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ABSTRACT: Data were recorded for hogget live weight 
(LW), wrinkle score (WS), testis diameter (TD) and scrotal 
circumference (SC) of a resource population divergently 
selected from the same base since 1986, either for (H line) 
or against (L line) maternal multiple rearing ability from 
1986 to 2012. Estimates of direct heritability (SE) were 
0.45 (0.03) for LW, 0.52 (0.03) for WS, 0.29 (0.04) for TD 
and 0.30 (0.04) for SC.  The genetic correlation of LW with 
WS was moderate and negative (-0.30). The genetic corre-
lations of LW with scrotal measurements were high and 
positive at ≥ 0.55.  Genetic trends in the H line indicated 
significant change in all traits.  Animals in the H line be-
came heavier and plainer with larger testes. The genetic 
trend for testicular measurements was somewhat reduced 
by the inclusion of live weight as a covariate. No conclu-
sive evidence of genetic change was found in the L Line, 
except for a marked increase in WS. The testicular traits 
also tended to be reduced with time in the analysis without 
live weight as a covariate. 
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Introduction 
 

Several sets of estimates for traits of economic im-
portance in sheep have been reported since computer soft-
ware and hardware for the partitioning of genetic variances 
into direct additive effects, maternal additive effects, their 
covariance and maternal permanent environmental effects 
became readily available.  Estimates of heritability and sig-
nificant maternal effects for wool traits have been exten-
sively reviewed by Safari et al. (2005).  Testis measure-
ments of rams are considered as indirect selection criteria 
for reproduction rate in sheep (Purvis et al., 1988).  It has 
recently been shown that the testis size of breeding rams is 
related to the conception of the ewes they were mated to 
(Duguma et al., 2002). A moderate genetic correlation of 
scrotal circumference with number of lambs weaned was 
also reported about a decade ago (Apps et al., 2003).   

Genetic trends that resulted from divergent selec-
tion for and against ewe multiple rearing ability were stud-
ied against this background, to get an indication of correlat-
ed responses.  Genetic and environmental (co)variances for 
hogget traits were obtained simultaneously. The study up-
dates a previous study by Cloete et al. (2005) after adding 

data for another 10 years, and concentrating on traits that 
were reported to have responded to selection. 

 
Materials and Methods 

 
Data. Two lines of Merino sheep were divergently 

selected from the same base population since 1986.  Details 
of the procedure for the selection of replacements can be 
found in the literature (Cloete et al., 2004; 2009).  In short, 
ewe and ram progeny of ewes rearing more than one lamb 
per joining (i.e. reared twins at least once) were preferred as 
replacements in the High (H) line. Replacements in the Low 
(L) line were preferably descended from ewes rearing fewer 
than one lamb per joining (i.e. barren or lost all lambs born 
at least once).  Since their establishment, the two lines were 
maintained as a single flock, as was detailed elsewhere 
(Cloete et al., 2004; 2009).  Data that were recorded over a 
27-year period from 1986 to 2012 included between 4 468 
and 4 538 records of hogget live weight (LW) and wrinkle 
score (WS).  Scrotal circumference (SC) and testis diameter 
(TD) was recorded in 2 108 ram hoggets, as described by 
Duguma et al. (2002).  The identities of the sire and dam of 
all progeny were known.  This information enabled linkage 
back to their line of origin. 

 
Statistical analyses. The ASREML program 

(Gilmour et al., 2009) was used for the estimation of the 
fixed effects to obtain an operational model.  Fixed effects 
included birth year, gender, dam age and birth type, as well 
as significant two-factor interactions between them.  The 
random terms of animal was added to the operational model 
in single-trait analyses and tested for significance using the 
Likelihood Ratio Test (LRT).  Direct additive breeding val-
ues for the relevant traits were obtained and averaged with-
in birth years.  Genetic trends were tested for divergence 
between lines, using standard errors obtained for the regres-
sions.  The breeding values used for these analyses were 
obtained from analyses where selection line and its interac-
tions with other traits were excluded from the operational 
model.  The inclusion of selection line as a fixed effect 
would reduce the breeding values between lines as a result 
of genetic differences that accrued due to selection.  Genet-
ic and environmental correlations between traits were sub-
sequently derived from a four-trait analysis, allowing for all 
possible trait combinations. The results of the four-trait 
model were consistent with those stemming from single 
trait analyses, and only the former are presented. 



Results and Discussion 
 

All traits were affected (P<0.05) by selection line, 
year, age of dam and birth type, with trends as expected. 
Only live weight was affected by sex. Fixed effect solutions 
accorded with the literature, and were thus not presented.  
Genetic parameters for production traits in sheep have been 
thoroughly reviewed by Safari et al. (2005).  Apart from 
mentioning ranges of parameters from this review and later 
studies, the authors will refrain from the citation of earlier 
estimates, unless pertinent to this study.  The addition of a 
random direct genetic component (h²) in the operational 
model resulted in an improved (P < 0.05) LRT for all traits. 

  
Estimates of h² were 0.45 for LW, 0.52 for WS, 

0.30 for SC and 0.29 for TD (Table 1).  Estimates of h² for 
hogget LW of wool breeds ranged from 0.13 to 0.52 (Safari 
et al., 2005), with the majority of estimates between 0.25 
and 0.52. The present estimates are consistent with these 
ranges of values.  WS was highly heritable (0.52), which 
agrees with previous estimates in South African Merino’s 
(0.42: – Cloete et al. (1998); 0.38: Matebesi et al. (2009)).  
The h² estimate for SC (0.29) accorded with a range of 0.14 
to 0.40 (Safari et al., 2005).  Apps et al. (2003) accordingly 
reported an estimate of 0.36 for hogget SC, which is also 
consistent with the present estimate. 

 
Table 1. Descriptive statistics for hogget traits assessed 
in the study 

Trait# n Mean ±  SD CV% 
LW (kg) 4538 36.9 ± 9.3 25.2 
WS  4468 8.1 ± 2.8 34.6 
SC (cm) 2108 28.3 ± 4.0 14.1 
TD  (mm) 2108 90.0 ± 20.5 22.8 
#LW = live weight; WS = total wrinkle score; SC = scrotal circumference; 
TD = testis diameter; SD = standard deviation 
 
 
Table 2. Phenotypic variance (σ²p), heritability estimates 
(on diagonal), genetic correlations (above diagonal), 
environmental correlations (below diagonal) (± SE) for 
hogget traits assessed in the study  
Trait# LW WS SC TD 
σ2

p 28.3 5.52 7.29 105.8 
(Co)variance ratios 
LW 0.45 ± 

0.03 
-0.30 ± 
0.06 

0.55 ± 
0.07 

0.60 ± 
0.07 

WS -0.04 ± 
(0.02) 

0.52 ± 
0.03 

-0.22 ± 
0.08 

-0.25 ± 
0.08 

SC 0.60 ± 
0.02 

-0.04 ± 
0.02 

0.30 ± 
0.04 

0.98 ± 
0.02 

TD 0.55 ± 
0.02 

-0.04 ± 
0.02 

0.83 ± 
0.01 

0.29 ± 
0.04 

#LW = live weight; WS = total wrinkle score; SC = scrotal circumference; 
TD = testis diameter; SE = standard error 

 
 
 

The inclusion of selection line as fixed had a 
limited influence on genetic parameters derived from the 
four-trait analysis (maximum deviation for heritability 
estimates = 0.01 and genetic correlations = 0.03). Live 
weight as covariate resulted in a slight absolute increase of 
the heritability of scrotal circumference (0.34 ± 0.05), but a 
slight absolute reduction for testis diameter (0.27 ± 0.05). 

On a genetic basis, LW was negatively related to 
WS (–0.30).  Cloete et al. (1998) previously reported a cor-
responding genetic correlation of –0.24.  The environmental 
correlation of LW with WS was positive but relatively low 
at 0.20 ± 0.04.  This correlation suggests that wrinkle de-
velopment could increase under good feeding conditions, as 
was reported by Herselman and King (1993). 

   
The genetic correlation of LW with SC was 0.55, 

which is consistent with our previous estimate of 0.52 (Clo-
ete et al., 2005), but somewhat lower than a corresponding 
correlation of 0.70 found by Duguma et al. (2002).  It is 
notable that WS were negatively (i.e. favourably) correlated 
to scrotal traits, but no corresponding results could be 
sourced from the literature.  

 
Genetic trends indicated significant (P < 0.05) ge-

netic change in the H line for all traits (Table 3).  Animals 
in the H line became heavier and plainer with larger testes.	  
The magnitude of the genetic trend for testicular measure-
ments was reduced by a factor of 2.5 to 3.0 after the inclu-
sion of live weight as a covariate. No conclusive evidence 
of genetic change in the L Line could be found; except for a 
conclusive increase in WS (i.e. they became more wrin-
kled). The testicular traits of L line animals also tended to 
be reduced with time in the analysis without live weight as 
a covariate. The trend in LW of the H line is not unex-
pected, when the genetic correlations between reproduction 
and ewe LW is considered (Snyman et al., 1998).  Selection 
for wrinkle development resulted in the reproduction of the 
wrinkles plus line being impaired (Atkins, 1980), support-
ing the genetic trends found in this study.  The genetic di-
vergence between lines in SC seemed to have a partly simi-
lar basis as the genetic changes of the respective lines in 
LW,	  since it was markedly reduced in the analysis involv-
ing SC corrected for LW by analysis of covariance.  This 
contention seems to be feasible if the high genetic correla-
tion between LW and SC is considered. 

 
Table 3. Linear regressions (b) (±  SE) of averaged pre-
dicted breeding values on year of birth for hogget traits, 
depicting genetic change.  Regressions were forced 
through the origin in all instances 
Trait# H line L Line 
 b ± SE R2 b ± SE R2 
LW 0.128 ± 

0.008 
0.91 0.003 ± 

0.014 
0.00 

WS -0.089 ± 
0.004 

0.95 0.067 ± 
0.006 

0.78 

SC 0.080 ± 
0.003 

0.97 -0.013 ± 
0.006 

0.16 



SC* 0.027 ± 
0.002 

0.83 0.007 ± 
0.004 

0.10 

TD 0.325 ± 
0.010 

0.98 -0.061 ± 
0.023 

0.21 

TD* 0.128 ± 
0.008 

0.90 0.003 ± 
0.014 

0.00 

#LW = live weight; WS = total wrinkle score; SC = scrotal circumference; 
TD = testis diameter; SE = standard error; CV% = coefficient of variation 
(%);  * = testis measurements analysed with live weight as covariate 

 
 

Conclusion 
 
Obtained genetic parameters were consistent with 

published estimates.  No detrimental correlated responses 
were found in traits of economic importance when diver-
gent selection was based on ewe multiple rearing ability.    
Genetic changes in LW and WS in the H line were in fact 
consistent with present objectives in the South African Me-
rino industry, favouring heavier and plainer types (Olivier, 
1999).  The trend in uncorrected SC and TD supports rec-
ommendations that these traits could be considered as indi-
rect selection criteria for reproduction in ewes (Apps et al., 
2003).   
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