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ABSTRACT: Data were collected on 1608 ewes from a 
composite flock (Dorper, Katahdin and Romanov) over a 
4 year period, including a total of 3346 records and a 
pedigree file containing 9895 individuals. Wool shedding 
scores (WSS) were considered a categorical (ordinal) trait 
with 0, 1 less than 25% of wool coverage (WC), 2 to 6 
between to 25 and 75% of WC, and 7, 8 more than 75% 
of WC. A Bayesian analysis using the RJMC module 
from the DMU software package was used to fit a probit 
threshold model. Heritability and repeatability of liability 
of WSS were moderate at 0.33 ± 0.02 and 0.48 ± 0.02, 
respectively. The heritability estimated was similar to 
those reported in the literature. Based on chi-squared 
tests, age and birth-rearing type influenced WSS (P < 
0.001). 
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Introduction 
 
Increased labor inputs in the sheep industry, 

especially related to the high costs of shearing as 
compared to the value of wool, have raised an interest in 
developing breeds that shed their wool naturally every 
year, while maintaining other desirable characteristics 
such as growth rate, prolificacy and disease resistance 
(Notter, 2000). A number of breeds shed their wool 
annually, including the Wiltshire Horn, Katahdin and 
Dorper. Breeder associations have formed with the aim of 
combining wool shedding attributes, through strategic 
crosses using shedding breeds, with other productivity 
and disease-coping traits into composite easy care breeds 
(Nieuwhof, 2006).  

 
Although growing in popularity, easy care 

composites are early in their development, and limited in 
numbers. The plethora of factors that may affect the 
expression of wool shedding in these breed-types 
therefore has not yet been fully explored. Still, there is 
initial evidence that wool shedding is under strong genetic 
control. Pollott (2011) and Matika et al. (2013) found that 
the trait was moderately, if not highly, heritable with its 
expression predominated by a single dominant autosomal 
gene. The data used in those studies were from single 
moderately-sized flocks. 

 
Wool shedding is typically scored subjectively 

with extreme scores reflecting animals that either retained 

or completely shed their wool. Therefore, wool shedding 
scores (WSS) form ordered categories. Several statistical 
approaches are used to analyze such data.  Generalized 
linear mixed models have often been employed, where 
scores were considered continuous, or combined into 
binary or a few categories (Pollott, 2011; Matika et al., 
2013).  Allain et al. (2011) adopted a Bayesian approach, 
where WSS was modelled as a continuous variable.  

 
Our objective was to estimate genetic and 

environmental parameters for WSS when measured 
repeatedly in ewes, and modelled as a categorical 
(ordinal) trait. A Bayesian approach using Markov Chain 
Monte Carlo (MCMC) methods was adopted. A 
composite breed-type in early stages of development was 
evaluated. 

 
Materials and Methods 

 
Data. Performance data from a 4 year period 

(2009-2012) for ewes from a composite flock derived 
from the Dorper, Katahdin, and Romanov breeds at the 
U.S. Meat Animal Research Center (Clay Center, 
Nebraska, USA) were considered.	   Ewes were one-half 
Romanov, with genetic groupings defined as two- or 
three-breed crosses (F1 or F2). A total of 3346 WSS, 
breeding body weights and reproductive/maternal 
performance records (number born and reared, and litter 
weaning weight) from 1608 ewes were used in the 
analysis. The pedigree file consisted of 9895 animals 
dating back to the founders of the composite population 
(1989). The WSS was defined as a categorical (ordinal) 
trait, on a 0 to 8 scale (0 and 1 less than 25% of wool 
coverage, 2 to 6 between to 25 and 75% of wool 
coverage, and 7, 8 more than 75% of wool coverage). 
Both performance records and pedigree were inspected 
for consistency (missing values and parents) as well as 
outliers.  
 

Model. Model selection was performed using the 
GLIMMIX procedure in SAS (SAS Institute Inc. Cary, 
NC, USA). Genetic analysis was carried out with the 
RJMC module of DMU (Danish Faculty of Agricultural 
Sciences Multivariate analysis by Restricted Maximum 
Likelihood software package; Madsen and Jensen, 2012), 
which uses MCMC methods to estimate variance 
components using a probit threshold model. The genetic 
model fitted was:	  	  



 𝝀 = 𝑿𝒃 + 𝒁𝒂𝒖𝒂 + 𝒁𝒑𝒆𝒖𝒑𝒆 + 𝒆,               [1] 
 
where λ is the vector of unobserved liabilities for WSS, b 
is a vector of systematic effects including contemporary 
group (CG; 19 year by genetic group combinations), 
number of lambs born and reared (NBR; 7 levels), and 
age at lambing (AL; 6 levels). The 𝑿,𝒁𝒂  and  𝒁𝒑𝒆 are 
incidence matrices relating records to fixed effects, 
random animal effects (𝒖𝒂), and permanent 
environmental effects (𝒖𝒑𝒆), respectively, and e is a 
vector of residual effects. Uniform priors were assigned to 
systematic effects, and variance components were 
assigned Inverted Wishart priors. Parameters were 
sampled from the posterior conditional distributions. The 
degree of belief was specified as in Stock (2007). A single 
chain of 550000 samples was generated with 50000 
samples as the “burn in” period, and a thinning interval of 
50 for a total of 10000 samples for posterior inferences. 
Convergence was assessed using Raftery and Lewis 
convergence diagnostics on the CODA (convergence 
diagnostics and output analysis) package (Plummer et al., 
2006) in R (R core team, 2013). The influence of 
systematic effects was analyzed using contingency tables 
and a chi-squared goodness of fit test. Heritability was 
calculated as the ratio between additive genetic variance 
and phenotypic variance from model [1]. Repeatability 
was derived as the ratio of additive genetic and permanent 
environmental variance to the phenotypic variance. 

 
Results and Discussion 

 
The distribution of ewes over the 9 WSS 

categories is shown in Figure 1. Estimates of variance 
components and their corresponding density plots are 
presented in Table 1 and Figure 2, respectively.   

 

 
Figure 1. Distribution of ewes over the nine categories 
of wool shedding scores (WSS). 
 
 

Heritability. The heritability for the liability of 
WSS was moderate at 0.33 ± 0.02. Allain et al. (2011) 
reported a heritability estimate of 0.46 ± 0.06 in the 
Martinik hair, Romane breeds, and their offspring. 
Similarly, Pollott (2011) reported heritability estimates of 
shedding score of 0.55 ± 0.07 for lambs and 0.27 ± 0.10 

for older animals in a composite flock, and 0.41 ± 0.20 in 
the Wiltshire horn breed, when shedding score was 
treated as a polygenic trait. O’Connell et al. (2012) 
presented similar findings. Their estimates of heritability 
using an animal model ranged from 0.24 ± 0.03 to 0.52 ± 
0.05 depending on the season of the year. Conversely, in a 
flock of easycare sheep, Matika et al. (2013) reported 
very high estimates of heritability of 0.80 ± 0.06 when 
shedding scores were treated as continuous, and 0.75 ± 
0.07 when those shedding scores were combined into 3 
categories (non-shedders, medium shedders and complete 
shedders). In all of the other studies, phenotypes for 
shedding scores were assumed to be normally distributed. 
Despite differences in model assumptions, and in the 
methodologies employed for model fitting, the heritability 
of wool shedding was consistently estimated to be 
moderate to high.  

 
Table 1. Posterior means for variance component 
estimates, and heritability and repeatability estimates 
of wool shedding scores (WSS) liability (standard 
deviation in parenthesis).* 
Trait 𝜎!!	   𝜎!"! 	   𝜎!!	   ℎ! 𝑟 

WSS 0.091 
(0.008) 

0.039 
(0.005) 

0.142 
(0.004) 

0.334 
(0.024) 

0.477 
(0.019) 

*𝜎!!	   = additive genetic variance, 𝜎!"!  = permanent environmental 

variance, 𝜎!!  = residual variance, ℎ!  = heritability, 𝑟 = repeatability. 
 
 
Repeatability. In our study, the repeatability of 

WSS was moderate at 0.48 ± 0.02 (Table 1), which is 
nearly 1.5 times its heritability. Similarly, O’Connell et al. 
(2012) estimated repeatabilities of 0.30 ± 0.03 to 0.72 ± 
0.02, again depending on the season of the year. 
However, Pollott (2011) found no permanent 
environmental effect on wool shedding when the measure 
was recorded repeatedly.  

 

 
Figure 2. Density plots for variance component 
estimates. 
 



Table 2. Counts of age categories relative to wool 
shedding scores (WSS). 

WSS* 
 Age category** 
 1 2 3 4 5 6+ 

0, 1  625 630 450 266 111 48 
2 - 6  588 217 96 68 24 13 
7, 8  176 20 3 7 1 2 

*WSS: 0 and 1 less than 25% of wool coverage, 2 to 6 between to 25 
and 75% of wool coverage, and 7, 8 more than 75% of wool coverage.  
**Age category in years. 
 
 
Table 3. Counts of birth-rearing categories relative to 
wool shedding scores (WSS). 

WSS* 
Birth-rearing category** 

 1 2 3 4 5 6 7 
0, 1  295 506 315 647 78 187 102 
2 - 6  225 289 130 253 25 57 27 
7, 8  61 68 25 46 3 3 3 

*WSS: 0 and 1 less than 25% of wool coverage, 2 to 6 between to 25 
and 75% of wool coverage, and 7, 8 more than 75% of wool coverage. 
**Born-rearing category: 1 = a ewe did not lamb or did not raise a lamb; 
2 = a ewe lambed 1 lamb and reared 1 lamb; 3 = a ewe lambed 2 lambs 
and reared 1 lamb; 4 = a ewe lambed 2 lambs and reared 2 lambs; 5 = a 
ewe lambed 3 or more lambs and reared 1 lamb; 6 = a ewe lambed 3 or 
more lambs and reared 2 lambs; 7 = a ewe lambed 3 or more lambs and 
reared 3 lambs. 

 
 
Fixed environmental factors. Chi-square tests 

performed on contingency tables (counts of number of 
ewes per age and birth-rearing type category; Tables 2 
and 3) showed that both AL and NBR category influenced 
shedding scores (χ2 value of 420.5 and 105.0 respectively; 
P < 0.001 for both effects). 

 
Conclusion 

 
Our results suggest that both the heritability and 

repeatability for the liability of WSS are moderate, 
implying that selection to increase wool shedding could 
be successful. Our estimates of heritability were 
somewhat lower than previously reported. That may be 
due to the composite breed-type and management system 
particular to this flock, but also due to our distributional 
assumptions about WWS; we considered the expression 
of trait as ordered categories. In addition, it appears that 
age at scoring, and the litter size born and reared by a 
ewe, influence WSS. Further analysis is necessary to 
more comprehensively understand wool shedding, in 
particular the correlation between lamb and ewe 
measurements of this trait. Such information is necessary 
to efficiently incorporate wool shedding into selection 
programs in easy care breeds of sheep.  
 

Mention of a trade name, proprietary product, or 
specific equipment does not constitute a guarantee or 
warranty by the USDA and does not imply approval to the 
exclusion of other products that may be suitable.	  USDA is 
an equal opportunity provider and employer.  	  
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