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THE PROTECTION OF SHEEP AGAINST BLOWFLY STRIKE.

INTRODUCTION.

It has been demonstrated in previous articles of the current series (parts I to
/) that insecticidal compounds must possess certain definite physico-chemical
properties besides being efficient larvicides, to exert long-term protection against
blowfly strike under conditions that prevail in the fleeces of woolled sheep. A
bio-assay method was developed to ensure the accurate assessment of potential
nrotecting agents which are making their appearance in ever-increasing numbers
iedler and du Toit, 1951). Under these conditions four compounds were
selected from the large range of synthetic insecticides available which best appear
to fulfil the requirements of an efficient protecting agent, namely B.H.C., Diazinon,
drin and Daieldrin.

‘the aim of the present paper is to present an assessment of the value of
these four insecticides mentioned, under typical field conditions. Under natural
conditions, as met with in the field, a variety of factors are encountered which
did not operate in the previous tests of this series, The determination as well
as an analysis of these factors played an essential part in the present study.

The Graaff-Reinet and Middelburg districts of the Cape Midlands were
selected as representing areas in which it was possible to obtain farms for experi-
mental purposes on which a relatively low incidence of blowflies existed in
close proximity to properties where these ectoparasites play so important a role
that sheep farming 1s feasible only if appropriate protective measures are adopted.

A comparison of the relative value of the different formulations in which

the insecticides tested were available was undertaken, special attention being

1id at the same time to the most suitable means of applying them to the fleeces
vl living sheep.

An attempt was made, furthermore, to reach a definite conclusion on the
value of the Mule’s operation in areas that normally experience a high incidence
of blowflies.

Finally, certain aspects of the biology of blowflies were investigated.

FIELD EXPERIMENTS.

Field trials conducted in former years had shown that conclusive results
could be expected only if adequate supervision was provided during the entire
course of the experiments and to ensurs such supervision the number of experi-
mental animals had to be limited. For the same reason so-called “ user trials ™
with an impressive number of flocks, not regularly inspected individually, in
which the sheep farmer is called upon tc report on the results of insecticides
iccued to and applied by him, were not undertaken in order to ensure the recor-

1g of the various factors likely to influence the duration of pretection. It was

ind to be essential that every sheep of all the experimental flocks be inspected

sroughly twice per week, and that the experimental farms be chosen with the
view to the inclusion of all possible factors liable to influence the conclusions
ultimately arrived at.

Altogether 8,631 Merino sheep on eight farms were subjected to 78 indivi-
dual trials, and adequate control animals were included in each experiment. The
trials of the various types of insecticides covered a diversity of pastures, lengths
of wool, as well as various densities of blowfly population.
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S. STAMPA, O. G. H. FIEDLER AND R. DU TOIT.
FACTORS RENDERING SHEEP SUSCEPTIBLE TO STRIKE.

Opportunities were afforded during the course of the trials to investig
the factors responsible for those changes in the fleeces of living sheep which
render animals susceptible to strike.

This attractiveness of sheep to blowfly females is brought about by specific
conditions which fall into three different categories, namely, wetting, soiling of
e wool, and skin lesions. Wetting and soiling have more or less the sar
‘ect on the wool. Both stimulate bacterial growth, produce dermatitis ana
damage to the upper layers of the skin which eventually lead to fleece rot ar
the production of odours strongly attractive to primary blowflies. Similar attrac-
fiveness is produced by any fresh skin lesion or open wound, and this may be

irther enhanced by inflammatory or necrotic changes of the skin.

The biological and environmental factors inducing changes in the fleece
favourable to blowfly attack are given below.

1. Wetting of the Wool.

Four different sources of moisture were found to be responsible in enhancing
the attractiveness of woolled sheep, viz.: —

(a) Rain.—Excessive downpours during the summer season, which sc
the wool staple down to skin level, create conditions ideal for bc
strike in certain parts of the coastal region, especially when accom-
panied by overcast weather for a succession of days.

() Dew.—Body strikes can also be expected in the coastal belt under
conditions of high humidity of the air and the formation of dew
at night. Animals grazing in thick bush or underneath trees heavy
with dew may collect enough moisture in their wool to render them
readily prone to strike.

These first two factors, however, were not observed under Karoo
conditions, where the formation of heavy dew is rare and of short
duration, and where rains normally are accompanied by cold spells
which reduce the activity of blowflies very considerably.

(¢) Saliva—Irritation of the skin very often causes animals to bite ar
chew at the wool over those parts of the body which they can reacn.
Such irritation may be due to ticks, keds, or the pointed seeds of
certain grasses, infestation with lice, or infectious itch (Pscrergates
ovis Womersley). In the case of the itch mite particularly where
constant irritation seems to be present, the animals are inclined to
keep the wool constantly wet over the affected parts by continuous
chewing of the fleece. Strikes along the flanks play an important role
amongst flocks infected with itch mites, as was observed in sever
parts of the Karoo.
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THE PROTECTION OF SHEEP AGAINST BLOWFLY STRIKE.

(d) Urine—By far the most common factor responsible for strikes in the
crutch region is wetting of the wool by urine, especially in ewes.
Decomposition of organic matter in wool moistened by urine renders
these parts highly attractive to blowfly females. Wetting of the sur-
rounding wool takes place when the bare region around the vulva
is rather narrow, or when deep skin folds are present which tend to
lead part of the excretions into the surrounding wool. Furthermore,
damage to the vulva by shearing cuts can result in constant wetting
of certain portions of the neighbouring wool. In rams and hamels
wetting of the fleece was only observed when the wool was long, and
sheath strikes are then not uncommon.

2. Soiling of the Wool.

Two different causes of soiling were observed which are responsible for
attracting blowfly females, namely:—

(a) Liquid faeces—Soiling of the wool by diarrhoeic faeces plays by far
the greatest role. Diarrhoea may be due to worm infestation which
is frequently observed. An equally common cause of liquid faeces
in the Karoo, is the running of sheep on green and succulent pastures
such as lucerne, or their access to “brak” plants, (perennial halo-
phytes) and “opslag” (annual herbs of a succulent nature which
make their appearance after rain). These are the main causes of
disturbing digestion of sheep in normally arid areas (Acocks, 1953).

Animals are more susceptible to strikes if they possess well-
developed skin folds on both sides of the perineal region.

(b) Droppings of birds—An interesting predisposing cause of body strik
was noted on several farms in the Karoo. Sheep, resting underneath
trees occupied by gregarious types of small birds became soiled by
their droppings to such an extent that they proved to be highly
attractive to blowflies. This form of soiling was only of importance
in limited parts of certain farms.

3. Skin Lesions.

Fresh open wounds and lacerations of the skin are readily attacked by blow-
es, especially when the incidence of flies is high. Strikes on docking and
castration wounds are a serious problem in many parts, and these operations,
therefore, are mostly performed during the winter or mid-summer season whe
the blowfly activity is at its lowest. Any alteration of the routine governing
lese operations, however, may adversely influence the lambing season which
should rather correspond with the abundance of fresh and nutritious pasture than
with the period of minimum blowfly activity. Special attention was directe
during the course of this study to the application of insecticides as a means -
eventing strikes following docking and castration.

Head wounds in rams due to fighting, which normally lead to poll strikes,
nccupy a second place amongst the skin lesions.  Tick bites, mainly caused by
‘alomma spp., shearing cuts and accidental wounds, due to barbed wire injuries,

g bites, etc., follow in the order of importance.
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S. STAMPA, O. G. H. FIEDLER AND R. DU TOIT.

DEVELOPMENT OF STRIKES IN SHEEP TREATED WITH INSECTICIDES AS
COMPARED WITH UNPROTECTED ANIMALS.

The young blowfly larvae normally remain close to the site where the egg

hatches are deposited, and attack the superficial layers of the skin in the imme-
te vicinity. The tendency to migrate into adjoining parts of the fleece can
y be observed after they have reached the second instar.

As shown by Fiedler (1951) the maggots of primary blowflies live mainly
on the lymph exuding from superficial lesions of the skin. Granulating tissue
must be removed constantly in order to ensure a constant flow of the nutritional

'dium and the tendency to spread into surrounding parts of the fleece develops
1 accordance with the increasing demand for food as the larvae grow. Healthy
n, covered by dry wool is attacked from now on as can be noticed by the
wool becoming wet due to soaking with exudate from the lesions underneath.

Blowfly larvae are negatively phototropic from the second instar onwards
and, therefore, will not attack bare portions of the skin. As soon as the wool
over the affected area starts to fall out due to the activity of the maggots, they
are forced to migrate to new sites.

Since strike wounds are particularly attractive to gravid blowfly females,
irther egg clusters are soon deposited on the affected area. It was observed that
young larvae hatching from the secondary strikes show hardly any tendencv
towards gregarious feeding and commence migrating into the adjacent wet wor
almost immediately, especially when they encounter competition from older lar-
vae. From now on at an early stage of development they are inclined to invade
esh dry areas.

Three progressive stages can be distinguished during the normal develop-
1 nt of a strike on sheep not protected by insecticides, namely:—

(1) A localize strike of first, and possibly second instar larvae around a
comparatively small skin lesion.

(2) Spread into adjacent wet areas by second instar and also by first instar
larvae originating from egg batches deposited at a later date.

(3) Invasion of originally dry portions of the fleece.

This normal developmental cycle is interfered with when sheep are treated
with a protecting agent. The observations described below were made on animals
freated with one of the modern synthetic insecticides. According to the efficacy
« the active ingredient and the concentration present in the wool, the interference
~t development occurs at different stages of the cycle. The following effects on

@ parasite were observed in protected crutches:—

(1) Gravid females are repelled, and no deposition of eggs occurs. This
phenomenon was seen in sheep freshly treated with D.D.T.

(2) Females are repelled from the treated wool and deposit their eggs on
the bare parts or at the fringes of the fleece. Larvae may commence
developing in folds of the bare skin but are killed when they migrate
into the woolled portions.
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THE PROTECTION OF SHEEP AGAINST BLOWEFLY STRIKE.

(3) Females are not repelled by the insecticide and deposit their e
clusters on the treated zone, but the young larvae are killed sorn
after hatching and never reach maturity. (Up to this stage the treat
wool is fully protected by the insecticide and none of the larve~
completes development. From now onwards a certain degree of larv.
development becomes possible and the conditions in the wool change
gradually in favour of the parasite until total breakdown of prote-
tion occurs. The period of decreasing resistance can be designat
as partial protection).

(4) Larvae after hatching no longer succumb instantly but their devel
ment is retarded. They are killed as soon as they commence
invading neighbouring parts of the fleece, but some remain localized
and reach maturity to produce a so-called localized strike.

(5) Many larvae develop in the wet wool of the original area of the
strike. Those larvae invading the surrounding dry wool, however,
are killed off. A slightly larger localised strike results in this case.

(6) Finally, normal larval development becomes possible and only those
maggots succumb at a later stage which invade areas where the
insecticidal concentration is still lethal to them and a diffuse strike
is the result.

The different stages of development were observed in all cases where insecti-
cides of the chlorinated hydrocarbon or phosphorus type, with a high power of
diffusion along wool fibres, were employed as protecting agents. Dependi
upon the physico-chemical properties of the compounds used some of the inte-
mediate stages of breakdown are of longer or shorter duration.

LARVICIDAL VALUE OF THE INSECTICIDES UNDER TEST.

The insecticidal compounds included in the present field trials did not show
the pronounced repellent action on blowfly females which was observed in the
case of D.D.T. 1In the case of Diazinon especially, no repellent action was
noticeable and treatment with this insecticide did not appear to influence the
natural attractiveness of soiled and wet crutches. Those areas were literally
covered with egg clusters, which hatched successfully but the resulting larvae
<niccumbed instantly without reaching their feeding grounds or doing any damage.

or this reason an insecticide of this type must be regarded as superior to com-
pounds ‘of the D.D.T.-group, where gravid females are repelled and forced to
search for animals or carcasses more suited to their purpose. Insecticides posses-
sing no repellent action, therefore, are of greater value for a campaign againct
blowilies in general. as eggs are readily deposited on treated shecep and o
very little propagation is possible. Regular treatment of all flocks should, there-

fore, result in a substantial reduction of the blowfly population in a partict
area.

The larvicidal properties of the insecticidal compounds tested can
characterised as follows:—

(1) Gamma-B.H.C.—This insecticide is lethal to first instar larvae at a
concentration as low as 4 p.p.m. It possesses excellent diffusion
properties in wool but decomposes rather rapidly in soiled wool The
protection of sheep breaks down fairly quickly, therefore.
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(2) Dieldrin is a slightly more potent larvicide and kills first stage maggots
at a concentration of 1 p.p.m. TIts diffusion power surpasses that of
B.H.C., it is more stable in soiled wool and gives more prolonged
protection than B.H.C. It breaks down slowly and gradually. Local-
ized small strikes occur. to start with, and these progressively increase
in number and size until the last trace of protection has vanished.

(3) Aldrin—TIts insecticidal effect is slightly inferior to that of Dieldrin
and equivalent to gamma-B.H.C. The diffusion power along the wool
fibre, however, is superior to that of Dieldrin. It is also very stable
and the mode of breakdown is similar to that of Dieldrin.

(4) Diazinon is a potent and quick-acting larvicide and is lethal to newly-
hatched maggots at a concentration of G-25 p.p.m. Its diffusion power
is superior to those of the other compounds cited. It is stable in
soiled wool, but when decomposition occurs this happens rather
suddenly and rapidly. On account of these properties Diazinon
confers a long period of absolute protection, followed by a compara-
tively short interval during which small strikes occur. This period
is terminated by a rapid and complete breakdown of protection.
Very few maggots only can succeed in completing their development
before complete decomposition occurs and normal development takes
place thereafter.

FACTORS INFLUENCING THE DURATION OF PROTECTION.

A number of factors which influence the duration of protection to a greater
or lessor degree, was observed under field conditions. These influential factors
may be introduced either by the protecting agent itself, by the sheep. or by the
parasite.

The assessment of the effect of a certain factor is possible only if all other
conditions are identical or at least so similar that the particular factor can
manifest itself. It was necessary to conduct a large number of parallel trials in
order that those effects could be selected which diverge in respect of one factor
only.

Factors Introduced by the Proctecting Agent.

The actual larvicidal efficacy of the compounds under test had been estab-
lished previously (du Toit and Fiedler, 1952, 1953) and. therefore, will not be
comsidered here. It was found, however, that the type of formulation, the mode
« application, as well as the quantity applied play an important part in deter-

1ing the duration of protection.

(a) The Formulation of the Insecticide.

1t was demonstrated by Fiedler and du Toit (1954) that the type of formula-
tion had a profound effect on the duration of protection. A dust and a wettable
powder of B.H.C. proved to be superior to an emulsion when applied at equal
~vantities to the dry and unsoiled wool of the rump. The experiments indicated
arly that the active ingredient tends to combine more readily with the wool
rase when brought into the wool as minute particles, mechanically bound to
particles of an inert carrier, rather than being dissolved in a hydro-carbon solvent.
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THE PROTECTION OF SHEEP AGAINST BLOWFLY STRIKE.

It must be borne in mind, however, that these results were obtained in tests in
which a very important natural factor, the soiling of the crutch region, w
excluded. In order to compare the potency of the different formulations in the
field the same concession had to be made and only those trials are considere
here where the crutch region was clean at the time of treatment. The influence
of dirty wool will be discussed later.

The results of the field tests differed for the wettable powders and dusts
from those conducted under semi-laboratory conditions. It could be demon-
strated that for Dieldrin, Diazinon and gamma-B.H.C. wettable powders gave =
longer protection than dusts. Table | shows the results of t e groups
parallel experiments with these two formulations and two of the above-mentioned
insecticides, each pair of which was conducted under identical conditions.

There are no results available to compare the lasting properties of an em
sion in clean dry wool.

It is not feasible to compare the data for Dieldrin and Diazinon present
in able 1 as indicating the superiority of Dieldrin, as all three trials were carri
out at different places and under different conditions, as will be explained lat

Furthermore, it must be stated in this connection that the effect of the
formulation itself is very often obscured in the field by the physical conditi
prevailing in the crutch region at the time of application, and this appears
exert a profound influence upon the resulting period of protection.

(b) The Mode of Application.

The maximum period of protection can only be expected from any insecti-
prevailing in the crutch region as the time of application, and this appears
skin level. The reason lies in the fact that the insecticide is best able to difl
along the new growth of wool fibres. apparently when the newly secreted wool
grease is still in a liquid state and is able to dissolve a portion of it and thus
serve as a carrier.

Certain insecticides applied to the surface of the fleece can, however, diff
along the wool fibres to a greater or lesser extent depending upon the diffusion
properties possessed by them.

In the following experiment conducted in small camps in the open at Ond
stepoort an atten L was made to assess the diffusion properties possessed by
Diazinon, Dieldrin. Aldrin and B.E

Thirty Merino sheep with a fairly uniform growtth of wool of 2} inches
length were divided into five groups of six sheep each, each group being k-
in a separate camp.

The test insecticides were sprayed on to-‘the rump region over an area of
10 inches in diameter by means of a stirrup pump giving a finely atomized
spray at the rate of 750 cc. of a 0-15 per cent concentration of the active in -
dient per sheep. This was sufficient to wet the surface of the wool without run-
off. On subsequent examination of the fleece over the sprayed region it was
potﬁ:d that the wool was wetted to a depth of not more than one-quarter of an
inch.
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THE PROTECTION OF SHEEP AGAINST BLOWFLY STRIKE.

Commencing eight weeks after the application of the insecticides san
of wool were snipped from the treated areas at weekly intervals, care being t
to sever the wool as close to the skin as possible. From each sample the
inch of wool nearest the skin was cut and tested by the “in vitro” me od
cribed by Fiedler and du Toit (1953), namely, by the addition of fresh serum ana
the implantation of first instar larvae of Lucilia cuprina in glass tubes.

Observations were carried out each week for a period of 24 weeks v 1
no further protection of wool could be demonstrated and the average lengtn of
wool of all the sheep had reached four inches.

In the case of Diazinon which was applied in the form of a miscible oil
on one group and as a wettable powder on another the average period of pr -
tion for_the former group amounted to 17 8 weeks and for the latter 13-8 w
None of the other insecticides tested under these conditions gave protectior  r
a period exceeding eight weeks.

The results are not reported in detail as the variation per sheep was 10
great to allow of statistical analysis and repetitions will be necessary.

The fact remains, however, that diffusion of Diazinon down the wool fibres
from surface to skin level had occurred and in the case of one sheep compl
inhibition of larval development at skin level was demonstrable in the case of
the miscible oil treatment until the 23rd week when protection broke down. This
indicates that the insecticide had diffused along the wool fibres for a dist
of 23 inches at the time of the first test and thereafter another inch along
newly-grown wool between the 8th and 24th week, a distance of 3} inches it

The insecticide can be applied to the fleece in different ways. The liquid
formulations were applied by hand (hand-dressing), as high volume sprays, and
as low volume sprays. In the case of dusts the mode of application was confined
to dusting by hand and to power dusting. In order to ensure thorough treat-
ment of the crutch region the sheep have to be held by a labourer in a sitting
position, and the treatment is then carried out by a second person.

Liquid Formulations.

The usual method of applying the protecting agent to the crutch region is
by hand-dressing. A measured quantity of the fluid, usually about a pint, is
poured slowly from a container, usually a tin can, on to the wool of the crutch.
The operator at the same time parts the wool fibres over the area of application
with the fingers and then squeezes the wool with his other hand in order
effect even distribution of the insecticide. In this way 60-80 sheep can be treated
per hour by a team of three or four labourers. The method is rather slow but
ensures on the other hand that equal quantities of insecticide are applied to
each sheep.

A large number of sheep can be treated if the insecticide is applied by hand
pump and by this means about 100 animals can be handled within an hour.
This method, however, entails the danger that too little or too much insecticide
1s applied, as the measurement of the correct amount is left entirely to the skill
of the operator.
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Furthermore, there is practically no run-off and hence no wastage of insecti-
cide as compared with the tin can or hand-spraying methods where about 15-20
per cent of the fluid applied runs off in long-woolled sheep and 20-30 per it
from sheep with short wool.

FIG. 2.—Tin can fitted with brass wire screen.

Dusts.

The trials reported upon represented the first time that insecticides in the
form of dusts containing 1 per cent of the active ingredient had been used to
protect sheep against blowfly strike and extensive initial experimentation was
necessary in order to find a suitable means for field application. Two meth s
were decided upon which warranted testing in practice, namely, application by
hand for small flocks and the use of power dusters for larger flocks.

In the first instance the apparatus consists of a tin can with a tight fitting lid
from which the bottom has been removed. This is fitted with a fine brass wire
screen of 32 meshes to the inch fixed to the inside about one inch from the lower
rim. The rim protects the sieve against dirt in the wool and prevents clogging
and furthermore, opens the wool when the apparatus is rubbed over the fleece
and thus allows the dust to fall between the fibres. About 40 to 60 animals can
be treated per hour employing one tin can and two or three labourers (Fig. 2).

The same type of air compressor unit as used for the liquid formulations
was found suitable for power-dusting of large flocks. The treatment per )
occupies about 12 seconds, thus about 250 animals can be treated per hour with
one nozzle and four or five labourers. As a certain amount of dust esc: =s
into the air labourers should be protected by means of respirators. The opcia-
tion is less unpleasant when there is some air movement and the operation is so
conducted that the breeze blows from one side.

560






THE PROTECTION OF SHEEP AGAINST BLOWFLY STRIKE.

1t was practically impossible, however, to demonstrate the influence of t
quantity of insecticide during the field trials, although a wide range (from 0-4
to 2-84 gm.) had been applied per sheep. The resulting periods of protection
were not always in strict accordance with the insecticidal deposit. It had to
deduced, therefore, that other factors were obscuring the efficacy of the different
levels of deposit and were of greater importance as regards period of protection
than the amount of protecting agent present in the wool. Conditions in the
crutch region and the prevalence of blowflies represent such potent factors. This
will be demonstrated later.

Furthermore, it does not seem to be of any consequence whether a sm
amount of a high concentration is administered or a large amount of a low
concentration, as long as the deposit is evenly distributed in the wool.

1t is of far greater importance from the practical point of view to ensure
the optimum deposit as judged by the standard of economy. The present tri
indicate that between 0-8 and 1-1 gm. of the active ingredient of either Diazi-
non, Dieldrin or Aldrin per crutch fulfils this demand. This is achieved when
one pint of a suspension or emulsion of the particular insecticide containing
between 0-15 and 0-2 per cent of the active ingredient is administered per she
by means of the tin can method or by hand-spraying. If low-volume spraying
is applied the concentration should be increased in accordance with the rate of
delivery and the quantity of fluid per sheep. A concentration of between 075
and 1 per cent is recommended when only about 100 ml. per sheep are applied.

Factors Introduced by the Sheep.

The analysis of the results obtained from the different field trials demon-
strated clearly the existence of certain factors influencing the duration of protec-
tion which are introduced by the sheep. These may be stated to comprise the
length of the wool fibres, the condition in the crutch region, and the age of the
animal.

(a) The Length of the Wool.

1t was shown by du Toit and Fiedler (1954) that the length of the wool
at the time of treatment influences the duration of protection which stands in
direct proportion to the length of the fibre.

The present trials -evealed that these findings are equally applicable to
conditions in the field . is illustrated in the following experiments. In Table
where the halves of tw flocks with three-and-a-half and one month’s wool were
treated with Diazinon v..{table powder (1 pint at 0-25 per cent) and dust (50 gm.
at 1 per cent) respectively, and kept under identical conditions. 43 per cent strikes
were encountered amongst the control sheep during the period of observation
of 116 days. All the strikes, encountered in the treated flock were confined
entirely to the short-woolled sheep, and the sheep with the longer wool did not
experience a single strike.

Furthermore, it was noted during the course of field trials, where gamma-
B.H.C. was employed as the protecting agent, that most of the strikes occurred
in crutches with short wool, i.e. where the wool had been clipped away close to
the skin in order to remove the faeces-impregnated lumps of wool or “dags”
prior to treatment.
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THE PROTECTION OF SHEEP AGAINST BLOWFLY STRIKE.

as also in untreated sheep, such adverse conditions have been encountered ti
the situation cannot be further aggravated by the additional presence of skin
folds. A different situation, however, is met with in the case of the more pote
agents. It may be deduced from Table 6 that soiling has a greater effect propor-
tionally on Diazinon and Dieldrin than on B.H.C. About 10 times more stri
expressed as a percentage were encountered on very soiled sheep treated w
Dieldrin or Diazinon compared with slightly over twice as many where B.H.«’
was used. Since excessive development of skin folds results in a larger ai
more thoroughly soiled area, these otherwise valuable and well-suited compoure
may encounter conditions where the profound influence exerted by skin fo
commences to show up distinctly on a proportional basis.

(¢c) The Age of the Sheep.

During the course of the field trials many farmers in the experimental ar
maintained that the modern insecticides, though producing spectacular resutts
in adult sheep, gave only very short protection in the case of lambs. A number
of comparative experiments was conducted with lambs and fully-grown sheep to
test the validity of this contention.

As a pilot test a number of lambs, one month of age together with th
dams, was treated in the crutch region with a wash containing 0-25 per cent
Dieldrin in the form of a wettable powder. Blowflies were very prevalent at the
time and the first diffuse strikes amongst the lambs occurred a fortnight after
treatment, whereas no strike was observed amongst the ewes. Additional results
from parallel experiments conducted under the same conditions are given in Table
8.

TABLE 8.

The Protection Given by Insecticides to Adult Sheep as Compared with Lambs
3-4 Months Old.

Protecting Agent. \ Dieldrin Dust. ’ Dieldrin W.P. ' Diazinon W.P.
| .\ -
| ; | ‘
Type of Sheep. ‘ Lamb. \ Ewe. 1 Lamb. ‘ Ewe. = Lamb. Ewe.
| . | L
Length of wool in months | 3-4 ‘ 3% . 4 ‘ 2 ( 4 } 2
Days to first localized strike 30 ‘ 58 X 36 | 71 i 134 Over 1
Days to first diffuse strike | 58 \ 93 i Over 71 ! Over 97 i Over 198 \ Over 1
Percentage strikes for this ‘ ‘ | | ‘
period................ ;107 2-4 10-0 | 6-5 53 ! 0*

* No strikes were encountered in the Diazinon-treated ewes during the observation period of
198 days.

Young lambs were protected for a shorter period than adult sheep in
the experiments conducted and this increased susceptibility to strikes is still very
evident in four months old lambs. There seems to be a direct correlation between

the duration of protection and the age of the animal up to the time of the fi
shearing.
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The underlying cause of this phenomenon has not yet been fully investigated
but may lic in the fact that the fleece of lambs differs substantially in density and
structure from that of mature sheep and appears to be incapable of building up
and retaining an insecticidal residue sufficiently high to effect a long duration of
protection. Since young lambs can be protected for only comparatively short
periods even with the most potent insecticides such as Diazinon and Dieldrin,
they must be closely watched during periods of great activity of blowflies in order
to avoid losses from strikes.

Factors Introduced by the Blowfly.

‘When a comparison was drawn between protection periods afforded by
particular insecticides conducted to all intents and purposes under identical condi-
tions, a considerable variation in the lengths of protection was noted. Double
and even three times the duration of protection was observed in certain instances,
and this variation could not be attributed to any of the factors demonstrated
previously. A satisfactory explanation of this phenomenon was forthcoming,
however, when the prevalence of blowflies in the different localities was taken into
consideration. It could be shown in all the field experiments that the density of
the fly population had a profound bearing on the length of protection exerted by
any of the insecticides under test. This factor, which is here designated the
“fly population pressure ”, was found to exeri so marked an influence that it
overshadowed all other factors. For this reason any figures expressing the
duration of protection should always be accompanied by a statement on the fly
population pressure or otherwise it is not possible to assign to them either
scientific or practical significance.

The duration of protection in terms of field trials must be terminated by
an arbitrary end-point arrived at by practical considerations. Equal status should
always be given to the fly population pressure. As has been the practice
throughout this investigation the occurrence of the first diffuse strike amongst
the treated flock is the arbitrary point decided upon to mark the end of protection
in the following calculations. Since a number of localized strikes is found to
occur with all protecting agents before this end point is reached, the period of
protection can be further subdivided. The time between treatment and the
occurrence of the first localized strike is considered as the “ period of full protec-
tion ”, whereas the time lapse between the first localized and the first diffuse
strike is designated the “ period of partial protection”. Full and partial protec-
tion together make up the “total period of protection ” which is the time limit
set during which, in practice, no threat to the life of treated animals exists.

Furthermore, for purposes of this investigation the fly population pressure
is expressed in terms of the percentage of accumulated strikes amongst the control
animals during a given period, which is of equal length for all experiments.
The period of twelve weeks following treatment was chosen as the standard for
all the trials for the sake of uniformity, as this was the shortest period of observa-
tion ever applied. In this way, the fly population pressure represents the average
figure for this period and makes a straight comparison possible between the
results of the different trials. Table 9 shows the empirical figures of the periods
of protection in days obtained with different insecticides as well as the corres-
ponding fly population pressure in a number of field trials.
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When the figures for the duration of full protection as well as for the total
period of protection, respectively, are plotted against the corresponding figure for
the fly population pressure, a curve is obtained which closely resembles a
kyperbola (Graph 2). The equation of a hyperbola is D x B-=K, where D .- Time
of Protection and B _-Fly Population Pressure. This means that the product
of the duration of protection and the fly population pressure must always be con-
stant. if this type of correlation applies. It has to be assumed that a certain
minimum period of protection (d) is achieved at an infinitely high fly population
pressure, which means, that the hyperbola will become parallel to the B axis at
the distance from the latter =(d). It can be expected furthermore that the period
of protection is infinite at a fly population pressure -0, which means, that the
hyperbola will touch the D axis. The formula of the hyperbola from this
assumption is, (D —d)x B.=K. The values for d and K can be found when using
the reciprocal value of B, the fly population pressure, by using the method of the
least squares. The values for d and k as found by this method for the three
insecticides Diazinon, Dieldrin and B.H.C. are given in Table 10 and Graph 1.

Grary 1.

in Days (D)

Period of Protection

0-01 0.02 0.03 0.05 .
Reciprocal value of fly population presaire (A}

The hyperbolas for full protection can be based on the following equations: —

2443
I. Diazinon: B - S
D-47-44

2277
II. Dieldrin: B—= I
D-27-55

1191
IIl. Gamma B.H.C. B= -
D-19-60
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Graph 2 demonstrates that the results of the field trials fall well within the
ts of a hyperbola thus roving that the correlation is applicable under natural
litions in the field. "1uree examples for Diazinon and one for Dieldrin are
quoted, however, where the relationship does not conform with this standard due
to other factors strongly influencing the results, such as very soiled crutches and
the application of dust by hand respectively. All the other empirical points
r esent the results obtained with sheep, as normally encountered under field
cuuditions in the Karoo. The graph shows that Diazinon gave the longest full
protection followed by Dieldrin and Gamma B.H.C, Dieldrin occupying an inter-
mediate position between the other two. The difference between the three curves
is significant. The question as to whether the relation between the period of full
protection and the fly population pressure does follow the trend of a hyperbola
and not that of a straight line can be tested. The sum of the squares of the
distances of the points of observation from a straight line and from a hyperbola
>ws clearly that the trend between fly population pressure and period of full
protection follows that of a hyperbola as is given in Table 12.

TABLE 12.

Sum of the Squares of the Distances of the Observed Points from a Connecting
Hyperbola and a Connecting Straight Line.

’ Hyperbola. 'Straight Line

| !

DIAZINON . « .+ e v ettt e e e e e | 6579 [ 58596
DHELATIN. « o oo e e e ' 496-01 25412

BH.Cooooti e . s462 | 6987

~ When the position for the total period of protection is considered. the picture
i1s somewhat different. The equations in this case are:—

1195
1. Diazinon: B _- -
D - 74-65

1420
I1. Dieldrin: B— -
O-75-24

1714
II1. Gamma BHC. B—= ————
D-25-20

Again it is seen that the result~at trends are those of hyperbolas as is shown
in Table 13 and Graph 3.
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At medium or high fly pressures, which occur in many parts of the Karoo,
Diazinon, Dieldrin and Aldrin are the insecticides of choice at the present stage
of our knowledge. B.H.C. preparations, on the other hand, are unstable in the
presence of soiled fleeces and can be recommended only where sheep are clean
and dry.

Toe ErFicacy OF THE MULE'S OPERATION AS COMPARED WITH INSECTICIDES.

The Mule’s operation in its original and modified form was designed to
eliminate by surgical means all skin folds in and around the crutch region, and
in this way produce a sheep less susceptible to blowfly strike. This method,
although very popular in Australia, has not found many followers in South Africa.

To evaluate the merits of this method of protection and to compare its
efficacy with the protection achieved by chemical means, two trials were conducted
where “muled ” sheep of the same type were exposed to natural strikes together
with other groups treated with insecticides such as Dieldrin, Diazinon and B.H.C.
as well as untreated controls.

A flock of 250 sheep, obtained as culls from Merino breeders because of their
excessive development of skin folds, was divided into 5 equal groups, one of
which was selected at random and subjected to the Mule’s operation.* A secor
group remained untreated and served as controls, whereas the other three groups
were treated with either Diazinon, Dieldrin or Gamma B.H.C. respectively, each
sheep receiving one pint of a suspension containing 0-25 per cent of the active
ingredient. In the first experiment the sheep were carrying about nine months
wool and in the second the treatment was applied two months after shearing, so
that long wool could be compared with short wool. The results were more
pronounced in the first trial, but the two tests simulated each other so closely
that a statistical analysis was possible.

The fly population pressure was very high during the first 12 weeks of the
first experiment (439-7) and moderately low during the second (80-4).

Observations made during the course of the trials showed that the “ muled
sheep were considerably cleaner than the other groups, but that soiling was not
entirely absent. Despite the fact that the Mule’s operation had been carried
out very well three sheep of the group had to be classed as “ very dirty and very
wet . As could be expected, the protection afforded by the Mule’s operation
to animals like those that became very dirty and wet, was practically nil.

* The authors wish to thank Mr. A. de Vries and other staff members of the Agricultural
College, Grootfontein, C.P., for the classification of the sheep into the 5 groups and for the perfor-
mance of the Mule’s operation.
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The same applies to an insecticide of inferior potency such as B.H.C., before
its protecting properties fade out entirely, whereas compounds like Dieldrin and
Diazinon seem to be unaffected by the level of weekly fly incidence throughout
the total period of protection attributable to them.

GRAPH 4.

Fly Population Pressure (B}
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The greatest disadvantage of the Mule’s operation, however, is that all strikes
usually are diffuse strikes and are unrestricted in their development as is the case
in untreated animals. Tt is for this reason that farmers, relying entirely on the
efficiency of the Mule’s operation, may be faced with severe losses during periods
of great blowfly activity, especially in bushy country where regular inspections
of flocks are difficult.

The Mule’s operation, therefore, can only be regarded as an efficient means
of protection when the incidence of blowflies is low or the wool is not too long.
In areas where fly activity is always high, as is experienced in many parts of
the Union, an insecticide should be applied in addition to the Mule’s operation
in order to avoid losses.
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If animals can be treated under optimal conditions (medium long, dry wool
thoroughly wetted down to skin level by a suspension) the greatest period of
tection consistent with the fly population pressure will result. The fly popula-
tion pressure constitutes the factor of the greatest imporance and can be respon-
sible for a considerable decrease in the degree of protection. or this reason,
any figures concerning the duration of protection must be correlated with the fly
population pressure in order that the -otecting properties of a particular com-
pound can be compared with those o1 others. Failing this, a statistical assess-
ment is not possible.

The fly population pressure is dependent upon geophysical and climatic condi-
tions and cannot readily be affected by control measures and thus excluded,
whereas most of those factors exerting their influence at the time of insecticide
application can be eliminated or mitigated. In this way, the significance of the
second important influence listed, the degree of soiling of the breech, will be
diminished by selecting the correct formulation of the insecticide. Dusts, in
such cases, are of limited value only and wettable powders or emulsions should be
used. In cases of extremely soiled breeches, where the wool is extensively matted,
emulsions will afford a longer period of protection than wettable powders due to
their greater powers of penetration, whereas, better results are observed with
wettable powders when soiling is less pronounced.

Of the compounds tested as protecting agents against strike in this investiga-
tion it may be said that Diazinon, Dieldrin and Aldrin are the only safe insecticides
at present known that are least influenced by adverse factors and thus will affor
protection of considerable duration even in the presence of a high fly population
pressure. A protection lasting for two and a half months can be expected under

all circumstances, provided a sufficient amount of the active ingredient has been
applied thoroughly.

The differences in duration of protection obtained with the three compounds
are statistically not significant. It is not possible, therefore, for practical purposes
to pronounce any one as the absolute best although Diazinon shows certain
nroperties at high fly pressure which points to its being slightly superior. Although

icks could be protected with any of the three compounds for four to five months
at a very low fly population pressure, none of the insecticides was able to protect

:m for an entire blowfly season. Sheep should be treated twice and eve
more often per season to ensure a sufficient degree of protection.

Regarding the value of B.H.C. it was concluded that its stability is insufficient

to afford adequate protection with the fly incidence normally encountered in the
typical blowfly areas.

SUMMARY.

A large number of field trials ur r close supervision was conducted in the

lowfly areas of the Karoo to investigate certain biological aspects of blowfly

strike as well as the protection afforded to sheep by the insecticides Diazinon,
ieldrin, Aldrin and B.H.C. under natural conditions.

(1) The biological factors rendering sheep susceptitle to blowfly strike are
reviewed.

2) O‘bserv'ations on the development of strikes in sheep treated with an
insecticide as compared with unprotected animals are reported.

(3) The larvicidal yalue qf the compounds tested are discussed, as well
as the factors influencing the duration of protection afforded by them.
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