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Abstract

Faecal soiling is one of the welfare indicators in the AWIN welfare assessment protocol for sheep (Ovis aries) and is measured by
dag scores. Studies on dag scoring for ewes with docked and undocked tails have given rise to contradictory results. The aim of this
study was to compare faecal soiling between ewes with docked and undocked tails and evaluate inter-rater reliability for faecal soiling
of ewes. This study was conducted on a farm in Southern Brazil and included 66 undocked and 94 docked ewes. Dag score was
recorded by three assessors on a scale of 1 to 5. There was no significant difference on faecal soiling for docked compared to
undocked ewes and the median dag score was 3 (1–5). Repeatability amongst assessors by intra-class correlation coefficient of dag
scores on docked and undocked ewes was 0.49 and 0.40, respectively; however, these repeatabilities showed no significant differ-
ences. The modest repeatability between three assessors on dag scoring indicates caution as regards the use of faecal soiling as an
indicator and suggests a need for further studies. The best field results may be obtained by increasing the assessment sample to at
least 160 ewes or by raising the number of assessors to five to promote better inter-observer repeatability. Results suggest that tail-
docking did not promote cleanliness on the breech area. Considering the negative impact on welfare, it seems reasonable to reverse
the burden of proof and desist from recommending tail-docking in the absence of clear scientific evidence of any benefit.
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Introduction
Dag formation is caused by the adhesion of faecal matter to
the breech area of sheep and it has been considered a risk
factor for cutaneous myiases or flystrikes (Farm Animal
Welfare Council [FAWC] 2008). The consistency of the
faeces will affect its ability to accumulate into dags, since
stools or diarrhoea are potentially able to adhere to wool and
pre-existing faeces thereby developing into dags (Waghorn
et al 1999). Diarrhoea, in turn, may result from endoparasitic
infection or nutritional imbalance (Llonch et al 2015).
Regarding the negative impact on animals, faecal soiling is
an indicator of good health in the AWIN welfare assessment
protocol for sheep, and is measured via dag scores (AWIN
2015). Faecal soiling may be considered an indirect trait for
susceptibility to flystrike (Australian Wool Innovation
Limited and Meat and Livestock Australia 2007). There are
three dag-scoring scales used for sheep: 0–5 (Larsen et al
1994), 1–5 (Australian Wool Innovation Limited and Meat
and Livestock Australia 2007) and 0–4 (AWIN 2015), in
which higher values are an indication of dirtier animals.
Removal of a portion of the tail is a common procedure in
sheep. The prevention of flystrike and cleanliness are the
two main reasons for tail-docking sheep (Morris 2000;

Sutherland & Tucker 2011; Sheep Standards and Guidelines
2013), since it has been suggested that it reduces levels of
faecal soiling (FAWC 2008). However, it is unclear whether
tail-docking reduces faecal soiling in sheep and the scien-
tific evidence to support the importance of tail-docking in
preventing flystrike is sparse (since there have been rela-
tively few controlled studies of flystrike in sheep [FAWC
2009; Sutherland & Tucker 2011]) and somewhat contradic-
tory. While some studies have shown increased faecal
soiling with relatively longer tails (Scobie et al 1999; Fisher
& Gregory 2007), another found little effect of tail length on
faecal soiling (French et al 1994), while Scobie et al (1999)
were unable to show any relationship between tail length
and cleanliness. In addition, intriguingly, Watts and
Marchant (1977) reported more faecal soiling on sheep with
very short tails. In a Brazilian study, Madeira et al (1998)
concluded that tail-docking failed to control myiasis in
sheep and, in fact, the resultant lesion facilitated the estab-
lishment of flystrike since tail-docked flocks showed an
infestation rate twice that of intact flocks. Since docking is
considered acutely painful, causing a permanent disfigure-
ment to the animal, it is important to consider the rationale
behind its use, in order to evaluate if it is necessary
(Sutherland & Tucker 2011).
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The first explanation offered to explain conflicting results
on faecal soiling related to docking concerned breed differ-
ences (Scobie et al 2008). A reduction in wool cover around
the perineum — known as breech bareness — was found to
reduce faecal soiling (Scobie et al 2007) and was negatively
correlated with dag scores, both phenotypically and geneti-
cally (Scobie et al 2008). According to another approach,
the dag score is used to assess the extent of faecal soiling, ie
as an animal welfare indicator. It is worthwhile considering
the following characteristics for animal welfare indicators:
(i) validity, ie meaningful with respect to animal welfare;
(ii) reliability, ie consistent results when used by different
assessors; and (iii) feasibility, ie practical for on-farm
assessment (FAWC 2009; AWIN 2015). Due to inconsisten-
cies in the literature, it appears advantageous to further
study the reliability of dag scoring.
Reliability depends on the repeatability of results (Chen
et al 2003). Repeatability is defined as the similarity of
repeated measurements on one object or subject and is an
important aspect when selecting indicators for an overall
assessment system (Dalmau et al 2010). The inter-rater
repeatability concerns the degree to which two or more
assessors evaluating the same animals at the same time
report similar scores (Dalmau et al 2010). In the case of
faecal soiling, apart from wool cover type and quantity
related to breed, the tail presence may also influence dag
score assessment. This seems especially relevant consid-
ering that the scales offer no distinction in terms of docking
and the first inter-rater reliability study on dag scoring by
Munoz et al (2018) only showed moderate agreement
amongst assessors by means of Kendall’s coefficient of
concordance. Thus, an opportunity exists to provide further
information on dirtiness assessment to enrich knowledge
regarding which indicators offer reliable results. The aim of
this study was to compare faecal soiling between ewes with
docked and undocked tails and to evaluate inter-rater relia-
bility for faecal soiling measurement in ewes.

Materials and methods
This research was approved by the Animal Use Ethics
Committee of the Agricultural Campus of Federal University
of Paraná, Brazil with reference number: 2.248.306/2017.
The study took place between September 2016 and October
2017, with dag score assessment carried out on a farm
located in the town of Quaraí, State of Rio Grande do Sul,
Southern Brazil in October 2017. It included 160 unsheared,
crossbred Corriedale and Ile de France ewes, aged approxi-
mately 13 months of age that randomly allocated into one of
two groups. Ninety-four ewes had their tails docked
(standard practice, on-farm) and 66 ewes were kept intact.
Tail-docking was administered surgically with a scalpel on
anaesthetised lambs at one week old. Local anaesthesia
consisted of 1.5 ml of lidocaine (2% lidocaine, Anestex
FAGRA, Vétoquinol, Mairiporã, São Paulo, Brazil) injected
sub cutaneously into three sites in the vicinity of the tail,
5 min prior to the start of the procedure. After docking, the
tail was sufficiently long for vulval coverage, as recom-
mended by the Sheep Standards and Guidelines (2013) in
Australia. After tail-docking, ewes were then given an intra-
muscular injection of sodium diclofenac (Vetflogin, Vallee,
Uberlândia, Minas Gerais, Brazil) (50 mg ml–1, 1 mg kg–1

bodyweight) into the breech area for analgesia and oxytet-
racycline (Oxitec, CALBOS Saúde Animal, São José dos
Pinhais, Paraná, Brazil) (200 mg ml–1, 1 ml per 10 kg body-
weight) as preventive antibiotic treatment.
The number of ewes in each group was higher than the
minimum sample of 60 from a flock with 650 ewes recom-
mended by AWIN Welfare Assessment Protocol for Sheep in
the second level, when there is a requirement for the assess-
ment of individual ewes. The general management of ewes
was similar, all ewes were raised as one flock in the same
pasture since their birth, and the farm was characterised as
extensive (EFSA 2014; AWIN 2015), as all ewes were kept
on pasture and received supplementation in some periods. 
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Figure 1

Dag score scale used to evaluate docked and undocked ewes (Stamm 2015).
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Dag scores were evaluated on ewes in accordance with
Stamm (2015), using scores from 1 to 5 (Figure 1) on a five-
point scale, as per the Australian Wool Innovation Limited
and Meat and Livestock Australia (2007) and AWIN welfare
assessment protocol for sheep (2015). The illustrative
pictures were collected from ewes in South Brazilian farms
and the score descriptors were used according to AWIN
welfare assessment protocol for sheep (2015). Score 1 was
given when no faecal soiling was present, score 2 for a
small quantity of faecal matter in the wool around the anus,
score 3 for some soiling around the anus and dags in this
area only, score 4 for soiling and dags extending beyond the
anus to the tail and onto the upper part of the legs, and a
score of 5 designated a wider area of soiling, with dags
extending down the legs as far as the hocks.
Assessments were performed by one animal scientist (VSS)
and two sheep farmers. Assessors scored the animals simulta-
neously but independently. As assessors were inexperienced in
dag score assessment, a picture with dag scores scale with each
score description was presented to illustrate dag soiling differ-
ences between scores and training was conducted on five
random ewes prior to data collection. Assessor 2 scored
89 docked ewes from a total of 94 and 65 undocked ewes from
a total of 66; the other two assessors evaluated all the animals
in the experiment. In total, 277 assessments were carried out on
docked ewes and 197 on undocked ewes. 

Statistical analysis 
A linear mixed effects model was used to compare docked
and undocked ewes regarding dag scores on a 1–5 scale
with tail as a fixed effect and animal and assessor as random
effects. Based on the first level welfare assessment in AWIN
Welfare Assessment Protocol for Sheep (2015), ie flock
level, where the first three ratings are considered acceptable
cleanliness on the breech area, we tested joint scores as a
binary parameter. For this, scores 1, 2 and 3 were deemed as
‘acceptable for cleanliness’ and scores 4 and 5 ‘dirty ewes’
in order to compare docked and undocked ewes by gener-
alised linear mixed models (Verbeke & Molenberghs 2009).
To study repeatability amongst raters on dag scores, intra-class
correlation coefficient (ICC) was used. Repeatability was clas-
sified as poor, if 0.00 < ICC < 0.39; fair, if 0.40 < ICC < 0.59;
good, if 0.60 < ICC < 0.74; and excellent, if 0.75 < ICC < 1.00
(Cicchetti & Sparrow 1981). A 95% confidence interval (CI)
was obtained by parametric bootstrap and comparison between
docked and undocked ewes was made through permutation
test, both based on 5,000 simulations. 
An additional simulation study was performed to evaluate the
impact of sample size and number of assessors on repeata-
bility precision. In this study we have considered ranges from
three to 12 assessors and from 20 to 500 ewes were considered
as sample size. For each combination of sample size and
number of assessors, a total of 1,000 samples were simulated
based on linear mixed effects model previously adjusted and
the repeatability between assessors was calculated by ICC.
Standard deviation was used to evaluate the impact of sample
size and number of assessors on repeatability precision.
Analyses were performed using R Statistical Computing
Environment version 3.4.2 (2017).

Results
There was no significant faecal soiling differences
comparing docked and undocked ewes on the 1–5 dag
scores scale (P = 0.733; Figure 2). Even when scores were
combined as a binary parameter, there was no significant
difference between docked and undocked ewes (P = 0.232).
The median and average score in both situations was 3; out
of 277 assessments on docked ewes from three raters, 46%
were scored 3 and from 197 assessments on undocked ewes
from three raters, 42% were scored 3 (Figure 3). Two was
the second most frequently observed dag score on docked
ewes (28% of assessments) while 4 was the second most
frequent score for undocked ewes (27% of assessments)
(Figure 2). From a total of 474 assessments by three raters,
75% of the animals were scored as 1–3 and 25% as 4–5;
from all assessments, 44% were scored as 3, 26% were
scored as 2 and 24% were scored as 4 (Figure 3). Most ewes
were given a score of 3 according to two assessors;
however, one assessor scored the majority of the animals as
4. The greatest variation occurred within score 4, based on
the difference in numerical range of ewes assessed between
assessors in each score (Figure 3).
The ICC for dag scores of docked and undocked ewes was
0.49 (95%; CI: 0.33–0.62) and 0.40 (95%; CI: 0.23–0.57),
respectively; repeatability did not differ significantly
(P = 0.340) and amongst raters it was fair. Our simulation
revealed that the accuracy of dag score assessment was
improved by increases in sample size and number of
assessors; however, more than five assessors implied only a
slightly more accurate assessment (Figure 4). In addition,
the precision had low boosting beyond 160 ewes. Results
suggest that when it is not possible to increase the number
of animals to be assessed on dirtiness, it is recommended to
increase the number of assessors. 

Discussion
There was no difference in faecal soiling between docked
and undocked ewes in this study, adding further complica-
tion to this already contentious issue. Scobie et al (1999)
found an increase in dag accumulation as the tail stump
length got larger, although level of significance depended
on the time of the year and management system. Other
studies have shown that undocked lambs, ranging in age
from 2 to 8 weeks of age, presented a significantly higher
mean dag score than docked lambs, on a 6-point scale
(Ware et al 2000) and increased faecal soiling with rela-
tively longer tails (Fisher & Gregory 2007); however, this
last study was based on a questionable sample of ten
lambs. Sutherland and Tucker (2011) noted that sheep with
very short tails were observed as having more faecal
soiling, with diarrhoea more prevalent. 
The development of dags begins with faecal adherence to
wool, its accumulation promoting faeces-to-faeces adhesion
(Waghorn et al 1999). In addition to specific breed traits, the
factors contributing to dirtiness may be increased rainfall in
winter (Karlssom et al 2004), gastrointestinal parasites
(Waghorn et al 1999) and low levels of neutral detergent
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fibre, due to the consistency of faeces (Davidson et al
2006). Since all ewes were the same mixed-breed, our
results indicated that tail-docking had no influence on faecal
soiling controlling for the breed effect. Similarly, the
presence of a tail did not affect faecal soiling on lambs,
according to a 6-point scale in New Zealand, when they
were compared at weaning and at transport (Rogers et al
2011). Rogers and co-workers also observed that 2.2 was
highest average dag score at weaning with 1.2 being the
highest at transport; however, breeds differed within docked
and undocked groups. Again in New Zealand, Scobie et al

(2008) scored lambs on a 6-point scale and observed a
maximum average dag score of 1.4. It is important to view
faecal soiling as a time-dependent measure when carrying
out comparisons across studies. Thus, the literature is
mostly useful in providing context in terms of an overall
scenario regarding faecal soiling in sheep, appearing to
indicate relatively low dag scores in lambs. 
The majority of studies were performed on lambs. In this
regard, the two 5-point scales for dag scores were recom-
mended for animals at least four months old (Australian
Wool Innovation Limited and Meat and Livestock Australia

© 2020 Universities Federation for Animal Welfare

Figure 2

Percentage of unsheared, crossbred Corriedale and Ile de France ewes with docked (DT) and undocked tails (UT), assessed on a 1–5
dag score scale by three raters on a farm in Southern Brazil, October 2017.

Number of unsheared, crossbred Corriedale and Ile de France ewes assessed on a 1–5 dag score scale from three assessors on a farm
in Southern Brazil, October 2017.

Figure 3
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2007) and for greater than one year of age (AWIN 2015),
probably because wool in lambs increases with age and the
studies demonstrated low faecal soiling in this age category.
The effect of age on scouring and dag in Merino ewes was
described by Larsen et al (1999). The authors observed a
higher prevalence of severe dag (score > 4 on a 1–5 scale),
and an increased mean dag score for the two year old ewes,
which may be related, in part, to an increased susceptibility
to gastrointestinal nematodes at their first lambing. Larsen
et al (1999) also noted that after two years of age, there was
a tendency for the prevalence of severe dag and the mean
dag score to decrease. In our study the median dag score
was 3 and ewes were not susceptible to immune responses
as a result of pregnancy (Barger 1993) or under 12 months
of age (Colditz et al 1996).
According to Fisher and Gregory (2007), animals with dag
scores of 1–3 was considered acceptable but sheep farmers
had an aversion to animals scoring 4 and 5. Therefore, if we
consider ewes that scored 1–3 as acceptable breech clean
ewes, then, according to AWIN Welfare Assessment
Protocol for Sheep (2015) at flock level, 75% of ewes
assessed in this study presented acceptable dag scores.
Here, a crucial flaw in comparing faecal soiling in both situ-
ations was the only fair level of repeatability between
assessors. This is not surprising, considering the reasons
given by Tuyttens et al (2009): (i) short training sessions; and
(ii) lack of previous experience in creating dag scores on
sheep for the assessors. In a review of animal-based indica-
tors of sheep welfare, Llonch et al (2015) cited two studies

(Napolitano et al 2011; Stubsjøen et al 2011) with high
validity and reliability for a diarrhoea indicator used in lambs;
no information was provided for adult animals. Napolitano
et al (2011) showed a 0.46 correlation on a test-retest relia-
bility for the parameter ‘other diseases’, with diarrhoea or
cough, or ocular, nasal, vaginal discharges, or a combination
of them — it was considered a fair correlation. Also,
Stubsjøen et al (2011) assessed body cleanliness as an
indicator of diarrhoea, a different measure to our study. The
only study that measured inter-rater reliability was that of
Munoz et al (2018) who found moderate agreement amongst
three assessors by means of Kendall’s coefficient of concor-
dance (from 0.68 to 0.70), which was an improvement on this
study, and was performed after an on-farm training session
using 75 ewes with experienced assessors. Kendall’s coeffi-
cient of concordance may be compared with the present study
because it determines inter-rater reliability when there are
more than two assessors and it is equivalent to ICC when the
assumption of normality is violated (Kraemer 1976). While
providing pictures and details about the dag scale to sheep
managers is important, Munoz et al (2018) highlight the need
for training sessions before the assessment. 
The inter-rater repeatability in this study was lower than that
reported for other welfare indicators, such as Qualitative
Behavioural Assessments of sheep (Phythian et al 2013);
locomotion scoring for sheep (Kaler et al 2009) and even
dirtiness at hindquarters and udder on ewes (Napolitano
et al 2009). Our results validate the relevance of improving
inter-rater reliability since it is fundamental to the develop-
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Figure 4

Simulation of sample size and number of assessors on the precision of ewe dag scoring on a 1–5 scale, according to the standard
deviation of intra-class correlation between assessors.  
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ment of valid welfare assessment protocols (Wemelsfelder
& Mullan 2014) and also because it is an important issue for
decisions with considerable consequences for animal
welfare, such as the abolition of tail-docking. 
Detailed descriptors and other refinements of dag scales may
constitute tools to improve dag-scoring reliability. One possi-
bility is the inclusion of number and size of dags, percentage
of area covered by soiling, taking into account the tail, and
the combination of both traits for each score in the descrip-
tion of the different scores in the scale. This appears to
warrant further work, since assessors tend to more readily
agree when indicators are clearly defined (Wemelsfelder &
Mullan 2014). Alternatively, a continuous modified visual
analogue scale could be tested, since the use of ordinal scales
for assessment was not the best instrument for all parameters.
Tuyttens et al (2009) noted that inter-rater reliability was
significantly improved for a continuous modified visual
analogue scale with multiple anchors, than for a 3-point
ordinal scale for scoring lameness in dairy cattle from videos.
Moreover, as cited by Tuyttens et al (2009), it is important to
test the effect of longer training sessions on reliability
amongst assessors. March et al (2007) concluded that
intensive training procedures are required to obtain high
inter-rater repeatability with the 5-point gait-scoring system
to assess dairy cows. The authors noted that inter-rater relia-
bility by Spearman rank correlation coefficient between two
assessors ranged from 0.55 to 0.87 after experience gained in
the course of data collection in 46 dairy herds.
Other ways to improve inter-rater repeatability on dag score
assessment include raising the sample size and increasing the
number of assessors. Improvement in inter-rater repeatability
was expected as a result of increases in the number of ewes
assessed, because estimates become more precise as the
sample size increases (Kufs 2011); this was also observed in
this study. Considering labour and time restrictions usually
present on field, it seems advisable to assess 160 ewes for
best precision since further increases in the number of ewes
assessed bring small gains in precision (Figure 4). If the
assessment of 160 ewes is not feasible, our results suggest
increasing the number of raters. Additionally, considering on-
farm feasibility and optimum repeatability, our data showed
that more than five assessors implied only a slight increase in
accuracy, characterising worthless labour.

Animal welfare implications and conclusion
There is no evidence for differences in faecal soiling for docked
and undocked ewes, which suggests no benefit of tail-docking
as regards ewe cleanliness. The limitations related to repeata-
bility between assessors on dag scoring suggest caution when
using it to justify management decisions. Additionally,
improving inter-rater reliability by either raising sample sizes or
increasing the number of raters seems essential if faecal soiling
is to be used as an argument for defending the practice of tail-
docking. Considering the negative impact of the procedure on
the welfare of the animals, it seems reasonable to reverse the
burden of proof and desist from recommending the docking of
ewes in the absence of clear scientific evidence of any benefit. 
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