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ABSTRACT: Data from a Merino sheep selection 
experiment were used to derive relationships of faecal 
worm egg count (FEC) with body weight (birth and 
weaning) and scrotal traits. The genetic correlation of FEC 
with body weight and scrotal traits were favourable. 
Favourable genetic correlation with scrotal traits suggested 
that rams with low levels of gastro-intestinal nematodes are 
likely to have higher testis measurements, thereby possibly 
improving overall flock fertility. Further research on FEC is 
essential to aid communication to South African Merino 
farmers for the need to select against nematode infestation 
to reduce or control expenses. 
Keywords: Merino; Faecal worm egg counts; Body weight; 
Ram fertility  
 
 

Introduction 
 

Reproduction and body weight remain important traits for a 
successful sheep enterprise (Olivier (1999)). Previous re-
search indicated male fertility as an important part in the 
overall reproduction of the flock. Several authors (Bourdon 
& Brinks (1986); Schoeman et al. (1987); Evans et al. 
(1999); Duguma et al. (2002b)) suggested that male fertility 
influence the number of males kept in the flock, and the 
overall productivity of the females. Knowledge of the rela-
tionships of male reproduction traits and body weight traits 
with nematode infestation is essential for the establishment 
of successful breeding programmes. Khurso et al. (2004) 
indicated reduced growth and production in Merinos where 
high levels of nematode infestation are prevalent. However, 
several authors (Khusro et al. (2004)); Cloete et al. (2007)) 
reported favourable genetic correlation between body 
weight traits and resistance to nematodes using faecal worm 
egg count (FEC) as an indicator trait. Only two local reports 
were found that estimated the correlation of FEC with live 
weight at 16months of age among all possible body weight 
traits. Attempts to find literature on the correlation between 
FEC and scrotal traits were not successful. The objective of 
this investigation is thus to estimate genetic parameters for 
body weight and scrotal traits in South African Merinos.  
 

Material and methods 
 

Data: Data utilised in this study consisted of 7 100 animals, 
the progeny of 554 sires and 2 483 dams, born between 
1989 and 2010 in the Tygerhoek Merino flock. Pedigree 
records were available for the period between 1969 and 
2010. The description of flock maintenance, husbandry, 
experimental design and sampling procedures for FEC is 

described by Cloete et al. (2007). The rectal faeces samples 
were obtained under natural challenge from 1995 to 2010 
(with the exception of 2004) from individual animals be-
tween the ages of 13 to 16 months. This was conducted 
after drenching was withheld for at least 10 weeks, general-
ly in July to September. Individual faecal samples were 
then assessed for FEC using the McMaster technique, with 
a sensitivity of 100 eggs per gram of wet faeces (Van 
Schalkwyk et al. (1994)). Traits included in the analyses 
were log transformed faecal worm egg count (FEC), birth 
weight (BW) measured within 24 hours of birth and wean-
ing weight (WW) at approximately 100 days. Scrotal traits 
included scrotal circumference (SC) and testicular diameter 
(TD). The measurement of SC was adopted from the work 
of Schoeman & Combrink (1987) and Gizaw & Thwaiters 
(1997). Therefore the SC was measured by bringing both 
testes evenly and firmly to the bottom of the scrotum until 
ventral skin folds were eliminated.  The testes were there-
fore held firmly in place by grasping the neck of the scro-
tum above the head of the epididymis using one hand. The 
other hand then guided a flexible tape upward from the bot-
tom of the scrotum. The area of the scrotum with the great-
est circumference was then identified as a focal point for 
measurement. The manual pressure was exerted on the tape 
to the extent of skin indentation. The TD was measured as 
described by Schoeman & Combrink (1987). The meas-
urements were taken with a caliper at the anterior-posterior 
position on each testis at its maximum width. The total di-
ameter of both the left and right testes was considered as 
the record for a specific animal. An overview of the data 
structure was acquired using the tabulate function in the 
ASREML program (Gilmour et al. (2009)). 
 

Statistical analysis 
 
The statistical analysis was done using ASREML (Gilmour 
et al. (2009)). Data of animals with information on pedi-
gree, sex (male or female) dam age (2-6 years) and birth 
status (single or multiple) were included in the analysis. 
The significance of fixed effects was tested leaving only 
significant effects in the final operational model. The best 
random effects models were tested for significance with 
ASREML, using log likelihood ratios derived from single-
trait analyses on all traits. Variance component and herita-
bility estimates were derived from single-trait animal mod-
els. Correlations for FEC with body weight and scrotal 
traits were estimated by fitting a series of two-trait and 
four-trait animal models.  
 
 



Results and discussion 
 
Analyses of non-genetic effects indicated that birth status 
(single/multiple, P<0.05), sex (male/female), year of birth 
(1989-2010), selection line (1-4), age of the dam in years 
(2-7+) and the sex*birth year interaction all had a significant 
(P<0.01) effect on all body weight traits, and were included 
in the models used for subsequent analyses. The exception 
was scrotal traits which were affected only by year of birth 
and selection line from the combination of fixed effects and 
their interactions fitted to the data. Duguma et al. (2002b) 
also indicated year of birth and selection line having signif-
icant effects on scrotal traits. The model with direct and 
maternal additive effects and dam permanent environmental 
effects fitted the data best for BW while an additional 
covariance between animal effects had to be added to the 
overall effects for WW. The random effects models used by 
Swan et al. (2008) and Zishiri et al. (2012) in the analysis of 
WW are similar to those used in the current study. Ram 
scrotal traits in the current study suggested the presence of a 
dam permanent environmental effect in addition to the 
direct additive effect. Previous work on the same Merino 
resource flock fitted only a direct additive effect for SC and 
TD (Duguma et al. (2002b)) in the same Merino flock. The 
heritability (h2) estimates in this investigation for FEC is in 
agreement with that reported by Cloete et al. (2007) on the 
same Merinos, namely 0.16±0.02. It was, however, lower 
than the average value of 0.27 derived from a mixture of 
naturally and artificially challenged sheep data sets 
(reviewed by Safari et al. (2005)). The estimated h2 in this 
study increased with age for body weight traits (0.18 for 
BW to 0.44 for WW) whereas maternal effects decreased 
with age (0.18 for BW to 0.14 for WW). Similar observa-
tions have been reported in Merinos (Duguma et al. 
(2002a); Swan et al. (2008)), in other wool sheep breeds 
(Safari et al. (2005)) and in Dorpers (Zishiri et al. (2012)). 
The two scrotal traits (SC and TD) are moderately heritable 
as suggested by the current h2 estimates of 0.24 for SC and 
0.18 for TD. The previous study on the same flock yielded 
a somewhat higher h2

a value of 0.29 (Duguma et al. 
(2002b)). In contrast, the review by Safari et al. (2005) sug-
gested a lower h2

a value at 0.21 for SC. Maternal effects 
accounted for 7% of the phenotypic variation for SC and for 
3% of the phenotypic variation for TD. All the genetic 
correlations (rg) for FEC with body weight traits were 
favourable with only the rg between log transformed FEC 
and BW being significant. Safari et al. (2005) accordingly 
reported favourable weighted mean rg between body weight 
traits and FEC, with the exception of that between FEC and 
BW which was positive in sign (0.11). The favourable 
relationships from the present study and literature suggested 
small improvements (if anything) in body weight if animals 
resistant to nematode infestation are selected. Selection for 
resistance to parasite challenge using FEC should therefore 
not hamper the growth potential of South African Merino 
lambs in the Mediterranean environment. Most of the 
phenotypic and environmental correlations were also 
favourable for FEC with body weight traits but very low in 
magnitude in the present study. The only unfavourable re 

was estimated between FEC and BW. These results were 
broadly in agreement with literature values (Safari et al. 
(2005); Cloete et al. (2007); Huisman et al. (2008)). FEC 
was favourably related to TD and SC genetically in this 
investigation. These results suggested that rams with low 
levels of internal worms are also likely to have higher 
measurements of SC and TD, thereby possibly improving 
overall flock fertility (Duguma et al. (2002b)). 
Corresponding phenotypic and environmental correlation 
were also favourable.  
 
Table 1. (Co)variance components and ratios for body 
weight and ram fertility traits in the Tygerhoek Merino 
flock  
 LOG of  

(FEC+100) 
BW WW SC TD 

 
(Co)variance components 
σ2

a 0.025 0.09 11.25 218.34 91.51 
σ2

m - 0.09 3.45 - - 
σ2

pe - 0.07 2.35 63.07 13.43 
σam - - -3.72 - - 
σ2

e 0.14 0.26 12.05 639.77 401.79 
σ2

p 0.16 0.51 25.39 921.17 506.73 
(Co)variance ratios 
h2

a 0.16 0.18 0.44 0.24 0.18 
SE 0.02 0.02 0.05 0.04 0.03 
h2

m - 0.18 0.14 - - 
SE - 0.02 0.03 - - 
c2

pe - 0.13 0.09 0.07 0.03 
SE - 0.02 0.02 0.03 0.01 
ram - - -0.60 - - 
SE - - 0.08 - - 
σ2

a = direct additive genetic variance, σ2
m = maternal additive genetic 

variance, σ2
pe = permanent environmental variance, σ2

e = residual variance, 
σ2

p = total phenotypic variance, σam = covariance between direct and 
maternal additive genetic effects, h2

a= direct heritability, h2
m= maternal 

heritability and ram = genetic correlation between direct and maternal 
additive genetic effects. 
 
 
Table 2 Correlations (± SE) for faecal egg count with 
body weight and ram fertility traits in the Tygerhoek 
Merino flock 

Trait Genetic Environment   Phenotypic 
FEC and body weight traits 
FEC(log+100) 
FEC&BW -0.26±0.09* 0.10±0.03* -0.05±0.01* 
FEC&WW -0.02±0.08 -0.04±0.03 -0.02±0.02 
FEC and ram fertility traits 
FEC(log+100) 
FEC& SC -0.38±0.15* -0.05±0.03 -0.10±0.02* 
FEC& TD -0.64±0.37 -0.01±0.03 -0.04±0.02* 

FEC = faecal worm egg count, BW = birth weight, WW = weaning weight, 
SC = scrotal circumference and TD = testicular diameter. 
 
 
 
 
 



Conclusions 
 

Moderate to high heritability estimates were derived for 
scrotal and body weight traits, suggesting reasonable 
genetic progress for these traits if selected for. Favourable 
genetic relationships between FEC and scrotal traits 
suggested that selection for a reduced FEC is unlikely to 
adversely affect scrotal dimensions as indication of male 
reproductive capacity. Selection for a reduced FEC is also 
unlikely to result in unfavourable correlated responses in 
body weight traits in South African Merinos as suggested 
by generally favourable relationships, albeit not always 
significant. Further research on the genetics of FEC and its 
relationship with body weight and fertility traits is essential 
for other flocks. It is foreseen that this will aid Merino 
farmers to reduce their expenditure on drenching, making 
sheep farming more viable.  
 

References 
 
Bourdon, R.M. and Brinks, S.J. (1986). J. Anim. Sci. 62: 958-967. 
Cloete, S.W.P., Olivier, J.J., Du Toit, E. et al. (2007). S. Afr. J. 

Anim. Sci. 37: 237-247. 
Coltman, D.W., Pilkington, J., Kruuk, L.E. et al. (2001). Evol. 55: 

2116-2125. 
Duguma, G., Cloete, S.W.P., Schoeman, S.J. et al. (2002a). S. Afr. 

J. Anim. Sci. 32: 66-76. 
Duguma, G., Cloete, S.W.P., Schoeman, S.J. et al. (2002b). S. Afr. 

J. Anim. Sci. 32, 76-81. 
Evans, J.L., Golden, B.L., Bourdon, R.M. et al. (1999). J. Anim. 

Sci. 77: 2621-2628. 
Fogarty, N.M. (1995). Anim. Breed. Abstr. 63: 101-143. 
Gilmour, A.R., Gogel, B.J., Cullis, B.R. et al. (2009) ASREML-

User Guide Release 3.0 VSN International Ltd, Hemel 
Hempstead, HPI IES, UK. 

Gizaw, S.  and Thwaites, C.J. (1997). J. Agric. Sci., Camb. 128: 
117-121. 

Huisman, A.E. and Brown, D.J. (2008). Aust. J. Exp. Agric. 48: 
1186-1193. 

Khusro, M., Van der Werf, J.H.J., Brown, D.J. et al. (2004). 
Livest. Prod. Sci. 91: 35-43. 

Olivier, J.J. (1999). Proc. Assoc. Advmt. Anim. Breed. Gen. 15: 
119-124. 

Safari, E., Fogarty, N.M. and Gilmour, A.R. (2005). Livest. Prod. 
Sci. 92: 271-289. 

Schoeman, S.J. and Combrink, G.C. (1987). S. Afr. J. Anim. Sci. 
17: 22-26. 

Schoeman, S.J., Els, H.C. and Combrink, G.C. (1987). S. Afr. J. 
Anim. Sci. 18: 144-147. 

Swan, A.A., Purvis, I.W. and Piper, R.L. (2008). Aust. J. Exp. 
Agric. 48: 1168-1176. 

Vanimisetti, S. L., Andrew, S.L. Zajac, A.M. et al. (2004). J. 
Anim. Sci. 82 :1602-1611. 

Van Schalkwyk, L.W., Schröeder, P.C., Malan, F.S. et al. (1994). 
In: Worm workshop: Recommendations on worm control. pp 
19-21. 

Zishiri, O.T., Cloete, S.W.P., Olivier, J.J. et al. (2012). Small 
Rumin Res. 109: 84-93. 


