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ABSTRACT: This study aimed to determine genetic 
variation and relationships among the binary traits: 
presence/absence fibres objectionable (pigmented (PPF), 
medullated (PMED) and kemps (PK)); dark spots (PS) and 
halo-hair on the birth coat of lamb (PH). Data from two 
experimental Corriedale flocks were used and included 
records from 1421, 656 and 774 animals for PS, fibres and 
PH respectively. Bivariate and multivariate models under a 
Bayesian approach were used for analysis. Heritability 
estimates were of low to intermediate magnitude (0.13 to 
0.61). Due to the small amount of data most of genetic 
correlations presented great uncertainty, thus not allowing 
to clearly establishing genetic associations. PS and PH may 
be useful indicator traits for fibres objectionable since they 
can be easily and quickly assessed. PPF did not appear to be 
strongly correlated with PH, but had a positive and 
intermediate correlation with PS; therefore PS could be a 
good indicator for PPF. 
Keywords: heritability; genetic correlation; Corriedale; 
halo-hair 
 
 

Introduction 
 

Uruguay is traditionally a wool exporting country, 
being inside the top 5 exporting countries of wool, 
especially of tops (Frade (2013)). Wool has a number of 
objectionable fibres (undesirable fibres, such as pigmented 
fibres (PF), medullated fibres (MED) and kemps (K)), 
which are a problem for the industry, because they decrease 
the versatility of colours to use in their staining. Direct 
selection against presence of objectionable fibers is 
expensive and cumbersome, because it requires laboratory 
techniques for measuring the fleece of each animal. An 
alternative approach is the use of indirect selection via 
correlated traits. Candidate traits include pigmentation in 
non-fleece areas (pigmentation score of mouth, hooves and 
ears), dark skin spots on the adult sheep or pigmented halo-
hair on the birth coat of lambs. Breeding programs to 
reduce the presence of objectionable fibres requires 
knowledge about the genetic parameters, such as 
heritabilities and genetic correlations.  

 
International literature on genetic parameters of 

pigmentation traits (PF and skin spots) is scarce and mostly 
refers to Merino (Fleet (1996); Fleet et al. (1990); Fleet et 
al. (2008)) or Romney Marsh (Enns and Nicoll (2002)).  
Additionally, heritability estimates of MED and K in sheep 
are lacking, although some reference can be obtained from 

goats (Allain and Roguet (2003), Allain and Roguet (2006); 
Gifford et al. (1991)). On the other hand, there is evidence 
that the number of black skin spots in the fleece area of the 
animals may be a useful indicator trait for PF (Fleet and 
Forrest (1984); Fleet and Lush (1997)). Additionally, the 
presence of halo-hair on the birth coat and PF on the legs 
and horn sites has usually been the best indicators of the 
risk of isolated PF in the hogget fleece (Fleet et al. (1989); 
Fleet (1990)). Halo-hair score on newborn Merino lambs is 
positively correlated with medullated fibre content (Fleet et 
al. (2005)). Local studies have reported heritabilities and 
genetic correlation for PF and other pigmentation traits 
(dark spots, pigmentation scores of mouth, hooves, and 
ears) in Corriedale, (Rosas (2009), Urioste et al. (2011)), 
but genetic correlations estimates between objectionable 
fibres and pigmented halo-hair on the birth coat is 
nonexistent.	   Therefore, the aim of this study was to 
determine genetic variation and relationships (heritability 
and genetic correlations) among the binary traits 
presence/absence of PF (PPF), MED (PMED), K (PK), skin 
spots (PS) and halo-hair on the birth coat of lambs (PH). 

 
Materials and Methods 

 
Experimental animals. The animals belonged to 

two experimental Corriedale flocks from Universidad de la 
República, Uruguay. The management of these flocks 
corresponded to a traditional production system, where 
sheep grazed together with cattle on native pastures, and the 
shearing type was Tally-Hi.  

 
Data base. Since 2002, both experimental flocks 

(situated at Bernardo Rosengurtt Experimental Station and 
Campo Experimental N°1), of approximately 300 ewes 
each, have been subjected to an experimental design of 
paternal half-sib families and have been genetically 
connected by sharing rams.	   Data included records of 
number of black spots in the fleece area from 1421 animals 
(shearing years 2005 to 2008), presence of objectionable 
fibres (PF, PMED and PK) in fleece of 656 animals 
(shearing years 2005 to 2007) and presence of halo-hair on 
the birth coat of 774 animals (lamb marking years 2006 and 
2007).  

 
Statistical analyses. Five binary traits were 

studied: PPF, PMED, PK, PS and PH. Bivariate and 
multivariate models under a Bayesian approach were used 
for genetic analysis.  First, heritability and genetic 
correlation of PH with objectionable fibres (PPF, PMED 



and PK) and PS were estimated with the bivariate model as 
following: 

 
 yijk = flock-yeari +  sexj+ animalk + eijk; 
 

where yijk is the observation of the traits in the animal, 
flock-yeari is the fixed effect of the ith flock-year class, sexj 
is the fixed effect of the lth class of sex, animalk is the 
random additive genetic effect considering all relationships 
simultaneously and eijklm is the residual effect; additionally, 
for PH the effect of age at the lamb at marking was 
included. Finally, a multivariate model allowed the 
simultaneous analysis of the 5 traits (PPF, PMED, PK, PS 
and PH), where y1 is the vector of PPF observations, y2 is 
the vector of PMED observations, y3 is the vector of PK 
observations, y4 is the vector of PS observations and y5 is 
the vector of PH observations, all in the individual animal. 
The model was:  
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where X1, X2, X3, X4 y X5 are incidence matrices that 
related the observations to the fixed effects b1, b2, b3, b4 and 
b5. The fixed effects were the same as the model described 
above. Z1, Z2, Z3, Z4 y Z5 are incidence matrices that related 
the observations to the animal effects, and e1, e2, e3, e4 and 
e5 are residual effects of the respective traits;  Residuals 
were assumed to follow a normal distribution, e ~ N(0, R0 
⊗ I), where: 
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The additive genetic effects were assumed to have 

a multivariate normal distribution, a ~ N(0, G0  A), where 
G0 is the (co)variance matrix between animal effects, and A 
is the known matrix of additive relationships between 
animals. 

 
The Thriggibs1f90 program (Misztal et al. (2002)) 

was used for estimating variance and covariance 
components, from which heritabilities and genetic 
correlations were derived.   A chain of 200,000 iterations 
was used, with a burn-in of 40,000 rounds and a thinning 
interval of 16 samples. The heritability (h2) and genetic 
correlation (rA) were calculated with the BOA package in R 

language (R Core Team (2012)) as: h! = !!
!

!!
!!!!!

 and 

r! =
!"#!"!#
!!!∗!!"

 , respectively. Reported values in the present 
study are an average of estimates obtained in the bivariate 
and multivariate analysis. 

Results and Discussion 
 

The percentages for PPF, PMED, PK, PS and PH by year of 
measure and experimental flocks are presented in Table 1; 
these provide an initial evidence for the existence of 
variability in all traits analyzed. 
 
Table 1. Percentage of animals with pigmented (PPF), 
medullated (PMED), and kemp (PK) fibres, dark spots 
(PS) and halo-hair (PH) by year of measure and 
experimental flocks (Bernardo Rosengurtt (B) and 
Campo Experimental N°1 (C). 

Year of 
measure 

PPF PMED PK PS PH 
B C B C B C B C B C 

2005 57 60 22 31 54 81 8 36   
2006 52 63 41 32 78 70 25 57 37 46 
2007 22 0 71 93 91 97 34 27 46 30 
2008       45 44   

 
 

The heritability estimates of objectionable fibres, 
PS and PH were of low to intermediate magnitude, a range 
of 0.13 to 0.61 (Table 2).  The heritability estimate for PPF 
(Table 2) was similar to results by Rosas (2009) (h2 = 0.21) 
and Urioste et al. (2011) (h2 = 0.19). Our estimate was also 
lower than values of isolated PF estimated by Fleet et al. 
(1990) (h2 = 0.45) in Corriedale hoggets but similar to those 
reported by Fleet and Mortimer (data unpublished cited by 
Fleet (1996)) of 0.18. The heritability estimate for PK 
obtained in this study (Table 2) was higher than reported 
values for goats (h2 = 0.32, (Allain and Roguet (2006)) and 
h2 = 0.36, Gifford et al. (1991)). The heritability of PMED 
(Table 2) was also higher than reported by the same authors 
(h2 = 0.23 and 0, respectively). In reference to the 
heritability of PS (Table 2), our estimation was similar to 
that reported by Urioste et al. (2011) (h2 = 0.25) and Enns 
and Nicoll (2002) (h2 = 0.27), both using the same data 
base. Finally, the heritability of PH (Table 2) was similar to 
estimate reported by Fleet (1996) of 0.61, thus suggesting 
an important room for selection. 

 
Table 2. Posterior means (posterior standard deviation) 
of genetic parameters estimates& for presence of 
pigmented (PPF), medullated (PMED), and kemp (PK) 
fibres, presence of dark spots (PS) and presence of halo-
hair (PH). 
Traits PPF PMED PK PS PH 
PPF 0.17 

(0.09) 
0.44 

(0.23) 
0.26 

(0.38) 
0.33 

(0.27) 
0.12 

(0.30) 
PMED  0.42 

(0.10) 
0.55 

(0.15) 
0.07 

(0.21) 
0.09 

(0.23) 
PK   0.53 

(0.14) 
0.01 

(0.23) 
-0.39 
(0.21) 

PS    0.28 
(0.07) 

0.04 
(0.21) 

PH     0.57 
(0.10) 

 & Heritabilities on diagonal and genetic correlations above diagonal. 
 
 



Due to the small amount of data, the genetic 
correlations were estimated with great uncertainty, thus not 
allowing establishing genetic associations clearly. The 
genetic correlations between PPF and PK, PPF and PMED 
and PMED and PK were positive and of intermediate 
magnitude. These estimates indicate that selecting for lower 
number of fibres will decrease the other traits. The 
estimates of genetic correlation between PS with PMED 
and PK were not different from zero, so selecting for PS 
would not affect the number of PMED and PK in any 
direction.  The genetic correlation estimate between PS and 
PPF was positive and of intermediate magnitude. This 
estimate was different compared with 0.17 obtained by 
Rosas (2009) and 0.72 obtained by Urioste et al. (2008). 
Our result indicates that selecting for lower PS will 
decrease the PPF. The genetic correlations between PH 
with PPF, PMED and PS were not different to zero, so 
selecting for PH will not affect the number of PPF, PMED 
or PS. Our result of genetic correlation between PH and 
PPF was very different from the high and positive 
correlation (0.66) reported by Fleet and Mortimer (cited by 
Fleet (1996)). This result indicates that the halo-hair may 
not be a useful indicator trait of PPF, PMED or PS. 
However, the genetic correlation between PH and PK was 
negative and of intermediate magnitude, so selecting 
animals with halo-hair will decrease the number of PK. 

 
Conclusion 

 
In summary, all traits studied showed moderate 

heritability, suggesting a strong possibility for selection.  
Regrettably, due to the small amount of data, some genetic 
correlations presented great uncertainty, thus not allowing 
to establish genetics association clearly.  The PS and PH 
may be useful indicator traits of objectionable fibres, due it 
can be easily and quickly assessed. The genetic correlation 
between PH and PPF was low and with great uncertainty, 
indicating that PH do not appear to be strongly correlated 
with PPF. However, the genetic correlation between PPF 
with PS was positive and of intermediate magnitude (0.33), 
indicating that PS could be a good indicator for PPF. 
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