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Chemical control of ticks on cattle and the resistance
of these parasites to acaricides
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SUMMARY

Toward the end of the nineteenth century a complex of problems related to ticks and tick-borne diseases of cattle created a
demand for methods to control ticks and reduce losses of cattle. The discovery and use of arsenical solutions in dipping
vats for treating cattle to protect them against ticks revolutionized tick and tick-borne disease control programmes.
Arsenic dips for cattle were used for about 40 years before the evolution of resistance of ticks to the chemical, and the
development and marketing of synthetic organic acaricides after World War II provided superior alternative products.
Most of the major groups of organic pesticides are represented on the list of chemicals used to control ticks on cattle.
Unfortunately, the successive evolution of resistance of ticks to acaricides in each chemical group with the concomitant
reduction in the usefulness of a group of acaricides is a major reason for the diversity of acaricides. Whether a producer
chooses a traditional method for treating cattle with an acaricide or uses a new method, he must recognize the benefits,
limitations and potential problems with each application method and product. Simulation models and research were the
basis of recommendations for tick control strategies advocating approaches that reduced reliance on acaricides. These
recommendations for controlling ticks on cattle are in harmony with recommendations for reducing the rate of selection
for acaricide resistance. There is a need to transfer knowledge about tick control and resistance mitigation strategies to
cattle producers.
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INTRODUCTION invariable result following the transportation of
southern cattle into the Northern States was the
death of all northern cattle along the roads and on the
pastures over which the southern cattle had traveled,

During the nineteenth century, as the number of
cattle in the world was increased to feed the human
populat10n§ of recently 1ndustr1ahzeld nat.lons, there although the latter animals remained perfectly
was a growing awareness of the relationship between

infestations of cattle with ticks and disastrous epi-
zootics of disease in herds of cattle. Problems with
tick-borne diseases were related to the introduction

of improved breeds of cattle into tick-infested areas

healthy. In the same way northern cattle taken south
almost invariably succumbed to the malady’
(Mohler, 1906). The disease was called ‘ Texas fever’
or ‘cattle fever’ and by 1885 resulted in the pro-
hibition of movements of southern cattle into the
northern states.

In Australia, cattle that, according to Angus (1996),
were ‘almost certainly’ infested with Boophilus micro-

because of their greater productivity than well-
adapted indigenous breeds. Also, cattle infested with
ticks and infected with tick-borne disease agents
were moved into areas where these tick species had
not previously existed (Shaw, 1969).

A severe outbreak of disease in cattle, almost cer-
tainly bovine piroplasmosis, occurred in Lancaster
County, Pennsylvania, of the United States (US) in
1796. Epidemiological evidence indicated a relation-
ship between the disease problem and a recent ship-
ment of cattle into the state from South Carolina, a
southern state. ‘Experience soon showed that the

plus and infected with ‘tick fever’ or ‘redwater fever’
were introduced to the Northern Territory (N'T)
from Timor, and possibly Bali, some time during the
years from 1829 through 1849. There is evidence
from archival records that by 1870 tick fever was
endemic in the Darwin area. Tick fever and its vec-
tor progressively spread eastward and then southerly
through Queensland. Successive quarantine lines
were established by the Queensland government in
an effort to contain the problem, but the disease
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the interior of eastern and southern Africa in the last
decades of the nineteenth century. A deadly disease,
later determined to be East Coast Fever (ECF), was
diagnosed in 1902 in cattle at several locations south
of the Zambezi River. The origin of the disease was
determined to be importations of cattle from Dar-es-
Salaam in Tanzania after the cattle population of
much of southern Africa had been destroyed by
an epidemic of rinderpest (Lawrence, 1992). Even
though there are no records of ECF in eastern Africa
before it was identified in 1904, it must have been
present for many generations in areas populated by
indigenous cattle, particularly in the L.ake Victoria
Basin and along the costal strip of eastern Africa
(Perry, 1992). Other tick-borne diseases of cattle
such as redwater fever, heartwater and anaplasmosis
were probably widespread in eastern and southern
Africa before the arrival of white settlers and in-
troductions of susceptible cattle in the period from
1885 through 1890 (Lawrence & Norval, 1979;
Norval et al. 1984, Perry, 1992).

The economic benefits of resolving questions
about the epidemiology and control of tick-borne
diseases in the vast cattle-producing areas of eastern
and southern Africa, Latin America, Australia and
the southern US motivated research by national and
colonial governments in the affected countries plus
efforts by international animal health companies to
create and market products that provided a means
for protecting cattle. The majority of literature on
chemical control of ticks documents more than a
century of research to test new acaricides for con-
trolling ticks on cattle, strategies for using acaricides,
and efforts to mitigate problems of acaricide resist-
ance to all except the most recently developed chemi-
cals. The introduction to this chapter is intended
to remind readers of the kinds of problems associ-
ated with tick-borne disease agents that are the basis
of historical and current needs for technology to
control ticks on cattle. The remainder of the chapter
represents a selective review of chemical methods
for the control of ticks on cattle, the nature of the
problem of the evolution of resistance to acaricides,
the effects of resistance on the use of acaricides, and
the future of chemical methods for the control of
ticks on cattle. The excellent review by Taylor (2001)
of developments in ectoparasiticides will be of interest
to those seeking recent information on chemicals for
the control of insects and acarines affecting both
livestock (large and small ruminants) and companion
animals.

ACARICIDES FOR THE CONTROL OF TICKS
ON CATTLE

Even before the seminal discovery by Smith &
Kilborne (1893) that proved the role of ticks as vec-
tors of Babesia, animal health authorities in the US,
Australia and southern Africa were treating cattle
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with a variety of chemical agents in an effort to control
ticks. Early remedies in the US included smearing
the legs and sides of cattle with a lard and sulphur
mixture, a lard and kerosene combination, cotton-
seed oil or fish oil. Mixtures of kerosene, cotton-seed
oil and sulphur; a 10% kerosene emulsion ; a mixture
of cotton-seed oil and crude petroleum; or Beaumont
crude oil alone reportedly proved efficacious when
applied to cattle two to three times a week with
sponges, syringes, brushes, mops, or brooms (Francis,
1892 ; Mohler, 1906). As early as 1895 Australian in-
vestigators were immersing cattle in dipping-vats
containing such things as mineral oil and ‘carbolics’
(Angus, 1996).

Dipping vats in which cattle were immersed in
arsenical solutions revolutionized the control of ticks
on cattle, and arsenic quickly replaced other tick con-
trol remedies. Angus (1996) attributes the discovery
of arsenical solutions in 1896 to an Australian farmer.
Shaw (1969) observed that arsenical solutions had
been used for over a century to control parasites of
sheep before the first reports of their use in 1893 in
southern Africa and 1895 in Australia to control
ticks on cattle. The Bureau of Animal Industry in
the US did not adopt arsenic as its recommended
tick control agent until 1910 (Graham & Hourrigan,
1977). Not only were arsenic dips widely used to con-
trol ticks, but they were also key tools in the success-
ful ECF eradication programme in South Africa and
in the campaign to eradicate B. annulatus, B. microplus
and cattle fever from the US (Graham & Hourrigan,
1977; Lawrence, 1992). The evolution of resistance
of ticks to arsenicals, the narrow limits between the
effective concentration for tick control and the toxic
concentration for cattle, and concerns about toxic
residues in animal tissues were major factors for re-
placing arsenic with synthetic organic insecticides in
the decade after World War Il ended (Graham &
Hourrigan, 1977). Populations of B. microplus and
B. decoloratus developed resistance to arsenic after
1935, and with the lack of an alternative acaricide,
Boophilus infestations on cattle in parts of the world
reached ‘enormous’ proportions. Relief was not
available until the mid-1940s when the first organo-
chlorine products became available (Shaw, 1970).

Organochlorine insecticides were the first synthetic
organic insecticides to be marketed and many of them
were formulated for the control of ticks on cattle.
DDT and benzenehexachloride (BHC) were the first
of this group of chemicals to be used as acaricides
(Cobbett, 1947 ; Maunder, 1949 ; Whitnalletal. 1951).
Dieldrin and aldrin, cyclodiene compounds, and
toxaphene, a polychloroterpine product, also were
widely used for the control of ticks on cattle. In areas
such as Australia (Norris & Stone, 1956; Stone &
Meyers, 1957) and equatorial and southern Africa
(Whitehead, 1958 ; Baker & Shaw, 1965), cross-resist-
ance of populations of tick species including B. micro-
plus, B. decoloratus and Rhipicephalus appendiculatus
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to all organochlorines abbreviated the useful life of
these chemicals. Organochlorine products for treat-
ing livestock are now unavailable or have been with-
drawn from the market (Kunz & Kemp, 1994). All
of the organochlorine pesticides are persistent in the
environment; DDT, BHC and the cyclodienes are
especially prone to accumulate in body fat (Ware,
2000).

Unlike the persistent organochlorines, the organo-
phosphate compounds that replaced them were
chemically unstable and non-persistent. The organo-
phosphates are generally categorized as the most
toxic of all pesticides to vertebrates and are closely
related to the nerve gases sarin, soman and tabun
(Ware, 2000). The development of organophosphate
acaricides was primarily for the control of organo-
chlorine-resistant Boophilus ticks that had become
common throughout much of the cattle-producing
areas of the tropics and subtropics (Shaw, 1970).
Ethion, chlorpyrifos, chlorfenvinphos and cou-
maphos are four of the most widely used organo-
phosphates for the treatment of tick-infested cattle.
Carbamate acaricides (e.g. carbaryl and promacyl),
like the organophosphates, function by inhibiting the
target’s cholinesterase, but they have very low mam-
malian and dermal toxicity. Unfortunately, the value
of carbamates for the control of ticks was limited
because of their cross-resistance with organophos-
phates (Roulston et al. 1968 ; Schuntner, Schnitzer-
ling & Roulston, 1972 ; McDougall & Machin, 1988).
Resistance to organophosphates and carbamates has
eliminated or minimized their usefulness in Australia,
much of Africa and parts of Latin America (Kunz &
Kemp, 1994).

The formamidines, chlordimeform, clenpyrin,
chloromethiuron and amitraz, are members of a
small group of chemicals that are effective against
ticks. Chlordimeform was introduced in Australia
as an additive to organophosphates in dipping vats
to restore their efficacy against an organophosphate-
resistant tick strain (Nolan, 1981), but was removed
from the market in 1976 because of evidence of car-
cinogenicity (Ware, 2000). Results of successful tests
of amitraz for the control of B. microplus on cattle in
Australia with an experimental formulation (BTS
27419) were reported in 1971 (Palmer et al. 1971).
Subsequent trials with commercial amitraz formu-
lations in Australia (Roy-Smith, 1975) and the US
(George et al. 1998) proved the efficacy of the acari-
cide against B. microplus. A series of trials executed
over a five-year period in South Africa proved the
effectiveness of amitraz for the control of B. deco-
loratus, R. appendiculatus, R. evertsi and A. hebraeum
(Stanford et al. 1981). Amitraz is unstable in dip-
ping vats, but adding sufficient calcium hydroxide
or hydrated lime to raise and maintain the pH of
the vat solution to 12 insures the stability of the ac-
tive ingredient (Stanford et al. 1981; George et al.
1998).
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Natural pyrethrum, a costly insecticide that is un-
stable in sunlight, was the predecessor to a series of
synthetic pyrethrin-like materials. Compounds in
this group of chemicals were originally called syn-
thetic pyrethroids, but current nomenclature is
simply pyrethroids. Pyrethroids have a history of
evolution that began in 1949, but the third gener-
ation chemicals, permethrin and fenvalerate, were
the first of these materials available for control of
ticks on cattle (Davey & Ahrens, 1984; Ware, 2000).
Cross-resistance to DD'T precluded or abbreviated
the use of permethrin and fenvalerate in countries
such as Australia and South Africa where DDT
resistance had been diagnosed in Boophilus ticks
(Nolan, Roulston & Schnitzerling, 1979; Coetzee,
Stanford & Davis, 1987). Cypermethrin, deltame-
thrin and cyhalothrin are examples of fourth gener-
ation cyano-substituted pyrethroids that are effective
acaricides (Stubbs, Wilshire & Webber, 1982 ; Kunz
& Kemp, 1994; Aguirre, D. H. et al. 2000). In
Australia, the strategy for registering and using
cyano-substituted pyrethroids was influenced by
evidence that after selection with permethrin a field
strain (Malchi) with a low frequency of resistance to
DD'T exhibited no enhanced resistance to DD'T’, but
was resistant to permethrin. This strain was only
slightly resistant to cypermethrin and deltamethrin
(Nolan et al. 1979). It appeared likely that popu-
lations of B. microplus resistant to permethrin would
evolve rapidly from existing populations having low
frequencies of individuals resistant to DD'T". Conse-
quently, permethrin was not registered, and cyper-
methrin and deltamethrin were registered for use
only at concentrations that would be likely to control
the most pyrethroid-resistant field strain. A second
component of the strategy to delay the evolution of
pyrethroid resistance was based on the observation
that several organophosphate acaricides would syn-
ergize the toxicity to B. microplus of cypermethrin
and deltamethrin. The reduction in concentration of
a relatively expensive pyrethroid that could be used
with a relatively cheap organophosphate synergist
provided an efhicacious, inexpensive product for
the control of organophosphate-resistant tick popu-
1983).
Flumethrin, an a-cyano-substituted pyrethroid, was
designed for application to cattle as a pour-on, but
there is also an emulsifiable concentrate formulation

lations (Schnitzerling, Nolan & Hughes,

that can be applied as a dip or spray. The active in-
gredient in the pour-on has a remarkable capacity for
spreading rapidly on the skin and hair from points of
application along the dorsal line of an animal to all
areas of the body. The residual effect of treatment
with flumethrin is extended if the pour-on formu-
lation is applied. Flumethrin for the control of both
one-host and multi-host tick species on cattle is
effective at relatively low concentrations compared
to other pyrethroids (Stendel, 1985). The trans-
flumethrin isomer is approximately fifty times more
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toxic to B. microplus than the other most-toxic
pyrethroids, cis-cypermethrin and deltamethrin
(Schnitzerling, Nolan & Hughes, 1989).

In Australia, the combination products of cyper-
methrin + chlorfenvinphos and  deltamethrin+
ethion remain on the market (Jonsson & Matschoss,
1998). Mixtures of different products are also
marketed in Latin America. Furlong (1999) listed
products consisting of mixtures of cypermethrin+
chlorfenvinphos and cypermethrin+ dichlorvos
among acaricides marketed in Brazil. One value of
these mixtures may be their possible use for the
control of both ticks and the horn fly.

There are two classes of macrocyclic lactones with
acaricidal activity. The avermectins are derivatives
of the actinomycete Streptomyces avermitilis and the
milbemycins are derived from fermentation pro-
ducts of S. hygroscopicus aureolacrimosus (Lasota &
Dybas, 1991). Ivermectin, eprinomectin and dora-
mectin are related to avermectins; moxidectin is the
only milbemycin-derived macrocyclic lactone mar-
keted for the control of ticks. Each of the macro-
cyclic lactones is active systemically in very low doses
for the control of ticks. Ivermectin, doramectin and
moxidectintreatments, administered assubcutaneous
injections, are efficacious for the control of B. micro-
plus infestations of cattle (Gonzales et al. 1993;
Remington et al. 1997; Caproni et al. 1998). Satis-
factory control of B. microplus on cattle may also be
obtained with pour-on formulations of ivermectin,
eprinomectin, doramectin and moxidectin (Muniz
et al. 1995; Davey & George, 2002). Macrocyclic
lactone acaricides are efficacious, but high cost limits
their use (Kemp et al. 1999).

Fipronil, a phenylpyrazole compound, applied as
a pour-on to cattle infested with B. microplus and
confined in an open-sided barn, had a therapeutic
efficacy greater than 99% and a similar degree of
persistent protection against larval reinfestation for
eight weeks after the treatment was applied (Davey
et al. 1998). Under field conditions with exposure to
sunlight and weather, the high degree of persistent
efficacy of a single pour-on treatment of fipronil on
cattle was reduced by two to three weeks (Davey
et al. 1999). Fipronil is available for the control of
ticks in several countries in Latin America, but it has
not been registered in the US and some other
countries for use on food animals.

Fluazuron, a benzoyl phenyl urea, inhibits chitin
formation in B. microplus. Most of the benzoyl phe-
nyl ureas including diflubenzuron, lufenuron and
flufenoxuron are effective against a wide variety of
insects, but fluazuron is an exception and it is effi-
cacious against ticks and some mite species (Taylor,
2001). The adverse consequences for ticks on cattle
treated with a pour-on of this acaricide are the re-
duction of the fecundity and fertility of engorged
females to near zero, and mortality of immature ticks
because they are unable to moult to the next instar.
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Efficacy of fluazuron persists for approximately
twelve weeks. Because of its characteristic of binding
to fat, fluazuron is excreted in milk and it is un-
necessary to treat suckling calves. Because of the
persistence of residues in fat, it is necessary to
withhold treated cattle from human consumption for
six weeks (Bull et al. 1996).

Spinosad represents a new class of pesticides, the
spinosyns. Spinosad is a fermentation metabolite
of the actinomycete Saccharopolyspora spinosa and
has a unique mode of action that involves disruption
of the binding of acetylcholine in nicotinic acetyl-
choline receptors at the postsynaptic cell (Ware,
2000). Spinosad provides about 90% control of B.
microplus on cattle infested with all three parasitic
stages at the time of treatment. Efficacy is greater
against nymphal and larval ticks than adults. The
product provides excellent persistent efficacy against
larval re-infestations of treated cattle for two weeks
post-treatment (Davey, George & Snyder, 2001).
Spinosad’s unique mode of action qualifies it as an
alternative acaricide to consider for the control of
B. microplus that are resistant to other chemicals.

APPLICATIONS OF ACARICIDES TO CATTLE

Traditional methods for the delivery of an acaricide
treatment to cattle to control ticks required formu-
lation of the acaricide into a form such as an emul-
sifiable concentrate, wettable powder or flowable
product that could be diluted in water and applied to
cattle with a hand sprayer, spray race or through im-
mersion of animals in a dipping vat. More recently,
treatment possibilities include the use of pour-on
products, injectables, an intraruminal bolus, acari-
cide-impregnated ear tags and pheromone/acaricide-
impregnated devices attached in different ways to
the host. The effectiveness of an acaricide applied to
cattle for the control of ticks depends not only on the
degree of toxicity of a chemical, but on the quality,
quantity and degree of dispersal of active ingredient
deposited on cattle or delivered internally. Whatever
the treatment method, adherence to procedures de-
veloped by the manufacturer is essential for maxi-
mizing the degree of tick control that will occur.

A century of experience with dipping vats has
provided solutions to many problems that confound
the success of cattle dipping operations. A variety of
factors that include: the nature of the formulation;
the degree of vat fouling from hair, manure, and soil;
and the tendency of a product in a dipping vat to
strip (i.e. when the concentration of acaricide in the
fluid draining from an animal is less than the con-
centration of active ingredient in the fluid used in
treatment) influence the quantity and quality of ac-
tive ingredient a treatment delivers to the target
animal (Schnitzerling & Walker, 1985). To prevent
degradation of amitraz in a dipping vat, a pH of ap-
proximately 12 must be maintained (Stanford et al.
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1981; George et al. 1998). Degradation of couma-
phos in a dipping vat to potasan, with its greater oral
toxicity to cattle, may occur in fouled dipping vats
unless the vats are kept acidified to a pH <5-5 to
prevent blooms of anaerobic bacteria (Davey et al.
1995). Historically, most treatments of cattle with
acaricides required application methods that en-
sured the thorough wetting of the surfaces of an
animal with water containing the diluted acaricide
formulations. Devices such as hand-held sprayers,
spray races or dipping vats were used as means to
deliver treatments to cattle. Spray races were gen-
erally less effective because of the tendency of ticks
to survive on the ears and necks of sprayed animals
(Wharton et al. 1970). Regardless of the method of
acaricide application, a variety of operational factors
such a failure to stir a vat properly after it sits unused
for a time, lack of attention to details for replenishing
acaricide solutions in a dipping vat, permitting rain
to dilute the contents of a vat, and failure to apply
sufficient spray to completely wet animals are some
common problems that minimize the quality of tick
control on cattle.

Acaricides such as flumethrin, the macrocyclic
lactones, fipronil and fluazuron have physical and
chemical attributes that enable their formulation as
products that can be delivered to the host as a pour-
on (Stendel, 1985; Muniz et al. 1995; Bull et al.
1996; Davey et al. 1998; Davey & George, 2002). A
pour-on product is an effective tool for treating small
numbers of cattle, but it can also be used to treat
large herds. Factors such as cost and resistance of
ticks to other acaricides may influence a producer’s
decision to use a pour-on. Macrocyclic lactone pro-
ducts applied as pour-ons have lower efficacy and are
less persistent than flumethrin, fipronil or fluazuron
pour-on formulations. Injectable treatments with
macrocyclic lactones are more efficacious than treat-
ments with many pour-ons, but the risk of spreading
a disease agent within a herd of cattle by contami-
nated needles must be considered when electing to
use this method (Gonzales et al. 1993; Remington
et al. 1997, Caproni et al. 1998). The perceived value
of persistence in terms of a reduction in the fre-
quency and number of treatments needed to sustain
tick control should be weighed against the selection
pressure for resistance associated with the declining
concentration of residual acaricide.

The costs and inconvenience of mustering cattle
regularly for treatments with a parasiticide stimu-
lated research to develop methods for sustaining the
delivery of a chemical and extending the duration
that control from a single treatment is maintained.
The organophosphate systemic insecticide famphur
was used in an early unsuccessful effort to develop a
practical intraruminal bolus for the control of ticks
(Teel, Hair & Stratton, 1979). Four to five boluses
releasing 304 mg of active ingredient/bolus/day were
required in 180 kg calves to provide the serum levels
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of 7 mg/kg/day of famphur needed to control Am-
blyomma maculatum and A. americanum. In calves,
ivermectin is delivered at a rate of 40 ug/kg/day by
a prototype of the IVOMEC® SR Bolus, which
is designed to function as a mini-osmotic pump.
A single one of these boluses in a 168-268 kg calf
delivered 12 mg of ivermectin daily for approxi-
mately 90 days providing a minimum dose of 40 ug/
kg/day. The treatment reduced engorgement success
of female B. decoloratus, Hyalomma spp., R. appen-
diculatus and R. evertsi evertsi by >99, 91, 95 and
83 %, respectively (Soll et al. 1990). In a trial in South
Texas against B. annulatus on calves weighing ap-
proximately 200 kg, the degree of control from treat-
ment with a single IVOMEC SR Bolus was <30%.
Two boluses/calf provided complete control of en-
gorging females for the 20-week trial (Miller, J. A.
et al. 2001). However, the cost of a sufficient number
of boluses to treat adult cattle could be prohibitive.
A bioabsorbable, injectable microsphere formulation
containing ivermectin in a poly (lactide-co-glycolide)
copolymer was used to control ticks on calves kept
in a pasture infested with B. annulatus. Untreated
calves maintained in tick-infested pastures remained
heavily infested, but the ivermectin microsphere
treatment controlled the ticks on the calves and
eradicated the infestation in the treatment pasture
within 12 to 15 weeks (Miller, J. A. et al. 1999).

An acaricide-impregnated ear tag placed in each
ear of cattle provided a high degree of control of R.
appendiculatus for up to 160 days after application.
Active ingredients in the nine different tags that were
tested included the organophosphate propetamphos,
several pyrethroids, amitraz and an amitraz + per-
methrin tag that provided 100 % control for the 160
days of one trial. The ear tags had limited efficacy
against species such as B. decoloratus, A. variegatum
and R. evertsi evertsi (Young, de Castro & Kiza-Auru,
1985). The cost of tags and the limited protection
they offer against ticks other than R. appendiculatus
minimized the likelihood that ear tags would replace
other treatment methods in Africa (Rechav, 1987).

Amblyomma variegatum and A. hebraeum are ex-
amples of tick species whose unfed nymphs, males
and females are attracted to hosts infested by feeding
male ticks, and then these ticks aggregate at specific
sites on the host where the feeding males are at-
tached. By combining the components of attraction-
aggregation-attachment pheromones in a poly-
vinylchloride matrix with a pyrethroid acaricide and
stabilizers a ‘tail-tag decoy’ was created (Norval et al.
1996). The experimental design to evaluate this tech-
nology for the control of ticks on cattle in Zimbabwe
included treatments with a pheromone+acaricide
tail-tag, a pheromone only tail-tag, or untreated con-
trols, but not an acaricide only tail-tag treatment.
When the tail-tag decoys were attached to cattle on
pastures infested with A. hebraeum, R. evertsi evertsi,
R. zambeziensis and Hyalomma spp., the percentage
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control of adult 4. hebraeum was 95% on animals
treated with tags impregnated with pheromone+
cyfluthrin. On animals treated with tail-tag decoys
containing pheromone + flumethrin, control of adult
A. hebraeum was 87-5%. ‘Moderate’ (40 to 75%)
control of the other species also resulted from the tail
tags. During twelve-week trials in Zimbabwe, effi-
cacy persisted and retention of tags was ‘excellent,’
but progressive loss of pheromone was considered
to be a factor that limited the useful life of the tags
to approximately three months. Unfortunately, the
Norval et al. (1996) experiment did not include data
from a treatment with tail tags containing acaricides
only to provide a basis for partitioning the effects of
the pheromones and acaricides on either therapeutic
or persistent efficacy. It is possible that the degrees
of control they observed were not influenced by the
pheromone, but were due entirely to the acaricide in
the tail-tag decoys. The numbers of 4. hebraeum on
cattle treated with a pheromone only tail-tag were
not significantly different than the numbers of ticks
on untreated cattle. In a subsequent 13-week trial
with the pheromone + acaricide tag technology used
on cattle in Guadeloupe, efficacy against A. var-
tegatum was determined for treatments with pher-
omone + cyfluthrin, cyfluthrin only, pheromone+
deltamethrin, and deltamethrin only tags attached
both to the tail and on collars on different groups of
cattle. Results produced evidence that the pher-
omone +acaricide combination treatments were no
more efficacious than the acaricide only treatments.
The degrees of control obtained with pheromone +
cyfluthrin tags or pheromone + deltamethrin tags vs.
tags containing the complimentary acaricide only
were similar, 87 % (pheromone + cyfluthrin) vs. 86 %
(cyfluthrin only) with cyfluthrin and 92% (pher-
omone + deltamethrin) vs. 97 % (deltamethrin only)
with deltamethrin (Allan et al. 1998).

STRATEGIES FOR THE CONTROL OF TICKS
ON CATTLE

The primary interest of cattle-producers in a strat-
egy for the control of ticks on their livestock is likely
to be one of profitability although motives for cattle
production among small-scale farmers may be dif-
ferent. Assessments of the cost per animal of a con-
trol strategy reduced to a comparison of the cost of
damage vs. the cost of implementation of a particular
control strategy would be expected to indicate the
net economic benefit for a producer. How to deter-
mine which approach to tick control fits a particular
situation and is likely to enhance a producer’s in-
come is not a simple problem to resolve. In Australia,
through the use of a combination of information
from models and data from studies of cattle, an ap-
proach for developing control policy guidelines was
created (Sutherst et al. 1979). How to use research
information and models to create practical solutions
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for actual problems was the basis for further research
that resulted in a set of recommendations for tick-
control strategies (Norton, Sutherst & Maywald,
1983). Management options were considered in a
context of climate and impact of a component of an
integrated tick control strategy on a particular phase
of the life cycle of B. microplus. Potential elements of
integrated tick control approaches consist of the
following options: (1) increase the level of host re-
sistance to ticks in herds by stocking pastures with
cattle with high levels of heritable resistance to ticks;
(2) employ prophylactic dipping, dipping in response
to economic thresholds, or opportunistic dipping
when guidelines suggest a particular approach is
appropriate; and (3) reduce the host-finding rate of
ticks by changing host density or by pasture spelling
(i.e. removing animals from a pasture to deny unfed
ticks an opportunity for contact with a host).

The excellent research and resulting synthesis of
guidelines on tick-control by Sutherst et al. (1979)
and Norton et al. (1983) is cited in the scientific litera-
ture (George, 1990; Nolan, 1990; Sangster, 2001) as
a basis for programmes for B. microplus control, but
it has not been adapted and recast as they intended in
a practical form, such as an expert system that pro-
ducers or advisors could use to prescribe a strategy
to fit the needs and production goals of a specific
producer. Also, the Norton et al. (1983) re-
commendations relate primarily to the control of B.
microplus in Australia, and while the principles have
widespread applicability, options are needed to cov-
er situations where more than one tick species, in-
cluding multi-host species, is the target. Of course,
any rational strategy for the control of ticks affecting
cattle must feature approaches to prevent rapid selec-
tion for resistance to acaricides (Sutherst & Comins,
1979, Nolan, 1990). The need for technology trans-
fer is clear. A programme in Australia to educate
dairy farmers and encourage them to adopt sound
tick control programmes (Jonsson, 1997; Jonsson &
Matschoss, 1998) is an excellent example of the kind
of effort needed to help producers with problems of
controlling ticks.

RESISTANCE OF TICKS TO ACARICIDES

Since the first report of the development of resist-
ance of B. microplus to arsenic in Australia in 1937
(Newton, 1967) and B. decoloratus in South Africa in
1939 (Whitehead, 1958), the progressive evolution
of resistance of ticks affecting cattle to almost all of
the available acaricides has frustrated the efforts
of cattle producers to manage ticks and tick-borne
diseases affecting their animals. The history of the
resistance of ticks to acaricides parallels, with a
relatively few years of delay, the introduction of new
acaricide products representing several different
classes of chemicals. Wharton & Roulston (1970),
Solomon (1983) and Kunz & Kemp (1994) provided
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Table 1. An overview of occurrences of acaricide resistance in species of ticks that parasitize cattle®

Chemical (& date introduced) Species

Location

Arsenic (1893) Boophilus microplus

B. decoloratus

Amblyomma hebraeum
A. variegatum

Hyalomma rufipes, H. truncatum
Rhipicephalus appendiculatus

R. evertsi
DDT (1946)

B. microplus

B. decoloratus

Cyclodienes & Toxaphene (1947)  B. microplus

B. decoloratus

Amblyomma hebraeum
A. variegatum
H. marginatum

H. rufipes, H. truncatum
Rhipicephalus appendiculatus

R. evertsi

Organophosphorus — Carbamate B. microplus

group (1955)

Amblyomma hebraeum
A. variegatum
B. decoloratus

Rhipicephalus appendiculatus

R. evertsi

Formamidines (1975) B. microplus

Boophilus spp.
Pyrethroids (1977)

B. microplus

B. decoloratus

Macrocyclic lactones (1981) B. microplus

Australia, 1936; Argentina, 1936; Brazil,
1948 ; Colombia, 1948; Uruguay, 1953;
Venezuela, 1966

South Africa, 1937; Kenya, 1953;
Zimbabwe, 1963 ; Malawi, 1969

S. Africa, 1975

Zambia, 1975

S. Africa, 1975

S. Africa, 1975

Argentina, 1953 ; Brazil, 1953; Australia,
1953; Venezuela, 1966; S. Africa, 1979

S. Africa, 1954

Australia, 1953; Argentina, 1953; Brazil,
1953; Venezuela, 1966; Colombia, 1966;
S. Africa, 1979

S. Africa, 1948 ; Kenya, 1964 ; Zimbabwe,
1969; Uganda, 1970

S. Africa, 1975

Kenya, 1979

Spain, 1967

S. Africa, 1975

S. Africa, 1964 ; Zimbabwe, 1966; Kenya,
1968; Tanzania, 1971

S. Africa, 1959; Kenya, 1964 ; Zimbabwe,
1966; Tanzania, 1970

Australia, 1963; Argentina, 1964; Brazil, 1963;
Colombia, 1967; Venezuela, 1967; S. Africa,
1979; Uruguay, 1983; Mexico, 1986

S. Africa, 1975

Tanzania, 1973; Kenya, 1979

S. Africa, 1966; Zambia, 1976

S. Africa, 1975

S. Africa, 1975

Australia, 1981; Brazil, 1995; Colombia,
2000; Mexico, 2002

S. Africa, 1997

Australia, 1978; Brazil, 1989; Mexico,
1994 ; Venezuela, 1995; Colombia, 1997,
Argentina, 2000

S. Africa, 1987

Brazil, 2001

? Compiled from data in Wharton (1976), Solomon (1983), Aguirre, J. et al. (1986), Ortiz, Santamaria & Fragoso (1994),
Coronado (1995), Martins et al. (1995), Romero et al. (1997), Strydom & Peter (1999), Aguirre, D. H. et al. (2000),
Benavides, Rodriquez & Romero (2000), Martins & Furlong (2001) and Soberanes et al. (2002).

reviews of the problem and its impact. Selected re-
cords of the geographic distribution and the year of
documentation of acaricide resistance in populations
of tick species important as parasites of cattle are
presented in Table 1.

Because resistance has progressively eliminated or
limited the use of arsenic, chlorinated hydrocarbons,
organophosphates, carbamates and pyrethroids, the
eventual effect of acaricide resistance on the useful
life of the remaining acaricides has been a topic of
great concern and much discussion (Nari & Hansen,
1999). Predictably, the spectrum of chemical groups
to which ticks have evolved resistance continues
to broaden. Resistance to amitraz was first detected

in Australia 1981 when populations of the ‘Ulam’
amitraz-resistant strain were identified in a few
widely spread locations in the country (Nolan, 1981).
Identification of the ‘Ultimo’ strain in Australia in
1992 with its co-resistance to amitraz and all avail-
able pyrethroids did not represent a great immediate
threat, because its distribution remained limited
for several years. By 1999 the spread of the Ultimo
strain had accelerated, and its presence at over 50
locations had been diagnosed (Kemp et al. 1999;
Kunz & Kemp, 1994). More recently there have
been reports of amitraz resistance in populations of
Boophilus spp. in South Africa (Strydom & Peter,
1999) and B. mucroplus in Brazil (Furlong, 1999),



F- E. George, ¥. M. Pound and R. B. Davey

Colombia (Benavides, Rodriguez & Romero, 2000)
and Mexico (Soberanes et al. 2002). Macrocyclic
lactone resistance of B. microplus in Brazil to dor-
amectin with cross-resistance to ivermectin (another
avermectin) and moxidectin (a milbemycin) was re-
ported in ticks from one farm. The widespread use
of macrocyclic lactone products for parasite control
and limited choices of alternative acaricides has
caused concern that macrocyclic lactone resistance
will become a major problem (Martins & Furlong,
2001). The emergence of resistance in both single-
and multi-host ticks in Africa to a variety of acari-
cides and of B. microplus in Latin America and
Australia to the organophosphate, pyrethroid, for-
mamidine and macrocyclic lactone acaricides does
not, of course, mean that none of the products
containing these kinds of active ingredients have
any further value. Tick populations susceptible to a
variety of acaricides exist and can be controlled, but
it is more critical than ever to use existing and im-
proved diagnostic tools to determine where products
are still useful and to employ tick control strategies
that minimize the rate of selection for resistance.

DIAGNOSIS OF RESISTANCE IN TICKS

A variety of bioassay methods has been developed
for assessing the susceptibility of ticks to acaricides,
but the ones used most often for tests with organo-
phosphates-carbamates and pyrethroids are the
larval packet test (LPT), the larval immersion test
(LIT) and the Drummond test (DT) (Kemp et al.
1998). The LPT can also be used for bioassays of
fipronil (Miller, R. J. et al. 2001). The LPT was
recommended by the Food and Agricultural Or-
ganization of the United Nations (FAO) for use as
a standard tick bioassay method, but it has not
been adopted worldwide. Until recently, satisfactory
methods for measuring the susceptibility of ticks to
amitraz and macrocyclic lactones were unavailable.
A modified LPT that involved the use of formulated
amitraz and a nylon fibre substrate instead of filter
paper has been used successfully to determine dose-
mortality relationships of susceptible and amitraz-
resistant strains of B. microplus (Miller, Davey &
George, 2002). Comparisons of the LPT, LIT and
an adult immersion test (AI'T) for determining L.C;,
and discriminating doses for macrocyclic lactones
against B. microplus indicated that the LIT and AIT
were likely to provide the most consistent results
with all of the macrocyclic lactones (Sabatini et al.
2001). Evaluation of the bioassays for amitraz and
the macrocyclic lactones by personnel at a variety of
laboratories is needed to confirm their utility. The
lapse of time between the identification of a resist-
ance problem and the availability of results from
bioassays is a major problem with most existing
bioassays. With a one-host tick, such as B. microplus,
a minimum of about 35 days is required after en-
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gorged females are collected and larvae of the ap-
propriate age (7—14 days) are available for testing. If
a multi-host tick species is involved, it may require
much longer to obtain sufficient numbers of ticks
of uniform age to do an analysis. With the AIT test
of Sabatini et al. (2001) results can be available in
10 days if a sufficiently large sample of engorged
females can be collected from untreated cattle. The
difficulty of obtaining the number of engorged fe-
males needed for a reliable analysis is likely to limit
the value of the AI'T for rapid resistance diagnosis
except in cases were the frequency of resistant ticks
is high enough to minimize the risk of a diagnostic
error related to an inadequate sample size.

The need for methods to overcome the limitations
of conventional bioassay techniques for resistance
diagnosis has stimulated investigations of the poten-
tial usefulness of molecular methods. Unique ad-
vantages of molecular techniques for diagnosis of
resistance are that they are highly specific and sen-
sitive with small quantities of DNA (Sangster et al.
2002). As alternatives to bioassay methods for diag-
nosis of acaricide resistance in ticks, molecular
methods also offer the possibility of obtaining results
in one or two days ws. weeks with conventional
methods. Sangster et al. (2002) observed that, in spite
of the benefits, there are also potential drawbacks
with molecular diagnosis, including: (1) tests require
detailed knowledge of resistance mechanisms at the
molecular level; (2) the identified mechanism must
be the predominant one in the field; (3) molecular
tests may not be appropriate for all resistance mech-
anisms; (4) ideally, they need to be offered as a
battery of tests so resistance to several available
drugs can be measured simultaneously; and (5) PCR
technology is relatively complex. One recent effort to
determine the molecular basis of OP resistance in B.
microplus populations in Australia resulted in the
isolation of the cDNA of acetylcholinesterase from
susceptible and resistant strains. Unfortunately, no
point mutations that could have explained the gen-
etic basis of the target site resistance mechanism and
provided a means for making a PCR-based diag-
nostic tool were detected (Baxter & Barker, 1998). A
point mutation in an esterase gene was identified in a
pyrethroid-resistant B. microplus strain from Mexico
(Hernandez et al. 2000), but further research
(Guerrero, Li & Hernandez, 2002) found that the
occurrence of resistance was not associated with the
presence of the mutation. In a different pyrethroid-
resistant strain of B. microplus from Mexico with a
target site resistance mechanism, a point mutation
was identified in the para-type sodium channel gene
(He et al. 1999). A PCR diagnostic assay that was
created to detect the mutation proved useful for
identification of the genotype of ticks with resistance
conferred by the mutation of the sodium channel
gene (Guerrero et al. 2002) and will be tested in the
field. Whether molecular methods for diagnosis of
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resistance of ticks to acaricides will provide practical
alternatives to conventional techniques is a question
that requires considerably more research to deter-
mine the molecular basis of the multiple forms of
resistance that exist, the creation of new diagnostic
methods and tests of their sensitivity, specificity, and
utility in the field.

Sensitive, reliable diagnostic methods are essential
for: (1) recognizing if acaricide resistance is the
cause of a tick control failure; (2) determining which
acaricide is a suitable alternative to a product when it
fails; (3) investigating the epidemiology of resist-
ance; (4) developing control strategies that minimize
the rate of selection of resistance genotypes; and (5)
developing new acaricides. Often, diagnostic services
in a country document the occurrence of resistance
of ticks to acaricides and provide some information
of the distribution and prevalence of various forms
of resistance. Diagnostic laboratories are unlikely to
have facilities, finances and staff needed to respond
in a timely fashion to the requests of all producers
for assistance or to provide more than general in-
formation about the geographic distribution of a
problem. A major consequence of the lack of ad-
equate information is likely to be poor decisions by
producers about which acaricide would be useful
to them. After resistance of B. microplus to organo-
phosphates was diagnosed in Mexico, the Federal
Government allowed pyrethroid products on the
market for the first time and their use quickly be-
came common. Many producers switched to a pyr-
ethroid acaricide even though there was no evidence
of resistance of the ticks on their cattle to organo-
phosphates (Fragoso et al. 1995). Even if the ticks
affecting an individual producer’s herd are deter-
mined to be resistant to one or more acaricides, it
is not possible to relate the degree of resistance in-
dicated by a bioassay to the degree of control expec-
ted from proper use of an acaricide. Also, the limited
availability and quality of advice on suitable alter-
native acaricides and strategies for their use hinders
implementation of effective responses to problems.

MITIGATION OF RESISTANCE TO TICKS

It is unlikely that it will be possible to prevent the
evolution of resistance in tick control programmes,
which feature the use of acaricides. However, there
are options for slowing the rate of selection for re-
sistant individuals and there are a few options that
may be used when resistance renders an acaricide
ineffective (Nolan, 1990).

The most important fundamental to consider in
the design of any control programme is to reduce
the number of pesticide treatments to a minimum
(Roush, 1993). Sutherst & Comins (1979) made
several practical suggestions about resistance man-
agement and the use of acaricides: (1) The cost of
managing resistant tick populations makes acaricide
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treatments more expensive and raises the costs of a
control programme. Consider financial benefits de-
rived from ignoring light infestations and employing
alternative management practices including the use
of tick-resistant breeds of cattle or pasture rotation.
(2) Decrease acaricide use by increasing the control
threshold for initiating control of the spring to au-
tumn generations of ticks. (3) Avoid any unnecessary
dipping because the long-term consequences of
acaricide treatments are more expensive than the
short-term gains. (4) Reduce the adverse effects of
disseminating resistant strains of ticks through re-
gional cooperation to impose controls on the move-
ment of cattle. T'o avoid contact of ticks with cattle
having low concentrations of residual acaricide on
them, Sutherst & Comins (1979) also encouraged
treating at three-week intervals, especially during
the spring or early summer when a large proportion
of the tick population is in the parasitic stage. Nolan
(1990) emphasized, ‘Undue reliance on the illusory
economic benefits of residual persistence is impli-
cated as one of the major factors contributing to
the early demise of several effective acaricides.’
Economic considerations of controlling acaricide-
resistant ticks may force producers to be more open
to the advantages of using host-resistance as a major
tool in reducing the number of times they treat with
acaricides (Jonsson, 1997).

Maintenance of biosecurity of premises and herds
is an ongoing process that should be a routine part
of a cattle producer’s efforts to minimize adverse
impacts of acaricide resistant ticks on his or her
operation. By insuring that new cattle introduced
to a farm or ranch are quarantined, treated with an
acaricide and free of ticks before they are turned out
to pasture, the risk of introducing a new strain
of resistant ticks will be minimized (Sutherst &
Comins, 1979; Jonsson & Matschoss, 1998). Unfor-
tunately, a neighbour whose property is adjacent can
compromise efforts to maintain good biosecurity.
The early restricted distribution of amitraz-resistant
B.microplus strains in Australia may have been due in
part to circumstances that limited the dissemination
of resistant ticks on cattle moved for various reasons
from the affected farms (Kunz & Kemp, 1994).

The concentration or dose used to control ticks is
another operational decision considered important
in the selection of individuals with resistance geno-
types (Georghiou & Taylor, 1977; Sutherst &
Comins, 1979). Theoretically, the use of a high
dose when homozygous-resistant individuals are rare
would keep their frequency low by removing the
more susceptible heterozygous-resistant individuals
from the population. While the theoretical basis of
the high-dose strategy is sound, the strategy has limi-
tations when applied to the control of pesticide-
resistant populations (Roush, 1993). The deficiencies
of the high-dose tactic are, according to Roush
(1993): economic and environmental limitations on
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the doses needed; the difficulty of maintaining doses
high enough to kill heterozygotes; the deleterious
effect of pesticide residues on inward migration of
susceptible insects; and the difficulty of maintaining
an untreated source for immigrants. Roush (1993)
also observed that perhaps one of the greatest flaws
of the high-dose strategy is that the dose needed to
kill resistant heterozygotes is unknown because the
strategy must be applied when the resistance allele
frequency is less than 1072, and it is improbable that
this knowledge would be available. A practical limi-
tation on the possible use of a high dose strategy is
the restriction related to the approved (registered)
dose for a product. There might be a special situ-
ation, such as the official dipping of cattle from
Mexico in 3000 ppm coumaphos as a high dose
strategy to protect against OP-resistant B. microplus
before exportation of the animals to the US, where a
high concentration of acaricide might be approved.
Even if animal and human safety and environmental
issues were not limiting factors for approval of high
doses of an acaricide, the higher cost of such a pro-
duct for general use would probably confer a com-
petitive disadvantage in the market place. In relation
to the use of a low-dose strategy, Roush (1993) re-
ferred to the ‘persistent myth that resistance can be
managed by low doses.” Generally, it would not be
acceptable or practical to use a strategy that allows a
large proportion of the treated individuals to survive
to delay the emergence of resistance.

‘Rotation’ is a term applied to a treatment strategy
that alternates the use over time of two or more
chemicals with differing modes of action and no po-
tential for cross-resistance (Riddles & Nolan, 1986;
Tabashnik, 1990; Roush 1993). The rotation scheme
assumes that the frequency of individuals in the
population with resistance to one acaricide will de-
cline during the time the alternate chemical is used.
Any decline in the frequency of ticks with resistance
genotypes to one of the acaricides depends on a rela-
tively lower degree of fitness of resistant individuals
to the alternate acaricide (Tabashnik, 1990). Even
though rotation may offer a theoretical advantage in
models or laboratory experiments, the tactic must be
evaluated in the field, and results can be expected to
vary depending on the fitness and mode of inheri-
tance of a particular form of resistance.

The use of mixtures of acaricides to reduce the
rate of evolution of acaricide resistance is based on
the assumptions that resistance to each acaricide is
monogenic; there is no potential for cross-resistance;
each acaricide is equally persistent; resistant indi-
viduals are rare; and that some of the population
remains untreated (Tabashnik, 1990). Also, mix-
tures and the components of formulations must be
compatible and the product must not be toxic to the
host (Kemp et al. 1998). Although simulations with
the application of mixtures suggested their poten-
tial value (Sutherst & Comins, 1979) and several
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products containing mixtures are on the market,
published scientific evidence from field trials of their
efficacy and value in the mitigation of resistance of
ticks to acaricides is lacking.

Possible countermeasures to exercise once resist-
ance has emerged are limited to attempting to use
the acaricide to which resistance has been diagnosed
or selecting a new acaricide from a group of chemi-
cals unaffected by the resistance problem (Nolan,
1990). Nolan identified three possibilities to consider
if a lack of suitable alternative acaricides favours an
effort to continue use of the affected chemical. In-
creasing the concentration of the acaricide is a tactic
that was employed to extend the use of organophos-
phates in Australia and it could succeed elsewhere.
Toxicity to the host and cost are factors that should
be considered. The addition of a synergist to the for-
mulation of an acaricide would have potential value
if the resistance mechanism in target tick population
was known to be detoxification (Nolan & Schnitzer-
ling, 1986). Eradication of the resistant alleles is a
possibility if the populations of the resistant ticks
are not widespread. It would be necessary to impose
strict quarantines and to trace recent movements of
cattle from affected premises to ensure that the prob-
lem was contained and could be eradicated. If the
choice is to select another acaricide, it is obvious that
care must be taken to select a product with a mech-
anism of action that will not be overcome by the re-
sistance mechanism in the ticks against which it will
be used. It is important to determine the areas where
an acaricide rendered ineffective in some locations
by resistance is still effective.

CONCLUSIONS

The evolution of resistance to the majority of the
groups of chemicals on the market used to control
ticks on cattle and the development of few new pro-
ducts has clouded the future for the chemical control
of ticks. Our current problems should force an
analysis of the usefulness of available information on
tick control and resistance mitigation; how we are
applying the technology available for moderating the
adverse impacts of tick and tick-borne diseases on
beef and dairy operations; and what is needed to help
extend the useful life of existing acaricides. First, we
need to recognize that basic principles for profitable,
well-reasoned tick control/resistance mitigation pro-
grammes were developed two decades ago (Sutherst
& Comins, 1979; Norton et al. 1983) and have been
cited repeatedly in reviews such as this one. The tick
vaccines TickGARDvS and Gavac are on the
market, and knowledge of the value of tick-resistant
breeds of cattle has increased (Sangster, 2001), but the
principles have not changed. Unfortunately, much
of the recent literature documents the problems but
provides little evidence of systematic attempts to
help producers resolve them. The work by Jonsson
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(1997) and Jonsson & Matschoss (1998) to determine
the attitudes and approaches of dairy farmers in
Australia to the problem of tick control and to
identify possibilities and obstacles to the use of new
methods are models of efforts to help a group of
producers improve their approach to tick control.
Farmers and ranchers are unlikely to change the way
they manage their cattle and parasite problems un-
less they see convincing evidence that a new ap-
proach will confer an economic advantage. They
will be most interested in short-term benefits, but
they need convincing evidence of the potential for
positive long-term outcomes. We have knowledge of
the tools available for tick control, but need practical
research involving work with producers to under-
stand the most efficacious, cost-effective combi-
nations, how to adapt strategies to specific kinds of
cattle operations, and to determine net costs and
profits. Such research should lead to the creation of
literature and programmes to educate producers and
help them make changes in control programmes that
will benefit them and help preserve the remaining
acaricides. Policy makers and regulatory authorities,
especially in less developed countries, need to be well
informed about problems relating not only to acari-
cide usage and management, but also to questions
pertaining to standards for registration, labeling, and
marketing acaricides and other pesticides.
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