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ABSTRACT: Two of the main selection objectives of 
South African Merino producers are to increase body 
weight and to reduce fibre diameter. It is furthermore im-
portant that reproduction forms an integral part of any se-
lection program. However, the antagonistic relationships of 
fibre diameter with body weight, clean fleece weight, staple 
length, number of lambs weaned and weight of lamb 
weaned implies that uncontrolled selection for fibre diame-
ter would lead to animals being smaller, producing less 
wool, with shorter staples and a lower reproduction. It is 
evident from the results of this study, as well as the litera-
ture, that selection of replacement animals has to be done 
judiciously. All traits with economic importance must be 
included in a selection program, either as part of the selec-
tion objective or for monitoring to ensure no unwanted 
change. 
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Introduction 
 

In some instances, producers put all the emphasis 
in their breeding plans on reducing fibre diameter, irrespec-
tive of the consequences for growth, wool weight, repro-
duction and subjective wool and conformation traits. Given 
the genetic relationship among reproduction, live weight 
and wool traits (Olivier, 1999), it is clear that selection 
should consider all traits of importance to ensure that pro-
duction and reproduction will be at an optimum level. It is 
important to have a good knowledge of the respective 
(co)variance components and accurate genetic parameters 
to design effective breeding programs. 

 
It is also important to understand the correlations 

and indirect responses that may accrue as based on different 
traits included in the selection program. Overall selection 
progress will be hampered if these relationships are not 
considered when breeding strategies are defined. The aim 
of this study was to quantify the genetic relationships 
among reproduction and objectively and subjectively meas-
ured wool and conformation traits, as well as the genetic 
progress achieved through selection. 

 
Materials and Methods 

 
Data description. The Cradock Fine Wool Merino 

Stud was established in 1988 as described by Olivier 
(2014). Ewes (fine wool line) were bought from Merino 

farmers with the finest clips throughout South Africa and 
four fine wool rams were imported from Australia. Data 
collected on a maximum of 8 368 ram and ewe progeny 
born within this stud from 1988 to 2010 were used for the 
analysis of the body weight and wool characteristics. Re-
production data collected on 1 775 ewes born in this stud 
from 1988 to 2010, were used to analyse reproduction 
traits. 

 
Statistical analyses. The Proc MEANS and Proc 

GLM-procedures of SAS (SAS, 2009) were used to obtain 
descriptive statistics for body weight at 15 months of age 
(BW), clean fleece weight (FW), fibre diameter (FD), staple 
length (SL), staple strength (SS), wool quality (WQ) and 
overall body conformation (BC), as well as number of 
lambs weaned (LW) and total weight of lamb weaned (TW) 
over three lambing opportunities and to obtain the signifi-
cance levels for the non-genetic effects. 

 
The estimation of the genetic parameters with two 

trait animal models was done with ASREML (Gilmour et 
al., 2009). The genetic parameters for the reproduction 
traits were done with a repeatability model with ASREML 
(Gilmour et al., 2009). The genetic trends in BW, FW and 
FD are summarised in Table 3. These regression coeffi-
cients were obtained for the three distinct selection objec-
tive stages. The selection objective from 1988 to 1996 was 
to increase BW and BC and to maintain FW and FD, from 
1996 to 2003 the objectives were changed to reduce FD and 
to maintain BW and FW. In 2004 the profitability index for 
Merino sheep (Herselman & Olivier, 2010) together with 
individual culling levels for BW, FW and FD was used. 
Since 1999, selection for increased reproduction was also 
practiced in the stud (Olivier, 2014) 

 
Results and Discussion 

 
Log likelihood values were used to determine the 

most suitable model for each trait. The most suitable model 
for BW included the direct additive effect (σ2

a) and the ma-
ternal additive effect (σ2

m). Accordingly the most suitable 
model included σ2

a and σ2
m for FW, FD and BC. For SL and 

WQ the most suitable model included only σ2
a, while for SS 

the maternal permanent environmental effect (σ2
mpe) was 

also included in the final model. The most suitable model 
for LW and TW included σ2

a and the animal permanent 
environment effect (c2

pe). 



The direct additive heritability (h2
a), maternal her-

itability (h2
m) and the maternal (c2

mpe) and animal (c2
pe) 

permanent environmental effects for reproduction and the 
objective and subjective wool and conformation traits are 
summarised in Table 1.	  The h2

a for BW estimated in this 
study are comparable with results from the literature and 
falls within the upper end of the reported range (Safari et 
al., 2005; Matebesi et al., 2009a; Brown et al., 2010). 

 
Table 1. Variance ratios depicting the direct (h2

a) and 
maternal heritability (h2

m), the maternal (c2
mpe) and an-

imal (c2
pe) permanent environmental effects for the re-

spective traits (s.e. ranged between 0.01 and 0.03). 
	  Trait h2

a h2
m c2mpe c2pe 

BW 0.49 0.05 - - 
FW 0.55 0.05 - - 
FD 0.63 0.02 - - 
SL 0.41 - - - 
SS 0.26 - 0.04 - 
LW 0.02 - - 0.07 
TW 0.02 - - 0.09 
WQ 0.54 - - - 
BC 0.48 0.05 - - 

 
 
The reported h2

a estimates for FW of Merino sheep 
in the literature (Safari et al., 2005; Matebesi et al., 2009a) 
were in the same order, but slightly lower than the value 
estimated in this study. FD is characterized by a high herit-
ability, the average of values reported by Safari et al. (2005) 
being 0.57. This parameter is consistent with the values 
obtained in this study for FD, as well as with other esti-
mates reported for South African Merino (Matebesi et al., 
2009a). 

 
The h2

a estimates reported in the literature (Safari 
et al., 2005; Cloete et al., 2006) for SL were consistent with 
the estimate reported in this study. The estimated h2

a for SS 
in the current study is in agreement with estimates reported 
by Cloete et al. (2006) and Greeff et al. (2013), but some-
what below the values reviewed by Safari et al. (2005). 

 
Repeatability model h2

a estimates reported in the 
literature for LW of Merino sheep were higher than the 0.02 
estimated in this study (Safari et al., 2005). However, the 
h2

a for TW were within the range reported by the latter au-
thors. 

 
The h2

a estimated in the current study for WQ was 
similar to the estimate obtained by Matebesi et al. (2009b). 
The two main characteristics of WQ are seen as two sepa-
rate traits in the Australian Wool industry, namely wool 
handle (1 being soft and 5 harsh) and wool character (1 
being well defined crimps). Mortimer et al. (2010) reported 
heritabilities of 0.33 and 0.34 for wool handle and wool 
character respectively, which are lower than the estimate 
for WQ in the current study. In contrast, Brown et al. 

(2002) estimated higher h2
a estimates of 0.40 and 0.44 for 

wool handle and character respectively.  
 
The genetic (rg) and phenotypic (rp) correlations 

among all the traits are summarised in Table 2. It is evident 
from this table that BW was moderately and unfavourably 
correlated with FD as was reported in the literature (Safari 
et al., 2005; Matebesi et al., 2009a). The rg estimates of FD 
with FW and SS were low to moderate and unfavourable 
(i.e. positive), while the rg between FW and SS was moder-
ately favourable. These estimates were in agreement with 
values reported in the literature (Safari et al., 2005; Mate-
besi et al., 2009a). 

 
Table 2. Genetic (above diagonal) and phenotypic (be-
low diagonal) correlations among all the traits (s.e. 
ranged between 0.01 and 0.03 for wool and confor-
mation traits and between 0.15 and 0.23 for reproduc-
tion traits) 

 BW FW FD SL SS WQ BC LW TW 
BW  0.03 0.30 0.10 0.20 -0.01 0.82 0.31 0.78 
FW 0.29  0.24 0.48 0.27 0.28 0.06 -0.23 -0.21 
FD 0.21 0.20  0.08 0.51 -0.45 0.27 0.56 0.59 
SL 0.12 0.34 0.07  0.06 0.30 0.45 0.16 0.21 
SS 0.17 0.18 0.30 0.12  0.13 0.35 0.19 0.15 
WQ 0.03 0.17 -0.32 0.17 0.06  0.02 -0.21 -0.05 
BC 0.59 0.24 0.17 0.26 0.22 0.07  0.35 0.77 
LW 0.05 -0.06 0.05 -0.04 0.07 -0.05 0.07  0.91 
TW 0.13 0.00 0.06 -0.08 0.01 -0.06 0.14 0.96  

 
 
LW and TW was highly correlated, approaching 

the upper boundary reported in the literature (Zishiri et al., 
2013). Body weight was favourably correlated with LW 
and TW, while FW and FD were unfavourably correlated to 
LW and TW. These estimates were consistent with esti-
mates reported in the literature (Safari et al., 2005). The rg 
between SS and the reproduction traits were low positive. 
No other rg was found in the literature between any of the 
reproduction traits and SS. 

 
The rg estimates of WQ with BC and BW were 

non-significant and consistent with findings by Matebesi et 
al. (2009c). FD was negatively (favourably) correlated with 
WQ, while WQ was also favourably (positive) correlated to 
FW.	   These findings were comparable with the estimates 
obtained by Matebesi et al. (2009b & c). The rg estimate of 
FD with BC was moderately positive (i.e. unfavourable), 
while SS was favourably correlated to subjectively assessed 
conformation traits linked to size. These values are in 
agreement with the values reported by Matebesi et al. 
(2009c) 

 
It is evident that all the genetic correlations of WQ 

with LW and TW were non-significant, while BC was fa-
vourably correlated to LW and TW. 

 



Two of the main selection objectives of South Af-
rican Merino producers are to increase body weight and to 
reduce fibre diameter. However, the genetic correlation 
between these two traits is unfavourable. This implies that 
selections based on only one of these two traits will ad-
versely affect the other trait if this unfavourable rg is not 
considered. Furthermore, the antagonistic relationship of 
FD with FW and SL implies that uncontrolled selection for 
FD would lead to animals producing less wool with shorter 
staples. This will have a negative effect on the benefit of 
reducing FD, as a reduced SL will result in lower realised 
prices for wool. Reduced FW, on the other hand, will have 
a negative effect on the income derived from wool produc-
tion, as less wool will be available to be sold. 

 
It is important to note that reproduction forms an 

integral part of any selection program on sheep. In order to 
include reproduction, an important decision is pending for 
animal breeders, namely, will selection be based on the 
composite trait TW or on one of its component traits. The 
answer to this question depends on the environment and 
production system. For flocks with poor reproduction po-
tential, LW may be the quickest and easiest route followed 
to improve reproduction. Despite the low h2

a of both these 
traits, selection gain will be faster than anticipated due to 
large variation (Notter, 2008), as was demonstrated by Clo-
ete et al. (2004). 

 
The genetic trends in BW, FW, FD, LW and TW 

are summarised in Table 3. These regression coefficients 
were obtained for the three distinct selection objective stag-
es (Olivier, 2014). During the first stage selection resulted 
in an increase per annum (p.a.) of 0.9% in BW, 1.4% in 
FW, 0.2% in TW and 0.06% in LW when expressed rela-
tive to the overall phenotypic means. However, no signifi-
cant change in FD was observed during this stage. 

During stage 2 the emphasis on the reduction of 
FD resulted in a 0.67% p.a. decrease in FD. BW, FW and 
TW still increased during this period, but at a lower rate, 
while the trend in LW was similar to Stage 1. 

 
Table 3. Genetic trends in body weight (BW), clean 
fleece weight (FW), fibre diameter (FD), number of 
lambs weaned (LW) and total weight of lamb weaned 
(TW). 

Stage 
 Trend 

BW	  
(kg)	  

FW	  
(kg)	  

FD	  
(µm)	  

LW 
(%) 

TW 
(kg) 

 Mean 61.05 4.32 19.16 114.03 28.41 

1 Reg.1 0.56 0.06 -0.01 0.07 0.06 
Change2 0.92 1.43 -0.06 0.06 0.22 

2 Reg.  0.32 0.02 -0.13 0.07 0.02 
Change 0.52 0.49 -0.67 0.06 0.06 

3 Reg.  0.57 0.02 -0.05 -0.02 0.12 
Change 0.93 0.44 -0.26 -0.02 0.42 

1 Reg – Regression coefficient; 2 Change – change per an-
num; 3 Expressed as per 100 ewes joined 

 

The implementation of the profitability index for 
Merino sheep in 2004 lead to a similar increase in BW than 
during Stage 1, but the annual change p.a. in FW was the 
same as during Stage 2. During this stage, FD decrease at a 
slower rate than during Stage 2, but still at a faster rate than 
during Stage 1. Genetic change for TW during Stage 3 was 
higher than in Stages 1 and 2 and corresponded to the 
changes in BW. No evidence of an improvement in LW 
was seen during Stage 3. 

 
It is evident from the results of this study, as well 

as the literature, that selection of replacement animals is not 
something that can be done blindly. All the traits that are 
economically important must be included in a selection 
program, either as a part of the selection objective or to 
monitor to ensure that there are no unwanted changes in 
traits not explicitly selected for. 
 

Conclusion 
 
Selection for reduced FD can have an immediate 

and large effect on reducing the fibre diameter of a flock, as 
a result of the high h2

a. This genetic change may be 
stemmed by the relatively low phenotypic variation availa-
ble to exploit in FD. If selection for a reduced FD is done 
injudiciously, it may adversely affect other economically 
important traits as a result of the unfavourable correlations 
with FD. This means that reducing FD can lead to a de-
crease in body and fleece weight, as well as shorter and less 
uniform staples with a lower staple strength. 

 
Increasing reproduction through selection for in-

creased reproduction is a viable option and would ensure 
profitable sheep production. This can either be achieved 
through selection for TW or one of the component traits 
thereof. It is however of paramount importance that the 
reproduction potential of the flock is taken into considera-
tion, as it may be detrimental to further increase number of 
lambs born in an already high reproducing flock. 

 
Furthermore, it is important that selection be done 

holistically to ensure that the unfavourable correlations with 
FD are considered. Selection for reproduction without mon-
itoring the other economically important traits could have a 
detrimental effect on the sustainability of sheep production. 
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