdown (%) Mortality (%)

Treatment 1 h 1d 4d

Clothianidin 55 ab 15 ab 25 ab
Fipronil 5 ab 100 a 100 a
Imidacloprid 80 a 20 ab 50 ab
Spinosad 5 ab 40 ab 100 a
Control 0 b 0 b 5 b

Values in the same column having the same letter are not
significantly different (multiple chi-square tests after Bonfer-
roni corrections; P < 0.05).

n = 100 flies.

TABLE 3. FLY KNOCKDOWN AND MORTALITY AFTER 4 H
EXPOSURE TO BAIT CONTAINING 40 PPM INSEC-
TICIDE.

Knockdown 
(%)

Mortality
(%)

Treatment 3 h 24 h 48 h1

Clothianidin 11.3 ± 1.3 a 13.8 ± 3.8 a 25.0 ± 6.5
Fipronil 8.8 ± 4.3 a 26.3 ± 9.4 a 37.5 ± 14.4
Imidacloprid 5.0 ± 2.0 a 12.5 ± 4.3 ab 23.8 ± 7.2
Spinosad 3.8 ± 1.3 ab 16.3 ± 2.4 a 35.0 ± 7.4
Control 0.0 ± 0.0 b 3.8 ± 2.4 b 16.3 ± 5.9

Values in the same column having the same letter are not
significantly different (Fisher’s LSD test, P = 0.05).

1NS, ANOVA, P > 0.05.
n = 400 flies.
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Bait sprays containing feeding stimulants (e.g.,
sucrose) have several advantages to conventional
sprays. Lower concentrations of insecticide are
needed in bait sprays than conventional sprays be-
cause mortality is primarily from oral toxicity,
which has lower LC50 thresholds than dermal tox-
icity, and more insecticide is consumed because of
the presence of feeding stimulants (e.g., sucrose)
(Hu et al. 2000; Reissig 2003; Barry & Polavarapu
2004). Therefore, baits sprays can be applied at a
lower rate of active ingredient per hectare than
conventional sprays. The attraction and feeding re-
sponses of flies to bait sprays have led to evalua-
tions assessing their potential use as border sprays
(Prokopy et al. 2003; Prokopy et al. 2004).

Fly survivorship differed based on concentra-
tion and type of insecticide used. As expected,
higher concentrations of insecticide resulted in
higher mortality of flies. At 400 ppm the shortest
lag time between feeding and 100% mortality re-
sulted from bait containing fipronil, followed by
bait containing spinosad. The pyrethroid delta-
methrin did not result in fly knockdown or mor-
tality that was significant enough to warrant fur-
ther evaluation on R. mendax, which was also the
finding of Barry et al. (2004) investigating insec-
ticidal coatings for spheres used in attract and
kill of R. mendax. The neonicotinoids (acetami-
prid, clothianidin, and imidacloprid) resulted in
intermediate survivorship, performing better
than deltamethrin, but not as well as spinosad or
fipronil. Our findings are in agreement with Reis-
sig (2003), who found the LC50 (with flies unable
to walk considered dead) of imidacloprid and spi-
nosad for R. pomonella to be approximately 11
ppm and between 3-10 ppm, respectively.

Many published insecticide assays involve ex-
posing flies to an insecticide treatment for several
days in a small container to determine mortality.
These conditions are likely to underestimate the
concentration of insecticide needed for fly mortal-
ity in the field. The importance of such studies is
to determine the suitable type and range of activ-
ity for insecticides to be further evaluated. In the
current study we used three types of assays to
evaluate the effects of insecticides: a variable
feeding duration (up to 5 min), a fixed short dura-
tion (Feeding Assay—10 s), and a fixed long dura-
tion (Survivorship Unlimited Access). Each of
these assays has limitations, but taken together
supports the findings of the other assays.

Sub-lethal effects of insecticides are known to
manifest as a reduction in fecundity, measured in-
directly from oviposition punctures by R.
pomonella (Reissig 2003). In most of the assays in
the current study, observations for knockdown oc-
curred 1 h after a fly fed, but flies feeding on the
neonicotinoids were often in that state much ear-
lier and later, as evidenced by some flies being un-
able to feed for the duration of the 10-s trial from
becoming incapacitated. Liburd et al (2003) found
insecticide-fed flies have lower levels of activity
compared with a control. In our study flies that
were knocked down often died, but some of the
flies in this condition appeared no different than
control flies after 1-2 d, apparently recovering
from exposure to the insecticide. This finding
leads us to suggest that there may be an optimal
concentration for consumption to achieve the de-
sired mortality.

Measuring fly mortality in the context of field
evaluations of insecticides contained in bait

TABLE 4. FLY KNOCKDOWN AND MORTALITY AFTER EXPOSURE TO BLUEBERRY LEAVES CONTAINING BAIT DROPLETS
WITH 40 PPM INSECTICIDE.

Knockdown (%) Mortality (%)

Experiment Treatment 1 h 24 h 48 h

Fresh1 Acetamiprid 12.0 ± 4.4 a 42.0 ± 6.9 b 68.0 ± 4.4 b
Clothianidin 24.0 ± 8.3 a 58.0 ± 8.6 b 78.0 ± 4.6 b
Fipronil 0.0 ± 0.0 b 80.0 ± 4.2 a 96.0 ± 2.6 a
Imidacloprid 16.0 ± 4.0 a 44.0 ± 4.9 b 68.0 ± 8.5 b
Spinosad 0.0 ± 0.0 b 80.0 ± 6.6 a 94.0 ± 3.0 a
Control 0.0 ± 0.0 b 14.0 ± 2.1 c 30.0 ± 9.1 c

1-d-old1 Acetamiprid 16.0 ± 4.0 a 30.0 ± 7.4 b 56.0 ± 10.2 b
Clothianidin 2.0 ± 2.0 bc 28.0 ± 8.0 b 58.0 ± 9.1 b
Fipronil 0.0 ± 0.0 c 60.0 ± 6.6 a 86.0 ± 5.2 a
Imidacloprid 6.0 ± 3.0 b 10.0 ± 4.4 b 30.0 ± 7.4 c
Spinosad 0.0 ± 0.0 c 68.0 ± 6.8 a 88.0 ± 4.4 a
Control 0.0 ± 0.0 c 16.0 ± 10.2 b 22.0 ± 10.5 c

For each experiment, values in the same column having the same letter are not significantly different (Fisher’s LSD test, P =
0.05).

1n = 300 flies.
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sprays is one way to determine the effectiveness
of knockdown. This would provide a realistic set-
ting in which the effects of natural enemies could
be evaluated on flies that are not completely dead,
as well as other sub-lethal effects associated with
a reduction in oviposition and larval presence.
The results of future field trials can determine the
effectiveness of bait sprays containing insecti-
cides with different modes of action.

ACKNOWLEDGMENTS

We thank Elizabeth Bender for rearing flies;
Linda Tran-Barry for assisting with laboratory
work; Rob Holdcraft, Andy Kyryczenko, and Jenn
Hall for collecting flies, the late Daniel Moreno for
supplying SolBait; and Arvesta, Bayer and Dow
AgroSciences for providing insecticides. This re-
search was funded in part by a USDA—CS-
REES—Risk Avoidance and Mitigation Program
and Hatch grant.

REFERENCES CITED

AYYAPPATH, R., S. POLAVARAPU, AND M. R. MCGUIRE.
2000. Effectiveness of thiamethoxam-coated spheres
against blueberry maggot flies (Diptera: Tephriti-
dae). J. Econ. Entomol. 93: 1473-1479.

BARRY, J. D., AND S. POLAVARAPU. 2004. Feeding and at-
traction of blueberry maggot flies (Diptera: Tephriti-
dae) to protein baits, ammonium acetate, and
sucrose. J. Econ. Entomol. 97: 1269-1277.

BARRY, J. D., S. POLAVARAPU, AND L. A. F. TEIXEIRA.
2004. Evaluation of traps and toxicants in an at-
tract-and-kill system for Rhagoletis mendax
(Diptera: Tephritidae). J. Econ. Entomol. 97: 2006-
2014.

BARRY, J. D., R. I. VARGAS, N. W. MILLER, AND J. G.
MORSE. 2003. Feeding and foraging of wild and ster-
ile Mediterranean fruit flies (Diptera: Tephritidae)
in the presence of spinosad bait. J. Econ. Entomol.
96: 1405-1411.

BOSTANIAN, N. J., AND G. RACETTE. 2001. Attract and
kill, an effective technique to manage apple maggot,
Rhagoletis pomonella (Diptera: Tephritidae) in high
density Quebec apple orchards. Phytoprotection 82:
25-34.

CANADIAN FOOD INSPECTION AGENCY. 1999. Directive
D-99-02. Requirements for the import and domestic
movement of fresh blueberries and fruit of other
hosts of blueberry maggot moving from regulated ar-
eas in Canada and the United States to non-regu-
lated areas in Canada. Plant Products Directorate,
Plant Health and Production Division, Canadian
Food Inspection Agency, Nepean, Ontario.

CORNELIUS, M. L., L. NERGEL, J. J. DUAN, AND R. H.
MESSING. 2000. Responses of female oriental fruit
flies (Diptera: Tephritidae) to protein and host fruit
odors in field cage and open field tests. Environ. En-
tomol. 29: 14-19.

DOWELL, R. V. 1994. Alternatives to aerial malathion
and bait sprays, pp. 49-57 In J. G. Morse, R. L. Met-
calf, J. R. Carey, and R. V. Dowell [eds.], The Medfly
In California: Defining Critical Research. University
of California, Center for Exotic Pest Research, River-
side, CA.

DUAN, J. J., AND R. J. PROKOPY. 1992. Visual and odor
stimuli influencing effectiveness of sticky spheres
for trapping apple maggot flies Rhagoletis pomonella
(Walsh) (Diptera, Tephritidae). J. Appl. Entomol.
113: 271-279.

DUAN, J. J., AND R. J. PROKOPY. 1993. Toward develop-
ing pesticide-treated spheres for controlling apple
maggot flies, Rhagoletis pomonella (Walsh) (Dipt.,
Tephritidae): I. Carbohydrates and amino acids as
feeding stimulants. J. Appl. Entomol. 115: 176-184.

DUAN, J. J., AND R. J. PROKOPY. 1995a. Development of
pesticide-treated spheres for controlling apple mag-
got flies (Diptera: Tephritidae): Pesticides and resi-
due-extending agents. J. Econ. Entomol. 88: 117-
126.

DUAN, J. J., AND R. J. PROKOPY. 1995b. Control of apple
maggot flies (Diptera: Tephritidae) with pesticide-
treated red spheres. J. Econ. Entomol. 88: 700-707.

FABRE, F., P. RYCKEWAERT, P. F. DUYCK, F. CHIROLEU,
AND S. QUILICI. 2003. Comparison of the efficacy of
different food attractants and their concentration for
melon fly (Diptera: Tephritidae). J. Econ. Entomol.
96: 231-238.

FOOD QUALITY PROTECTION ACT. 1996. Law No. 104-
170. U.S. Congressional. Record, vol. 142: 1489-1538.

HU, X. P., J. J. DUAN, AND R. J. PROKOPY. 1998. Effects
of sugar/flour spheres coated with paint and insec-
ticide on alighting female Ceratitis capitata
(Diptera: Tephritidae) flies. Fla. Entomol. 81: 318-
325.

HU, X. P., R. J. PROKOPY, AND J. M. CLARK. 2000. Toxic-
ity and residual effectiveness of insecticides on in-
secticide-treated spheres for controlling females of
Rhagoletis pomonella (Diptera: Tephritidae). J.
Econ. Entomol. 93: 403-411.

KATSOYANNOS, B. I., N. T. PAPADOPOULOS, AND D.
STAVRIDIS. 2000. Evaluation of trap types and food
attractants for Rhagoletis cerasi (Diptera: Tephriti-
dae). J. Econ. Entomol. 93: 1005-1010.

KING, J. R., AND M. K. HENNESSEY. 1996. Spinosad bait
for the Caribbean fruit fly (Diptera: Tephritidae).
Fla. Entomol. 79: 526-531.

LIBURD, O. E., E. M. FINN, K. L. PETTIT, AND J. C. WISE.
2003. Response of blueberry maggot fly (Diptera: Te-
phritidae) to imidacloprid-treated spheres and se-
lected insecticides. Can. Entomol. 135: 427-438.

LIBURD, O. E., L. J. GUT, L. L. STELINSKI, M. E. WHA-
LON, M. R. MCGUIRE, J. C. WISE, J. L. WILLETT, X. P.
HU, AND R. J. PROKOPY. 1999. Mortality of Rhagole-
tis species encountering pesticide-treated spheres
(Diptera: Tephritidae). J. Econ. Entomol. 92: 1151-
1156.

MOHAMMAD, A. B., AND M. T. ALINIAZEE. 1989.
Malathion bait sprays for control of apple maggot
(Diptera: Tephritidae). J. Econ. Entomol. 82: 1716-
1721.

MORENO, D. S., AND R. L. MANGAN. 2003. Bait matrix
for novel toxicants for use in control of fruit flies
(Diptera: Tephritidae), pp. 333-362 In G. J. Hallman
and C. Schwalbe [eds.], Invasive Arthropods in Agri-
culture. Science Publishers, INC., Enfield, NH, USA.

PECK, S. L., AND G. T. MCQUATE. 2000. Field tests of en-
vironmentally friendly malathion replacements to
suppress wild Mediterranean fruit fly (Diptera: Te-
phritidae) populations. J. Econ. Entomol. 93: 280-
289.

PROKOPY, R. J. 1975. Apple maggot control by sticky
spheres. J. Econ. Entomol. 68: 197-198.



Scientific names italics only 277

PROKOPY, R. J., S. E. WRIGHT, J. L. BLACK, X. P. HU,
AND M. R. MCGUIRE. 2000a. Attracticidal spheres for
controlling apple maggot flies: Commercial-orchard
trials. Entomol. Exp. Appl. 97: 293-299.

PROKOPY, R. J., I. JACOME, J. PINERO, L. GUILLEN, F. D.
FLEISCHER, X. HU, AND M. ALUJA. 2000b. Post-
alighting responses of Mexican fruit flies (Dipt., Te-
phritidae) to different insecticides in paint on attrac-
tive spheres. J. Appl. Entomol. 124: 239-244.

PROKOPY, R. J., N. W. MILLER, J. C. PINERO, J. D.
BARRY, L. C. TRAN, L. ORIDE, AND R. I. VARGAS.
2003. Effectiveness of GF-120 fruit fly bait spray ap-
plied to border area plants for control of melon flies
(Diptera: Tephritidae). J. Econ. Entomol. 96: 1485-
1493.

PROKOPY, R. J., N. W. MILLER, J. C. PINERO, L. ORIDE,
N. CHANEY, H. REVIS, AND R. I. VARGAS. 2004. How
effective is GF-120 fruit fly bait spray applied to
border area sorghum plants for control of melon
flies (Diptera: Tephritidae). Fla. Entomol. 87: 354-
360.

REISSIG, W. H. 2003. Field and laboratory tests of new
insecticides against the apple maggot, Rhagoletis

pomonella (Walsh) (Diptera: Tephritidae). J. Econ.
Entomol. 96: 1463-1472.

SAS INSTITUTE. 1999. User’s manual, version 8.0. SAS
Institute, Cary, NC.

SHARP, J. L., AND D. L. CHAMBERS. 1984. Consumption
of carbohydrates, proteins and amino acids by Anas-
trepha suspensa (Diptera: Tephritidae) in the labora-
tory. Environ. Entomol. 13: 768-773.

STEINER, L. F. 1952. Fruit fly control in Hawaii with poi-
soned sprays containing protein hydrolysate. J.
Econ. Entomol. 45: 838-843.

STELINSKI, L. L., O. E. LIBURD, S. WRIGHT, R. J.
PROKOPY, R. BEHLE, AND M. R. MCGUIRE. 2001.
Comparison of neonicotinoid insecticides for use
with biodegradable and wooden spheres for control
of key Rhagoletis species (Diptera: Tephritidae). J.
Econ. Entomol. 94: 1142-1150.

VARGAS, R. I., S. L. PECK, G. T. MCQUATE, C. G. JACK-
SON, J. D. STARK, AND J. W. ARMSTRONG. 2001. Po-
tential for areawide integrated management of
Mediterranean fruit fly (Diptera: Tephritidae) with a
braconid parasitoid and a novel bait spray. J. Econ.
Entomol. 94: 817-825.


