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Summary

The Sheep Improvement Group (SIG) are committed to the genetic improvement of commercially focussed performance in their sheep and have been pro-active in the adoption of new traits in their breeding programmes.   They are concerned that the variety of scoring systems being developed and employed within the sheep industry causes confusion.  

The aim of the study was to develop guidelines for the development and use of optimum scoring systems that will allow genetic evaluation of traits in sheep that cannot de directly measured.  It is hoped that these will be the basis for agreement on a common structure of scales used within the industry.

An extensive review of literature has been carried out to identify different types of scoring systems and the characteristics that are associated with reliability and validity.

A good scoring system should be reliable and valid when used in a farm situation, and should reflect real underlying genetic variation.

Scoring systems developed for use in the sheep industry and their relative strengths and weaknesses have been summarised.

Two different scoring systems developed to measure lamb vigour have been analysed in greater detail, one suitable for use in an intensively managed and recorded flock, and the other suitable for use in a more extensive flock.

Recommendations have been made for the optimum structure of scoring systems based on published data, trials carried out as part of this study and consultation with members of the sheep industry.  These will be presented to interested parties as a discussion document.
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1 Introduction

The Sheep Improvement Group (SIG) is composed of 10 breeders, who have extensive practical experience of sheep breeding and the use of performance recording over many years.  They are committed to the genetic improvement of commercially focussed performance in their sheep and have been pro-active in the adoption of new traits in their breeding programmes.   However, they are concerned that the variety of scoring systems currently being developed and employed within the sheep industry causes confusion both among breeders and purchasers of breeding stock.  

The aim of this project is to produce guidelines for the development and use of subjective scoring systems that are suitable for the genetic evaluation of traits that cannot be directly measured.      

In order to do this the use of subjective scoring systems in livestock improvement has been reviewed.  This covers both theoretical and practical aspects of their use, and draws information from diverse areas including other livestock species and medicine. The review includes analysis of subjective scoring systems being used throughout the sheep industry.   A ‘focus group’ meeting of breeders and academics with practical experience of developing and using a variety of systems helped provide information.  A summary of the discussion at this meeting can be found in Appendix 1.

This report also documents a detailed critical analysis of scoring systems designed to assess lamb vigour and a report and discussion of new scoring systems to meet the needs of SIG members.

Recommendations intended to facilitate the modification of current and the development of new scoring systems have been made on the basis of the material reviewed and the critical analysis of current scoring systems.  These have also been presented as a discussion document (Appendix 2) for circulation to interested parties within the industry with the objective of working towards agreement on an industry standard.


2  Review 

Substantial genetic gains have been made in UK sheep flocks through the use of objective measures of economically important traits such as growth, carcass composition and prolificacy.  It is widely recognised, however, that there are many other traits of equal economic and biological importance that are not so easily quantified, for example lamb vigour, lambing ease, maternal ability, cleanliness and disease resistance.  A variety of scoring systems have been adopted in an attempt to quantify an animal’s underlying genetic merit with respect to such traits.   Each scoring system has been developed to meet the specific needs of a particular breeding or research programme, resulting in a variety of method, scale and direction.  It would be desirable to achieve some conformity between the general structure of scoring systems adopted within the industry while still recognising the need for each system to be designed to meet specific needs.  Guidelines for recording animal performance are provided by the International Committee of Animal Recording (ICAR), but to date the focus of this organisation has been on milk production; more latterly they have extended their recommendations to cover beef cattle, and to a limited extent sheep.  The aim of this review is to identify the characteristics of a useful scoring system, to critically review those currently being used in the genetic evaluation of sheep and to suggest guidelines for the development of existing and future scoring systems.

2. 1 What makes a good scoring system?

In animal breeding it is usually assumed that the underlying trait that is being assessed is normally distributed and influenced by a large number of genes (polygenic).  This assumption is fundamental to many of the genetic evaluation methods used, and holds true for most economically important traits.   However, for some traits we do not have a means of making a direct measurement of the trait, but must assess it on a descriptive scale.  Statistical methods are available to allow accurate genetic evaluation of traits measured on such scales (Foulley, Gianola and Im, 1990).

The scale of measurement used may be one of a variety of types.

Stevens (1946) categorised measurement scales as nominal, ordinal, equal interval and equal ratio scales and suggested an association between the scale type used and the reliability and validity of the phenomenon being measured.  The nominal scale is the simplest type and contains two or more unordered categories (such as coat colour).  An ordinal scale is one in which the two or more categories have an intrinsic order or ranking, but are not necessarily evenly spaced across the scale.  Many of the scales we use to evaluate animal performance are of this type.

The next stage of complexity is the equal interval scale, that has three or more ordered categories that identify points on the scale that are equal in interval size.  However, the ratio of points on the scale may not be equal.  Finally Stevens (1946) defined the equal ratio scale in which the points on the scale are equal in interval size and equal in ratio.

The measurement scales we generally use in livestock improvement are ordinal although some scales are designed to approximate equal interval scales (e.g. linear assessment of morphological traits).

The assessment of the trait on a descriptive scale may be objective, where the score assigned depends on the occurrence of precisely defined events/circumstances, or subjective, where the score assigned depends on the judgement of an individual.  In practice most scales fall somewhere between these two extremes.

We can assess the quality of a measurement scale in terms of its reliability and validity.  Martin and Bateson (1998) provide an excellent discussion of these qualities.  

Reliability is the extent to which the measurement is repeatable and consistent.  It is influenced by the precision, or how free the measurements are from random errors; sensitivity, how well small changes in the true value are reflected by changes in the measured value; resolution, the extent of the smallest change in the true value that can be detected; and consistency, the extent to which repeated measures of the same thing produce the same result.

Validity describes the extent to which a measurement actually measures what you want to measure and provides information that is relevant.  The validity of a measure is influenced by: accuracy, or the extent to which measurement is free from systematic errors; and specificity, the extent to which the measure describes what it is supposed to describe.  The external validity of the measure which refers to the extent to which the measure actually reflects important biological and genetic variation is also important in animal breeding applications.

In the UK the majority of performance recording of sheep is carried out on-farm by breeders, and not in central performance test stations or by highly trained technicians.  Any selection tools therefore need to be easily adopted at a farm level, and suitable for use by individuals with only a short training period, or be timed to co-incide with a visit to the farm by a highly trained technician to record other traits, such as ultrasonic scanning.

In general, the timing of recording needs to coincide with other routine flock management tasks, and be carried out in conjunction with these without imposing excessive extra labour requirements.

So in order for a subjective scoring system to be a useful selection tool it needs to be:

a) reliable i.e. precise, sensitive and repeatable between scorers, flocks and over time

b) valid i.e.  accurate, specific and  reflect real underlying genetic variation between animals

c) simple, easy and quick to use in a farm situation in adverse weather conditions

Finally the measured traits and calculated EBVs must be presented to potential purchasers of breeding stock in a clear and concise format that is easy for them to understand and is consistent with other information that they are presented with.  This may mean that the information is not necessarily presented in the original scale of measurement.

2.2 Factors that effect the reliability and validity of a measurement scale

Both the reliability and validity of a scale can be influenced by the number of points on that scale.  Most obviously, the number of points is positively related to the precision and sensitivity of a scale, however it may be negatively related with the consistency.  The optimum number of categories for a scale will vary according to what it is used to measure and by whom it will be used.    Some research suggests that generally the validity and reliability of a scale increases with the number of categories up to seven, beyond which there is no material increase in reliability (Preston and Colman, 2000). Scales with four or less categories tend to be poor in terms of both validity and reliability.  

A number of studies have shown that although a scale may be designed with a specific number of categories, the frequency within which these occur may be so limited that they do not prove useful.  For example Snowder et al (2001a) describe how milk scores on a five point scale assigned to ewes shortly after lambing, were later grouped into just three categories for analysis because so few young ewes achieved scores of 4 or 5 (abundant milk).  Vangen et al (2005) used a seven point scale for farmers to record various aspects of maternal behaviour in sows.  They found that the distribution of assessments tended to be bi-modal, with very few sows being placed into the intermediate categories.  They noted that in future the assessment would be designed to better reflect this bimodal distribution.

An alternative means of measuring a trait subjectively without having a defined number of categories is a visual analogue scale, commonly used for pain assessment in human medicine.  This uses a straight line of fixed length (usually 100mm) to represent the range of measurement.  Both ends of the line have a verbal description of each extreme of the trait to be evaluated.  The observer is asked to mark the line at a position that represents the observed level for the trait.  By measurement of the distance along the line that has been marked a continuous measurement can be assigned for the trait.  This type of scale has also been investigated for the assessment of lameness in sheep for clinical purposes (Welsh, Gettinby and Nolan, 1993).  They found the repeatability of the method between operators was greatest at the two extremes of the scale, with greatest variability for moderately lame sheep.  The visual analogue scale allowed lameness to be assessed with greater sensitivity than a ordinal numerical rating scale, particularly at the lower end of the scale (less lame).


Figure 2.1  Example of a visual analogue scale used to assess lameness in sheep.  

	Observers were asked to mark the line at the position that represented the severity of lameness . (Welsh, Gettinby and Nolan, 1993)

Sound

Could not be more lame




The precise wording of descriptors of points upon a scale and inclusion of objective criteria can have a marked influence on its’ reliability.  Garner et al (2002) found that adding objective inclusion/exclusion criteria for each category of a largely subjective gait scoring system for poultry, improved both test-re-test reliability with inexperienced scorers and improved the repeatability between different scorers, without increasing the time taken to score birds.  Thomsen, Munksgaard and Tǿgersen (2008) also included objective criteria to improve reliability of a lameness scoring system for use in dairy cattle.  In medicine the Glasgow coma scale is commonly used to assess the state of consciousness in patients with head injuries.  It is operated on a scale of 3 to 15 and each point on the scale is defined carefully by a series of criteria relating to the patients response to specific stimuli (Teasdale and Jennett, 1974).  

The experience of scorers and training before and during the use of a scoring system can improve reliability.   Many authors have observed that reliability increases with experience.  Hearnshaw and Morris (1984)  found poor inter-scorer reliability for a temperament score used in cattle in the first year it was used, but good reliability thereafter.  Main et al (2000)  found excellent agreement (94%)  between two observers experienced at using a lameness scoring system for finishing pigs, but poor agreement between unfamiliar scorers (26 – 53%).  Janssens et al (2004) noted improvements in the consistency of trained assessors of conformation traits in sheep with increasing experience.  The assessors routinely attended regular training sessions and were regularly tested.  A scoring system used for the assessment of gigot conformation in sheep in the UK has been reported to have had poor reliability when used by inexperienced assessors (W Haresign, personal communication).

Martin and Bateson (1998) highlight the common problem of ‘observer drift’.  This describes the phenomenon in which the definitions and criteria of a measurement may drift as observers become more familiar with the use of the measurement scale.  Regular checking of the mean and variance of scores, and training of assessors is important to avoid this problem.  Veerkamp et al (2002) advocated the routine statistical evaluation of assessors within the genetic evaluation system to help avoid this problem in assessment of type in dairy cattle.  Systematic differences between scorers can be accounted for within a genetic evaluation system if the scorer is identified.  However, where possible training should be used to avoid the necessity for this.


In summary, where possible, a reliable and valid scoring system will:

a) consist of more than four points on the scale of measurement

b) have clear, precise definitions for each point on the scale

c) have objective inclusion/exclusion criteria for each point on the scale

d) be used by scorers that have received regular training in use of the scale and whose performance is be regularly assessed

e) identify scorers within the genetic evaluation system

f) have been thoroughly tested for reliability and validity before being used for genetic evaluation.

2.3 The use of scoring systems in livestock improvement


Scoring systems are currently used for a variety of traits in livestock improvement.  The optimum scoring system will be different for different types of traits.

Morphological traits

The use of ordinal scales of measurement to assess type traits in dairy cattle has been long established with the use of linear assessment (Bowden, 1982), and has subsequently been adopted to a more limited extent for beef cattle (ICAR, 2007) and sheep (Janssens et al, 2004).  Linear assessment is a technique which allows a systematic description of an animal’s morphology (ICAR, 2007).  The system most commonly adopted operates on a nine point scale with the two extremes of the scale representing biological extremes and not desirability .  Each trait is assessed at a precisely defined anatomical reference point and each point on the scale is clearly defined to ensure measurement is as objective as possible.  The scale is designed to be applied by a trained operator to maintain consistency of assessment across herds and time.  International standards for the linear assessment of traits in dairy cattle have been published by ICAR (2007).

In the US conformation traits in dairy cattle were traditionally scored against an ideal, as opposed to biological extremes.  Thompson et al (1981) demonstrated how using a scale bounded by biological extremes allowed the measurement of more genetic variation and was therefore preferable for the purposes of genetic evaluation than assessment against an ideal, in which two poorly conformed animals may receive the same rating while being biologically very different from each other.  However, the use a scale defined by biological extremes means that many traits will have an intermediate optimum.  This does not present a problem for breeding value estimation but may present a problem in understanding and evaluating genetic relationships between traits.

Table 2.1 shows an internationally agreed list of conformation/type traits of dairy cattle that are assessed by linear assessment.  Many studies over the years have shown these traits to be heritable and related to production and fertility traits ( e.g. Wall, Coffey and Brotherstone, 2007).

Table 2.1  List of international standard traits measured by linear assessment

	Linear Trait
	Description

	Stature
	Measured at rump (withers for 2nd and later lactations)



	Chest width
	Width of chest between the top of the front legs



	Body depth
	Depth of rear rib



	Angularity
	Openness of rib, depth of rear rib



	Rump Angle
	Hip to pins



	Rump Width
	Pin width



	Rear Legs Set
	Angle-side view



	Rear legs rear view
	Direction of feet when viewed from the rear



	Foot Angle
	Diagonal of foot angle – rear hoof



	Fore Udder Attachment
	Strength of attachment



	Rear Udder Height
	Distance from pins to milk secreting tissue



	Central Ligament
	Depth of ligament at base of udder



	Udder Depth
	The distance from the lowest part of the udder floor to the hock



	Front Teat Placement
	Position of the front tests viewed from the rear

	
	

	Rear Teat Position
	Position of the rear tests



	Teat Position
	Side view (unique to UK)



	Teat length
	Length of the front teat


Source:  Holstein UK (2008), ICAR (2007)

The use of linear assessment in beef cattle breeding is not as firmly established as it is in dairy cattle breeding and a diversity of scoring systems are used.    ICAR (2001) recommend that linear scales should be fixed within age/weight windows but should not be breed specific; and scores should generally not have more than ten increments, although scales may need to be extended to accommodate extreme biological types (such as the muscularity index of the Belgian Blue). 

Muscular development is commonly assessed on a linear scale in beef cattle, although many different scales are used throughout the world.   ICAR (2007) recommend the use of a 9 point scale applied at a number of defined anatomical reference points, with extension to 15 points for extremely muscled breeds.  The direction of the scale in which a low score is assigned to poorly muscled animals and a high score is assigned to highly muscled animals means than such an extension is possible without the use of minus numbers.  The scoring system recommended by ICAR (2007) is based upon that used for linear assessment of dairy cattle.  In the UK, however, beef cattle are generally evaluated on a 1 to 15 scale based on the EUROP carcass classification scale, with 15 being equivalent to a desirable carcass grade of E.  This scale is extended to 17 for the Belgian Blue.  The scores are assessed by a trained technician at the time of ultrasonic scanning.

Udder and teat scoring systems are currently being introduced by the Limousin cattle society in the UK.  These are based on a three point scoring system.

A linear assessment scheme to assess conformation traits in sheep was introduced in Belgium in 1993 (Janssens et al, 2004).  The traits assessed by trained technicians include skin thickness, fatness, tail thickness, tail height, gigot conformation, topline and muscling.  It is based upon a conventional 9 point system, with the ends of the scale corresponding to biological limits.  So, for example the topline assessment ranges from 1 for a sunken back to 9 for a roached back.  For some traits such as gigot conformation half points are permitted.

A number of morphological traits of mule lambs were scored on ordinal scales in the Longwool project as reported by Van Heelsum et al (2006).  The scoring systems used included a mixture of linear assessment style scores for jaw position, tooth angle, tooth length, face colour and face hair in which the extremes of the scale represented biological extremes (e.g. jaw position was measured from -5 representing undershot to +5 representing overshot), and more subjective measures of style, wool and structure assessed on a 10 point scale ranging from 1 for poor to 10 for ideal.  In general the heritabilities of the traits were moderate to high, but the diversity of measurement scales used may make them difficult to incorporate into a genetic evaluation system.

The Australian Wool Innovation Limited and Meat and Livestock Australia have published a booklet defining standardised set of visual assessment traits for sheep that can be used in genetic evaluation programmes (AWI and MLA, 2007).  The 19 traits can be broadly divided into wool quality traits, conformation traits and breech traits.  Most of the traits are scored on a scale of one to five where a score of 1 depicts least expression and a score of 5 depicts most expression (i.e. not necessarily desirability), however conformation traits are scored in such a way that 1 generally represents very good conformation, and 5 represents very poor conformation (which may be for a variety of reasons).  This means that the scores are not linear and this may limit their use for the purposes of genetic evaluation.  A recommended age of assessment is given for each trait, and a clear description of how to score, together with detailed criteria and illustrations for each category is given.  The conformation and morphological breech scores are summarised in Table 2.2.


Table 2.2 Standardised visual conformation and breech scores 

	Score
	Description

	Conformation scores
	

	Jaw
	The soundness of jaw structure, in particular the alignment of the lower jaw (and teeth) relative to the top jaw.  1= very good, 5 =very poor (undershot or overshot)



	Legs/Feet
	The overall soundness of the front and back leg structure.  1= very good, 5 =very poor



	Shoulder/Back
	The soundness of the shoulder blades and their positioning in relation to the neck 1= very good, 5 =very poor



	Face cover
	The degree of wool cover on the face, including the top of head and jowl.



	Body wrinkle
	The degree and quantity of wrinkle on the body.

	Visual breech scores


	

	Breech cover
	The amount of natural bare skin around the perineum and breech area.  Separate scores for lambs and older animals.



	Crutch cover
	The amount of natural bare skin from which wool would normally be removed by the first blow during crutching, in particular the pubic area, groin and inside back legs.



	Breech wrinkle
	The degree of wrinkle at the tail set and down the hind legs. Separate scores for lambs and older animals.


Source: AWI and MLA (2007)

Conington and Murphy (2003) developed simple ten point scales to measure kemp and grey fibre contamination in the fleece of lambs at 5 months of age, and a 3 point subjective assessment of overall quality.  These scores had moderate to high heritability and were good predictors of shorn fleece quality one year later.

Management and functional traits

A number of economically important traits in livestock breeding could be classified as management or functional traits as they relate to the level of stockman input that is required for efficient production and maintenance of the wellbeing of the individual.  An ordinal scale using criteria related to the level of management required to define points on the measurement scale is often used to assess such traits.

Probably the most commonly assessed management trait is the ease or difficulty of birth.  Within beef breeding programmes there is an internationally recommended scale (ICAR, 2007), but precise definitions may vary between recording schemes (see Table 2.3).




Table 2.3  Common scoring systems used for calving ease 

	Score
	EGenes description
	ICAR description

	1
	No assistance
	Easy calving, without assistance

	2
	Easy pull
	Easy calving with some assistance

	3
	Hard pull
	Difficult calving (hard pulling, assistance by 2 or more persons, mechanical assistance)

	4
	Veterinary assistance
	Caesarean section

	5
	Caesarean section
	Embryotomy


Source: Coffey (2007) and ICAR (2007) 

In calving ease scoring systems it is usual for animals requiring no assistance (the desirable norm) to be assigned a low score (0 or 1) and those requiring most assistance to be assigned a high score.  If these scores are then used directly for genetic evaluation, an animal with a low estimated breeding value (EBV) would be more desirable than one with a high EBV.  This can cause confusion because selection for most production traits is for animals with high EBVs.  This problem is generally circumvented by presenting calving ease EBVs in terms of the percentage of unassisted calvings, so a high EBV is associated with desirability.  A threshold model can be used in the genetic evaluation to achieve this (Berger, 1994). 

Texel and Suffolk breeders in the UK use a similar system for scoring lambing ease in sheep (see Table 2.4).

Table 2.4   Lambing assistance scoring system used for Suffolk and Texel sheep in the UK 

	Score
	Description

	0
	Unassisted delivery or easy, uncomplicated delivery. Lambs were presented correctly and little or no effort was required to deliver the lamb. Delivery was quick from when ewe first seen in labour (around 30 minutes or less), or expected to be a quick delivery.

	1
	Unassisted delivery or easy, uncomplicated delivery. Lambs were presented correctly and little or no effort was required to deliver the lamb. Delivery was longer (over 30 minutes), or expected to be of a longer duration. 

	2
	Minor assistance was required. Lamb may be incorrectly presented so assistance required was mainly straightforward correction of presentation before the lamb was delivered with little effort.

	3
	Major assistance required. Lamb is either incorrectly presented and some effort was required to correct presentation and deliver lamb, or lamb was correctly presented and stuck requiring effort to deliver the lamb.

	4
	Veterinary assistance was required. It was not possible to deliver the lamb without veterinary assistance/Caesarean section (or a decision was made to cull the ewe due to a difficult delivery). 


Source:  Cathy Dwyer, Personal communication

A simple recording system to record lambing ease and lamb vigour in commercial and pedigree hill and upland breeding flocks has been advocated by Vipond (2006).  Each trait is recorded on a simple 3 point scale from -1 for undesirable outcomes to +1 to desirable outcomes.  The Hillsborough Management Recording Scheme is a similar scheme implemented in Northern Ireland to help commercial sheep producers select for improved ewe productivity (Speijers, 2007).  Scoring systems for lambing difficulty and lamb vigour (defined by the assistance required to feed) use three or four point subjective scales with each score defined by a simple description. The lowest score on each scale (1) is assigned to the most desirable outcome.  Matheson and Dwyer (2008, personal communication) have also developed a scale of measurement of the newborn lamb’s ability to suck unaided for use in the Suffolk breed.  These three diverse scoring systems are summarised in Table 2.5.  The lack of conformity between these three systems in terms of trait definition and the extent and direction of the scale of measurement illustrates well the need for some common structure for scoring systems to be used in breed improvement programmes.

Table 2.5  Summary of scoring systems used to measure a lambs ability to suck 
	Name of trait 
	Scale 
	Definition of extremes of scale
	Reference

	Lamb vigour
	3 points
	1 = up and sucks
	3 = help to suck
	Speijers (2007)



	Lamb vigour
	3 points
	-1 = has to be sucked
	+1 = up and sucked
	Vipond (2006)



	Sucking ability
	5 points
	0 = Lamb sucking well unaided within 1 hour. Lamb always appears full when checked and no time is required to help the lamb suck from the ewe.
	4 = Lamb given sucking assistance / tubed for more than three days
	Matheson and Dwyer(2008)


Snowder et al (2001a and b) investigated the use of subjective milk scores that were already routinely collected on ewes as a management tool, as a selection criterion to improve lamb survival and weaning weight.  The milk score was subjectively assigned by a scorer after milking the teats and palpating the udder shortly after lambing , and noting the fill of the new born lambs.  A range of 0 to 5 was used with 0 indicating a dry or small udder and 5 indicating a healthy udder producing abundant milk.  These scores were subsequently converted to three classes (low, average and high) for analysis to overcome problems with different distributions across ewe age classes.  For yearling ewes milk score was generally characterised as ‘low’, with a more even distribution of milk scores in older age groups.  The subjective score was a good predictor of the ewe’s  ability to rear lambs successfully, and had moderate repeatability (0.23 to 0.28) and heritability (ranging from 0.18 to 0.32).  More variable estimates of heritability and positive genetic correlations of milk score and litter weight at weaning were found by Sawalha et al (2005).

Locomotion scores based on a 1 to 9 scale are used as part of the standard set of traits used to assess dairy cattle.  The individual points on the scale are defined in terms of the use of legs and feet, and length and direction of the step.  Similar scales have been developed for use in finishing pigs (Main et al , 2000), poultry (Garner et al, 2002) and sheep (Welsh, Gettinby and Nolan, 1993).  The primary reason for the development of these scales has generally been clinical assessment of lameness rather than genetic evaluation.

SAC are currently working on a project in which a hoof scoring system (Table 2.6) is developed that is suitable for use in a genetic improvement programme to breed for resistance to footrot.  They have found it to be a repeatable and reliable method to differentiate clinical footrot lesions using trained assessors.  Two scorers agreed in their scores over 4 hooves 71 % of the time (Conington et al, 2008).

Table 2.6   Footrot scoring system  

	Score
	Description

	0
	No footrot (normal foot)

	1
	Mild inter-digital dermatitis (‘scald’) with some loss of hair, slight to moderate inflammation confined to inter-digital skin and may involve erosion of epithelium

	2
	More extensive inter-digital dermatitis and necrotising inflammation of inter-digital skin

	3
	Severe inter-digital dermatitis and under-running of the horn of the heel and sole to 1cm 

	4
	Severe inter-digital dermatitis and under-running of the horn of the heel and extending >1cm towards the walls of the hoof


Source:  Conington et al (2008)

The use of dag scoring in sheep to quantify faecal soiling has been used as an important on-farm indicator of resilience to parasites  (Bisset and Morris, 1996, Bisset et al, 2001).  A five point scale, from one or zero for clean to four or five for extensively daggy has been used to assess the quantity of faecal material adhering to the wool surrounding the breech and extending down the hind legs.  Each point on the score is clearly defined and illustrated by a picture (see Figure 2.2).  A similar scoring system is advocated by the Australian Wool Innovation Limited and Meat and Livestock Australia (2007).   Roden and Hiam (2004) showed that dag score had a moderate to high heritability in the UK Suffolk population.


Figure 2.2 Dag Score Reference Guide
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Behavioural traits

A number of behavioural traits are important in livestock production systems as they can influence the labour input required to safely handle animals, and the health and wellbeing of individual animals managed within a particular management system.  Many behavioural parameters are difficult and time consuming to measure, but ordinal scales with points carefully defined in terms of objective criteria offer one means of measurement that makes genetic evaluation possible. 

An example of the scoring system used for docility in beef cattle is given in Table 2.7.  This system is used for the evaluation of cattle in Australia, and is currently being introduced in The Limousin breed in the UK (British Limousin Cattle Society, 2007).  It is recommended that animals are scored soon after weaning, to minimise variation in handling prior to scoring.  The animals are placed in a race and individually held in a crush for about 30 seconds.  Their behaviour is observed and they are scored according to the carefully described criteria for each category.  Scorers can assign half scores.  


Table 2.7 Example of a scoring system for docility in beef cattle.

	Score
	Description

	1
	Mild disposition, gentle and easily handled, stands and moves slowly during handling, undisturbed, settled, somewhat dull, does not pull on headgate when in crush, exits crush calmly.

	2
	Quieter than average but slightly restless, may be stubborn during handling, may try to back out of crush, pulls back on headgate, some flicking if tail, exits crush promptly.

	3
	Manageable but nervous and impatient, a moderate amount of struggling, movement and tail flicking, repeated pushing and pulling on headgate, exits crush briskly.

	4
	Jumpy and out of control, quivers and struggles violently, may bellow and froth at mouth, continuous tail flicking, defecates and urinates during handling, Frantically runs fenceline and may jump when penned individually, exhibits long flight distance and exits crush wildly.

	5
	May be similar to score 4 but with added aggressive behaviour, fearful, extreme agitation, continuous movement which may include jumping and bellowing while in crush, exits crush frantically and may exhibit attack behaviour when handled alone.


Source Breedplan (2008).

Docility EBVs are expressed as differences in the percentage of progeny that will be scored with acceptable temperament (score 1 or 2 on the scale), so high positive EBVs are more favourable.

A complex method of calculating a docility score based on the occurrence of specific behaviour of animals in a standard test situation has been described by Le Neindre et al (1995).  This system, although providing moderately heritable (0.22) docility scores, would be more difficult to implement in an on-farm situation than the crush test recommended by Breedplan.

The Suffolk Sheep Society have introduced a scoring system for lamb vigour (Table 2.8) and sucking ability based on a 5 point scale.  Each point of the scale is carefully defined in terms of objective criteria (e.g. observation of a precisely defined behavioural event and time of measurement), and has been developed from detailed studies of lambing and neonatal behaviour (Dwyer et al, 1996; Dwyer, 2003).  A zero score on each scale represents the desirable norm. The lamb vigour scoring system is shown in Table 2.8.


Table 2.8  Suffolk Sheep Society scoring system for lamb vigour

	Score
	Description

	0
	Extremely active and vigorous lamb. Lamb has stood at some point

	1
	Very active and vigorous lamb. Holding head up

	2
	Active

	3
	Weak lamb. Still lying fairly flat although able to hold up head. Not yet trying to raise chest from the ground by pushing up onto knees

	4
	Very weak lamb. Not yet raised head


Source: Matheson and Dwyer (2008).

Maternal behaviour of the ewe is an important trait related to the survival and wellbeing of the lamb.  O’Connor et  al (1985) measured maternal behaviour score on a 5-point scale based on the response of the ewe to tagging and handling of her lamb(s) by the shepherd.  Each point on the scale was defined in terms of the distance the ewe retreats initially and how closely she then returned and stayed to the shepherd and lamb.  A score of 1 was assigned to ewes that moved a long distance and didn’t return, and a score of 5 was assigned to a ewe that remained close.  Ewes with a maternal behaviour score (MBS) of 1 weaned a significantly lower proportion of their lambs, than ewes with a higher MBS.  Similarly lamb weaning weight also increased by 5% from MBS 1 to 5.  Subsequent studies have shown that lambs of ewes with high MBS scores locate the udder more quickly than those with low scoring mothers (Parker and NIcol, 1993).  In her later study O’Connor (1996) modified the maternal behaviour score by including a sixth point defined by the ewe staying in physical contact with the lamb.  Again she found that MBS had a positive relationship with lamb growth.  Lambe et al (2001)  found a low heritability of 0.13 and a moderate repeatability of 0.34 in maternal behaviour score in Scottish Blackface sheep.  They found a positive genetic correlation of maternal behaviour score with average lamb marking weight and weaning weight.

Snowder, Stellflug and Van Vleck (2002)  studied the genetic variation in ram sexual performance scores.  The scores were based on a test which recorded the number of mounts and ejaculations a ram made when exposed to thee induced-œstral ewes for 30 minutes.  The score for sexual performance ranged from 1 to 6, with scores increasing from sexually inactive (1) to highly sexually active in the test (6).  The heritability of the score was moderate (0.22) and the repeatability of a ram’s score across time was high (0.72), in contrast to previous studies that reported moderate repeatabilities.

2.4 Summary of scoring systems used in sheep improvement

Various scoring systems described above have been developed for use in sheep breeding programmes, these are summarised in Table 2.9.  

Table 2.9  Summary of scoring systems used in sheep improvement

	Trait
	Points
	High score means:
	Linear
	Objective criteria
	Training/

experience required
	Repeatability
	Heritability
	Reference

	Morphological traits
	
	
	
	
	
	
	

	Conformation (various)
	  9
	extreme
	(
	(
	((
	(
	?
	Janssens et al (2004)

	Jaw position
	10
	extreme
	(
	(
	((
	?
	low-moderate
	Van Heelsum et al (2006)

	Tooth angle
	  6
	extreme
	(
	(
	((
	?
	low-moderate
	Van Heelsum et al (2006)

	Tooth length
	  6
	extreme
	(
	(
	((
	?
	low-moderate
	Van Heelsum et al (2006)

	Face colour
	  6
	extreme
	(
	(
	((
	?
	moderate-high
	Van Heelsum et al (2006)

	Face hair
	  5
	extreme
	(
	(
	((
	?
	moderate-high
	Van Heelsum et al (2006)

	Style
	10
	ideal
	(
	(
	((
	?
	moderate
	Van Heelsum et al (2006)

	Wool
	10
	ideal
	(
	(
	((
	?
	moderate
	Van Heelsum et al (2006)

	Structure
	10
	ideal
	(
	(
	((
	?
	moderate
	Van Heelsum et al (2006)

	Gigot conformation
	  6
	good
	(
	(
	((
	poor
	moderate
	Van Heelsum et al (2006) + Haresign (pers comm)

	Jaw
	  5
	ideal
	(
	(
	(
	?
	?
	AWI and MLA (2007)

	Legs/Feet
	  5
	ideal
	(
	(
	(
	?
	?
	AWI and MLA (2007)

	Shoulder/Back
	  5
	ideal
	(
	(
	(
	?
	?
	AWI and MLA (2007)

	Face cover
	  5
	extreme
	(
	(
	(
	?
	?
	AWI and MLA (2007)





	Trait
	Points
	High score means:
	Linear
	Objective criteria
	Training/

experience required
	Repeatability
	Heritability
	Reference

	Morphological traits (continued)

	Body wrinkle
	  5
	extreme
	(
	(
	(
	?
	?
	AWI and MLA (2007)

	Breech cover
	  5
	extreme
	(
	(
	(
	?
	?
	AWI and MLA (2007)

	Crutch cover
	  5
	extreme
	(
	(
	(
	?
	?
	AWI and MLA (2007)

	Breech wrinkle
	  5
	extreme 
	(
	(
	(
	?
	?
	AWI and MLA (2007)

	Functional traits
	
	
	
	
	
	
	
	

	Lambing ease
	  5
	poor
	(
	(
	(
	?
	?
	Dwyer (pers comm)

	Lamb vigour
	  3
	poor
	(
	(
	(
	?
	?
	Speijers (2007)

	Lamb vigour
	  3
	good
	(
	(
	(
	?
	?
	Vipond (2006)

	Sucking ability
	  5
	poor
	(
	((
	(
	?
	?
	Matheson and Dwyer(2008)

	Milk 
	5 (3)
	good
	(
	(
	(
	moderate
	moderate
	Snowder et al (2001a and b)

	Footrot
	  5
	poor
	(
	((
	((
	moderate - high
	?
	Conington et al (2008)

	Dag score
	  5
	poor
	(
	(
	(
	?
	moderate
	Roden and Hiam (2004)

	Behavioural traits

	Lamb vigour
	  5
	poor
	(
	((
	(
	?
	?
	Matheson and Dwyer(2008)

	Maternal behaviour
	  6
	good
	(
	((
	(
	moderate
	low
	O’Connor (1985, 1996), Lambe et al (2001)

	Ram sexual performance
	  6
	good
	(
	((
	((
	high
	?
	Snowder, Stellflug and Van Vleck (2002)


The number of points on the scale depends greatly on the trait being assessed and the confidence the developers have that scorers can discriminate between categories.  The distribution of individuals falling into different categories should be considered when developing a scale and if necessary the number of categories increased (e.g. O’Connor’s maternal behaviour score) or decreased (e.g. Snowder’s milk score).  Consistency in the number of points between scales being used at the same time (e.g. lambing) is desirable to avoid confusion.  It is possible that not all points on a scale are represented in all populations, nevertheless the benefits of having a scoring system common to diverse populations probably outweighs the problems that this may cause in analysis.  Most of the scoring systems currently used have a scale of between 5 and 10 points which is considered to allow sufficient discrimination and precision to give reliability and validity to the scale.  Two of the lamb vigour scoring systems are based on a three point scale that may make them easier to use but also may limit their usefulness for the purposes of breeding value estimation.  

Some of the scoring systems are not linear and this may limit their usefulness in genetic evaluation as it is difficult to accurately evaluate their relationship with other more linear traits.  

The clarity of definition of points on the scale and use of objective criteria differs considerably between the different scoring systems.  A number of scoring systems (e.g. dag scoring and the AWI and MLA scores) use a pictorial representation to help define the categories and this can be extremely useful where appropriate.  For scoring systems with low repeatability (e.g. the gigot conformation score used in the Longwool project) more precise definitions and identification of objective inclusion criteria may make them more useful.  A number of more recently developed scores (e.g.  the Matheson and Dwyer lamb vigour score and SAC footrot score) use objective criteria to very precisely define categories, and these scores would be expected to have a high repeatability over scorers and over time.

A number of the scoring systems require considerable training and experience before scorers can use them consistently.  With some traits, this may be unavoidable, but generally this training requirement could be reduced by greater use of objective criteria.  Scoring systems that require highly skilled operators are likely to be less widely adopted within the sheep industry than ones that are reliable when used by individual breeders without specialist training.

The definition of the end points of the scoring systems used is extremely diverse.  To some extent this is a function of the definition of the trait (e.g. lambing ease v lambing assistance).  However, scoring systems that are counter-intuitive in direction or that vary in direction can cause confusion among scorers and make the presentation of estimated breeding value data more difficult.  Intuitively breeders expect the best sheep to have the highest scores.  The chosen direction of a scale can also have consequences for its future development, as it may limit the addition of new categories as the level of performance in the population is improved. For example, extension of the muscling score in beef cattle to include extreme phenotypes is possible because they can be added to the top of the scale, similarly a sixth point was added to the maternal behaviour score to discriminate between ewes that stayed close to their lambs and those that actually stayed in contact with their lambs.


Although the reliability and validity of the scores developed and used in the sheep industry has probably been evaluated this process is rarely reported.  A scoring system is only useful if it both reliable and valid, and this should be assessed and reported before a system is widely adopted for genetic evaluation.


3.  Scoring systems for the measurement of lamb vigour

3.1 Background

Lamb ‘vigour’ is an important trait in sheep production particularly in less labour intensive and extensive systems.  Lamb losses in the neonatal period are a source of considerable financial loss to the sheep industry, and the lambing period requires intensive labour input in order to minimise such losses.  Lamb vigour is a difficult trait to define and even more so to quantify.  For the purposes of this analysis it will be defined as the lamb’s ability to perform the behaviours required to survive the neonatal period without human intervention.

A number of studies have shown that neonatal lamb survival and subsequent growth rate is greater in lambs that are more active and that stand and suck shortly after birth (Dwyer, 2003; Owens et al, 1985; Nowak and Poindron, 2006; Dwyer, Lawrence and Bishop, 2001), This effect can be attributed to a number of factors including maintenance of body temperature, immunological and nutritional benefits of early colostrum intake and improved bonding with the ewe.  It is vital that the lamb follows the ewe when she leaves the birth site; this usually occurs within six hours of birth (Nowak and Poindron, 2006).  The success of the lamb’s first sucking bouts influence it’s ability to recognise its dam within the first 24 hours of life and this is directly related to its ability to survive (Nowak, 1996), This bond is also facilitated by the quantity of fluid ingested. Nowak and Poindron (2006) also suggest that a lamb’s vocal activity after birth correlates with the ability to form a bond with the dam.  

If we want an assessment of lamb vigour it is important to identify specific behavioural events that can be objectively measured, and that are related to the lamb’s ability to survive and thrive.  Perhaps the most easily identifiable behavioural events that are intuitively linked to lamb survival are standing and successfully sucking.  Owens et al (1985) found a positive relationship between the time taken to first attempt to stand, to successfully stand and starting to seek the udder with lamb survival in Booroola Merinos.  Dwyer, Lawrence and Bishop (2001) found that lambs that died within the first three days after birth had taken significantly longer to shake their head and to stand than lambs that survived.  Lambs that died within the first week after birth had taken significantly longer to successfully suck than lambs that survived.  Dwyer and Morgan (2006) found that Scottish Blackface lambs that took more than one hour to stand after birth had a significantly lower rectal temperature 24 hours after birth compared to lambs that stood within 30 minutes.  There was a similar difference in rectal temperature between lambs that took more than two hours to successfully suckle and those that suckled within one hour.  Parker and Nicol (1993) found a negative relationship between the time taken by a lamb to locate it’s dam’s udder and it’s serum IgG concentration in the first 24 hours after birth, suggesting that lambs finding the udder quickly achieved a higher colostrum intake.

Everett-Hinks et al (2007) showed that the time taken by lambs to stand and suck shortly after tagging (at about 8 hours after birth), is also significantly related to the lambs chance of survival to weaning.  This may be an easier time to observe behaviour in more extensively farmed sheep, but it is not known if it is correlated with the lamb’s ability to stand and suckle immediately after birth.

Dwyer (2003) investigated the factors that may influence behavioural development in the neonatal lamb.  It is important to understand these factors in order that they can be identified and adjusted for in any genetic evaluation of lamb vigour.   She found birth difficulty was one of the most important factors making lambs slower to perform behaviours.  In addition ewes that lost body condition over pregnancy tended to give birth to lambs that were less active in the neonatal period.  This effect appeared to be independent of any effect loss of ewe body condition had on lamb birth weight.  Ewe parity and litter size also influenced lamb activity with lambs born to primiparous ewes, and those born as triplets being less active in the first three days of life.  Low birth weight lambs tended to be less active than higher birth weight lambs, although this effect was more marked in the Suffolk breed compared to the Blackface.

Although time to taken to stand and time taken to suckle after birth appear to be good indicators of a lamb’s vigour, these are difficult parameters to measure in a field situation, as this would require constant monitoring of a lamb’s behaviour for an extended period following birth.  This is not a practical proposition in most breeding flocks.  However, these traits could be used as objective inclusion criteria within a scoring system designed to measure lamb vigour.

3.2 Critical analysis of current scoring systems for lamb vigour 

There are two types of scoring system for lamb vigour currently being used.  One type is designed for use in a closely monitored indoor lambing situation, and the other type is designed for use in an extensive situation.

Cathy Dwyer and Stephanie Matheson (SAC) have developed lamb vigour and lamb sucking assistance scoring systems for use by members of the Suffolk Sheep Society, this is shown below:

	1. Lamb Vigour Score

Each lamb should be scored for activity and vigour at 5 minutes after birth. If you would normally give supplementary colostrum by stomach tube at birth of all lambs then scores should be taken BEFORE colostrum is given. Score each lamb as follows:

0. Extremely active and vigorous lamb. Lamb has stood at some point, or is standing. May be moving towards ewe and trying to find udder.

1. Very active and vigorous lamb. Holding head up, and on knees, trying to stand up (e.g. balanced on knees and back legs).

2. Active, vigorous lamb. Holding head up, rolled onto chest with knees underneath, maybe pushing up onto knees but not yet trying to stand.

3. Weak lamb. Still lying fairly flat although able to hold up head. Not yet trying to raise chest from the ground by pushing up onto knees,

4. Very weak lamb. Not yet raised head, may be having difficulty breathing, either no movements or only weak and uncoordinated movements (e.g. paddling).







	2.         Sucking Assistance Score 

Each lamb should be given a score for how much assistance was required for the lamb to suck from the ewe. A score of 0 is given if the lamb is sucking well without supplementary colostrum. If you routinely give supplementary colostrum to all lambs at birth please answer YES on the TUBED column on the score sheet, then score for any ADDITIONAL assistance that you need to give to that lamb. Lambs are scored as follows:

0. Lamb sucking well unaided within 1 hour. Lamb always appears full when checked and no time is required to help the lamb suck from the ewe.

1. Lamb sucking well unaided within 2 hours. Lamb always appears full when checked and no time is required to help the lamb suck from the ewe.

2. Lamb given sucking assistance from the ewe / tubed (no more than 2 occasions) in the first 24 hours of life.

3. Lamb given sucking assistance / tubed more than twice, and for more than 24 hours, but less than three days.

4. Lamb given sucking assistance / tubed for more than three days.  




In this system lamb ‘vigour’ relates to the ability to stand and sucking ability is treated as a separate trait.  This makes it easier to clearly define the behavioural traits and means they can be treated independently, which may be expected to result in the expression of more genetic variation than if the behaviours were combined into one scoring system.  However, it does complicate the recording procedure, and ultimately it is the combination of the two traits that appears to result in the desired end result (a thriving lamb).

The use of objective criteria to define the points on each scale should mean that both scoring systems would achieve good reliability in terms of repeatability both between operators and over time.  However, this should be evaluated.

Both scoring systems use a five point scale, which is likely to give adequate discrimination and statistical validity for genetic evaluation.  The scoring systems could, however, be described as ‘upside down’, as high scoring lambs are those that have lowest vigour.  This is not unusual in scores used for genetic evaluation and problems in presentation may be overcome by presenting estimated breeding values (EBVs) in terms of, for example, ‘percentage of progeny showing poor vigour’.  Users of the scale at recording time may, however, find the direction counterintuitive, and this may reduce the reliability of the scale for new users.

The scale is designed for use in a closely monitored indoor lambing environment in which every birth is observed.  The vigour score is less suitable for use in a more ‘commercial’ or outdoor lambing environment when there may be periods of the day or night during which ewes are not individually monitored.

The second type of scoring system for lamb vigour has been designed to be used for ewe selection within an extensive production system and not specifically for genetic evaluation.  The three point lamb vigour scores promoted by Vipond (2006) and Speijers (2007) use subjective judgements of the lambs ability to suck to assess lamb vigour (see below).  

Lamb vigour score (Speijers, 2007)

1
Up and sucks

2
Slow to suck

3
Help to suck

Lamb vigour score (Vipond, 2006)

- 1
Has to be sucked

   0
Slow to suck

+1
Up and sucked

These scales are less suitable for use in genetic evaluation programmes than the more detailed system of Dwyer and Matheson because they have a limited scale of measurement (only three points), do not include objective criteria and only include the lamb’s ability to suck unaided as a criteria, not the time taken to.  They do not, however, depend on the observation of the birth process and would be easier to use in an outdoor lambing situation.

3.3 Evaluation of the Suffolk Sheep Society lamb vigour scoring system

Scoring systems closely based on those developed by Dwyer and Matheson were used to record lamb vigour traits in a flock of 350 Welsh mule ewes in lamb to Suffolk sires as part of another research project at the Institute of Rural Sciences, Aberystwyth University, in February 2008.

The objective of the evaluation was to assess the ease with which lambs could be scored by operators not familiar with the scores prior to the start of lambing and the level of variation that would be observed within a commercial flock.

The Welsh Mule ewes used in the trial had been artificially inseminated with Suffolk semen and were programmed to lamb in two batches of approximately 175 in two successive weeks.  The lambing percentage was 194%.  24 hour coverage of lambing was provided by technicians dedicated to recording, one of whom was very familiar with the scoring systems, and two of whom had never seen it prior to lambing.  The scoring systems used were:




	Lamb Vigour (recorded 10 minutes after birth, before moving to mothering up pen):

0

Extremely active and vigorous lamb, has been or is standing on all 4 feet

1

Very active and vigorous lamb, standing on back legs and on knees

2

Active and vigorous lamb, on chest and holding head up

3

Weak lamb, lying flat, able to hold head up

4

Very weak lamb, unable to lift head, little movement




	Sucking assistance score (n.b. lambs should not be tubed routinely but only on the on the basis of need).  This should be recorded after moving to mothering up pen.

0

Lamb sucking well without assistance within 1 hour
1

Lamb sucking well without assistance within 2 hours
2

Lamb given sucking assistance / tubed once in first 24 hours after birth

3

Lamb given sucking assistance, tubed twice or more, needing help after 1 day old, but able to suck by 3 days old 

4

Lamb still needing help to suck when more than 3 days old




The lamb vigour score differed from that used for recording within the Suffolk Sheep Society in that it was recorded 10 minutes after birth rather than 5 minutes.  This modification was made in an attempt to ease recording pressure when the lambing shed was very busy.  The precise definition of points within the sucking assistance score were also changed slightly to more closely reflect the shepherding practice routinely used within the flock (i.e. lambs would only ever be tubed on the basis of need, and not routinely).

All operators reported that the scores were easy and convenient to use (irrespective of their level of prior experience).  The use of objective criteria to define points on the scale was noted as being helpful.   It was suggested that scoring lamb vigour at 5 minutes after birth (as in the Suffolk Sheep Society protocol) would have been more convenient for the recorders.  Unfortunately due to the intensity of lambing it was not possible to identify and compare individual recorders. Figure 3.1 shows the distribution of scores given day by day over the main lambing period.  There does not appear to be a change in the distribution of scores as the operators become more experienced in their use.  Studies of other scoring systems have suggested that inexperienced scorers are less likely to use intermediate values on a scale (e.g. Vangen et al, 2005).  This does not appear to be the case in this study.  


Figure 3.1.  Distribution of scores assigned day by day over the main lambing period.
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b) Sucking assistance score
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Of 692 births, 570 (82%) were actually observed.  Vigour scores were assigned to all those at which the birth was observed, and sucking assistance scores were assigned to 500 lambs.  Only scores 0, 1 and 2 of the sucking assistance scale were recorded.  Any lambs that needed prolonged assistance with feeding were removed from their dams and recorded as ‘pets’, but none of these individuals have been assigned a sucking assistance score.  It appears that if a sucking assistance score could not be assigned close to lambing (i.e. the lamb was successfully sucking within 24 hours), it was not recorded, demonstrating the importance of timing in assigning scores. 

The distribution of scores is shown in Figure 3.2.

Figure 3.2.  Distribution of scores
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[image: image5.emf]0

50

100

150

200

250

300

0 1 2 3 4

Vigour score

Number of lambs


b) Sucking assistance score [image: image6.emf]0
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The distribution of vigour scores shows that all 5 points on the scale were used with the highest number of lambs being assigned a score of 2 (active and vigorous lamb, on chest and holding head up).  The distribution was skewed with very few lambs being assigned a score of 3 or 4.  Scoring this trait at 5 minutes as recommended in the Suffolk Sheep Society protocol instead of at 10 minutes as done here, may have resulted in more individuals being assigned a score of 3 or 4, but also even more being scored as 2 and less being scored as 0 or 1.  There is scope for reviewing the optimum time at which this score should be taken.  

The distribution of the sucking assistance score was even more skewed than the vigour score with the majority of lambs sucking unassisted within 1 hour after lambing.  There may be scope for increasing the number of categories at the lower end of this scale to make it more discriminating, however, increasing the number of time intervals at which the lambs must be observed would significantly increase the labour required to use this scoring system and may reduce the accuracy.

 It was noted that concise presentation of the results of the trial to farmers was made difficult by the counterintuitive direction of the scales.  However, the operators of the scales reported no difficulty with their direction.

Conclusions and Recommendations

· Both scoring systems were considered easy to use by inexperienced operators and scores were recorded on the vast majority of lambs.

· The repeatability of the scoring systems across operators and time need to be evaluated.

· 82% of all lambs were recorded for lamb vigour, but this was achieved with levels of labour input that would not be commercially viable in most breeding flocks. 

· All five points on the lamb vigour score were used.  There is scope to investigate the optimum time to score this trait to achieve a more normal distribution.

· Only three of the five possible points on the sucking assistance score were used, with lambs requiring continued feeding assistance not being recorded.  The prolonged time scale over which this trait was recorded made it more difficult to record accurately.

· Refinement of the time intervals used to define scores at the bottom end of the scale may result in a more normal distribution of scores.

· The direction of the scales could be easily reversed so that vigorous lambs achieved higher scores, making them easier to present to inexperienced users.


3.4 Development of an optimum scoring system for lamb vigour suitable for use in a more extensive flock.

The scoring systems for lamb vigour developed by Dwyer and Matheson for use in Suffolk flocks have been shown to be practical in an intensively monitored flock, however, it is not suited to use in a flock that does not have 24 hour supervision or is lambed outside.  Members of the Sheep Improvement Group (SIG) are committed to breeding sheep suited to less intensive production environments and thus require a lamb vigour scoring system suited to these systems.

The objective of this part of the study was to develop an optimum scoring system for this purpose and to assess its ease of use and statistical properties in the field.

It was intended that the scoring system should:

· Encompass all aspects of lamb vigour related to its ability to survive and thrive

· Consist of at least four points, to achieve reliability and validity

· Have clear precise definitions of each point of the scale

· Use objective criteria to define points on the scale wherever possible

· Be intuitive in direction –  i.e. high score means better vigour

· Be simple enough to use without prior training

· Be practical to use without 24 hour supervision and recording

To achieve these aims the following scoring system designed to assess lambs at 4 to 6 hours of age was devised:

	Score
	Definition



	1
	Very weak lamb, unable to stand unassisted.



	2
	Lamb is able to stand, but is not attempting to suck.



	3
	The lamb will suck, but only weakly and would require some artificial feeding/help even if adequate milk was available from the ewe.



	4
	The lamb is up and adequately fed - no requirement for further help (unless artificial feeding is required due to a problem with the ewe).



	5
	The lamb is full, following the ewe and bouncing.




Score 5 was included in an attempt to identify lambs that were extremely vigorous and well bonded to the ewe.

Breeders were provided with the following decision chart (Figure 3.3) to help assign scores to lambs:


Figure 3.3.  Decision chart for lamb vigour scores

 SHAPE  \* MERGEFORMAT 



In addition to the lamb vigour score, a lambing assistance scoring system and a ewe colostrum scoring system were provided.  The lambing assistance score was based on the system used commonly in beef cattle and adopted by the Suffolk Sheep Society.  Objective inclusion criteria were included in terms of the time required to deliver a lamb and the direction of the score was reversed to be compatible with the vigour score.  


Lambing Assistance Score

	Score
	Definition



	1

2


	Veterinary assistance was required. Not possible to deliver the lamb without veterinary assistance/Caesarean section. 

Major assistance required. Lamb either incorrectly presented and some effort required to correct presentation and deliver lamb, or lamb correctly presented and stuck requiring effort to deliver the lamb. 15 - 20 minutes work



	3
	Significant assistance required. Lamb either incorrectly presented and some effort required to correct presentation and deliver lamb, or lamb correctly presented and stuck requiring effort to deliver the lamb. 5 - 10 minutes work



	4
	Minor assistance required. Lamb incorrectly presented so straightforward correction of presentation required before the lamb was delivered with little effort. 2 -3 minutes work.



	5
	Unassisted delivery (or assisted delivery purely for the shepherd’s convenience!)




The colostrum score was based largely on subjective criteria and was based on the score used by Snowder et al (2001 a and b).  It was designed to be assessed  within 6 hours of lambing by palpating the udder, milking the teats and noting the fill of the lambs.

Colostrum score

	Score
	Definition



	1
	Dry or small udder with little or no colostrum 



	2
	Insufficient colostrum to rear twins – they will need supplementing



	3
	Adequate colostrum for twins



	4
	More than enough colostrum for twins




The scores were recorded on 390 ewes in one flock made up of a number of different breeds (Suffolk, Texel, Friesland, Easicare and Crossbred).  The ewes were lambed inside.  The Friesland and Easicare ewes that were recorded were a sub-section of the flock lambed inside to ease management while the majority of their contemporaries were lambed outside.  The Frieslands recorded were virtually all singles or triplets plus a few ewes expected to have problems.  The recorded Easicare ewes were all twins.   The ewes varied in age from hogs (1 year) to mature ewes.  Only hogs carrying twins were recorded.  Recording was carried out by a number of different people, all of whom had no prior experience of using these scoring systems.

Results and Discussion

Lambing assistance score

The lambing assistance score was assigned to a litter and not to an individual lamb as originally intended.  The distribution of lambing assistance scores is shown in Figure 3.4.  All 5 scores were represented, 68% were assigned a score of 5.

Figure 3.4  Distribution of lambing assistance scores
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The distribution of lambing assistance scores in the different breeds of ewe is shown in Figure 3.5.  Once again the scoring system shows differences in lambing ease between breeds that are as expected.  Very few Easicare, Friesland and Crossbred sheep required assistance compared to Texels and Suffolks, of which 20 – 30% required significant or major assistance (score 3 or 2).  The effect of ewe age on lambing assistance score is shown in Figure 3.6.


Figure 3.5 Effect of breed on distribution of lambing assistance score
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Figure 3.6 Effect of ewe age on distribution of lambing assistance score
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Lamb vigour score

As with lambing assistance, this was recorded on entire litters, not on individual lambs as intended, illustrating one of the difficulties of recording individual data at a busy time such as lambing.  While not providing data ideal for the genetic evaluation of individual lambs, data recorded in this way still provides useful information, and would allow evaluation of maternal effects on lamb vigour.  

The distribution of lamb/litter vigour scores is shown in Figure 3.7.  This shows a good spread over all 5 scores but a skewed distribution with 70% of litters scoring 4 or 5 and only 2% scoring 1.   The distribution of scores suggests that the scale is sufficiently discriminating to allow selection.  The proportion of litters scored as 5 suggests that scorers are able to distinguish between adequately and extremely vigorous lambs despite this being a largely subjective judgement.  The consistency of this judgement between scorers needs to be evaluated.

Figure 3.8 shows the variation between breeds in the distribution of vigour scores.  There was considerable variation with only 14% of crossbred ewes and 50% of Suffolk ewes producing a litter with a vigour score of less than 4,   The ability of the scoring system to highlight differences between the breeds in this way is encouraging, and suggests that there is genetic basis to the differences observed.  Even in the breed with greatest vigour at least 3 vigour scores were represented.

All litter vigour score categories were represented in the litters of each age group of ewes (see Figure 3.9).  Ewes of intermediate ages (3 and 4) had fewest poor vigour lambs.

Figure 3.7 Distribution of litter vigour scores
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Figure 3.8 Effect of breed on distribution of litter vigour score
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Figure 3.9 Effect of ewe age on distribution of litter vigour score
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Ewe colostrum score

Ewe colostrum scores were across all four points of the measurement scale (see Figure 3.9).  One score of five was recorded.  This may reflect some confusion caused by this measurement scale only having 4 points when the other two scales used had 5 points.  In addition half point scores were assigned on 3 occasions indicating the scorer found it difficult to decide between scores.  This problem may have been avoided if more objective criteria had been used to define each point on the scale.

Differences between breeds, shown in Figure 3.10, were as expected, with the Friesland ewes achieving high scores.


Figure 3.9 Distribution of ewe colostrum scores

[image: image14.emf]0

50

100

150

200

1 2 3 4

Ewe colustrum score

Number of ewes


Figure 3.10 Effect of breed on distribution of ewe colostrum score
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Figure 3.11 shows the distribution of colostrum scores in each age group of ewes.  No hogs (1 year old) were assigned the best score of 4, nevertheless the change in distribution of scores is as expected with an increasing number of ewes achieving the top score in older age groups.  A similar pattern of scores was found by Snowder et al (2001), and was used as an argument to re-categorize the scores form five to three.  However, as long as the effect of ewe age is included in any analysis of the scores this change in distribution, which makes biological sense, should not cause a problem for breeding value estimation.  Possibly an inclusion of a fifth category falling between score 2 and 3 might improve the distribution of scores, however, this would need to be carefully defined.

Figure 3.11 Effect of ewe age on distribution of ewe colostrum score
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Overall the three scoring systems appeared to work well in terms of discriminating between individuals and resulting in a statistically sound distribution across a variety of diverse breeds and a range of ewe age groups.  Breed and age differences in the distribution of scores are consistent with previous research findings and experience.   

The lamb vigour and lambing assistance scores were assigned to litters and not to individuals as was intended.  This would limit their use as a tool for genetic evaluation of lambs.  The difficulties associated with assigning scores to individuals need to be identified and modifications to the recording protocol made to allow breeders to get maximum benefit from using these scoring systems.

The ewe colostrum score was essentially subjective, and this appeared to result in some ambiguities over which score to assign.  Identification of some appropriate objective inclusion criteria to help define each point on the scale would help to overcome this and should improve the validity and reliability of this score.  If appropriate objective criteria can be identified, it may be possible to include a fifth category, thus improving the normality of the distribution of scores and avoiding the confusion associated with having only four points on the scale, while others being used simultaneously have five points.

Although the three scoring systems used have shown encouraging distributions and ability to discriminate between breeds, their ability to reflect real genetic variation is unknown.  This needs to be evaluated.  The reliability of the scores across scorers and time also needs to be evaluated before they are used widely for genetic evaluation purposes.

The lamb vigour score is assessed at 4 to 6 hours of age and encompasses several behavioural traits (standing, suckling, following, playing) so it could be agued that this is measuring a different trait to that assessed by the vigour score used by the Suffolk Sheep Society five minutes after birth.  Although the scoring system used here has been developed from published data on lamb behaviour and its relationship with survival and subsequent performance, it is still important to evaluate its relationship to existing scoring systems and direct measures of lamb survival and growth to weaning.

Conclusions and Recommendations

· The three scoring systems used reflect differences in performance both within and between breeds.

· The recording protocol for the use of the lamb vigour and lambing assistance scores need to be reviewed to ensure individual animal data can be recorded.

· Objective criteria should be included in the definition of points on the ewe colostrum score, and if possible this should be extended to five points.

· The underlying genetic basis of all three scoring systems needs to be evaluated.

· The repeatability of the scoring systems across time and across scorers needs to be evaluated.

· The lamb vigour score should be validated with detailed behavioural observation from birth and the relationship to lamb survival and growth to weaning.


4 Recommendations for an optimum structure for scoring systems

· A scoring system is more likely to be reliable and valid if it has more than four points on the scale of measurement.

· The scale of measurement should include sufficient categories to encompass a diverse range of biological types, production systems and levels of performance where possible.

· Each point on the scale should have clear and precise definitions,  supplemented with pictorial or photographic representation if appropriate.

· The reliability of the scale is improved if each point on the scale has objective inclusion/exclusion criteria 

· The direction of the scale and the definition of the trait should be carefully considered.  It should be intuitive, compatible with future extension of the scale and consistent across different scoring systems used within one population.  In general, morphological traits are best assessed on a linear scale defined by biological extremes;  functional and behavioural traits are best assessed on a scale in which a high score is desirable.

· The scoring system should be compatible with available statistical methods for breeding value and index estimation, and with the clear presentation of breeding value information.

· The appropriate level of training and expertise required by scorers should be clearly defined and should be achievable in practice.

· Scoring systems should be thoroughly tested for reliability and validity and should reflect real underlying genetic variation before being used for genetic evaluation.
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Appendix 1

Outcomes of the meeting to discuss the use of scoring systems in performance recording held at Sheep Breeders Roundtable, Friday 9th November, 2007

The aim of this meeting was to gather information on and discuss the scoring systems currently in use, and to canvas opinion on what makes a good scoring system.

Scoring systems currently in use

Sam Boon kindly provided information on the scoring systems currently being used within Signet recording systems – these are:

For sheep:  
Gigot conformation score (for the Blue Faced Leicester SRS)



Lambing ease (Suffolks and Texels)



Dag score (Suffolks)



Lamb vigour (Suffolks and Texels)

For cattle:
Calving ease (internationally recognised scale)



Muscling score (1 – 15)



Udder scores (1 – 3, newly introduced)



Teat score (1 – 3, newly introduced)



Docility score (Limousins – under development)



Linear traits (scored on a 1-9 internationally recognised system)

The International Committee for Animal Recording (ICAR, www.icar.org) is an organisation that aims to  promote the formulation of definitions and standards for the measurement of traits of economic importance.  It’s focus to date, has been on milk recording, but it does provide guidelines for scoring systems to be use for calving ease and linear traits in beef cattle.

Cathy Dwyer elaborated on the use and development of the lamb vigour scores.  Stating that they were objective scores on a 1 to 4 scale, based on the occurrence of exact events.  One further category was to be introduced in order to improve the distribution of scores in the population.

Other scoring systems are being successfully operated as a tool to assist in the selection of female replacements within flocks, rather than as a means of genetic evaluation (e.g. The Hillsborough system and John Vipond’s scoring system).

What makes a good scoring system?

There was general agreement that it was desirable to use common scoring systems across the industry, and also to achieve compatibility with the scoring systems used in beef cattle wherever possible.  This would help to reduce confusion among both breeders and purchasers, and allow for across breed evaluations in the future.  Nevertheless it was recognised that developing scoring systems that encompassed varying levels of performance between breeds and that were applicable in all production systems (e.g. indoor and outdoor lambing) was challenging.

The need to maintain some consistency across scoring systems for different traits recorded at the same time (e.g. lambing time) was noted.  This applies to both the direction and number of points in a scale.

Will Haresign cited the gigot conformation scoring system as an example of a system that did not have good repeatability across operators, and had thus proved to be of limited benefit in achieving genetic progress.

Cathy Dwyer explained the careful work that had gone into the development of scoring systems that include measurement of ewe and lamb behaviour at and around lambing.  The objectivity of the scoring system is ensured by each point of the scale being very carefully and precisely defined in terms of the occurrence of exact events.  This precise definition of each point on the scale is a pre-requisite for a good scoring system, and for complex traits may require considerable research to develop an effective system.


Appendix 2

Draft Discussion Document

The Institute of Biological, Environmental and Rural Science (IBERS), Aberystwyth University and the Sheep Improvement Group (SIG) have recently completed a review of scoring systems being used in sheep genetic improvement.

A variety of different scoring systems have been developed to allow measurement of economically important traits in a variety of breeds and production environments.  Many of these have been carefully developed and tested.  However, they differ greatly in their general structure.  We feel it would be desirable for a more common structure to be developed across different scoring systems used by the sheep industry as this would help to avoid confusion.

In a meeting held at Sheep Breeders Roundtable, November 2007, there was general agreement with this principle.  It was recognised as desirable to develop scales that were applicable across a variety of breeds and production systems, where possible, and for scoring systems that would be used contemporaneously to have a common number of points and direction.

As a result of the review carried out the following guidelines have been produced to aid the development of effective scoring systems:

· A scoring system is more likely to be reliable and valid if it has more than four points on the scale of measurement.  

· The scale of measurement should include sufficient categories to encompass a diverse range of biological types, production systems and levels of performance where possible.  Scales of either five or ten points would be a sensible standard to work to.

· Each point on the scale should have clear and precise definitions, supplemented with pictorial or photographic representation if appropriate.

· The reliability of the scale is improved if each point on the scale has objective inclusion/exclusion criteria – care should be taken to include these wherever possible.

· The direction of the scale and the definition of the trait should be carefully considered.  It should be intuitive, compatible with future extension of the scale and consistent across different scoring systems used within one population.  In general, morphological traits are best assessed on a linear scale defined by biological extremes; functional and behavioural traits are best assessed on a scale in which a high score is desirable.

· The scoring system should be compatible with available statistical methods for breeding value and index estimation, and with the clear presentation of breeding value information.

· The appropriate level of training and expertise required by scorers should be clearly defined and should be achievable in practice.

· Scoring systems should be thoroughly tested for reliability and validity and should reflect real underlying genetic variation before being used for genetic evaluation.
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