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Abstract 
The morphometric and type traits of 269 Dohne Merino ram lambs were measured and/or 

assessed at four, eight, and 12 months of age. Body conformation scores were also awarded 

independently by three judges at each age. Estimated phenotypic correlations between conformation 

traits and body weights were significant for most of the measured morphometric traits and body 

conformation scores but not for the subjectively evaluated traits. Four principal components that 

accounted for all of the total variances were extracted for each age. Principal component one was more 

related to traits describing general body size, whereas principal component two was determined by traits 

describing the body heights of the sheep. In the stepwise regression of the effects of individual 

conformation traits on body weight, heart girth and body length explained the most variance in body 

weight at all three ages. Considerable variation between judges was found in the traits contributing most 

to the body conformation score. At four months of age, the only trait of importance common to all three 

judges was heart girth, while at eight months of age, conformation of the head, shoulder width, and body 

condition score were the most important traits. At 12 months of age, body length was the most important 

trait for all three judges, when assessing body conformation score. The three judges clearly emphasised 

different traits when assessing body conformation and awarding classification symbols. This would lead 

to different sires being eligible for selection at different studs, potentially hindering selection progress in 

the breed. 
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Introduction 
The visual appraisal of animals during classing and selection has been practiced for as long as 

animals have been selected for improved performance. Apart from economically important traits such 

as reproduction, body weight, and fleece weight, as well as objectively measured wool quality traits, 

subjective traits are also considered during selection. In many instances, more emphasis is placed on 

subjective traits during selection than on objectively measured traits. Various systems have been 

developed over the years for different sheep breeds to accommodate the assessment of subjective wool 

and conformation traits for inclusion in breeding programmes (Snyman & Olivier, 2002; Janssens & 

Vandepitte, 2004; Mortimer et al., 2010; Zishiri et al., 2013).  
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The selection of breeding sires and dams in the South African Dohne Merino breed is based on 

both objective measurements and the subjective assessment of various conformation and performance 

traits. The selection index for general merit for the breed incorporates a number of performance traits, 

namely the direct and maternal weaning weight, clean fleece weight, and fibre diameter. A classification 

symbol is assigned to each animal according to its general merit performance within its wool-test group, 

and this is referred to as the performance selection index (SIP) value of the animal. A sheep is classified 

as AA if its SIP ≥100, A if 90≤ SIP <100, and B if SIP <90. At selection age, the sheep are classed 

subjectively, and a final classification symbol is awarded based on this assessment, with consideration 

of the general merit index symbol the animal qualified for. Sheep that are culled receive a C-symbol, 

and only rams that received an AA-symbol are eligible to be used as sires in a stud, while A and B rams 

may be used as sires in commercial flocks. 

Body conformation, as an indication of carcass conformation, is one of the subjective traits on 

which considerable emphasis is placed during selection. A subjective wool score and subjective 

conformation score are awarded during classing, and both play an important role in determining the 

animal’s final classification symbol. In some Dohne Merino studs, up to 45% of the rams that qualified 

for an AA-symbol based on their general merit index, are not awarded an AA classification symbol upon 

subjective evaluation. This could lead to animals with superior genetics for economically important 

production traits being culled based on subjectively assessed traits and the personal preference of the 

judge. 

It has also been observed that the classification symbol awarded to an animal often changes 

when the animal is assessed again at an older age. This change could be partly ascribed to the changes 

in body dimensions that occur over time, secondary to the relative growth patterns of the different parts 

of the body. This is supported by the significant effect of age on measured morphometric body 

conformation traits reported in the literature (López-Carlos et al., 2010; Yakubu et al., 2011; Birteeb & 

Ozoje, 2012). Knowledge of the patterns of development of contributing morphometric traits will thus be 

useful in the assessment of body conformation. However, the repeatability of the judge and changing 

environmental conditions could also play a role. Furthermore, definitions of body conformation in the 

literature vary from quite simple to more complex, and, according to Nsoso et al. (2002), the challenge 

is that there is no single universally accepted definition of the term ‘body conformation’ across the sheep 

industry. In many instances, the assessment of body conformation is therefore influenced by the 

individual interpretation of the judge. 

The measurement of various body size and form traits (morphometric traits), in addition to body 

weight, can describe an animal more comprehensively than weight and grading alone (Salako, 2006a). 

Morphometric body conformation traits regularly recorded in other studies are body length (BLEN), 

wither height (WHEIGHT), rump height (RHEIGHT), heart girth (HGIRTH), abdominal circumference 

(ABDOM), rump width (RWIDTH), shoulder width (SWIDTH), rump length (RLEN), front cannon bone 

length (CBLEN), head length (HEADLEN), head width, tail length, and ear length. In most of the reported 

studies, HGIRTH had the highest correlation with body weight, of these recorded traits (Oke & 

Ogbonnaya, 2011; Birteeb & Ozoje, 2012; Temoso et al., 2017). However, there is a dearth of 

information on the relationship between the body conformation score and these individual morphometric 

traits. Positive phenotypic correlations between most of these measured body conformation traits were 

obtained by various authors for various breeds (Salako, 2006b; Yakubu, 2010; Abbasi & Ghafouri-Kesbi, 

2011; Okpeku et al., 2011; Yakubu & Mohammed, 2012; Mavule et al., 2013; Yakubu, 2013; Jafari et 

al., 2014). Measured morphometric body conformation traits have also been used for the prediction of 

body weight (Dekhili & Aggoun, 2013; Tyasi et al., 2015; Ambarcioğlu et al., 2017; Tesfay et al., 2017) 

and carcass characteristics in the live animal (Tatum et al., 1998). Additionally, these traits can be used 

as indicators of type and function in domestic animals (Salako, 2006a).  

In this study, a number of morphometric and type traits, as well as body conformation, were 

measured and/or assessed in Dohne Merino ram lambs at various ages. A Dohne Merino Breeders’ 

Society classification symbol was also awarded to each animal at 12 months of age. The objectives of 

the study were to determine which of the measured and subjective body conformation traits or trait 

combinations contributed the most to the subjective body conformation score, classification symbol, and 

body weight, and how this was influenced by the different judges involved. 
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Materials and methods 
Ethical clearance for the study was obtained from the Grootfontein Agricultural Development 

Institute (GADI) (AP2/22). 

The 2018-born ram lambs (n = 269) of the Grootfontein Dohne Merino stud at GADI were used 

for this study. The lambs were born during August and September of 2018, and the existing pasture 

management and animal health programmes were followed. All lambs were identified and tagged at 

birth, and were weaned in December 2018, at 90 to 100 days of age. All progenies were kept until the 

age of 14 months. It is important to note that none of the lambs were culled at weaning, contrary to the 

normal farming practice of culling approximately 55% of ram lambs. All lambs and two-tooth sheep were 

kept on the veld throughout the year, where they received an energy-protein production lick, depending 

on the prevailing veld conditions.  

 

Data collection 

The following performance data, which are routinely collected for the GADI flock, were used in 

this study: 

• Four-, eight-, and 12-month body weight (kg) 

• Greasy fleece weight at 12 months of age (kg) 

• Wool score and creeping belly score, awarded at 12 months of age. 

The morphometric body conformation traits measured are illustrated in Figure 1 and are listed 

below. These were recorded on all the ram lambs at four, eight, and 12 months of age. 

 

 

Figure 1 Positions of measurement of morphometric body conformation traits in Dohne Merino ram 

lambs (Headlen: head length, Swidth: shoulder width, Rwidth: rump width, Rlen: rump length, Blen: body 

length, Hwidth: hindquarter width, Abdom: abdominal circumference, Bdepth: body depth, Hgirth: heart 

girth, Cblen: front cannon bone length, Wheight: wither height, Rheight: rump height). 

 

The following morphometric body conformation traits were recorded: 

• BLEN, measured from the tip of the scapula to the pin bone (Tuber ischii) (cm); 

• WHEIGHT, measured vertically from the highest palpable spinous process to the ground 

(cm); 

• RHEIGHT, measured vertically from the top of the pelvic girdle to the ground (cm); 

• HGIRTH, measured as the body circumference immediately behind the forelegs (cm); 

• ABDOM, measured as body circumference immediately in front of the hind legs (cm); 

• Body depth (BDEPTH), measured vertically halfway between the HGIRTH and the ABDOM 

(cm); 
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• RWIDTH, measured between the left and right hip bones (Tuber coxae) (cm); 

• SWIDTH, measured between the processes on the left and right scapulae (cm); 

• Hindquarter width (HWIDTH), measured between the mid-left and mid-right positions of the 

femur (widest part of the hindquarters) (cm); 

• RLEN, measured from the hip bone (Tuber coxae) to the pin bone (Tuber ischii) (cm); 

• CBLEN, measured from the proximal to the distal end of the metacarpus (cm); 

• HEADLEN, measured from between the ears (poll) to the tip of the nose (cm). 

A graduated measuring stick with an attached calliper was used for the height, length, and width 

measurements. A flexible measuring tape was used for the circumference measurements. At four and 

12 months of age, these measurements were taken after shearing the animals. When taking the 

measurements at eight months of age with a longer wool growth, the tips of the calliper were placed 

against the skin when taking the measurements. All measurements were carried out by the same person 

in order to eliminate operator variance. The conformation traits indicated in Table 1 were also assessed 

on a linear scale from 1 to 50 at four, eight, and 12 months of age. 

 

Table 1 Conformation traits subjectively assessed in Dohne Merino ram lambs at four, eight, and 12 

months of age 

Trait 1 25 50 

    

Conformation of the head Feminine Average Ideal 

Pigmentation None Ideal Excessive 

Front pasterns Too flexed or too upright Average Ideal 

Hind pasterns Too flexed or too upright Average Ideal 

Hocks X or O Average Ideal 

Top line Dipped shoulders, dipped back Average Straight 
    

 

The body condition score (BCS) of each animal was also recorded at each recording age. Body 

condition score was assessed on a scale of one to five, with one being an emaciated sheep, three being 

a sheep in average condition, and five being an obese sheep (Thompson & Meyer, 1994). Only one 

person assigned the BCS in order to eliminate operator variance.  

Each animal was awarded a subjective body conformation score on a scale from one to nine by 

each of three judges at four, eight, and 12 months of age. The judging took place at consecutive times 

to avoid the judges being influenced by each other’s scoring. At the 12-month assessment, a 

classification symbol according to the Dohne Merino Breeders’ Society was awarded to each animal by 

each of the judges. These symbols were awarded taking only the conformation of the animal into 

account, as performance data were not available at this stage. A final classification symbol, taking all 

conformation and wool traits into consideration, was awarded at 14 months of age by Judge A. A 

classification symbol awarded based only on the general merit index of the Dohne Merino Breeders’ 

Society was also determined for each animal. 

 

Statistical analyses 
The means, standard deviations, and coefficients of variation (CV) of the various traits recorded 

at four, eight, and 12 months of age, as well as those of the measured performance traits, were obtained 

using the PROC MEANS function of SAS (2016). The general linear model (GLM) procedure of SAS 

(SAS, 2016) was used to obtain the least-square means of the conformation traits at four, eight, and 12 

months of age, as well as the phenotypic trends in each trait over the recorded age period. Least-square 

means of the different traits for the final classification symbol categories awarded at 12 months of age 

were also obtained using the GLM procedure of SAS (SAS, 2016). The following model was used to 

obtain the least-square means: 

 

𝑌𝑖𝑗𝑘𝑙 = µ + 𝑟𝑖 + 𝑑𝑗 + 𝑗𝑘 + 𝑏1𝐴𝐺𝐸 + 𝑒𝑖𝑗𝑘𝑙 
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Where: 

Yijkl = the trait of the lth animal, assessed by the kth judge, with the jth dam age and the ith rearing status; 

µ = the overall mean; 

ri = the fixed effect of the ith rearing status; 

dj = the fixed effect of the jth dam age;  

jk = the fixed effect of the kth judge (only for body conformation and classification symbols); 

b1 = the linear regression coefficient of the age of the animal in days at the time of recording the specific 

trait; and 

eijkl = the random error with zero mean and variance I2
e. 

The phenotypic correlations between traits were obtained using the MANOVA/PRINTE option 

within the GLM procedure of SAS (2016). Models included the age and rearing status of the animal. The 

age of the dam had no effect on any of the traits and was excluded from the final models. These analyses 

included:  

• Pearson correlations between conformation traits and body weights recorded at four, eight, 

and 12 months of age; 

• Pearson correlations between conformation traits recorded at four, eight, and 12 months of 

age and the respective body conformation scores and classification symbols; 

• Pearson correlations between conformation traits recorded at four months of age; 

• Pearson correlations between conformation traits recorded at eight months of age; and 

• Pearson correlations between conformation traits recorded at 12 months of age. 

The results of the latter four analyses are not presented in this publication, but are included in 

the Discussion. 

According to Yakubu et al. (2011), principal components are linear combinations of the original 

variables and are estimated in such a way that the first principal component explains the largest 

percentage of the total phenotypic variance. The varimax criterion of the orthogonal rotation method 

was employed for the rotation of the factor matrix. The choice of the varimax rotation was informed by 

its ability to maximise the sum of the variances of the squared loadings within each column of the loading 

matrix. This tends to produce some higher loadings and some loadings near zero, resulting in a simple 

structure that enhances the interpretability of the factors.  

The following model was applied: 

 

𝑃𝐶𝑖 = 𝑎𝑖1𝑋1 + 𝑎𝑖2𝑋2 +⋯𝑎𝑖𝑗𝑋𝑗 

 

With: 
i = 1,2 ---, n principal components; and 
j = 1,2 ---, p original variables. 
Where: 
aij = the jth component of the coefficient vector of the linear transformation; and 
Xj = the original variable. 

Principal component factor analyses were performed using the PROC FACTOR function of SAS 

(2016). The Kaiser-Meyer-Olkin measures of sampling adequacy were computed to test the validity of 

the data set. The cumulative proportion of variance criterion was employed in determining the number 

of factors to extract. The varimax criterion of the orthogonal rotation method was employed for the 

rotation of the factor matrix. Three principal component analyses were performed, namely analysis of 

the conformation traits measured and assessed at four, eight, and 12 months of age, excluding the body 

conformation scores. 

A stepwise multiple regression procedure was used to obtain models for predicting the body 

weight, the body conformation as scored by the different judges, and the classification symbols, using 

the individual recorded traits (Equation 1) or the principal component factor scores (Equation 2): 

 

𝑌 = 𝑎 + 𝐵𝑖𝑋𝑖 +⋯+𝐵𝑘𝑋𝑘  Equation 1 

 

𝑌 = 𝑎 + 𝐵𝑖𝑃𝐶𝑖 +⋯+𝐵𝑘𝑃𝐶𝑘  Equation 2 
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Where:  
Y = the body weight, the body conformation as scored by the different judges, or the various 
classification symbols;  
a = the regression intercept, and 
Bi = the ith partial regression coefficient of the ith recorded individual trait (Xi), or the ith principal 
component (PCi). 

The PROC REG procedure of SAS (SAS, 2016), with the STEPWISE option, was applied for 

these analyses. Variables had to meet the P <0.05 significance level for entry into the model. Only traits 

that contributed more than 1% to the model were included in the final model. The various stepwise 

multiple regression analyses performed are summarised in Table 2. 

 

Table 2 Stepwise multiple regression analyses performed for the prediction of body weight, body 
conformation scores, and classification symbols for Dohne Merino ram lambs  

Model abbreviation used 
in Table 11 

Judge 

Traits included in analyses 

Conformation 
traits measured 
and assessed 

at: 

Principle 
component 

scores 

Performance 
traits 

Body and 
wool 

conformation 
scores 

 

Y-trait: body weight 

CT4m 

NA 

4 months    

PCA-CT4m 4 months Yes   

CT8m 8 months    

PCA-CT8m 8 months Yes   

CT12m 12 months    

PCA-CT12m 12 months Yes   

Y-trait: body conformation score at four months 

CT4m A 4 months    

PCA-CT4m A 4 months Yes   

CT4m B 8 months    

PCA-CT4m B 8 months Yes   

CT4m C 12 months    

PCA-CT4m C 12 months Yes   

Y-trait: body conformation score at eight months 

CT8m A 4 months    

PCA-CT8m A 4 months Yes   

CT8m B 8 months    

PCA-CT8m B 8 months Yes   

CT8m C 12 months    

PCA-CT8m C 12 months Yes   
      

NA: not applicable; CT4m: conformation traits measured and assessed at four months of age, excluding the body 
conformation scores; CT8m: conformation traits measured and assessed at eight months of age, excluding the 
body conformation scores; CT12m: conformation traits measured and assessed at 12 months of age, excluding 
the body conformation scores; PCA-CT4m: the four principal component factor scores obtained from the four-
month conformation traits; PCA-CT8m: the four principal component factor scores obtained from the eight-month 
conformation traits; PCA-CT12m: the four principal component factor scores obtained from the 12-month 
conformation traits; PT: performance traits (body weight and wool traits); CS: body conformation score of Judge 
A at 12 months of age; WS: wool score; SIP: performance selection index. 
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Table 2 Stepwise multiple regression analyses performed for the prediction of body weight, body 

conformation scores, and classification symbols for Dohne Merino ram lambs (continued) 

Model abbreviation used 
in Table 11 

Judge 

Traits included in analyses 

Conformation 
traits measured 
and assessed 

at: 

Principle 
component 

scores 

Performance 
traits 

Body and 
wool 

conformation 
scores 

 

Y-trait: body conformation score at 12 months 

CT12m A 12 months    

PCA-CT12m A 12 months Yes   

CT12m B 12 months    

PCA-CT12m B 12 months Yes   

CT12m C 12 months    

PCA-CT12m C 12 months Yes   

Y-trait: classification symbol at 12 months 

CT12m A 12 months    

PCA-CT12m A 12 months Yes   

PCA-CT12m+CS+WS+PT A 12 months Yes Yes Yes 

CT12m B 12 months    

PCA-CT12m B 12 months Yes   

PCA-CT12m+CS+WS+PT B 12 months Yes Yes Yes 

CT12m C 12 months    

PCA-CT12m C 12 months Yes   

PCA-CT12m+CS+WS+PT C 12 months Yes Yes Yes 

Y-trait: final classification symbol at 12 months 

CT12m A 12 months    

CT12m+CS+WS+PT A 12 months  Yes Yes 

PCA-CT12m A 12 months Yes   

PCA-CT12m+CS+WS+PT A 12 months Yes Yes Yes 

Y-trait: classification symbol assigned based on SIP 

CT12m 

NA 

12 months    

CT12m+CS+WS+PT 12 months  Yes Yes 

PCA-CT12m 12 months Yes   

PCA-CT12m+CS+WS+PT 12 months Yes Yes Yes 
 

NA: not applicable; CT4m: conformation traits measured and assessed at four months of age, excluding the body 
conformation scores; CT8m: conformation traits measured and assessed at eight months of age, excluding the 
body conformation scores; CT12m: conformation traits measured and assessed at 12 months of age, excluding 
the body conformation scores; PCA-CT4m: the four principal component factor’s scores obtained from the four-
month conformation traits; PCA-CT8m: the four principal component factor’s scores obtained from the eight-
month conformation traits; PCA-CT12m: the four principal component factor’s scores obtained from the 12-month 
conformation traits; PT: performance traits (body weight and wool traits); CS: body conformation score of Judge 
A at 12 months of age; WS: wool score; SIP: performance selection index. 

 

Results  

The recorded traits and the abbreviations used for the traits in the text, as well as the descriptive 

statistics for the traits at the various ages, are given in Table 3. Most of the conformation traits describing 

body measurements at all three ages had relatively low CV values, in comparison to those for the body 

weight, BCS, and body conformation score. Pigmentation had the highest CV, ranging between 51.1% 

at eight months of age and 40.5% at 12 months of age. 
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Table 3 The descriptive statistics and abbreviations of traits recorded for Dohne Merino ram lambs at 

four, eight, and 12 months of age 

Trait 
Trait 
abbreviation 

Mean SD 
CV 
(%) 

Minimum Maximum 

 

Conformation traits at four months of age: 

Wither height (cm) WHEIGHT4 62.3 3.4 5.4 52.0 71.0 

Rump height (cm) RHEIGHT4 62.5 3.4 5.4 52.0 71.0 

Body length (cm) BLEN4 60.2 3.5 5.8 46.0 69.0 

Rump length (cm) RLEN4 19.4 1.5 7.6 14.5 23.5 

Body depth (cm) BDEPTH4 31.4 2.2 7.1 25.0 37.0 

Front cannon bone length (cm) CBLEN4 15.4 1.2 7.8 11.0 19.0 

Shoulder width (cm) SWIDTH4 17.5 1.5 8.4 13.5 21.0 

Rump width (cm) RWIDTH4 13.3 1.0 7.3 10.5 16.0 

Hindquarter width (cm) HWIDTH4 21.8 1.7 7.6 17.0 27.0 

Head length (cm) HEADLEN4 18.4 1.0 5.2 15.0 20.0 

Heart girth (cm) HGIRTH4 75.9 4.2 5.5 61.0 89.0 

Abdominal circumference (cm) ABDOM4 84.8 5.1 6.0 61.0 89.0 

Body condition score BCS4 1.0 0.3 26.9 0.5 2.0 

Conformation of the head HEAD4 28.1 8.3 29.5 5.0 45.0 

Pigmentation PIGM4 16.4 8.3 50.3 5.0 40.0 

Hocks  HOCKS4 36.6 5.6 15.2 15.0 45.0 

Front pasterns FPAST4 44.6 1.3 2.9 40.0 45.0 

Hind pasterns HPAST4 44.2 2.0 4.5 35.0 45.0 

Top line TOPL4 37.0 5.4 14.6 10.0 45.0 

Body conformation – Judge A CS-A4 5.3 1.5 27.7 1.0 8.0 

Body conformation – Judge B CS-B4 5.1 1.1 22.0 2.0 9.0 

Body conformation – Judge C CS-C4 5.4 1.4 26.3 1.0 8.0 

Conformation traits at eight months of age: 

Wither height (cm) WHEIGHT8 68.7 2.9 4.3 61.0 76.0 

Rump height (cm) RHEIGHT8 69.0 3.0 4.3 61.0 76.0 

Body length (cm) BLEN8 66.3 3.3 5.0 56.0 75.0 

Rump length (cm) RLEN8 20.3 1.6 7.9 13.5 24.0 

Body depth (cm) BDEPTH8 36.4 2.4 6.6 26.0 43.5 

Front cannon bone length (cm) CBLEN8 17.4 0.9 5.3 15.0 19.0 

Shoulder width (cm) SWIDTH8 21.2 1.4 6.7 16.0 26.0 

Rump width (cm) RWIDTH8 15.1 1.4 9.1 12.0 18.5 

Hindquarter width (cm) HWIDTH8 27.9 2.0 7.0 21.0 32.0 

Head length (cm) HEADLEN8 22.2 1.3 5.7 18.0 25.0 

Heart girth (cm) HGIRTH8 94.9 4.2 4.5 77.0 105.00 

Abdominal circumference (cm) ABDOM8 103.8 4.7 4.6 89.0 119.0 

Body condition score BCS8 1.9 0.6 34.1 0.5 3.0 

Conformation of the head HEAD8 28.1 6.9 24.6 5.0 45.0 

Pigmentation PIGM8 18.2 9.3 51.1 1.0 40.0 

Hocks  HOCKS8 38.5 4.2 10.8 10.0 45.0 

Front pasterns FPAST8 43.8 2.2 5.0 35.0 45.0 

Hind pasterns HPAST8 41.4 2.9 7.1 30.0 45.0 
       

SD: standard deviation; CV: coefficient of variation; SIP: performance selection index. 
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Table 3 The descriptive statistics and abbreviations of traits recorded for Dohne Merino ram lambs at 

four, eight, and 12 months of age (continued) 

Trait 
Trait 
abbreviation 

Mean SD 
CV 
(%) 

Minimum Maximum 

       

Top line TOPL8 39.2 2.9 7.4 25.0 45.0 

Body conformation – Judge A CS-A8 6.3 1.3 20.6 2.0 9.0 

Body conformation – Judge B CS-B8 6.0 1.1 18.8 3.0 9.0 

Body conformation – Judge C CS-C8 5.7 1.3 22.4 2.0 8.0 

Conformation traits at 12 months of age: 

Wither height (cm) WHEIGHT12 74.9 2.7 3.6 68.0 81.0 

Rump height (cm) RHEIGHT12 74.9 2.7 3.6 68.0 81.0 

Body length (cm) BLEN12 74.4 3.2 4.4 66.0 83.0 

Rump length (cm) RLEN12 23.7 1.3 5.5 19.0 27.0 

Body depth (cm) BDEPTH12 39.6 2.0 5.2 34.0 47.0 

Front cannon bone length (cm) CBLEN12 18.5 0.9 4.8 16.0 20.0 

Shoulder width (cm) SWIDTH12 23.5 1.2 5.0 20.0 27.0 

Rump width (cm) RWIDTH12 19.0 0.8 4.4 17.0 22.0 

Hindquarter width (cm) HWIDTH12 29.8 1.5 4.9 25.0 34.0 

Head length (cm) HEADLEN12 24.4 1.1 4.6 21.0 27.0 

Heart girth (cm) HGIRTH12 96.2 3.4 3.5 86.0 106.0 

Abdominal circumference (cm) ABDOM12 102.9 3.9 3.8 90.0 115.0 

Body condition score BCS12 2.1 0.7 30.7 1.0 3.0 

Conformation of the head HEAD12 29.1 7.0 24.0 5.0 45.0 

Pigmentation PIGM12 35.0 8.0 40.5 5.0 40.0 

Hocks  HOCKS12 36.2 3.8 10.6 25.0 40.0 

Front pasterns FPAST12 41.6 3.1 7.3 30.0 45.0 

Hind pasterns HPAST12 39.1 4.0 10.1 10.0 45.0 

Top line TOPL12 37.2 4.5 12.1 5.0 45.0 

Body conformation – Judge A CS-A12 5.8 1.3 23.1 3.0 9.0 

Body conformation – Judge B CS-B12 6.2 1.1 17.2 3.0 8.0 

Body conformation – Judge C CS-C12 6.1 1.2 19.9 2.0 9.0 

Performance traits: 

Four-month weight (kg) W4 34.0 0.3 15.6 17.6 49.4 

Eight-month weight (kg) W8 44.9 5.5 12.3 27.8 63.5 

12-month weight (kg) W12 63.4 6.5 10.3 41.0 85.0 

Greasy fleece weight (kg) GFW 3.8 0.5 13.9 2.2 5.6 

Subjective wool traits: 

Creeping belly score CREEP 19.0 3.9 20.6 5.0 35.0 

Wool score Wool score 5.3 1.5 27.5 2.0 8.0 

Classification symbols: 

12 months – Judge A SYM-A  

12 months – Judge B SYM-B  

12 months – Judge C SYM-C  

Final classification symbol SYMF  

Assigned based on SIP SYM  
  

SD: standard deviation; CV: coefficient of variation; SIP: performance selection index. 
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The least-square means of the conformation traits at four, eight, and 12 months of age, as well 

as the phenotypic trends for each trait over the recorded time period, are presented in Table 4. 

Significant trends were observed for all traits, apart from for the conformation of the head (HEAD), hocks 

(HOCKS), and top line (TOPL). 

 

Table 4 Least-square means (± standard error) and phenotypic trends for the conformation traits of 

Dohne Merino ram lambs from four to 12 months of age 

Trait 
Four months of 

age 
Eight months of 

age 
12 months of age Phenotypic trend 

     

WHEIGHT 61.6a ± 0.2 67.9b ± 0.2 74.1c ± 0.2 Y=50.33+1.56x* 

RHEIGHT 61.8a ± 0.2 68.2b ± 0.2 74.2c ± 0.2 Y=50.49+1.54x* 

BLEN 59.8a ± 0.2 65.5b ± 0.2 73.6c ± 0.2 Y=44.97+1.71x* 

RLEN 19.1a ± 0.1 19.9b ± 0.1 23.3c ± 0.1 Y=13.73+0.53x* 

BDEPTH 30.7a ± 0.1 35.7b ± 0.1 38.8c ± 0.2 Y=23.41+1.01x* 

CBLEN 15.3a ± 0.1 17.3b ± 0.1 18.4c ± 0.1 Y=13.21+0.39x* 

SWIDTH 17.2a ± 0.1 20.8b ± 0.1 23.2c ± 0.1 Y=11.64+0.75x* 

RWIDTH 13.1a ± 0.1 14.9b ± 0.1 18.8c ± 0.1 Y=8.82+0.71x* 

HWIDTH 21.4a ± 0.1 27.5b ± 0.1 29.4c ± 0.2 Y=15.06+0.99x* 

HEADLEN 18.1a ± 0.1 21.9b ± 0.1 24.1c ± 0.1 Y=14.31+0.75x* 

HGIRTH 74.6a ± 0.2 93.5b ± 0.2 94.7c ± 0.2 Y=57.37+2.54x* 

ABDOM 83.6a ± 0.3 102.4b ± 0.3 101.5c ± 0.3 Y=67.58+2.26x* 

BCS 1.00 a ± 0.04 1.83b ± 0.04 2.08c ± 0.04 Y=0.42+0.14x* 

HEAD 26.3 ± 0.5 26.2 ± 0.6 27.2 ± 0.6 Y=12.41+0.11x 

PIGM 18.1a ± 0.4 19.8b ± 0.5 21.7c ± 0.5 Y=22.37+0.45x* 

HOCKS 36.4a ± 0.4 38.4b ± 0.4 36.1a ± 0.1 Y=33.59−0.03x 

FPAST 44.4a ± 0.2 43.5b ± 0.2 41.4c ± 0.2 Y=44.68−0.38x* 

HPAST 44.2a ± 0.3 41.4b ± 0.3 39.1c ± 0.3 Y=45.08−0.63x* 

TOPL 36.7a ± 0.4 39.0b ± 0.4 36.9a ± 0.4 Y=34.78+0.03x 

Body weight 32.4a ± 0.2 43.2b ± 0.3 61.7c ± 0.3 Y=1.28+3.65* 

CS-A 5.41a ± 0.06 6.38b ± 0.06 5.88c ± 0.06 Y=4.86+0.06x* 

CS-B 5.14a ± 0.05 6.05b ± 0.05 6.23c ± 0.05 Y=3.91+0.14x* 

CS-C 5.49a ± 0.06 5.74b ± 0.06 6.17c ± 0.06 Y=3.65+0.09x* 
     

a,b,c Values with different superscripts differed significantly (P <0.01) between ages within traits. See Table 3 
for trait abbreviations. 
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The least-square means of the morphometric traits of the rams awarded different final 

classification symbols at 14 months of age are presented in Table 5. For most of the morphometric traits, 

there were no differences between the rams awarded different symbols. No differences between AA, A, 

and B animals in any of the objectively measured conformation or performance traits were recorded. 

 

Table 5 Least-square means (± standard error) of the morphometric traits recorded for Dohne Merino 

rams awarded different final classification symbols at 14 months of age 

Trait 
Final classification symbol awarded at 14 months of age 

AA A B C 

     

WHEIGHT12 74.5ab ± 0.7 74.1ab ± 0.6 75.8a ± 0.9 73.7b ± 0.5 

RHEIGHT12 74.5ab ± 0.7 74.2ab ± 0.6 75.7a ± 0.9 73.6a ± 0.5 

BLEN12 77.4a ± 0.8 76.2a ± 0.6 77.4a ± 1.0 73.4b ± 0.5 

RLEN12 23.8 ± 0.4 23.4 ± 0.3 24.2 ± 0.4 23.5 ± 0.2 

BDEPTH12 39.1 ± 0.6 38.3 ± 0.4 38.8 ± 0.7 38.8 ± 0.4 

CBLEN12 18.1 ± 0.2 18.5 ± 0.2 18.2 ± 0.3 18.4 ± 0.2 

SWIDTH12 23.5 ± 0.3 23.4 ± 0.2 24.0 ± 0.4 23.4 ± 0.2 

RWIDTH12 18.9 ± 0.2 18.6 ± 0.2 18.8 ± 0.3 18.8 ± 0.2 

HWIDTH12 29.4 ± 0.4 29.3 ± 0.3 28.8 ± 0.5 29.6 ± 0.3 

HEADLEN12 24.4 ± 0.3 24.0 ± 0.2 23.6 ± 0.4 24.3 ± 0.2 

HGIRTH12 96.7 ± 0.9 95.9 ± 0.7 96.5 ± 1.1 94.7 ± 0.6 

ABDOM12 104.5 ± 1.1 102.4 ± 0.8 103.4 ± 1.3 102.1 ± 0.7 

BCS12 1.78 ± 0.18 1.93 ± 0.14 1.59 ± 0.22 1.95 ± 0.12 

HEAD12 33.3a ± 1.5 33.1a ± 1.1 33.8a ± 1.8 24.0b ± 1.0 

PIGM12 21.7 ± 2.2 21.7 ± 1.7 25.0 ± 2.7 21.6 ± 1.5 

HOCKS12 38.3a ± 1.1 36.7ab ± 0.8 38.7ab ± 1.3 35.9b ± 0.7 

FPAST12 43.3a ± 0.8 42.4a ± 0.6 41.9ab ± 1.0 40.9b ± 0.6 

HPAST12 40.4 ± 1.1 40.2 ± 0.8 40.9 ± 1.4 38.6 ± 0.7 

TOPL12 38.6 ± 1.2 38.0 ± 0.9 39.2 ± 1.5 36.3 ± 0.8 

CS-A4 6.3a ± 0.3 5.8a ± 0.2 6.6a ± 0.4 4.9b ± 0.1 

CS-A8 7.2a ± 0.3 6.8a ± 0.2 6.8a ± 0.4 5.9b ± 0.1 

CS-A12 7.7a ± 0.2 6.6b ± 0.1 6.8b ± 0.3 5.1c ± 0.1 

GFW 3.89ab ± 0.14 3.85a ± 0.11 4.05a ± 0.17 3.65b ± 0.09 

CREEP 21.1a ± 1.0 20.0a ± 0.7 15.9b ± 1.3 17.8b ± 0.7 

Wool score 6.4a ± 0.4 6.0a ± 0.3 4.2b ± 0.4 4.6b ± 0.2 

Body weight 67.3a ± 1.6 64.7a ± 1.2 67.8a ± 2.0 60.5b ± 1.1 
     

a,b,c Values with different superscripts differed significantly (P <0.01) between classification symbols within traits. 
See Table 3 for trait abbreviations. 

 

The phenotypic correlations between conformation traits and body weights are presented in 

Table 6. The magnitude of the correlations between the conformation traits and the respective body 

weights declined from four to 12 months of age. Favourable positive correlations higher than 0.50 were 

estimated between body weight and the conformation scores and symbols allocated by the various 

judges, apart from for the final classification symbol (SYMF).  

The repeatability values for the body conformation scores awarded at four, eight, and 12 months 

of age by the three judges are presented in Table 7. Judge A had the highest repeatability of body 

conformation scores between successive assessments (0.57). The highest repeatability among the 

judges was achieved at the four-month assessment.  
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Table 6 Correlations between the conformation traits and body weights of Dohne Merino ram lambs 
from four to 12 months of age 

Trait 

Weaning weight Eight-month body weight 12-month body weight 

With traits recorded at 
four months of age 

With traits recorded at 
eight months of age 

With traits recorded at 12 
months of age 

    

WHEIGHT 0.62* 0.63* 0.57* 

RHEIGHT 0.63* 0.62* 0.58* 

BLEN 0.63* 0.68* 0.71* 

RLEN 0.46* 0.45* 0.52* 

BDEPTH 0.65* 0.67* 0.54* 

CBLEN 0.29* 0.44* 0.25* 

SWIDTH 0.54* 0.56* 0.61* 

RWIDTH 0.42* 0.23* 0.46* 

HWIDTH 0.62* 0.52* 0.38* 

HEADLEN 0.52* 0.52* 0.39* 

HGIRTH 0.75* 0.69* 0.71* 

ABDOM 0.65* 0.71* 0.59* 

BCS 0.41* 0.43* 0.19* 

HEAD 0.51* 0.66* 0.52* 

PIGM 0.02 0.11 0.14* 

HOCKS 0.06 −0.07 0.15* 

FPAST 0.02 0.06 0.12 

HPAST 0.01 0.01 0.16* 

TOPL −0.10 −0.03 0.10 

CS-A 0.65* 0.65* 0.57* 

CS-B 0.41* 0.56* 0.60* 

CS-C 0.63* 0.61* 0.66* 

SYM-A   0.56* 

SYM-B   0.48* 

SYM-C   0.61* 

SYMF   0.39* 
 

*Correlations with asterisks are statistically significant (P <0.01); correlations of 0.50 and higher are indicated in 
bold. See Table 3 for trait abbreviations. 

 

Table 7 Repeatability values (± standard error) for body conformation scores awarded to Dohne 

Merino ram lambs at four, eight, and 12 months of age by three judges 

Trait Repeatability 

  

Body conformation score of Judge A among ages 0.57 ± 0.03 

Body conformation score of Judge B among ages 0.48 ± 0.04 

Body conformation score of Judge C among ages 0.49 ± 0.04 

Four-month body conformation score among judges 0.62 ± 0.03 

Eight-month body conformation score among judges 0.58 ± 0.04 

12-month body conformation score among judges 0.56 ± 0.04 
  

 

The results of the principal component analyses for conformation traits recorded at four, eight, 

and 12 months of age are presented in Tables 8, 9, and 10, respectively. Partial correlations were low 

at all ages, indicating that true factors existed in the data sets. This was supported by the Kaiser-Meyer-
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Olkin overall measures of sampling adequacy of 0.91, 0.85, and 0.79, for four, eight, and 12 months of 

age, respectively, revealing the proportion of the variance in the body measurements caused by the 

underlying factor. The Kaiser-Meyer-Olkin measures of sampling adequacy for all individual traits were 

sufficiently high, with only the pigmentation (PIGM4), front pasterns (FPAST4), hind pasterns (HPAST4), 

and TOPL4 at four months of age, the pigmentation (PIGM8), HOCKS8, and hind pasterns (HPAST8) 

at eight months of age, and pigmentation at 12 months of age (PIGM12) having values below 0.60. 

 

Table 8 Eigenvalues and share of total variance, along with factor loadings and communalities, of 

conformation traits recorded for Dohne Merino ram lambs at four months of age 

Trait PCA1 PCA2 PCA3 PCA4 Communality 

      

HGIRTH4 0.85 0.28 0.00 0.08 0.81 

ABDOM4 0.82 0.19 −0.12 −0.09 0.73 

HWIDTH4 0.77 0.10 0.05 −0.04 0.60 

BDEPTH4 0.74 0.30 −0.02 0.01 0.63 

SWIDTH4 0.66 0.23 −0.17 0.30 0.61 

HEAD4 0.63 0.22 0.36 0.17 0.60 

BCS4 0.60 0.00 −0.01 −0.01 0.36 

BLEN4 0.59 0.49 0.15 0.11 0.63 

RLEN4 0.59 0.26 0.14 0.20 0.47 

RWIDTH4 0.59 0.28 0.06 0.18 0.46 

HEADLEN4 0.56 0.23 0.08 0.35 0.49 

WHEIGHT4 0.50 0.83 0.13 0.07 0.96 

RHEIGHT4 0.53 0.82 0.04 0.02 0.96 

HOCKS4 0.17 0.05 0.56 −0.11 0.36 

TOPL4 −0.04 −0.03 0.54 −0.12 0.31 

PIGM4 0.00 −0.01 −0.07 −0.02 0.01 

CBLEN4 0.25 0.32 0.11 0.36 0.31 

HPAST4 0.05 −0.07 −0.03 0.22 0.06 

FPAST4 −0.03 0.07 −0.03 0.15 0.03 

Eigenvalue 7.39 0.83 0.74 0.42  

% Variance 81.15 9.16 8.10 4.61  
      

Traits with the highest factor loadings in each PCA are indicated in bold. PCA: principal component factor. See 
Table 3 for trait abbreviations. 

 

After varimax rotation of the component matrix, four principal components were extracted for 

each age, which accounted for all of the total variance. The first principal component (PCA1) was more 

related to those traits describing general body size, and contributed the most to the total variance at all 

three ages (81.15% at four months, 68.89% at eight months, and 63.26% at 12 months of age). The 

second principal component (PCA2) was primarily determined by RHEIGHT and WHEIGHT at all ages, 

and was thus related to the body heights of the sheep, and contributed between 9.16% and 16.67% to 

the total variance. Either a combination of various subjectively assessed traits (including HOCKS, 

FPAST, HPAST and/or TOPL) or HEADLEN and CBLEN had the highest loadings in the third (PCA3) 

and fourth principal components (PCA4) at all three ages. The communality values (which represent the 

proportion of variance of each variable that can be jointly explained by all the components) of several of 

the traits at each age were more than 50%.  

 

 

 



Snyman et al., 2025. S. Afr. J. Anim. Sci. vol. 55(6)   282 

 

 

Table 9 Eigenvalues and share of total variance, along with factor loadings and communalities, of 

conformation traits recorded for Dohne Merino ram lambs at eight months of age 

Trait PCA1 PCA2 PCA3 PCA4 Communality 

      

HGIRTH8 0.78 0.29 −0.01 0.09 0.70 

ABDOM8 0.76 0.29 0.11 −0.07 0.68 

HWIDTH8 0.71 0.15 0.05 −0.16 0.56 

SWIDTH8 0.67 0.05 0.30 0.08 0.55 

BDEPTH8 0.65 0.33 0.12 0.01 0.55 

HEAD8 0.59 0.31 0.22 0.20 0.54 

BCS8 0.47 −0.05 0.15 0.25 0.30 

BLEN8 0.46 0.35 0.37 0.17 0.50 

RLEN8 0.41 0.17 0.36 0.04 0.33 

WHEIGHT8 0.34 0.91 0.07 0.07 0.95 

RHEIGHT8 0.34 0.90 0.09 0.10 0.94 

CBLEN8 0.21 0.35 0.64 0.02 0.57 

RWIDTH8 0.18 −0.05 0.50 0.27 0.36 

HEADLEN8 0.37 0.42 0.43 0.02 0.50 

PIGM8 0.00 −0.01 0.25 −0.10 0.07 

HOCKS8 0.04 −0.04 −0.05 0.44 0.20 

FPAST8 0.01 0.13 0.08 0.42 0.20 

TOPL8 0.14 −0.01 0.00 0.37 0.16 

HPAST8 −0.08 0.05 −0.01 0.35 0.13 

Eigenvalue 6.02 1.11 0.94 0.70  

% Variance 68.89 12.67 10.72 8.00  
      

Traits with the highest factor loadings in each PCA are highlighted in bold. PCA: principal component factor. 
See Table 3 for trait abbreviations 

 

The results of the various stepwise analyses are presented in Table 11. The threshold of 

significance for the inclusion of traits in the final models was P <0.05. Only traits that contributed 1% or 

more to the variance of the respective model were included in the models discussed here. For 

explanations of the model abbreviations and the possible traits included in each model, see Table 2. 

Heart girth and BLEN explained the most variance in body weight at all three ages, while 

BDEPTH8 also explained more than 5% of the variance in body weight at eight months of age. Heart 

girth explained the most variance in the body conformation scores of all judges at four months of age, 

while PCA1 explained the most variance for all judges when the PCA scores were included. Head 

conformation and SWIDTH8 explained the most variance in the body conformation scores of Judges A 

and C at eight months of age, while SWIDTH8 and BCS8 were the most important traits for Judge B. 

Again, PCA1 explained the most variance when the PCA scores were included for all judges. Body 

length at 12 months of age explained the most variance in the body conformation scores of Judges B 

and C at 12 months of age, while HEAD12 was the trait emphasised the most by Judge A. Consequently, 

PCA3 explained the most variance in the body conformation scores of Judge A at 12 months of age 

(CS-A12), when the PCA scores were included, while PCA1 explained the most variance for the body 

conformation scores at 12 months of age awarded by Judges B (CS-B12) and C (CS-C12). The final 

models differed between the judges, and various subjectively assessed traits were included. Many of 

the traits explained only 1% of the model variance.  
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Table 10 Eigenvalues and share of total variance, along with factor loadings and communalities, of 

conformation traits recorded for Dohne Merino ram lambs at 12 months of age 

Trait PCA1 PCA2 PCA3 PCA4 Communality 

      

SWIDTH12 0.67 0.12 0.02 0.13 0.49 

ABDOM12 0.66 0.17 0.18 0.20 0.54 

BDEPTH12 0.60 0.22 0.02 0.28 0.49 

RWIDTH12 0.60 0.09 −0.06 0.23 0.42 

HWIDTH12 0.55 −0.02 0.05 0.28 0.39 

RLEN12 0.54 0.27 0.06 0.11 0.38 

HGIRTH12 0.45 0.16 −0.03 −0.03 0.23 

PIGM12 0.11 0.03 0.06 −0.10 0.03 

RHEIGHT12 0.24 0.92 0.05 0.23 0.97 

WHEIGHT12 0.24 0.92 0.02 0.25 0.97 

BLEN12 0.41 0.54 0.25 −0.12 0.57 

FPAST12 0.01 −0.01 0.61 0.00 0.38 

HOCKS12 0.04 0.07 0.49 0.13 0.26 

HPAST12 −0.01 0.10 0.47 −0.05 0.24 

TOPL12 0.03 −0.04 0.47 0.01 0.22 

HEAD12 0.37 0.32 0.38 −0.14 0.40 

CBLEN12 0.14 0.26 0.04 0.61 0.47 

HEADLEN12 0.30 0.20 0.08 0.60 0.49 

BCS12 0.19 −0.03 0.02 0.34 0.15 

Eigenvalue 4.84 1.30 1.17 0.74  

% Variance 63.26 16.67 15.07 9.55  
      

Traits with the highest factor loadings in each PCA are highlighted in bold. PCA: principal component factor. 
See Table 3 for trait abbreviations.  

 

As far as the results of the stepwise regression for the effects of conformation traits recorded at 

12 months of age on the classification symbol awarded by the judges are concerned, although BLEN12, 

HGIRTH12, and HEAD12 were included in the models for all judges, it is evident that emphasis was 

placed on different traits by the different judges, when awarding the classification symbols. Only 

HEAD12 and BDEPTH12 contributed more than 5% of the variance in the final classification symbol, 

when only the conformation traits were included. When the conformation score, wool score, and 

performance traits were included as possible predictors, the conformation score (CS-A12), HEAD12, 

and wool score explained most of the variance in the final classification symbol, with conformation and 

wool scores contributing 65% of the variance. Body length at 12 months of age explained 13% of the 

variance in the classification symbol based on the SIP, when only the conformation traits were available 

as possible predictors for inclusion in the model.  
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Table 11 Multiple regression equations for the prediction of body weight, body conformation, and classification symbols for Dohne Merino ram lambs, obtained 
using stepwise regression procedures 

 Judge 
Possible traits included 
for selection c 

Regression equation a,b 
Model 

R2 
 

Y-trait: body weight 

 NA 

CT4m 0.31xHGIRTH4+0.30xBLEN4+0.50xBDEPTH4+0.42xHWIDTH4+0.39xSWIDTH4-54.73 0.86 

PCA-CT4m 4.65xPCA1+1.87xPCA2+0.56xPCA4+34.00 0.87 

CT8m 0.15xHGIRTH8+0.44xBLEN8+0.39xBDEPTH8+0.15xHEAD8+0.20xABDOM8+1.22xBCS8-0.20xTOPL8-56.53 0.82 

PCA-CT8m 4.14xPCA1+2.34xPCA2+1.68xPCA3+44.88 0.78 

CT12m 0.66xBLEN12+0.41xHGIRTH12+1.11xSWIDTH12+0.32xRHEIGHT12+0.11xHEAD12-110.71 0.76 

PCA-CT12m 4.93xPCA1+2.94xPCA2+1.84xPCA3+63.37 0.73 

Y-trait: body conformation score at four months 

 

A CT4m 0.03xHGIRTH4+0.07xBLEN4+0.16xHWIDTH4+0.19xHEADLEN4+0.06xRHEIGHT4-17.37 0.56 

A PCA-CT4m 1.03xPCA1+0.43xPCA2+5.32 0.55 

B CT4m 0.08xHGIRTH4+0.24xHEADLEN4+0.15xRLEN4+0.03xTOPL4-9.47 0.42 

B PCA-CT4m 0.67xPCA1+0.16xPCA2+0.18xPCA3+0.17xPCA4+5.10 0.39 

C CT4m 0.07xHGIRTH4+0.05xBLEN4+0.22xRWIDTH4+0.09xBgepth4+0.64xBCS4+0.03xTOPL4-15.29 0.57 

C PCA-CT4m 1.01xPCA1+0.38xPCA2+0.23xPCA3+5.36 0.58 

Y-trait: body conformation score at eight months 

 

A CT8m 0.04xHEAD8+0.10xSWIDTH8+0.29xBCS8+0.06xBLEN8+0.04xHOCKS8+0.06xHGIRTH8-10.11 0.48 

A PCA-CT8m 0.81xPCA1+0.21xPCA2+0.26xPCA3+0.27xPCA4+6.29 0.45 

B CT8m 0.14xSWIDTH8+0.43xBCS8+0.05xHEAD8+0.06xBLEN8+0.09xHWIDTH8+0.04xTOPL8-6.31 0.43 

B PCA-CT8m 0.68xPCA1+0.25xPCA2+0.26xPCA3+6.00 0.40 

C CT8m 0.06xHEAD8+0.15xSWIDTH8+0.31xBCS8+0.05xBLEN8-6.38 0.43 

C PCA-CT8m 0.75xPCA1+0.30xPCA4+0.24xPCA3+0.17xPCA2+5.65 0.41 

Y-trait: body conformation score at 12 months 

 A CT12m 0.07xHEAD12+0.09xBLEN12+0.05xHPAST12+0.06xTOPL12+0.13xSWIDTH12-9.39 0.41 

 A PCA-CT12m 0.66xPCA3+0.50xPCA1+0.32xPCA2-0.20xPCA4+5.80 0.35 

 B CT12m 0.10xBLEN12+0.18xHWIDTH12+0.04xTOPL12+0.05xFPAST12+0.02xHGIRTH12-12.65 0.39 

 B PCA-CT12m 0.51xPCA1+0.43xPCA3+0.21xPCA2+6.19 0.35 
     

a Only traits that contributed more than 1% to model variance were included in the final regression equations. b Traits contributing 5% or more to model variance are indicated 
in bold. c See Table 2 for explanations of the different models. SIP: performance selection index. 
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Table 11 Multiple regression equations for body weight, body conformation, and classification symbols for Dohne Merino ram lambs, obtained using stepwise 
regression procedures (continued) 

 Judge 
Possible traits included 
for selection c 

Regression equation a,b 
Model 

R2 
 

Y-trait: body conformation score at 12 months (continued) 

 
C CT12m 0.11×BLEN12+0.04×ABDOM12+0.18×HEADLEN12+0.04×HEAD12+0.04×TOPL12+0.15×SWIDTH12−16.34 0.47 

C PCA-CT12m 0.67×PCA1+0.42×PCA3+0.32×PCA2+6.08 0.48 

Y-trait: classification symbol at 12 months 

 

A CT12m 0.05×HEAD12+0.07×BLEN12+0.07×HGIRTH12+0.02×HPAST12−0.05×BDEPTH12−9.70 0.41 

A PCA-CT12m 0.43×PCA3+0.36×PCA1+0.26×PCA2−0.19×PCA4+2.53 0.32 

A PCA-CT12m+CS+WS+PT 0.08×BW12+0.29×PCA3−0.21×PCA4−2.40 0.38 

B CT12m 0.05×HGIRTH12+0.05×FPAST12+0.02×HEAD12+0.03×TOPL12+0.04×BLEN12−10.71 0.29 

B PCA-CT12m 0.35×PCA3+0.30×PCA1+0.14×PCA2+2.83 0.23 

B PCA-CT12m+CS+WS+PT 0.06×BW12+0.25×PCA3−0.90 0.30 

C CT12m 0.07×BLEN12+0.05×HGIRTH12+0.02×HEAD12+0.09×HEADLEN12−12.74 0.40 

C PCA-CT12m 0.43×PCA1+0.21×PCA2+0.23×PCA3+2.62 0.34 

C PCA-CT12m+CS+WS+PT 0.08×BW12−2.23 0.40 

Y-trait: final classification symbol at 12 months 

 

A CT12m 
0.08+HEAD12−0.06×BDEPTH12−0.13×BLEN12−0.06×WHEIGHT12−0.12×RWIDTH12+0.04×FPAST12−0.01×PIGM12
−0.10×HWIDTH12+0.14 

0.54 

A CT12m+CS+WS+PT 
0.50×CS−A12+0.26×Wool score+0.05×HEAD12−0.09×HWIDTH12−0.07×WHEIGHT12−0.01×PIGM12 
+0.05×BLEN12−0.11×SWIDTH12+3.86 

0.77 

A PCA-CT12m 0.61×PCA3−0.42×PCA4+0.25×PCA2+0.14×PCA1+1.84 0.35 

A PCA-CT12m+CS+WS+PT 0.62×CS−A12+0.28×Wool score+0.23×PCA3−0.21×PCA4−2.04 0.71 

Y-trait: classification symbol according to SIP 

 NA 

CT12m 0.06×BLEN12+0.03×ABDOM12−3.36 0.15 

CT12m+CS+WS+PT 0.03×BW12+0.22×GFW−0.09×RWIDTH12+1.74 0.22 

PCA-CT12m 0.16×PCA2+0.15×PCA1+0.09×PCA3+3.47 0.13 

PCA-CT12m+CS+WS+PT 0.03×BW12+0.21×GFW+0.22 0.22 
     

a Only traits that contributed more than 1% to model variance were included in the final regression equations. b Traits contributing 5% or more to model variance are indicated in 
bold. c See Table 2 for explanations of the different models. SIP: performance selection index. 
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Discussion 

In this study, various measured and subjective body conformation traits or trait combinations 

were evaluated to determine the impact of different judges on subjective body conformation scores and 

classification symbols in the South African Dohne Merino breed. The South African Dohne Merino 

Breeders’ Society has a single selection index based on performance data that all Dohne Merino 

breeders must use when selecting breeding sires and dams. However, in addition to selection based on 

this index, breed judges perform subjective assessments of various conformation and wool traits. In 

many cases, animals with superior performance traits are culled based on these subjective conformation 

assessments. 

The CV of the measured conformation traits recorded in this study fell within the 4%–12% range 

reported for these traits in other sheep breeds in the literature (Cam et al., 2010; Yakubu, 2010; Abbasi 

& Ghafouri-Kesbi, 2011; Yakubu & Mohammed, 2012; Dekhili & Aggoun, 2013; Mavule et al., 2013; 

Yakubu, 2013; Jafari et al., 2014; Temoso et al., 2017). Most of the conformation traits describing body 

measurements at all three ages had relatively low CV, when compared to the CV found for body weight, 

BCS, and body conformation score. Higher CV were observed for the subjectively assessed traits 

HEAD, HOCKS, TOPL, and pasterns (front and hind), than for the measured conformation traits, and 

these values were also in line with the ranges reported in other studies (Snyman & Olivier, 2002; 

Matebesi et al., 2009). 

Significant trends were observed for all conformation traits, with the exception of HEAD, 

HOCKS, and TOPL. Positive trends were observed for the traits related to skeletal dimensions, namely 

WHEIGHT, RHEIGHT, BLEN, RLEN, CBLEN, and HEADLEN, as well as for the traits that are more 

dependent on muscle and fat growth, namely BDEPTH, SWIDTH, RWIDTH, HWIDTH, HGIRTH, and 

ABDOM. The traits HOCKS (P >0.01), FPAST, and HPAST showed negative trends with age, possibly 

because any potential problems in these anatomical areas become more pronounced as the animal 

gets heavier with age. The body conformation scores also showed positive trends with age, most 

probably because of an association with the increase in body weight with age.  

As far as the means of the recorded traits for the different final classification symbols awarded 

at 14 months of age are concerned, most of the traits did not differ between the rams awarded different 

classification symbols. The only trait that differed between the AA and A rams was the body 

conformation score at 12 months of age (CS-A12). The CS-A12 value, in turn, was influenced by 

BLEN12 and HEAD12, for which there was no difference between AA and A animals. Thus, the 

distinction between the AA and A classification could not be explained by these data. Similarly, B-

category animals only differed from AA and A animals in the CS-A12 value, the creeping belly score, 

and the wool score, which are all subjectively assessed traits. No differences between the AA, A, and B 

rams in any of the objectively measured conformation or performance traits were recorded. More 

differences between the C-category and the AA, A, and B animals were observed. Animals awarded a 

C-symbol had shorter BLEN, poorer HEAD, FPAST, and HOCKS scores, lower wool scores, and inferior 

wool quality traits than rams classified as AA and A. The C-category rams also had lower body 

conformation scores, body weights, and greasy fleece weights than animals with the higher classification 

symbols. These differences were to be expected, as C rams are inferior animals and are considered 

cull animals. 

Estimated phenotypic correlations between conformation traits and body weights in the current 

study were significant for most of the measured morphometric traits and body conformation scores, but 

were not significant for the subjectively evaluated traits. As found in the current study, HGIRTH had the 

highest correlation with body weight in most previously reported studies (Sowande & Sobola, 2008; Cam 

et al., 2010; Abbasi & Ghafouri-Kesbi, 2011; Oke & Ogbonnaya, 2011; Birteeb & Ozoje, 2012; Moela, 

2014; Ambarcioğlu et al., 2017; Temoso et al., 2017). The previously reported correlations between 

WHEIGHT, RHEIGHT, BLEN, HGIRTH, BDEPTH, SWIDTH, and RWIDTH, and body weights at various 

ages, are similar to those estimated in the current study, and ranged from 0.53 to 0.84. Phenotypic 

correlations between the body weight and the subjectively assessed traits HOCKS (0.28), TOPL (0.21), 

PIGM (0.04), HEAD (0.55), and PAST (0.04) in Merino sheep were also lower than those obtained for 

the measured traits (Matebesi et al., 2009).  

The high positive correlations of 0.41 to 0.66 between the body weight and the conformation 

scores and classification symbols allocated by the various judges estimated in the current study indicate 

that higher scores were allocated to heavier animals. Furthermore, all the traits related to general body 

size, skeletal dimensions, and the body conformation scores of all the judges showed positive trends 
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with the increase in age during the trial period. The generally higher body conformation scores awarded 

to older rams could thus be linked to the larger body sizes and higher body weights of the animals at 

the later ages. 

Phenotypic correlations between the recorded conformation traits within the same age (not 

reported here), as well as between the recorded traits at the different ages, were positive and significant 

for most of the measured morphometric traits, but were not significant for the subjectively evaluated 

traits HOCKS, FPAST, HPAST, and TOPL. Positive phenotypic correlations between most of the 

measured body conformation traits have been previously reported by various authors for various breeds 

(Salako, 2006a, 2006b; Sowande & Sobola, 2008; Cam et al., 2010; Yakubu, 2010; Abbasi & Ghafouri-

Kesbi, 2011; Oke & Ogbonnaya, 2011; Okpeku et al., 2011; Yakubu & Mohammed, 2012; Dekhili & 

Aggoun, 2013; Mavule et al., 2013; Yakubu, 2013; Jafari et al., 2014; Ambarcioğlu et al., 2017; Temoso 

et al., 2017; Tesfay et al., 2017). Phenotypic correlations between the measured and assessed 

conformation traits recorded at four, eight, and 12 months of age and the respective body conformation 

scores and classification symbols (not reported here) were significant for most of the measured 

morphometric traits and body conformation scores, but were not significant for most of the subjectively 

evaluated traits (PIGM, HOCKS, FPAST, HPAST, and TOPL). Although the negative trends observed 

with age for HOCKS, FPAST, and HPAST might be explained by the fact that any possible problems 

with these traits became more pronounced as the animals got heavier with age, the influence of the 

judge on the subjective assessment of these traits should not be ignored. The moderate repeatability 

(ranging from 0.48 to 0.62) of body conformation scores between and among judges is a cause for 

concern. This emphasises the fact that there is no universal definition for body conformation on which 

judges can base their assessment. 

Four PCAs were identified during the factor analyses at the various ages. The first PCA at all 

ages described general body size and contributed between 63% and 81% of the total variance. Traits 

included in PCA1 were HGIRTH, ABDOM, BDEPTH, HWIDTH, SWIDTH, and RWIDTH. The second 

PCA was determined by RHEIGHT and WHEIGHT at all ages, thus indicating the body height of the 

sheep. This factor contributed between 9% and 17% of the total variance. The third and fourth PCAs 

varied among the ages, but these two PCAs were either described by HOCKS, FPAST, HPAST, and 

TOPL (subjective conformation traits) or by HEADLEN and CBLEN (measurements of secondary 

skeletal dimensions). Various previous studies on conformation traits in sheep have reported that PCA1 

had high factor loadings for traits representing general body size (Salako, 2006b; López-Carlos et al., 

2010; Yakubu et al., 2011; Yakubu, 2013; Nunes et al., 2020). In some of these studies, these traits 

were more related to muscle and fat (carcass conformation) and were separated from those related to 

body height, while in others, these traits were combined in the first PCA. According to Salako (2006b), 

the separation of traits into the different PCAs might be due to the different association of each trait with 

bone, maturation rate, or common causative genes. Furthermore, very high correlations between 

RHEIGHT, WHEIGHT, and BLEN were estimated at all three ages, but lower correlations between the 

height traits and the width and circumference traits were obtained at eight and 12 months of age than 

at four months of age. As the width and circumference traits were not associated with body height and 

body length, selection for an altered body shape to obtain a tall animal with characteristic meat animal 

traits would theoretically be possible (Yakubu, 2013). 

Various stepwise regression analyses were done to determine which traits contributed the most 

to body weight, body conformation score, and the classification symbols. In the stepwise regression of 

individual conformation traits on body weight, HGIRTH and BLEN explained the most variance in body 

weight at all three ages, while BDEPTH8 also explained more than 5% of the variance in body weight 

at eight months of age. Heart girth was also a major contributor to variance in the multiple regression 

models predicting body weight in West African Dwarf sheep (Sowande & Sobola, 2008; Birteeb & Ozoje, 

2011; Oke & Ogbonnaya, 2011), indigenous sheep in Botswana (Temoso et al., 2017), and Karayaka 

ewes (Cam et al., 2010). Multiple regression models reported in previous studies and explaining 

between 95% and 97% of variance in body weight included traits such as HGIRTH, WHEIGHT, BLEN, 

RHEIGHT, HEADLEN, RWIDTH, and BCS (Sowande & Sobola, 2008; Cam et al., 2010; Birteeb & 

Ozoje, 2011; Oke & Ogbonnaya, 2011; Temoso et al., 2017). Thus, it was the objectively measured 

traits that contributed the most to body weight. Similar results have been reported in the literature for 

various sheep breeds (Sowande & Sobola, 2008; Cam et al., 2010; Yakubu, 2010; Birteeb & Ozoje, 

2012; Dekhili & Aggoun, 2013; Tyasi et al., 2015; Ambarcioğlu et al., 2017; Temoso et al., 2017; Tesfay 

et al., 2017). Body weight was the only trait explaining more than 5% of the variance in the classification 
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symbol awarded according to the general merit index, which in turn is also based on objective 

performance data. 

It is evident that there was much variation between the judges in the traits contributing the most 

to the body conformation score. At four months of age, the only trait of importance common to all three 

judges was HGIRTH4. At eight months of age, HEAD8, SWIDTH8, and BCS8 were the traits all judges 

placed the most emphasis on when awarding eight-month body conformation scores. At 12 months of 

age, BLEN12 was the most important trait for all three judges when assessing body conformation 

scores. It is therefore clear that, apart for BLEN at four and 12 months of age and HEAD at eight and 

12 months of age, there was no consistency in the traits that were considered when awarding the body 

conformation scores. Thus, a combination of traits indicating general body size, as well as the subjective 

trait HEAD, was emphasised when assessing body conformation over the trial period.  

There was also variation between the judges in the traits contributing to the classification symbol 

awarded at 12 months of age. Traits contributing significantly to the awarding of the classification 

symbols at 12 months were HEAD12, BLEN12, HGIRTH12, and FPAST12. This indicates that different 

judges awarded different symbols to the same animal, which could severely impact selection progress, 

as widely divergent sires were eligible for selection. The results for the final classification symbol 

awarded at 14 months of age indicated that body conformation score, HEAD12, and wool score 

explained the most variance, with body conformation and wool scores contributing 65% of the variance. 

These results further emphasise that the subjective impressions of the judge played the biggest role in 

the final classification at 14 months of age, as these are all subjectively evaluated traits.  

Significant correlations of above 0.50 were estimated between most of the conformation traits. 

As multicollinearity undermines the statistical significance of an independent variable and has been 

shown to be associated with unstable estimates of regression coefficients (Malau-Aduli et al., 2004; 

Okpeku et al., 2011), the use of such interdependent explanatory variables should be treated with 

caution in multiple regression models. Principal component factor scores are orthogonal to each other 

and are more reliable in factor weight estimation. This justifies the use of PCA scores for model 

prediction. Using these factors will also reduce the number of variables in cases where a large number 

of possible variables are involved. For the models where the PCA scores were included as possible 

traits, PCA1 explained the most variance in the final models for the predictions of body weights at the 

various ages. The first PCA also explained the most variance for all judges when the PCA scores were 

included in the models predicting body conformation scores at four and eight months of age. Heart girth 

had the highest factor loadings (0.85 and 0.79 respectively) in PCA1 at four and eight months of age. 
PCA3 explained the most variance in CS-A12 when the PCA scores were included, while PCA1 

explained the most variance in CS-B12 and CS-C12. Therefore, the most suitable models for predicting 

body weight and conformation scores for all the judges at all ages would be the models including the 

PCAs (PCA-CT4m/8m/12m). Similarly, the model PCA-CT12m+CS+WS+PT could be regarded as the 

most suitable model for the classification symbol awarded by the judges at 12 months of age, as well as 

for the final classification symbol. As PCA1 or PCA3 explained the most variance in body conformation 

scores at all ages and in classification symbols at 12 months of age for all three judges, this should 

decrease the variation due to the effect of the different emphasis that the three judges placed on the 

different individual traits. 

The results of this study emphasise the fact that there is no clear definition of body conformation, 

and each judge has their own interpretation of body conformation. The fact that the opinion of the judges, 

based on a largely undefined trait or concept, plays a major role in the final decision of which animals 

will be allowed to be retained as breeding stock, is contradictory to the aim of the Dohne Merino 

Breeders’ Society to have a common breeding objective. 

 

Conclusions 
The traits that received the most emphasis in assessing body conformation were BLEN, 

HGIRTH, and HEAD. Body length and HGIRTH, in turn, contributed the most to predicting body weight, 

thus indirectly placing emphasis on bigger animals. The final classification symbol was awarded based 

mainly on the subjective traits body conformation score, HEAD12, and wool score. It was also obvious 

that the three judges emphasised different traits when assessing body conformation and awarding 

classification symbols. This would lead to different sires being eligible for selection in different studs. As 

PCA1 explained the most variance in body conformation score for all the judges, including the 
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measurable conformation traits related to body size and skeletal dimensions in the principal component 

analysis for the prediction of body conformation could alleviate the problem of personal preference of 

the judges. 

If the Dohne Merino Sheep Breeders’ Society aims to have common breeding objectives, it is 

imperative that the subjective trait evaluation aspects should be refined and standardised, as judges 

currently have a major impact on the final selection of breeding sires. 
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