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Abstract: Cypermethrin dust was evaluated as a tool for the integrated management of lesser mealworms (also
called the darkling beetle), Alphitobius diaperinus (Panzer). This experiment examined the efficacy of the
cypermethrin against adult and late instar lesser mealworms under laboratory conditions. Two biocassay
methods were evaluated, using either a petri plate or a covered plastic container simulating poultry house
conditions. Tn the simulated conditions, two different samples were used and cypermethrin was either dusted
onto the surface of the container or was directly dusted onto the bottom. The LC,, for adults was 636.6 ppm,
however, 929.7 ppm of cypermethrin dust was needed to achieve a 50% mortality rate in late mstar larvae 24 h
after the administration of the insecticide. A similar trend was observed in the simulated poultry houses when
the adult mortality was >90% while effectiveness in late instar larvae was decreased, i.e., between 50 and 85%.
Sigmificant differences in the toxicity profiles were observed m larvae mortality when cypermethrin it was dusted
directly onto the litter surface, compared to the bottom of the container. We have verified that cypermethrin
dust is available for use in poultry houses however, toxicity profiles of lesser mealworm may depend on the
beetle’s stage of development and method of application.
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INTRODUCTION

The lesser mealworm, Alphitobius diaperinus
(Panzer) (Coleoptera: Tenebrionidae) is one of the primary
pests in the poultry mdustry (Tomberlin et al., 2008).
Alphitobius diaperinus may cause considerable economic
losses if not adequately controlled because it can rapidly
reach pest status in a poultry house. When adult and
larval beetles are consumed, the feed conversion and
weight gain of broilers and turkey poults have been
shown to decrease (Despins et al., 1994). In addition, the
lesser mealworm can cause structural damage when last
instar larvae tunnel into insulation and structural materials
(Weaver, 1996). It 1s estimated that these insects were
responsible for $4.516,000 worth of poultry production
losses and $7,54%,000 1n control costs m the US State of
Georgia alone (Guillebeau et al., 2006).

In addition, 4. diaperinus has long been recognized
as a potential mechanical vector of foodborne and ammal
pathogens such as Salmonella enteritidis (Crippen and

Sheffield, 2006; Crippen et al., 2009, Leffer et al., 2010)
and Campylobacter jejuni (Hazeleger et al., 2008). The
lesser mealworm is a human allergen and is still
considered to be a source for occupational exposure
(Schroeckenstein ef af, 1988). Finally, the attempt to
attract lesser mealworms away from poultry houses and
towards outdoor locations with lights at might has led to
heavy infestations in residential communities and
businesses and this may result in lawsuits (Gall, 1980).
There are many factors involved in the emergence of
A. diaperinus mm poultty houses. However, the most
important factors are higher bird densities, wnproved
ventilation patterns within poultry housing and the fact
that all hife stages of A. digperinus can live in poultry litter
and manure which this insect uses as a food source
(Rueda and Axtell, 1997).

Pest management in poultry production relies heavily
on the broadcast application of broad-spectrum residual
organic msecticides, primarily pyrethroids, usually applied
every production cycle. In the United States insecticides
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currently registered for application in poultry facilities
include pyrethroids, such as B-cyfluthrin, A-cyhalothrin,
permethrin and bifenthrin (Stringham and Watson, 2009,
Hmkle, 2010). The organophosphates used include
tetrachlorvinphos, dichlorvos and chlopyrifos as well as
carbaryl spinosad, pyriproxyfen and wmidacloprid
(Tomberlin et a., 2008; Lambkin and Furlong, 2011).

The control practices for 4. diaperinis within broiler
industries in Brazil primarily includes the application of
contact pyrethroids (cypermethrin and cyfluthrin) or the
combination of pyrethroids and organophosphates. In
addition, the insect growth regulator triflumuron is also
used (Chemaki-Leffer ef al., 2011). Due to the increased
use of organophosphate and pyrethroids msecticides, a
loss of field efficacy n msect control has been repeatedly
reported in the United States (Steelman, 2008), the United
Kingdom (Cogan et al., 1996), Australia (Lambkin, 2005,
Lambkin and Rice, 2006; Lambkin and Furlong, 2011) and
Brazil (Chernaki-Leffer ef al., 2011).

Spray-formulated insecticides are commonly applied
by poultry producers to control the lesser mealworm.
However, an alternative and more desirable methed of
treatment 1s the use of a dust formulation. Insecticides
formulated as dust can be advantageous to poultry house
managers because they are easy to handle and apply
(Khan et al., 1998). Moreover, unlike liquid formulations,
dust formulations do not require dilution with water and
a power supply for the sprayer and they can be directly
mixed to poultry litter.

Thus, the goal of this study was to assess the
efficacy of the cypermethrin dust formulation for
controlling lesser mealworms.

MATERIALS AND METHODS

Alphitobius diaperinus larvae (1.2 cm long) and
adults (sex and age unknown) were collected in a naturally
infested poultry farm in Louveira (23°6'S, 46°'W, Sao
Paulo, Brazl). Insects were submitted to the Research
Center for Vetermary Toxicology (CEPTOX), Department
of Pathology, Faculty of Veterinary Medicine and Animal
Sciences, University of Sao Paulo, Pirassununga, SP,
Prazil and reared on chicken food (Broilil, Secil®) at 28°C
and 65+5% relative humidity in the dark.

The commercial product evaluated was Vetancid
(Cypermethrin 1 kg/300 m?, 5% cypermethrin, Vetanco,
Argentina, AR). About 1 g sterilized wood shaving
samples were placed in 3.5 cm diameter petri dishes.

Doses of cypermethrin were determined with
preliminary tests and wood shavings were mixed with a
dust formulation to obtain at least four concentrations of
the insecticide with an expected range of 10-90% mortality

@

Fig. 1: Plastics containers (ca. 171.96 cm?) covered with 2
cm layers of different Samples (S); a) Sl1: Soil
floorstwood shavings; b) S2: Wood shavings

of 4. diaperinus. Fighty adult beetles (adults or larvae)
were placed into groups of either 20 larvae or 20 adults per
dish. A range of concentrations of cypermethrin was
tested against lesser mealworm with four to six
concentrations for adults (100-1800 ppm) and four to six
concentrations do larvae (300-9000 ppm). Dishes without
cypermethrin were used as a control group.

All dishes were then placed in incubators set at 28°C
and 60+5% RII in the dark. The dishes were evaluated
24 h after the treatment. Adults and larvae were
considered dead if they were ataxic. Mortality data were
analyzed by probit analysis (Finney, 1971) using the
POLO PLUS Software (Robertson et al., 2002), to obtain
the lethal concentration, the 95% confidence intervals and
the slopes of the dose-mortality curves. The criterion for
a significant difference was nonoverlapping fiducial limits
of the LD, values.

Simulated poultry house bioassay: The efficacy of the
cypermethrin dust was evaluated against adults and
larvae in plastic containers (ca. 171.96 cm®) using different
habitat-treatment combinations 2 c¢m deep. Treatment
groups consisted of surface treatments with following
substrates: S1-soil floors+wood shavings+5 g of chicken
feed pellets; S2-wood shavingst5 g of chicken feed
pellets (Fig. 1). Soil floors were collected from the poultry
house in Louveira, SP. Cypermethrin was applied to the
surface of wood shavings or directly to the bottom of the
container (except sample containing soil floors). The
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surface of the wood shavings was treated with
cypermethrin 2 h later using 0.0573 g cm™* which
corresponds  to the dose recommended by the
manufacturer. Tn the control group, comstarch was used
as a placebo in all samples. Insects were placed in groups
of either 20 larvae or 20 adults per container and per
sample (S) and this was repeated four times (total 200
adults and 200 larvae include control group). Mortality
was recorded after 48 h and insects were considered dead
if they were ataxic. The method of repeated measures
analysis used to simulated poultry house effects was
based on the mixed model (PROC MIXED; SAS Institute,
1995) and data were fitted to a model that included the
effects of beetle stage (adults or larvae), application
(bottom or surface) x beetle stage; soil floors (presence or
absence) x beetle stage x application. The model for the
design is as follows:

yl_]klm = +F1+L(F)_|(1)+T(FXL)1<(1])+S(FXLXT))I(qk)Jreqklm

Where:

Yikim = Percent mortality mn the transformed
scale for the mth replication

1th = Soil floors

jth = Application

ith = DBeetle stage

i = The overallmean

F, = Effect of ith beetle stage with i = 1
(larvae) and 2 (adults)

L {F)y Effect of jth application level x ith

stage level with j = 1 (bottom) and 2

(surface)

Effect of the lth soil floor level, within

the ith-jth-kth combination of the

stages and application with 1 = 1

(presence) e 2 (absence)

€, = The error term, assumed Normally
Identically and  Independently
Distributed (NIID) 0, 2,

S (FxLxT)hgy =

Efficacy data were analyzed by a one-way Analysis
of Variance (ANOVA) for a randomized complete block
design with mean separation determined by the Student’s
t-test (p = 0.05) (SAS Institute, 1995). To equalize
variances, the percent mortality of adults and larvae on
poultry litter were transformed using the square root of
the arcsin. For presentation, the results were returned to
the original scale (Banzatto and Kronka, 2006).

RESULTS AND DISCUSSION

Bioassays in the petri plate: Dose-response assays
showed that adult beetles were more susceptible than the

Table 1: Predicted LC5; and LCy, values, expressed as ppm (ug g™1), from
dose-mortality bioassays of adults and larvae of A digperiny
populations exposed to cypermethrin dust

Beetle LCy

stage  n_ SloperSEM g o' (95%FL)* LCs pe o7 (95% FL)Y

Adult 462 3.2140.24 636.6 (568.6-707.0)  1597.4 (1391.3-1897.5)

Larvae 640 1,3540.09 929.7(610.2-1456.3) 8265.5 (4414.9-22485.8)

n = total insects treated. SEM = Standard Error of the Mean; LC = Lethal

Concentration; FI. = Fiducial Limits; *Concentration that produces 5096

muoitality in the population relative to the untreated controls calculated using

a generalized linear model

Table 2: Mean mortality (90) £SEM of A. diaperinus adults (n = 80) and
larvae (n = 80) 48 h after of exposure to cypermethrin dusted on
surface and bottom of wood shavings

Beetle stage Application Mortality (%) (SEM)
Adults Surface 98.75+3.89*
Adults Bottom 91.25+5.47°
Larvae Surface 85.00+3.87
Larvae Bottom 50.00+5.47

Means in rows with different lowercase letters indicate significant difference
(p =0.05); SEM = Standard Error of the Mean

larvae. The L.C,; for adults was 636.6 ppm but 929.7 ppm
of the msecticide was needed to achieve a 50% mortality
rate in larvae after 24 h (Table 1). Comparison of the 1.D,,
values of different isolates did show significant
differences among larvae and adults.

Simulated poultry house bioassay: Significant differences
were observed when compared to all of the associated
interactions. The effect of beetle stage (adults or larvae)
(F =32.68, df = 36, p<<0.0001 ) and application (bottom or
surface) x beetle stage (F = 12.10, df = 36, p<t0.0001) were
all significant. No significant differences were observed
when compared to the effects of soil floors (presence or
absence) x beetle stage (F = 0.55, df = 36, p = 0.69). No
significant differences (p<t0.01) were observed in adult
beetles when insecticide was dusted onto the surface
bottom. On the other hand, with respect to the larvae, the
efficacy of cypermethrin was signficantly mncreased when
insecticide was dusted onto the surface ( Table 2).

While several laboratory tests have been performed
to evaluate the susceptibility of 4. diaperinus to
spray-formulated insecticides, few studies have evaluated
the efficacy of dust formulations. The efficacy of the
organophosphate dust tetrachlorvinphos, against lesser
mealworms in commercial broiler chicken barns has been
studied (Khan et al., 1998). However, the present study 1s
the first laboratory test employing cypermethrin dust
anecdotal reports indicate that this compound 1s the main
insecticide formulation used currently for lesser mealworm
control n the Brazilian poultry industry.

In general, studies on the topical application of
insecticides reveal that adult 4. diaperinus are more
tolerant than late mstar larvae. However, uregular
responses of the late instar were observed. For example,
Vaughan and Turner (1984) reported that adults were more
tolerant than larvae to the imsecticides permethrin,
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famphur, tetrachlorvinphos, dimethoate, carbaryl and
propoxur. On the other hand n relation to malathion this
same study showed the opposite effect (LD, for adults
was 13.93 versus 30.97 pg g~ for late instar larvae).
Similarly, a study conducted by Kaufman using cyfluthrin
against lesser mealworm larvae and adults, demonstrated
that the mortality of larvae was considerably lower
(87.7%) than adults (100%).

The results show that last instar larvae were more
tolerant than adult beetles when treated with cypermethrin
dust in the bioassay test using a petri plate and m the
simulated poultry house.

Several factors may be involved in the variable
response of the late instar larvae and adult beetles. First,
according to Vaughan and Turner (1984) the variable
response of the late instar larvae may be attributed to
behavioral resistance or avoidance to msecticides.
Second, a previous study documented that there are
significant variations in susceptibility between lesser
mealworm strains to insecticides (Hamm ef al., 2006).
Vayias and Athanassiou (2004) verified that the
susceptibility variation may be related to insect agility.
These researchers related that young larvae are
particularly agile when compared to older larvae stages.
This facilitates increased contact between the older larvae
stages and the inmsecticide dust particles. Indeed,
researchers observed this in the present study, noticing
that compared to last instar larvae, adults are more agile.

CONCLUSION

Based on experiments in simulated poultry house
conditions, we verified that for the adults tested in several
combinations, cypermethrin dust efficacy did not vary
significantly. On the other hand, considering the last
instar larvae, the efficacy of the cypermethrin dust
formulation was lughly dependent on the application type
(surface and bottom). This result seems to be associated
to an mteresting behavior of beetles’ larvae. Late instar
larvae preferred to remain on the wood shavings surfaces
when containers remain on plastics. Consequently, it
could be hypothesized that the late instars” behavior
mcreases their contact with the cypermetlrin dust when
1t was dusted onto wood shavings.

This finding demonstrates the excellent performance
of cypermethrin dust, at the manufacturer’s recommended
dose, to control of 4. diaperinus adults. However, toxicity
profiles for late mstar larvae depend on the type of
application.
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