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Simple Summary: It is common for sheep to have tails docked as lambs, predominantly to reduce
flystrike. It is recommended that tails are docked long enough to cover the vulva in ewes and at a
similar length in males. There are many ways that tail length in sheep is described and measured, but
there is a lack of congruency across the different description and measurement methods. This study
aimed to investigate the reliability of three common ways to measure and describe docked sheep tail
length, using 99 Merino ewes, 51 yearlings (1.4-year-olds) and 48 weaners (5-month-olds). Length
and vulva cover assessment were the methods with the most reliable results, joint palpation was the
least reliable method of tail measurement. The tails in this sample that were of the recommended
length, covering the vulva, measured 10.8-16.2 mm longer than tails not covering the vulva, at
63.7 mm for weaners and 57.6 mm for yearlings on average, and contained more than two coccygeal
vertebrae. This research presents two reliable methods of sheep tail measurement for two age groups
and provides a foundation for future research into method refinement and tail length monitoring.

Abstract: Docking sheep tails is a long-standing practice that, when done at the recommended length,
reduces the risk of flystrike. The recommended length is to cover the vulva of ewes and to a similar
length in males. This length is often equated to three coccygeal joints left intact, and there are many
other ways the recommended length is described by researchers, industry, and government. This
study compared the observer consistency and retest consistency using three different tail length
measurement methods: vulva cover assessment, length (mm), and joint palpation. The tails of
51 yearling and 48 weaner Merino ewes were assessed by two observers. Length and vulva cover
assessment methods provided the most reliable results, and joint palpation was the least reliable
method of tail measurement. In the sample, tails that covered the vulva of yearlings and weaners
measured 57.6 mm (n = 14) and 63.7 mm (n = 30) on average, respectively, and contained two
coccygeal joints (more than two coccygeal vertebrae). Tails that did not cover the vulva of yearlings
and weaners measured 41.3 mm (n = 36) and 52.8 mm (n = 17) on average, respectively, and had
less than two coccygeal joints. The two most reliable methods enable valid comparison to the best
practice recommendations.

Keywords: tail; best practice; welfare; length; monitoring; merino

1. Introduction

Docking the tails of sheep is a very common animal husbandry practice, particularly
in countries that manage sheep in extensive systems such as Australia [1-4]. European
archaeological and historical research indicates that the practice began in the late Middle
Ages, likely in the belief it might maintain a clean breech, aid mating and parturition, and
it was perceived to create the appearance of an aesthetically rounded rump [5]. Many of
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these reasons for tail docking have persisted [2,3]. The prevention of flystrike (cutaneous
myiasis) and breech cleanliness are the primary reasons producers dock sheep tails in
Australia [6] and around the world [1,3]. Flystrike is a significant welfare issue and an
Australian priority endemic disease, costing the industry AUD 300 million in treatment,
prevention, and production losses annually [7].

Research into the optimal length to dock tails to prevent flystrike was conducted in
Australia from the 1930s. The outcome of this research was the recommendation to dock
tails long enough to cover the vulva in ewes, which approximately equated to leaving
three joints of the tail [8-12]. Compared with tails docked shorter, the recommended
length reduced the risk of cancer [12,13], rectal prolapse [14,15], and bacterial arthritis [16]
and was considered to be a practical length for on-farm practices such as shearing and
crutching [17]. Therefore, sheep with tails docked shorter than recommended are con-
sidered to have compromised welfare due to the increased risk of these health outcomes.
The recommended sheep tail docking length has been included in the Australian Codes
of Farming Practice [18,19] which preceded the National Animal Welfare Standards and
Guidelines [20], industry practice handbooks and magazines [21,22], and state agriculture
department websites [23]. However, among the scientific and other publications, there is
no one way that tail docking length is described. Common ways of describing tail length,
dating back to the early scientific literature, include the level of cover of the vulva and/or
anus [11,12], length (centimetres/inches) measurement [11,24], the number of palpable
coccygeal joints [24-26], and/ or the relationship to the caudal fold attachments [15,27,28].
Industry and government publications use a combination of these descriptions to portray
the recommended length [21-23]. These various descriptions may present challenges such
as communicating and understanding the recommended tail docking length, interpreting
producers’ self-reported practice, and assessing tail length on-farm. These challenges po-
tentially contribute to the proportion of between 24-54% of sheep with tails docked shorter
than recommended, as reported by producers over the past two decades in the Australian
flock [29-32]. Woodruff et al. (2020) found some producers’ descriptions of sheep tail dock-
ing length lacked acknowledgement of vulva coverage and/or used multiple descriptions
that appeared contradictory [6]. The challenges around interpreting self-reported data and
assessing on-farm tail length complicate research into current practice and adherence to
best practice which, in turn, impacts the industry’s ability to address the issue effectively
and improve the welfare of the Australian flock.

Although there have been studies that have measured tail length, there is limited
consistency in methods, results, and reliability, where reported. Seven publications describe
experimental studies that use vulva cover [11,24,25], palpable coccygeal joints [24,25,33,34],
caudal folds [27,28], and /or measured length (cm/inches) [11,24,25,27,28,33,34] to describe
tail length at docking and other age points. It has been demonstrated that tails docked
just below the tip of the vulva [11], with the caudal folds intact [27,28] or through the
third coccygeal joint space [33], when assessed between weaning age and 10 months old
measured between 40.9 and 71 mm in total length on average [27,28,33], and extended
25 mm beyond the tip of the vulva [11]. In sheep that had tails docked shorter than
recommended through the first and second joint space [33], or with the vulva completely or
half exposed [11], when assessed at eight to nine months old these tails measured 23 mm,
42.1 mm [33], and 9.5 mm above and 9.5 mm below the tip of the vulva [11] on average,
respectively. In two studies, sheep that had tails docked through the third joint space [33]
or below the tip of the vulva [11] were followed through to around two years old, their
tails measured 71.8 mm [33], and extended 19.1 mm below the tip of the vulva [11] on
average. Whereas sheep that had tails docked through the first or second joint space
measured 17.7 mm and 38.5 mm on average, respectively, when assessed again at around
2 years old [33]. There is wide range in how tails were measured, ages of sheep assessed,
sample sizes, and therefore, results. The management and breeds of sheep in the studies
conducted in the United States of America [27,28] differ greatly from that of Australian
systems, where docking age was significantly younger than current Australian practice and
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previous Australian tail length research. Just two of the common tail length measurement
methods used in research reported analysing reliability. These studies investigated on-farm
welfare measures and demonstrated a range of poor to perfect reliability between and/or
within observers using the vulva cover method using the Weighted Kappa statistic [35,36],
and high percentage agreement [35]. One study assessed reliability of tail length (cm), and
reported a strong correlation between observers using a device created to standardise the
measurement [27]. Not one study used all or most methods and results varied across the
studies leading to difficulty in interpreting results and making direct comparisons across
studies and producing clear guidelines. There is a lack of information about what tools
and methods were used to measure tails and this is necessary so that these methods can be
utilised by producers and/or researchers on-farm. While these studies enable comparisons
to be made between some of the common tail length measurement methods, there remains
a need to achieve more general agreement.

Monitoring how effective a practice is, and how it compares to best practice, provides
producers with information for change and improvement. There are many monitoring mea-
sures of sheep health, welfare, and productivity on-farm including assessing body-weight,
assessing pasture quantity and nutritional quality [37], body condition scoring [35,37],
lameness and dag scoring [35], and worm egg counts [29,38]. Producers can utilise the
information to inform their management and make adjustments as necessary [35,37]. These
monitoring measures occur at regular time points throughout the sheep’s life; for example,
it is recommended by industry to collect worm egg counts seasonally for the assessment of
parasite burden, drench requirements, and superior genotypes for breeding [38]. Tail dock-
ing, however, occurs once for lambs and there is little information on whether producers
assess the docked tail length of their sheep throughout the life of the sheep or assess for
variation. As previously mentioned, in Australia, Graham, Johnstone, and Riches (1947)
demonstrated that tails docked just below the tip of the vulva, maintained coverage of
the vulva when followed up at eight months and two years of age, on average. It was
also observed that some tails docked to partially cover the vulva grew beyond the tip of
the vulva at follow-up ages (four and a half months, eight months, and two years after
docking). However, it is unclear how tails were measured, what the level of operator
variation at docking or assessment was, and what the follow-up length appearance was
compared against, whether it was photographs or written descriptions, for example. It was
noted that tails docked to completely or partially cover the vulva were more commonly
docked too short rather than too long [11]. In the United States of America, Goodwin et al.
(2007) and Lewis (2013) found that tails docked through or after the caudal folds increase
by 8.1 mm [27] and 26 mm [28] from docking to weaning, and by 4.2 mm from weaning to
market [27], on average. While these studies have shown that tails increase in length after
docking [27,28], and that docked tails can maintain or achieve vulva coverage [11] as the
sheep matures, tails that are docked too short may never extend to or past the tip of the
vulva, leading to lasting impacts over a ewe’s lifetime. For sheep producers, having ways
to assess tail length practically and reliably on-farm may enable monitoring and planning
for adjustments for the next yearly lamb tail docking.

The current study posed the questions: “What are the relationships between different
ways of describing sheep tail length?” and “What is or are the ideal method(s) for measuring
sheep tail length on-farm?’

2. Materials and Methods
2.1. General Study Information

This study was approved by The University of Melbourne Animal Ethics Committee
(Ethics ID: 20246) and was carried out on a commercial Merino sheep farm in January 2021
on Yorta Yorta Country in Northern Victoria, Australia. The commercial Merino sheep
farm had more than 2000 breeding ewes managed extensively. A total of 99 animals were
assessed consistent with the recommendations in the Animal Welfare Indictors (AWIN)
protocol for assessing sheep welfare for farms with 2000 breeding ewes or more [39]. The
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study was conducted over two consecutive days. On Day 1, an assessment of tail length
was conducted by two assessors (further details of the tail assessment are provided below),
on Day 2, a re-assessment of tail length was done by the same assessors. The timing of this
study visit was organised to fit in with other on-farm livestock activities. All sheep were
identified via electronic National Livestock Identification Scheme (NLIS) ear tags placed on
lambs at tail docking, prior to weaning.

2.2. The Sheep

This study assessed the tails of 99 unmulesed Merino sheep. Five Merino yearlings
were used solely for observer training at the beginning of the trial. In total, 48 weaner and
51 yearling ewes had tails assessed. All sheep had been tail docked with Elastrator® rings
using a Numnuts® applicator (www.numnuts.store) that combines the application of the
ring with an injection of lignocaine to the tail. The yearlings (14-15 months old) were born
in August 2019 (over a 4 week lambing period), tail docked in the first week of September
2019, and were shorn in October 2020. The weaners (4-5 months old) were born in August
2020 (over a 4-week lambing period), tail docked in the first week of September 2020, and
were crutched in December 2020.

2.3. The Measurement Methods

The three methods of tail length measurement used were vulva cover, joint palpation,
and length in millimetres (mm) measurement, further described in Table 1. The order of
assessment was as follows: (1) Vulva cover, (2) Joint palpation, (3) Length. In addition, one
infrared (IR) image per sheep was collected (Day 1). Body condition score (BCS) of yearling
ewes only were assessed, and all sheep were weighed on Day 2. All assessments took place
with the sheep standing in the race.

Table 1. Descriptions of the tail measurement methods used.

Measurement Method Description

Vulva cover was assessed on a binary scale. If the tail was equivalent
to the length of, or longer than, the lower commissure of the vulva
when held down with the sheep at rest it was scored ‘yes’, if shorter
and did not cover the vulva it was scored ‘no’.

Vulva cover

The joints of the tail were palpated from the first moveable coccygeal
joint and were discretely recorded as 0/1/2/3 palpable joints
Joints remaining. A moveable joint was recognised if the subsequent
coccygeal vertebrae could be felt 1 cm below the joint. That is, joints
that were cut through were not included as being moveable joints.

A device was created specifically for this study, engineered by
combining a clamp with a steel ruler and bubble level fixed to the
side (See Figure 1). The flat base of the clamp was placed underneath
the sheep’s tail, resting underneath the caudal folds, against the anus
of the sheep with the tail resting on top of the clamp in a horizontal
position using the bubble level. The clamp was gently released by the
observer to slide to the end of the tail stump, resulting in a
measurement of the tail length in millimetres.

Length

2.4. Infrared Image

There are no results from the infrared images as they were not suitable for analysis for
this paper; however, presented are the methods used. Using a Flir E4 infrared camera, a dual
thermal photographic image was captured. This method was used to assess temperature
differences between exposed perineal bare skin and the tail. This method was included as
a potential remote alternative to assess vulva cover. The camera was used approximately
1 m from the tail, Observer 1 crouched down behind the sheep for a tail-level view and
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wool that hung down over the end of the tail (yearlings) was gently lifted up to allow view
of the end of the tail or vulva.

Figure 1. (a) The device created and used for the length measurement of tails. (b) The device in use
on a weaner ewe.

2.5. The Observers

There were two tail length observers, Observer 1 (MW), PhD student, who was
inexperienced with using the device, palpating joints, and assessing vulva cover, and
Observer 2 (SB), a veterinarian, who was experienced with using the device, trialled on
approximately 200 ewes prior to this study. Observer 1 was trained in all the measurement
methods including BCS at the beginning of the trial by one member of the research team
(CM). There were three assistants who had designated roles of data input, race assistant,
and EID scanning/device assistant. Data input was performed using an electronic tag
reader linked to a manual data entry tablet for tail length measures and condition score.
Weight was recorded via electronic scale and linked via NLIS panel reader for each animal.

2.6. The Assessment

Five yearlings were assessed first and used to train Observer 1 in using the measure-
ment methods and to compare the techniques and assessments of both observers. On the
first day of the study, assessments began at 1020 h and concluded at 1800 h. Thirty-nine
yearlings were assessed in an outdoor undercover race first with 5-7 yearlings in the race
at a time. Due to weather conditions, 12 had to be assessed inside the adjoining woolshed,
where 2—4 yearlings were in the race at a time. Weaners were all subsequently assessed
inside the woolshed race with 4-6 weaners in the race at a time. Observer 1 always assessed
the sheep first and observers swapped after assessing a race load of sheep. The observers,
when not assessing tail length, moved away from the race and out of earshot to be blinded
to the results.

On Day 2, tail length measurements were repeated in the same order as Day 1. As-
sessments began at 0830 h and concluded at 1530 h. All sheep were weighed, and data
were recorded electronically. All weaners were assessed in an outdoor undercover race first
with 8 weaners in the race at a time. Twelve yearlings were assessed outside, and 39 were
assessed inside the woolshed race due to weather conditions.

2.7. Statistical Analyses

Statistical Packages for the Social Sciences (SPSS® Release 27.0 2020 IBM®) was used
for data analyses. The tail measurement methods produced binary (vulva cover, joints)
and continuous (length) data. Observer and retest consistency analyses were performed
using Cohen’s Kappa for binary data to assess agreement, Weighted Kappa for ordinal data
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to assess agreement, and Intraclass Correlation Coefficient (ICC Types used for observer
and retest consistency respectively: single measure, 2-way random effects model using
a consistency definition; single measure, 2-way mixed effects model using a consistency
definition) for continuous data to assess reliability.

Point biserial correlations were used to investigate the relationships between the
length measurement with vulva cover and joint measurements. Fisher’s Exact Tests (FET)
were used to assess association between vulva cover and joint measurements. T-tests were
used to discern the significance of mean differences of length measurement between the
vulva cover and joint measurements.

Landis and Koch's (1977) [40] interpretations of the Kappa reliability coefficients were
used in this study: Poor agreement (k < 0.40), moderate agreement (0.41 < k < 0.60), sub-
stantial (0.61 < k < 0.80), and almost perfect agreement (k > 0.81). The ICC coefficient
interpretations of Koo and Li (2016) [41] were used in this study. The correlation interpreta-
tions of Cohen (2013) [42] were used, where coefficients >0.5 were classified as strong and
coefficients between 0.3 and 0.49 were moderate.

3. Results
3.1. Reliability

For both age groups, results indicate substantial to almost perfect observer and retest
agreement for the vulva cover measurement (Tables 2 and 3). The length measurement
device on yearlings gave almost perfect observer consistency (Observer 1 vs. Observer 2),
and substantial to almost perfect retest consistency (e.g., Observer 1 vs. Observer 1). For
weaners, there was moderate (Day 1) and good (Day 2) observer consistency (Table 2), and
moderate (Observer 1) and good (Observer 2) retest consistency (Table 3).

The joint palpation method provided the lowest observer consistency coefficients
(Tables 2 and 3). The highest agreement was on Day 2 for yearlings, while the remaining
results were of poor agreement. Observer 2 had substantial retest agreement for yearlings,
and Observer 1 had moderate observer agreement for weaners, the remaining results were
poor agreement. The measurements of one observer were used for analysis of each method,
based on the highest retest and observer consistency.

Table 2. Observer consistency coefficients for each measurement method for yearlings (n = 51) and
weaners (n = 48), significance at the p < 0.01 level indicated by **, significance at p < 0.05 level

indicated by *.
Observer Consistency Yearlings Weaners
Measure Test Day 1 Day 2 Day 1 Day 2
Length (mm) 1cC 0.8 ** 0.9 ** 0.7 ** 0.8 **
(95% CI) (0.7-0.9) (0.8-0.9) 1 (0.5-0.8) ! (0.6-0.9) !
Vulva cover Cohen’s Kappa 0.6 ** 0.8 ** 0.6 ** 0.5 **
Joints Weighted Kappa 0.3 ** 0.7 ** 0.1 0.3*

1 missing data point.

Table 3. Retest consistency coefficients for each measurement method for (n = 51) and weaners
(n = 48), significance at the p < 0.01 level indicated by **.

Retest Consistency Yearlings Weaners
Measure Test Observer1 Observer2 Observerl Observer2
Length (mm) IcC 0.8 ** 0.8 ** 0.6 ** 0.8 **
(95% CI) (0.7-0.9) (0.7-0.9) 1 (0.4-0.8) (0.6-0.9) 2
Vulva cover Cohen’s Kappa 0.7 ** 0.7 ** 0.7 ** 0.6 **
Joints Weighted Kappa 0.5 ** 0.7 ** 0.5** 0.1

! missing data point. 2 2 missing data points.
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3.2. Yearlings

Yearling ewes weighed 46.7 kg on average (35.6-60 kg) and had an average body
condition score of 2.9 (range: 2-3) from Observer 1’s data, based on highest reliability
(Weighed Kappa statistic). For the analysis of all measurement methods of yearling tails,
data from Observer 2 (Day 2) were used. The descriptive results for yearling tail mea-
surement methods are presented in Table 4. There was a significant strong point biserial
correlation (rpp, = 0.7, p < 0.01) between the yearling length measurement and the vulva
cover measurements. The majority of the yearling tails assessed did not cover the vulva
(72.5%). On average, tails classed as covering the vulva were significantly longer than
tails classed as not covering the vulva by 16.2 mm on average t = 6.3 (df 48, p < 0.01). The
shortest tail covering the vulva measured 41 mm and the longest tail not covering the vulva
measured 62 mm. There was a significant association (FET, p < 0.01) between the joints and
vulva measurement methods, where yearlings’ tails with only one joint were more likely
to be classed as not covering the vulva than tails with two palpable joints. There was a
significant moderate point biserial correlation (rpp = 0.41, p < 0.01) between the yearling
linear and the joint measurements. There was a significant difference in length between
tails with one and two joints, where the yearling tails that had two joints were 15 mm
longer on average than tails with one joint t = 5.8 (df 48, p < 0.01).

Table 4. Descriptive statistics of the measurement methods used to assess yearling tails.

Descriptive

Measurement Statistic/Category Vulva Cover Joints
N Y 1* 2

n 37 14
Joints 1 34 1
2 3 13

n 36 14 34 16

Range (mm) 29-62 41-68 29-60 39-68
Length Mean (mm) 413 57.6 411 56.1
Std. deviation (mm) 8.7 6.9 8.7 8.2

* Note: tails measured to have 0 joints in the tail (1 = 4) that did not cover the vulva have been combined into the
1joint category.

3.3. Weaners

Weaner ewes weighed 27.3 kg on average (range: 18.2—40 kg). For the analysis
of weaner tail measurement methods, data were used from Observer 2 (Day 2) for the
length measurements, Observer 1 (Day 2) for the joint palpation measurements, and
Observer 1 (Day 1) for the vulva cover assessment. The descriptive results for weaner
tail measurement methods are presented in Table 5. There was a significant strong point
biserial correlation (rpp = 0.5, p < 0.01) between the weaner length measurement and the
vulva cover measurements. The majority of the weaner tails assessed covered the vulva
(72.9%) and were significantly longer than tails that did not cover the vulva by 10.8 mm on
average t = 4.0 (df = 45, p < 0.01). The shortest tail covering the vulva measured 48 mm
and the longest tail not covering the vulva measured 71 mm. There was a non-significant
association (FET, p = 0.059) between the weaner tail joints and vulva measurement methods.
Tails that had two joints were more likely to be classed as covering the vulva; however, tails
with one joint were relatively evenly classed as covering or not covering the vulva. There
was a significant strong point biserial correlation (rpp, = 0.64, p < 0.01) between the weaner
linear and the joint measurements. There was a significant difference in length between
tails with two joints and one joint, where the weaner tails that had two joints were 8.3 mm
longer than tails with one joint t = 3.0 (df = 45, p < 0.01).
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Table 5. Descriptive statistics of the measurement methods used to assess weaner tails.
Measurement Descriptive Vulva Cover Joints
Statistic/Category
N Y 1* 2
n 13 35
Joints 1 9 13
2 4 22
n 17 30 22 25
Range (mm) 38-71 48-79 38-79 50-78
Length Mean (mm) 52.8 63.7 55.3 63.6
Std. deviation (mm) 8.6 9 10.1 8.8

* Note: tails measured to have 0 joints in the tail (1 = 3) that did not cover the vulva have been combined into the 1
joint category.

4. Discussion

This study provides information on the reliability of three tail length measurement
methods and their relationship in our sample of Merino yearling and weaner ewes. The
most reliable methods of measurement were length and vulva coverage, and the least
reliable was the number of palpable coccygeal joints. In this sample, yearling and weaner
tails that covered the vulva were significantly longer than tails classed as not covering
the vulva by 16.2 mm and 10.8 mm on average, respectively. It is an important finding to
have two reliable methods for measuring sheep tails for valid assessments of tails which
could be utilised for monitoring practice by producers and for research. The results of
such assessments could then be compared against best practice recommendations and
prompt change for improvement where tails are being docked shorter than recommended.
Furthermore, these findings provide a basis for future research to be conducted in this area
to refine these methods and increase clarity around how to communicate and implement
the recommended tail length for the advancement of sheep welfare.

Of the measurement methods used in this study, the length and vulva cover mea-
surements were the most reliable between (Table 2) and within (Table 3) observers. From
moderate to good observer and retest consistency was found using the length measurement
and there was moderate—-substantial observer agreement and substantial retest agreement
using the vulva cover measurement. The observer consistency using the joint palpation
method ranged from poor to moderate for yearlings and remained poor across both days
for weaners. The retest consistency using the joint palpation method for Observer 1 for
both yearlings and weaners was moderate, and for Observer 2 substantial for yearlings
and poor for weaners. Of the two studies that also used a standardised tool for length
measurement [27,28], only one reported reliability between observers’ lamb tail length
measurements [27]. Goodwin et al. (2007) reported high inter-observer reliability demon-
strating a strong correlation coefficient of r = 0.75 (p < 0.0001). However, after the initial
reliability trial of observations at docking, reliability was not reported for observations at
weaning or market age. Although Lewis (2013) did not perform reliability tests, it was
specified that just one experienced technician was responsible for the docking procedure
and the measurements, which may have been a contributing factor to their narrow range of
measurement results across both age groups. Neither Graham, Johnstone, and Riches (1947)
nor Goodwin et al. (2007) reported information on who or how many people conducted
the length measurements or docking procedure across the experimental locations. Studies
researching on-farm welfare measurements investigated the reliability of binary vulva
cover as a tail length measurement method and found high percentage agreement [35]
and poor to perfect [35] and fair to good [36] reliability using the Weighted Kappa statistic
between observers. The instances of poor inter-observer reliability reported by Munoz et al.
(2017) using the Kappa statistic was explained to possibly be due to the low number of
recommended length tails observed in the sample at certain time points. Intra-reliability
was also reported by Munoz et al. (2017) to range from poor to perfect agreement using
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the Weighted Kappa statistic. The observer consistency reliability in the present study
increased on the second day of assessment for most methods in both age groups, likely
due to increased practice of the measurements, particularly for Observer 1 who had no
experience of measuring tails prior to the study. Observer and sheep height may have
impacted length assessment. Observers were required to squat in the race behind the sheep
during assessment, differences in observer height and height relative to the sheep height
could have affected the level at which the device was held for length measurement and the
eye level at which vulva cover would be seen. Therefore, it is possible individual observer
physicality may impact the reliability and contribute to variation of the measurements.

Each of the three measurement methods has unique advantages and challenges as-
sociated with implementation on-farm, outlined below in Table 6. For the assessment
of Merino yearling and weaner ewe tail length, the results of this study indicate that of
the three methods assessed, the most ideal methods are the combined use of the highly
reliable length measurement and vulva cover methods. The vulva cover measurement is
reflective of the guideline recommendation and already used as an on-farm animal-based
welfare indicator [35,42], and the length measurement provides further information on
the appearance and amount of tail remaining. Using these methods in conjunction would
enable clear comparison to the best practice recommendations and, where tails are docked
too short, insight into how much change is required to meet best practice guidelines.

The number of palpable coccygeal joints observed in this study should be considered
conservative underestimates due to the method of joint palpation. To be counted as intact,
joints needed to be moveable and the subsequent vertebrae palpable to ~1cm below the
joint. Tails that had been docked through the third joint space would have three coccygeal
vertebrae where the third joint was docked through. In which case, in our study, these
tails would have been classed as having two joints of the tail. Whereas in other research, at
docking for example, tails docked through the third joint space were grouped as having
three joints of the tail [33].

Table 6. Identified pros and cons of each tail length measurement method used in this study.

Method Pros Cons Most Appropriate for
e  ~10s per sheep
Physical contact with the sheep, potential
level of discomfort.
) e  Requires consistent pressure applied Rgsearch L
*  Reliable against the ischial tuberosities for With modification and
Device e Indicates tail consistent results. refined engineering
appearance. Manual data entry. However, potential for could be useful
modification to be automated using NLIS. for producers.
Potential observer variation due to
physicality; differences may impact how
the measurement is taken.
e  Reliable Wool on the tail introduces potential for
e Quick and simple to difficulty assessing vulva coverage.

Vulva cover

learn and perform.
Lower commissure of the
vulva easily identified.
Non-invasive and
involves minimal
physical contact for

the sheep.

No indication of level of vulva cover from
the binary data.

Observer physicality may impact the point
of view of the tail.

Vulva size changes during pregnancy and
after parturition could impact assessment
of coverage.

Producers
Valid if assessed from
tail height.

Joints

This method could be
useful for assessment
and recommendations
for both sexes, if refined.

Least reliable method.

Difficult to learn and perform.

Challenge of where to begin counting the
moveable joints and whether to include
joints that have been docked through as
being intact joints.

Method refinement
required.
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In this sample of merino ewes, tails that covered the vulva of yearlings and weaners
measured 57.6 mm (range: 41-68 mm) (n = 14) and 63.7 mm (range: 48-79 mm) (1 = 30) on
average, respectively, and were associated with containing two coccygeal joints (more than
two coccygeal vertebrae). Tails that did not cover the vulva of yearlings and weaners in
the sample measured 41.3 mm (range: 29-62 mm) (1 = 36) and 52.8 mm (range: 38-71 mm)
(n = 17) on average, respectively, and had less than two coccygeal joints.

Although it is difficult to make direct comparisons to previous research, these results
do fit in with studies using similar measurement methods [11,27,28,33]. In previous studies,
there are unclear methods of length measurement [11,33], inconsistencies in how tails
were measured across experiments [11], different docking and measurement ages [11,33],
the lack of [27,28] or retrospective [33] assessment of vulva cover, and the breeds and
management of sheep differ greatly from that of the Australian industry [27,28]. This
study’s weaner and yearling tail length measurements were conducted in a similar way to
that of Goodwin et al. (2007) and Lewis (2013), where a device was used to standardise
the length measurement and their approach led to the creation of the device used in our
research. These previous studies were conducted in the United States of America, with
either breeds not specified [27] or crossbred sheep [28], and were docked at younger
ages compared to the sheep in our study. The weaner tails assessed in the current study
were 22.68 mm longer [27] and 7.42 mm shorter [28] than the previous research using a
standardised method of length measurement (Table 5). Our weaner results correspond
more closely with the length measurements of Lewis (2013) than those of Goodwin et al.
(2007). In comparison to an early Australian study, the average length of the weaner tails in
our study was 2.8 mm shorter than measurements of 9-month-old Merino ewes with tails
docked through the third joint space reported by O'Halloran et al. (1984) [33]. However,
the sheep assessed by O’Halloran et al. (1984) were approximately 3—4 months older than
our weaner ewes.

Given that only 14 yearling ewes were assessed as having tails that covered the vulva
in our study, the interpretation of results and comparisons to other studies are done so
cautiously (Table 4). The yearling ewes’ tails assessed in this study that covered the vulva
were 12.5 mm longer [27] and 13.9 mm shorter [33], on average, than studies using length
measurements of sheep at similar ages that had tails docked at the caudal folds [27] or
through the third joint space [33]. The majority of the yearling tails assessed in our study
did not cover the vulva and measured 41.3 mm on average (Table 4). O’Halloran et al.
(1984), reported similar results with the average length of ewe tails docked through the
second joint space measured at 38.5 mm [33]. It is important to note that tail docking
operators were different between the cohorts, potentially explaining some of the variation
between and within the groups.

Monitoring tails after docking will provide information on whether the current dock-
ing length covers the vulva into adulthood, and on variation between sheep and operators.
This information is important to enable assessment and adjustments towards best tail
docking practice if tails are being docked shorter than recommended. In this study we did
not measure tails at docking or follow the same sheep through the age groups, but it has
been demonstrated that tails do increase in length after docking [27,28] and grow relative
to the body [11]. Despite the aforementioned limited information on methodology, early
Australian research indicates that lamb tails docked to partially cover or extend beyond
the tip of the vulva maintain or achieve vulva coverage, on average [11]. Therefore, it is
expected that tails that do not cover the vulva at ages after docking, including those in
this study, would have been docked shorter than the length of the vulva as lambs. This
provides evidence of the need for assessment of tail length after docking, so that docking
practices can be evaluated, and corrected in the next season, if necessary, to ensure that the
tail will be protective for the life of the sheep.

The many ways in which tail length is described could lead to many interpretations of
the recommended length. Understanding how tail length descriptions relate to each other
facilitates clear communication of how to dock tails at the best practice recommended length
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and how to monitor length over time. It is important that there is common language used
regarding tail length that indicates tails should cover the vulva at docking and throughout
the lifespan of the ewe and be a similar length in males. While several past studies have
investigated tail length, there have been multiple and sometimes inconsistent ways of
describing and/or measuring tail length. The methods used in this study were chosen
as they are not only used in producer-facing publications by industry and government
describing the recommended length but are also descriptors commonly used by producers,
based on the authors’ previous research and experience with and in the industry. Some
industry publications relate the recommended length of covering the vulva to leaving three
coccygeal joints of the tail intact or docking through the third joint space. Detailed methods
of joint palpation are not provided in past tail length research, and the method developed
and used in this study had the pitfalls of excluding joints that had been docked through
and poor reliability. The method of counting coccygeal joints and/or vertebrae could be
ideal for use as a descriptor and measurement method across the sexes. A method not
investigated in this study, but used in past research and sometimes in industry publications
or resources, is the reference to the caudal fold attachment, and to dock past where the
two folds distally attach to the tail. This was not possible to be investigated as we assessed
tails after docking, so the caudal folds are either much more challenging to identify or, if
docked above or through, are not present. This method may also present challenges at
docking due to the individual anatomy of each sheep where each position of caudal folds
may differ, and in some cases may be too short to cover the vulva even when kept intact.
Another descriptor sometimes used is to leave the area of skin bare of wool underneath the
tail intact, to cut beyond this point to achieve the recommended length. Similarly, this was
not practically able to be investigated in this study. There remains research to be done to
provide clarity and coherence between the different ways of describing tail length.

This study provides a basis that could be built on to further investigate the different
tail length measurement methods and descriptions on a larger scale. Future research
could involve refining the methods used in this study, to modify the length measurement
using the device to further standardise the method, and to clarify a method for counting
coccygeal joints and/or vertebrae. Once refined, testing the methods on a wider scale
across commercial properties and involving producers would provide further insight into
the practicality of the methods and how monitoring tail length could become a common
on-farm practice. It would also be valuable to assess different measurement or descriptive
methods at docking and following sheep through to maturity and after parturition to assess
how each different method and description fits or differs from the recommended length at
different ages and as the body changes.

5. Conclusions

The results of this study demonstrate that length and vulva cover assessment are
reliable measures of tail length. The strength of the reliability of the measures between and
within observers indicate that the device engineered for length measurement is effective,
and confirms the vulva cover assessment remains relevant. These two methods provide
reliable information that enable comparison to the recommended tail docking length which
could assist with on-farm tail length monitoring by producers and/or researchers to ensure
that tail docking practice results in the appropriate perineal protection for the lifetime
of the sheep. Joint palpation was the least reliable method of tail measurement but is
used as a length descriptor by industry and producers. The tails in this sample that were
of the recommended length, covering the vulva, measured 10.8-16.2 mm longer than
tails not covering the vulva, at 63.7 mm (weaners) and 57.6 mm (yearlings) on average,
and contained more than two coccygeal vertebrae. Further investigations to refine the
methods used in this study, and to assess tail length using all methods from docking
through to maturity will highlight the practicality of on-farm use for monitoring and
provide understanding as to the best way(s) to describe the recommended tail length at
docking and older ages.



Animals 2023, 13, 963 12 of 14

Author Contributions: Conceptualisation, M.W., CM., G.C., R.D. and S.B.; Data curation, M.W. and
S.B.; Formal analysis, M.W.; Investigation, M.W., C.M. and S.B.; Methodology, M.W., C M., G.C., R.D.
and S.B.; Project administration, M.W.; Software, C.M. and S.B.; Supervision, C.M., G.C., R.D. and S.B.;
Visualisation, M.W. and S.B.; Writing—original draft, M.W.; Writing—review and editing, M.W., C.M.,
G.C.,,R.D. and S.B. All authors have read and agreed to the published version of the manuscript.

Funding: This work was supported by a Meat and Livestock Australia Postgraduate Scholar-
ship/Study Award B.STU.2001 (North Sydney, NSW, Australia) and an Australian Government
Research Training Program (RTP) Scholarship. The funders had no role in the design of the study; in
the collection, analyses, or interpretation of data; in the writing of the manuscript; or in the decision
to publish the results.

Institutional Review Board Statement: The animal study protocol was approved by the Animal
Ethics Committee of The University of Melbourne (Ethics ID: 20246, 18 December 2020).

Informed Consent Statement: Informed consent was obtained from all subjects involved in the study.

Data Availability Statement: The data presented in this study are available on request from the
corresponding author.

Acknowledgments: We acknowledge the Traditional Owners of the land on which this research took
place and pay respect to the Yorta Yorta Nation, Wurundjeri Woi Wurrung and Bunurong people
and Elders (past and present) and families. Special thanks to colleagues from The University of
Melbourne, Megan Lucas and Leigh Atkinson who generously volunteered their time and support
for data collection. The authors would like to thank the farm staff for assistance with the project with
stock management.

Conflicts of Interest: The authors declare no conflict of interest.

References

1. Sutherland, M.A.; Tucker, C.B. The Long and Short of It: A Review of Tail Docking in Farm Animals. Appl. Anim. Behav. Sci. 2011,
135, 179-191. [CrossRef]

2. Larrondo, C.; Bustamante, H.; Gallo, C. Sheep Farmers’ Perception of Welfare and Pain Associated with Routine Husbandry
Practices in Chile. Animals 2018, 8, 225. [CrossRef]

3. Kerslake, J.; Byrne, T.; Behrent, M.; MacLennan, G.; Martin-Collado, D. The Reasons Farmers Choose to Dock Lamb Tails to
Certain Lengths, or Leave Them Intact. Proc. N. Z. Soc. Anim. Prod. 2015, 75, 210-214.

4. Marcone, G.; Carnovale, E; Arney, D.; De Rosa, G.; Napolitano, F. A Simple Method for On-Farm Evaluation of Sheep Welfare
Using Animal-Based Indicators. Small Rumin. Res. 2022, 208, 106636. [CrossRef]

5. Binois-Roman, A. To Cut a Long Tail Short: The Tail-Docking and Gelding of Lambs in Western Europe. A Confrontation of
Archaeological and Historical Sources. Argos Bull. Van Het Vet. Hist. Genoot. 2016, 54, 132-139.

6. Woodruff, M.E; Doyle, R.; Coleman, G.; Hemsworth, L.; Munoz, C. Knowledge and Attitudes Are Important Factors in Farmers’
Choice of Lamb Tail Docking Length. Vet. Rec. 2020, 186, 319. [CrossRef] [PubMed]

7.  Shephard, R.; Webb-Ware, J.; Blomfield, B.; Niethe, G. Priority List of Endemic Diseases for the Red Meat Industry—2022 Update; Meat
& Livestock Australia Limited: North Sydney, Australia, 2022.

8.  Gill, D.A.; Graham, N.H.P. Studies on Fly Strike in Merino Sheep. No. 2. Miscellaneous Observations at “Dungalear” on the
Influence of Conformation of the Tail and Vulva in Relation to “Crutch” Strike. J. Counc. Sci. Ind. Res. 1939, 12, 71-82.

9.  Riches, J. The Relation of Tail Length to the Incidence of Blowflystrike of the Breech of Merino Sheep. J. Counc. Sci. Ind. Res. Aust.
1941, 14, 88-92.

10. Riches, J. Further Observations on the Relation of Tail Length to the Incidence of Blowfly Strike of the Breech of Merino Sheep. J.
Counc. Sci. Ind. Res. Aust. 1942, 15, 3-9.

11. Graham, N.PH.; Johnstone, I.L.; Riches, J.H. Studies on Fly Strike in Merino Sheep. No. 7 The Effect of Tail-Length on
Susceptibility to Fly Strike in Ewes. Aust. Vet. J. 1947, 23, 31-37. [CrossRef]

12.  Johnstone, I.L. The Tailing of Lambs: The Relative Importance of Normal Station Procedures. Aust. Vet. ]. 1944, 20, 286-291.
[CrossRef]

13. Vandegraaff, R. Squamous-Cell Carcinoma of the Vulva in Merino Sheep. Aust. Vet. ]. 1976, 52, 21-23. [CrossRef] [PubMed]

14.  Windels, H. Factors Causing Rectal Prolapse in Feedlot Lambs. In Proc. 62nd Annual Sheep and Lamb Feeders Day; The University
of Minnesota, Morris: Minneapolis, MN, USA, 1990; pp. 10-13.

15. Thomas, D.L.; Waldron, D.E; Lowe, G.D.; Morrical, D.G.; Meyer, H.H.; High, R.A.; Berger, YM.; Clevenger, D.D.; Fogle, G.E.;
Gottfredson, R.G.; et al. Length of Docked Tail and the Incidence of Rectal Prolapse in Lambs. J. Anim. Sci. 2003, 81, 2725-2732.
[CrossRef]

16. Lloyd, J.; Kessell, A.; Barchia, I.; Schroder, J.; Rutley, D. Docked Tail Length Is a Risk Factor for Bacterial Arthritis in Lambs. Small

Rumin. Res. 2016, 144, 17-22. [CrossRef]


http://doi.org/10.1016/j.applanim.2011.10.015
http://doi.org/10.3390/ani8120225
http://doi.org/10.1016/j.smallrumres.2022.106636
http://doi.org/10.1136/vr.105631
http://www.ncbi.nlm.nih.gov/pubmed/31959706
http://doi.org/10.1111/j.1751-0813.1947.tb04510.x
http://doi.org/10.1111/j.1751-0813.1944.tb15854.x
http://doi.org/10.1111/j.1751-0813.1976.tb05364.x
http://www.ncbi.nlm.nih.gov/pubmed/1267732
http://doi.org/10.2527/2003.81112725x
http://doi.org/10.1016/j.smallrumres.2016.07.018

Animals 2023, 13, 963 13 of 14

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.
29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

Lloyd, J. Tail Length in Unmulesed Australian Merino Sheep; Australian Wool Innovation: Sydney, Australia, 2012. Available online:
https:/ /www.researchgate.net/publication/306060571_Tail_length_in_unmulesed_Australian_Merino_sheep (accessed on 17
March 2018).

Bureau of Animal Welfare Victorian Government Department of Primary Industries Code of Accepted Farming Practice for the Welfare of
Sheep (Victoria); Victorian Government Gazette: Melbourne, Australia, 2007. Available online: https://catalogue.nla.gov.au/
Record /4555849 (accessed on 7 August 2018).

Department of Agriculture Western Australia. Code of Practice for Sheep in Western Australia; Department of Local Government
and Regional Development: South Perth, Australia, 2003. Available online: https://www.agric.wa.gov.au/sites/gateway/files/
Code%200f%20Practice%20for%20Sheep %20in%20Western%20Australia_0.pdf (accessed on 13 October 2020).

Animal Health Australia. Australian Animal Welfare Standards and Guidelines for Sheep; Animal Health Australia: Deakin, Australia,
2016. Available online: https://www.animalwelfarestandards.net.au/sheep/ (accessed on 10 September 2020).

Lloyd, ]J. A Producer’s Guide to Sheep Husbandry Practices; Meat & Livestock Australia Ltd.: Sydney, Australia, 2013. Available online:
https:/ /www.makingmorefromsheep.com.au/_literature_129885/MLA_Sheep_Husbandry_Practices_Guide.pdf (accessed on 6
August 2018).

Munro, T.; Evans, I. Tail Length in Lambs—The Long and Short of It. Farming Ahead 2009, 211, 88-89. Available online: https:
/ /flyboss.com.au/wp-content/uploads/sites/3/2022 /07 /Kondinin_Tail Length_article_130410.pdf (accessed on 8 Novem-
ber 2019).

Suter, R. Tail Length—Getting It Right Is Important. Available online: http://agriculture.vic.gov.au/agriculture/livestock/sheep/
sheep-notes-newsletters /sheep-notes-autumn-2016/tail-length-getting-it-right-is-important (accessed on 25 May 2018).
Watts, J.E.; Marchant, R.S. The Effects of Diarrhoea, Tail Length and Sex on the Incidence of Breech Strike in Modified Mulesed
Merino Sheep. Aust. Vet. J. 1977, 53, 118-123. [CrossRef]

Watts, J.E.; Luff, R.L. The Importance of the Radical Mules Operation and Tail Length for the Control of Breech Strike in Scouring
Merino Sheep. Aust. Vet. ]. 1978, 54, 356-357. [CrossRef]

Watts, J.E.; Murray, M.D.; Graham, N.P.H. The Blowfly Strike Problem of Sheep in New South Wales. Aust. Vet. |. 1979, 55, 325-334.
[CrossRef] [PubMed]

Goodwin, J.; Murphy, T.; Jacobsen, R.; Jenson, J.; Woloshulk, J.; Peterson, B.; Willard Lemaster, J.; Shulaw, B.; Ott, T.; Busboom,
J.; et al. A Path to Resolution Regarding the Show Lamb Tail Docking Controversy. J. Ext. 2007, 45. Available online:
https:/ /archives.joe.org/joe/2007august/a8.php (accessed on 17 May 2018).

Lewis, G. Tail Length at Docking and Weaning of Lambs. Sheep Goat Res. 2013, 28, 6-9.

Reeve, I.; Walkden-Brown, S. Benchmarking Australian Sheep Parasite Control. Cross-Sectional Survey Report; Meat & Livestock
Australia: Sydney, Australia, 2014. Available online: https:/ /www.mla.com.au/contentassets/3703e251ee0849ff84bba2457ff166
7e/b.ahe.0069_cross_final_report.pdf (accessed on 7 March 2018).

Reeve, I.; Walkden-Brown, S. Benchmarking Australian Sheep Parasite Control (WP499)-Longitudinal Survey Report; Australian Wool
Innovation: Sydney, Australia, 2014. Available online: https://www.wool.com/globalassets/wool/sheep /research-publications/
welfare/archived-publications/longitudinal-survey-report-feb-2014.pdf (accessed on 5 March 2018).

Sloane, B. Merino Husbandry Practices. In Proceedings of the Australian Wool Innovation National Wool Research and Devel-
opment Technical Update on Breech Flystrike Prevention; Australian Wool Innovation: Sydney, Australia, 2018. Available on-
line: https:/ /www.wool.com/globalassets/start/on-farm-research-and-development/sheep-health-welfare-and-productivity /
sheep-health /breech-flystrike /r-and-d-update /2018-summary-bpeachey.pdf (accessed on 10 August 2018).

Howard, K.; Beattie, L. A National Producer Survey of Sheep Husbandry Practices; Meat & Livestock Australia: Sydney, Australia, 2018.
Available online: https://www.mla.com.au/research-and-development/search-rd-reports/final-report-details/ A-national-
producer-survey-of-sheep-and-cattle-husbandry-practices /3709 (accessed on 26 March 2019).

O’Halloran, W.J.; Donnelly, EB.; Ferguson, B.D.; Baillie, B. Comparison of Tail Lengths and Mulesing Techniques on Merino
Lambs at Marking. Wool Technol. Sheep Breed. 1984, 32, 4-8.

Fisher, M.W.; Gregory, N.G. Reconciling the Differences between the Length at Which Lambs’ Tails Are Commonly Docked and
Animal Welfare Recommendations. Proc. N. Z. Soc. Anim. Prod. 2007, 67, 32-38.

Munoz, C.; Campbell, A.; Hemsworth, PH.; Doyle, R. Animal-Based Measures to Assess the Welfare of Extensively Managed
Ewes. Animals 2017, 8, 2. [CrossRef] [PubMed]

Phythian, C.J.; Michalopoulou, E.; Duncan, J.S. Assessing the Validity of Animal-Based Indicators of Sheep Health and Welfare:
Do Observers Agree? Agriculture 2019, 9, 88. [CrossRef]

Trompf, ].P.A.; Gordon, D.].B.; Behrendt, R.B.; Curnow, M.D; Kildey, L.C.C.; Thompson, A.N. Participation in Lifetime Ewe
Management Results in Changes in Stocking Rate, Ewe Management and Reproductive Performance on Commercial Farms.
Anim. Prod. Sci. 2011, 51, 866—872. [CrossRef]

Lloyd, J.; Playford, M. A Producer’s Guide to Sheep Husbandry Practices; Meat & Livestock Australia: Sydney, Australia, 2022;
pp- 1-45. Available online: https://publications.mla.com.au/login/eaccess?elink=9BCIB12C77F7FDF998604CEE (accessed on 10
November 2022).

Dwyer, C.; Richmond, S.; Wemelsfelder, F; Ruiz, R.; Beltran de Heredia, I.; Arranz, J. AWIN Welfare Assessment Protocol for
Sheep; 2015. [CrossRef]


https://www.researchgate.net/publication/306060571_Tail_length_in_unmulesed_Australian_Merino_sheep
https://catalogue.nla.gov.au/Record/4555849
https://catalogue.nla.gov.au/Record/4555849
https://www.agric.wa.gov.au/sites/gateway/files/Code%20of%20Practice%20for%20Sheep%20in%20Western%20Australia_0.pdf
https://www.agric.wa.gov.au/sites/gateway/files/Code%20of%20Practice%20for%20Sheep%20in%20Western%20Australia_0.pdf
https://www.animalwelfarestandards.net.au/sheep/
https://www.makingmorefromsheep.com.au/_literature_129885/MLA_Sheep_Husbandry_Practices_Guide.pdf
https://flyboss.com.au/wp-content/uploads/sites/3/2022/07/Kondinin_Tail_Length_article_130410.pdf
https://flyboss.com.au/wp-content/uploads/sites/3/2022/07/Kondinin_Tail_Length_article_130410.pdf
http://agriculture.vic.gov.au/agriculture/livestock/sheep/sheep-notes-newsletters/sheep-notes-autumn-2016/tail-length-getting-it-right-is-important
http://agriculture.vic.gov.au/agriculture/livestock/sheep/sheep-notes-newsletters/sheep-notes-autumn-2016/tail-length-getting-it-right-is-important
http://doi.org/10.1111/j.1751-0813.1977.tb00132.x
http://doi.org/10.1111/j.1751-0813.1978.tb02493.x
http://doi.org/10.1111/j.1751-0813.1979.tb00419.x
http://www.ncbi.nlm.nih.gov/pubmed/518435
https://archives.joe.org/joe/2007august/a8.php
https://www.mla.com.au/contentassets/3703e251ee0849ff84bba2457ff1667e/b.ahe.0069_cross_final_report.pdf
https://www.mla.com.au/contentassets/3703e251ee0849ff84bba2457ff1667e/b.ahe.0069_cross_final_report.pdf
https://www.wool.com/globalassets/wool/sheep/research-publications/welfare/archived-publications/longitudinal-survey-report-feb-2014.pdf
https://www.wool.com/globalassets/wool/sheep/research-publications/welfare/archived-publications/longitudinal-survey-report-feb-2014.pdf
https://www.wool.com/globalassets/start/on-farm-research-and-development/sheep-health-welfare-and-productivity/sheep-health/breech-flystrike/r-and-d-update/2018-summary-bpeachey.pdf
https://www.wool.com/globalassets/start/on-farm-research-and-development/sheep-health-welfare-and-productivity/sheep-health/breech-flystrike/r-and-d-update/2018-summary-bpeachey.pdf
https://www.mla.com.au/research-and-development/search-rd-reports/final-report-details/A-national-producer-survey-of-sheep-and-cattle-husbandry-practices/3709
https://www.mla.com.au/research-and-development/search-rd-reports/final-report-details/A-national-producer-survey-of-sheep-and-cattle-husbandry-practices/3709
http://doi.org/10.3390/ani8010002
http://www.ncbi.nlm.nih.gov/pubmed/29295551
http://doi.org/10.3390/agriculture9050088
http://doi.org/10.1071/AN10164
https://publications.mla.com.au/login/eaccess?elink=9BC9B12C77F7FDF998604CEE
http://doi.org/10.13130/AWIN_SHEEP_2015

Animals 2023, 13, 963 14 of 14

40. Landis, J.R.; Koch, G.G. The Measurement of Observer Agreement for Categorical Data. Biometrics 1977, 33, 159. [CrossRef]
[PubMed]

41. Koo, TK,; Li, M.Y. A Guideline of Selecting and Reporting Intraclass Correlation Coefficients for Reliability Research. J. Chiropr.
Med. 2016, 15, 155-163. [CrossRef]

42.  Cohen, J. Statistical Power Analysis for the Behavioral Sciences, 2nd ed.; Routledge Academic: London, UK, 2013.

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.


http://doi.org/10.2307/2529310
http://www.ncbi.nlm.nih.gov/pubmed/843571
http://doi.org/10.1016/j.jcm.2016.02.012

	Introduction 
	Materials and Methods 
	General Study Information 
	The Sheep 
	The Measurement Methods 
	Infrared Image 
	The Observers 
	The Assessment 
	Statistical Analyses 

	Results 
	Reliability 
	Yearlings 
	Weaners 

	Discussion 
	Conclusions 
	References

