
BIOLOGICAL AND MICROBIAL CONTROL

Effect of Pesticides on Adult Rove Beetle Atheta coriaria
(Coleoptera: Staphylinidae) Survival in Growing Medium

RAYMOND A. CLOYD,1,2 NICHOLAS R. TIMMONS,1 JESSICA M. GOEBEL,1

AND KENNETH E. KEMP3

J. Econ. Entomol. 102(5): 1750Ð1758 (2009)

ABSTRACT The rove beetleAtheta coriaria(Kraatz) (Coleoptera: Staphylinidae) is a natural enemy
(biological control agent) commercially available for control of certain greenhouse insect pests,
including fungus gnats, shore ßies, and thrips. This study assessed the compatibility of pesticides
(insecticides and fungicides) used in greenhouses with A. coriaria adults. Treatments were applied
to 473-ml deli squat containers half-Þlled with a growing medium. We evaluated the effects of the
pesticides when releases ofA. coriaria adults were performed both before and after application of the
designated pesticide solutions. All three of the neonicotinoid-based insecticides (clothianidin, di-
notefuran, and thiamethoxam) were directly harmful to A. coriaria adults with �3.2 adults recovered
(out of 20) among all three treatments across all experiments. In addition, the organophosphate
insecticide chlorpyrifos at the low (0.25 ß oz/100 gal) and high (0.50 ß oz/100 gal) label rates; the
plant-derived essential oil product (Indoor Pharm) containing soybean and rosemary oil; and the
insecticide/miticide chlorfenpyr were directly harmful to A. coriaria adults with recovery rates �8.6
(out of 20) among all the treatments. The fungicides (azoxystrobin, fosetyl-aluminum, and
mefenoxam) were not directly toxic toA. coriariaadults, with �17.7 adults recovered (out of 20) across
all experiments. The insecticides (Bacillus thuringiensis subsp. israelensis, ßonicamid, Metarhizium
anisopliae strain52, and spinosad) and insect growth regulator azadirachtin were also not directly toxic
to A. coriaria adults. Furthermore, many of these same treatments did not inhibit the ability of adult
A. coriaria to consume fungus gnat (Bradysia sp. nr. coprophila) larvae in a feeding behavior exper-
iment. Although the neonicotinoid-based insecticides were directly harmful to adultA. coriaria, when
adults were released 48, 72, or 96 h after application, survival increased dramatically over time. This
study has quantitatively demonstrated that certain pesticides (both insecticides and fungicides) are
compatible with and can be used along with A. coriaria in systems that use this natural enemy to
manage fungus gnat larvae.

KEY WORDS survival, insecticides, fungicides, compatibility, Dalotia

The rove beetleAtheta coriaria (Kraatz) (Coleoptera:
Staphylinidae) seems to be an effective natural enemy
(biological control agent) of certain greenhouse in-
sect pests, including fungus gnats, shore ßies, and
thrips (Carney et al. 2002). Currently, A. coriaria is
commercially available from several suppliers or dis-
tributors (Jandricic et al. 2006). A. coriaria is a soil-
dwelling predator, 3Ð4 mm in length, and dark brown
to black. Although adults are very mobile, they tend to
remain near the growing medium. The larvae are
creamy white initially and turn yellow-brown in later
instars. All life stages are extremely active and fast-
moving (Helyer et al. 2003). Both the adults and larvae
havebeenshowntoconsumetheeggsandearly instars
of several insects in the family Nitidulidae, including

Carpophilus hemipterus L., and Musca domestica L.
(Diptera: Muscidae) (Miller and Williams 1983).

The use of pesticides (insecticides, miticides, and
fungicides) is still the primary means of dealing with
insect and mite pests, and diseases in greenhouses
(Hudson et al. 1996, Jones et al. 1996, Parrella 1999,
Wawrzynski et al. 2001). However, studies have been
conducted to assess the compatibility of pesticides
with natural enemies, including predatory mites (Io-
riatti et al. 1992; Spollen and Isman 1996; Alston and
Thomson 2004; Cabrera et al. 2004, 2005; Cloyd et al.
2006; Bostanian et al. 2009), predatory bugs (Nagai
1990, Delbeke et al. 1997, James 2004), and parasitoids
(Gerling and Sinai 1994, Jones et al. 1998, Rothwangl
et al. 2004). Despite this, there is limited information
associated with the compatibility of pesticides with
rove beetles (Staphylinidae). Gordon and Cornect
(1986) demonstrated that the insect growth regulator
(IGR) dißubenzuron was not harmful to the Þrst-
instar larvae and adults of the staphylinid predator
Aleochara bilineata Gyllenhal. The insecticides ben-
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diocarb and imidacloprid were highly toxic to all life
stages of A. coriaria under greenhouse conditions,
whereas the fungicide thiophanate-methyl was not
harmful to any of the life stages. In addition, the IGRs
dißubenzuron and cyromazine were nontoxic to the
adults, although exposure to cyromazine resulted in
�80% mortality of second-instar larvae (Jandricic et
al. 2006).

None of these studies, however, evaluated either
indirect or the residual activity of pesticides. In addi-
tion to evaluating direct toxicity, it is just as important
to determine whether pesticides have any indirect
effects on natural enemy behavior, including inhibi-
tion of feeding. Furthermore, there is minimal infor-
mation quantifying time intervals (days or hours) that
natural enemies can be released after pesticides have
been applied. As such, the purpose of this study was
to determine 1) the direct and indirect toxicity of
certain pesticides used in greenhouses including both
insecticides and fungicides on A. coriaria adults when
applied to growing medium; and 2) the direct effect of
pesticides when releasing A. coriaria after speciÞc
time periods (days or hours), after application of the
pesticides.

Materials and Methods

This study was designed to determine the direct and
indirect effects of various pesticide categories (fun-
gicides, IGRs, microbial insecticides, alternative in-
secticides, conventional insecticides, and plant-de-
rived essential oils) on A. coriaria adult survival. The
A. coriaria used in our study originated from a labo-
ratory-reared colony and were identiÞed asA. coriaria
by Alfred F. Newton (Zoology Department/Insect
Division, Field Museum of Natural History, Chicago,
IL). This species has been transferred to a closely
related genus, Dalotia, so the correct citation should
beDalotia coriaria (Kraatz). However, previous stud-
ies (mentioned above) and commercially available
products use the genus Atheta. As such, in this study,
we use the commonly cited species name A. coriaria.

The fungus gnats used in the feeding behavior ex-
periment (described below) were obtained from a
laboratory-reared colony established using fungus
gnat larvae from the growing medium of a potted
geranium(Pelargonium spp.). Specimens fromthecol-
ony were identiÞed as Bradysia sp. nr. coprophila by
Raymond J. Gagne (Systematic Entomology Labora-
tory, USDA, Beltsville, MD). The colony is maintained
in moistened growing medium supplemented with
shredded potato and oatmeal (Cabrera et al. 2003).
The method used to obtain a cohort of same-aged
fungus gnat larvae is described in Cloyd and Dickinson
(2005). Furthermore, the mean recovery rates of live
A. coriaria adults by using a sieving technique (de-
scribed below) were determined, and there were no
signiÞcantdifferencesacrossA. coriariaadultdensities
and testing day (R.A.C., unpublished data).
Experiments 1–5: Direct Pesticide Exposure. Ex-

periments 1Ð5 were designed to assess the direct le-
thality of selected pesticides (insecticides and fungi-

cides) to A. coriaria adults. Experiments 1 and 2
involved applying the A. coriaria adults before treat-
ments were applied. The Þnal three experiments (3Ð5)
involved applying the treatments before releasing A.
coriaria adults 24 h later. The pesticides used for each
experiment and their respective labeled rates are pre-
sented in Table 1. These pesticides were selected
because they all (with the exception of spinosad and
ßonicamid) may be applied to the growing medium to
control either the larval stages of certain insect pests
such as fungus gnats (insecticides) or soil-borne plant
pathogens (fungicides).

The procedure used in experiments 1 and 2 was as
follows. Approximately 2,500 ml of growing medium
(SB300 Universal Professional Growing Mix; Strong-
Lite Horticulture Products, Pine Bluff, AK) was
placed into a microwave safe plastic container, 400 ml
of water was added to the growing medium and then
the contents were thoroughly mixed. The growing
medium, in the container, was placed in a microwave
for 5 min, after which the growing medium was al-
lowed to cool. Each 473-ml deli squat container was
labeled (pesticide treatment and replicate number)
and then Þlled half-way with 250 ml of growing me-
dium.

Approximately 200 ml of growing medium was re-
moved from one of our laboratory-reared A. coriaria
colonies. The growing medium was sieved through #5
and #10 grade sieves, and adult A. coriaria were cap-
tured in the bottom of the sieve container. An aspi-
rator was used to collectA. coriaria adults into 9-dram
plastic vials. Twenty same-aged (�24-h-old) adult A.
coriaria were placed into each 473-ml deli squat con-
tainer, and a lid, modiÞed with insect screening to
allow for ventilation, for each container was secured.

On each of 2 d, the individual pesticides were mixed
in 500-ml glass beakers with water. Then, 60 ml of each
pesticide solution was poured uniformly over the
growing medium surface in Þve deli squat containers.
In all cases, there were Þve deli squat containers for
each pesticide prepared on each of the 2 d. Experi-
ments 1Ð5 were all randomized complete block (RCB)
designs with days as blocks, pesticide as the treatment
factor, and deli squat containers that were treated
alike per day were observational units and they to-
gether constituted the experimental unit. The volume
used (60 ml) was such that the solution migrated
through the growing medium proÞle thus ensuring
that all of the beetles were exposed to the pesticide
solutions. There was also a water control (no pesticide
solution). Approximately 1.0 g of fresh oatmeal was
placed on the surface of the growing medium in each
deli squat container as a food source for the adults. All
the deli squat containers were positioned on a table
beneath two 21.6-cm light heat lamps (Commercial
Electric; Atlanta, GA) installed with a 125-W (120-V)
clear medium-based (BR40) heat light bulb (Philips
Lighting Comp., Somerset, NJ). The deli squat con-
tainers were placed 81Ð91 cm away from the heat
lamps, which were illuminated over a 24-h period. This
dried the growing medium enough to expedite the
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process of sieving and retrieving A. coriaria adults
without negatively affecting their survival.

After 48 h, the growing medium in the deli squat
containers was sieved through #5 and #10 grade
sieves. Adult A. coriaria were captured in the bottom
of the sieve container. An aspirator was used to collect
all live A. coriaria adults into 9-dram plastic vials and
the number of live A. coriaria adults per pesticide
treatment was recorded. In all cases, there were Þve
deli squat containers per each pesticide and time in-
terval combination for each of the 2 d.

In addition to assessing direct lethality of the
designated pesticide treatments on adultA. coriaria,
we also evaluated whether exposure to the pesti-
cides affected adult feeding behavior. Subse-
quently, Þve second-instar fungus gnat larvae were
placed into a glass petri dish (5.5 cm in diameter)
containing 3.3 ml of water. The bottom of the petri

dish was lined with Whatman no. 1 Þlter paper
(Whatman International Ltd., Maidstone, En-
gland). A single A. coriaria adult collected during
the sieving process, after 48 h of exposure to a
pesticide (azadirachtin, azoxystrobin, Bacillus thu-
ringiensis subsp. israelensis, fosetyl-aluminum, or
Metarhizium anisopliae strain52), was aspirated into
a 9-dram plastic vial and then placed into a glass
petri. There was also a check that included Þve
fungus gnat larvae but no A. coriaria adult. The
amount of moisture added to the glass petri dish was
enough to keep the fungus gnat larvae alive but not
drown A. coriaria adults. The petri dishes were
placed into an environmental growth chamber
(Conviron; CMP5090, Winnipeg, MB, Canada) set at
25 � 2�C and a photoperiod of 0:24 (L:D) h. After 24 h,
the number of fungus gnat larvae consumed by each
A. coriaria adult was recorded.

Table 1. Common name, trade name, rates, and company information associated with the pesticides (insecticides and fungicides) used
in experiments 2–7

Common name (trade name) Rate (per 100 gal) Rate (per 60 ml) Company

Experiment 1
Azadirachtin (Ornazin) 8.0 ß oz 0.037 ml SePRO Corp., Carmel, IN
B. thuringiensis subsp. israelensis (Gnatrol) 16.0 ß oz 0.074 ml Valent U.S.A. Corp., Walnut Creek, CA
Clothianidin (Celero) 4.0 oz 0.018 g Valent U.S.A. Corp.
Dinotefuran (Safari) 12.0 oz 0.053 g Valent U.S.A Corp.
Thiamethoxam (Flagship) 8.0 oz 0.035 g Syngenta Professional Products, Greensboro, NC
Water control

Experiment 2
Azoxystrobin (Heritage) 0.5 oz 0.0022 g Syngenta Professional Products
Fosetyl-Aluminum (Aliette) 12.8 oz 0.0022 g Bayer Environmental Science, Research Triangle, NC
M. anisopliae strain52 (Tick-Ex) 15.0 ß oz 0.070 ml Novozymes Biologicals Inc., Salem, VA
M. anisopliae strain52 (Tick-Ex) 29.0 ß oz 0.13 ml Novozymes Biologicals Inc.
Mefenoxam (Subdue Maxx) 1.0 ß oz 0.0046 ml Syngenta Professional Products
Water control

Experiment 3
Azadirachtin (Ornazin) 8.0 ß oz 0.037 ml SePRO Corp.
B. thuringiensis subsp. israelensis (Gnatrol) 16.0 ß oz 0.074 ml Valent U.S.A. Corp.
Clothianidin (Celero) 4.0 oz 0.018 g Valent U.S.A. Corp.
Dinotefuran (Safari) 12.0 oz 0.053 g Valent U.S.A Corp.
Thiamethoxam (Flagship) 8.0 oz 0.035 g Syngenta Professional Products
Water control

Experiment 4
Azoxystrobin (Heritage) 0.5 oz 0.0022 g Syngenta Professional Products
Fosetyl-Aluminum (Aliette) 12.8 oz 0.0022 g Bayer Environmental Science
M. anisopliae strain52 (Tick-Ex) 15.0 ß oz 0.070 ml Novozymes Biologicals Inc.
M. anisopliae strain52 (Tick-Ex) 29.0 ß oz 0.13 ml Novozymes Biologicals Inc.
Mefenoxam (Subdue Maxx) 1.0 ß oz 0.0046 ml Syngenta Professional Products
Water control

Experiment 5
Chlorfenpyr (Pylon) 5.2 ml 0.082 ml OHP, Inc., Mainland, PA
Chlorpyrifos (DuraGuard) 0.25 ß oz 0.11 ml Whitmire Micro-Gen Research Lab., St. Louis, MO
Chlorpyrifos (DuraGuard) 0.50 ß oz 0.23 ml Whitmire Micro-Gen Research Lab.
Flonicamid (Aria) 2.39 g 0.038 g FMC Corp., Philadelphia, PA
Soybean and rosemary oil (Indoor Pharm) 946.0 ml 15.0 ml Pharm Solutions, Inc., Port Townsend, WA
Spinosad (Conserve) 6.0 ß oz 0.028 ml Dow Agrosciences, Indianapolis, IN
Water control

Experiment 6
Clothianidin (Celero) 4.0 oz 0.018 g Valent U.S.A. Corp.
Dinotefuran (Safari) 12.0 oz 0.053 g Valent U.S.A Corp.
Mefenoxam (Subdue Maxx) 1.0 ß oz 0.0046 ml Syngenta Professional Products
Thiamethoxam (Flagship) 8.0 oz 0.035 g Syngenta Professional Products
Water control

Experiment 7
Chlorpyrifos (DuraGuard) 0.25 ß oz 0.11 ml Whitmire Micro-Gen Research Lab.
Chlorpyrifos (DuraGuard) 0.50 ß oz 0.23 ml Whitmire Micro-Gen Research Lab.
Spinosad (Conserve) 6.0 ß oz 0.028 ml Dow Agrosciences
Water control
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Experiments 6 and 7: Delayed Pesticide Exposure.
These two experiments were designed to determine
the effects of selected pesticides (insecticides and
fungicides) (Table 1) on adult A. coriaria introduced
into the growing medium after 48, 72, or 96 h. The
experiments were set up as RCB designs with two
blocks (days) per experiment. The general proce-
dures as described above in experiments 1Ð5 were
used in these experiments with certain modiÞcations.

In these experiments, 20 same-aged (�24-h-old)
adult A. coriaria were released into each 473-ml deli
squat container either 48, 72, or 96 h after the growing
medium had been treated with the designated pesti-
cide solution. Approximately 1.0 g of fresh oatmeal was
placed on the surface of the growing medium in each
deli squat container as a food source for the adults. The
A. coriaria adults remained in the deli squat containers
where they were exposed to the pesticide solutions for
48 h. Afterward, the growing medium was sieved (as
described above), and the number of live beetles was
counted. There were Þve deli squat containers per
each pesticide and time interval combination for each
of the 2 d.
Data Analysis. Experiments 1–5: Direct Pesticide Ex-
posure. There were Þve separate experiments per-
formed as described above with the only differences
being the pesticides included in each experiment (Ta-
ble 1) and whether A. coriaria adults were released
before or after the pesticides had been applied to the
deli squat containers. The data were analyzed via
analysis of variance (ANOVA) by using the arcsine
square-rootÐtransformed adult A. coriaria survival as
the response variable, treatment (pesticide, water
control, and/or untreated check) as the main effect,
and day as a block effect in a RCB design. In the
feeding behavior experiment, we analyzed the data
associated with the number of fungus gnat (Bradysia
sp. nr. coprophila) larvae consumed per each A. cori-
aria adult and designated treatment (pesticide and
water control) with the beetles randomized among
the treatments. For all experiments, we used a FisherÕs
protected least signiÞcant difference (LSD) test to
compare means if the F-test for an effect was signif-
icant at the 5% level.
Experiments 6 and 7: Delayed Pesticide Exposure.

There were two separate experiments performed as
described above with the only difference being the
pesticides included (Table 1). Experiment 6 included
a water control, three neonicotinoid-based insecti-
cides (clothianidin, dinotefuran, and thiamethoxam),
and the fungicide mefenoxam as the pesticide main
effect. The experimental design was a RCB design,
with two main effects in a factorial treatment struc-
ture. Pesticide and time postapplication were the two
main effects with Þve levels for pesticide, and three
times (48, 72, and 96 h), resulting in 15 treatments. The
experiment was repeated on each of 2 d, which were
a block effect, to Þve 473-ml deli squat containers
containing the growing medium in which the A. co-
riaria adults were released after the treatments had
been applied.

We used a PROC MIXED procedure to perform an

ANOVA on the mean of the arcsine square-rootÐtrans-
formed survival rates of the adultA. coriaria associated
with the Þve deli squat containers receiving the same
treatment combination within each day as the re-
sponse variable of interest (SAS Institute 2003). The
model included pesticide, time, pesticide � time in-
teraction, and day effects. Day was a random effect of
the model. We used a FisherÕs protected LSD test to
compare means if the F-test for an effect was signif-
icant at the 5% level.

The data analysis for experiment 7 was the same as
experiment 6 except that the pesticides included were
spinosad and chlorpyrifos, which was applied at two
rates, along with a water control (Table 1). Thus, there
were 12 treatments (four pesticides � 3 time inter-
vals). All other details associated with the analysis
were identical to those in experiment 6.

Results

Experiments 1–5:Direct PesticideExposure.Treat-
ment was signiÞcant (F� 169.01; df � 5, 5;P� 0.0001),
whereas block was not signiÞcant (F� 0.81; df � 1, 5;
P � 0.408) in experiment 1. All three of the neonic-
otinoid-based insecticides evaluated (clothianidin, di-
notefuran, and thiamethoxam) were highly toxic toA.
coriaria adults (Table 2). The IGR azadirachtin was
less directly toxic to A. coriaria adults, whereas the
microbial insecticide B. thuringiensis subsp. israelensis
was not toxic compared with the control (Table 2).

In experiment 2, there was no signiÞcant difference
(F � 0.69; df � 5, 5; P � 0.651) among the pesticides
and the water control. Block was also not signiÞcant
(F � 0.71; df � 1, 5; P � 0.437).

The fungicides (azoxystrobin, fosetyl-aluminum,
and mefenoxam) and the microbial insecticide (M.
anisopliae strain52) at both rates (15.0 and 29.0 ß
oz/100 gal) were not directly harmful to A. coriaria
adults, with a mean range of 17.7Ð18.7 live A. coriaria
adults recovered among the treatments (including the
water control).

Pesticide signiÞcantly (F � 18.47; df � 6, 41; P �
0.0001) affected feeding behavior after exposure to
the designated pesticides, although the fungicides

Table 2. Mean � SEM number of live A. coriaria adults re-
covered associated with each of the treatments (pesticides and water
control) in experiment 1

Treatment
(common and trade name)

n
Rate

(per 60 ml)

Live adult beetles
recovered

(mean � SEM)a

Azadirachtin (Ornazin) 10 0.037 ml 12.5 � 0.7b
B. thuringiensis subsp.
israelensis (Gnatrol)

10 0.075 ml 14.9 � 1.2a

Clothianidin (Celero) 10 0.018 g 1.7 � 0.4c
Dinotefuran (Safari) 10 0.054 g 0.1 � 0.1d
Thiamethoxam (Flagship) 10 0.035 g 0.2 � 0.2d
Water control 10 17.1 � 0.4a

Adult beetles were released before treatments were applied; n is
number of replications per treatment.
aMeans not followed by a common letter are signiÞcantly different

(P � 0.05) as determined by a FisherÕs protected LSD test.
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(azoxystrobin and fosetyl-aluminum) and microbial
insecticide, M. anisopliae strain52 as well as the IGR
(azadirachtin) treatments did not affect the feeding
ability of A. coriaria adults. However, the microbial
insecticide B. thuringiensis subsp. israelensis was sig-
niÞcantly different from the water control (Table 3).

For experiment 3, pesticide was signiÞcant (F �
62.21; df � 5, 5; P � 0.0002), with all three of the
neonicotinoid-based insecticides (clothianidin, di-
notefuran, and thiamethoxam) demonstrating toxic
effects when applied before release of the adult A.
coriaria (Table 4). The IGR azadirachtin and the mi-
crobial insecticide B. thuringiensis subsp. israelensis
were nontoxic to the A. coriaria adults (Table 4).
Block was not signiÞcant (F � 0.17; df � 1, 5; P �
0.701). In experiment 4, pesticide was not signiÞcant
(F � 0.68; df � 5, 5; P � 0.688) because none of the
fungicide (azoxystrobin, fosetyl-aluminum, and
mefenoxam) treatments as well as both rates (15.0 and
29.0 ß oz/100 gal) of the microbial insecticide M.
anisopliae strain52 were harmful to the adult A. cori-
aria when applied to deli squat containers before re-
lease of the A. coriaria adults. The mean range of live
A. coriaria adults recovered among the treatments
(including the water control) was 17.5Ð18.6. In this

experiment, block was signiÞcant (F� 9.01; df � 1, 5;
P � 0.03).

In experiment 5, pesticide was signiÞcant (F �
48.83; df � 6, 6; P � 0.0001), although neither the
spinosad nor ßonicamid treatments were signiÞcantly
different from the water control. However, both rates
of chlorpyrifos (0.25 and 0.50 ß oz/100 gal) and the
product (Indoor Pharm) containing both soybean and
rosemary oil negatively affected survival of A. coriaria
adults. Chlorfenapyr was highly toxic to A. coriaria
adults (Table 5). Block was not signiÞcant (F � 3.51;
df � 1, 6; P � 0.110).
Experiments 6 and 7: Delayed Pesticide Exposure.

For experiment 6, pesticide (F� 92.26; df � 4, 14; P�
0.0001), time (F � 39.16; df � 2, 14; P � 0.0001), and
the pesticide � time interaction (F � 6.04; df � 8,14;
P� 0.0018) were all signiÞcant. The interaction term
was signiÞcant primarily due to two treatments (water
and mefenoxam) having no effect, whereas three
treatments (clothianidin, dinotefuran, and thiame-
thoxam) had similar effects. For the 48- and 72-h time
intervals, the neonicotinoid-based insecticide treat-
ments were signiÞcantly different from both the water
control and the fungicide mefenoxam (Fig. 1); how-
ever, after 96 h, the survival rates for clothianidin,
dinotefuran, and thiamethoxam were all signiÞcantly
higher than their respective 72-h levels and the sur-
vival rate for clothianidin had increased enough that
it was no longer signiÞcantly less than either the con-
trol or fungicide survival rates (Fig. 1).

Only the pesticide (F� 13.54; df � 3, 11;P� 0.0005)
and time (F� 5.33; df � 2, 11; P� 0.0241) main effects
were signiÞcant in experiment 7. The high rate of
chlorpyrifos (0.50 ß oz/100 gal or 0.23 ml/60 ml) was
signiÞcantly different from the other treatments (Fig.
2). In summary, for experiment 6 A. coriaria adult
survival increased when delaying release after ap-
plication of the pesticides (Fig. 1). Survival was
enhanced when adults were released at least 96 h
postapplication of the neonicotinoid-based insecti-
cides (clothianidin, dinotefuran, and thiamethoxam)
(Fig. 1).

Table 3. Mean � SEM number of Bradysia sp. nr. coprophila
larvae fed upon by a single adult A. coriaria after exposure to the
treatments (pesticides and water control,) in experiment 2

Treatment
(common and trade name)

n
No. fungus gnat larvae

consumed (mean � SEM)a

Azadirachtin (Ornazin) 7 4.71 � 0.18a
Azoxystrobin (Heritage) 7 4.43 � 0.43a
B. thuringiensis subsp.
israelensis (Gnatrol)

4 3.25 � 0.48b

Fosetyl-Aluminum (Aliette) 6 4.17 � 0.48ab
Metarhizium anisopliae

strain52 (Tick-Ex)
6 4.17 � 0.40ab

Water control 7 4.43 � 0.30a
Check 5 0.0 � 0.0c

Each adult beetle was provided with Þve second fungus gnat larvae
per petri dish; n is number of replications per treatment.
aMeans not followed by a common letter are signiÞcantly different

(P � 0.05) as determined by a FisherÕs protected LSD test.

Table 4. Mean � SEM number of live A. coriaria adults re-
covered associated with each of the treatments (pesticides and water
control) in experiment 3

Treatment
(common and trade name)

n
Rate

(per 60 ml)

Live adult beetles
recovered

(mean � SEM)a

Azadirachtin (Ornazin) 10 0.037 ml 15.8 � 1.0a
B. thuringiensis subsp.
israelensis (Gnatrol)

10 0.075 ml 18.1 � 0.8a

Clothianidin (Celero) 10 0.018 g 3.2 � 0.8b
Dinotefuran (Safari) 10 0.054 g 0.3 � 0.1b
Thiamethoxam (Flagship) 10 0.035 g 0.2 � 0.2b
Water control 10 19.0 � 0.5a

Treatments were applied and then adult beetles were released into
each deli squat container; n is number of replications per treatment.
aMeans not followed by a common letter are signiÞcantly different

(P � 0.05) as determined by a FisherÕs protected LSD test.

Table 5. Mean � SEM number of live A. coriaria adults re-
covered associated with each of the treatments (pesticide and water
control) in experiment 5

Treatment
(common and trade name)

n
Rate

(per 60 ml)

Live adult beetles
recovered

(mean � SEM)a

Chlorpyrifos (DuraGuard) 10 0.11 ml 8.6 � 1.3b
Chlorpyrifos (DuraGuard) 10 0.23 ml 5.7 � 0.7b
Spinosad (Conserve) 10 0.028 ml 15.5 � 1.3a
Flonicamid (Aria) 10 0.038 g 14.8 � 1.6a
Chlorfenapyr (Pylon) 10 0.082 ml 0.2 � 0.13c
Soybean and rosemary oil

(Indoor Pharm)
10 15.0 ml 6.6 � 0.8b

Water control 10 16.8 � 0.5a

Treatments were applied and then rove beetle adults were released
into each deli squat container; n is number of replications per treat-
ment.
aMeans not followed by a common letter are signiÞcantly different

(P � 0.05) as determined by a FisherÕs protected LSD test.
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Discussion

We have demonstrated that certain pesticides in the
categories fungicides, IGRs, microbial insecticides,
and alternative insecticides are not directly toxic to
adult rove beetle A. coriaria, whereas conventional
insecticides and plant-derived essential oils are di-
rectly toxic to A. coriaria adults when applied to the
growing medium.
Fungicides. None of the fungicides tested (azoxys-

trobin, fosetyl-aluminum, and mefenoxam) were di-
rectly harmful to A. coriaria adults. This is important
because greenhouse producers typically apply these
fungicides to the growing medium to manage soil-
borne plant pathogens such as Rhizoctonia spp.,
Pythium spp., and Phytophthora spp. (R.A.C., unpub-
lished data). As such, the use of these fungicides
should not disrupt existing biological control programs
that use A. coriaria. Furthermore, the two fungicides
azoxystrobin and fosetyl-aluminum were not indi-
rectly toxic to A. coriaria adults, because we did not
observe any signiÞcant feeding inhibition based on the
ability of adults exposed to these fungicides to feed on
fungus gnat larvae.
Insect Growth Regulator and Microbial Insecti-
cides. Certain IGRs have been shown to be nontoxic
to natural enemies, including rove beetles. Dißuben-
zuron, for example, which is a chitin synthesis-inhib-
iting IGR (Yu 2008), did not negatively affect egg-

hatch of the staphyllid Aleochara bilineata Gyll
(Gordon and Cornect 1986), and both dißubenzuron
and cyromazine were not harmful toA. coriaria adults
(Jandricic et al. 2005). In our study, the IGR aza-
dirachtin, in general, was compatible with A. coriaria
adults, and any subsequent negative effects may be
due to the carriers or solvents present in the inert
ingredients and not to the actual active ingredient
because the product is formulated as an emulsiÞable
concentrate. In addition, the microbial insecticide, B.
thuringiensis subsp. israelensis,which is a strain active
on fungus gnat larvae (Osborne et al. 1985), was not
directly harmful toA. coriaria, although there seemed
to be an indirect effect on feeding. Most of the studies
associated with evaluating the impact of microbial
insecticides derived from entomogenous bacteria on
natural enemies have involved sprays of the strain
Bacillus thuringiensisBerliner (Kiselek 1975, Marchal-
Segault 1975). However, this study is the Þrst to dem-
onstrate that B. thuringiensis subsp. israelensis is di-
rectly compatible with A. coriaria. In addition, the
microbial insecticide M. anisopliae strain52 was not
directly toxic to A. coriaria adults. Furthermore, both
azadirachtin and M. anisopliae strain52 were not in-
directly toxic to A. coriaria adults because we did not
observe any signiÞcant feeding inhibition based on the
ability of adults exposed to these pesticides to feed on
fungus gnat larvae.
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Fig. 1. Mean number of live rove beetle (RB) (A. coriaria) adults recovered from each of the pesticide (three insecticides
and one fungicide) treatments for experiment 6 after adults were released into 473-ml deli squat containers Þlled with growing
medium (SB300 Universal Professional Growing Mix; Strong-Lite Horticulture Products). A. coriaria adults were exposed to
the pesticide treatments 48, 72, and 96 h after the treatments had been applied. Means not followed by a common letter are
signiÞcantly different (P � 0.05) as determined by a FisherÕs protected LSD test. The pesticide rates used were as follows:
thiamethoxam (8.0 oz/100 gal or 0.035 g/60 ml), clothianidin (4.0 oz/100 gal or 0.018 g/60 ml), dinotefuran (12.0 oz/100 gal
or 0.053 g/60 ml), and mefenoxam (1.0 ß oz/100 gal or 0.0046 ml/60 ml).
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Alternative Insecticides.Neither spinosad nor ßoni-
camid were directly harmful toA. coriaria adults. Both
of these insecticides seem to be compatible with many
different types of natural enemies. In fact, Cloyd and
Dickinson (2006) indicated that ßonicamid, even
when applied at 4� the label rate, was not directly or
indirectly toxic to the citrus mealybug, Planococcus
citri (Risso), parasitoid Leptomastix dactylopii Howard.
Furthermore, spinosad has been shown to have no
direct or indirect effects on many predatory insects
and mites (Thompson et al. 2000, Copping 2001, Me-
dina et al. 2001, Williams et al. 2003, Holt et al. 2006).
Currently, spinosad and ßonicamid are not labeled for
applications to the growing medium. However, any
residues from high-volume spray applications may in-
advertently enter the growing medium and make con-
tact with A. coriaria adults.
Conventional Insecticides. Conventional insecti-

cides are typically toxic to most predatory staphyllids.
For example, Samsoe-Peterson (1995) demonstrated
that the insecticide carbaryl killed all life stages of A.
bilineata. In our study, both chlorpyrifos (insecticide)
and chlorfenapyr (insecticide/miticide) were directly
toxic to A. coriaria adults. This is the Þrst quantitative
assessment indicating that both pesticides are not
compatible with adult A. coriaria. It was shown that
both bendiocarb and imidacloprid (a neonicotinoid-
based insecticide) were harmful to all life stages of A.
coriaria (Jandricic et al. 2005). Neonicotinoid-based
insecticides are widely used by greenhouse producers

to control certain phloem-feeding insects, such as
aphids, mealybugs, and whiteßies (Tomizawa and Ca-
sida 2003, Ware and Whitacre 2004). The impact
of neonicotinoid-based insecticides, including acet-
amiprid and imidacloprid, has been determined on
certain aboveground predatory insects, including the
plant bug Deraeocoris brevis (Uler) (Kim et al. 2006)
and the insidious ßower bug, Orius insidiosus (Say),
and the hemipteran Geocoris punctipes (Say) (Elzen
2001). Furthermore, it has been shown that the neo-
nicotinoid-based insecticides acetamiprid, clothia-
ndin, and dinotefuran, at labeled rates, are toxic to
both natural enemies of the citrus mealybug: the coc-
cinellid predator Cryptolaemus montrouzieri (Mul-
sant) and the parasitoid L. dactylopii (Cloyd and
Dickinson 2006). Minimal information is currently-
available regarding the effects of neonicotinoid-based
insecticides on belowground predatory insects such
as rove beetles. We found, in our study, that all three
neonicotinoid-based insecticides were extremely
toxic (directly) to A. coriaria adults. Nonetheless, it
may be possible to apply these types of insecticides
and then wait at least 96 h and maybe even longer
before releasing A. coriaria adults because it seems
that exposure levels diminish over time. It is possible
that the growing medium may bind to the active in-
gredient thus reducing the concentration of active
ingredient that A. coriaria adults may be exposed too.
For example, growing media containing �30% bark
(the growing medium used in our study contained 50%
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Fig. 2. Mean number of live rove beetle (RB) (A. coriaria) adults recovered from each of the pesticide (two insecticides)
treatments forexperiment7after adultswere released into the473-mldeli squatcontainersÞlledwithgrowingmedium(SB300
Universal Professional Growing Mix; Strong-Lite Horticulture Products). A. coriaria adults were exposed to the pesticide
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different (P � 0.05) as determined by a FisherÕs protected LSD test. Vertical bars represent SEM. The pesticide rates used
were as follows: chlorpyrifos (0.25 ß oz/100 gal or 0.11 ml/60 ml), chlorpyrifos (0.50 ß oz/100 gal or 0.23 ml/60 ml), and
spinosad (6.0 ß oz/100 gal or 0.028 ml/60 ml).
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composted pine bark) and other organic constituents
may irreversibly absorb to imidacloprid, thus prevent-
ing uptake of the active ingredient (Vance Publishing
Corp. 2007). Furthermore, exposure levels may de-
cline after plants have taken up the active ingredient
through the roots.
Plant-Derived Essential Oil. The plant-derived es-

sential oil product Indoor Pharm, which contains soy-
bean and rosemary oil as the active ingredient, and is
labeled for control of fungus gnat (Bradysia spp.)
larvae that reside in the growing medium, seemed to
somewhat directly affect A. coriaria adults (Table 5).
Plant-derived essential oils such as peppermint and
rosemary oil have been shown to be directly and
indirectly toxic to the aboveground predatory mites
Phytoseiulus persimilis Athias-Henriot (Choi et al.
2004), Amblyseius barkeri (Hughes) (Momen and
Amer 1999), and Amblyseius swirskii Athias-Henriot
(Amer and Momen 2002). However, minimal research
exists on whether plant-derived essential oil products
applied to the growing medium affect belowground nat-
uralenemies.Assuch,ourstudyis theÞrst toevaluatethe
impact of a plant-derived essential oil product on a be-
lowground predatory insect, in this case, A. coriaria.

The application of oatmeal to the growing medium
surface was necessary to provide a food source during
the course of the experiments, although it is possible
that A. coriaria adults escaped exposure from the pes-
ticides while feeding on the oatmeal. However, in our
observations (R.A.C., unpublished data), A. coriaria
adults tend to feed brießy (several minutes) on oat-
meal before returning to the growing medium; espe-
cially when exposed to a light source. As such, based
on the results of our study, it is unlikely thatA. coriaria
adults avoided the treatedgrowingmediumby feeding
on the oatmeal.

In conclusion, this study has demonstrated that cer-
tain pesticide categories (fungicides, IGRs, microbial
insecticides, and alternative insecticides) are not di-
rectly nor indirectly toxic to A. coriaria adults when
applied to the growing medium. However, conven-
tional insecticides in the neonicotinoid chemical class
(clothianidin, dinotefuran, and thiamethoxam), chlor-
pyrifos, chlorfenapyr, and the plant-derived essential
oil product Indoor Pharm are directly harmful to A.
coriaria adults residing in the growing medium. Fur-
thermore, we have shown that after applying neoni-
cotinoid-based insecticides to the growing medium it
may be best to delay release ofA. coriaria adults for at
least 96 h (and possibly longer) because this will result
in greater survival compared with releasingA. coriaria
almost immediately after applying these types of in-
secticides. When using pesticides such as insecticides
or fungicides, it is important to determine their com-
patibility with A. coriaria to avoid compromising bi-
ological control programs using A. coriaria to manage
fungus gnat larval populations.
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