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Abstract

Population explosions of the stable fly (Stomoxys calcitrans) have become a serious concern for livestock producers near
sugarcane mills in some regions of Brazil due to the insect’s massive reproduction on sugarcane byproducts and waste.
Despite the limited efficiency of insecticides for controlling stable fly outbreaks, producers still rely on chemical control
to mitigate the alarming infestations in affected areas. This study evaluated the susceptibility of S. calcitrans populations
to cypermethrin in the state of Mato Grosso do Sul, Brazil. Stable flies were tested from three field populations and
two colonies, established from flies previously collected at sugarcane mills. Wild flies were collected with Nzi traps in
areas of sugarcane plantations. Both wild and colonized flies were exposed to eleven concentrations of cypermethrin in
impregnated filter paper bioassays. All the populations proved to be resistant to cypermethrin, with resistance factors
among field populations ranging from 6.8 to 38.6. The intensive use of insecticides has led to the development of
pyrethroid resistance in stable fly populations in the proximities of sugarcane mills in the state of Mato Grosso do Sul.
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Resumo

Explosées populacionais da mosca-dos-estabulos (Stomoxys calcitrans) tornaram-se uma séria preocupagio para a
pecudria préxima a usinas de cana-de-aglicar em algumas regiées do Brasil, devido a massiva reprodu¢io da mosca em
residuos e subprodutos do processamento da cana. Apesar da limitada eficiéncia dos inseticidas no controle dos surtos desta
mosca, produtores dependem do controle quimico para mitigar as alarmantes infestagoes nas dreas afetadas. Este estudo
objetivou avaliar a suscetibilidade de populacoes de S. calcitrans a piretroides no estado de Mato Grosso do Sul, Brasil.
Moscas-dos-estdbulos de trés populagoes de campo e duas colonias, estabelecidas a partir de moscas previamente coletadas
em usinas de cana-de-agticar, foram testadas. Moscas selvagens foram coletadas com armadilhas Nzi em 4reas de cana.
Moscas coletadas foram expostas a onze concentragoes de cipermetrina em bioensaios com papel de filtro impregnado.
Todas as populagoes testadas mostraram-se resistentes ao piretroide, com fatores de resisténcia variando de 6,8 2 38,6 nas
populagoes de campo. O uso intensivo de inseticidas tem levado ao desenvolvimento de resisténcia da mosca-dos-estdbulos
a piretroides em populacoes proximas a usinas de cana-de-agtcar no estado do Mato Grosso do Sul.

Palavras-chave: Controle quimico, resisténcia a inseticida, surto de mosca-dos-estdbulos.

Introduction

Opver the last decade, outbreaks of the stable fly (Sromoxys (CORREA etal., 2013) have become an unprecedented problem,
calcitrans) resulting from its large-scale proliferation in organic causing significant socioeconomic impacts in several municipalities of
wastes and byproducts from ethanol production at sugarcane mills southeastern and Midwestern Brazil (DOMINGHET TT etal., 2015).
In addition to the economic losses resulting from such outbreaks,
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Commercial insecticide products have been widely employed to
reduce the alarming infestations in cattle herds close to sugarcane
mills, even though no method of controlling stable flies in cattle
raised in extensive livestock farming systems has actually proved to
be effective (BROCE, 2006). However, the efficiency of chemical
control has been threatened by the limited knowledge about
the insecticide effects on both immature and adult S. calcitrans
in the field, as well as by the paucity of information about the
susceptibility of stable fly populations to commercial insecticides.

So far, there are no records of stable fly resistance to insecticides
in Brazil and a few reports exist worldwide (CILEK & GREENE,
1994; PITZER et al., 2010; OLAFSON et al., 2011, 2019;
SALEM etal,, 2012; TAINCHUM et al., 2018). The purpose of
this study was to evaluate the susceptibility of colonized and wild
S. calcitrans populations from outbreak areas in the state of Mato
Grosso do Sul, Brazil, to the pyrethroid cypermethrin.

Materials and Methods

In July and August 2016, two colonies and three wild
populations of S. calcitrans were evaluated to determine their
susceptibility to cypermethrin, using the impregnated filter
paper method (SHEPPARD & HINKLE, 1987), as described
by Barros et al. (2002).

The two strains (CNPGC-1 and CNPGC-2) were reared at
Embrapa Beef Cattle. The CNPGC-1 strain was colonized in
mid-2011 from flies collected during an outbreak at a sugarcane
mill located in the state of Mato Grosso do Sul (municipality of
Maracaju). In 2012, the CNPGC-2 strain was colonized similarly,
with flies from a sugarcane mill located in the neighboring state
of Mato Grosso (municipality of Alto Taquari), also collected
during an outbreak. Field collected flies were sampled at sugarcane
mills located in the municipalities of Angélica, Maracaju, and Rio
Brilhante in the state of Mato Grosso do Sul. Ultimactely, the wild
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flies used in bioassays came from nearby livestock areas and/or
emerged from sugarcane cultivation sites.

Insecticide kits containing impregnated filter papers used in the
bioassays were produced by diluting technical grade cypermethrin
(90.07% purity, donated by Ouro Fino Satide Animal) in acetone
for analysis (Merck) and subsequent impregnation in filter papers
(Whatman#1). From seven to eleven concentrations of cypermethrin
(0.8,1.6,2.4,3.2,4.8,6.4,9.6,12.8,25.6,51.2, and 102.4 pg/cm?)
were tested, depending on fly abundance at each sampled site.
Control filter papers were impregnated with acetone only.
Three replicates of about 20 flies each were used per insecticide
concentration. Each impregnated paper was used twice, once on
each side, over a period of no more than 15 days. The insecticide
kits were stored under refrigeration until each field trip.

Colonized stable flies (3-5 days old, fed) were transferred
from breeding cages to an entomological net (placed in front of
the cage) and from there to plastic Petri dishes through a 1-cm
opening made in the middle of the dish bottom (facing up)
using a “manual aspirator”, as showed in Figure 1A. This device
consisted of a soft rubber bulb from an ordinary turkey baster,
whose hard plastic base (the turkey baster pipette was cut above
the bulb) was attached to a 25 mL plastic serological pipette by
means of a plastic analytical funnel. The funnel cone was reduced
to fit the turkey baster base to which it was glued (Figure 1B).
The funnel stem was cut, tapered, and glued into a small piece
(2.5 cm) of a 10 mL plastic serological pipette to fit the diameter
of the 25 mL plastic serological pipette (about 20 cm long) with
the tip cut to match the hole on the Petri dish. A small piece
of voile fabric (about 5 cm diameter) served to tighten the fit
between the funnel tip (covered with the small 10 mL-pipette
piece) and the larger 25 mL pipette, while preventing flies from
entering the bulb. The flies in the net entered the device by gravity
when gently touched upwards and were released into the dishes
by pressing the bulb. This device was originally developed for
horn flies (Haemarobia irritans) using a 10 mL pipette and has
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Figure 1. Loading of stable flies into Petri dishes containing insecticide impregnated filter papers (A), using a manual aspirator (B), for

susceptibility bioassays.
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been successfully used in bioassays with this pest for more than
20 years (since before BARROS et al., 1999). The adaptation of
a larger pipette (25 mL) for use on stable flies have proved to be
equally practical and harmless, making this device a useful tool
also for this species.

Wild flies were caught at sugarcane mills using Nzi traps
(MIHOK, 2002) (Figure 2A). Ten traps were installed at each
site, near cattle areas, dense vegetation and/or vinasse application
areas in the morning, and were constantly monitored until a
suitable amount of flies (about 700 flies per bioassay) was caught.
To prevent heat-related fly mortality, large collectors consisting of
transparent plastic jars (3 liters) with screw caps and wide screened
sides were used (Figure 2B). If necessary, the flies were removed
from collectors as they were caught and kept for a few hours in
shady locations until enough flies were collected. To minimize the
captivity time of flies, the bioassays conducted at Rio Brilhante and
Angglica used ten (0.8-51.2) and seven (1.6-12.8) concentrations,
respectively. Trapped flies were transferred to an entomological
net and immediately to the dishes containing the impregnated
papers, using the manual device described.

Early fly mortality due to collection and/or handling was
checked immediately after the dishes were loaded, and dead flies
were excluded from the bioassay. Mortality was determined after
two hours of exposure to cypermethrin-impregnated filter papers,
and flies unable to walk were considered dead. After mortality
evaluation, the number of flies (not sexed) was counted on each
dish to determine the mortality rate.

Mortality in the treatments was corrected when necessary for
mortality in the controls using Abbott’s formula (ABBOTT, 1925)
and analyzed using POLOPLUS software (LEORA SOFTWARE,
1987) to determine the LC, (lethal concentration to 50% of the
population) and other related parameters. A bioassay using treated
papers from the same batch used in those field and colony bioassays
was conducted with stable flies from a susceptible colony at the
USDA-ARS Knipling-Bushland U.S. Livestock Insect Research
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Laboratory (KBUSLIRL) (Kerrville, TX, USA) to provide a
reference of susceptibility. Resistance factors (RF) were calculated
by dividing the LC, | of the tested populations by the LC,  of the
USDA susceptible strain. Tested populations were considered
resistant to cypermethrin when the 95% fiducial limits (FL) of
their LC did not overlap the FL of the susceptible strain.

Results and Discussion

The excessive use of pesticides to control cattle ectoparasites is
very common in Brazil, leading to the widespread dissemination
of resistance in arthropods such as the southern cattle tick
(Rhipicephalus microplus) (KLAFKE et al., 2017) and the horn
fly (BARROS et al., 2012). Without infestations that would
justify specific control, insecticide resistance in stable flies was
probably negligible, but developed over time as a consequence of
indirect exposure to chemicals targeting other cattle ectoparasites.
However, stable fly selection for resistance has been pushed to an
unprecedented level over the last decade by the intensive use of
insecticides at both livestock farms and sugarcane mills to prevent
and fight stable fly outbreaks.

The three wild stable fly populations evaluated in this study
were resistant to cypermethrin, with RFs ranging from 6.8 to 38.6
(Table 1). Resistance of stable flies to insecticide classes has been
previously reported for organochlorines, organophosphates and
pyrethroids in the U.S. and some European countries (KUNZ &
KEMP, 1994). Pyrethroid resistance in field populations has been
confirmed in the U.S. (CILEK & GREENE, 1994; PITZER etal.,
2010) and France (SALEM et al., 2012), and there is evidence
of its occurrence elsewhere (EHRHARDT, 2006). To the best of
our knowledge, this is the first report of insecticide resistance in
stable flies in Latin America. The detection of stable fly resistance
revealed a high selection pressure by pyrethroid insecticides at the
study sites, which is particularly concerned because Midwestern
Brazil is home to the country’s largest cattle herd (IBGE, 2016)

Figure 2. Nzi trap (A) with a large screened collector (B) used for catching Stomoxys calcitrans for field insecticide bioassays.
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Table 1. Cypermethrin dosage-related mortality rates obtained in bioassays with stable fly populations from outbreak areas in the state of
Mato Grosso do Sul, Brazil, 2016.

Population LC,,,, 95% FL Slope (SE) RF
Colonies*
CNPGC-1 18.81 15.68-24.46 5.14 (0.48) 69.7
CNPGC-2 14.48 10.68-24.33 3.87 (0.33) 53.6
Wild populations
Angélica 9.85 8.80-11.34 3.82 (0.60) 36.5
Maracaju 10.43 8.80-12.75 2.77 (0.28) 38.6
Rio Brilhante 1.83 0.94-2.63 2.08 (0.23) 6.8
Susceptible reference colony 0.27 0.23-0.30 4.66 (0.40) -

*Stable fly colonies established from adult collections in outbreak areas. LC,

= lethal concentration to 50% of the population (expressed as pg/cm?) after 2 hours exposure

to cypermethrin; RF (resistance factor) = LC,, of wild population/LC, | of the susceptible reference colony (Kerrville, USA); FL = Fiducial limits; SE = Standard error.

and is its second largest ethanol and sugar producing region
(UNICADATA, 2017).

Stable fly resistance to pyrethroids has been first reported
for permethrin in a feedlot in Kansas (RF=1.8) (CILEK &
GREENE, 1994) followed by two field populations in Florida
(RF<8.9) (PITZER etal., 2010). Although stable fly resistance to
permethrin has been reported at relatively low levels in the field,
a significant increase in resistance levels tends to occur following
laboratory selection for a few generations (PITZER etal., 2010).
Detection of resistant stable flies in a feedlot with no or minimal
insecticide use suggested that dispersal from nearby areas may be
a major factor influencing resistance in a population (CILEK &
GREENE, 1994).

The cypermethrin LC_ s of the Brazilian stable fly colonies
CNPGC-1 and CNPGC-2 were 18.81 and 14.48 pg/cm?,
respectively, representing 50-fold higher resistance levels than the
susceptible reference colony (Table 1). After more than five years
in captivity, such relatively high resistance level found in the two
colonies may at first seem somewhat surprising. However, both
colonies were established from flies collected during outbreaks,
when pyrethroid products were used extensively. In addition, two
months prior to this study, the two colonies were almost decimated
when they were accidentally exposed to a lambda-cyhalothrin
product during a routine insecticide treatment in a nearby
laboratory. Thus, the establishment of these colonies from field
pyrethroid-exposed flies, later selected by a pyrethroid product,
explains their higher level of pyrethroid resistance when compared
to that of the wild populations.

There is a paucity of studies on insecticide susceptibility in
stable fly populations, partially due to the difficulty in obtaining
large numbers of flies for bioassays, since this pest spends little
time on hosts, and instead is dispersed in the environment
most of the time (FOIL & HOGSETTE, 1994). In previous
susceptibility studies, S. calcitrans have been caught using sweep
nets on vegetation (CILEK & GREENE, 1994), vacuuming animal
legs (MARCON etal., 1997), collecting pupae to obtain adults
(PITZER et al., 2010) or using Vavoua traps (EHRHARDT,
2006; SALEM et al., 2012). In this study, several major factors
may have contributed to the successful capture of adequate
numbers of stable flies: their high abundance in sugarcane mill
areas, the suitability of trapping sites chosen in each location,

and the efficiency of Nzi traps, with which hundreds of stable
flies were caught in just a few hours, as previously reported by
Mihok (2002) and Gilles et al. (2007).

Mortality in the control groups did not occur in the bioassays
with colony flies and was lower than 3% in bioassays with wild
flies. With no exception, a consistent gradient in mortality rates
was observed at the cypermethrin concentrations employed
in all the colony and field bioassays performed in this study.
In contrast to the high variability found by Marcon et al. (1997),
who used a different criterion for mortality (flies unable to stand
upright), the consistency of the results in the cypermethrin
bioassays suggests that the impregnated filter paper bioassay is
a suitable method for assessing the susceptibility of stable flies
to pyrethroid insecticides.

The detection of resistance in outbreak areas is of great concern
because it limits the efficacy of insecticide treatments and contributes
to increase the frequency of insecticide applications, particularly
when the massive production of flies exceeds their elimination rate,
as during fly outbreaks. While efficient non-chemical alternatives
are not commercially available, producers at beef cattle ranches,
dairy farms and sugarcane mills still rely on chemical control for
reducing adult stable fly populations in outbreak areas, despite its
limitations. Further studies should bring additional information
on the actual extent of stable fly resistance to insecticides in other
regions of Brazil subject to outbreaks, and on devising better
strategies for controlling this livestock pest.
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