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ABSTRACT

Acaricide resistance tests were conducted on 14-21 days
old larvae of Rhipicephalus appendiculatus Neumann, Amblyomma
variegatum (Fabricius) and Boophilus decoloratus (Koch), using
the Food and Agriculture Organization (FAO) Acaricide Resistance
Test Kit, and acaricide test papers prepared locally according
to the FAO method. Engorged female ticks for larval production
were collected from different localities in the Southern and
Central (including Lusaka) Provinces of Zambia. The lowest
LC50 (%) values obtained from sets of data for each tick species
were used to calculate resistance factors (RF).

The range of LC50(%) wvalues for R. appendiculatus and for
B. decoloratus in brackets using the FAO Kit were: cypermethrin,
0.025-0.30 (0.03-0.045), coumaphos, 0.13-0.60, dioxathion, 0.20-
0.60 (0.35-0.60), diazinon, 0.03-0.13 (0.015-0.06) and dieldrin,
0.08-0.30. For local papers values were: cypermethrin, 0.026-
0.260 (0.012-0.056), chlorfenvinphos, 0.02-0.08 (0.012-0.12),
dioxathion, 0.062-0.47 (0.03-0.50) and deltamethrin, 0.005-0.015
(0.004-0.011). For A. variegatum values with the FAO Kit and
values with local papers in brackets were: dioxathion, 0.15-0.26
(0.032-0.32), cypermethrin, 0.03-0.082 (0.01-0.084), dieldrin,
0.05-0.32 and chlorfenvinphos (0.011-0.052). These results
indicated that cattle ticks in the Southern and Central Provinces
of Zzambia are developing resistance to acaricides. B. decoloratus
in the commercial sector and R. appendiculatus in the traditional
sector showed resistance to a number of acaricides whereas

Amblyomma variegatum showed resistance to dieldrin and



xv

dioxathion. Boophilus decoloratus from the traditional sector
were however, relatively susceptible. The observed pattern of
resistance is attributed to a number of factors such as the
frequency of acaricide application, cattle management and type
of cattle and other agricultural and ecological factors.

Although cypermethrin and dioxathion were the only
acaricides which were both in the FAO Kit and locally prepared
test papers, results obtained showed some agreements between the
two types of test papers. From the results, it is possible to
identify resistance using local papers on the same lines as would
be with the FAO papers.

Since chemical control of ticks is the most practical method
of controlling ticks and tick-borne diseases in Zambia, the usage
of acaricides should be carefully monitored to avoid development
of multiple resistance in tick populations. Although 1locally
prepared papers have their limitations, it is important to note
that they may be a useful tool in enabling economically poor
countries like Zambia to detect early resistance in ticks in the
absence of the standardised FAO Resistance Test Kit. An
integrated approach to tick control involving 1less use of

acaricides is discussed.
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1. INTRODUCTION

1.1 Ticks and tick-borne diseases of cattle in Zambia

In Zambia, cattle with an estimated total population of 2.6
million in 1987 (Department of Veterinary and Tsetse Control
Services (DVTCS), 1987 unpublished report), form the major part
of the livestock industry. The development and productivity of
the cattle industry in Zambia is constrained by the presence of
ticks and tick-borne diseases.

Theileriosis which includes East Coast fever (ECF) and
Corridor disease (CD) caused by Theileria parva, (Theiler), T.
lawrencei, (Neitz, 1955) or T. parva lawrencei, (Uilernberg,
1976, cited by Maritim et al., 1992) respectively, and
transmitted mainly by the ixodid tick Rhipicephalus
appendiculatus, are diseases of major concern in the Southern
Province and in some parts of the Central (including Lusaka)
Province (Corridor disease), Eastern and Northern Provinces
(ECF). According to Dolan (1988), the recommended nomenclature
for T. parva and T. parva lawrencei is T. parva "cattle derived"
or "buffallo derived", respectively.

Other tick-borne diseases namely, Heartwater or cowdriosis,
a rickettsial disease caused by Cowdria ruminantium, Cowdry,
transmitted by Amblyomma variegatum, babesiosis and anaplasmosis
caused by Babesia (Babesia bigemina) and Anaplasma organisms
(Anaplasma mérginale), respectively and transmitted by Boophilus

decoloratus also lower productivity and cause deaths in cattle

in Zambia.
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1.1.1 East Coast fever (ECF)/Corridor disease (CD)

According to Irvin and Cunningham (1981), East Coast fever
is a disease of cattle and the closely-related buffalo species
Syncerus caffer and Bubalus bubalis. The disease occurs in large
areas of East Africa, particularly in Uganda, Kenya, Tanzania,
Rwanda and Burundi and also is known to occur in Zambia, Zaire
and Malawi.

According to Soulsby (1982), ECF causes high mortality in
susceptible stock. Mortality in recently imported stock may reach
90-100%. Corridor disease 1is highly pathogenic for cattle,
mortality may reach 80% and above. The African buffalo is highly
resistant to the disease and serves as a reservoir for the
infection. Calf mortality of 5-10% may be expected in Zebu cattle
(Bos indicus) in ECF enzootic areas. When adult Zebu cattle are
introduced from a non enzootic area, high mortality is expected.
East Coast fever/Corridor disease is characterised by lymphoid
hyperplasia followed by the exhaustion of the lymphoid tissues

and leucopenia.

1.1.2 Heartwater

Heartwater, an acute rickettsial disease of ruminants in
Africa, south of the Sahara, is one of the causes of deaths in
imported (Bos taurus) and improved (B. taurus X local breeds)
cattle (Uilenberg, 1981). It 1is associated with nervous,
intestinal and pulmonary disorders. It is transmitted by at least

five species of Amblyomma ticks (Yeoman and Walker, 1967).



1.1.3 Babesiosis

Babesiosis (Ristic, 1981), is a disease of cattle that
results in anaemia, occasional haemoglobinuria and appearance of
protozoa in the host erythrocytes. Various species of Babesia are
known to infect cattle, however, the most economically important
ones are Babesia bovis and B. bigemina. In Babesia infections
young animals are naturally resistant while older animals are

susceptible (Soulsby, 1982).

1.1.4 Anaplasmosis

Anaplasmosis (Ristic, 1981; Losos, 1986), is an infectious
disease characterised by progressive anaemia and the appearance
of other symptoms such as an increase in body temperature and
development of anorexia (Soulsby, 1982). It 1is a worldwide
disease of cattle, sheep, goats, buffalo and some wild ruminants,
caused by the haemotropic rickettsiae Anaplasma marginale, A.
centrale and A. ovis.

In tropical and subtropical regions of the world,
anaplasmosis is an important economic disease of cattle causing
losses through mortality, reduction of weight gains and of milk
production.

Anaplasmosis 1is transmitted biologically by ticks and
mechanically by blood sucking flies (Kettle, 1984). In an area
of Tanzania where B. decoloratus was absent, 44 percent of the
cases were attributed to the sucking fly, Tabanus teniola
(Kettle, 1984). Experimentally, at least 20 tick species have
been shown to be capable of transmitting anaplasmosis, although

there is no field evidence indicating ticks as principal vectors
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of the disease (Ristic, 1981). Mechanical transmission of
anaplasmosis is known to occur in cattle husbandry when minor and
major operations on animals such as dehorning, castration,

vaccination, blood sampling etc. are conducted.

1.2 Cattle deaths due to tick-borne diseases in Zambia

According to Chizyuka and Mangani (1986), 1076 cattle were
confirmed to have died from malignant theileriosis and 5000 were
estimated to have died from the disease in 1984 in the Southern
Province, while 476 deaths were confirmed in the Eastern
Province. In 1985, the Southern and Central Provinces (including
Lusaka Province) recorded a total of 347 confirmed cases of
theileriosis (ECF or Corridor disease), with the majority of
cases (295) from Southern Province. Confirmed cases of
anaplasmosis were 229, babesiosis 161 and heartwater 53 from the
two provinces (DVTCS, 1985). The reported cases represent a small
proportion of many cases which for one reason or another go
unreported.

In 1986, 230,000 head of cattle in the Northern and Eastern
Provinces and 530,000 head of cattle in the Southern and Central
Provinces were at risk from ECF and Corridor disease
respectively, while a financial loss to the country due to the
disease stood at five million Zambian Kwacha (ZK 5 million)
(Samui, 1989). In 1987, 1,259,000 cattle out of a population of
2.6 million cattle in the country were at risk from theileriosis

(DVTCS, 1987 unpublished report).
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1.3 Control of tick-borne diseases

Attempts at developing methods other than chemotherapy are
being made for tick-borne diseases control. These include the
infection and treatment method of immunizing cattle against
theileriosis (Radley et al., 1975) and the vaccination of cattle
with antigens derived from tick material against tick
infestations (Kemp et al., 1986). For various reasons, these
methods have not yet been widely applied. Chemical control of
ticks still appears to be the most practical method of

controlling ticks and tick-borne diseases in Zambia.

1.3.1 Chemical control of ticks on cattle in Zambia

Immunization of cattle against theileriosis is currently
being done in Zambia on an experimental basis using the infection
and treatment method (Radley et al., 1975). The method has not
been widely accepted because protection against the disease is
T, parva strain specific (Cunningham et al., 1974 cited by Minami
et al., 1983). Immunization of cattle in most cases 1is used
alongside acaricide treatments. In zambia, dipping of cattle in
acaricidal washes remains the most important practical method of
controlling ticks and tick-borne diseases. By the year 1912/13,
dipping was used to control redwater (babesiosis) and Gall
sickness (anaplasmosis) in exotic cattle and during 1916/17 and
from 1922 to control mange and ECF respectively.

During 1918/19 dipping was believed to have an effect on the
control of contagious abortion as there was no known cure for the
disease in the country (British South Africa company (BSA Co.),

1911-1923). Most of the early tick control facilities mainly
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diptanks and sprayraces, in Zambia, were located in the Southern
and Central Provinces (BSA Co., 1911-1923), along the ‘line of
rail.’

Tick control in Zambia for many yvears has been administered
under the 1930 Cattle Cleans Act which requires that cattle be
kept free of ticks by use of effective acaricides (Department of
Animal Health, Northern Rhodesia Government, 1931). This Bill,
which made it compulsory to dip all cattle in all settled areas,
was passed following an out break of ECF in 1924 in Fort Jameson,
now Chipata, in the Eastern Province (BSA Co., dJune, 1920-
December, 1924). Matthysse (1954), studied the efficacy of
Dichlorodiphenyl trichloroethane (DDT), Camphechlor (toxaphene)
etc., against the main vector ticks of tick-borne diseases in
Zzambia to improve chemical control of ticks.

Due to the spread of ECF/Corridor disease in the country,
the Department of Veterinary and Tsetse Control Services
developed policies related to the control of the disease.
Emphasis on tick control was placed on ECF affected areas
(Akafekwa, 1976). Currently, a policy of strategic dipping of
cattle in ECF/Corridor disease affected areas is in force. Under
this policy, dipping of cattle in the affected areas is done on
a weekly basis between November and May when infestations by the
adult étage of R. appendiculatus ticks are high based on the
biolgy and infestation pattern studies (MacLeod and Colbo, 1976;
MacLeod et al., 1977; MacLeod and Mwanaumo, 1978, Pegram et al.,
1984) . During May/June, dipping activities are suspended or
relaxed until November. The purpose of this policy is to allow

the establishment of enzootic stability against tick-borne
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diseases in the cattle populations as well as to cut down on

dipping costs.

1.3.2 Problems of chemical control of ticks

Chemical control of ticks is associated with problems of
development of resistance in tick populations after periods of
use of acaricides. The development of resistance in several tick
species has been reviewed by Drummond (1977) and summarised by
Wharton (1976 cited by Nolan and Roulston, 1979).

It is generally agreed that resistance to acaricides or
insecticides in arthropods is a pre-adaptive phenomenon, and that
the factors responsible for resistance are already present before
the acaricide or insecticide is applied (Brown and Pal, 1971).
The acaricide or insecticide resistant strains arise by selection
and recombination of resistant genes (Gordon, 1961 cited by
Wharton, 1967).

Van Emden (1976), stated that probably the most serious
problem of pesticide use in pest control is the loss of their
effectiveness with their prolonged use. This is due to the
appearance of tolerant strains of the pest to the pesticides
caused by selection pressure on the pest population. A given pest
population has a genetic pool of widely differing susceptibility
to the poison. For example, certain individuals in the population
have less permeable cuticles, faster storage mechanisms of toxins
in fat or are better equipped with enzyme systems for
metabolising the toxin. Such resistant individuals survive the
pesticide and form the nucleus of resistance in the next

generation (Fig. 1 A & B). Dipping kills susceptible individual
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ticks, while survivors eventually, over a period of time develop
into a ‘tolerant’ or resistant population to the chemical in use
and possibly to related chemical compounds.
Other problems of chemical control of ticks include the
costs of acaricides, costs of labour, environmental pollution and
the creation of enzootic instability to tick-borne diseases in

cattle populations.

1.4 Acaricide resistance in Zambia
In Zambia, it appears that different acaricides must have
been used especially in the Southern and Central Provinces for
at least over seventy vyears. It is possible that the
susceptibility status of the tick populations in the Southern and
Central Provinces of Zambia has changed towards resistance due
to chemical selection. The Department of Veterinary and Tsetse
Control Services 1in Zambia encourages a sequential use of
different groups of acaricides that is, chlorinated hydrocarbon
compounds, organophosphates (OPs), amidines and synthetic
pyrethroids. This is to avoid the development of multiple
resistance in tick populations. However, because of problems of
availability of acaricides at times and because of personal
choices of individual farmers, there has not been a systematic
use of acaricides in the country. In the traditional sector where
the dipping policy operates, sequential use of acaricides is
generally encouraged.
Acaricide resistance testing facilities in Zambia exist at
the Central Veterinary Research Institute, Balmoral and at the

Toxicology Laboratory of the National Council for Scientific
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Research (NCSR), Chilanga. At the time of formulating this study,
there was not much information available on acaricide resistance
in cattle ticks in Zambia. The little information that was
available on acaricide resistance in Zambian ticks indicated the
presence of some resistant tick populations in the Southern and
Central Provinces of the country (Matthewson et al., 1980; Luguru
et al., 1984; 1985a; 1987). Kaposhi et al., (1991) reported a
pattern of resistance 1linking two organophosphates namely,
chlorfenviphos and dioxathion. Luguru et al., (1984; 1987)
observed the 1limitations of the FAQO Test Kit. The 1lowest
concentrations provided in the Kit may give 100 percent kill thus
failing to distinguish the wvarious 1levels of 1larval tick
mortalities below the lowest concentrations.

To enhance the effectiveness of chemically based tick
control programmes, there is however a need for regular up-to-
date information on acaricide resistance/susceptibility patterns
and management factors associated with resistance. This study
aimed at providing (a) adequate base-line data on patterns and
determinants of acaricide resistance in ticks of economic
importance in Zambia namely, R. appendiculatus, A. variegatum and
B. decoloratus and to formulating an information system
(accordingly) aimed at a rational acaricide usage and (b) an
opportunity of wusing 1locally prepared acaricide test papers
alongside the FAO Resistance Test Kit (FAO/COPR, 1977),
previously used by Luguru et al., (1984; 1985a; 1987) to

investigate acaricide resistance in ticks.
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2. LITERATURE REVIEW

2.1.1 Ticks
Ticks are blood and lymph sucking ectoparasites of animals

and man. Ticks are known vectors of disease causing agents

including Rickettsia, Bacteria, Protozoa, Viruses and
Spirochaetes. They may also predispose hosts to other
ectoparasites.

The description of ticks has been adequately covered by
Arthur (1962), Kettle (1984) and Soulsby (1982). Ticks and mites
belong to the Order Acarina and the Superfamily IXODOIDEA in the
Phylum Arthropoda. Acarina are arachnides whose mouthparts are
borne on a false head or capitulum or gnathosoma. The
segmentation of the rest of the body is indistinct or absent.

Ticks are classified into three families; the Ixodidae or
hard ticks, the Argasidae or soft ticks and Nuttalliellidae. This

study was concerned with some members of the Ixodidae family.

2.1.2 Family Ixodidae

The Ixodidae are hard ticks whose larvae, nymphs and adults
all possess a scutum on the dorsal surface of the body (Arthur
1962; Kettle, 1984; Hoogstraal, 1956). Common examples of ixodid
ticks (Fig. 2) include R. appendiculatus Neumann, Amblyomma
variegatum (Fabricius) and B. decoloratus (Koch).

According to Hoogstraal (1956), R. appendiculatus is widely
distributed in southern, east and central Africa but absent in
West Africa. The other two species occur throughout the Ethiopian

faunal region (Fig. 3).
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2.2.1 History of Chemical Control of Cattle Ticks

According to Wellcome (1970), the effects of cattle ticks
on their hosts were not recognised for a long time until the
middle of the nineteenth century. The world cattle population was
increased rapidly to feed the human populations of the greater
industrial centres. It was then that the diseases they
transmitted and their serious debilitating effect on cattle
became a problem.

Exotic breeds of cattle imported into tick infested areas
were exposed to hazards of tick-borne diseases which resulted in
large losses. One of the tick-borne diseases of cattle, redwater
(babesiosis) known in the United States of America since 1814 was
described by Say in 1821. In 1889, Smith and Kilborne identified
Boophilus annulatus as the vector of the causal organism of red
water (Wellcome, 1970). This work led to the recognition of
several other cattle diseases, notably ECF, anaplasmosis and
heartwater. Campaigns based on chemical control were then mounted
against cattle ticks (Wellcome, 1970).

According to Newton, (1967) and Roulston, (1969), the first
successful attempt at chemical control of ticks in the world
without harming their hosts was made in 1895 at St. Lawrence in
Queensland, Australia. Arsenic is believed to have provided a
high level of control in Queensland until about 1936 when the
compound was observed to begin to fail in killing ticks in the
region (Newton, 1967; Roulston, 1969).

In 1941, arsenic resistance in Boophilus decoloratus in

South Africa was reported on the basis of field tests by Dutoit,

Graff and Bekker (Roulston, 1969). Arsenic resistance was later
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shown to be present in Australian tick B. microplus (Legg and
Shanahan 1954; Hitchcock and Roulston, 1955).

In 1946, DDT was introduced in Queensland as a commercial
acaricide but resistance to the acaricide was reported in the
tick population within 18 months of its use (Hitchcock, 1953).
Toxaphene resistance (Norris and Stone, 1956) and dieldrin
resistance (Stone and Meyers, 1957; Roulston, 1964) appeared so
quickly following the introduction of the acaricides in
Queensland that these chemicals were little used. Ticks resistant
to anyone of the acaricides namely BHC, toxaphene and dieldrin
was indicative that they were resistant to all the chemicals in
the BHC-toxaphene-dieldrin group. Resistance to DDT however took
a longer time to develop (Legg et al., 1955; Stone, 1957), and
the level of resistance was sufficiently low to allow DDT to be
used extensively until it was banned in Queensland because of
residues in animal products (Newton, 1967). A Strain of ticks
resistant to both DDT and the BHC-toxaphene-dieldrin group was
also reported (Stone and Webber, 1960).

The first organophosphorus compound was registered as an
acaricide in Australia in 1958. Following the ban of the use of
chlorinated hydrocarbons to control ticks in 1962, five
organophosphorus compounds and one carbamate which were shown to
be effective for tick control, were made available commercially
(Newton, 1967). Other products such as amidines and synthetic

pyrethroids became available later.

2.2.2 Chemical Control of Ticks in Africa

In Africa, chemical control of cattle ticks appears to have
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begun about the same time as in Australia. Like elsewhere, the
practice was necessitated by the presence of ticks and tick-borne
diseases of cattle which required the control of the vector ticks
to avoid losses.

In Zimbabwe, a policy of compulsory dipping of cattle in
acaricides was introduced in 1914 for the control of ECF. This
proved be extremely successful in controlling and finally
eradicating the disease in 1954 (Norval, 1979).

In Kenya, the construction of dips and treatment of cattle
to kill attached ticks were introduced between 1912 and 1913
(Crampton and Gichanga 1979; Keating, 1983). Prior to the
introduction of dipping, a policy of fencing and quarantine was
effected in Kenya in 1904 when ECF was first identified. This
policy was retained after dipping was introduced (Crampton and
Gichanga, 1979). In 1920, a Cattle Cleansing Ordinance was passed
in Kenya but was not enforced due to the inability of the
Government to advance money to small scale farmers for building
of dips. It was finally enforced in 1937 when money became
available (Keating, 1983). In Zambia, records show that dipping
of cattle in acaricides was already in practice by the year
1912/13 (BSA Co., 1911-1923). This was about the same time as in
Kenya and other countries in Africa.

The trend in acaricide usage in Africa has been the same as
elsewhere in the world where ticks and tick-borne diseases were
recognised to be a problem. Nolan et al., (1982), summarised the
trend of acaricide usage in the world. Arsenical solutions were
the first to have been successfully used followed by DDT and the

Toxaphene-BHC-Dieldrin group of acaricides etc.
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Wilson (1948), in Uganda experimented with DDT and BHC as
an alternative to arsenic and Matthysse et al., (1967) carried
out field tests with a number of organophosphorus (OP)
acaricides as an alternative to the earlier groups of acaricides
which were in general use in Uganda. Keating (1983), gave a
review of tick control by chemical ixodicides in Kenya from 1912
to 1981. Currently, the new groups of acaricides such as amidines
and synthetic pyrethroids are also available for use in Africa.

In Zambia, a number of synthetic pyrethroids and other
acaricides have recently been tried in the field (Luguru, 1991;
Luguru and Bennett, 1986 unpublished; Chizyuka and Luguru, 1986;
Pegram and Lemche, 1987). Pegram and Lemche (1985), experimented
with ivermectin on the control of ticks in Zambia. Currently,
some synthetic pyrethroids are in use in the field on a limited
scale.

The intensity of acaricide usage in African countries taking
Zambia as an example, may not have been as high as in Australia
or in southern American countries. This is probably due to
economic and cattle management practices operating in those
countries. In Australia and southern American countries, cattle
raising is a major industry which is not the case with most
African countries.

Intensive dipping is known to have the disadvantage of
causing enzootic instability to tick-borne diseases in dipped
cattle populations. In Zambia, the current strategic dipping
policy undertaken by the Department of Veterinary and Tsetse
control Services since 1987, is partly to allow for building up

of enzootic stability against tick-borne diseases as well as to
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cut down on dipping costs.

2.3 Other Methods of Tick Control

Other methods of tick control were reviewed by Barnett
(1961) . These included the use of parasites and predators,
alteration of environment that is, alteration of the microhabitat
and removal of the host. Physical methods such as grass burning
and spraying of pastures with acaricides and the control of ticks
on the host through host immunity and the use of repellents are
considered to help in limiting tick populations.

In Kenya, fencing of cattle was used as a means of
controlling ECF before dipping was introduced (Crampton and
Gichanga, 1979). This procedure assumes that less ticks would be
introduced from outside the fenced area.

In Zambia, Akafekwa (1976), acknowledged that cattle kept
in flood plains during dry season of the year without chemical
control carried less ticks than cattle maintained on high ground.
The low infestations were attributed to flooding which limits the

survival of ticks.

2.3.1 Effect of parasites and predators

Attempts to utilise parasites of ticks for controlling tick
populations have not been successful. In nature, the parasites
are not plentiful and do not appear to be an important factor in
the natural limitation of tick numbers (Barnett, 1961). There is
no record of deliberate attempts to mass rear natural enemies of
ticks for tick control purposes.

Predators however, including the host, have been known to
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exert some limiting effect on tick numbers in many parts of the
world (Barnett, 1961). In Australia, it has been shown that very
large numbers of larvae are ingested or killed by cattle by self-
licking (Riek, 1956, Snowball 1956).

In Africa, the tick bird or oxpecker, Buphagus africanus and
two species of birds in Australia have been observed picking
ticks from cattle (Barnett, 1961). Rats, mice and some predatory
ants have been observed to remove engorged adult ticks from the
ground (Barnett, 1961). Predators play an important role in
limiting tick numbers (Barnett, 1961).

A review of predators of ticks in which spiders and lizards
are mentioned was given by McMurtry (1984). The incidence of
predators cannot deliberately be influenced as a means of tick
control but their presence or absence is of some importance in

the limitation of tick populations (Barnett, 1961).

2.3.2 Alteration of microhabitat/Removal of host

According to Barnett (1961), climatic conditions largely
determine the distribution of tick species throughout the world.
More precise conditions of 1local environment influence the
reproduction and survival of different species. The adoption of
certain systems of pasture management, cultivation and land
usage, which includes the temporary removal of the host, are
likely to alter the local habitat sufficiently to reduce the tick

population in an area.
In the United Kingdom, the occurrence of Ixodes ricinus is

reported to be largely restricted to rough grazing. Improvement

of the pasture by drainage, harrowing, application of lime, heavy
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stocking and other methods directed towards the improvement of
the pasture for stock, makes the land unsuitable for the
requirements of the tick (Barnett, 1961).

In Russia, a system of husbandry exposed Hyalomma detritum,
a vector of Theileria annulata, to unfavourable conditions at
various stages of their life cycle. Ploughing or disking, burning
of grass, housing of stock in winter and grazing of unhoused
stock in sparse vegetation. Treating stock with acaricides was
used in addition to the other methods and this appears to have
been an adopted policy (Barnett, 1961). In South Africa, the
burning of the protective cover for Ixodes rubicundus was shown
to eliminate the tick for two years (Barnett, 1961).

In Australia, pasture spelling, that is, rotational grazing
of cattle in paddocks for specified periods, was found to limit

tick infestations on cattle (Wilkinson, 1957; 1964).

2.3.4 Host immunity

Some animals or breeds of animals kept under similar
conditions, consistently carry fewer ticks than others (Surthest
and Tatchell, 1982). Wilkinson (1955), described animals which
are better able to limit the proportion of attaching ticks which
survive to complete engorgement on them as ‘resistant’. Riek,
(1962); Francis and Little, (1964) found cattle of European
breeds to be more to greater susceptibility to tick infestations
than Zebu breeds.

Wagland (1978), concluded that resistance to B. microplus
in Brahmans as well as in European breeds is acquired rather than

innate. Resistance to the cattle tick B. microplus in a herd of
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Australian Illawarra Shorthorn cattle was to provide strong
encouragement for selecting for resistance to ticks in cattle
(Wharton et al., 1970).

Utech et al., (1978a, 1978b) studied factors affecting
resistance to ticks in the Australian Illawarra Shorthorn cattle
and resistance to B. microplus in different breeds of cattle
respectively. Host resistance has been formally applied in tick
control in Australia, where it forms the basis for an integrated
control programme for B. microplus in cattle (Wharton, et al.,
1969; Powell 1977; Sutherst, et al., 1979). Sutherst et al.,
(1979), gave an analysis of management strategy for B. microplus
control in Australia involving acaricides, pasture spelling and

tick resistant cattle.

2.3.5 Use of tick antigens to induce host immunity

Studies on the use of tick antigens to induce host immunity
to ticks are currently being carried out by The International
Centre for Insect Physiology and Ecology (ICIPE) Nairobi, Kenva,
(ICIPE Annual Reports 1984; 1986; 1987; 1990).

In Australia, studies conducted by Kemp et al., (1986) have
shown that cattle vaccinated with extracts derived from adult
female B. microplus had up to 60 percent of females with damaged
gut while males also suffered gut damage. Untreated control

cattle carried more ticks but had no gut damage.

2.3.6 Application of acaricides to pastures and habitats
In the United States of America area control of Amblyomma

americanum by the application of acaricides has been reported by
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Mount (1983; 1984a &b) and Mount and Whitney (1984). Mchinja
(1969), in Tanzania, investigated the effect of herbicides on the
development of Ixodid ticks and found them to have little or no
significant effect. Area application of acaricides to pastures

appears to have been confined to the united States only.

2,.3.7 Grass burning

In Africa and elsewhere in the world, where the practice of
burning grass is common, it is likely that only the tick stages
on grass would be affected. This practice is very unlikely to
have a significant effect in controlling tick populations because
ticks buried in the ground would survive (Barnett, 1961). There

are no records indicating further investigations on this subject.

2.4 Acaricide/insecticide Resistance
2.4.1 Definition
Pest resistance to pesticides (acaricides/insecticides) in

general, has been described by O’Brien (1967), Van Emden (1976),
West and Hardy (1961). According to Brown and Pal (1971),
resistance to insecticides is defined as the development of an
ability in a strain of insects to tolerate doses of toxicants
which would prove lethal to the majority of individuals in a
normal population of the same species.

Resistance 1is seen normally in field situations as a
progressive inability to achieve control by a given compound at
a fixed application rate. It can be induced in the laboratory
using insecticide pressure by treating successive generatjons

with a dose large enough to kill about 90 of the population and
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allowing the survivors to breed (0O’Brien, 1967).

Pesticide resistance 1is pre-adaptive. Pesticide pressure
does not induce any heritable changes, but merely selects and
(over generations) makes more common the innate sensitivity found
originally in only a few individuals. It is a case of pure

Darwinian selection (O’Brien 1967).

2.4.2 Occurrence of resistance

Resistance to pesticides has been recognized for a long time
in the world. According to Brown (1977), the resistance of the
San Jose scale insect to lime-sulphur insecticide appeared in the
Clarkson Valley of Washington. In 1914, Melander described
resistance of San Jose Scale insect to lime-sulphur, while in
1916 Quayle reported resistance of California red scale to
cyanide (Whitnall and Bradford, 1948). Whitnall and Bradford
(1948, 1950), reported the control of an arsenic resistant tick
with gammexane. Whitnall et al., (1953), reported resistance to
Benzene hexachloride (BHC) in ticks.

Resistance in ticks to acaricides is known to occur in all
or almost all areas where cattle have been treated with
acaricides to control infestations (Nolan et al., 1982).
Geographical records of tick species and strains resistant to
acaricides have been summarised by Drummond (1977), Wharton
(1976, cited by Nolan and Roulston, 1979) and Nolan et al.,
(1982) .

Where B. microplus and B. decoloratus are ticks of economic
importance, it has been necessary to change to new classes of

acaricides at frequent intervals because of resistance. For
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xample in Australia, South Africa and southern America, arsenic,
hlorinated hydrocarbons, organophosphates and amidines have been
sed in succession because of the development of resistance in
icks (Nolan et al., 1982). Roulston et al., (1981) carried out
survey for acaricide resistance in Queensland, Australia.

According to Baker (1978), resistance in 2-and 3-host ticks
as developed less rapidly, but is becoming of increasing
mportance in African countries. The slow development of
esistance in 2- and 3-host ticks in Africa could be attributed
o their life cycles, in which a non treated host may be involved
nd low frequency of acaricide application.

According to Whitehead and Baker (1961), resistant
opulations appear to have developed in the genus Boophilus in
frica, Australia and southern America. Stone (1972), gave a
otal of five species of ticks in which resistance has been
roven. These are B. decoloratus in Africa; B. microplus in
\wustralia, South American countries, Malagasy and India; R.
yppendiculatus and R. evertsi in South Africa, and R. sanguineus
n the USA.

A summary of the types of resistance in B. microplus in
\ustralia was given by Stone (1972). Resistance in B. microplus
in Brazil (Patarroyo and Costa,.1980) and in Jamaica (Rawlins and
Mfansingh, 1977, 1978) has been reported while in the Pacific
Island of New Caledonia, a resistance pattern in B. microplus
similar to that in Australia has been observed (Brun et al.,
1984) .

In South Africa, the development of resistance to sodium

arsenate, gamma BHC and related cyclic chlorinated hydrocarbon

*
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acaricides and DDT were observed in the blue tick B. decoloratus
(Whitehead and Baker, 1961). In 1959, resistance to toxaphene in
the 2-host tick, the red legged tick, R. evertsi, was observed
in South Africa (Whitehead and Baker, 1961).

Observations on acaricide resistance have been made in Kenya
(Crampton and Gichanga, 1979; Ongare et al., 1985). In Tanzania,
Lourens and Tatchell (1979) and Lourens (1980), examined the
resistance of ticks to acaricides. In Zambia, resistance reports
have been made (Matthewson et al., 1980; Luguru et al., 1984;
1985a; 1987; Kaposhi et al., 1991). These were however, very

limited.

2.4.3 Resistance mechanisms

According to Barnett (1961), the physiological mechanisms
of resistance have been studied in insects and some of them are
understood. Mechanisms of resistance of ticks are assumed to be
similar to those of 1insects (Barnett, 1961). Resistance of
Boophilus to arsenic was found to have no genetic or
physiological relationship to resistance of any of the other
acaricides (Barnett, 1961). In insects, two types of resistance
to chlorinated hydrocarbons are recognized: one for DDT; and a
second against the other hydrocarbons such as BHC, dieldrin,
toxaphene and chlordane. These two groups have been shown to have
separate toxicological, biochemical and genetic characters
(Barnett 1961).

According to Norris (1956 cited by Barnett, 1961), the
pattern of pesticide resistance in B. microplus closely parallels

that of the housefly. Benzene hexachloride (BHC) resistant ticks
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being resistant to some degree to toxaphene, dieldrin, aldrin and
chlordane. However no BHC resistant tick strain has been shown
to be resistant to DDT. Likewise, DDT resistant strains were
susceptible to the other hydrocarbon groups. A tick strain of B.
microplus resistant to both DDT and the BHC-dieldrin group was
later reported by Stone and Webber (1960).

In DDT resistance, an enzyme sSystem involving a DDT
hydrochlorinase has been demonstrated in insects. Kelthane (a
product of larval DDT metabolism (Brown and Pal, 1971), is a DDT
type of molecule which is not dehydrochlorinated by insects. It
is agreed that if DDT resistance in ticks depends on enzyme
dehydrochlorination, then Kelthane should be equally toxic to
DDT resistant and DDT susceptible strains. It is unlikely that
DDT resistance is a simple phenomenon of enzyme degradation
(Barnett, 1961).

According to Stone (1972), resistance by any arthropod to
a chemical may be due to either one or a combination of factors
such as: reduced penetration through the integument or other
reduced uptake of the chemical; increased storage or excretion
of the unchanged toxicant; reduced toxication of the applied
chemical; which requires conversion within the arthropod to the
toxicant proper; increased detoxification within the arthropod
body by metabolic breakdown of the penetrated toxicant before it
reaches its site of action; reduced reactivity or sensitivity to
the toxicant of the vital biochemical or physiological system
under attack.

Organophosphorus and Carbamate resistance mechanisms in

insects have been reviewed by O’Brien (1967). These mechanisms
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involve the inhibition of an enzyme cholinesterase, which plays
a role in the function of nerve junctions. According to Stone
(1972), increased detoxication within the arthropod body by
metabolic breakdown of the toxicant before it reaches its site
of action was demonstrated as the principal method of resistance
in the Organophosphate-resistant (OP-resistant) Mackay tick
strain. In the latter, the increased detoxication was observed
to be accompanied by decreased acetylcholinesterase (AChE)
activity. In the OP-resistant Ridgelands and Biarra strains of
B. microplus, reduced reactivity or sensitivity to the toxicant
occurred in the form of modified acetylcholinesterases which were
much less sensitive to inhibition than susceptible
acytylcholineterase (Stone, 1972).

Roulston et al., (1968) showed that acetylcholinesterase
insensitivity in the Biarra strain was a cause of resistance to
organophosphorus and Carbamate acaricides in the cattle tick B.
microplus, while detoxication (Roulston et al., 1969) was shown
to be a resistance mechanism in a strain of B. microplus (Mackay)
resistant to carbamates and organophosphorus compounds. Schuntner
et al., (1968), reported that resistance of the Ridgelands strain
was due to insensitivity of acetylcholinesterases to inhibitors.
Stone et al., (1976), could not draw firm conclusions on close
linkage or allelism for dimethoate resistance only. They
concluded that it was likely that the same genes or alleles
control cross resistance due to decreased acetylcholinesterase
sensitivity to other acaricides.

Schnitzerling et al., (1974),- characterised the Mount

Alford, Gracemere and Silkwood strains of B. microplus which were
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resistant to organophosphorus acaricides. These were different
from the Biarra and Ridgelands strains due to having markedly
greater resistance to bromofos-ethyl and dioxathion (Mt. Alford
strain) and to carbophenothion and coumaphos (Gracemere strain).
In addition, they also showed the presence of enzymes with
relatively insensitive components similar to those of Biarra and
Ridgelands strains respectively. It was concluded that the
greater resistance of these strains was due to enhanced

detoxication.

2.4.4 Development of acaricide resistance

Sutherst and Comins (1979), reviewed the development of
resistance which may be regarded to consist of three phases:
initial establishment of resistant allele in the population by
randomly occurring mutations. This 1is a chance process
independent of the selection of resistance, and occurs at a rate
proportional to population size. In some cases, the resistance
allele may be established even before the acaricide 1is first
used, but it is assumed that this is in the heterozygous stage
only.

The second phase is the propagation of the resistance
allele, caused by preferential survival of resistant individuals
following acaricide treatments. Two modes of selection that occur
at very different rates will be distinguished: the rapid
selection of a partially dominant resistance allele, caused by
preferential survival of heterozygous individuals and the much
slower selection that occurs with recessive alleles or with

groups of genes that are individually ineffective. Assuming that
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the heterozygote selection process generally predominates, the
allele would be at low frequency that there is no detectable
reduction in acaricide effectiveness and homozygotes would be too
rare to have any effect on the selection rate. During this phase,
the dispersal of the resistance allele to neighbouring farms
occurs unnoticed.

In the final phase, the resistance allele is sufficiently
common to reduce acaricide effectiveness noticeably. In this
phase, homozygote selection is important but because of the very
high selection rate, this phase becomes o0f extremely short
duration. Due to the previous dispersal of resistance alleles,
the acaricide loses favour throughout the region (Surthest and

Comins, 1979).

2.4.5 Rate of development of acaricide resistance

The rate of spread of resistance in the tick population
depends on the strength of acaricides, the frequency of dipping
and certain other control strategies (Sutherst and Comins, 1979).
For resistance to develop successfully, heterozygous resistant
ticks must survive preferentially even though they can be
expected to be less able than resistant homozygotes to withstand
acaricides.

Stone (1962a), showed in laboratory tests that heterozygotes
for DDT resistance were only slightly more resistant than
susceptible ticks, as resistance was incompletely recessive. In
contrast, dieldrin resistance was completely dominant (Stone,
1962b) .

Resistance to organophosphorus acaricides has been shown to
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be incompletely dominant (Stone 1968; Wilson et al., 1971; Stone
et al., 1973, 1976). Stone (1968), suggested a strong correlation
between the rate of development of resistance and the degree of
dominance. He however argues that the rate of development of
resistance is influenced by the frequency of resistant genes in

the original population and the intensity of selection factors.

2.5 Acaricide resistance testing methods: past and present

To measure the response of arthropods to toxic chemicals
numerous laboratory methods have been developed. These include
immersion, topical application of the toxic chemical to the
arthropod, injection and ‘self dosing’ by contact with treated
surfaces.

A ‘self dosing’ method in which filter paper cylinders with
treated surfaces are employed was recommended by The World Health
Organisation (WHO) as early as 1954 for adoption as a standard
field method for mosquitoes. Previously, attempts have been made
to adopt the ‘self dosing’ technique to test tick responses to
acaricides.

Laws (1949), exposed males of R. appendiculatus initially
to closed filter paper cylinders impregnated with the suspensions
or solutions of toxicants. Busvine and Nash (1953), tested young
nymphs and adults of Ornithodoros moubata (Murr.) by confining
them under glass funnels on filter paper impregnated with oil
solutions of a variety of toxicants.

Stone and Haydock (1962), developed the larval packet method
for measuring the acaricide susceptibility of the cattle tick B.

microplus, Koch. A tentative method of determining the resistance
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or susceptibility of adult ticks to acaricides was provided by
WHO (1970). FAO/COPR (1977), developed the larval packet method
into the FAO Resistance Test Kit for use in different parts of
the world for various tick species. Shaw (1966), wused an

immersion technique for testing ticks.

2.5.1 Selection for acaricide resistance test method

According to Nolan et al., (1982), the selection of a
suitable laboratory acaricide resistance test should take into
account certain fundamental requirements. These are; capability
to identify a resistance problem at an early stage of its
emergence, and if possible, before it results into a field
control problem. The test should also be simple and inexpensive
to use. For example, use of animals such as cattle in a test
should be regarded as expensive. The test should also be
adaptable for several tick species which are likely to be of
concern and the results should be reproducible.

For practical purposes and uniformity of test material, in
vitro laboratory test methods must be based on free living tick
stages. Any use of tick stages such as nymphs, which would need
to be forcibly picked from the animal, at least for the one-host
tick species, would lead to dubious results because of possible
injury to the ticks during the collection process. Almost all in
vitro test methods have relied on the use of either engorged

adult females or unfed larvae {(Nolan et al., 1982).
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2.5.2 Tests with engorged adult ticks

The use of adult engorged ticks was first demonstrated by
Whitnall and Bradford in documenting arsenic resistance (Nolan
et al., 1982). Variations have related to the method of
application of the chemical, either by injection or topical
application of solutions to individual ticks or by immersion of
batches of ticks into solutions or suspensions. Response to the
dose 1is generally measured by an oviposition ratio, between
treated and untreated ticks. Other workers have taken the egg
weight response a step further by considering the viability of
the egg mass produced (Nolan et al., 1982).

The disadvantage of the egg weight response parameter is
that results are obtainable within a period of four weeks of the
test. Results with the larval packet method for instance are
obtainable within twenty four hours of treating the ticks with
chemicals. The egg weight response method, usually referred to
as the dosage-mortality test, has found a particular use as a
screen for potential new acaricides. The test is conducted using
either a susceptible tick strain or characterised homogeneous
resistant strains, where ample tick numbers are available for
collection to provide uniformity in the tick sample used (Nolan
et al., 1982).

For acaricide resistance testing, the sample if obtained
from the field often contains only a few ticks, some of which may
be injured during the collection process, with considerable
variation in the degree of engorgement between ticks in the
sample. Reproduction of a further generation from a field

collection may not be easy due to lack of necessary facilities
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(Nolan et al., 1982). Reproduction for a further generation for
certain species usually may require large animals like cattle.
Maintaining a cattle herd and handling facilities would probably

be beyond the capability of an ordinary laboratory.

2.5.3 Tests with unfed larvae

The use of the larval stage of field collected adult ticks
has the advantage of ensuring uniformity. Once the larval stage
is obtained, results take a minimum period of twenty four hours.
The response criteria in the case of larvae is death or inability
to walk.

The larval packet method which utilises olive
oil/trichloroethylene solutions of technical grade chemicals has
the advantages of simplicity, 1lack of control mortality
associated with innocuous solvents and inexpensive equipment

requirements (FAO/COPR, 1977).

2.5.4 Shaw’s immersion technique

The immersion technique (Shaw, 1966), employs available
commercially formulated acaricides. Ticks are immersed in the
acaricide suspensions and transferred to clean containers within
ten minutes. The immersion technique lacks uniformity when
formulations are modified. Also it cannot employ some useful
unformulated chemicals (Nolan et al., 1982).

When formulations are modified, several changes are likely
to take place in the contents of the various formulations which
are likely to give different results. With chemicals which are

not usually formulated for tick control such as dimethoate, the
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mmersion technique cannot be applied. The Shaw immersion
echnique is employed as a test of efficacy for acaricide

‘ormulations.

.5.5 Interpretation of results of biological assays

Finney (1964), described biological assays as methods for
stimating the nature, constitution, or potency of a material (or
f a process) by means of a reaction that follows its application
0 living matter. Three types of assays have been defined, these
ire: direct, indirect based upon quantitative responses and
ndirect assays based upon quantal (‘all-or-nothing’) responses.

In an indirect assay, specified doses are given, each to
several individuals, and the nature of their responses 1is
‘ecorded. The record for each test may state the characteristic
‘esponse such as death or no death. This is a quantal or all-or-
1othing response. Armitage (1971), defined a biological assay as
in  experiment to determine the concentration of a key
substance (S) in a preparation (P) by measuring its activity in
. biological system (B).

For any preparation, the response curve relating the
>xpected response (expressed as the probability of a positive
"esponse) to the dose or logdose is likely to be sigmoid. In
yrder to avoid the sigmoid curve which would result from the plot
f the response of the sample to the logarithm of the dosage
oncentration, a transformation called probit analysis was
levised by Finney (Armitage, 1971). This transformation allows
he direct plotting of responses (as percentage) against

oncentration using logarithmic-probability graph paper as
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illustrated by Armitage (1971).

Wilson (1980) and Nolan et al., (1982), illustrated the
results of a complete dosage-mortality test for larval ticks
(Fig.4). For a homogeneous susceptible population, a straight
line would be obtained as in Fig. 4a, for a heterogenous
population a line similar to Fig. 4b would be obtained whereas
for a homogeneous resistant population a line similar to Fig. 4c
would be obtained.

For comparison between susceptible and homogeneously
resistant samples the LC50, or the concentration required to
provide 50 percent kill is commonly quoted. A comparison of
LC50 (%) values for the susceptible population (Fig. 4a) with the
resistant strain (Fig. 4c) provides the resistance factor (RF).

Different patterns of possible dosage responses for field
ticks (Fig. 5) were given by FAO/COPR (1977). Often, the
potential of resistance can be estimated from the toxicant
required to produce mortality in the most resistant component of
the population. This estimate is frequently calculated through
a comparison of the concentrations LC99 (%) required to produce
99 percent mortality in the homogeneously susceptible and
heterogeneous populations. In this study, only LC50(%) wvalues

were calculated.

3. MATERIALS and METHODS

3.1.1 Acaricide resistance Survey Area

The area involved in the survey consisted of localities from

.
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the district of Mkushi in the Central Province down to localities
in Livingstone in the Southern Province (Appendix 1, Tables 1-3.
Geographically, (Fig. 6) this area lies approximately between
12°Ss and 18°S and 26°E and 30°E, at an average elevation of 1000-
1500 metres above sea level (The Times Atlas of the World, 1989).
The vegetation in this area consists of Miombo woodlands as

described by Phiri and Ochyra (1988).

3.1.2 Cattle Ticks

Three tick species were used in the study, R.
appendiculatus, A. variegatum, and B. decoloratus. These are
widely distributed in the country. They particularly occur in
cattle raising areas. In the Southern, Central and in most parts
of the Northern and Eastern Provinces, the three species infest
cattle in substantial numbers during their adult peak activity
periods.

The adult peak activity of R. appendiculatus in Zambia
generally occurs between December and January (Pegram et al.,
1984, MacLeod, 1970). The peak activity for adult A. variegatum
occurs in November-December while B. decoloratus has two peaks,
one in April-June and the second in September-October (Pegram et
al., 1984 MacLeod, 1970).

Engorged females of R. appendiculatus, A. variegatum and B.
decoloratus were collected from various localities in the Central
and Southern Provinces (Appendix 1, Tables 1 & 2) between the
months of November and April, 1990-1993. Engorged B. decoloratus

ticks were also later collected between the months of April and

November.
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3.2.1 Field Tick sampling

During the sampling period 1990-93, adult engorged female
ticks mainly R. appendiculatus and B. decoloratus were collected
largely from the traditional cattle sector. In the traditional
sector, tick collections were done either at a diptank or
crushpen.

Cattle herds from individuals with cattle from as many as
ten animals to several hundreds were gathered. In other places
ticks were collected from individual owners with herds ranging
from twenty to fifty cattle. Where infestations were high, as
many as 6-10 fully engorged R. appendiculatus ticks were
collected from one animal. B. decoloratus were only available
from a small number of cattle but when available, numbers ranged
from ten to twenty ticks per animal. Fully engorged A. variegatum
were available in numbers of 3-5 per animal.

In the commercial sector, cattle herds visited ranged from
a minimum of thirty animals to several hundreds. Thirty to fifty
animals were inspected for ticks during milking or at a crushpen.
In most cases a good number of B. decoloratus ticks were from
undipped calves and sick cows which could not walk to a diptank.
Where infestations were high fully engorged ticks collected
ranged from fifteen to twenty per animal. In cases of low
infestations numbers ranged from 5-8 ticks per animal.

In most cases, field collections of engorged adults were
only possible in places where dipping was irregular or was not
practiced for some time. Where it was not possible to collect
engorged females of R. appendiculatus during the initial stages

of the study, unengorged females and males were collected in
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large numbers and later were fed on rabbits (New Zealand White
X California rabbit breed) using earbags.

Collections of A. variegatum were not successful during
1990/91 season due to logistical constraints which led to delays
in carrying out field trips. All tick samples were identified and
maintained to the larval stage by the Tick Ecology laboratory at

the Central Veterinary Research Institute.

3.2.2 Tick culturing

The unengorged males and females of R. appendiculatus were
sorted and placed in small glass test tubes stoppered with gauze-
covered cotton wool and later transferred to earbags firmly glued
to rabbit ears. The rabbits belonged to the University of Zambia
maintained at the Biology Department Animal house. Engorgement
periods varied between three and six days. When all the engorged
females were collected, the earbags were carefully removed from
the rabbits and the remaining attached male ticks were collected
in specimen bottles containing alcohol.

All engorged female ticks either directly from the field or
from rabbits were cleaned and placed in clean 4x1 inch glass
containers for oviposition. For R. appendiculatus and B.
decoloratus, as many as 10-20 ticks were placed in one container
for oviposition. In the case of A. variegatum which are larger
than the other two species, a maximum of four ticks were placed
in one container.

Maintenance of ticks from the time of oviposition and
hatching to testing was in desiccators containing a saturated

solution of potassium chloride (Relative Humidity of 80-85
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percent) kept in Gallen Kamp incubators at 27-28°C. Portioning of
the eggs was not done although this is a normal procedure in
other laboratories. At our laboratory, portioning of eggs was
found to affect the hatch rate (Mwase, personal communication).
To ensure thatllarvae tested were of the correct age, the age at
the time of testing was determined from the date when hatching
started. At the time of testing, only larvae able to climb to the

top of the tube were picked.

3.3 Chemicals used
3.3.1 Food and Agriculture Organization Acaricide Resistance Test
Kit
Initially, three complete FAO Resistance Test Kits were
obtained from the World Acaricide Resistance Reference Centre
at the Robert Von Ostertag Institute, Germany. This was through
the FAO Project GCP/ZAM/044/DEN "Strategic tick control and
epidemiology of tick-borne diseases in Zambia".

The FAO Kit comprised of acaricide impregnated papers in
serial concentrations in olive o0il. The acaricides included
coumaphos (Organophosphorus (0P)) (0.1-1.6%), cypermethrin
(Synthetic pyrethroid) (0.05-0.8%), dieldrin (Organochlorine)
(0.1-1.6%), diazinon (OP) (0.05-0.8%), dioxathion (OP) (0.2-3.2%)
and control papers impregnated with olive o0il to which 0.02%
Ionol antioxidant (2,6-di-t-butyl p-cresol) was added.
Additional material supplied in the kit included plastic clips,
plastic stands, paint brushes, pointed glass rods, polystyrene
blocks, needles, cotton wool, adhesive tape, plastic tubes,

instructions for use, Log/probability graph paper and report
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forms.

3.3.2 Technical grade chemicals for local test paper preparations

Chlorfenvinphos (OP) (93.3%) and cypermethrin (Synthetic
pyrethroid) (54.4%) were obtained from Shell Chemicals Zambia
Ltd. Dioxathion (OP) (69%) and deltamethrin (Synthetic
pyrethroid) (99.98%) were obtained from Wellcome Zambia Ltd.
Other materials needed included olive o0il which was first
obtained from Premium Oil Industries Ltd, Lusaka. Extra supplies
were later purchased from shops.

Filter paper (Whatman No. 541) were purchased from Richard
David Muna (RDM) Scientific Products Ltd, Lusaka. Extra supplies
were obtained from the University of Zambia Medical School and
the Robert von Ostertag Institute, Germany. Filter paper Whatman
No.l were obtained from the Biology Department, University of
Zambia. These were used when Whatman No. 541 were out of stock.
Chloroform (AR) was used instead of trichloroethylene which was
unavailable. Also, the antioxidant Ionol could not be obtained
iﬁitially but later on, it was kindly provided by the Robert von

Ostertag Institute, Germany.

3.4 Preparation of local acaricide papers

Quantities of the technical grade chlorfenvinphos,
dioxathion, and deltamethrin were weighed according to the
formula used by Wilson (1980) and later used by Nolan et al.,
(1982) to prepare impregnated acaricide papers. This formula is

given as:
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W = (5/2x3) x (100/54.4) = 1.5320

where, W is the weight in grams of a chemical, cypermethrin (54.4
percent) needed for 50ml of olive oil/trichloroethylene mixture
to give a concentration of 5 percent of the chemical in 0il on
the filter paper.

Weighed quantities of chemicals were dissolved in a mixture
of olive oil/chloroform mixed in the ratio 1:2 according to
Wilson (1980) and Nolan et al., (1982). The olive o0il was heated
to a temperature of 110°C for 75 minutes and was left to cool
before use. Before the antioxidant ;onal was obtained,
impregnated papers were used immediately after preparation. Later
the antioxidant Ionol was added and this made it possible to
store impegnated papers without fear of oxidation.

The actual weights taken for this purpose were 0.18g for
chlorfenvinphos, 0.4g for dioxathion, 0.31g for cypermethrin and
0.17g for deltamethrin. The weighed quantities of the different
acaricides were each dissolved in 10ml of the olive
oil/chloroform mixture to make a stock solution of 5%.

From the stock solutions lower concentrations were prepared
by serial dilution. For chlorfenvinphos, concentrations ranged
from 0.0125-0.2%, dioxathion (0.05-0.8%) cypermethrin (0.05-0.8%)
and deltamethrin (0.006-0.1%). Due to high mortalities with 0.05%
cypermethrin with some Boophilus and Amblyomma ticks, suitable
lower concentrations were made. A suitable range of deltamethrin
concentrations (0.025-0.4%) was prepared for R. appendiculatus

ticks which did not respond to the range used for the other two

species.
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Rectangles of the test papers were initially cut from
Whatman filter paper circles (15 and 24 cm in diameter) and later
from rectangular sheets (56 X 47 cm) on the size of the FAO
papers (7.5 X 10 cm) using a control paper for size measurements.
Nolan et al., (1982) reporting for FAQO, indicated a paper size
of 8.5 X 7.5 cm which is different from the one in the FAB Kit.,.
Besides, this size of paper cannot be used with the plastic clips
supplied in the FAO Kit. The FAO Kit has been in use since 1977
(FAO/COPR, 1977). The difference in the paper sizes probably
requires some clarification.

Marking of papers was done using an ordinary ball pen or
pencil. Impregnation of papers was done by using a micro-litre
pipette delivering 0.67ml of the appropriate solution starting
with control papers. This volume for the paper size used appears
to be proportinally small. However, considering the differences
in the paper sizes it was decided to maintain the volume for the
larger paper size. In future, further investigations should be
carried out to determine any differences.

All papers for each concentration and controls were prepared
in duplicate. After impregnation, papers were hung according to
Nolan et al., (1982). Lines of strings holding the papers were
placed near an open window with a running fan placed directly
opposite. After a period of one hour, the papers dried except in
the case of papers cut from Whatman No.l which took a little
longer.

In future the hanging of papers should also be investigated
to determine the distribution of the chemical. Currently, hanging

of papers is suspected to transfer the bulk of the chemical to
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one side of paper (de Castro, personal communication).

3.5 Testing of ticks
3.5.1 Preparation of packets

A series of packets were prepared according to FAQ/COPR,
(1977) instructions. Each paper was folded in half and a clip
slid over each short side from the folded end stopping about 1
cm from the open end (Fig. 7, a-c). All tests were done in

duplicate and each test included a pair of control papers.

3.5.2 Larval ticks

Two sets of petri dishes each with a pair of different sizes
with the smaller one placed inside the larger one right side up,
containing a moat of detergent solution between them, were placed
in a stainless steel tray containing detergent solution. Tests
were conducted on healthy larvae only (active and able to climb
to the top of a container tube). Tick collections which did not
produce healthy larvae were therefore not done.

A tube containing larvae of the correct age of 14-21 days
old (age determined from the first day of hatching), from several
female ticks was placed in one set of petri dishes while a stand
for holding the packets was placed on the second. A cluster of
about 100 larvae was picked from the rim of an open tube using
a paint brush and were dropped into the open packet which was
immediately closed with a third clip (Fig. 7, c-e). At times a
glass rod was used for tapping the brush to allow the ticks to
fall into the packet.

Closed packets were transferred to desiccators and placed
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in an incubator. After 24 hours storage in the incubator, the
packets were opened and counting of dead and live larvae was done
under a Shandon Cold Viewer lens (2X magnification). The opened
packets were laid flat on the Viewer glass plate while a clip was
attached to each of the two short ends of the test paper (Fig 7,
£).

The assessment of live and dead larvae was done according
to FAO/COPR (1977) method. Larvae unable to walk were assumed to
be dead. In doubtful cases a brush was used to stimulate those
which appeared less active. All live larvae were picked by using
a moistened tip of a paint brush and transferred to wet cotton
wool placed in petri dishes. Recording of dead and live larvae
was done on FAO Test Kit record sheets.

Percent mortality was calculated and wherever possible
percent mortalities were plotted against concentrations on log-
probability graph paper. LC50(%) values were determined wherever
a straight line was obtained. Where a reasonably lowest LC50 (%)
value was obtained in a set of data for a tick species tested
within a certain period, resistance factors (RF) were calculated
according to Wilson (1980) and Nolan et al., (1982). That is,
higher LC50(%) value divided by the lowest value. This operation
was carried out to compare differences or similarities between
various samples. For dioxathion from the FAO Test Kit there were
no reasonably low LC50(%) figures obtained. Calculations of
resistance factors were therefore not done.

Samples which gave 100 percent mortality with the lowest
concentration used were considered as highly susceptible.

According to the FAO Test Kit, high mortalities with 1low
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concentrations is an indication for susceptibility while low
kills at the higher concentrations 1s an indication for

resistance.

3.6 Acaricide management questionnaire survey

A questionnaire on acaricide management (Appendix 3) with
details concerning history of acaricide usage, methods and
frequency of acaricide application, quantities of acaricides
used, etc., was prepared. This was issued to cattle owners,
diptank operators and veterinary staff in several localities in
the study area.

Completion of the questionnaire was left to be dbne by
recipients at their own time and the completed forms in each
locality were returned through the local veterinary office. Some

of the forms were completed during tick sampling field visits.

3.7 Statistical analysis of data

The mean LC50(%) values for each set of data for a
particular species of ticks from one area or from several places
tested during a particular period, were subjected to statistical
analysis to obtain confidence limits. The Students’ t test for
confidence intervals (Hoel, 1971) was used.

According to Finney (1964), quoting limits within which the
unknown true value is almost certain to lie is a convenient
method of summarising the results of an assay. Complete certainty
in any one instance is impossible but rules of calculation can
ensure that the statement bears a high probability of being

correct. Confidence intervals and fiducial intervals in practice



44
respectively.

The three strains were maintained pure and clean at the NCSR
by feeding them on acaricide free cattle. The only baseline data
is that given against each strain. The data is within that
obtained in the study and the figures are not the lowest to

warrant their use as baseline.



45

ki
3]
c
Q9
- Q
-
39
QO
v
O
<2 | |
>3 | |
>
% ' ‘
)
g |
|
e | 4/
e
n L1
Q
Q -~ Qo
A § ki B 2 5§49 =< X2
< s - 2
- QO -
(=2 ] 9
- - (O]
[ Q -
-] - @
~— -~ N
<
<

Fig. 1 A & B Diagramatic representation of selection for resistance
in a pest population, X1 = population surviving a dose
before selection, X2 = population surviving same dose
after selection. (From Van Emden, 1986).
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Fig. 7 a—f. Diagramatic representation of acaricide test packet
preparation and bandling of larvae to counting.
(From FAO/COPR, 1977),
a—c = packet preparation
d+e = putting of larvae into packet & closing
f %4.Larval counting under magnifier
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4. RESULTS

4.1 Comparison between FAO and local control papers

Results of local and FAO control papers on A. variegatum
larvae from Hufwa area are shown in Table 1 (Appendix 2). There
were no mortalities in both local and FAO control papers. Table
2 (Appendix 2) shows results of three locally impregnated
acaricide papers (chlorfenvinphos, dioxathion and deltamethrin)
and FAQO acaricide papers (dieldrin) with both local and FAO
controls on R. appendiculatus larvae from Nchele. From the zero
mortalities obtained in the controls, it was an indication that
locally prepared control and test papers could give acceptable

results.

4.2 Results with FAO Test Kit
4.2.1 Rhipicephalus appendiculatus

Tables 1-4 present estimated LC50 (%) values from
logarithmic-probit graphs of percent mortality-concentration
responses drawn by hand for several batches of R. appendiculatus
larvae from Hufwa area tested using the FAO Kit during 1991. Mean
LC50 (%) values (+ standard deviations) were: coumaphos 0.17+£0.07,
cypermethrin 0.08%0.04, diazinon 0.06+0.01 and dieldrin
0.16+0.04.

The lowest LC50(%) values used for resistance factor
calculations (Tables 5 and 6) for cypermethrin (0.025), was
obtained with a sample from Syanjalika, diazinon (0.03) obtained
with a sample from Ngwezi (Table 6). For dioxathion which did not

give a reasonable low value, no resistance factor calculations
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were done. There were no reasonable low values for coumaphos and
dieldrin.

Table 5 shows estimated LC50(%) values and resistance
factors (RF) for R. appendiculatus from other areas excluding
Hufwa tested using the FAO Kit during 1991. Mean LC50 (%) values
for the areas were: coumaphos 0.25+0.12, cypermethrin 0.12+0.05,
diazinon 0.08+0.03 and dieldrin 0.23%0.06.

Table 6 shows eétimated LC50 (%) values and resistance
factors for R. appendiculatus from several other areas during
1992. Mean LC50(%) values were: coumaphos 0.50%£0.13, cypermethrin
0.16+0.10, diazinon 0.08%+0.04, dieldrin 0.24+0.05 and dioxathion
0.50+0.16. Table 14 shows results of R. appendiculatus tested
using the FAO Kit during 1993. Mean LC50(%) values were:
coumaphos 0.20%+0.08, diazinon 0.06%0.01, cypermethrin 0.16+0.00
and dieldrin 0.25+0.04.

There was no significant difference using Duncan’s new
multiple range test (P = 0.05) between the mean LC50(%) values
for Hufwa samples and those from other areas (Table 5) in respect
of coumaphos, cypermethrin, diazinon and dieldrin. There was also
no significant difference between mean LC50(%) values in respect
of the four chemicals for the ticks tested in 1991 (Table 5) and
those tested in 1992 (Table 6).

In Table 6, the mean LC50(%) values for dioxathion and
coumaphos did not show any significant difference. Since the
values for the two chemicals were reasonably high, this 1is
probably an indication that ticks are developing resistance to
the two acaricides.

Some samples of R. appendiculatus from Hufwa (Tables 1-4)
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and other areas (Tables 5, 6 and 14), tested using FAO Kit,
showed development of resistance to coumaphos, dioxathion,
dieldrin, and to some extent to cypermethrin while there was a

general susceptibility to diazinon.

4.2.2 Boophilus decoloratus

Table 8 presents results of B. decoloratus tested with the
FAB test Kit from 1991-1992. The lowest LC50(%) value for the
most susceptible samples used for resistance factor calculations
were: cypermethrin (0.03) from Chambashi and diazinon (0.015)
from Munga Ward. For dioxathion, there was no LC50(%) low enough
to allow for resistance factor calculations. There were no
reasonable low LC50(%) values obtained with dieldrin.

Estimated mean LC50 (%) values (+ Standard deviations) were:
cypermethrin 0.04+0.01, diazinon 0.04+0.02 and dioxathion
0.50+0.1. There were low mortalities in almost all dieldrin
concentrations (Appendix 2 Tables 6 & 7) which did not allow the
plotting of concentration-%mortality responses. Significant
differences using Duncan’s new multiple range test (P = 0.05)
existed between the mean LC50(%) value of dioxathion and those
of cypermethrin and diazinon. There was resistance to dioxathion
and dieldrin but not to diazinon and cypermetrin. Due to a
scarcity of acaricide test papers from the FAO Kit, only a

limited number of tests were done during 1993 (Table 15).

4.2.3 Amblyomma variegatum
Table 9 presents results of A. variegatum tested using the

FAO Kit during 1991-1992. The lowest LC50(%) values used for
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resistance factor calculations were: coumaphos (0.02), diazinon
(0.04), dieldrin (0.05), all from Chitakunya Farm and
cypermethrin (0.03) from Muswishi.

Mean LC50(%) values (x Standard deviations) were: coumaphos
0.05+0.03, cypermethrin 0.05%+0.02, diazinon 0.07%0.03 dieldrin
0.14%+0.11 and dioxathion 0.21+40.06. There was a significant
difference using Duncan’s new multiple range test (P = 0.05)
between dioxathion and the other four chemicals: coumaphos,
cypermethrin, diazinon and dieldrin. There was also a significant
difference between dieldrin and coumaphos. There was no
significant difference between values of coumaphos, cypermethrin,
diazinon. Between cypermethrin, diazinon and dieldrin there was
no significant difference. With dieldrin, a sample from Chombe
Farm was 7X as resistant compared to the most susceptible.
Compared to the mean LC50(%) values for dioxathion of R.
appendiculatus and B. decoloratus (commercial sector), those of

A. variegatum (Table 9), were relatively low.

4.2.4 A Summary of the results with the FAO Kit

Table 16 shows the summary of all the results of the three
tick species and the various populations tested using the FAB Kit
from 1991-1993. There were no significant differences using
Duncan’s new multiple range test (P = 0.05), between LC(50%)
values for diazinon for the various R. appendiculatus populations
and between the three species. This also applies to cypermethrin.
All the three tick species were responding equally to the two
acaricides.

For coumaphos, the value for R. appendiculatus tested during
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1992 was significantly different from the Hufwa, 1991 and 1992
populations. The coumaphos value for A. variegatum was also
significantly different from the R. appendiculatus values. A.
variegatum were more susceptible to coumaphos than were R.
appendiculatus.

Differences in the magnitude of dieldrin values were slight
for all the R. appediculatus populations and for A. variegatum.
For dioxathion, there were significant differences (P = 0.05)
between the value for A. variegatum which was low, and those for
R. appendiculatus and B. decoloratus. This is an indication that
dioxathion resistance is more pronounced in the two species than

in A. variegatum,

4.3 Results with local acaricide test papers
4.3.1 Rhipicephalus appendiculatus

Table 7 shows the results of R. appendiculatus tested using
locally prepared acaricide test papers during 1991-1992. The
lowest LC50(%) values for the most susceptible samples used for
resistance factor calculations were: chlorfenvinphos (0.02) from
Mutakula, cypermethrin (0.026) from Hufwa, deltamethrim (0.005)
from Syanjalika and dioxathion (0.062) from Mutakula. Mean
LC50(%) values (+ Standard deviations) were: cypermethrin
0.08+0.08, deltamethrin 0.01+0.004, chlorfenvinphos 0.04+£0.01 and
dioxathion 0.17+0.1.

There was a significant difference using Duncan’s new
multiple range test (P = 0.05), between dioxathion mean value and
that of deltamethrin but not with chlorfenvinphos and

cypermethrin. There was a significant difference (P = 0.05)
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between mean values of chlorfenvinphos and deltamethrin but not
with cypermethrin. There was also a significant difference
between deltamethrin and cypermethrin. This shows that
deltamethrin was superior against R. appendiculatus as compared
to the other three chemicals. It also shows that the behaviour
of R. appendiculatus to the three acaricides was not much
different. The 1level of susceptibility was in the order:
deltamethrin, chlorfenvinphos, cypermethrin and dioxathion. Table
13 shows the results of R. appendiculatus for 1992-1993. The
order of susceptibility remained the same.

Tests with deltamethrin on the Bailoni sample were done with
concentrations of up to 0.025% where a mortality of 30.7% was
obtained (Table 10, Appendix 1). These results suggest that to
obtain 50% mortality, a concentration greater than 0.025% would
be required. Therefore LC50(%) value for the Bailoni sample could
be greater than 0.025. Considering that the lowest LC50% value
for deltamethrin obtained with R. appendiculatus from Syanjalika
was 0.005, the Bailoni sample would be considered to be resistant
to deltamethrin. This shows that R. appendiculatus at Bailoni are
developing resistance to dioxathion, cypermethrin and

deltamethrin.

4.3.2 Boophilus decoloratus

Table 11 shows the results of B. decoloratus tested using
locally prepared acaricide test papers during 1991-1992. The
lowest LC50(%) values for the most susceptible samples used for
resistance factor calculations were: chlorfenvinphos (0.012) from

Nalutanda, cypermethrin (0.012) from Hufwa, deltamethrin (0.0036)
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from Njase and dioxathion (0.03) from Siakola.

Mean LC50 (%) values (+ Standard deviations) were:
chlorfenvinphos 0.04+£0.03, cypermethrin 0.025+0.02, deltamethrin
0.006+0.002 and dioxathion 0.22+0.16. Table 15 shows the results
obtained during 1993. There were limited tick collections during
1993 due to logistical constraints.

Tests with locally prepared test papers on B. decoloratus
(Tables 11 and 15), showed development of resistance to
dioxathion and chlorfenvinphos in samples from most of the
commercial sector farms. The resistance factors (Table 11) for
dioxathion being almost twice those for chlorfenvinphos. All the
samples from either commercial or traditional sector, were

susceptible to cypermethrin and deltamethrin.

4,3.3 Amblyomma variegatum

Table 10, shows the results of Amblyomma variegatum tested
using locally prepared acaricide test papers during 1991-1992.
The lowest LC50 (%) values used for resistance factor calculations
were: chlorfenvinphos (0.011) from Chilumbi, deltamethrin (0.003)
from Chinganya and dioxathion (0.056) from Chibwalo. For
cypermethrin, the three values obtained were similar.

Mean LC50 (%) (Table 10) wvalues were: chlorfenvinphos
0.0210.01, cypermethrin 0.04%0.004, deltamethrin 0.02+0.01 and
dioxathion 0.15+0.08. There was a significant difference using
Duncan’s new multiple range test (P = 0.05), between dioxathion
and chlorfenvinphos with a clear resistance to dioxathion. There

was no significant difference between chlorfenvinphos and

cypermethrin but there was a significant difference between
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dioxathibn and cypermethrin, and between chlorfenvinphos and
deltamethrin. The results of A. variegatum tested using locally
prepared test papers (Table 10), showed almost a similar pattern
to that of the other two species (but slightly low values for
dioxathion) .

Table 12, shows the results obtained during 1992-1993. There
was a limited number of samples tested due to logistical

constraints. The samples tested were generally susceptible.

4.3.4 A Summary of the results with locally prepared acaricide
test papers.

Table 17 shows the summary of the results of all the three
tick species tested using locally prepared acaricide papers.
Significant differences using Duncan’s new multiple range test
(P = 0.05), existed for chlorfenvinphos values between A.
variegatum and those for the other two species. The difference
between R. appendiculatus and B. decoloratus was slight. A.
variegatum were more susceptible to chlorfenvinphos than the
other two species. For deltamethrin, the 1993 R. appendiculatus
population was significantly different from the 1992 population
as well as from A. variegatum and B. decoloratus. The 1993 R.
appendiculatus population was less susceptible to deltamethrin.

There were no significant differences between 1992 and 1993
Rhipicephalus appendiculatus and between the 1992 R.
appendiculatus and the other two species for cypermethrin. While
there is a general susceptibility by all the species to
cypermethrin, the 1993 R. appendiculatus population showed signs

of resistance to the acaricide. For dioxathion the value for 1993
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Amblyomma variegatum showed significant differences with the
rest. The 1993 A. variegatum population was quite susceptible
compared to the rest. Generally, all the three tick species were
more susceptible to deltamethrin followed by chlorfenvinphos and
cypermethrin but showed resistance to dioxathion.

Tests of significance using the Student’s t-test (t = 0.05)
on the mean LC50(%) values for each of the three tick species,
in respect of cypermethrin and dioxathion obtained with the FAB
Kit (Table 16) and locally prepared test papers (Table 17), did
not show any significant difference between them. Using either
FAQ Kit or locally prepared dioxathion papers one would probably
be able to identify resistance if it occurred in a tick
population. Differences may arise in the LC50(%) values for
acaricides such as dioxathion depending on storage age of the
test papers (Harris, 1977). However, resistance trends and

resistance factors would probably remain similar.

4.4 Results of comparative tests of larval Boophilus decoloratus
from laboratory strains (NCSR, Chilanga) tested with locally
prepared acaricide test papers

Table 18 shows the results of comparative tests carried on
larval B. decoloratus from laboratory strains. Most of the
results obtained seem to be in agreement with those from the NCSR
Toxicology laboratory except for dioxathion LC50(%) values where
the NCSR figures were rather low for Mongu and Shangala strains
and slightly high for chlorfenvinphos for the Shangala strain.
Based on our results, the Mongu strain appears to be resistant

to chlorfenvinphos, cypermethrin and dioxathion.
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4.5 Results of the questionnaire survey

Tables 19 and 20 show the responses of 40 farmers (17 from
Southern Province and 23 from Central Province including Lusaka) .
The response to most of the questions raised was poor except for
the one regarding the choice of acaricides.

An analysis of responses to this question (Table 21), showed
that 58.8% of farmers in the Southern Province and 39.1% in the
Central Province preferred the acaricide formulation Delnav while
11.7% in Southern Province and 17.4% in Central Province
preferred the acaricide formulation Steladone. The latter
acaricide was in wide use in the traditional sector at the time

of the study.
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Table 1. Estimates of LC50(%) values for larval Rhipicephalus
appendiculatus from Hufwa area tested against coumaphos
(FAO) on different dates, (1990/91).

Date collected = date of collection of engorged field

ticks.
Date
Collected Tested LC50 (%)
28.12.90 14.3.91 0.18
8.1.91 27.3.91 0.19
8.1.91 23.3.91 0.13
8.1.91 23.3.91 0.13
8.1.91 14.3.91 0.22
8.1.91 11.4.91 0.30
8.1.91 11.4.91 0.25
31.1.91 19.4.91 0.30
31.1.91 19.3.91 0.21
Mean = SD 0.21+0.06
Confidence limits (95%) 0.16-0.26

LC50(%) ,= Lethal concentration providing 50 percent mortality

SD,= Standard deviation
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Table 2. Estimates of LC50(%) values for larval Rhipicephalus
appendiculatus from Hufwa area tested against
cypermethrin (FAO) on different dates (1990/91).

Date collected = date of collection of engorged field

ticks.
Date

Collected Tested LC50 (%)

8.1.91 23.3.91 0.060

8.1.91 27.3.91 0.070

8.1.91 27.3.91 0.074

8.1.91 11.4.91 0.072

8.1.91 11.4.91 0.081

8.1.91 11.4.91 0.032

31.1.91 19.4.91 0.160
Mean + SD 0.080£0.040
Confidence limits (95%) 0.040-0.120

LC50(%),= Lethal concentration providing 50 percent mortality

SD,= Standard deviation
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Table 3. Estimates of LC50(%) values for larval Rhipicephalus
appendiculatus from Hufwa area tested against diazinon
(FAO) on different dates (1990/91).

Date collected = date of collection of engorged field

ticks.
Date

Collected Tested LC50 (%)

28.12.90 14.3.91 0.040

8.1.91 14.3.91 0.070

8.1.91 23.3.91 0.060

8.1.91 23.3.91 0.060

8.1.91 27.3.91 0.050

8.1.91 11.4.91 0.050

8.1.91 11.4.91 0.050

31.1.91 19.4.91 0.056

31.1.91 19.3.91 0.090
Mean * SD 0.060+£0.010
Confidence limits (95%) 0.050-0.070

LC50(%) ,= Lethal concentration providing 50 percent mortality

SD,= standard deviation
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Table 4. Estimates of LC50(%) values for larval Rhipicephalus
appendiculatus from Hufwa area tested against dieldrin
(FAO) on different dates (1990/91).

Date collected = date of collection of engorged field

ticks.
Date

Collected Tested LC50 (%)

8.1.91 23.3.91 0.180

8.1.91 27.3.91 0.160

8.1.91 11.4.91 0.190

8.1.91 11.4.91 0.082

8.1.91 11.4.91 0.180

31.1.91 19.4.91 0.190
Mean = SD 0.160+0.040
Confidence limits (95%) 0.120-0.200

LC50 (%) ,= Lethal concentration providing 50 percent mortality

-

SD,= Standard deviation
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Table 5. Estimates of LC50(%) values and resistance factors
(RF) "in parathensis for larval Rhipicephalus
appendiculatus from five areas tested on different
dates against four acaricides (FAQ), during the period
January-April, 1991.

Date collected = date of collection of engorged field

ticks.

Date LC50 (%)
Area Collected Tested coum. cyper. diaz. dield.
Nzala 31.1 21.3 .30 0.200(8.0)
Nzala 6.2 9.4 0.17 0.070(2.8) 0.07(2.3) 0.20
Nchele 31.1 21.3 16 0.070(2.8)
Nchele 31.1 23.3 0.15
Nchele 31.1 19.3 0.50 0.13(4.3)
Nchele 6.2 9.4 0.16 0.085(3.4) 0.06(2.0) 0.20
Silwili 14.1 4.4 0.17 0.080(3.2) 0.05(1.7) 0.25
Moono 24.1 4.4 0.26 0.150(6.0) 0.07(2.3) 0.30
Itebbe 6.3 24 .4 0.25 0.160(6.4) 0.09(3.0) 0.30
Mean * SD 0.25+0.12 0.120+£0.050 0.08+0.03 0.23%x0.06
C.L. (95%) 0.15-0.35 0.070-0.190 0.05-0.11 0.16-0.30

(RF)" Lowest LC50(%) value used for calculations = 0.025
(Syanjalika) for cypermethrin and = 0.03 (Ngwezi) for
diazinon (Table 6).

C.L.,= Confidence limits

coum. ,= coumaphos, cyper.= cypermethrin, diaz.= diazinon, dield.=
dieldrin.

LC50 (%) ,= Lethal concentration providing 50 percent mortality
RF,= Resistance factor, SD,= Standard deviation.
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Table 6. Estimates of LC50(%) values and resistance factors (RF)
in parathensis for larval Rhipicephalus appendiculatus
from different areas tested against five FAO acaricides,

(1991/92).
LC50 (%)

Area diox. (k)" coum. cyper. diaz. dield.
Syanjalika(+)0.20 a 0.025b 0.035(1.2) c
Magoye 0.45 0.32 0.200(8.0) 0.110(3.7) 0.26
Choongo 0.58 0.48 - 0.130(4.3) 0.28
Bailoni 0.58 - 0.130(5.2) - -
Pemba Farms 0.60 - - - -
Lutale 0.58 - - - -
Ngwezi - 0.60 0.300(12.0) 0.030b -
Chibwalo - 0.60 0.164(6.4) 0.083(2.8) 0.18

.080+0.04 0.24£0.05
.020-0.14 0.09-0.39

Mean * SD 0.50+0.16 0.50%+0.13 0.160£0.10
C.L. (95%) 0.32-0.68 0.26-0.74 0.020-0.30

oo

(+) ,= Area around the School.

a,= highly susceptible (100% mortality with the lowest
concentration.

Lowest LC50(%) value used for resistance factor calculations.
mixed population

b,
c,

coum. ,= coumaphos, cyper.= cypermethrin, diaz.= diazinon, dield.=
dieldrin, diox.= dioxathion.

C.L.,= Confidence limits

(k)*, RF values could not be calculated.
b,= lowest value used for resistance factor calculations.

LC50 (%) ,= Lethal concentration providing 50 percent mortality
RF,= Resistance factor, SD,= Standard deviation.
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Table 7. Estimates of LC50(%) values and resistance factors (RF)
in parathensis, for larval Rhipicephalus appendiculatus
from different areas tested against four acaricides
(locally prepared concentrations). (1991/92).

LC50 (%)

Locality diox. chlorf. cyper. deltm.
Siakasenke 0.130(5.2) a 0.064(2.4) 0.0125(2.1)
Siatela 0.170(2.1) a 0.035(1.3) 0.0150(2.5)
Choongo 0.086(2.7) 0.023(1.1)

Bailoni 0.420(6.8) 0.040(2.0) 0.260(10.4)

Mutakula 0.062b 0.020b 0.040(1.5)

Chipepo 1 0.180(2.9)

Hufwa 0.240(3.9) 0.026b 0.0060(1.2)
Kang'’omba 0.150(2.4) 0.054(2.7)

Syanjalika(+)0.064( - ) 0.042(2.1) 0.0050b
Munga Ward 0.054(2.7) 0.090(3.5)

Mate F 0.270(4.3) 0.056(2.1) 0.0130(2.2)
Muzoka 0.140(2.2) 0.056(2.1) 0.0110(1.8)

Mean + SD 0.170+£0.100 0.040+0.010 0.080+0.080 0.0100+£0.0040
C.L. (95%) 0.100-0.220 0.030-0.051 0.010-0.150 0.0040-0.0160

(+) ,= Area around the school.

a,= highly susceptible (100% mortality with the lowest
concentration).

b,= lowest value used for resistance factor calculation.

C.L.,= Confidence limits

chlorf.= chlorfenvinphos, cyper.= cypermethrin, deltm.=
deltamethrin, diox.= dioxathion.

F,= Farm.

LC50 (%) ,= Lethal concentration providing 50 percent mortality.
RF,= Resistance factor, SD,= Standard deviation.
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Table 8. Estimates of LC50(%) values and resistance factors (RF)
in parathensis, for larval Boophilus decoloratus from
different areas tested against four acaricides (FAO),
(1990-1992).

LC50 (%)

Locality cyper. diaz. diox. (k)~ dield.
Maambo F (91) 0.035(1.2) 0.056(3.7) 0.52 b
Chambashi F(91) 0.043(1.4) 0.034(2.3) 0.60 b
Chambashi F(91) 0.030a 0.056(3.7) b
Chambashi F(92) 0.030(2.0) 0.54 b
Kamakuti (91) 0.033(1.1) b
Makombe F (91) 0.033(1.1) 0.060(4.0)

Makombe F (91) 0.045(1.5)

CVRI (91) 0.045(1.5) 0.040(2.7)

Masiye F (92) 0.038(1.3) b
Munga Ward (92) 0.015a 0.35

Mean * SD 0.040+£0.006 0.040+£0.020 0.50+0.11

C.L. (95%) 0.035-0.045 0.020-0.060 0.40-0.60

a,= lowest LC50(%) value used for resistance factor calculations.

b,= percent mortalities (less than 50%) could not be plotted.
(k)" RF values could not be calculated.

C.L.,= Confidence limits

cyper.= cypermethrin, diaz.= diazinon, dield.= dieldrin, diox.=
dioxathion.

F,= Farm.

LC50(%) ,= Lethal concentration providing 50 percent mortality
RF,= Resistance factor, SD,= Standard deviation.
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Table 9. Estimates of LC50(%) values and resistance factors (RF)
in parathensis, for larval Amblyomma variegatum from
different areas tested against five acaricides (FAO),

(1991/92).
LC50($%)

Locality diox. (k)" coum. cyper. diaz. dield.
Kang’omba 0.26 0.035(1.7) 0.035(1.7) 0.070(1.7)
Shimaponda F 0.082(2.7) 0.120(3.0) 0.14(2.8)
Shimaponda F 0.080(2.0)
Chipapa 0.064(2.1) 0.065(1.6) 0.13(2.6)
Chipapa 0.030a 0.050(1.2)
Chombe F 0.050(2.5) 0.040(1.3) 0.086(2.1) 0.36(7.2)
Muswishi 0.030a 0.070(1.7) 0.09(1.8)
Muswishi 0.041(1.4) 0.050(1.2) 0.09(1.8)
Chitakunya F 0.020a 0.037(1.2) 0.040a 0.05a
Wabemba F 0.30 0.090(4.5) 0.070(1.7)
Kafue Vet. 0.20 0.050(1.2)
Chipapa 0.16 0.120(3.0)
Chipapa 0.15
Vuta F 0.16
Chibwalo 0.040

Mean * SD 0.21+0.06 0.050+0.03 0.050+0.02 0.070+0.03 0.14+0.11
C.L.(95%) 0.14-0.32 0.010-0.09 0.030-0.08 0.050-0.09 0.06-0.14

a,= lowest LC50(%) value used for resistance factor calculations.

C.L.,= Confidence limits.

coum.= coumaphos, cyper.= cypermethrin, diaz.= diazinon, dield.=
dieldrin, diox.= dioxathion

F,= Farm.

(k)*, RF values could not be calculated.

LC50(%),= Lethal concentration providing 50 percent mortality.
RF,= Resistance factor, SD,= Standard deviation.
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Table 10. Estimates of LC50(%) values and resistance factors (RF)
in parathensis for larval Amblyomma variegatum from
different areas tested against four locally prepared
acaricide concentrations, (1991/92).

LC50 (%)

Locality diox. chlorf. cyper. deltm.
Shimaponda F 0.200(3.6) 0.0520(4.7)

Muswishi 0.090(1.6) 0.0160(1.4) 0.040 0.040(13.3)
Muswishi 0.090(1.6) 0.0150(1.4) 0.047

Maambo F 0.086(1.5) 0.0150(1.4) 0.040

Choongo 0.200(3.6) 0.0150(1.4)

Chibwalo 0.056a

Kafue Vet. 0.082(1.5)

Chilumbi 0.099(1.7) 0.0110a

Vuta F 0.068(1.2)

Kang’ omba 0.170¢(3.0) 0.0150(1.4) 0.009(3.0)
Kang'’omba 0.140(2.5)

Chinganya 0.120(2.1) 0.003a
Ngwali 0.084(1.5)

Siluyasila 0.290(5.2) 0.0180(1.6)

Masoko 0.220(3.9) 0.0140(1.3)

Muchayashimbi 0.240(4.3) 0.0150(1.4)

Masiye F 0.320(5.7) 0.0290(2.6)

Munga Ward 0.250(4.5) 0.0125(1.1)

Hufwa 0.090(1.6) Db 0.017(5.7)

Mean + SD 0.150+0.080 0.0200+0.0100 0.040+0.004 0.02+0.02
C.L. (95%) 0.110-0.190 0.0130-0.0270 0.030-0.050 <0.02-0.08k

a,= lowest value used for resistance factor calculations.

b,= highly susceptible.

C.L.,= Confidence limits, k, lower value is negative.

chlorf.= chlorfenvinphos. cyper.= cypermethrin, deltm.=

deltamethrin. diox.= dioxathion.
F,= Farm.

LC50(%) ,= Lethal concentration providing 50 percent mortality.
RF,= Resistance factor, SD,= Standard deviation.
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Table 11. Estimates of LC50(%) values and resistance factors
(RF) in parathensis, for larval Boophilus decoloratus
from different areas tested against four acaricides
(locally prepared concentrations), 1991/92.

LC50 (%)

Locality diox. chlorf. deltm. cyper.
Kamakuti 0.04(1.3) 0.015(1.2) 0.0060(1.7) 0.033(2.7)
Chambashi F 0.33(11.0) 0.09(7.5) 0.0070(1.9) a
Chambashi F 0.24(8.0) 0.052(4.3) 0.0050(1.4) a
Chambashi F a 0.060(5.0) a a
Chambashi F 0.50(16.7) 0.100(8.3) n/d n/d
Chambashi F 0.42(14.0) 0.100(8.3) n/d n/d
Masiye F b 0.022(1.8) a a

Lubinga 0.09(3.0) 0.020(1.7) 0.0100(2.8) a

Matipu F 0.21(7.0) 0.054(4.5) a a

Matipu F 0.24(8.0) 0.046(3.8) n/d n/d

Phiri a n/d a a

Kaongo a a a a

Njase 0.05(1.7) a 0.0036¢C 0.012c
Nahumba F 0.46(15.3) 0.084(7.0) 0.0100(2.8) 0.039(3.2)
Nahumba F 0.48(16.0) 0.078(6.5) 0.0050(1.4) 0.015(1.2)
Siakola 0.03c a 0.0060¢(1.7) 0.028(2.3)
Nalutanda a 0.012c a 0.024(2.0)
Hufwa 0.10(3.3) 0.018(1.5) a 0.012c
Bailoni a 0.013(1.1) a a

Nahumba F 0.40(13.3) 0.080(6.7) 0.0080¢(2.2) 0.090(7.5)
Hatembo 0.07¢(2.3) n/ - n/d n/

Vuta F 0.26(8.7) 0.040(3.3) 0.0070(¢(1.9) 0.036(3.0)
Chombe F 0.18(6.0) 0.030(2.5) 0.0066(1.8) 0.022(1.8)
Chombe F 0.19(6.3) n/d 0.0050(1.4) 0.019(1.6)
Chilombe b b 0.0040(1.1) 0.016(1.3)
Vuta F a 0.017(1.4) 0.0040(1.1) 0.012c
Vuta F a 0.014(1.2) 0.0060(1.7) 0.015(1.2)
Chilombe a a 0.0040(1.1) 0.016(1.3)
Mwomboshi a a 0.0050(1.4) 0.012
Mufwempa a a b 0.020(1.7)
Bweengwa 0.08(2.7) 0.017(1.4) n/d n/
Bweengwa 0.08(2.7)y 0.020(1.7) n/d n/d
Bweengwa n/d 0.020(1.7) n/d n/d

Mean + SD 0.22+0.16 0.040%£0.030 0.0060+0.0020 0.025+0.020
C.L.(95%) 0.14-0.30 0.030-0.050 0.0050-0.0070 0.014-0.036

a,= Highly susceptible, b,= High mortalities (over 70%),

c,= lowest LC50(%) value used for resistance factor calculations,
n/d,= not done.

C.L.,= Confidence limits.

chlorf.= chlorfenvinphos, cyper.= cypermethrin, deltam.=
deltamethrin, diox.= dioxathion. F = Farm.

LC50(%) ,= Lethal concentration providing 50 percent mortality.
RF,= Resistance factor, 8SD,= Standard deviation.
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Table 12. Estimates of LC50(%) wvalues for larval Amblyomma
variegatum from different areas tested against
four acaricides (locally prepared concentrations),
during 1992/93.

LC50 (%)

Locality diox. chlorf. cyper. deltm.
Kapamangoma 0.032 0.015 0.084 n/4
Nchele n/d4d 0.027 n/d n/d4
Kashinka n/d 0.020 0.035 n/d4d
Sempae 0.060 0.018 0.010 n/d
Chipepo 2 0.100 0.019 a a
Mean = SD 0.050+0.020 0.020+£0.005 0.043+£0.040

C.L. (95%) <0.010-0.110k 0.013-0.027 <0.080-0.120k

a,= highly susceptible, n/d,= not done.
C.L.,= Confidence limits, k, lower values are negative.

chlorf.= chlorfenvinphos, cyper.= cypermethrin, deltm.=
deltamethrin, diox.= dioxathion.

LC50 (%) ,= Lethal concentration providing 50 percent mortality.
SD,= Standard deviation.
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Table 13. Estimates of LC50(%) values for larval Rhipicephalus
appendiculatus from different areas tested against
four acaricides (locally prepared concentrations)
during 1992/93.

LC50 (%)
Locality diox chlorf. cyper. deltm.
Namakube 0.18 0.054 0.13 0.064
Namakube 0.11 0.037 0.05 0.006
Namakube 0.09 0.060 0.06 0.035
Namakube 0.13 0.058 0.14 0.035
Nzala 0.20 0.060 0.18 0.080
Kanundwa 1 0.13 0.040 0.07 0.025
Kanundwa 1 0.18 0.060 0.22 0.060
Siakasenke 0.14 0.060 0.13 0.033
Kanundwa 2 0.47 0.080 a 0.064
Namakube 0.30 0.076 a 0.050
Chipepo 2 0.28 0.070 0.40 0.090
Kachesa 0.22 0.043 0.40 0.060
Mate F 0.27 0.052 n/d 0.050
Mean * SD 0.21+0.10 0.060+£0.010 0.18+0.13 0.050+0.020
C.L. (95%) 0.15-0.27 0.050-0.070 0.08-0.28 0.040-0.060
a,= highly susceptible.
C.L.,= Confidence limits.
chlorf.= chlorfenvinphos, cyper.= cypermethrin, deltm.=

deltamethrin, diox.= dioxathion.
F,= Farm.

LC50(%) ,= Lethal concentration providing 50 percent mortality.
SD,= Standard deviation.
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Table 14. Estimates of LC50(%) values for larval Rhipicephalus
appendiculatus from different areas tested against four
acaricides (FAO), during 1992/93.

LC50 (%)
Locality coum. diaz. cyper. dield.
Namakube 0.23 0.070 n/d n/d
Nzala 0.24 0.070 n/d n/d
Kanundwa 1 0.16 0.040 n/d n/d
Kanundwa 1 0.36 0.056 n/d 0.26
Siakasenke 0.16 0.045 n/d 0.21
Kanundwa 2 n/d n/d 0.16 0.32
Namakube 0.13 n/d 0.16 0.23
Namakube 0.10 a n/d a
Namakube 0.12 a n/d n/d4d
Namakube 0.25 0.040 n/d 0.24
Chipepo 2 0.11 n/d n/d n/d
Mate F 0.22 0.071 n/d n/d4d
Mean * SD 0.20+0.08 0.060%+0.010 0.16+0.00 0.25+0.04
C.L. (95%) 0.14-0.26 0.050-0.070 0.19-0.31

a,= highly susceptible, n/d,= not done.
C.L.,= Confidence limits

coum.= coumaphos, cyper.= cypermethrin, diaz.= diazinon, dield.=
dieldrin.

F,= Farm.

LC50 (%) ,= Lethal concentration providing 50 percent mortality.
SD,= Standard deviation.
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Table 15. Estimates of LC50(%) values for larval Boophilus
decoloratus tested using locally prepared acaricide
test papers and FAO Kit during 1993.

Acaricide
Local FAB

Area chlorf. cyper. deltm. diox. coum. diaz.
Mukuyu F 0.080 0.056 0.0080 0.45 a 0.100
Mukuyu F 0.090 0.040 a 0.60 n/d n/d
Mukuyu F 0.094 0.052 0.0100 0.50 n/d 0.080
Mukuyu F 0.070 0.024 a 0.40 a 0.071
Mukuyu F 0.120 0.045 0.0110 0.45 n/d 0.076
Mukuyu F 0.110 0.022 0.0072 0.39 n/d 0.050
Mukuyu F 0.100 0.047 0.0060 0.40 n/d 0.090
Vuta F 0.035 0.042 0.0060 0.19 n/d 0.060
Vuta F 0.023 0.037 0.0050 0.11 n/d a

Meant SD 0.08+0.03 0.04£0.01 0.008+0.002 0.40£0.15 0.08+£0.02
C.L.(95%)0.05-0.11 0.031-0.041 0.006-0.008 0.26-0.54 0.05-0.09

a,= highly susceptible (100% mortality with lowest
concentration).

chlorf.= chlorfenvinphos, cyper.= cypermethrin, deltm.=

deltamethrin, diox.= dioxathion, n/d = not done.

C.L.,= Confidence limits.
F,= Farm.

LC50(%) ,= Lethal concentration providing 50 percent mortality.
SD,= Standard deviation.



77

Table 16. Summary of mean LC50(%) values (+SD) for the
three tick species tested with FAO test Kit.

Acaricide

Species diaz. dield. coum. cyper. diox.

R. appediculatus
Hufwa 1991 0.06+0.01 0.16+0.04 0.20+0.07 0.08+0.04 n/4

a a a a
Other areas
1991 0.08x0.03 0.23+0.06 0.25+0.12 0.12+0.05 n/d
a ab a a
1992 0.08%x0.04 0.24£0.05 0.50+0.13 0.16+0.10 0.50£0.16
a ab b a a
1993 0.06+0.01 0.25+0.04 0.20£0.08 0.16+x0.00 n/d
a b a a
Mean 0.07£0.01 0.22+0.04 0.29+#0.14 0.13+0.04
A. variegatum
1992 0.07+£0.03 0.14+£0.04 0.05+0.03 0.05+0.02 0.21+0.08
a a o} a b
B. decoloratus
1990-1992 0.04+0.02 + n/d 0.04£0.01 0.50+0.11
a a a
1993 0.07+0.02 n/d4d _ n/d n/d
a
Mean 0.06x0.02
Mean * SD 0.06+0.01 0.20+£0.06 0.24%+0.16 0.120+0.05 0.40%£0.17

+, Values could not be determined due to low mortalities (which
could not allow the plotting of percent-% mortality responses).
_.= High mortalities.

n/d,= Not done.

coum.= coumaphos, cyper.= cypermetrin, diaz.= diazinon, dield.=
dieldrin, diox.= dioxathion.

Yearly mean values carrying the same letter in the same column
are not significantly different (P = 0.05)

LC50(%) ,= Lethal concentration pro&iding 50 percent mortality.
SD,= Standard deviation.
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Table 17. Summary of mean LC50(%) values (+SD) for the
three tick species tested with locally prepared
acaricide papers.

Acaricide
Species chlorf. deltm. cyper. diox.
R. appendiculatus
1992 0.04%+0.01 0.010+£0.004 0.08%0.08 0.17+0.10
a a ab a
1993 0.06x0.01 0.050%0.020 0.18+0.13 0.21+0.10
ab b b ab
Mean 0.05+0.01 0.030+£0.030 0.13+0.07 0.19+0.03
A. variegatum
1992 0.02+0.01 0.020+£0.020 0.04%£0.01 0.15+0.08
o a a a
1993 0.02+0.01 n/a 0.04%0.04 0.05%0.02
c a c
Mean 0.02%0.00 0.0420.00 0.10+0.07
B. decoloratus
1992 0.04+0.03 0.006+0.002 0.025%0.02 0.22+0.16
a a a ab
1993 0.0810.03 0.008+0.002 0.04+0.01 0.40+0.16
b a a b
Mean 0.06x0.03 0.00720.001 0.03£0.01 0.31+0.13
Mean = SD 0.04+0.02 0.020%0.020 0.07£0.06 0.20x+0.12

n/d,= Not done
chlorf.= chlorfenvinphos, cyper.= cypermethrin, deltm.=
deltamethrin, diox.= dioxathion.

LC50(%) ,= Lethal concentration providing 50 percent mortality.
SD,= Standard deviation.

Yearly mean values carrying the same letter in the same column
are not significantly different (P = 0.05)
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Table 18. Estimates of LC50(%) values of comparative tests of
larval Boophilus decoloratus from laboratory reference
strains from NCSR, Chilanga, tested using locally
prepared acaricide test papers during October, 1993.

LC50 (%)
Strain Ehig;£1MMH ;Qper. deltm. d diox. A
Mongu* O.CSiO.OlMW6;O95iO.020 0.0ZBiO.dB; O.44iO.d;m
Shangala 0.015 0.021 0.009 0.25
Galaunia 0.025 0.028 0.007 0.10

Mongu*,= mean value obtained from four determinations.

chlorf.= chlorfenvinphos, cyper.= cypermethrin, deltm.=
deltamethrin, diox.= dioxathion.
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Table 19. Results of questionnaire survey on acaricide management
in Southern Province of Zambia.

acaricides

Date dipp- S

Farm or locality Management ing started used preferred
1 T 1987 A,B -
2 T - D,B D
3 T - - -
4 T 1979 A,B B
5 T - A,B,D D
6 T 1977 A,D,B D
7 T 1970 D,B B
8 T 1984 B,D D
9 T 1983 D,B D
10 T 1984 D,B D
11 cP - Ops. D

12 T 1988 B E,D,F
13 T - J J
14 T 1990 G,E,B G
15 T 1991 B,F F
16 T - D,B D
17 T 1991 B,D D

T* = Traditional, CP® = Commercial

Acaricides: A = Altik (a mixture of dioxathion and toxaphene),
B = Steladone (chlorfenvinphos 30% weight : volume, w/v), D =
Delnav (dioxathion), E = Supona Super (chlorfenvinphos 100% w/v),
F = Barricade (cypermethrin), G = Triatix, Amitraz (amidine), H
= Butox (deltamethrin), I = Pour-on (flumethrin), J = Superdip
(chlorfenvinphos), S = Supermix (a mixture of chlorfenvinphos and
dioxathion 55% : 55%).
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Table 20. Results of questionnaire survey on acaricide
management in Central Province of Zambia.

acaricides
Date dipp- -

Farm or locality Management ing started used preferred
1 o 1983 S,E,F,D F
2 T2 1980 A,G G
3 T 1970 D,G,B D
4 c 1989 D,S S
5 T 1990 G, F
6 T 1978 D,G,E D
7 C - E,S,B,G G
8 T 1981 D,B B
9 T - - -

10 T - - -
11 C 1970 B,D,S,E, I I
12 C 1990 E,F F,D
13 T 1989 B G
14 T 1984 D,G D
15 T 1991 B,D D
16 T 1990 B D
17 T 1989 B B
18 T 1990 B D
19 T 1989 B D
20 T 1930 A,D,B B
21 T 1930 A,D,B B
22 T 1930 A,D,B D
23 T 1930 A,D,B D

Farm or locality Nos. 15-23 are from Lusaka.
T = traditional, C® = commercial.

Acaricides: A = Altik (a mixture of dioxathion and toxaphene),
B = Steladone (chlorfenvinphos 30% weight : volume, w/v), S =
Supermix (a mixture of chlorfenvinphos and dioxathion 55% : 55%),
= Delnav (dioxathion), E = Supona (chlorfenvinphos 100% w/v),
= Barricade (cypermethrin), G= Triatix, Amitraz (amidine), H
Butox (deltamethrin), I = Pour-on (flumethrin).

=9
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Table 21. Analysis of responses on acaricide preference (%) from
questionnaire survey (Tables 19 and 20).

Province
Acaricide Southern Central
Altik 0.0 0.0
Barricade 5.9 13.0
Butox 0.0 4.3
Delnav 58.8 43.5
Pour-on 0.0 4.3
Steladone 17.7 17.4
Superdip 5.9 0.0
Supermix 0.0 4.0
Supona 6.0 0.0
Triatix 5.9 13.0
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List of various reasons for the choice of a particular acaricide

in the questionnaire survey on acaricide management

1. Steladone. We have just started with this chemical. We are

watching its performance. Altik was not effective on ticks.

2. Delnav. It kills ticks effectively. It is very effective. It
intoxicates all the ticks and works for a long period. Ticks

are less resistant to Delnav.

3. Supermix. It is very effective.

4. Barricade. It is very strong and has an interval of 14 days.

Barricade is good because of the dipping interval.
5. Triatix. It controls even resistant strains.
6. Supona, Delnav and Barricade. These are very effective.

7. Others. I do not dip my cattle because acaricides are very

expensive.
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5 DISCUSSION

For various reasons it was not possible to obtain suitable
samples of R. appendiculatus and A. variegatum ticks from most
commercial sector farms for the study except for some R.
appendiculatus ticks from Pemba Farms and Lutale. R.
appendiculatus from the traditional sector and B. decoloratus
from both sectors, have shown certain patterns of resistance or
susceptibility to the various acaricides used in the tests.

Due to difficulties in mobilising all the necessary test
materials at the same time, direct comparison tests between FAO
and locally prepared test papers could not be done. For example,
dioxathion test papers were only available in the first kit and
were no longer in production at FAO. With the locally prepared
dioxathion papers, there were higher mortalities resulting in
slightly lower LC50(%) values for Syanjalika, Choongo and Bailoni
samples (Table 7) compared to those obtained with FAO papers
(Tables 6). Harris (1977), observed that newly prepared
dioxathion test papers would give higher mortalities than papers
stored for a certain period.

With A. variegatum, there were higher LC50(%) values for
dioxathion for Kang’omba and Vuta (Table 9) compared to those
obtained with local papers (Table 10). This trend is almost
reapeated for dioxathion with B. decoloratus from Chambashi
(Tables 8 and 11). Cypermethrin values for A. variegatum (Tables
9 and 10) from Muswishi were almost similar while a sample of R.

appendiculatus from Bailoni gave a value with local papers twice

that of the FAO Kit (Tables 6 and 7).
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The local preparation of test papers of lower concentrations
than those provided in the FAQO Kit has made it possible to obtain
reasonable baseline data. For instance, in the past it was not
possible to obtain any resistance linkage between chlorfenvinphos
and dioxathion due to 100% kill with the lowest concentration of
chlorfenvinphos (Luguru et al., 1984, 1985a, 1987). Nolan (1990),
was surprised by the absence of a linkage between dioxathion
resistance and chlorfenvinphos in the data obtained by Luguru et
al., (1984). The failure to find the linkage was probably due to
the absence of the right concentrations or it could be that ticks
had not yet developed resistance to chlorfenvinphos. At the time
resistance tests were carried out by Luguru et al., (1984),
chlorfenvinphos based acaricides were not in wide use.

From this study, a relationship between dioxathion
resistance and that of chlorfenvinphos has been demonstrated in
Boophilus decoloratus from commercial farms only, with resistance
factors for dioxathion being almost twice those for
chlorfenvinphos. Dioxathion resistant B. decoloratus from
Chambashi, Matipu and Nahumba (resistance factors of between 8X
and 16X) showed resistance to chlorfenvinphos (resistance factors
between 4X and 7X). Kaposhi et al., (1991) stated that resistance
in a tick population would develop to dioxathion first followed
by chlorfenvinphos. The LC50(%) wvalues for dioxathion and
chlorfenvinphos obtained with the Mongu, and Galaunia strains of
Boophilus decoloratus are in line with those from the commercial
sector obtained in this study and appear to confirm the
relationship between the two acariqides. However, dioxathion data

from Kaposhi (personal comunication) which show relatively low
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LC50(%) values for the Mongu and Shangala strains seem to
contradict the relationship between the two acaricides.
According to Kaposhi (personal communication), these strains were
initially regarded as susceptible but as tests are being carried
out with tick collections from other areas, these strains no
longer qualify for that status. According to Brown and Pal
(1971), there is necessity to determine base-line susceptibility
levels of each population of a vector species that is to be
submitted to a chemical control programme. They pointed out that
the levels of normal or standard laboratory strains are also
useful, but if the population or strain is already contaminated
with resistant heterozygotes or homozygotes it is still possible
to calculate the base-line LC50(%) for susceptible and resistant
genotypes.

From these results, it appears that the Mongu B. decoloratus
could have been exposed to acaricides before. If the exposure to
acaricides did not take place locally, it is possible that the
cattle could have originated from a dipping area outside the
Western Province. The appearance of chlorfenvinphos resistance
in B. decoloratus in this study could be due to an increase in
the use of chlorfenvinphos based acaricides in the past ten
years.

From the data obtained in this study, there was no apparent
resistance linkage between the two organophosphorus compounds
(OPs) (i.e. dioxathion and chlorfenvinphos) and synthetic
pyrethroids (cypermethrin and deltamethrin). Apart from the field
sample of B. decoloratus from Nahumba which was 7.5X as resistant

as the most susceptible sample to cypermethrin, the only other
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resistant sample would be the Mongu reference strain with LC50 (%)
of 0.095 (Table 18). There was no other sample of this species
which showed resistance to the two synthetic pyrethroids.
Boophilus decoloratus on commercially kept cattle in the Southern
and Central Provinces, are developing resistance to dioxathion
and to some extent to chlorfenvinphos while resistance to
dieldrin appears to be established.

Some R. appendiculatus ticks in the region are developing
resistance to dioxathion, coumaphos and cypermethrin while
resistance to dieldrin appears to be established. The dieldrin
resistance pattern in R. appendiculatus appears to have remained
stable since Luguru et al., (1987) study, with a mean LC50 (%)
value currently at around 0.24 for samples which could be read.
Amblyomma variegatum in the region were generally susceptible to
most acaricides with a low level of resistance to dioxathion
(resistance factors of up to 5X with local papers).

Although the concentrations provided in the FAO Kit may be
suitable in cases of reasonably high resistance, they may not be
ideal in studies aimed at obtaining actual baseline data.
Provision for at least two lower concentrations in addition to
those currently available would probably make the kit more
appropriate for cases involving highly susceptible samples.

While acaricides have been used in Zambia for a period
similar to other regions in the world such as Australia, the
level of resistance (especially in B. decoloratus) cannot be said
to have reached the levels found in B. microplus in Australia.
The explanation for this differenqe probably lies in the extent

of acaricide usage and other management factors.
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Surthest and Comins (1979), summarised that resistance in
a tick population depends on the strength of acaricides, the
frequency of dipping and certain other control strategies. The
use of acaricides in Australia appears to have been consistent
from the time dipping was found to be effective. Availability of
different acaricides has been constant. Farmers have for a long
time controlled ticks on European cattle (Bos taurus) by the use
of acaricides. In Australia, cattle are fenced. Tick populations
in defined areas are likely to maintain certain patterns of
behaviour depending on management practices. Management practices
on farms in tick infested parts of Australia are generally
similar, hence the pattern of acaricide resistance observed in
that country.

In Zambia, acaricide wusage has not been consistent
especially in the traditional sector due to a number of factors
including managerial as well as economic. The commercial sector
however, could have been slightly consistent due to advanced
managerial and economic ability. For example, at certain times
in the past, acaricides were either wunavailable due to
constraints of foreign exchange, or 1local prices were too
prohibitive to the farmers. Luguru et al., (1985b), observed that
the majority of diptanks in the traditional sector were running
below the recommended concentrations due to a scarcity of
acaricides and probably prohibitive prices, while management of
diptanks was generally inadequate.

Until recently when a dipping policy was effected by the

Department of Veterinary and Tsetse Control Services, dipping in

the traditional sector was not consistent compared to the
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commercial sector. The policy guarantees the availability of
acaricides to the traditional farmers and adequate supervision
of dipping facilities. A small dipping fee is charged to the
farmer for every animal per dipping.

The difference in the frequency of acaricide application in
the two sectors could be a factor in the pattern of resistance
to acaricides in the one-host tick, B. decoloratus in the two
farming sectors. Resistance to acaricides in B. decoloratus from
commercial farms was more pronounced than those from traditional
areas (Tables 11 and 15). In addition to the frequency of
acaricide application, tick populations in commercial farms are
well defined due to fencing of animals compared to those in the
traditional sector. In defined tick populations with regular
acaricide treatments, breeding between ticks surviving acaricide
treatments is most likely and hence the apparent appearance of
resistance in B. decoloratus in the commercial sector.

Boophilus decoloratus infestations in the commercial sector
were mainly on dairy breeds of cattle (Bos taurus). No suitable
ticks were collected from ranch breeds of cattle. In the
traditional sector, B. decoloratus infestations were relatively
low. There was a slight difference observed in the engorgement
sizes of this tick. Ticks collected from commercial dairy animals
were slightly larger than those from the traditional sector. This
is probably due to host resistance, the local breeds being more
resistant to B. decoloratus infestations than the European
breeds.

The pattern of acaricide resistance in R. appendiculatus in

the traditional sector in Central and Southern Provinces of
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Zambia appears to be similar in most localities. That is,
resistance to OPs, dieldrin and to some extent cypermethrin. This
could have been as a result of control strategies and general
behaviour of the tick population. Due to the threat of
ECF/Corridor disease, acaricides have been used in most of the
localities in the two provinces mainly to control infestations
of the vector tick, R. appendiculatus.

The infestation pattern and numbers of R. appendiculatus on
cattle in the traditional sector are some factors likely to have
contributed to the pattern of resistance observed. Infestation
by the adult stage takes place during rainy seasons (November-
April). Substantial numbers of adult ticks normally occur on
cattle during this period. To control disease transmission,
dipping 1is wusually intensified during the rainy season and
relaxed shortly thereafter. This is to enable a build up of
enzootic stability to tick-borne diseases 1in the cattle
population.

During dipping or in between dippings, some ticks survive
to engorgement. Because of large numbers of adult ticks infesting
cattle, the proportion surviving dipping would probably be large
enough to produce larvae for the next cycle. Being a three-host
tick, the larval and nymphal stages would probably survive on
alternate hosts to the adult stage. This process occurs year
after year, and combined with extensive communal grazing,
emergence of resistant populations occurs.

The failure to collect suitable R. appendiculatus samples

from the commercial sector could be linked to a combination of

a number of factors: (a) that control measures were adequate, (b)
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due to fencing and adequate control measures applied, the tick
could not maintain a substantial population or (¢) due to lack
of shrub cover, which is an important requirement for its
survival (Hoogstraal, 1956). The case of absence of shrub cover
probably applies to most dairy farms. During this study,
collections of this tick were not possible despite the fact that
the breeds of cattle involved are tick susceptible and that these
farms are in areas of high R. appendiculatus challenge. In the
traditional sector, however, most of the survival conditions for
the tick apart from seasonal dipping, have not been eliminated.
Grazing of cattle is done on uncleared land consisting of natural
vegetation with sufficient shrub cover.

As for A. variegatum and B. decoloratus, which occur in
relatively low numbers compared to R. appendiculatus, these are
normally easily controlled by dipping. Due to low infestations,
survivors would also be limited and their propagation chances
would be low. Luguru (1991), in the Southern Province observed
that while A. variegatum and B. decoloratus would almost
disappear on dipped cattle with one or two dippings, R.
appendiculatus infestations were still substantial throughout the
rainy season.

To deal with a defined tick population which is resistant
to a particular acaricide, the best probable solution would be
to use a different acaricide with a high efficacy level for a
certain period. Ensuring that all and new stock are thoroughly
dipped. This would eliminate a large proportion of the population
thus reducing the reproduction capacity and chances of survival.

A return to the previous acaricide would probably be possible.
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This would be posible especially if the few resistant survivors
breed with susceptible individuals migrating into the area. For
example, where resistance to an organophosphorus has been
recognised, a synthetic pyrethroid or an amidine could be used
for a specific period to remove the resistant proportion in the
tick population.

Nolan et al., (1982) stated that once resistance has been
recognised to an acaricide, it will not be possible to return to
that acaricide. However, Nolan and Roulston (1979), pointed out
that if the mechanism of resistance can be removed from the
overall population, continued efficacy of the acaricide in use
to which resistance has been recognised, can be maintained. This
approach may be difficult to implement in the traditional sector
due to a large distribution of the population which would require
expanded resources. In localised populations like those in the
commercial sector, this approach would probably be applicable.

The occurrence of resistance to acaricides in ticks could
be delayed by a careful use of acaricides. A sequential use of
acaricides would probably be the best arrangement as this would
ensure the full exploitation of an acaricide before its control
failure. A Government policy regulating the importation and use‘
of acaricides in Zambia would probably help in delaying the
development of multiple resistance. The current situation where
individual farmers may decide on a particular acaricide for use
on their farms without any basis related to confirmed resistance
is quite unfortunate.

An integrated pest management approach to the tick problem

involving reduced use of acaricides, use of some plant materials
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as acaricides, pasture spelling where possible, and use of host
resistance would delay the occurrence of resistance and make tick
control programmes sustainable.

From the questionnaire survey on acaricide management
(Appendix 3), the information gathered indicated that most
respondents in the traditional sector were mostly concerned with
the efficacy of acaricides. Some commercial sector respondents
in addition to acaricide preference, showed concern over issues
such as disease occurrence, cattle movements etc. The product
Delnav (dioxathion), for example, was the most preferred (Table
21).

In the commercial sector, some respondents preferred
synthetic pyrethroids and to some extent Delnav (Tables 19 and
20) . The preference for Delnav by farmers in the two provinces
could have been due to a number of reasons: (a) its effiCACy (b)
an aggressive marketing approach by the organisation promoting
it (Coopers Zambia Ltd) or (c) because it was the only
alternative product when toxaphene was in wide wuse. The
preference for synthetic pyrethroids in addition to OPs in the
commercial sector could be an indication that these products are
perhaps of better efficacy than most other products used before.
Results of this study indicate that the three species of ticks
were more susceptible to synthetic pyrethroids than to the OPs.
The resistance to dioxathion observed in this study could
probably be linked to a previous wide usage of Delnav in the
field resulting in selection for resistance.

Most other questions in the questionnaire were not answered

properly by a good number of the respondents. For example, none
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of the respondents could provide figures of results of dipwash
samples tested, figures of cattle dipped, cattle movemeﬁts, etc.
This shows that there is need to educate farmers in matters

concerning management of acaricides.

6. CONCLUSIONS

Acaricide resistance 1in <cattle ticks particularly B.
decoloratus in the commercial sector (dairy) and R.
appendiculatus in the traditional sector, exists in the Southern
and Central Provinces of Zambia. It is associated with acaricide
usage and the ability of the tick populations to sustain
themselves on host (susceptible) animals. Resistance in A.
variegatum appears to be less pronounced than in the two species.

The control of resistant ticks in defined populations such
as those in dairy farms could be achieved by applying an
efficient acaricide for a specific period. Once the resistant
proportion is eradicated, a return to the first acaricide could
probably be made. A synthetic pyrethroid or an amidine for
example, could be used for a specified period where
organophosphorus resistance has been recognised. This approach
is likely to succeed if all animals on the farm and any new
animals being introduced are thoroughly dipped. Ideally, this
approach could as well work in the traditional sector except that

its implementation would be costly due to the vastness of the

traditional areas.
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Wharton (1967), suggested the reduction in the use of
acaricides as a logical approach to the control of resistant
ticks. This obviously, takes into account that the resistant
proportion in the population would mate with susceptible
individuals to produce a 1less resistant population. Wharton
(1967), further pointed out that the use of tick resistant cattle
would delay selection for resistance as less acaricides would be
used on them. This is probably what is happening in the case of
Boophilus decoloratus in the traditional sector in Zambia where
there is less acaricide usage and the tick has been observed
during this study, to be unable to survive favourably on
traditional cattle and its susceptibility to acaricides. Reduced
acaricide usage on animals, is likely to reduce the levels of
acaricide residues in meat and milk. In commercial dairy farms
where the main tick infesting cattle is B. decoloratus, a one-
host tick, slightly longer than weekly dipping intervals could
be used and hence ensuring reduced levels of acaricide residues
in milk.

In Zambia, chemical control of cattle ticks will remain the
most practical control method of tick-borne diseases for quite
sometime. Good management of acaricides is necessary if good
control 1is to be achieved. A sequential use of acaricides
especially different groups of acaricides, would probably delay
the selection of multiple resistance in tick populations. If a
group of acaricides such as the organophosphorus, is found to be
effective, its use should be prolonged as long as the products
are available and enviromentally acceptable. Once one group of

acaricides is exhausted, a different one could be introduced. The
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Government should seriously consider enforcing a policy on
acaricides importation and regulation of acaricide usage. An
integrated approach to tick control involving all possible means
usage should be encouraged. This would ensure a reduced use of
acaricides which would delay the occurrence of resistance.

As tests of acaricide resistance are meant to identify a
problem long before it occurs, regular tests of resistance and
farmer education on acaricide management would enhance tick
control programmes. Finally, the use of locally prepared
acaricide resistance test papers would identify resistance in a
tick population in the same pattern as would be with the FAO Test
Kit. The advantage of the local papers is that one would prepare
appropriate concentrations and the test papers would be available
when needed. This study, has generated a reasonable amount of
base-line data which would be useful in tick control and as a
base for future studies on acaricide resistance in cattle ticks

in Zambia.
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LIST OF COMMON AND CHEMICAL NAMES OF ACARICIDES USED IN THE TEXT.

Amitraz (amidine)

Arsenic

BHC

Chlordane

Chlorfenvinphos

Coumaphos

Cypermethrin

DDT

Deltamethrin

Diazinon

Dieldrin

Dioxathion

NN-di(2,4-xylyliminomethyl) methylamine
Arsenic trioxide

Benzenehexachloride
1,2,4,5,6,7,8,8-octachloro-3a,4,7,7a-
tetrahydro-4,7-methanoindane
2-choro-1-(2,4-dichlorophenyl)vinyl
diethylphosphate
0-3-chloro-4-methylcoumarin-7-yl 0O-
diethyl phosphorothioate

(%) -cyano-3-phenoxybenzyl (f)-cis, trans-
3-(2,2-dichlorovinyl)2,2-
dimethylcyclopropane carboxylate
1,1,1-trichloro-2,2,-di(4-chlorophenyl)
ethane

(S) -alpha-cyano-3-phenoxybenzyl (1R, 3R) -
3-(2,2-dibromovinyl)-2,2-
dimethylcyclopropane carboxylate
00-diethyl) -2-isopropyl-6-methylpyri
midin-4-yl phosphorothioate
1,2,3,4,10,10-hexachloro-6,7-epoxy-
1,4,4a,5,6,7,8,8a-octahydro-exo-1,4-endo-
5,8-dimethanonaphthalene
1,4-dioxan-2,3-diyl SS-di (00O-diethyl

phosphorodithioate
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Flumethrin cyano (4-fluoro-3-phenoxy-phenyl methyl 3-
[1-chloro-2-4-chlorophenyl) ethenyl]l-2,2-

dimethylcyclopropane carboxylate

Ivermectin 22,23-dihydroavermectin B,

Kelthane 2,2,2-trichloro-1,1-di(4-chlorophenyl)
ethanol

Toxaphene camphechlor
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Acaricide formulations - Trade Names in Zambia

Altik

Barricade
Blizdip
Butox
Delnav
Pour-on (a)
Steladone
Superdip

Supermix

Supona Super

Triatix

4
1
1
3l
i

mixture of toxaphene and dioxathion
75:12% weight/volume (w/v) (Wellcome Co.)
cypermethrin 15% w/v (Shell Chemicals Co.)
Not common in Zambia
deltamethrin 5% w/v (Hoechst Co.)
dioxathion 110% w/v (Wellcome Co.)
flumethrin 1% w/v (Hoechst Co.)
chlorfenvinphos 30% w/v (Ciba Geigy Co.)
chlorfenvinphos 110% w/v (Wellcome Co.)
110% w/v mixture of dioxathion (55%) anc
chlorfenvinphos (55%) (Wellcome Co.)
chlorfenvinphos 100 % w/v (Shell
Chemicals Co.)

Amitraz 12.5% w/v (Wellcome Co.)

(a) ,= Drastic deadline.
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Appendix 1
Table 1. Tick species collected from various localities in
Central Province of Zambia and common acaricides
used.
(B. dec. = Boophilus decoloratus, R. app.
= Rhipicephalus appendiculatus, A. var. = Amblyomma
variegatum). F = Farm.
species of ticks
acaricide(s)
District Locality B. dec. R. var. 1in use/used
Kabwe Kaongo X bid Steladone
Makombe F X Delnav
Kamakuti X
Muswishi X X Steladone
Ngwali X Steladone
Chipepo 1 X X X Steladone
Masiye F b'e X Steladone
Kang’ omba X bl X Steladone
Munga Ward X X X Steladone
Chiuni X X Steladone
Chambashi F X Superdip
Chisamba Pemba Farms X X Superdip
Chipembi Coll. X Steladone
Chombe F X X Steladone
Shimaponda F X X Drastic
deadline
Wabemba F X Steladone
Chitakunya F X X Steladone
Moyo F b'e X Steladone
Lions Bush F X Decatix
Mwomboshi bid bid b'd Steladone
R.A. Old F b'e Steladone
Maambo F b4 b4 Steladone
Vuta F X X ble Altik
Triatix
CIB Farm X Superdip
Mukuyu Farms X Blitzdip
Mumbwa Chishimba X Steladone
Moono X X X Steladone
Lutale X X X Drastic
deadline
Muchayashimbi x X Steladone
Chilombe bd X
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Table 2. Tick species collected from various localities in
Southern Province of Zambia and common acaricides used.
(B. dec.= Boophilus decoloratus, R. app.= Rhipicephalus
appendiculatus, A. var.= Amblyomma variegatum).
F = Farm, Kanundwa: 1,= traditional (including
Namakobo), 2,= commercial (a herd kept by an individual
farmer).
species of ticks
acaricide(s)
District Locality B. dec. R. app. A .var. in use/used
Mazabuka Chibwalo X X Steladone
Magoye X ble Steladone
Mbiya X X X Steladone
Itebbe bl b4 Steladone
Namwani b'd Steladone
Lubombo bl Steladone
Syanjalika X X Steladone
Hangoma X Steladone
Chivuna b4 Steladone
Munali Hills X Steladone
Ngwezi X X Supona Super
Monze Hufwa X X b'd Steladone
Last Farm X Drastic
deadline
Silwili (B) X Steladone
Ncheele X bd Steladone
Nzala X Steladone
Choongo X b'd bd Steladone
Kaumba bid Steladone
Bweengwa X Steladone
Hatembo b4 Steladone
Siakasenke X Steladone
Kanundwa 1 X Steladone
Kanundwa 2 X Steladone
Kachesa X Steladone
Mwiinga X Steladone
Namakube X Steladone
Muzoka b4 bd Steladone
Nalutanda bid Steladone
Choma Bailoni X X X Steladone
Chilumbi X X b
Nahumba ble Steladone
Muzoka b4 bid b4 Steladone
Masuku X X X Steladone
Siakola X Steladone
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(Table 2. Continued......
Njase X Steladone
Hambala pid Steladone
Choma Siakabole X Steladone
Siakacham-
atanga bid Steladone
Chooye X X X Steladone
L/stone Mate F X X X Steladone
Siatela bid X Steladone
Siluyasila bl Steladone
Namwala Mahu X b4 Steladone
Maseko b4 Steladone
Muzamu X Steladone
Namucwala X b4 Steladone
Musanje F X Steladone
Ngabo X Steladone
Boma X Steladone
Mwadayaya X Steladone
Chinganya X Steladone
Baambwe b4 Steladone
Gwembe Chipepo 2 X X X
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Table 3. Commercial and other farms visited in the districts of
Central and Southern Provinces of Zambia where
suitable ticks for the study were not available.

acaricide

District Farm Type used

Mazabuka Maize Res. Inst. ranch Steladone

Seven Daughters dairy, Friesian Steladone

Mudula ranch Barricade
Monze Munang’andu Amon dairy, Friesian Triatix

Muchivya dairy, Friesian Supermix
Lusaka Chilongolo dairy, Friesian Triatix
Mkushi Shrosbree ranch

ZNS Luanshimba ranch Triatix
Kapiri Ismail Farm dairy, Friesian Supona Super
Chisamba Nkongolo ranch

Kingstons ranch Barricade

ZNS Chisamba ranch Triatix

Fringilla dairy, Friesian Barricade
Kabwe Prison Farm dairy, Friesian Delnav

Moyo Farm ranch Drastic-

deadline

Mumbwa Nsombo Holding ranch Drastic-

deadline
P. Kaonga ranch Steladone
Namwala Shandafu ranch Steladone
Kabondo ranch Steladone
Livingstone Senkobo ranch Steladone
Mukanika ranch Steladone
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Appendix 2

Table 1. Effects of FAO and locally prepared control papers
(Olive 0il) on Amblyomma variegatum larvae from Hufwa.

Local FAO
Test No. |dead, total |% mort. |dead, total |% mort.

1 0 100 0 100
0 120 0.00 0 120 0.00

2 0 100 0 120
0 100 0.00 0 120 0.00

3 0 100 0 140
0 120 0.00 0 140 0.00

4 0 120 0 100
0 100 0.00 0 140 0.00

5 0 120 0 100
0 100 0.00 0 120 0.00
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Table 2. Effects of locally prepared acaricide papers and
dieldrin papers (FAO) on Rhipicephalus appendiculatus
larvae from Nchele. :

Acaricide
chlorf. diox. deltm. dield.

conc. % mort.|conc.; % mort.| conc. |% mort.| conc. $mort.
0.0125 0.8 0.05 5.0 0.025 96.2 0.1 97.2
0.025 51.5 (0.1 6.8 0.05 100.0 0.1 100.0
0.05 98.6 (0.2 85.6 0.1 100.0 0.4 100.0
0.1 100.0 {0.4 100.0 0.2 100.0 0.8 100.0
0.2 100.0 (0.8 100.0 0.4 100.0 1.6 100.0
control

local 0.00 local 0.00 local 0.00 FAO 0.00

chlorf.= chlorfenviphos, deltm.= deltamethrin, dield.= dieldrin
diox.= dioxathion.

conc.= concentration, mort.= mortality.
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Table 3. Effects of locally prepared acaricide papers and
coumaphos papers (FAO) on Amblyomma variegatum larvae
from Hufwa.

Acaricide

chlorf. diox. deltm. coum. (FAO)
conc. % mort.|conc.| % mort.| conc. |% mort.| conc.|% mort.
0.0125 97.6 0.05 8.9 0.0125| 100.0 0.1 95.9
0.025 100.0 0.1 69.9 0.025 100.0 0.2 95.8
0.05 100.0 0.2 95.2 0.05 100.0 0.4 100.0
0.1 100.0 0.4 100.0 0.1 100.0 0.8 100.0
0.2 100.0 0.8 100.0 0.2 100.0 1.6 100.0
control
local 0.00 local 0.00 local 0.00 FAO 0.00

chlorf.= chlorfenvinphos, coum.= coumaphos, deltm.= deltamethrin,
diox.= dioxathion.

conc.= concetration, mort.= mortality.
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Appendix 3.

Acaricide Resistance Survey Questionnaire

ACARICIDE RESISTANCE IN CATTLE TICKS: A SURVEY OF

SOUTHERN AND CENTRAL PROVINCES OF ZAMBIA

Conducted by the Central Veterinary Research Institute (CVRI)

in conjuction with the University of Zambia (UNZA).

ACARICIDE MANAGEMENT SURVEY

This form should be completed by each cattle owner where tick

collections shall take place.

TO THE CATTLE OWNER: PLEASE ANSWER ALL QUESTIONS ON THIS RECORD
FORM. IF EXACT ANSWERS CANNOT BE GIVEN PLEASE GIVI APPROPRIATE

ESTIMATES.

--------------------------------------------------------------

LA L A I O I B R I I I Y R BN T I I I R O I S S I I R R I A I I Y B I N B Y



L L )

PROVINCE. . ..ttt ittt ittt tteeeeoeesseenenennaneanannnens

.................................................

(b) List the types of acaricides that have been used from the
beginning to the present.......c...vuititeeneeeeenenennn

ooooooooooooooooooooooooooooooooooooooooooooooooooooooo

oooooooooooooooooooooooooooooooooooooooooooooooooooooooo

(c) If you were given to choose a particular acaricide, which
one would you go for and why?

LA A B R e e I I e I e R I I R R R R R T R R R ]

2. What method do you use to apply the acaricides on your cattle?

(Please put a tick in the appropriate box)

Method Number of animals
1
Diptank ........... L
1

Sprayrace | S

L I



Hand Spray .......... S

Hand dressing (using pour-on or tick grease).

ooooooooooo

oooooooooooooooooooooooooooooooooooooooooooooooooooooooo

ooooooooooooooooooooooooooooooooooooooooooooooooooooooooo

3. (a) What quantity of acaricide do you use per year?

............. Litres or .............. gallons

(b) How many cattle treated per year (Adult cattle only)

(c) At what frequency are your cattle treated?
.......... Once a week
.......... Twice a week

cesssseess. ONnce in two weeks

.......... Other frequency, please give details below:

L I B B N A 2 2 R I I I I I I I R I TR Y Y S RN NP Y



---------------------------------

ooooooooooooooooooooooooooooooooo

4. (a) How often do you have your dipwash tested?
.......... Once every week
.......... Once every two weeks
.......... Once a month

.......... Other frequency. Please give details below.

------------------------------
ooooooooooooooooooooooooooooo

oooooooooooooooooooooooooooooo

(b) What is the average strength of your dipwash in a year?
«eceeses... Under strength
.......... Correct strength

........ .. Over strength

(c) Give figures below of tested dipwash strengths obtained

in the last 5 years. (Give annual averages only).

ooooo . e e o 0 ® 6 5 9 2 5 S T S 0 LS PP E L L e T S LS S SN GO S S G e T e e s 0 e
........ L A A A e I I . T S S S R S S S T TR Y e o 0
LA A A L I B B A A R I e I I T R S O N R T T T T T Y S S PSPPSR,
ooooooo LA A A R A A I R I R R L I I R R R R A A R EEEEEREEEEE

(d) If you use a diptank what capacity is the diptank?



-----------------------------------------------------

......................................................

(e) How often are dipwash samples collected or submitted to

the laboratory for analysis?

ooooooooooooooooooooooooooooooooooooooooooooooooooooooo

.......................................................

5. GRAZING.
(a) Do your cattle graze in communal grazing areas or in

fenced paddocks?

(b) At what time do your cattle mix with cattle from other

areas/farms?

........... During grazing
........... During dipping
ceseessese.. During watering

........... At no time at all

(c) Do you often notice large numbers of ticks on your cattle
............... . If you do, during which periods of

the year do you notice these? .......... tee e cnceecenne

ooooooooooooooooooooooooooooooooooooooooooooooooooooooo

(d) On which parts of the animal do you notice these ticks?



® © e 4 0 6 0 60 0 00 00000 00

R I I I I e N A B )

® ® 6 0 0 06 000 000600600000

6. List the type(s)

on your farm.

e e e 0o 0 0 o

7. DISEASES

(a) What

Have the

.

¢ o o @

sick animals been attended to, Yes/No

of

(Please give details)

.

® ® 4 0 0 s 00 00 000 00000

D R R R I I R R A )
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-----------

® % 0 2 0 0 0 s e 0 0 0 N s e s e L e e s e e s e 0 e 0 0 0 e

e s o o

LA A I A I I I R R EE EEE E YT

LR A I e I A R R R R R I e,

© © 5 5.5 0.0 0.0 5 0 8 9 0 0 0000 L L E L L L GG L EO L LS EE LS EEELEEEOSEBLETILE

s e 0

(b) Is your area/farm visited by a Veterinary Assistant?
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Yes/No, If yes how many times in a month?

---------------------------------------------------

(c) How many animals have you lost through deaths in the past

two years?

-----------------------------------------------------

ooooooooooooooooooooooooooooooooooooooooooooooooooooo

(d) When do you experience highest cattle deaths?
(i) Rainy Season.......

(ii) Dry Season .......

(e) Are samples collected from such dead animals?

L A A IS 2 I B Y I I I I Y B B T S S I T S ST S Y R A ST S S N N

(f) Do you think that such deaths are attributed to tick
infestations? Yes / NO t.iereeeeeeeennonnenns

(Please give details)

8. ANIMAL MOVEMENTS
(a) Have you introduced into your area/farm new animals from
other farms/areas (local), District or Province?

Yes / NO ..... s e s e e s e e s et ecceennecses s eeceeennee

A A I I I I I T T I S S O
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(Please give details).

From which farm/area, District and Province?

-----------------------------------------------------

oooooooooooooooooooooooooooooooooooooooooooooooooooo

(Please give details).

ONIVERSITY OF ZANBIA (ERARY.
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