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ABSTRACT: A replicated worm resistant and a control 
line of Merino sheep, were evaluated for differences in pro-
duction over an eight year period. The average estimated 
breeding value (EBV) of faecal worm egg count of (FEC) 
the progeny of the resistant line was 21% lower than that of 
the control line. Over the duration of the experiment, the 
resistant line was drenched 16% less, 1.0 to 1.5 kg heavier 
and produced 0.3 micron finer wool. No significant differ-
ences were found between lines in reproduction, survival 
rate or wool production. Results indicate that production 
benefits may be more pronounced under higher worm bur-
dens than experienced in this experiment. 
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Introduction 
 

Internal parasites are a continuous problem for all 
livestock. High parasitic loads can cause death, low produc-
tivity and high treatment costs. Breeding for worm re-
sistance is now generally accepted as feasible with excellent 
genetic progress being made in selection flocks such as the 
Rylington Merino flock (Karlsson and Greeff, 2006).  

 
The economic benefits of breeding sheep for worm 

resistance are difficult to quantify because of the complex 
interactions between hosts and parasite under different en-
vironmental conditions. Bishop and Stear (1999; 2003) and 
Laurenson et al. (2012) have used epidemiological models 
to investigate correlated changes in lamb growth rates while 
selecting for increased resistance. They predict that the 
benefits from selective breeding would be greater than the 
direct response from selection, because resistant hosts im-
pact on the epidemiology by restricting the reproduction 
and survival rate of the parasites in the host. This has been 
confirmed by Bisset et al. (1997) and by Greeff et al. (2006) 
in a preliminary study. However, no empirical studies have 
been carried out to quantify the benefits of an increased 
level or resistance to internal parasites for reproduction, 
survival rate, growth and wool production in a Merino pro-
duction system. This paper reports production benefits at a 
specific level of resistance in a Merino flock in a Mediter-
ranean environment. 

 
Materials and Methods 

 
Location. This experiment was carried out on the 

Mt Barker research station in Western Australia in a Medi-
terranean environment with a long term rainfall of about 
700mm per year. The dominant worm genera are Telador-
sagia circumcincta and Trichostrongylus colubriformis.  

 

Design. The experimental flock consisted of 300 
ordinary commercial flock ewes that were randomly allo-
cated to a resistant (resist) and a control (cont) group of 150 
ewes each. Each group was then randomly subdivided into  
three replicates of 50 breeding ewes each.  

 
The rams used in this experiment were sourced 

from the resistant (RM) and control (M) lines of the Ryling-
ton Merino flock. This flock is a separate flock to the exper-
imental flock in this study. All the animals in the Rylington 
Merino flock have full pedigrees and estimated breeding 
values (EBV) for all the production and faecal worm egg 
count (FEC) traits. The rams were selected  to ensure that 
the progeny of the experimental lines differ genetically only 
in worm resistance. Resistant RM rams with low FEC 
EBVs were mated to three experimental replicated ewe 
groups and control rams were mated with the other three 
replicated experimental ewe groups. Two to three rams 
were used annually per replicate to ensure optimum fertili-
zation and to minimize ram effects.  

 
The experiment was carried out over an 8 year pe-

riod from 2002 to 2009. Ewes stayed on their replicated 
paddock for the duration of the experiment to prevent any 
cross contamination. After weaning, the progeny were also 
raised in separate replicated paddocks to prevent any cross 
contamination. Wether progeny were sold after shearing at 
16 months of age, while a random selection of the ewe 
progeny of both lines were used as replacements, in such a 
way to maintain a similar age structure across replicates.  

 
The experiment involved two phases. Phase A in-

cludes years 2002 to 2005 and phase B years 2006 to 2009. 
At the end of 2005 all the foundation population ewes were 
culled. Seventy nine percent of the resistant progeny during 
phase A consisted of 50% RM x 50% M lambs with the 
remainder (21%) being 75% RM x 25% M due to the up-
grading process over the years.  No mothering-up was car-
ried out in Phase B thus it is expected that the genetic com-
position of the majority of the adult ewes in the resistant 
line would be 50% RM x 50% M and their lambs 75% RM 
x 25% M.  

 
Management. A management system that was 

representative of a sheep production system in this envi-
ronment was implemented for the duration of the experi-
ment. FEC were regularly monitored and this information 
was used to determine when to drench each group. Brown 
et al. (1996) showed that worms can cause a loss of up to 
10% in production before a farmer will suspect he has a 
problem. When the average FEC of a replicate exceeded 
500 eggs/gram (epg), and then body condition score, pres-



ence of diarrhoea and general visual appearance were as-
sessed before a decision was made to drench the sheep with 
an anthelmintic. All lambs were drenched at weaning and 
then only when it was visually determined that sheep per-
formance was negatively affected to ensure that an adequate  
challenged was present in the replicate. 

 
To maintain a standard stocking rate across all rep-

licates, sheep numbers of the replicates were adjusted, re-
sulting in some replicates having larger numbers than the 
original design.   

 
Data. FEC, body weights, wool traits, reproduc-

tion and survival rate were recorded on all mature ewes and 
their lambs. The number of drenches per replicate were 
recorded.   

 
Statistical analyses. FEC was transformed to nat-

ural logarithms (log(FEC+100)) to normalize the data. The 
data were analysed with mixed model methodology using 
ASREML (Gilmour et. al. 2009). Production traits were 
analysed by fitting line, sex (in progeny data only), year of 
birth, year x line interaction as fixed effects and line x rep-
licate as a random effect. Analysis of variance was used to 
analyse number of drenches and the reproduction and sur-
vival traits, where the value of the replicate was used as the 
unit of measurement.  

 
Results and Discussion 

 
Genetic differences between sires used to gen-

erate the control and resistant lines.  Table 1 shows that 
the average EBV of FEC and of the economically important 
production traits of the resistant and control sires used in 
this experiment to generate progeny for the resistant and 
control lines. The resistant sires used in this experiment 
were some of the most worm resistant sires available in 
Australia at that time with EBV of FEC of negative 90% 
(www.sheepgenetics.org.au). The rams only differed 
(P<0.001) genetically in FD and FEC. FD of the resistant 
rams were 0.58 micron finer and these rams were 40-45% 
more resistant to worms. This implies that relative to the 
resistant line, the control sires were 66% and 80% more 
susceptible than the resistant line at weaning and at hogget 
age, respectively.  Thus assuming random mating, it would 
be expected that the resistant progeny will be about 21% 
(20 to 22.5%) more resistant, and that the control line prog-
eny will excrete 33% and 40% more worm eggs and pro-
duce about 0.3 micron broader wool than the resistant line 
but would be similar in all the other production traits.  

 
 
 
 
 
 
 
 
 

Table 1. Average estimated breeding values (± se) of 
production traits of Merino sires used in the resistant 
and control lines. 

 Cont Resist P-value 
Rams  (n) 42 49  
CFW (kg) 0.30 ± 0.05 0.32 ± 0.05 0.73 
FD (micron) 0.12 ± 0.33 -0.46 ± 0.29 <0.001 
Wean wt (kg) 0.52 ± 0.18 0.83 ± 0.17 0.23 
Hogget wt (kg) 5.8 ± 0.73 6.0 ± 0.63 0.36 
FEC& wean (epg) 614 ± 33.0 370 ± 28.0 <0.001 
FEC& hog (epg)  548 ± 43.0 305 ± 25.0 <0.001 

&FEC wean = back transformed estimated breeding value to an average 
flock level of 500 epg at weaning at approximately 100 days of age. 
 &FEC hog = back transformed estimated breeding value to an average 
flock level of 500 epg at approximately 16 months of age. 

 
Production differences between lines for the 

mature ewes. The mature ewes in phase A consisted main-
ly of the foundation ewes and their results are not shown 
here. However, the ewes in phase B were born during phase 
A with a genetic composition of mainly 50% RM x 50% M. 
Table 2 shows that no significant differences (P>0.10) were 
found between the lines for any of the production and FEC 
traits during Phase B, in spite of that fact that the resistant 
line performed consistently better than the control line dur-
ing the experiment. The low back-transformed FEC of 82 
epg and 69 epg in summer and spring indicates that the ma-
ture ewes have not been adequately challenged. This is 
most likely caused by the low rainfall experienced during 
this experiment. This low level of FEC difference between 
lines and during summer resulted in no significant differ-
ence in FEC existing between the lines.  

 
Table 2. Performance of mature ewes (2006-2009) from 
a worm resistant versus a control line of Merino sheep. 
Trait n Cont n Resist SED P-val 
Nr drench 3 5.67 3 4.67 1.49 0.54 
NLW/EJ 3 1.08 3 1.06 0.03 0.89 
FEC sum&. 133 5.20 131 4.93 0.12 0.15 
FEC spr&. 77 5.09 73 4.90 0.08 0.13 
Join wt (kg) 334 50.5 324 52.9 1.40 0.25 
Shear wt (kg) 312 54.9 314 55.7 1.66 0.64 
CFW (kg) 598 3.0 636 2.9 0.06 0.54 
FD (µm) 631 21.2 658 21.0 0.13 0.18 
&FEC sum. = log(FEC+100) in summer.  
&FEC spr. = log(FEC+100) in spring. 
 

Production differences between progeny lines. 
Table 3 shows that significant phenotypic differences were 
found between the progeny of the resistant and control lines 
for all the traits except CFW. The control line had signifi-
cantly higher FEC at weaning and at hogget age. This re-
sulted in them being drenched 16.5% more (P<0.05) than 
the resistant line. The resistant line was also significantly 
P<0.001) heavier at weaning and shearing and they also 
produced finer wool. The resistant line produced wool that 
was 0.6 micron lower than the control line. This is 0.3 mi-
cron lower than the 0.3 micron finer wool that was ex-
pected. This larger difference was probably caused by the 
increased stress being placed on the resistant line from the 
reduced drenching regime. 

 



 
Table 3.  Performance of the progeny from a worm re-
sistant versus a control line of Merino sheep. 
Trait n Cont n Resist SED P-val 
Nr drench 3 18.3 3 15.7 0.94 0.05 
FEC wean& 1204 6.41 1224 5.97 0.03 0.00 
FEC hog& 912 5.13 980 4.98 0.00 0.00 
Wean wt (kg) 1287 24.3 1326 25.9 0.17 0.00 
Shear wt (kg) 1095 48.2 1143 48.6 0.55 0.00 
CFW (kg) 947 2.7 984 2.7 0.02 0.25 
FD (µm) 990 20.5 1043 19.9 0.08 0.00 
&FEC wean = log(FEC+100) at weaning at approximately 100 days of age. 
 &FEC hog = log(FEC+100) at approximately 16 months of age. 
 

Significant phenotypic differences were found be-
tween the progeny of the resistant and control lines up to 
hogget age for number of drenches administered, body 
weights, FEC at weaning and at hogget age and FD (Table 
3). Fleece weight did not differ between lines. However, the 
results indicates that a reasonably challenge only occurred 
up to weaning and only in during the early years. The aver-
age back transformed FEC of the control line was 74% and 
50% higher than the resistant line at weaning and hogget 
age respectively. However it is important to note that the 
average back transformed FEC of the control line was only 
69 epg which indicates a very low worm burden challenge 
at this time.  

 
The control line was drenched significantly more 

(P=0.05) than the resistant line, and in spite of being 
drenched more often, the control line was significantly 
(P<0.001) lighter than the resistant line at weaning and 
shearing at approximately 16 months of age. Greeff et al. 
(2006) previously reported on one year’s of data at the be-
ginning of this experiment, which showed that the effect 
was more pronounced in the early years when the worm 
burdens were higher. 

 
In a separate study of these sheep Williams et al. 

(2010) monitored the peri-parturient rise of FEC in the 
ewes over one lambing period and found a significant dif-
ference comparing the resistant and control lines. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Conclusion 

 
This experiment showed that a line of Merino  

rams that is 40 to 45% more resistant to intestinal worms 
and that are mated to average ewes will produce progeny 
that will be drenched 16% less, be 1.0 to 1.5 kg heavier at 
weaning and hogget age, respectively, and will produce 
wool that is 0.3 micron finer  than a control line. No signifi-
cant differences were found between lines in reproduction, 
survival rate and in wool production. Production benefits 
will probably be greater with larger genetic differences in 
FEC between lines and may be more pronounced under 
higher worm burdens than experienced in this experiment. 
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