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ABSTRACT

Protecting animals against ectoparasites with repellents
is less hazardous to the environment than using insecticides.
The chance of tissue residues or subclinical toxicity and the
likelihood of crosé resistance are reduced. In addition, in-
secticides often kill ectoparasites only after they have bit-
ten or Dyiposited whereas repellents can prevent these events
from occurring.

Repellents have been used in smears to prntect sheep
against wound myiasis flies, in dressings to protect lambs
against blow fl1y infestation of tail doclting and castration
wounds, and in applications to the noses of sheep to prevent

pviposition by the sheep bot 1y, Oestrus ovis Linnaeus (Diptera:

Oestridae). Dipping sheep in D.D.T. solution prevented oviposition

by the wool myiasis +lies, Lucilia cupring (Wiedemann) and Lucilia

sericata (Meigen) (DipteraiCalliphoridae) primarily through the »
action of D.D.T. as a locomotor stimulant.

Repellents are presently little used against sheep ecto-
parasites except in dressings to control damage caused by the

sheep head f1y, Hydrotaea irritans (Fallen) (DipteralbMuscidae).

Vapour repellents are usually too short-lived to be of practical
value though controlled release formulations may have potential.
Contact repellents, locomotor stimulants and feeding and ovi-
position deterrents are more persistent. Pyrethroids have shown
potential against wool myiasis flies and sheep head flies and are
used to repel biting flies from cattle. GH?4 (1,1,-bis(p-ethoxy

phenyl)-2- nitropropane) has effectively prevented oviposition of
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L. guprina on sheep’s fleece for up to six wonths and also
protects against the sheep head fly. These compounds may find
practical application in the future. However, repellents appear
to have little potential for control of resident ectoparasites,
though some pyrethroids exert toxic effects against them.
Polyvinyl~-chloride ear-taqg +érmulations of cypermethrin
and permethrin can provide season-long protection against head-
flies., Studies of the effect of ear-tag formulations against
other sheep ectoparasites are required. Adaptation of controlled
release formulations and delivery devices for the application

of repellents and insecticides to sheep should be investigated.
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Introduction

The usefulness of repellents for protecting sheep
against ectoparasites has been recognized for many vyears
(Parman et al. 1927. Hearle 1938). In the early 1900’'s
many experiments were carried out to identify suitable
repellent compounds. The development of effective and
long-lasting chemical insecticides in the 1940°'s removed
the impetus for this research.

Emerqencg of resistance to insecticides in a number
of ectoparasite species. together with increased concern
about environmental contamination and insecticide residues
in animal products, has lead to renewed interest in alter-
native control strategies.
Advantaaes of repellents

Presently the control of animal ectoparasites is
achieved mainly by the application of insectjcides directly
to animals or by the large-scale treatment of insect breed-
ing sites (Steelman 1976). The application of repellents
has siganiticant advantages over the use of insecticides.
Repellents are generally of lower toxicity than insecticides
and are applied only to those animals needing protection.

The risk of environmental contamination is consequently
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much lower. It is cheaper to treat individual animals
than to apply insecticides to extensive biting-flvy breed-
ing areas and less hazardous to the operator.

Some insecticides decrease the production of animals
they are intended to protect (Haufe 1273)., The relatively
low toxicity of repellents, and the fact that many, for
example, diethyl toluamide (DEET) and pyrethroids, are
rapidly detoxified when aksorbed (Feldman and Maibach 1270,
Elliott and Janes 1930) suggests that subclinical damage
to the host is less likely to occur.

To date, no effective systemic repellents have been
developed. Though absorption can cause a significant
loss of repellents from the skin surface of humans
(Kasmarn et al. 1953), in sheep where repellents will
most often be applied to the overlying fleece, the amount
absorbed through the skin is likely to be small. As the
skin is removed from the carcase before sale, the chance
of residues occurring in the meat seems low.

Insecticides often kill insects only after they
have already bitten or oviposited. Where disease trans-
mission by biting insects is important, for example blue

tonaue transmission bv Culicoides variipennis {(Coquillet),

slow acting insecticides will be of little use in pre-
ventina disease spread. Biting by insects can induce be-
havioural responses in sheep which cause significant

losses in themselves. Sheep under severe attack from



black flies or mosquitoes cease grazing, the ewes may

leave their lambs and damage may be caused to pastures

bty sheep bunching together in an attempt to evade the
insects’ attacks (Hearle 1938, Jessen 19277). Repellents
which prevent insects from biting will reduce these re-
sponces. In addition, it seems that the chance of resistance

developing is lower with repellents than insecticides.
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The designation o+ repellents

Many general detinitions of repellents have been
used in the literature{ Pfadt (1962) defines repellents
as chemicals which prevent insect damage to animals or
plants by rendering them unattractive, unpalatable or
offensive, whereas Hocking (12863) uses the term repel-
lent for compounds which inhibit or neutralize attract-
ion or which in some other way bar its‘expressimn. Metcal f
et al. (1962) state that substances which are only mildly
poisonous, or which may not be active poisons, but which
prevent damage to animals or plants by malking the food
or living conQitions of the insect unattractive or of-
fensive to them are called repellents.

Most often insect repellents are defined either in
terms of the distribution of insects which they bring
about or the behaviour which they elicit.

Detinitions involving the distribution of insects

Rogof+ (1952) defines a repellent as any compound
which reduces the number of insects present on a surface.
Kennedy (1947) says that, for practical purposes, most
vorkers agree that a surtace is repellent if insects are
found to spend less time on it and so occur in smaller
numbers than on other available and comparable surfaces.
He demonstrates that locomotor stimulation can result in
apparent attraction to a surface. In one experiment excit-

ation ot Aedes aegqypti (LLinnaeus) lead to increased act-

ivity and to increased numbers alighting on a D.D.T.-
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treated surface. Though the period for which the mos-
quitoes stayed on the treated surface was reduced, this
reduction was outweighed by the increased numbers alighting.
Definitions involving behaviour

Dethier et al. (1240) argue that the behaviour in-
duced by chemicals is a better means by which to classify
them than the effects they have on distribution. bethier
(1956) points out that the absence of insects on a given
surface could equally well be due to attraction of some
other surface as to repellency of the first. Dethier
(1947) defines repellency as any stimulus which elicits
an avoiding rgaction. Avoidance may be brought about by
a directional avoiding reaction or negative taxis {(Fraenkel
and Gunn 1%961) such as with some mosquito repellents (Davkin
et al. 19465) or by locomotor stimulation or positive kinesis,
which is the mechanism normally attributed to D.D.T. and .
pyrethrum. (See section S5.0) In addition, an insect may
be prevented from feeding or ovipositing without being
repel led,

Dethier et al. (1940) divide compounds which are often
combined under the term repellent into three cateqories
on the basis of the behaviour they elicit. They define a
repellent as a compound which causes insects to make ori-
ented movements away from its source. Such compounds are
distinguished from locomotor stimulants which cause, by
a kinetic mechanism, insects to disperse from a region

more rapidly than if the area did not contain the chemical.
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A deterrent is defined as a chemical which inhibits feed-
ing or oviposition when present in a place where insects
would, in its absence, feed or oviposit. Barton Browne (1%977),
from a consideration of the responses of insects in host
plumes in the presence of repellents (see section 5.1), sug-
gests that Dethier et al.’s (1240) definition of a chemical
repellent be changed to "a chemical, that acting in the
vapour phase prevents an insect from reaching a target to
wwhich it would otherwise be attracted.™®

Knock~down action or rapid kill may also bring about
a reduction in the number of insects pbserved on a surface,
or in the amoqnt of feeding or oviposition. Shemanchuk
(1981) attributed the repulsion of black tlies from cattle
treated with pyrethroids to very rapid intoxication of the
flies on contact with treated hair.
Anti-attractants

Wright et al. (1971) defined an anti-attractant
as a substance with no intrinsic repellency, but with
the property of diminishing the attractiveness ot a
lure. Many repellents under Dethier et al.’s (1960) term-
inology would it this definition, which does not dis-
tinguish between the attractive stimulus as emitted by
the target and as perceived by the insect. For this paper,

anti-attractants will be defined as compounds which prevent

f

production or emission ot an attractive stimulus from a
target and so reduce the number of insects movirng toward

it. Antiseptic compounds which prevent bacterial growth and
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putrefaction in a sheep’'s fleece and thus prevent
emission of odours which are attractive to blow flies
are anti-attractants.
The designation of repellents for this papef

Though the desirability of precise classification
is obvious, in past work the way in which repellency
was attained is often not clear. For the purpose of this
paper the term repellent will be used in its broadest
sense. That is, a compound which causes a reduction in
the observed number of insects present on a surface, or
in the amount of feeding or oviposition, relative to that
on a contrDl.‘If the behaviour of the pest by which re-
pellency is achieved is clear, the terminology of Dethier
et al. (1980) will be utilized with the exceptions that
the term "vapour repellent” will be substituted for their
term repellent, and the amended definition suggested by
Barfon Browne (1977) will be used,
Other classifications of repellents

Repellency may be physical or chemical (Dethier 1956,
Painter 19687). Some examples of physical repellency are
tail switching to keep flies away, amplified sound to
repel pyralid moths {(Belton 1962), and dusts which can
be repellent to a number of insects (Dethier 1947). Canvas
head caps fitted to sheep physically deter feeding by the

sheep head fly, Hydrotoea jirritans (Fallen) (French et al.

12727 .
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Chemical repellehts have been further divided into
olfactory or vapour repellents, which are sufficiently
voblatile to repel an insect at a distance, and gustatory
or contact repellents, which the insect must touch to be
repelled (Sarkaria and Brown 1951). As indicated by Dethier
et al. (19680) this is a somewhat arbitrary distinction as
the insect actually contacts molecules of repellent in
both cases.

Garson and Winnike (19268) distinguish intrinsic
repellency and effective repellency. A material is said
to exhibit intrinsic repellency i+ a known amount or
concentratiun.u* the material demonstrates repellency
independent of time. Such repellency is measured with
an olfactometer, or by testing the repellency of sur-
faces to which the candidate agents have been applied
immediately after application. This aims to minimize
the effects of characteristics of the surface and other
external factors on the repellency observed. Effective

repellency is measured as a function of -time.



Ectoparasites of sheep

Insects which attack sheep may be placed in the
following categories:
Resident ectoparasites

The important members of this group are obligate
parasites which seldom live on hosts other than sheep.
Included in this group are the sheep ked, Melophagqus

pvinus (Linnaeus), the sheep biting louse, Bovicola aovis

{Schrank), the sheep sucking louse, Linognathus ovillus

{MNeumanrn), the sheep foot louse, Linognathus pedalig (Osbarne),

and the African sheep louse, Linognathus africanus (Kellagg

and Paine). Ip is estimated that in 1965 the annual costs

to the U.S. sheep industry from louse and ked infestation
viere %427 million and $92.4 million, respectively (Anonymous
1963). The sheep biting louse, which is the most common
species infesting sheep {(Marsh 196%), causes severe irri- .
tation with consequent loss of weight and reduced fleece

quality. Sucking lice of the genus Linognathus are generally

of little economic significance (Marshall 1%81),

The sheep ked, if abundant, can cause losses by lower-
ing wool production, reducing weight gains in lambs and by
reducing the value of sheep skins by producing a condition
knhown as "cockle" (Everett et al. 1969, Melson and Slen
1968). Steelman (1978) feels that treatwment for ked control
alone would seldom be justified.

Transmission of both the biting louse and ked is mainly

by contact between sheep (Metcalt et al. 1982, Murray 1948).
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Keds are often transmitted from the ewe to the newly born
suclkling lamb. They do not normally survive as adults in
the absence of a host for more than three to four days
{Metcalf et al. 1962), although Bayvel et al. (1981) stated
that it is possible for unhatched pupae to survive off of
the sheep for as long as five weeks. Murray (1963) found
that at 12°C, in the absence of a host, most L. ovillus
were dead in four days whereasz L. pedalis could survive
for seven to ten davys. Thus, clean sheep can become in-
fested with either lice or keds by placing them in paddocks
or vards recently occupied by infested sheep.
Marshall.(1981) rotes that in the highland regions of

central NAsia, alakurt fleas, Dorcadia ioffi (Smit) and

Vermipsylla alakurt (Schimkewitsch) may be ébundant on
sheep and may cause exhaustion, loss of hair, retarded
growth, anaemia and even death of lambs.
Myiasis flies

Zumpt (1965) defined myiasis as infestation of live
humans and vertebrate animals with dipterous larvae which,
at least for a certain period, feed on the hosts’ dead or
living tissue, liquid body-substances or ingested food.
A number of different forms of myiasis occur in sheep.
Wound

The three most important species are the new world

screwworm, Cochliomvia hominivorax (Coguerel), which is

found in Morth, Central and tropical South America, the

old world screwworm, Chrysomyia bezziana (Villeneuve),
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which causes problems in India, South East Asia, and Newn

Guinea, and Wohlfartia magnifica (Schiner), which has

been described as the sconurqe of the Russian steppes
and is also important in parts of North Africa (Zumpt
19565). All of these species are obligate parasites which
car attacl other animals as well as sheep.

E9g masses or larvae are laid in or near wvounds.
Very small wounds such as scratches, tick bites (Ahrens
et al. 1977) or 1y bites (Pfadt 1942) are susceptible
to attack. The larvae feed on the cutaneous and sub-
cutaneous tissues and severe infestations may penetrate
the abdominallcavity. These pests cause ernormous expense
to sheep growers, not only because of the damage they
do directly, but also because ot the need to check sheep
daily to ensure that wounds have not become infested.
Bruce and Sheely (1944) stated that screwworm infestation,
if uncontrolled, could wipe out entire flocks aof sheep in
Florida. Since then control of screwworm in the U.5.A.
has been achieved by use of the sterile male technique
{Novy, 1278) although there was re-emerqgence of screwuwarms
as a pest in some parts during the 1970’s (Cueller and
Brinklow 1973).

There are more than 50 species of flies throughout
the world which normally breed in carrion or refuse, but
which can alsp occasionally cause problems to sheep hus-

bandry when they become established in wounds (Zumpt 1945).
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Vool
These flies oviposit in moist fleece which is
often rich in putrefying material. Attractive situa-
tions include urine- and faeces-stained wool and areas
made attractive by the growth of microorganisms such

as Pseudomonas aeruginosa (Merritt and Watts 19738) and

Dermatophilus congolensis (Gherardi et al. 1981). The

larvae burrow into and feed on the skin and subcutaneous
tissues causing great stress and often resulting in death
of the sheep.

The main species of this group are Lucilia cuprina

{Wiedemann), which is the most important wool {1y in

Australia and South Africa, Lucilia sericata (Meigen), which

is the main species in New Zealand and the British Isles and
also causes minor damage in North America, western Europe

and southern Russia, and the black blowfly, Phormia regina

(Meigen) and secondary screwworm fly, Cochliomyia macellaria

{Fabricius), which attéck sheep in North America. Some car-
case breeding species, for example Calliphora spp. in
Australia can also be important wool myiasis agents at
times (Monzu 127%).

The cost of control of wool myiasis in Australia
in the 1277/78 year was estimated at %55 million (Brideoake
1229).

Nasopharyngeal

The sheep bot f1y, Oestrus ovis Linnaeus, is thought

to be of Palearctic origin (Zumpt 1965) but now infests
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sheep in many countriés of the world (Du Toit and Fiedler
1956). It is not known precisely how the adult female
bot manages to place hér young in the nostrils of sheep,
but it is assumed that she maklkes quick darting attacks
and deposits a few larvae on each successful run (Kettle
19273). The fly does rot alight to oviposit (Metcalf et al.
19623 .

The very active larvae crawl into the nasal pas-
saqes, moult and eventually move into the frontal
sinuses (Cobbett and Mitchell 1941). The presence of
the larvae irritates the sheep and may cause nasal dis-
charge, sneezing and difficulty in breathing. Bacterial
infection sometimes follows invasion by larvae, and absces-
ses may form when mature larvae become trapped and die in
deeper head cavities (Kettle 1973).

The economic importance of 0. ovis is the subject
of some debate. Buchanan et al. (196%) found no difference
in growth rate and carcass evaluation between infested
sheep and those maintained free of bots with crufomate,
whereas Horak and Snijders (19749) founﬁ that treatment
with rafoxamide resulted in a reduction of nasal dis-
charge and an increased gain in weight. In these ex-
periments any growth depression induced by the insect-
icides was confounded with the reduction in sheep bot

infestation.
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Cobbett (1956} feels that the greatest production
loss results from the response of sheep to the presence
of adult bot flies. When flies are active, sheep mob
together and endeavour io avoid the flies by shaking
their heads and hiding their noses in the waol ot other
sheep or in the dust. This behaviour stresses the sheep
and interferes with grazing (Smith and Young 1959) .
Oculovascular

In Africa, Gedpelstia cristata (Rodhain and Beguaert)

and G, hassleri (Gedoelst) cause bulging eye disease or
"uitpeuloog" in sheep (Basson 1%62). These species nor-
mally deposit live larvae in the orbits of various species
ot antelope, gartebeest and wildebeest in which they evi-
dently do not cause severe pathological changes (Basson
19466). When deposited in the eyes of sheep the larvae
never develop beyond the first stage and can cause severe
eftects. Three forms of the disease can be distinguished;
an opthalmic, an encephalic and a cardiac form.

Karakul, Merino, Persian and Afrikaner breeds of
sheep are particularly susceptible. The disease usually
occurs in epidemics, often associated with the migration
of natural hosts into sheep raising areas. During bad
outbrealis mortality may be as high as 75 per cent (Basson

19462) .



._15..
3.2.5 Subdermal
Soulsby (1968) noted a number of species which
cause subdermal myiasis in sheep including the torsalo,

Dermatobia hominis (Linnaeus Jr.), which has a distri-

bution in the Americas from Mexicoc to Argentina,

Hypoderma aeratum (Austen) found in Cyprus, Crete and

Turkey and Hypoderma crosii (Patton), which is found in-

festing sheep in India. The female torsalo does not ovi-
posit on the host directly but attaches her eggs to arnother
species of blood sucking fly or tick. As 48 species of flies
and ticks have been recorded as carriers (Papavero 1966 guoted
by Harwood and James 197%9) it is unlikely that repellents
would provide efficient control unless very broad spectrum
compounds are found and total coverage can be achieved at
application. Species causing subdermal myiasis will not
be considered further in this paper.

3.3 Non-resident blood feeders

Mary species of biting flies and mosquitoes feed

on sheep, but few cause problems directly. Black flies
are significant pests of sheep in southern Idaho (Jessen

1977), the main species being Simulium vittatum Zetter-

stedt which commonly attacks the ears of livestock
{Shemanchuk and Taylor 1984, Townsend and Turner 19764).
Sheep under attack by black flies are difficult to herd,
often bunching into tight groups and refusing to move

to food or water. Grazing lands are damaged by sheep
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burniched together in such a way (Jessen 1977). Hearle
(1938) stated that mosquito attacks on sheep can be of
sufficient severity to Fause ewes to leave their lambs
and Muller and Murray (19277) noted that severe attachks by

Austrosimul jum pestilens MacKerras and MacKerras have

resulted in lamb deaths. Sanders et al. (1968) noted that
S per cent of the grazing land in Texas is adjacent to
salt marshes and cannot be used during the summer because
of the large numbers of mosquitoes developing there.
Cattle deaths have been caused in this area by the con-
centrated attack ot mosquitoes and by suffocation from
inhaling largg numbers ot these insects.

A more important consequence of blood feeding
insecte is the transmission of disease. The most im-
portant of these is blue tongue which causes extensive
financial losses in sheep flocks (Jensen and Swift 1932).

The blue tongue virus is transmitted by Culicoides spp.,

the most important of these being €. variipennis in the

U.5.A., and C. pallidipennis (Carter) in Africa and Asia

Minor {(Harwood and James 127%).

Other important diseases of sheep which are trans-
mitted by biting flies are trypanosomiasis, rift valley
tever and Wesselsbron disease in Africa and tularaemia
in Morth America (Jensen and Swift 1982).

In the United Kingdom the sheep head f1y, Hydrotaea

irritans, has re-emerged as a significant pest of sheep
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since the withdrawal of dieldrin from use in dip form-
ulations (French gt al. 1977). The eqg, larval and pupal
stages occur in thickets and woodland. The female fly,

in search of a protein meal before egg laying, is attracted
to serous exudates from the sheeps’ eyéé and npse or to
blood or exudates from cuts and abrasions (Robinson and
Luff 19279).

Irritation from the flies’ rasping labgllae Caunses
sheep to injure their heads by knocking them against
objects such as trees or fences in an effort to get rid
of the fly {(Hunter 1975). Feeding by head flies extends
the lesions.

Appleyard et al. (1984a) reported that weight gains
of lambs with head fly lesions were significantly lower
than unaffected lambs, and Hunter (1975) reported re-
ductions in weight gain of up to 9 kg. in lambs with

severe head fly lesions.
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History of repellentsAin sheep husbandry
Wound protectants

For many vears repellents have been used in wound
treatments and protectaht formulations against screwworms
and blow flies. Before 1920, materials such as pine tar,
turpentine, kerosene, gasoline, axle grease, tannic acid,
lampblack and calomel were used with varying degrees of
success (Parman et al. 1927). Insecticides used for screw-
worm treatment in these times were very toxic and many
animals died following their use (Parman et al. 1927).

In addition, it is often difficult to maintain lethal
concentrations of insecticides on wound surfaces as they
tend to be removed by bleeding or suppuration from the
wound. Repellents which act in the vapour phase could,
however, be applied to the surrounding skin or wool to
provide protection against gravid adult flies oviposit-
ing on the wound.

From 1920 to 1930 large numbers of compounds were
tested for repellency against attractive baits (Bishop
et al. 1923, Bishop et al. 1?25, Parman et al. 1927,
Parman gt al. 1928). As recognized by Parman et al.
{1927) it is not possible to extrapolate these results
directly to live animals, but the method does provide
a cheap and convenient method of preliminary screening.

These authors examined the repellent action of 353

compounds and mi:xtures against Cochliomyia hominivorax.

Products obtained from pine trees including pine

oil, crude turpentine, pine tar and pine tar oil were
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ambngst the most effective. Pine tar oil was recommended
for field use because of its cheapness, availability,
non-toxicity and adhesiyeness and because it was less
irritating to animal tissues than the other materials.
Compounds found by Farman et al. (1928) to have

the best repelliency against flies including C. hominivora:,

Musca domestica Linnaeus, Lucilia sp., FPiophila casei

{l_innaeus), Sarcophaga sp., Phormia regina, Ophyra sp. and

Muscina stabulang (Fallen) fell into three wain groups.

i) Products from the destructive distillation of

the long-leaf pine (Pinus palustris) including

pine tar, pine tar oil, pine oil and wood naptha.

ii) Pvrethrum powmder

iii1) Strong inorgantic antiseptics (mercuric chloride

and copper compounds).

Parman et al. (1%28) stated that by 1728 pine tar oil
was being used by ranchers for protection of wounds against
screwworm and blowfly maggot infestation. Pine tar oil has
also been shown to be repellent to the sheep maggot +1v,

l.. sericata in Britain {(Hobson 1236) and 1s used in form-

ulations to protect against the sheep head fly, Hyvdrotaea

irritans {(French et al. 1977)., Hearle (1?238) stated that
pine tar can be used to protect against the sheep bot flv
and as a repellent against ticks. In addition, pine products
have been shown to be repellent to a number of forest
insects (Mijholt 1980, Nijholt et al. 1921, Alfaro et al.

1234) .
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Pvrethrum compounds did not prevent infestation by
blow flies although no screwworm intectations were recorded
over a five day Dbservatjon period. Howewver, Parman et al.
(1222) roncluded 4rom preliminary tests that pyrethrum would
not bte of practical value as a wound protectant against
SCrenworms.,

The et+fect of copper compounds was attributed to
their action in checking or changing the rnormal decam-
position processes of meat thus reducing its attract-
iveness to blow flies. Mote {(1922) recommended treatment
of the early stages of blow fly strike by rubbing the
intested area with copper sulphate., This he says dries
the wound and stops decomposition which gives rise to
the putrid smell responsible for attracting blow flies.

In these experiments, copper salts were acting as anti-
attractants, Johnstone {(1%231) found that i1+ copper sul-
phate was used in strong concentrations it could delay
healing and cause necrosis. This predigposed sheep to
severe flystrike.

Over the years many essential oils have been sug-
gested as repellents. Bishop et al. (1923 found that
oils ot cloves, cassia, citronella, fernel, zassafras
and anise showed promise as blow {1y repellents. Farman
et al. (1927) rioted that many essential oils showed
repellent action against blow flies and screwworms but
that norne was effective in preventing infestation of

baits. Qil of citraonella from Ceylorn and NAmerican pennyroval
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oil, both commonly used as mosquito repellents at that
time, also showed good repellent action against screwworm
flies and blow flies. Sjnce then many other studies have
demonstrated repellent effects of essential oils against
house flies and blow flies (Hobson 1937, Lennox and Hall
1940, MacKerras and MacKerras 1944, Waterhouse 1947,
Osmani 1971, Subramanian and Monahan 1980) but none has
found widespread application as a wound protectant. The
use of ocil of citronella in lamb marking dressings is
discussed in section 4.3.

Rishop et al. (19253) found that irritant gases de-
veloped for use in the war showed repéllent action against
screwworms and a number of species of blow flies. The
most effective was chloropicrin which, when sprayed on
live cattle, was also repellent to horn flies, stable
flies and house flies. Testing of these compounds was
not pursued because nof inability to find suitable di-
luents., Other compounds found to have repellent action
and which have received limited use include furfural
(Bishop et al. 1923) and napthalene derivatives (Parman

et al. 1927).
Wound and wool myiasis treatments

Lennox (1941) listed 10 criteria of a good myiasis
dressing. 0f paramount importance is that it should kill

the infesting larvae and protect the wound from re-infest-

ation. The latter can be achieved by preventing oviposition
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by adult flies or by persistent ovicidal or larvicidal
action.

Bruce and Sheely (1944) recommended a mixture of benzol
and pine tar cil for the treatment of screwworm intest-
ations. The benzene kills the larvae while the pine oil
repels adult flies and prevents turther oviposition,
Loeffler and Hoskhins {(19468) pointed out that a rapid larval
lkill, as given by benzol, is undesirable because it nec-
essitates the manual removal ot dead larvae from the
vwound in order to avoid septic effects from the putre-
faction products. They suggested that arn ideal myotic wound
treatment shoqld repel maggots from the wound before kil-
ling them. OFf the compounds they evaluated, diphenylamine,
butyl! carbitol chloroacetate and epichlorohydrin were the
ones which best fulfilled these criteria. Mo determination
was made ot the repellency of these compounds to oviposit-
ing L. sericata females.

Farish and Knipling (17242) found that diphenylamine
vas more than twice as effective as pine tar oil in prevent-
ing screwworm re-infestations. It also provided more long
lasting protection. They did not investigate whether pro-
tection was due to repulsion of ovipositing flies or to
insecticidal action against egg9s or larvae.

Diphenylamine is combined with benzol, turkey red oil
{sulphonated castor oil) and lamp black in a formulation

known as Smear 62, which was developed by the UJ.5.D.A. Bureau
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of Entomology and Plant Quarantine for protection against
blowfly and screwworm infestation and sold commercially
under various trade names {(Bruce and Sheely 1%944).

With the development of lindane, another smear, EG-
335, was developed and received wide usage in the United
States until the control of screwvorm by the sterile male
technique (Novy, 1978). Smear E®-335 consists of Lindane,
pine oil, mineral o0il, emulsifier and s{licon aerogel.
Brundett and Graham (1758) stated that it was common for
protection from E-335 to fail within two to four days.
In order to provide good protection the smear had to be
Pe~aﬁp1ied every second day until the wounds healed.
Brundett and Graham tested 3 contact insecticide, BRaver
21/199, which was systemic and gave protection for at least
10 davys.

d4.3 Lamb marking dressings

At marking, lambs have their tails docked and the
males are usually castrated. This may leave wounds which
can become flystruck. Johnstone (1951) pointed out that
lamb marlking dressings, which are applied to docking and
castration wiounds to prevent flystrike, have different
functions ta perform than dressings for the treatment
of flystruck sheep. He stéted their principal requirements
are that they should prevent oviposition in or around

wounds and exert the least possible hindrance to healing.
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As wounds are usually still bleeding at the time of ap-
plication, any compound applied will be carried away
from the wound surface. Protection will be dependent on
the vapour action of materials persisting on the sur-
rounding skin and fleece. At times in Australia, feeding

by bush flies (Musca vetustissima Walker) can irritate

newly marked sheep and cause a significant delay in
healing. This makes them more prone to infection and
strike by blow flies (Baillie 197%). Repellent action
against these flies would also be an advantage in some
areas.

Lennox and Hall (1940) found o0il of citronella
amongst the most repellent of 38 oils tested against
liquid carrion baits by the method of Freney (1937). In
tests of compounds effective in repelling L. cuprina
from artificially attractive plugs implanted in the
fleece of sheep, Ceylon oil of citronélla has consist-
ently been amongst the most effective (Lennox and Hall
1240, MacKerras and MacKerras 1944, Waterhouse 1%247).
0il of citronella from Java is a poor repellent, however
(MacKerras and MacKerras 1944, Waterhouse 1%947).

Swabbing 5 per cent and 10 per cent 0il of cit-
ronella solutions onto wounds and the surrounding fleece
immediately following marking significantly reduced the

incidence of strike (Lennox and Hall 1940). This reduction
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was noted at all stages of healing of the wound. Johnstone
(19251) +ound that adding oil of citronella to insecticidal
blow fly dressings containing boric acid increased protection
against infestation of marking wounds. The repellency of
0il pof citronella decreased rapidly from the fifth day
after application (Johnstorne and Southcott 1954). As at
least seven days are required for complete healiné of
vwounds, a means of prolonging the period of repellency
of lamb-marking dressings is needed. Huon pine oil,
dimethyl phthalate, D.D.7. and B.H.C. all gave inferior
protection compared to oil of citronella when added to
blow 1y dres;ings.

Johnstone (1951) and Johnstone and Southcott (19254)
also tested the effectiveness of dibutyl phthalate and
dimethyl phthalate in blowfly dressings. Dimethyl phth-
alate gave very variable results and was not considered
for further testing (Johnstone 1951). Khan (1965) found
that dimethyl phthalate had greater etfect in preventing
blood feeding by mosquitoes when painted on their tarsal
receptors than when painted on their anternnae. He pointed
out that dimethyl phthalate has a relatively low vapour
pressure and that contact repellency may be important to
its efficiency. This could explain the variable results
obtained when it was incorporated in lamb-marlking dressings.

Dibutyl phthalate was found by Johnstone and Southcott (1934)
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to enhance the effect of lamb-marking dressings, but pro-
tection was not as long lived as with oil of citrornella.
Johnstone (1951) pointed out that when no dressings
were applied and flies were not active, healing is very
rapid. Except in areas wWwith a high +1ly risk at lamb-marking
time, it is probably preferable not to use any dressings,
Perhaps for this reason the study of repellents $for use in
lamb-marking dressings has not been pursued.
Repellents against wool myiasis flies
Vapour repellents
Cragg and Cole (19364) produced evidence which sug-
gests that thg efficiency of a f1ly species as a wool
myiasis agent is closely correlated with the strength
of attraction of the females to wool. When the female
oviposits on the fleece her behaviour follows a predict-
able sequence of events deftined for L. sericata by Cragg
(1956). These steps arel
i) Approach to the attractant - The fly arrives in
the vicinity of the attractive méterial.
ii) Searching and settling - The surface of the +fleece
is explored by a series of short +lights or by
walking. During this period the proboscis is used
to test the fleece surtface.
iii) Preparation for egg laying - The ovipositor is ex-

tended and used to test the surface of the +leece.
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iv) Oviposition - During this phase the insect is un-
rezsponsive to external stimuli.
v) Post oviposition - The ovipositor is withdrawn and
after a short pause, the fly leaves.
Barton Browne (1979) stated that L. cuprina followed a
similar sequence.

Hobson (1936) and MacKerras and MacKerras (1944)
develaped testing methods to evaluate repellents for use
against wool myiasis +lies. Plugs of cotton wool were
soaked in attractive material and then implanted in the
fleece of live sheep. Hobson applied the repellents to
the cotton woql plugs together with the attractant.

Pine tar oil, pennyroyal, clove and wintergreen oils
and chloronapthalene were the most effective (Hobson
1236, 1937).

MacKerras and MacKerras (1944) mixed the test sub-
stances in paraf+tin o0il which vwas applied to the fleece
surface in a circle about 1 cm. from the attractive plug.
The oily ring itself, whether paraffin or olive oil,
seemed to provide a physical baErier to flies which at-
tempted to reach the plug by walking on the surface of
the fleece. Waterhouse and Scott (1950) noted that kero-
sene had a similar effect, but that addition of paraffin,
vthich increased its oiliness, did not increase its repel-

lency. Kerosene is more volatile than paraffin and is
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known to reduce oviposition in the vapour phase (Barton
Browne and Morris 1961). Vapour repellency could mask
the effect of increased‘oiliness.

Flies were able to reach the plug or the fleece
betweern the plug and the paraffin ring by flying. Ceylon
oil of citronella incorporated in the paraffin ring
significantly reduced the number of ovipositions in
comparison to controls (Lennox and Hall 1940, MacKerras
and MacKerras 1944, Waterhouse 1247). With 10 per cent
0oil of citronella the repellent effect was strong on
the day of application, wealk at the end of seven days,
and negligible at the end of two weeks {(MacKerras and
MacKerras 1944). Other compounds found to be repellent
vwere a proprietary dressing containing sandalwood oil,

the pil of Zieria smithii, an Australian rutaceous shrub,

Huon pine oil, oleic acid, Indalone, dimethyl phthalate
and ethyl hexanediol (Waterhouse 1947).

Dimethyl phthalate and Rutgers 612 retained effect-
iveness for at least a week, which is much longer than
the protection observed against biting flies when these
compounds are applied to human skin. This is presumably
because they were held in the wool or wool yolk {(see sec-
tion 6.1.2) and thus less subject to losses by evaporation,
abrasion and percutaneous absorption which are significant

causes of loss from human skin (Khan 1977).
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The method of MacKerras and Mackerras (1944) tests
mainly for vapour repellency. As flies are able to stand
on the untreated fleece betweer the paraftin ring and
the attractive plug to oviposit, they are able to avoid
any contact repellency. Hobeson (1940) concluded that
vapour repellents were unsuitable for sheep blow +1y con-
trol as they will not persist in the fleece. Waterhouse
and Scott (1950) stated that none of the repellents tested
until that time was sufficiently cheap or persistent to
be of practical use as a preventative of body strile.
Organochlorine insecticides

As wool myiasis flies are in close contact with the
fleece for at least & minutes before oviposition begins
(Cragg 1956) contact repellents or toxicants can be ef-
fective in preventing oviposition.

Cragg (1943) noted that L. sericata alighting on
D.D.T.~dipped sheep became so excited that they could
not oviposit. On no occasion was a complete and compact
batch of eggs deposited. This effect lasted up to 43 days.
Waterhouse and Scott (1950) found that D.D.T., B.H.C.

and chlordane all reduced the amount of oviposition by

L. cuprina. D.D.T. was the most effective of these and

vwhen applied as a 2 per cent solution, gave excellent
protection for six to eight weeks. In one experiment,

in which D.D.7T. was applied with a knapsack spraver
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protection lasted for over four manths. The authors at-
tributed this period of protection to fHe greater volume
of spray applied.
Organophosphate formulations

Snelson {(195%9) noted the ability Df,L..cugrina
females to oviposit selectively on areas of the sheeps’
fleece which accidentally remained untreated with an
insecticide formulation, "Diazinaon 20E" (Geigy (Australia)
Ply Ltd.). Repellency or deterrency may severely impair the
effectiveness of insecticides applied to sheep to control
vwool myiasis by directing flies to oviposit in untreated
areas. Bartorn Browne and NMNorris (1961) found that "Diaziron
20E" formulation deterred oviposition by L. cuprina for at
least seven weeks after treatment. When individual compon-
ents of the formulation were tested, it was found that re-
pellency was not due to the diazinon, but top a solvent

o n

"Stanvac PY used in the formulation. Flies were seen on
the treated areas in gquite large numbers and appeared

to exhibit normal behaviour. It seems that the treated
areas were not strongly repellent and did not aftfect
distribution of the flies by lpcomotor stimulation.

When kerosene was substituted for "Stanvac PY" in the

formulation, oviposition was still reduced, but the ef-

fect was much less marked than with the original solvent.
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Experiments in oviposition containers, in which
tlies were prevented from contacting the solvents, dem-
onstrated that the odour of these solvents was an ovi-
position deterrent. It4is difficult to test for contact
repellency in the presence of a vapour effect, but the
authors presented circumstantial evidence which suggested
that gustatory action may also have been important. Deter-
rency was not due simply to sublethal toxicity.
Halocyclopropane compounds

Holan et al. (1278) indicated a structural link be-
tween pyrethroids and D.D.T., and van den Bercken et al.
(1973) have indicated similarities in their action. Holan
(1971) and Holan et a}l. (1978) synthesized a number of
compounds with similarities in structure which have low
mamalian toxicity and which show repellency against
house flies and blow flies (Virgona et al. 1976, 1283).
The one that has received the most attentian is 1,1-bis
(p-~ethoxy phenyl)-2-nitropropane (GH74).

Virgona et al. (19748) measured the contact repel-
lency ot 27 insecticidally active compounds with low
vapour pressures against L. cuprina. In some cases an
"index of antifeedancy" was calculated from the amount
of the blood baits that flies ingested. GH”4 gave the
highest index of repellency (735) which was significantly

greater than that of D.D.T. (26). GH?4 also gave a high
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"index of antifeedancy'.

This experiment was carried out with female flies
which had not been fed prDtein and thus were not gravid.
Gravid females searching for an oviposition site respaond
differently to non-gravid females (Hobson 1937). Virgona
et al. (192748) suggest from regression analysis of the
amount of food ingested by the flies and the number of
landings on the baits, that flies alighting on the baits
did so0 to feed. Although feeding from the oviposition
site is a normal step in the segquence of events leading
to egg laving (Hobson 1940), these results are not dir-
ectly applicagle to protection agsinst wool wmyiasis.

Rarton Browne and van Gerwen (1982) found that GHY4
effectively reduced oviposition on in vitro preparations
for up to 40 weeks after treatment. When sheep were jet-
ted with GH?4 and their fleeces made attractive with
either dilute faeces solution rubbed into the fleece,
or artificially induced fleece rot, up to six months pro-
tection was provided. This is significant as currently
available larvicides such as cyromazine, can only provide
12 ta 14 weeks protection (Hart et al. 1?82). The period
ot protection was reduced when lower concentrations were
used and when the compound was applied by tip spraying
rather than by jetting (Barton Browne and van Gerwen 1982,
van Gerwen and Barton Browne 1%983). Even tip spraying gave

six weeks protection.
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Jetting sheep with short wool does not reduce the
period of protection although the amount of active in-
gredient applied is significantly lower (van Gerwen
and Barton Browne 1983). This indicates that, as is
desirable for an oviposition deterrent, GH?4 has low
mobility in the fleece. Thus, it remains in high con-
centration in those parts of the fleece that are likely
to be contacted by +lies.

A high incidence of oviposition was noted near.the
tails of GH?4-treated ewes in which diarrhoea had been
induced (Earton Browne and van Gerwen 1982). Eighty per
cent of the egg masses were located within 1 cm. of the
bare perineal region. This indicates that they had been
laid by +females standing on the non-wool bearing skin
and inserting their ovipositors into the fleece.

Extraneous material in the fleece, such as faeces,
free water or dust, may provide a platform on which
the fly can stand to oviposit. The effect of this on
the efficiency of GH74 needs to be assessed. Though it
seems unlikely that strikes would begin from eggs de-
posited singly or in partial egg masses, as pointed
out by Barton Browne and van Gerwen (1982), it cannot
be reliably stated that strike would not occur. Fur-

ther trials are needed to establish this.
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The repellent effects of pyrethrum and artificial
pyrethroids are well knpown (Jones and Sylvester 1966,
Chadwick 1975, Blackman and Hodson 1977, Cline et al.
1984). Preliminary experiments have indicated that the
synthetic pyrethroids cypermethrin, permethrin and decame-
thrin have similar activity to GH”4 in preventing ovi-
position by L. cuprina (Barton Browne 1979, Orton and
Shipp 1984). Cypermethrin increases the number of eggs
laid in partial egg masses or as single eggs and increases
the amount of off-target oviposition. At high concentration
however, cypEﬁmethrin simply moves oviposition off-target
vihereas GH74 shuts it down completely. The former action
is preferable as eg9gs are likely to be deposited in sit-
vwations where they will not develop. Flies affected by
GH”4 may simply withhold their eggs and depaosit them later
in places where a strilke may occur.

Permethrin is slightly less effective in preventing
oviposition than deltamethrin and cypermethrin (Orton and
Shipp 1984). These authors suggested that the relatively
high mamalian toxicity of deltamethrin makes it a less
desirable candidate for future use than cypefmethrin. To
date, no experiments testing the effectiveness of artificial
pyrethroids against strilte in vivo have been reported.
Repellents against sheep bot flies

For many vyears the recommended control measure was

to smear sheeps’ nostrils with pine tar in order to deter
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larviposition (Hearle 1938, Metcalf et al. 1962). To be
effective this had to be carried out at weekly intervals
{Metcalf et al. 1962). Application using "salt logs" was
recommended to reduce the amount of labour needed to treat
large flocks. Holes, 5 to 7.5 cm in diameter, were bored
into a log, salt placed in the bottom so that Eheep could
just reach it, and then the margins of the holes covered
Wwith pine tar. In an endeavour to reach the salt the sheep
smeared its nose with pine tar.

Smith and Young (19539) say that these methods sel-
dom resulted in effective control. They were superseded
by the use of lindane and B.H.C. which were injected into
the sheep’s nostrils to treat affected sheep (Du Toit and
Fiedler 1956, Smith and Young 195%9) and later by systemic
insecticides such as rafoxamide {(Horak et al. 1974).
Repellents against sheep head flies

French et al. (1977) examined the effectiveness of
a number of fly repellent preparations for activity against
sheep head flies. Good control was gained from creams con-
taining 0.05 per cent crotoxyphos and pine tar oil {(Young’'s
headfly repellent). Increasing the concentration of cro-
toxyphos to 0.5 per cent did not improve the degrees of
protection provided when the cream was applied at fort-
nightly intervals. Spraying with 1.0 per cent crotoxyphos

(Flymort 24) gave little protection. Application of
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bromophos or phosmet tream, diazinon gellant, MNMegusunt
ointment (propoxur, coumaphos and sulphonilimide) and

dipping with chlorfenvinphos also tailed to give satis-
factory protection. These compounds are all organophaos-

phate insecticides. There appears to be no evidence that

they are repellent. To reduce the severity of lesions

they would need to induce toxic effects in the head f1vy
quickly enough to prevent the flies feeding.

Crotoxyphos is a systemic insecticide with residual
action {(McEwen and Stephenson (1979). Berlyn (1978), in
experiments in which preparations of 0.05% per cent croto-
Xxyphos were smeared on the attractive spheres of Manitoba
traps (Thorsteinsen et al. 1945), found that crotoxyphos sign-
ificantly reduced the number of ftlies attracted. To become
caught in Manitoba traps insects must fly vertically fol-
lowing attraction to the spheres. Berlyn’s results could .
be explained by a rapid toxic action of cratoxyphos.

GH?4 and a proprietary formulation, Marshall’s anticap,
also gave good protection against head flies (French et al.
1977). GH?74 has contact repellent and antitfeedant action
on L. cuprina {(Virgona et al. 19748). A similar action
seems likely against head flies. No description is given
ot the composition of Marshall's anticap other than that
it contains animal oils. Although the above treatments re-

duced head fly damage nhone resulted in significant increase

in weight gain.
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In French et al.’s (1977) experiment, permethrin
applied as a 0.1 per cent spray, as a 1.0 per cent salve
or added to a dip +Drmu1§tion failed to reduce the in-
cidence of head fly lesions, but the frequency of appli-
cation was not stated. When permethrin was used as a 5.0
per cent salve a slight reduction in damage résulted.

Appleyard (1932) was able to significantly reduce
the number of sheep shﬁwing lesions and the severity
of lesiohns, by spraying sheep with 0.1 per cent permeth-
rin at 14 day intervals. The problem was not completely
eliminated, however. Similar treatment also controlled
head f1y feeding in the fighting wounds of rams. 1In pre-
vious vyears these rams were so severely atfected that
housing was required to protect them from the flies’
attacks.

Spraying the heads of sheep with 0.1 per cent per-
methrin at monthly intervals achieved a slight reduction
in the severity of damage but protection did not externd
beyond 14 days (Appleyard et al. 1984a). Deltamethrin,
at 0.01 per cent, was tested and found ineffective. The
high cost of deltamethrin makes the application of more
concentrated solutions for head 1y contrpl uneconomical
(Appleyvard et al. 1984a).

(Once lesions have been made the head becomes much
more attractive and more difficult to protect with re-
pellents. Polyvinyl-chloride ear tags containing 8.5 per

rent w/w cypermethrin gave good protection throughout the
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fly season (Appleyard et al. 1984a,b). The constant pre-
sence of ear tags does not allow a chance for head 1y
lesions to begin.

In Appleyard’s (1982) worl, most pf the severe lesions
were associated with the site of insertion of ear tags.
These were ear tags for identification, not pvyrethroid
ear tags. In the experiments of Appleyard et al. 1984 a,b)
ear tags were tied on with twine without making a new
wound rather than inserted through the ear. As abrasions
resulting from the twine were protected by the cypermethrin
tags (Applevard et al. 1984a), it seems likely that the
protective effect would be strong enough to protect
wourds caused by the insertion of ear tags. Experiments
are needed tp test this. I+ protection persists through
the fl1y season, the tags could be applied in time to al-
low wounds to heal before the flies become active.

Permethrin tags (10 per cent w/w) gave good protection
throughout the seasorn, though not quite as good as the
cypermethrin tags. However, sheep fitted with fenvaler-
ate tags (8.5 per cent w/w) suffered a slightly higher
incidence of head fly damage during most of the summer than
did controls w?th blank ear tags (Appleyard et al. 1984b).

Both cypermethrin and permethrin tags conferred sub-
stantial protection to lambs when applied to their mothers
(Applevyard et al. 1984 b). The means by which this was

achieved are unknown, The authors suggested that it could
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be due to a reduction in the fly population because of
toxicity of the tags or to transfer of pyrethroids to

the lambs. The first of these explanations seems unlikely

because of the ability of Hydrotaea irritans to recolonise
treated areas rapidly from several kilometres away (Robinson
and Luff 197%). However, the number of flies ;n the immed-
iate vicinity of the lambs’® head may be reduced. As pyre-
throids do not have systemic action (Elliott 19277) it is
unlikely that protection is conferred through the ewes’ milk.
Most pyrethroids are lipophilic (Ruscoe 1977) and presumably
can dissolve in wool wax. It seems most likely that pyre-
throids from the ear tags were rubbed onto the lambs®’® fleece
during various maternal activities.

Repellents against hiting flies

Mo reports were found of the use of repellents to
protect sheep from attaclk by biting flies. This may be
Eecauss probtlems that are serious are usually local in
occurrence. However, the effectiveness of repellents +for
protecting cattle and horses agaiﬁst species which also
attack =heep has beern examined.

For example, Bruce and Decker (1951) obtained sig-
nificant increases in the butterfat production of dairy
cattle by protecting them against tabanids with sprays
of not less than 0.1 per cent pyrethrins and 1.0 per cent
piperornyl butoxide. Blume et al. (1971) concluded that
three to six applications of 50 per cent DEET would be

required to completely protect livestock from the probing
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and feeding activities of tabanids and stable flies,.
When higher concentrations were used some cattle sal-
ivated excessively and had a nasal discharge and some
horses exhibited exfoliation. Shemanchuck (1981) fpund
that spraying cattle with pyrethroids gave up to 10 days
protection against blackflies, and Blackman and Hodson
{1977) found that permethrin sprays could protect cattle
against Stpmoxys galcitrans (Linnaeus) for up to 4 days
and against Culicpides sp. for 10 days.

Most of the body of Merino sheep is protected against
the attack of biting flies by dense fleece (Muller and
Murray 1927%, although Schmidtmann et al. (1980) found
that Culicoides spp. attacked Suffolk-crpss ewes on the
body irrespective of the presence of thick wool. Most
attacks are likely to be concentrated on the face and
ears and, to a lesser extent, on the legs and perineal
region.

The main species attacking sheep in southern Idaho,
S. vittatum, bites mainly in the ears, around the eves
and on the side of the head (Jessen 1277). This is also
true of biting midges in Australia (Muller and Murray
1927). Beadles et al. (1977) showed that in cattle these
are the areas contacted by ear tags. Knapp and Herald
{1981) showed that fenvalerate ear tags repelled face
flies from these parts of the faces of cattle, although
fliee were =till seen lighting around the nose. Invest-

igation of the effectiveness of pyrethroid ear tags in
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protecting against biting flies in areas where they cause
problems to sheep raising would be warthuhile.
Tick repellents

Tick repellents are beyond the scope of this review.
However, Ahrens et al. (1977) pointed out that tick in-
tested ears are highly susceptible td Dviposilion by

the screwworm fly. In areas heavily infested with Gulf

Coast ticks, (Amblyomma maculatum Koch) up to %0 per cent

of screwworm cases occur in the ears of cattle. Thus,
control of ticks with repellents and slow release devices
such as examined by Ahrens et al. (1277) and Ahrens and
Cocke (1978) can significantly reduce the praoblem of screw-
warm myiasis. Insecticides which kill ticks only after they
begin feeding will not be effective as the feeding sites

will remain as foci for screwworm infestation.
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Mode of action

Insects normally follow a predictable behavioural
sequence before +eedin9’(H0ching 1963) or ovipositing
(Dethier 1947, Cragg9 1956, Barton Browne 1979). A chem-
ical that interferes with the successful completion of
any step in the sequence may act as a repellent. The
degree of repellency observed can be affected by many
factors including the physiological state of the insect,
the environmental conditions, the presence and density
of other insects, differences between samples and broods,
the method of application and a whole group of variables
associated with ditferences in host attraction. Some of
these factors were reviewed by Dethier (1234&4).
Vapour repellents

Despite extensive studies, particularly with mos-
quitoes, the mode of action of vapour repellents is
still incompletely understood. Early repellents were
mainly volatile and odorous materials such as oils af
citronella, pennyroyal, lavender and camphor which were
presumed to act via the olfactory sense. However, Khan
{1965) showed that dimethyl phthalate, ethyl hexanediopl
{Rutgers &12), diethy! toluamide (DEET) and indalone,
acting in the vapour phase, can also interfere with
many other behavioural responses. He postulated that
these repellents also blocked contact receptors import-
ant in stimulating feeding and oviposition and may have

interfered with the functioning of thermoreceptors which
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induce probing, mechanoreceptors important for orient-
ation to gravity and airflow, visual receptors and audi-
tory organs used in locating mates. He noted that the

only receptors that did not appear to be affected were
those of the common chemical sense. .

Wright et al. (1971) suggested that repellents inter-
fered with host finding because they had similar infra-red
absorption spectra as that of water. Though mosquitoes
were attracted to warm, moist air streams, very high humid-
ities repelled them. UWright suggested that mosquitoes sense
the infra-red spectra of repellents and act as though they
are entering a zone of high humidity. I+ this is so, re-
pellents should loose their effect or even become attract-
ive at low humidities. Hocking and Khan (1966) found no
evidence that repellents acted by mimicking the infra-red
spectrum ot water. Indalorne became more repellent as the
humidity decreased. Rayner and Wright (1%966) concluded
from a study ot 62 repellents that the correlation be-
tween infra-red absorption and repellency was probably
less direct than earlier suspected and did not different-
iate compounds well enough to be used as a preliminary
screening technique.

Aedes aegypti females did not exhibit negative anemo-

taxis when placed in an air stream permeated with dimethyl
phthalate (Wright & Rayner 1960). UWright (1975) stated
that no known compounds repel mosquitoes very far down

wind.
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Davkin gt al- (1%9895) found that the number of ran-
dom +lights undertaken by mpbsqQuitoes increased with an
increase in the concentration of carbon dioxide associated
with the approach of a host. This increased the chance of
mosquitoes encountering an air stream emanating from a host.
1f the concentration ot carbon dioxide was maintained at
an elevated level, the mosquitoes gradually adapted to it,
and the frequency of random flights returned to its normal
level.

Kellogg (1970}, from electrophysical gtudies, ident-
ified sensory hairs on the antennae of A. aeqypti, which
increased thejr rate of discharge when the air passing
over them increased in humidity. Once a mosquito encountered
a host stream which had elevated hymidity, the rate of dis-
charge of neurons in the sensory hairg increased. The mos-
guito moved into the host stream without turning. If the
mosquito passed out of the stream of humid air, the rate
af discharge decreased and the mosquito turned. This us-
ually kept it within the host plume. In fact, host plumes
are complex stimull which differ in the presence or absence
and concentration of a large number of chemical components.
Many more receptors are involved in host finding than simply
temperature and humidity sensors (McIvér°1981).

Exposure top repellents had a similiar effect to ex-
posure to carbon dioxide (Wright 1273). Initially mosquitoes
became more excited and this excitation was followed by adapt-

ation to the repellent. Exposure to repellents also induced
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adaptation to elevated levels of carbon dioride. Wright
(1975) suggested that when repellents were infused into an
area, they reduced or removed the normal response of mos-
guitoes to host-evolved carbon dioxide.

Fellogg (1970) found that repellents also prevented
moisture sensors responding to increased humidity and some-
times even reduced their rate of firing. Davkin et al. {1965)
found that when mosquitoes encountered a host-generated
plume which contained a repellent, they 'usually failed to
enter it. When they did enter it, they emerged 4rom the
other side without turning. The decrease in firing rate of
the sensory ngurons caused by encountering a host plume
containing repellents would, according to this hypothesis,
cause the insects to turn and thus send, them away from their
target. If mosquitoesvdid enter the host plume, on leaving
there would be no further reduction in the firing rate of
neurons and the mosquito would continue out of the plume
without deviating.

Wright (1975) suggested that repellents may act by
blocking the pores in the cuticle of sensory hairs. The
shape of repellent molecules and the strength of adsorp-
tion to the cuticle on the pore, would be key factors
affecting the efficiency ot the repellent. Variation be-
tween mosquito species in their response to repellents
was explained by differences in cuticular structure and

the consequent strength with which repellent molecules

were adsorbed. This hvpothesis fails to explain the effects
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obn senses other than the olfactory sense noted by Khan (1965).
McIver {(1981) presented a slightly more sophisticated
model of the action of DEET against A. aeqypti. She listed
four steps that must occur before a behavioural pattern is
elicited by an external stimulus. They are: a) reception
of the stimulus by the appropriate sensory system; b) de-
coding and integration of the information in the responses
of the sensory system by the central nervous systemj c) act-
ivation ot the appropriate efferent system; and d) response.
She pointed out that there are a number of different
morphological and physiological forms of neurons each of
which can respond to different stimuli and which could
theoretically give rise to an enormous number of different
responses. The mosquito’s response to a host plume is a
result of the sensory pattern sent to the central nervous
system by the firing of these neurons and the efferent .
behaviour it brings about. Davis and Sokolove (19768)
have demonstrated that repellents can stimulate oltactory
chemosensilla in A. aegqypti. This also seems to be the

case with P. regina, 3. galcitrans and M. domestica

{(Dethier 1%54). Mclver (1981) guoted the work of a number
of authors who demonstrated that neurons associated with
the various olfactory chemosensilla reacted to the presernce
of repellents in different ways. For example, DEET pre-
sented in a plume with lactic acid, which is a known
attractant, wealtened the response of nerve cells normally

excited by lactic acid and increased inhibition of those
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rnormally inhibited {Davi=z and Soklove 1978).,

According to the model proposed by McIver (1981), DEET

interacts with lipid molecules in the dendritic membranes,

thus, changing the sensory pattern presented to the central

nervopus system. This altersz the mosquito’'s response to the
presence of attractants., Different species of insects have
di++@hent responses to repellents because they detect dif-
ferent sensory cues and thus have their sensory patterns

altered in different ways.

McIver (1921) indicated that the reaction of mosquitoes

to repellents oCcurs so rapidly that vapours must be detected

by chemosenszilla. However, they may also enter the body

throuwah the spiracles. She quoted research which indicated

that in the cockroach Periplanata americana, f(Linnaeus) sen-

silla other than chemically =sensitive ones do not respond

directly to vapour repellents. She suggested that the inter- .

action of repellent molecules with body cell membranes,
following entrance through the spiracles, could adversely
atfect a number of physiological processes. This may in-
directly bring about the effects observed on behaviour
mediated by non-olfactory stimuli, The degree to which
this mode pf action can be extrapolated to other vapour
repellents is guestionable.

It should also be noted that vapour deterrency need

not sct only by preventing the insect from landing and

remaining on the host. Barton Browne (1960) provided evidence
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for the existence of olfactory receptors on the ovipositor
of P. regina and suggested that they enable the fly to place
its egg9s in positions with optimal concentrations of ovi-
position stimulants. Rice (1974) identified two ol+actory
pegs and five gustatory setae on the ovipositor of L. cuprina
which presumably serve the same purpose. Chemicals acting
in the vapour phase could deter oviposition without repel-
ling flies from the surtace of the fleece by acting on
these receptors.

5.2 Contact repellents

S.2.1 D.D.T.

D.D.T. is best krnown as an insecticide but it is also

effective as a repellent. From tests with olfactometers
Hocking and Lindsay (1938) concluded that technical grade

D.D.T. exerted vapour repellency to Culex tarsalis, Cogquillett

-

Drosophila melanogaster Meigen and M. domestica. However,
Dicke et al. (1952) in similar experiments with house flies
found D.D.T. to be attractive. D.D.T. has low vapour pressure
and its contact repellency is more widely reported than its
vapour action.

Kennedy (1947) found that D.D.T. on a surface reduced
the duration of resting periods, increased the number of
insects alighting and reduced the number of mosquitoces pre-
sent on the surface at any one time. This was due to excit-

ation by D.D.T. Excitation persisted for some time after



._“‘9_
mosquitoes left the treated surtace. Thus, when treated and
untreated surtaces were exposed in the same cage, little
difference was observed in the number of insects found
resting on them.

Cragg (1945) noted that oviposition by L. sericata
was markedly reduced an D.D.T.-treated ileece. Where eggs
were laid they were scattered and on no occasion was a
complete and compact batch of e99s seen. This is the pat-
tern of egg deposition observed when flies oviposit while
aftected by a locomotor stimulant (Rarton Browne and van
Gerwen 1932).

Waterhouse and Scott {1250) found that D.D.T. also
reduced oviposition on sheep by L. cuprina. Female L.
cuprina appeared to occur in equal numbers on treated and
uritreated fleece, but less searching for suitable oviposition
sites with the ovipositor partially extended was noted when L
D.D.T7. was present. This indicates oviposition deterrency
per se. In this experiment flies were exposed simultancously
to both treated and control areas on each sheep. Thus, per-
sistent excitation in flies which visited D.D.T. treated
fleece first and then the untreated section ot the fleece
could explain the apparent absence of repellent activity
found by Waterhouse and Scott (19350).

Gahan et al. (1%45) found that D.D.T. excitation was

not sufticient to prevent biting by Anapheles guadrimaculatusg
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which is related to an alteration in the structure of
the neurons, and "Pen" which gives a reduced rate of pene-
tration. Not a1l toxicity resistance mechanisms conferred
resistance to repellency. The factors "Ses" and "Deh", which
code for enzymic detoxification of D.D.T., by themselves,
had no effect on repellency. However, they may have been
significant when interacting with other resistance factors
{(Virgona et al. 1%83).

Application of synergists increased the toxicity
of D.D.T. but had no effect on its repellency. Though
D.D.7. had a negative temperature coefficient for tox-
icity, this was not the case for its index of repellency.
From these observations Virgona et al. (1983) concluded
that the physiological response which resulted in repel-
lency proceeded by a different mechanism from the changes
which killed the insect.
GHZ4

0Of the halocyclopropane insecticides synthesized
by Holan (1971), GH74 had the highest index of repel-
lency against L, cuprina (Virgona et al. 1976). It sup-
pressed oviposition by L. cuprina (Barton Browne and van
Gerwen 1982, Orton and Shipp 1984) and has been shown to
repel house flies (Virgona et al. 1983) and sheep head flies
(French et al. 1977). Virgona et al. (1974) showed that

repellency resulted in an antifeedant effect. It is likely
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that it is by this means that the damage caused by sheep
head flies is reduced.

Barton Browne and van Gerwen (1982) found that the
number of flies on the surface of GH?d-treated fleece did
not differ from controls when they were examined two minutes
after exposure. At all times after this a clear repellent
effect was noted. This indicated that it was unlikely that
GH?4 acted as a vapour repellent reducing the rate at which
flies arrived at, and alighted on, the fleece.

L. cuprina, when on GH?4d-treated fleece, walked rapidly
and often remained there for only short peripds of time.
Flies which entered cavities in the fleece nften emerged
gquickly and took +light soon after (Rarton Browne and
van Gerwen 1982). Where egg9s were deposited they were in
partial eq9g masses or as scattered eggs. Oviposition was
often off target and conducted while the fly was moving
(Orton and Shipp 1984). These behaviours are atypical
(Bar-ton BRrowne 1927%9).

In Barton Browne and van Gerwen’'s (1982) experiment
the major reduction in the rumber of flies occurred be-
tore significant numbers of ataxic flies were seen. Orton
and Shipp (19284) found no signiticant mortality at 0sc$0
{the concentration which caused S50 per cent suppression of
ovipositian). They concluded from a comparison of relative

toxicological and suppressive activities that supression
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was not simply sublethal toxicity. This is in accord with
Virgona et al. (1983) who concluded that repellency and
toxicity were brought about by different mechanisms.

Both D.D.T.-resistance factors "Kdr" and "Pen", re-
duced the repellent effect of GH?4 in house flies (Virgona
et al. 1983). However, factors which confer resistance to
D.D.T. by enzymic detoxification ("Ses" and "Deh") did not,
by themselves reduce the repellency of GH74 although they
may have had an effect when interacting with other resistance
factors.

Pyrethroids

Pyrethroids can induce repellent effects in a num-
ber of ways. The predominant action may be different at
different concentrations and at different times after
application. When permethrin was applied to cabbage leaves

S

to control larvae of the diamond back moth (Plutella xylostella

{(Linnaeus)) it exerted an ovicidal effect +for approximately 3
days, a larvicidal effect for about 12 davs and acted as an
antifeedant for approximately 1% days (Ruscoe 1977). Chadwick
(1975) suggested that increasing the doses of pyrethroids in
smoke from mosquito coils produces the following sequence
of effects:

i) deters mosquitoes from entering huts filled with

pyrethroid smoke

ii) increases activity and egress +rom huts
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iii) inbhibits biting

iv) knocks down

v) kills
Blackman and Hodson (1977) +ound that immediately after
spraying cattle with permethrin the duration of visit of
8. calcitrans was brief. Thereafter, the degree of repellency
decreased until flies were able to engorge. However, a high
kill of +lies was still achieved.

Pyrethroids generally have low vapour pressures (Mish-
izawa 19271) and although this does not preclude vapour re-
pellency, it reduces its likelihood.

Schreck et al. (1978) suggested that resmethrin-im-
pregnated cloth may induce some degree of vapour repel-
lency in reducing the number of mosquitoes landing on
uncavered skin. They point out however, that the action of
resmethrin is not clear and that protection may equally well .
be brought about in other ways. Repellency exerted by
prrethroids in mosquito coils (Chadwick 1975) could also
be considered vapour repellency.

The attributes of pyrethroids as contact repellents
have been demonstrated for a range of insect species
{Ruscoe 1977, Virgona et al. 1976, Cline et al. 1984,

Schrecl et al. 1978). Contact repellency may be induced by
locomotor stimulation, knockdown, toxicity or by deterring
feeding or oviposition. Ditferent actions may be related.

For example, Chadwick (19793) suggested that the bite inhibit-

ing and knockdown actions of pyrethroids in mosquito coils
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vere closely associated. Barton Browne (1977) discussed

the apparent antagonism between locomotor stimulation

and both feeding and oyipositinn. Orton and Shipp (1934)
suggested that pyrethroids activated L. cuprina to such a
degqree that normal oviposition could not take place.

Pyrethroids have similar action to GH?4 at low
concentrations but their actions differ when concen-
trations are higher. At high concentrations, pyrethroids
allow oviposition to continue but only as single eggs and
only off target, whereas GH74 shuts down oviposition al-
together. Orton and Shipp (1984) suggested that this was
evidence of sensory disruption. Neurophysical evidence of
Virgona et al. (1982) supports this explanation.

GH”?4, cypermethrin and deltamethrin all suppressed
oviposition by L. cuprina for some time atter flies had
been removed from treated surfaces. Orton and Shipp (1984)
found that three hours after exposure, oviposition was still
below 20 per cent of that of controls. It had returned to
rnormal after 24 hours.

Often locomotaor stimulants take some time to act
(Barton Browne and van Gerwen 19832). Repellent creams
containing permethrin were found to be ineffective for
controlling malaria transmission by mosguitoes (Hocking
1963). Although the cream did repel mosquitoes it did
s only after the mosquitoes had already bitten and thus,

had the opportunity to transmit the malaria plasmodium,

[
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Frnockdown and fast acting toxicity can also produce
repellent effects. Shemanchul: (1981) roted that the re-
pellency achieved agaihst black flies by epraying cattle
with pyrethroids was due to rapid intoxication of the
blacl: flies on contact with treated hair. He noted that
permethrin appeared to act more qQuickly than cvpermethrin.,
When’cypermethrin was applied in ethanolic solution, par-
tially engorged females were found, indicating that the
formulation did not act gquickly enough to repel ar knock
down flies before they could take a partial blood meal. No
tests were conducted to determine whether affected black
flies eventually died or recovered, or whether vapour
repellency or locomotor stimulation was also involved.

Fuwrethroide with rapid knockdown action tend to be
more polar. This presumably results in quiclier penetra-
tion of the insect’s cuticle. Pyrethroids with higher
toxicity tend to be more lipophilic, and wmost do riot have
rapid lknoclidown action (Briggs et 1. 1974).,

Cline et al. (1924) reared Tribolium confusum du Val

on media treated with sublethal doses of synergised pyre-
thrins. They found that though resistance developed to

the toxic effects of these compounds, the insects remained
significantly responsive to their repellent action. Orton
and Shipp (1984) noted dissimilarities between the profiles

for oviposition suppression and toxic effects for both
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cypermethrin and permethrin in L. cuprina. These exper-
iments indicated that the repellency of pvrethroids was
bErought about by a dif{grent mechanism than lethal action.
However, VVirgona et al. (1983) showed that house +flies
selected for pyrethroid resistance had a lower index of
repellency to pyrethrum, bioresmethrin and permethrin than
unselected flies. As with D.D.T. and GH?4, it is likely
that the mechanism kv which insecticide resistance is med-
iated will determine the effect of resistance on repellency.

Letkhal action of pyrethroids can also produce ef-
fects that may be interpreted as repellency. When test-
ing repellents 1t is pften desirable to run treated and
untreated animals separately (Bartorn Brpowne and van Gerwen
19232). Insecticides can reduce the number of insects on
treated surfaces in such experiments by reducing the local
papulation of insects. This is especially so for ectopara- .
sites with low dispersal capabilities such as ticlks (Schreck
et al. 1982). Appleyvard (1982) suggested that reduction in
head f1y damage brought about by the application ot permethrin
to sheep was dune in the short term to the repellent effect
of permethrin, and in the long term, to reduction in the
head flv population through its toxic action. In addition,
quick acting toxicants may rapidly remove ectoparasites from
the surface of an animal to produce an apparent repellency.

Results with fenvalerate have been less consistent

than with other pyrethroids. Applevard t al (1284) found
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that fenvalerate ear tags had no effect on the number or
severity of head fly lesions. However, fenvalerate tags
have given good contro; of harn flies (Ahrens and Cocke
1978) and face flies (Knapp and Hefald 1981). In the experi-
ment of Krnapp and Herald (1981) face flies were repelled from
around the eyes and the sides of the face but not from the
muzzle. The skin on the sides of the face and around the eves
is frequently contacted by ear tags (Beadles et al. 1977).
Shemanchuk and Taylor (1984) found that when cattle were
sprayed with fenvalerate good protection was provided
against black flies. Polyvinyl-chloride ear tags cantaining
8 per cent w/w fenvalerate applied to the ears of steers
tailed to provide satisfactory protection, however. Many
parts of cattle that are attacked by black flies {(Shemanchuk
and Tavior 1984) do not often come into contact with ear
tags (Beadles et al. 1977), so the concentration of fenval- .
erate on the skin and hair would be law.

Rani and Osmani (1784) found that fenvalerate had poor
repellency ag9ainst house flies. At concentrations of 0.0l
per cent, knockdown of male and female house flies toolk
15 and 20 minutes respectively. Knockdown or toxic effects
could account for the repellency observed against horn
flies or face flies. At lower concentrations fenvalerate
may nhot be repellent to head flies or black flies and may

not lknock them down or induce toxic effects until after

they have completed feeding.
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Ru=zcoe (12773 stgtud that permethrin iz active against
the eqss and larvae of most insect species although there
are exceptions. Ni;holson et al. (l9835°+ound that the
larvae of L. zericata wére able to tolerate much higher
doses of permethrin than the adult stage. Forsvthe and
Lehman (1%979) stated that pvrethroids do not show promise
for the control of klow fl¥ strike caused by L. cuprina
becauze of poor larvicidal activity and limited pérSiStence.
It seems unlikely that presently availabkle pvrethroid=s applied
to deter oviposition would have significant larvicidal effects=.

Biting lice have been eradicated by applications o+
cypermethrin (Hall 1278, Henderson and McFhee 1933), delta-
methrin (Kettfe et al. 1933) and cylohalothrin (Rundle

and Forsvthe 1984), Control of L. ovillus, L. pedalis and

M. pvinug was achieved by dipping in cylohalothrin (Rundle
and Forcsythe 1984). Thus, application of pyrethroids to
deter oviposition by wool myiasis flies or to repel biting
+lies may alsoc give some protection against resident
ectoparasites.
Physical repellents

The phvsical repellency of oily substances has been
demonstrated for a number of flies which attack sheep.
MackKerras and MacKerras (1944) showed that paraffin or
olive oil on the surtace of the sheep’s fleece provided
a mechanical obstruction which walking L. cuprina tended

to avoid. Hobson {1%940) found that a range of different
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oils, when applied to sheep by spraving or dipping, pro-
vided protection =against oviposition by L. sericata.

Gily and g9reasy sqbstances have also been used to
protect against biting flies. Hearle (1938) noted that
0ily dressings incorporating compounds such as raw linseed
oil, fish oil and o0il of tar were applied to work horses
in order to protect them against black flies. Townsend and
Turner (1976) found that petroleum jelly smeared on the
inside of horses’ ears protected against the attacks of S.
vittatum. This treatment caused flies to drop off of the
ear after landing. Formulations with higher viscosity seemed
to deter black fly feeding for longer but addition of insect-
icides did not prolong the period of protection. Black flies
resumed feeding in the first spots to become free of the
treatment.

It seems likely that part of the protection provided .
against screwworm flies and blow flies by the application
of tarry dressings to wounds is due to physical protection
of the wound surfaces.
Qther modes of action

Parman et al. (1928) suggested that repellents of blow
flies may act by deodorizing sources of attraction. They
rioted the following ways in which deodorization could occur:?

i) Absorption of attractive odours - The ready solu-

bility of many odorous substances in oils and fats

is well known. When oily ligquids are smeared over
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attractive targets it is likely that part of their
action in reducing the number of flies attracted
is by absorbing'attractive vapours.,

ii) Adsorption of attractive odours - Applying animal
charcoal to the surface of attractive baits reduces
the number of flies visiting them. This may be due
to adsorption of the attractive odours.

iii) Chemical neuvtralization, oxidation or reduction
of odorous compounds.

iv) Inhibition of the formation of odours. The ap-
parent repellent effect of copper compounds may
be due to their ability to inhibit bacterial
grovith and thus, production of the attractive
adours of decomposition. The phenols in pine tar
pil may contribute to its effectiveness as a
repellent in this way.

v) Masking of odours - The authors suggest that
escsential oils repel by this means.

Compound=z which act in ways described in points (i) to (iv)
are anti-attractantes,

Lennox and Hall (1%240) stated that part of the reason
tor the eftectiveness pf il of citronella ags a wound pro-
tectant was that it promoted healing of wounds and thus
reduced the period o+ time for which they were attractive
to flies. Bartorn Rrowne (1962) noted that +emale L. cuprina

would not oviposit unless tarsal contact had recently been
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made with water. Fleece rot, which is a major factor
predisposing sheep to body strike in Australia (Watts et
al. 1979), does not occur vihern the +leece is dry. Compounds
which dry the +fleece such as that developed by Hall et al.
{1930), and compounds which promote healing could also be

considered anti-attractants.
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Application of repellent

Factors aftfecting choice of application method

Biology of the ectoparasite

The aim of application is to place the repellent
vithere the pest will encounter it and be repelled before
it causes any damaqe. For rational design of application
methods, a detailed knowledge of the parasite’s life his-
tory is necessary. In particular, the means by which it
initially contacts the sheep and its habits and distrib-
ution while present on the sheep, need to be known.

The parts of the sheep which require treatment in
arder to obtain most efficient control differ for’di++erent
ectoparasite species. For example, to prevent larviposition
by the sheep bot {1y, repellents need to repel the flies
from the sheep’s nostrils. To control blow fly strike
by L. cuprina, protection needs to be provided near the
breech and along the sheep’s backline {(Watts et al. 1979).

The vertical distribution of ectoparasites within the
tleece and skin also needs to be considered. If a contact
repellent applied to prevent wool myiasis is aimed against
ovipositing adults, the compound will need to be present
in the top +ew centimetres of the fleece. I+ it is intended
to prevent larval feeding, it will need to be present at
the base of the fleece and on the skin surface.

The importance of a detailed knowledge of the life

history of ectoparacsites is demonstrated by the results
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of Raun (1955) with cattle. Pyrethrins applied to the legs
and lower body effectively controlled warble infestation

by Hypoderma lineatum (Villers) but not by Hypoderma bovis

{Linnaeus). H. lineatum spends a period of time standing

on the skin aof cattle attaching a number of eggs to a
single hair. Pyrethrins repelled H. lineatum and thus,
prevented warble infestation by thics species. H. bovis,

on the nther hand, malkes quick darting attacks and deposits
one eg9 at each attack. The contact repellency of the pyre-
thrins had no effect on this mode of egg laying.

Characteristics of the repellent and its interaction
with fleece and siin components

Knowledge of the characteristics of ;he repellent and
its behaviour ornce it has been applied to the sheep, is
also necessary. Persisternce of the compournd will be important
in determining the formulation to be used and the method of
application. Most vapour repellents are short lived in the
fleece, and pyrethrum degrades guickly. Such chemicals re-
qQuire constant replenishing. With systemic compounds ap-
plication methods must be chosen which efficiently introduce
the chemical into the systemic circulation. To date, no
systemic repellents have been developed.

The choice of application technique for most repellents
will depend heavily on their mobility in the fleece and on
the skin surface. Pitmwan and Rostas (1981) pointed out that

vwool fibres possess chemically reactive groups, such as thinl,
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amino and carboxyl groups and have hydrophobic sites which
can react with, and affect the efficiency of, chemicals ap-
pliecd to the flecce. Hoffman et al. (1963} found that though
scouring of wool removed much of the arsenic applied by dip-
ping, some remained tightly bound to the wool fibres atter
repeated scourings. Schreck et al. (1980) suggested that
the poor correspondence they found between biological effect
and permethrin content in treated cloth was due to poor
availability of the chemical at the surface of the fibres.
Chemical which becomes too tightly bound to the wool fibre
mill not be available to repel.

Sheep excrete an emulsion, normally referred to as
woal yolk. There is an intact laver of volk on the shkin
surface and an almost continuous layer on the wool fibres
iJenkinson and Lloyd 197?). Wool yollk is a complexz sub-
stance which has been analyzed in detail by Freney (1240).
It is composed predaminantly of ether soluble components
known as wool wax, most of which are secreted by the seba-
ceous glands, and water soluble cowmpounds known as suint,
most of which are secreted by the sudoriforous glands.
There are also small quantities of other compounds pre-
sumably derived directly from the epithelial cells and
blogd. Sinclair (1979) stated that it is reasonably be-
lieved that it is the wax cowmponent which influences in-

secticide mobility but that there is insufficient information
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to justity this conclusion. The composition of wool volk

is not constant and is influenced by such factors as

season, hormonal cycles and diet (Smith and Jenkinson 1976,
Christensen and Dobson 197%9). Solubility of chemicals in

the wool wax is likely to be affected by changes in compo-
sition. Pitman and Rostas (1981) indicated the need to eluc-
idate solubility characteristics of skin emulsions under
conditions likely to be encountered by sheep and cattle i+
good topical delivery systems are to be developed.

The eftectiveness of repellents may be determined,
to a large degree, by their solubility and mobility within
the wool yolk. I+ a chemical with high solubility is applied
to the tip of the fleece it will diffuse down through the
layer of emulsion covering the wool fibre and into the sebun
contained in the sebaceous gland (Du Toit and Fiedler (1%251).
It may also move laterally through the laver of sebum on the *
skin surface. This may be advantageous in that it spreads
the chemical through the fleece and allows it to diffuse
into the wool yollk on the new wool growth. The efficiency
of larval repellents and antifeedants would be increased
by such an action.

However, diffusion through the wool yolk anmd into newly
secreted sebum constantly dilutes the concentration of active
ingredient. With an oviposition deterrent which acts against
the +1y at the fleece surface, mobility could be a disadvant-

age. A compound which is held at the surface of the fleece
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and does not diffuse would be preferable so that a high
concentration is maintained in the portion of the fleece
caontacted by the fly. Van Gerwen and Barton Browne (1983)
found that the period of protection provided by GH74 against
oviposition by L. cuprina was not affected by the length of
fleece present at application. This suggests that GH74
does not translocate very far in the fleece.

Mor-wool! bearing areas generally have a poor yolk
covering {(Ropberts 1966). Chemicals which dissolve in
wool volk can only be expected to persist for a day or
two in these regions {(Sinclair 197%9).,
Characteristics of the fleece

The length of fleece affects the barrier that has to
be penetrated to reach the skin surface. It can also in-
fluence the amount of chemical needed and the degree of dilu-
tion of the chemical in the fleece. When a substantial fleece
is present, care will be needed to ensure thét application
of chemical does not reduce its quality (Sinclair 196%).
Different breeds vary widely in fleece conformation, wool
density and proportion of non-wool components in the fleece
(Carter and Clarke 1957). This will alsp affect the efficiency
of different application techniques,
Economic considerations

The ease of mustering, cost and amount of labour in-
volved, the availability of application equipment and the

amount of chemical used, will all affect choice of method.
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Methods of application
Dipping

This is the traditional method of application of
chemicals to the fleece. The sheep is completely immersed
in a chemical bath for a period of time sufficient to
allow penetration of solution to the sktin surface. This
allows maximum opportunity for chemicals to become bound
to the wool fibre or dissolved in the wool yolk. Dipping
also penetrates crevices, such as those formed by inguinal
folds, wvihich are difficult to treat by other methods
(Kirkwood et al. 1973).

Dipping deposits a high concentration of chemical
in the flesce and g9ives more complete coverage than other
technigques {(Kirkwood et al. 1973, Kettle et al. 1983)
but is slow and labour intensive. It is also inefficient
in that chemical is often applied to regions on the sheep
which are not contacted by ectoparasites. Wool values can
be reduced by discolouration of the fleece caused when
large rnumbers of sheep, or dirty sheep, are treated with
the same dipping fluid {(Sinclair 1965). Bacterial infections
carn spread in dips, and dipping sheep with more than one
month's wool growth can increase the inciderce of infection

with Dermatophilis congolensis {(Roberts and Graham 19868).

Jetting
The technigque for efficient hand-jetting is decribed

by Brown {(12486). Insecticide iz forced into the fleece at
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high pressure from a hand held jetting wand. Jetting

wands are "T" shaped or shaped like a question mark with
protruding nozzles whi;h are combed through the fleece.
When sheep are properly jetted the fleece is wet down to
the skin.

With hand jetting, high concentrations of chemical
can be placed at sites in the fleece that have a high
risk of infestation (James and Russell 1980)., However,
hand jetting is tedious, labour intensive, time consuming
and, hence, expensive.

Showering

Sheep are held in a circular or rectangular steel
pen and showered with a large volume of chemical solution
wihich is applied from nozzles mounted on a stationary or
rotating, overhead boom. Stationary nozzles mounted in the
showver floor spray the qnderside of the sheep (Kirkwood
et al. 1978)., This method relies on a large volume of sol-
utiorn and gravitational penetration rather than high pres-
sure to introduce chemical into the fleece.

Showers are effective in controlling ectoparasites on
newly shorn sheep but are not so effective when sheep are
carrying a fleece (Kirkwood et al. 1978, Jawmes and Russell
19280). Good penetration into the fleece can be achieved
along the sheeps’ backline if sheep are left in the shower

long enough (James and Russell 1982) but poor penetration
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is achieved an the breech and on the abdomen (Kirkwood
et al. 1978, James and Russell 1980, 1982).

Showers are usua}ly quicker and require less la-
bour than dipping or hand jetting, but wool staining can
aoccur if the dipping fluid becomes dirty (Sinclair et al.
1964).

Spraying

Spraying way be defined as the application of chem-
icals, under pressure, from above the surface of the fleece,
whether from hand-held devices or from spray races.

As shown by James and Russell (1980), the fleece sur-
face 1s a very effective barrier to the penetration of
insecticide. They found that a commercially available
spray race, operated at a pressure of 7?53 Kpa, seldom
penetrated more than 2 cm into the fleece. With chemicals
that &re highly soluble in wool yolk it may be possible
to apply a concentrated solution to the fleece tip and
rely orn diffusion to achieve penetration. Chemicals placed
on the surface are more prone to loss by volatalization
and abrasion. Sinclair (197%9) stated that the main dis-
advantage of spraying is the need for uneconomically large
deposits to achieve effective cnncentra£ion5 of chemicals
in the fleece.

Spraying is an attractive method of application as
it is easily automated, entails much less labour than the

aforementioned methods, and large numbers of sheep can be
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treated in a short period of time. It may be a usefui
method for applying oviposition deterrents or contact
repellents that exert their effect at the fleece surface,
and which are relatively immobile in the fleece. Automatic
spray arches, aor treadle-activated sprayers, such as des-
cribed for cattle by Raun (1955) and Granett et al. (19&5)
could be installed in entrances to water or salt blocks
to renew repellent deposits periodically.
Air misting

Preliminary experiments suggest that blowing insect-
icide into the fleece of sheep may be an efficient way
nf applying chemical to the fleece in automated systems
(Cannell et al. 1984). Jets of air blow open the fleece
and carry insecticide into the fleece and down to the
skin.
Backline treatments

These are treatments which are applied in a strip
along the backline. They differ from “spot on" or "pour
on" formulations in that they rely on peripheral spread
o+ active ingredient rather than systemic action to bring
them into contact with target insects (Kettle 1983).
Bayvel et al. (1981) suggested the following advantages
of backline tretments over dipping and showering: they are
easier to apply; less labour is requiredj no mixing is
necessary; the dose is readily measured; a low volume is

applied, hence there is little wetting of the fleece; there



are no problems of bacterial infection due to recycled dip
solutionj there is no excess solution to dispose ofj
backline treatments are used immediately after shearing

s0 no re-mustering of sheep is necessary; there is no
environmental contaminationj and it is easier to treat
small groups of sheep.

The degree of coverage that can be expected from
backline treatments will depend on many factors. The
formulation applied, the amount of wool and wool vyolk
present, skin temperature, amount of suint, follicle
density, body conformation, weather, site of application
and stock handling immediately after treatment may all

be important (Pitman and Rostas 1981, Kettle et al. 1983).
Measurement of residues in the fleece indicated that the
coverage with deltamethrin when applied as a backline

®

treatment of Decacide~ was very uneven in comparison to

dipping {(Kettle et al. 1983). Nevertheless, backline treat-
ment with Decacidéa kiiled all lice within 294 hours and
within two to seven days when applied to sheep newly shorn
and with three weeks wool growth respectively. The above
experiment was conducted with Perendale ewes. With Merino

sheep four to six weeks were needed to give a complete kill

(Bayvel et al 1981).

6.2.7 Controlled release systems

Application of insecticides in controlled release sys-

tems has a number of advantages over conventional techniques.
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Doses need not be as large so there is less chance of
tissue residues. Insecticides which have poor persistence
do not reqguire continual reapplication and there is a low-
er risk to the operator and of environmental contamination.

Beadles et al. (1977) believe that the majority of
livestock ectoparasites could probably be controlled with
well designed, slow release devices. It seems that util-
ization of a number of the systems described in the follow-
ing sections could improve the degree of control obtained
with insecticides or repellents. However, with the ex-
ception of polyvinyl-chloride ear tags, they have received
little use +Dh ectoparasite control. In particular, they
present new possibilities for the use of vapour repellents
vihich in the past have been too short-lived to be of much
practical use.

The following controlled release systems described by
Cardarelli (1975) may have application to the release of
repellents and insecticides on sheep.

Diffusion - dissolution matrices

The active ingredient is dissoclved in compounds such
as natural rubber or other polymers which have the physical
characteristics of elastomers. Molecules at the surtace de-
sorb into the atmosphere or contacting medium. Active in-
gredient from the interior of the matrix moves to take the
place of the desorbed molecules and a continual loss of

active ingredient occurs from the surface.
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ii) Three-phase carrier systems
Where the active ingredient is not soluble in the
elastomeric or p]astic'matrlx, a carrier which is soluble,
is used. The carrier migrates to the surface of the
matrix and releases the active ingredient,
a) Ear tags
‘Polymer matrix ear tags, most commonly polyvinyl
chloride, are the only controlled release systems that have
received any widespread use for ectoparasite control. Active
ingredients which have been tested in ear tags include
dichlorvos {(Harvey et al. 1984), chlorpyriphos {(Ahrens et
al. 1977), tegrachlorvinphos (Ahrens et al. 1977, Harvey
et al. 1984, Shepherd 1%980), and the pyrethroids permethrin,
cypermethrin, deltamethrin and fenvalerate (Appleyard et
al. 19$84a,b, Ahrens et al. 1977, 1978, Ahrens and Cocke
1979, Harvey and Brethour 1279, Knapp and Herald 1981,
1934, Miller t al 1283, 1984, Shemanchul aﬁd Taylor 1984,

Williams and Westby 1980, Wright et al. 1984).

Such tags have been tested against horn flies (Ahrens
and Cocke 1979, Harvey and Brethour 1979, Knapp and Herald
1984, Miller et al. 1983, 1984, Williams and Westby 1980),
tace flies (Knapp and Herald 1981, 1984, Miller et al. 1984,
Williams and Westby 1980), black flies (Shemanchult and

Taylor 1984), head flies (Applevard et al. 1984a,b, Wright

t al. 19849), Haematobosca stimulans (Meigen) and Morellia
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simplex (Loew), {(Wright et al. 1984), and ticks (Ahrens
et al. 1977, 1978, Gladrney 1976).

The degree of control achieved is related to the biol-~-
o3y of the ectoparasites. Ear tag formulatipns have gen-
erally given good protection against horn flies, although
it appears that resistance to fenvalerate, permethrin and
tetrachlorvinphos may have recently developed (Harvevy
et al. 1984). Horn flies spend most ot their time resting
on cattle and are thus, likely to encounter surfaces rubbed
by an ear tag. For this reason application of one tag per
head (Harvey and Brethour 1?279), tagging only one o+ each
three cows (Shepherd 1980) and tagging only the nursing
calves {(Knapp and Herald 1984) has given good horn 1y
control.

Control is not as complete with ectoparasites that
are rnot so closely associated with cattle. Only a small pro-,
portion of face flies are present on cattle at any one time.
During this time they are usually found feeding from the
mucus membranes of the nose and eyez. Williams and Westby
(198Q) found that tagging with fenvalerate tags gave S0 per
cent control of face flies over a thirteen week period com-
pared to 25 per cent for horn flies. Krnapp and Herald (1981)
showed that fenvalerate ear tags repelled face flies from
around the eyes but not from the nose.

Black flies are even less closely associated with

cattle. They generally reguire only one blood meal betfore
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returning to rivers or streams to ovaiposit. Cattle are
bittern on the underline, legs, sides of the body, sides
of the neck and face (Shemanchuk and Taylor 1984). Many of
these areas are seldom, if ever, contacted by ear tags
(Beadles et al. 1977). Shemanchulk and Taylor (1984) found
that 10 per cent w/w permethrin ear tags provided 13 davs
protection while 8 per cent w/w fenvalerate ear tags at
no time provided satisfactory protection.

The rate of release of active ingredient from ear
tags follows a parabolic curve characteristic of the dif-
fusion process. The highest rates are released soon after
tagging. The release rates can be predicted from equations
for the release of solutes from dissolved monolithic systems
{Miller et al. 1933). Knapp and Herald (1984) stated that
correlation of the release rates of controlled release
ear tags, with the realized ectoparasite control, should .
allow one to time the tagging of animals. They found that
1.75 to 2.0 mg per day of fenvalerate must ke released te
obtain above 80 per cent reduction of face flies. To main-
tain horn f1y burdens below five flies per cow, release
rates above 1.0 mg, per day and 1.9 mg per day were required
for fenvalerate and permethrin ear tags respectively (Miller
et al. 1983). The release rate depends on the concentration
of active ingredient present in the watrix, the surface area
exposed, the rate of removal of active ingredient from the

surface of the tag and the concentration of plasticizer (Miller
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et al. 1983, 1984). As both fenvalerate and permethrin tags
lost their effect when greater than 30 per cent of active
ingredient was still present, Miller et al. (1983) suggested
that their efficiency can be improved.

The concentration of active ingredient at a particular
point on the integument will also depend on the frequency
of contact of the ear tag with that point and the amount
of transfer that occurs at each contact. Though Beadles
et al. (1977) have studied the areas contacted on cattle
by various constant releass devices, these studies are
lacking in sheep. The efficiency of transfer of repellents
or insecticidgs from controlled release matrices to the wool
of sheep also does not appear to have been investigated.

The protection provided against head 1y damage by
permethrin and cypermethrin ear tags (Applevard et al.
19234a,b) indicates that studies of their effect against
agther sheep ectoparasites would be worthwhile. Blow 1y
strikes in fighting wounds on rams’ heads can impose sign
ificant losses by causing infertility and, in severe cases,
death of rams {Watts et al. 1979). Ear tag formulations
may be effective in preventing blowfly and screwwarm in-
festations of these wounds.

The protection against head flies conferred to lambs
by tagging their mothers {Applevard 19234b) indicates that

permethrin and cypermethrin may be transtered to the fleece

and maintain their effect., Investigations of the effect of



-79~
ear tag formulations on wool myiasis flies, biting flies
and resident ectoparasites of sheep would be worthwhile.

b) Other designs
Other forms of constant-release devices investigated

for use with cattle include neckstraps, halters, legq bands
and tail tags (Beadles et al. 19277). Hunt et al. (1980)
achieved control of H. lineatum with dichlorvos—impregnated
strips attached to the legs of cattle. Resin strips impreg-
nated with dichlorvos and fitted as neck collars controlled
biting lice on Angora goats {(Darrow 1973). Similar collars
are used to control fleas on cats and dogs (Fox et al. 1969).
Investigation of similar devices for use on sheep may be
worthwhile., It is interesting to speculate that controlled
release devices containing repellents or insecticide could
be attached in the fleece at strategic locations. For ex-
ample, sytich devices located at the withers and on the loins *
of sheep may control body strike of sheep which begins at
these spots in approximately 80 per cent of cases (Watts
et al. 197%9).

iv) Retarding volatility

The active ingredient is applied in a film-forming

polymeric solution. Following application the solvent evap-
orates and the active ingredient is released slowly from
the film surface into the surrounding medium. Cardarelli

({1975) guoted patent applications in which it was claimed

that incorporating DEET in formulations with Carboset,
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which is a film forminhg g9el, has prolonged mosquito repel -
lency to 24 hours. Khan et al. {(1977) found that formulating
mosquito repellents wi;h a commercially available polymer
(Areoplast ™ dressing, Parke-Davis and Co.) increased their
resistance to both water washing and abrasion, and thus pro-
longed their effect. Cardarelli (1973) noted that controlled
release repellent or insecticidal gels and foams gould be
incorporated in formulations suitable ¥dr spraying on sheep,

Khan et al. (19273a) showed that fixatives, which are
commanly used in perfume formulations to diminish the evap-
pration of the scent, increased the period Df effective re-
pellency of DEET, dimethyl phthalate, ethvyl hexanediol and
Indalone. Vanillin also increased the period of protection
of all repellents tested. The period of repellency of DEET
was increased from 5.2 hours to 14.5 hours and of triethyvlene
glycol ethylhexyl ether from 8.3 hours tp 22.0 hours (Khan -«
et al. 1975L).
Microencapsulation

The insecticide or repellent is contained within a per-
meable or semi-permeable envelope. The active ingredient
diffuses though the membrane and is gradually desorbed from
its surface. Microencapsulation has been used to prolong
the period of protection of pyrethroids applied to protect
against househnld pests (Bennett et al. 1977). Microcap-
sules can be wade opague to ultra-viclet light which causes

degradation of some pvyrethroids.
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lLeaching

Active ingredients which are not soluble can be in-

corporated into matrices by mechanical bonding. Matrix and

active

ingredient molecules are released by leaching.

Exfoliation

This is similar to leaching except that an elasto-

meric or plastic matrix which will degrade when exposed

to physical, chemical or biological attack is used.

Other systems

Cardarellil (1973) also describes a number of newer con-

trolled release materials which may be of use for the ap-

plication of repellents. Amongst these are!

1)

ii)

i1i)

Mitrile acrylic polymers and polyurethanes. Ultra-
porous elastomeric ftoams have up to 70 per cent
void which could be filled with repellents or other
active ingredients. Some have been developed which
can release as little as 3 per cent per vear.
Ultra-microporous plastics. These materials have
molecular size pores of 14 to &0 A.. They have been
made into micro-beads of 10 to 20 um which can
carry 90 per cent of their own weight of liquid.
Polymeric fibre controlled release vapour dispenser
systems., These consist of parallel arrays of hollow
polymeric +ibres fixed to a tape backing. After
filling with active ingredient the fibres are heat-

sealed at regular intervals along the length of the
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tape. Release is activated by cutting the tape. A
cross section of liquid surface eguivalent to that
of the fibres'is exposed to the air. The reservoir,
and thus the longevity of action, is determined by
the length of the fibres. Multicomponent mixtures
can be released in the desired ratios by filling
the required proportions of the fibres with dif-
ferent components.
Controlled pore ceramics. These are currently being

used as carriers for enzymes.
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Potential +or the use of repellents
Resident ectoparasites

Resident ectoparasites are spread mainly by direct
contact between sheep. Repellents may slow the spread of
ectoparasites within a flock but have no effect on the
source of the infestation. Insecticidél treatment, which
if applied properly, both eliminates the source of infest-
ation and protécts clean sheep, seems a more rational
approach to the control of resident ectoparasites.

Antifeedants, which starve ectoparasties to death,
could be effective, although the extra time until death
vwould increase the chance of transmission to untreated
csheep. The present availability of safe and efficient in-
secticidal compounds, which are easy to apply and leave
few tissue residues {(Bayvel et al. 1981, Henderson and
McPhee 1983, Kettle et al. 1983) indicates that there
is little reason for the development of repellents or
antifeedants.
Wound myiasis

As compounds are often removed from wound surfaces
by bleeding or suppuration, vapour repellents which act
at a distance have advantages over contact repellents or
insecticides. In the past, vapour repellents did not per-
sist sufficiently to provide protection until wounds had
completely healed (Johnstone & Southcott 1954). Incorp-

oration of repellents into controlled-release formulations,
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such as foams or gels, or microencapsulated forms, may
overcome this disadvantage,

The time it take5‘+or a wound to heal determines the
time the wound is susceptible to fly attack. Protectant
compounds applied to the wool and skin around the wound,
rather than to the wound surface, are les=s likely to inter-
fere with the healing process. A larvicide should be added
to any wound protectant formulation so that if the protect-
ion provided by the repellent breakz down, there will only
be limited spread of the strike. The protection provided
by pyrethroid ear tags against sheep head fly {(Applevyard
et al. 1984a,§) implies that similar tags could be of use
for protecting rams against blow fly and screwworm infest-
ation in fighting wounds.

Wool myiasis

The experiments conducted by Barton Browne and
van Gerwen (1982) and van Gerwen and Barton Browne (1%983)
showed that GH?4 has definite potential for use against
fleece myiasis flies. Barton Browne (1979) noted that
the cost of the chemical may be high. As up to six months
protection can be gained, compared to 14 weelks with pre-
sently available compounds {(Hart et al. 1982), this will
be largely offset by the reduced cost of application.

Van Gerwen and Barton Browne (1984) showed that spray-
ing GH”4 anto the fleece gave persistent protection. This

is a distinct advantage as it removes the need for more
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latour intensive methods (see section 6.2).

Suppression of oviposition by GH?4 lasted for at
least three hours after exposure (Orton and Shipp 1984).
As fleece myiasis flies usually spend many minutes ewplor-
ing the fleece before ovipositing (Cragg 1956), it is
likely that they will become affected by GH?4 even i+t
application leaves swmall patches untreated. The need to
muster sheep for treatment may be removed altagether by
applying GH74 through automatic sprayers similar to those
described by Granett et al. (1955).,

This type of treatment would not be favoured for
the application of insecticides because of the selection
pressure it imposes for the development of resistance. How-
ever the degree to which such treatment would screen for
resistance to oviposition deterrents is not clear. Flies
may leave treated sheep without ovipaositing and deposit
their eg;s later on untreated sheep or in carrion. If
most of the sheep in an area are treated with an ovi-
position deterrent the predominant selection pressure
could be for more efficient carcass breeding strains.
0+ course many other factors will also be involved.

The reduced effectiveness of GHZ4, when applied
araound the tails of sheep with diarrhoea should not prove
a serious disadvantage as breech strilie can be well con-
trolled using other techniques (Baillie 1979), MNMeverthe-

legs, as indicated by Barton Browne and van Gerwen {(1932),
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field trials are needed to ensure that significant numbers
of strilies do not develop from the deposition of incomplete
eg99 masses or from flies ovipositing while standing on for-
eign matter present in the fleece.

Pvrethroids have been shown, in preliminary experiments,
to have similar action to GH?4 in preventing oviposition
by L. cuprina {(Barton Browne 1979, 0Orton and Shipp 1984).
Forsythe and Lehman (1979) indicated that access to the
world sheep dip market, which is aimed mainly at the con-
trol of resident ectoparasites, is very important in de-
termining the economic viability of developing compounds
for wool myia;is control. Pyrethroids also kill lice and
keds (Hall 1978, Bayvel et al. 1981, Kettle et al. 1983),
In addition, pyrethroids repel biting flies (Schmidt et
al. 19746, Blackman and Hodson 1277, Shemanchul: 1781,
Shemanchul; and Taylor 1983). Forsythe and Lehman (1979) .
stated that existing pyrethroids show little promise for
preventing blow fly strike because of poor larvicidal
activity and very limited persistence, though they do not
specify particular pyrethroids. However, Hall (1978) +found
that dipping sheep in cypermethrin and permethrin could
protect them against reinfestation by biting lice (B. ovis)
for up to 19 weeks and ? weeks respectively and Kettle et
al. (1983) found that deltamethrin could protect against
the zame species for 10 to 135 weeks. The use of microencap-

sulated forms, or other slow release formulations may be of
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uce if persistence is a problem. Micholson et 1. (19283X)

showed poaor larvicidal activity of permethrin against L.

sericata larvae. Nevertheless, i+ further experiments shaow

pyrethroids to be effective and persistent oviposition
deterrents, they would be attractive to sheep growers,
because of the number of different ectoparasite groups af-
fected, and to chemical companies, because of the size of
their potential market.

Development of controlled-release formulations and
the use of strategically placed controlled-release devices,
could markedly improve the efficiency of repellents and
insecticides in controlling wool wmyiasis flies.
Masopharyngeal and oculovascular myiasis

As these flies do not contact the sheep for any sub-
stantial period of time to larviposit, vapour repellents,
which interfere with the approach of flies to the sheep’s .
rnose, seem to offer the best possibility for preventing
nose-bot infestation. Controlled-release formulations of
repellents may be worth investigation. It seems that to be
effective, applications would need to be constantly renewed.

In tests to determine how compounds could spread from
controlled release devices, tapes incorporated in halters or
attached to the legs, both transferred ink to the noses of
cattle (Beadles et al. 1977). However, it seems unlikely that
compounds volatile ernough to provide vapour repellency, could

be transferred onto the skin using such devices.
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It is also unlikely that vapour repellents could
keep bot flies at sufficient dicstances to prevent be-
havioural responses of sheep to the presence of the
flies. I+, as Cobbett (1954) suggests, these responses
are the major source of loss in sheep flocks, there
vould be little point in developing repellents. Repel-
lents to prevent larvae migrating into the nasal passages
are another possibility, but the likelihood of such sub-
stances giving any long lasting protection seems rembte.
Pyrethroid ear tags have been shown to repel face
flies from near the eves of cattle (Knapp and Herald 1981).
This is the pqsition in which Gedpoelstia spp. oviposit.
Though pyrethroids act mainly by contact repellency, invest-
igation of ear tag formulations of repellents for protection
against ocular myiasis may be worthwhile.
Sheep head flies .
Many repellents have been shown to be effective against
éhe sheep head fly (French et al. 1977, Applevard 1982,
Appleyard et al. 1984a). Ear tag formulations of permethrin
and cypermethrin have given season-long protection (Apple-
vyard 1984a,b). It is likely that there will be increased
use pf these tags for sheep head fly control.
Biting flies
Spraying pyrethroids on cattle has given short-lived

control of biting flies (Blackman and Hodson 1977, Railie

and Morgqan 1980, Shemanchulk 19381, Shemanchuk and Taylor 1983).
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It is likelv that =similar control could be achieved on
the non-woolled part=s of sheep. When applied to wool,
protection may be more persistent as the formulation will
be less subject to loss by skin absorption and to dilution
by sweat. The type of application necessary will depend on
the feeding habits of the species to be controlled.

I1f the main area of attack is on the ears or around
the face, as with biting midges in Australia (Muller and
Murray 1977) and 8. vittatum in Idaho (Jessen 1977), pyre-
throid ear tags may give good control. Studies similar to
that of Beadles et al. (1977) are needed to determine which
parts of the face and body come into contact with pyrethroid
ear tags attached to sheep. The pattern of contact may be
quite different from cattle, especially after the wool has
grown.

Biting flies, which attack mainly on the legs, such .
as mosquitoes and §. calcitrans, may be controlled by
applications of pyrethroids through automatic sprayers
similar to that used by Raun (1955) to prevent oviposition
by H. lineatum on the legs of cattle. Polyvinyl-chloride
strips containing pyrethroids may also be effective if at-
tached to the legs of sheep. Hunt et al. (1980) note that
similar strips were seldom lost from the legs of cattle
ever wher they qgrazed in brushy range land.

A number o+ species of mosquitoes and Culicoides

also feed on the bodies of sheep (Muller and Murray 1977,
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Schmidtmann et al. 1980). The possibility of using pvre-
throids, applied to the fleece to deter oviposition by
fleece myiasis flies, has previously been noted. This

could also provide protection against biting flies which

feed on the kody.



8.0 Conclusions

Repellents have a number of advantages over insecticides
‘for the control of insect pests of livestock. However, it is
unlikely that they can be efficiently used to control resident
ectoparasites of sheep. Repellents may slow the spread of res-
ident ectoparasites, but do not treat the source of the infest-
ation. Application of insecticides to sheep, which both elim-
inates the source of the infestation and protects clean sheep,
seems to be a more rational approach.

In experiments to date the contact repellent GH?4 has been
effective and persistent in suppressing oviposition by L. cuprina
and damage by H. irritans. The period of protection provided
against blow 1y strike by GHY4 was much longer than that given
by currently available larvicides. GH74 also has the advantage
that persistent protection can be obtained from spray applications
whereas larvicides must be applied by dipping, showering or jet-
ting to give long-lasting effect. If final testing gives favour-
able results, it seems likely that GH74 will ke used in practice
in the near future. Examination of its effects on other ecto-
parasites would be worthwhile.

Laboratory studies have shown that cypermethrin, deltamethrin
and permethrin supress oviposition by L. cuprina, but the persist-
ence of protection provided when they are applied to the fleece
of sheep has not been reported. Pyrethroids also repel biting flies
and exert toxic effects on resident ectoparasites. The latter

action is important as a compound which can control resident
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ectoparasites will gain access to the world sheep dip market.
This increases the economic attraction of develpbping such
compouhds. Though prezent{y avajilable pyrethroids have poor
activity against sheep blow fly larvae, new pyrethroid com-
pounds are continually being synthesized and it is possible
that pbre with persistent larvicidal activity will be found. In
addition, new pyrethroids have been developed that are highly
neuroactive but less toxic than those currently available (Ruzo
et al. 1984). These may lead to a new generation of repellents.
With their wide spectrum of activity, it is likely that pyre-
throids will find increased use in sheep husbandry.

Vapour repel{ents may be of use for protecting against
wound, nasopharyngeal and ocular myiasis. Formulations are
needed which can prolong their repellency in wound dressings
urntil wounds have healed. Whether vapour repellents can exert

sufficient effect to prevent infestation by 0. ovis or Gedpelstia

spp., which do not alight to larviposit, is uncertain. Finding
methods of application which can provide persistent protection
may also be a problem.

To date there has been limited use pf controlled release
technnlogy against veterinary ectoparasites. Ear-tag formulations
of pyrethroids have given gond control against sheep head fliecs.
Their effectiveness irn protecting against myiasis in the fighting
wounds of rams, and against biting flies which attack the face
and ears should also be investigated. In addition, the active

ingredient could be transfered from ear tags to other sites on
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the sheep’s body and may control ectoparasites which infest

sheep at these sites. Formulating mosguito repellents with filmn-
forming gels and fixatives has significantly prolonged their
effect, and microencapsulation of pyrethrum markedly improves

its persistence. Investigation of controlled-release formulations

for protecting against sheep ectoparasites is needed.
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