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Summary
A potential approach to minimise residues from mid-season treatments for lice is to treat only the infested
sheep or to remove the lousy sheep from the mob to reduce the spread of lice to other animals. However,
inspecting sheep to determine if they have lice is time consuming and generally not a practical option.
This study examined the effectiveness of using fleece derangement as a basis for selecting infested sheep
for treatment or culling. Treating or culling sheep with rubbed fleece early in the development of the
infestation, before rapid exponential increase in louse numbers, provided the greatest gains. Once the
louse population had reached the rapid phase of build up, the delay in population increase from removal
of sheep with deranged fleece was short and louse numbers quickly returned to their pre-culling levels.
Time between culling or treatment and shearing was also important and the greatest gains were achieved
when there was only a small proportion of infested sheep in the mob and a short period of time to
shearing. The rate at which the infestation developed significantly influenced the value of the strategies
examined and some factors that can affect the rate of spread are noted. Manipulating these factors to
slow the rate of increase in louse numbers would improve the effect from partial flock treatments or
removal of the infested sheep, emphasising the importance of taking an integrated approach to louse
control.
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Introduction

Historically control of lice has been achieved almost exclusively through the use of chemicals. The
Integrated Pollution Prevention and Control Directive being introduced in the European Union will place
strict limits on the level of insecticides released in wool scouring effluent. This in turn will limit the level
of residues in wool clips that scouring mills will be able to process (Savage, 1998). Approximately 10%
of clips with very high residue levels contribute approximately 80% of the total residue load (Savage and
Russell, 1999). A large proportion of these high residue levels result from long wool treatments for lice
and flystrike. Sheep owners are increasingly seeking to move away from routine annual post shearing
treatments for lice in order to reduce costs, reduce residues and to access low pesticide and organic
markets. However, for farmers to forego annual treatment there must be acceptable fall back options
available if lice are subsequently detected.

Most louse infestations begin from one or a few infested sheep, for example after entry of infested stray
sheep to the mob, or from sheep which were poorly treated or missed treatment altogether at the previous
shearing. Typically, when lice are first detected only a small proportion of sheep in the mob will have
lice. Identification and treatment of these sheep may reduce lice to levels low enough to prevent
significant wool losses before the next shearing without leaving unacceptable levels of residue in the
wool. Alternatively, if a long wool treatment is not contemplated, separation of the infested sheep from
the rest of the mob may slow build up of lice and reduce wool losses in the remaining sheep.

However, inspection of individual animals for lice is time consuming and labour intensive and not
generally a practical option. Studies described elsewhere in these proceedings (James et al., 2001)
demonstrate a relatively strong correlation between infestation, pruritic behaviour and deranged fleece.
This paper reports a preliminary investigation of the effectiveness of using fleece derangement as a basis
for selecting infested sheep, either for treatment or for removal from the mob.
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Materials and Methods

An infested sheep with a mean louse count of 4.1 per part was paddocked for 15 weeks with a mob of 32
uninfested 18 mth old merino ewes. The ewes had 10 weeks wool when the infested sheep was
introduced. At the end of this period the infestor sheep was removed and the infestation allowed to
develop in the remaining sheep. All sheep were scored for fleece derangement by two independent
observers at 6, 9, 15, 22, 28, 37 and 41 weeks after introduction of the infestor sheep and lice were
counted at 24 sites in 10 cm wool parts on each animal. The scoring system used was: 0 - no rub; 1 -
suspect, not sure; 2 - light but obvious rubbed fluffy tip or definite pulled fibres at some sites; 3 - distinct
but dispersed pulled strands (thicker than fluffy); 4 - definite patches or areas of pulled strands, < than
20% of fleece affected; 5 - definite patches or areas of pulled strands, > than 20% of fleece affected; 6 -
grossly matted fleece and/or some areas rubbed bare. The donor sheep was separated from the mob before
yarding at each inspection.

The level of infestation in the mob was expressed as (a) cumulative prevalence of infested sheep (all
sheep with one or more lice detected) and (b) mean louse density calculated as lice per 10 cm fleece part
averaged over all sheep in the mob. The regimes used to select sheep for treatment or removal from the
mob are shown in Tables 1, 2 and 3. A culling regime of R6>0 means that all sheep with a fleece
derangement score of > 0 at six weeks after the introduction of the infested sheep were selected for
removal from the mob or treatment.

The immediate effect of removing the selected sheep was measured directly from the data; all sheep with
a derangement score which matched the culling parameter were omitted from the data set and the
prevalence of infestation and mean louse density calculated in the remaining sheep. However, the selected
sheep were not physically removed from the mob. They remained with the rest of the sheep for the period
of the study and consequently contributed to the further spread of lice. Therefore to estimate the effect on
the level of infestation at later times logistic models were fitted to the data using Genstat 5 . The models
fitted were of the form Y = A + C/(1 + exp(-B*(X - M))) with the prevalence of infested sheep and mean
lice per part as dependent variables and day after introduction of the infestor sheep as the explanatory
variable. It was assumed that the effect of culling or treating sheep with deranged fleece was equivalent to
moving the curve back to the time point corresponding to the percent infestation in the remaining animals
and that subsequent build up in louse numbers would occur at the rate described by the model. The
change in percent infestation or mean lice per part over the period to shearing or other required time point
was then calculated.

In addition, we used the model of Campbell et al. (1998) to calculate the percent of sheep in the mob that
could be treated with different long wool treatments and still meet suggested market limits for pesticide
residues at shearing (Savage, 1998; Russell, 2000; Horton and Campbell, 2001). For alphamethrin it was
assumed that 500mg was applied by backline treatment to sheep with up to four months wool and
1000mg for sheep with longer wool. For diflubenzuron it was assumed that 3L of fluid at a concentration
of 0.375g/L was applied by hand jetting and for spinosad it was assumed that 3 to 5 L, depending on wool
length, was applied at a concentration of 0.025g/L. Although diazinon is not registered for long wool
control of lice, it is often used (Ward and Armstrong, 2001) and so a treatment of hand jetting with 3L of
fluid at a concentration of 0.4g/L was also examined.

Results

Build up in louse numbers
Graphs 1 (a) and (b) show the actual and model-predicted build up in percent of infested sheep and
numbers of lice per part respectively over the course of the study. The increase in lice followed an
exponential pattern and the models used closely fitted the observed data, accounting for 99.7% and 99.9%
of the total variance in prevalence and density respectively (p<0.001 in both cases). By 28 weeks after the
introduction of the infestor animal, lice had been detected on 96% of sheep in the mob and the mean
count per part was 0.944. At the end of the study at week 41 all sheep were infested and the mean count
per part had risen to 2.98 per part. Louse density and fleece derangement score were correlated with
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Pearson correlation coefficients at different inspection times varying between 0.12 and 0.79 (see James,
Moon and Karlsson, these proceedings, for further details).

Figure 1. Increase in (a) prevalence of infested sheep and (b) mean louse density, over 248 days after
introduction of a louse-infested sheep to a mob of merino ewes (* = data point; -- = model predicted increase).
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Effect of culling on the basis of fleece derangement
Immediate effect: Culling sheep on the basis of fleece derangement up to week 22 gave a significant
reduction in the prevalence of infested sheep in most instances (Table 1). After week 28 most of the sheep
had lice and there was little scope for reduction in prevalence, regardless of the culling regime.

All regimes gave appreciable reductions in louse density with the improvement observed ranging between
17% and 76%. In contrast to the effect with prevalence, significant reductions in density were also noted
after most sheep in the mob had become infested. This is a reflection of the correlation between louse
density and the severity of fleece derangement.

To adjust for the effect of the different culling percentages under each regime an index designated here as
efficiency of selection has been calculated. This was the percent reduction in prevalence or louse density
divided by the percent of sheep removed. The major notable effect from this calculation was that greater
efficiency occurred where a small percent of the most heavily rubbed sheep were culled. Again, this
reflects the correlation between louse numbers and severity of fleece derangement.

Effect at times after culling: As the time from culling to the measurement of effect increased, both the
percent reduction in prevalence and efficiency of selection decreased (Table 2). The greatest gains were
made when the proportion of infested sheep in the mob at the time of culling was small and there was
only a short period of time until shearing. For example, culling 15.6% of sheep on the basis of R6>0
would have given a 32% reduction in prevalence with an efficiency of culling of 2.05 if the sheep were
shorn at nine weeks. However, culling on the same basis gave an improvement in prevalence of only
4.7% and with an efficiency of 0.3 at week 28 and no effect at all at week 41 (Table 2).
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Table 1. Immediate effect of culling at different times on the basis of fleece derangement on louse prevalence
and density in the remaining sheep.

Culling
regimea

Percent
culled

Prevalence
(percent infested)

Density
(mean lice/ part)

At cull After
cull

Percent
decrease

Effic-
iency

At cull After
cull

Percent
decrease

Effic-
iency

R6 >0 15.6 6.0 3.7 41.3 2.65 0.004 0.002 60.4 3.87
R9 >0 40.6 25 10.5 58.0 1.43 0.012 0.004 62.5 1.54
R9 >1 6.3 25 18.8 24.8 3.94 0.012 0.010 17.1 2.71

R15 >0 62.5 53.1 25.0 52.9 0.85 0.038 0.017 57.6 0.97
R15 >1 34.4 53.1 42.9 19.2 0.56 0.038 0.024 36.9 1.07
R15 >2 6.3 53.1 36.7 30.9 4.90 0.038 0.029 22.8 3.62
R22 >1 62.5 84.4 58.3 30.9 0.49 0.217 0.052 76.0 1.22
R22 >2 34.4 84.4 66.7 21.0 0.61 0.217 0.095 56.2 1.63
R28 >2 68.8 96.9 90 7.1 0.10 0.944 0.275 70.9 1.03
R28 >3 37.5 96.9 95.0 2.0 0.05 0.944 0.496 47.5 1.27
R28 > 4 6.3 96.9 96.7 0.2 0.03 0.944 0.738 21.8 3.49
R 37 >2 81.3 100 100 0.0 0.00 2.897 1.361 53.0 0.65
R37 > 3 68.8 100 100 0.0 0.00 2.897 1.629 43.8 0.64
R37 > 4 18.8 100 100 0.0 0.00 2.897 2.25 22.3 1.19

a R6>0 signifies culling all sheep with a fleece derangement score of greater than 0 at week 6

Some reduction in louse density would have been made by culling at most points in development of the
infestation, but again the size of the improvement decreased with increase in time between culling and
measurement. None of the culling regimes gave marked reductions in louse density at week 41. Although
the model fitted for change in louse density was not sufficiently sensitive at low values to enable
estimation of the reduction from culling at weeks 6 and 9, Figure 1(b) suggests that culling early in the
development of an infestation when the slope of the population curve is relatively flat has the potential to
give the greatest gains.

Table 2. Reduction in the prevalence of infestation in the remaining sheep and efficiency of selectiona at
different times after culling on the basis of fleece derangement score.

Time after initial infestation
Culling
regimeb

Percent
culled 15 weeks

(53.1%) c
22 weeks
(84.4%)

28 weeks
(96.9%)

37 weeks
(100%)

Percent
decrease

Effic-
iency

Percent
decrease

Effic-
iency

Percent
decrease

Effic-
iency

Percent
decrease

Effic-
iency

R6 >0 15.6 23.9 1.53 10.5 0.67 4.7 0.30 0.2 0.01
R9 >0 40.6 29.9 0.74 13.5 0.33 1.4 0.03 0.4 0.01
R9 >1 6.3 5.3 0.84 2.8 0.44 2.1 0.33 1.4 0.22

R15 >0 59.4 27.0 0.45 11.2 0.18 1.3 0.02
R15 >1 34.4 8.4 0.24 3.9 0.11 0.1 0.00
R15 >2 6.3 14.2 2.25 6.0 0.90 0.5 0.08
R22 >1 62.5 13.0 0.21 0.4 0.01
R22 >2 34.4 8.6 0.25 0.8 0.02
R28 >2 68.8 0.6 0.01

a Percent reduction in prevalence divided by percent of sheep removed
b R6>0 signifies culling all sheep with a fleece derangement score of greater than 0 at week 6
c Percent infestation before culling
d At 41 weeks 100% of sheep were infested and there was no reduction from any culling regime

Unless all lousy sheep are treated or removed, the remaining infested sheep will continue to spread lice.
With increasing time between selection and shearing the infestation moves further to the right of the
exponential build up curves (Figure 1) and the effect from culling is diluted. If even one infested sheep is
left in the mob, with sufficient time lice will eventually spread to all remaining animals and the gains
from culling will be completely eroded.
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Some reduction in louse density would have been made by culling at most points in development of the
infestation, but again the size of the improvement decreased with increase in time between culling and
measurement. None of the culling regimes gave practically useful reductions in louse density at week 41.
Although the model fitted for change in louse density was not sufficiently sensitive at low values to
enable estimation of the reduction from culling at weeks 6 and 9, Figure 1(b) suggests that culling early in
the development of an infestation when the slope of the population curve is relatively flat has the potential
to give the greatest gains.

Residue limitations
If a long wool alphamethrin product was used, 88%, 37%, 25% and 15% of sheep in the flock could have
been treated at weeks 6 (35 weeks before shearing), 9, 15 and 22 respectively and met the Australian
limits suggested by Savage (1998). If the Australian limits recently suggested by Horton and Campbell
(2001) are accepted, 100% could have been treated at these times. Diflubenzuron is not registered for use
later than 6 months before shearing, but 100% of the mob could have been treated at weeks 6, 9 and 15
respectively and met Australian standards (Savage, 1998). Treatment of 26%, 25% and 24% of sheep
with diflubenzuron at 6, 9 and 15 weeks would meet the UK limits suggested by Russell (2000) and
treatment of 59%, 57% and 55% would meet the UK limits suggested more recently by Horton and
Campbell (2001). As spinosad has no wool withholding period, 100% of sheep could have been treated
with this product at all times during the study. As noted, diazinon is not registered for long wool louse
control, but is often used. All of the mob could have been treated at weeks 6, 9, and 15, 90% at week 22
and 58% at week 28 and been within suggested Australian limits (Savage, 1998).

Table 3. Reduction in mean louse density (lice per part) and efficiency of selection at different times after
culling on the basis of fleece derangement score.

Time after initial infestationCullinga

regime
Percent
culled 22 weeks

(0.217) lice/part)b
28 weeks

(0.944 lice/ part)
37 weeks

(2.897 lice/part)
41 weeks

(2.977 lice/part)
Percent
decrease

Effic-
iency

Percent
decrease

Effic-
iency

Percent
decrease

Effic-
iency

Percent
decrease

Effic-
iency

R15 >1 34.4 79.1 2.30 74.9 2.18 22.4 0.65 8.1 0.24
R15 >2 6.3 47.6 7.56 22.4 3.56 17.3 2.74 1.5 0.24
R22 >1 62.5 68.3 1.09 4.03 0.06 6.1 0.10
R22 >2 34.4 44.9 1.31 8.3 0.24 2.7 0.08
R28 >2 68.8 19.4 0.28 6.7 0.10
R28>3 37.5 8.1 0.21 2.7 0.07
R28>4 6.25 3.6 0.58 1.3 0.20
R37>2 81.25 16.2 0.20
R37>3 68.8 18.8 0.27
R37>4 18.75 8.2 0.44

a Model was not sufficiently sensitive at very low louse densities to predict the effect from culling at 6 and 9 weeks
b Mean lice per part before culling

Discussion

Deranged fleeces can result from many causes other than lice (Johnson et al. 1993). If factors such as
grass seeds or itchmite are causing sheep to rub, removal or treatment of sheep on the basis of fleece
derangement will be of limited usefulness. In our study, although sheep were grazing a grass dominant
pasture, fleece derangement was a relatively good indicator of the presence of lice and reductions in louse
numbers resulted from culling sheep on the basis of fleece derangement score in most instances.

The results suggest that the major gains will be made by selecting sheep for treatment or culling early in
the development of an infestation. The rate of increase in louse numbers is very slow in the early stages of
the infestation because louse build up is the combination of two exponential processes, spread of lice
amongst sheep (Fig 1(b)) and increase in lice on individual sheep. Removing or treating a relatively small
proportion of sheep early in the infestation can give a relatively large effect in delaying build up in louse
numbers. In addition, when there are only low numbers of infested animals in the mob, the likelihood of
removing a high proportion of them is greater than when the infestation is well advanced. The statistical
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model we have used to date had low sensitivity at low values of louse density. Further work is planned to
test more sophisticated models which may better estimate the effects of culling at low louse densities.

Removing sheep on the basis of fleece derangement had less effect once the infestation was more
advanced. Even though in some instances large reductions in louse densities were observed from culling,
after the population had reached the phase of rapid build up (in this study from approximately week 22
onwards), the removal of a relatively large portion of the population gained only a short time advantage.
The exception to this may be where the accuracy of culling is sufficient to move the population back into
the flatter phase of the increase curve.

It seems likely that a similar situation applies with the use of low residue, long wool treatments for lice.
Best effect will be gained if the treatment is applied in the early stages of development of the infestation.
If the treatment is poorly applied and does not reduce densities enough to move the population curve back
into the early, flatter phase of increase, one might expect a relatively rapid resurgence of lice and a short
term effect from treatment. However, if the treatment is carefully applied and most of the lice are killed,
particularly if lice are eradicated from most sheep, the effect can be much longer lasting. With long wool
treatments an additional delay in population growth is provided by the period of residual effect of the
pesticide.

The rate of increase in the louse population will also strongly influence the effect of removal or treatment
of sheep on the basis of fleece derangement. Where louse populations are increasing slowly, the period of
delay in population increase from culling will be greater. Lice transfer between sheep by moving to the
surface of the fleece when it is shaded and warm, as is the case when sheep are in close contact (Murray,
1968). Thus the rate of spread and build up in lice can potentially be affected by factors including wool
length, environmental conditions, presence of residual pesticide in the fleece, sheep susceptibility and the
frequency of management practices such as yarding and supplementary feeding which bring sheep into
close contact. The rate of spread of lice in our study appeared relatively rapid in comparison to that in the
study of Cleland et al. (1989). A significant difference between the two studies was the length of wool at
the time of introduction of the infestor sheep. In our study, the donor sheep was introduced when the ewes
in the mob had 10 weeks wool whereas in the study of Cleland et al. (1989) sheep had seven months
wool. Lice transfer most readily when sheep have short wool (Murray, 1968). Thus the rate of spread of
lice is likely to be slower when infestations begin later in the season and the effect from treatment or
culling may be greater. It should also be noted that the sheep in this study were regularly yarded for
inspection. Although the infestor sheep was separated from the rest of the mob before yarding and an
effort was made not to pack the sheep together too tightly, the regular yarding probably increased the rate
of transmission above that in many practical situations. The reduction in louse numbers from removal or
treatment of animals on the basis of fleece derangement may be more long lasting when sheep are yarded
less often than in the present study.

Ultimately, the key factors which will determine the utility of partial flock treatments or removing rubbed
sheep from the mob will be economic. Wilkinson et al. (1982) suggest wool losses of between 0.3kg in
sheep with a light louse infestation (final density of less than 1 lice per part) up to 0.8kg in sheep with a
heavy infestation (final density of 6.5 per part) over a 12 month period and some price discount from
reduction in wool quality. The gains from the removal of rubbed sheep are not realised over the whole
flock and are not over 12 months, but for the period of time for which build up in the infestation is
delayed. In addition, there will be significant labour costs associated with identifying and drafting off
sheep. In many circumstances these may not be justified, particularly in the absence of price differentials
associated with the presence of residues or louse affected wool. From this study it appears that the main
situation in which treatment or culling of sheep with deranged fleece will be of benefit is where lice are
detected at an early stage of the infestation and there is not a long period of time until shearing. However,
studies in which sheep with fleece derangement are treated or physically removed from the mob and are
run under normal management conditions are required to provide a more definitive evaluation.
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