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Esterase Staining Activity in Pyrethroid-Resistant Horn Flies
(Diptera: Muscidae)
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ABSTRACT: Horn fly field populations were bioassayed for pyrethroid and OP resistance
during 1990 and 1991. Most fly populations had some degree of resistance to a pyrethroid,
fenvalerate, and were susceptible to an OP, diazinon. The possible involvement of esterases
in horn fly resistance to pyrethroids was evaluated by quantifying the relative staining
intensities of esterases resolved by electrophoresis. Two major zones of esterase activity
were found; Est-l was common in all populations and had the highest staining intensity.
Est-2had greater staining intensity in insecticide-exposed populations than in an unexposed
population. However, no significant difference occurred in Est-2 intensity between highly
resistant populations (resistance ratio, RR > 150) and populations with..Jowe,resistance
(RR < -150). Staining intensity of this enzyme did differ slightly among populations with
resistance fess than 'ISO-fold. No difference in staining intensity was foUI)d among adults
of different ages in a susceptible population. Females had higher Est-2 staining intensity
than males. This study shows that esterases are not a major source of pyrethroid resistance
in horn flies and the technique may provide a method for screening populations for potential
esterase-mediated OP resistance.

The horn fly, Haematobia frritans (L.), is one dfthe most important economic
pests of livestock in the United States. Annual economic damage caused by this
ectoparasite in the U.S. alone has surpassed 703 million dollars (Drummond et
aI., 1981). Insecticides used in the 1940s initially provided excellent control.
~o)Vever, increasing dosages were required and, by the en~ oft4edecade, DDT
resistance was documented. Other chlorinated hydroc~rpons, ,and an organo-
phosphate (ronnel) were applied using dust,bags and oilers, but ..again, resistance
was demonstrated to these compounds (McDuffie, 1960, Harris etal~, 1966). The
incorporation of pyrethroid insecticides into ear tags in the early 1980s gave
excellent control, but control failures soon occurred, and pyrethroid resi&tahce
became widespread by 1983 (Sheppard, 1984, Harvey et al., 1985, Schmidt et
al., 1985). Season-long selection pressure, along with decreasing concentrations,
contributed to the buildup of resistant flies, The inheritance of pyrethroid resis-
tance in horn flies has been studied by Roush et at (1986) and McDonald &
Schmidt (1987). Two resistance alleles closely linked to the sex locus were found.
One allele conferred incomplet~ dominant resistance.

Knock-down resistance (kdr) is known to be the primary pyrethroid resistance
mechanism in horn flies (Byford et al., 1985); however, other mechanisms, in-
cluding metabolism (Sparks et al., 1990, Bull..et al., 1988) an4behavioral resistance
(Lockwood et al., 1985), are believed to be involved. M~tabolism of DDT by
DDT -resi'stant flies is only 2X that of susceptible flies (Bull et al., 1988). Although
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a difference in DDT metabolism occurs between the resistant and susceptible flies,
the overall contribution of metabolism to resistance is insignificant relative to
kdr. Sparks et al. (1990) found that co-administration ofpiperonyl butoxide (PBO)
with cis- or trans-permethrin caused a major reduction in metabolic detoxification,
whereas a hydrolase inhibitor, S,S,S-tributyl phosphorotrithiolate (DEF), had only
a slight effect. Also, the presence of2' /4'-HO-permethrin, as a possible metabolite,
suggests that oxidative and perhaps hydrolytic pathways are involved in the
metabolism of permethrin in the horn fly (Sparks et al., 1990). Bull et al. (1988)
found PBO to cause a 10-fold reduction in permethrin LCso, whereas DEF caused
only a 4-fold reduction. This confirms that mixed function oxidazes (MFO's) are
the primary detoxification enzymes, whereas hydrolysis by esterases is secondary.
For OP insecticides, resistance mechanisms include modification of the target
site, acetylcholine esterase (AchE), and detoxification via carboxylesterases.

If esterases are involved in OP or pyrethroid resistance, then individuals of
resistant populations should possess greater esterase activity relative to susceptible
populations. Esterases are known to be involved in the resistance mechanism of
other Diptera to insecticides (Georghiou & Pasteur, 1978). This greater activity
may be detectable by an increase in esterase staining activity after separation by
a method such as electrophoresis. In this study, we attempted to determine whether
the relative levels of esterase staining intensity were correlate<;i with the levels of
pyrethroid or OP resistance of several horn fly populations with diverse histories
of insecticide exposure.

Materials and Methods

Horn flies used in toxicological bioassays and in determining esterase staining
intensity were collected with a sweepnet from cattle and placed in a screened cage
kept in an ice chest for transport to the laboratory. In locations where flies could
not be returned to the laboratory within 2 hr, the bioassay was conducted in the
field. Immediately upon arrival at the laboratory, 100-300 flies were separated
for bioassays. The remaining flies were killed by freezing and stored at -70°C for
subsequent analysis.

Horn fly populations were sampled in 1990 and 1991 from Kansas, Missouri,
Texas, and Manitoba (Table 1). The Kansas State University (KSU) samples were
obtained from beef and cow-calf herds maintained in pastures in the vicinity of
Manhattan, Kans. Herds with no insecticide treatment were either a cow-calf
Angus herd with no ear tags for the season or mixed herds sampled before ear
tags were applied. Insecticide treatments of herds were with cyfluthrin or X-cy-
halothrin pyrethroid ear tags. Samples from Riley County, Kans, were collected
from herds with unknown fly control history. Hays, Kans, samples were collected
from beef herds at the KSU Agriculture Research Center. Garnett, Kans. samples
were collected before ear tags were applied. Emporia, Kans. samples were collected
from a mixed herd with pyrethroid ear tags; tag failure was evident when this
sample was taken because 50-100 flies were observed on most animals. Plattsburg,
Mo. samples were from a herd of Holstein cattle treated with X-cyhalothrin tags.
Complete control failure had occurred in this herd; over 500 flies/head were
observed at the time of sampling. Garson, Man., Canada samples were from a
beef herd where a malathion (OP) oiler was used for fly control. Excellent fly
control was obtained with this method because most animals had fewer than 5
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