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ABSTRACT: Data from 2 Merino genetic resource flocks 
describing the survival of 12,249 single and 15,018 twin 
born lambs in NSW were analysed to quantify differences 
between the 2 birth types in genetic parameters for lamb 
survival to 1, 7, 30 and 110 d. Little to no differences in the 
additive genetic variance were evident between single and 
twin born lambs, though larger differences in the maternal 
permanent environment component and smaller differences 
for the direct maternal component were apparent. For these 
variance components, twin born lambs had higher esti-
mates. The repeatability of ewe rearing ability was higher 
for twin bearing ewes suggesting that retaining ewes that 
consistently rear twins in the breeding flock would produce 
greater current generation gains in lamb survival than se-
lecting ewes that consistently rear a single lamb.  
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Introduction 
 

In Merino sheep, the maternal genetic effect of the 
dam is greater than the direct genetic effect for lamb sur-
vival, as a trait of the lamb, at various time periods between 
birth and weaning with the maternal permanent environ-
ment contributing more to the observed variation than the 
maternal genetic effect (Hatcher et al. 2010). There are con-
siderable differences in the physiology (Rumball et al. 
2008) and uterine environment (van der Linden et al. 2013) 
between twin and single pregnancies as well as post-natal 
variation in both the physiology (McNeill et al. 1998) and 
maternal behaviour (Dwyer and Lawrence 1998; O'Connor 
et al. 1992) of twin and single bearing ewes. In addition, 
physiological differences in metabolic parameters and ami-
no acid metabolism and utilization between single and twin 
fetuses have been identified (van der Linden et al. 2013) 
and there is also some evidence of differences in early post-
natal behaviour between twin and single born lambs that are 
not accounted for by differences in birthweight (Dwyer 
2003; Le Neindre and Poindron 1990). These disparities are 
likely to contribute to variation in the maternal component, 
both the genetic and permanent environment, of lamb sur-
vival between single and twin born lambs. Therefore, this 
study sets out to examine if the genetic parameters for lamb 
survival at various time periods between birth and weaning 
differ between single and twin born lambs. 

 
Materials and Methods 

 
Description of sheep. Data were collected from 2 

genetic resource flocks, the D- and C-Flocks, maintained by 

the New South Wales Department of Primary Industries at 
the Trangie Agricultural Research Centre, on the central 
western plains of NSW. The D-Flock comprised 15 sepa-
rate random–breeding sub flocks which represented the 
predominant Merino strains (fine, medium and strong) and 
bloodlines within each strain (2 fine-wool, 2 medium non-
Peppin, 10 medium Peppin and 1 strong-wool) at the time 
(1974-75). The terms non-Peppin and Peppin refer to the 
historical development of the bloodlines. The formation and 
general management of the D-Flock were described by 
Mortimer and Atkins (1989). The C-Flock was established 
in 1983-84, based on 8 D-Flock bloodlines (2 fine-wool, 2 
medium-wool non-Peppin, 3 medium-wool Peppin and one 
strong–wool). The C-Flock mating design was initially a 
complete diallel to produce purebred and two-way cross-
bred progeny, with the ewe progeny subsequently mated to 
purebred and a restricted range of crossbred ram genotypes 
to produce groups of purebred, F1, F2 interbred and back-
cross progeny, as well as progeny of three- and four-way 
cross matings (Mortimer et al. 1994). The management of 
the C-Flock was similar to that of the D-Flock with the pas-
ture conditions and general animal husbandry for both 
flocks described by Waters et al. (2000). 

 
Lamb survival records. Lambs were identified 

with their dams within 12 h of birth, ear tagged and 
weighed. Any dead lambs found at tagging were similarly 
recorded. All lambs and their dams were moved from the 
lambing paddocks at 7 d after lambing (range 5 – 8 d), with 
all lambs surviving to this age individually caught and their 
ear tag numbers recorded. Lamb marking occurred at 30 d 
of age (range 21 – 35 d) when the identity of all surviving 
lambs was again confirmed. Lambs were weaned (separated 
from their dams) at 110 d and the ear tags of all surviving 
lambs were once more noted. Records of all lambs surviv-
ing at each time period were used to calculate the rearing 
status (as a binomial trait - alive or dead) of each lamb as: 
1) survived birth (first 24 h), 2) survived from birth to 7 d, 
3) survived from 1 wk to marking (30 d), 4) survived from 
marking to weaning (110 d). 

 
Statistical analyses. The combined D- and C-

Flock dataset and pedigree was split based on birth type and 
cumulative survival (at 1 d, 7 d, 30 d and 110 d) analyzed 
separately for singles (n = 12,249) and twins (n = 15,018) 
with a linear univariate mixed model using ASReml 
(Gilmour et al. 2009). The data were not transformed before 
analysis. The univariate models for each lamb survival trait 
included the overall mean, fixed effects of birth year (21 
levels: 1975 – 1995), sex (2 levels) and age of dam (8 lev-



els). Genotype effects appropriate to each of the two flocks 
were fitted to account for bloodline in the D-flock (15 lev-
els) and 8 breed proportion codes to fit appropriate gene 
proportions for each C-flock lamb. Other random compo-
nents included the direct genetic (σ2

d), maternal genetic 
(σ2

m), maternal permanent environment (σ2
pe) effects and 

the covariance between the additive and dam genetic vari-
ances (σdm). The phenotypic variance was calculated as the 
sum of each of the variance components (σ2

p = σ2
d + σ2

m + 
σ2

pe + σdm + σ2
e), where σ2

e is the error. Estimates of the 
direct (h2

d) and maternal (h2
m) heritability were obtained by 

dividing the respective variance component by the pheno-
typic variance. The repeatability of ewe rearing ability (t) 
was estimated as the proportion of the phenotypic variance 
accounted for by direct genetic and maternal genetic ef-
fects, their covariance and the maternal permanent envi-
ronment [(σ2

d + σ2
m + σ2

pe + σdm) / σ2
p]. Significant differ-

ences in parameter estimates between birth types were de-
termined by the magnitude of the difference relative to the 
standard error.  

 
Results and Discussion 

 
Average survival. Single born lambs had higher 

survival rates than twins at each age except for 1d where 
twin survival was 1% higher (95.7 ±	  0.2 % vs. 94.8 ±	  0.2 %) 
(Figure 1), with an average of 81.8% of single born lambs 
surviving to weaning over 21 years compared with 71.0% 
of twins. These differences in survival rates may be due to 
single born lambs having a higher average birthweight (4.1 
±	  0.1 kg) than twins (3.3 ±	  0.1 kg). The pattern of mortality 
over time among singletons was 5.2%, 7.4%, 1.7% and 
3.9% respectively to 1, 7, 30 and 110 d compared to 4.3% 
of twins succumbing to 1 d, with a further 15.8% to 7 d, 
3.2% to 30 d and 5.7% to 110 d. These patterns of loss are 
consistent with Haughey (1993), who found that single 
lambs are more likely to die on the day of birth due to com-
plications arising from the birth process, and Nowak et al. 
(2000), who showed twin mortality peaked at 1 - 3 d rather 
than the day of birth with starvation the main cause of 
death. While the average survival rates of single lambs from 
the combined D- and C-data are similar to a previous study 
of the D-flock alone (Hatcher et al. 2009), the survival of 
twin born lambs in the combined data to 7, 30 and 110 d 
was about 3 to 4% higher.  
 

Variance components and direct heritability. 
For both single and twin born lambs, the phenotypic vari-
ance (σ2

p) for lamb survival increased with increasing age 
and was significantly higher for twin born lambs at 7, 30 
and 110 d compared to singles (Table 1). The σ2

p was simi-
lar for the 2 birth types at 1 d. The additive genetic variance 
(σ2

d) was larger for twin born lambs compared to singles for 
survival to 1 and 7 d, but there was no significant difference 
between birth types for survival to either 30 or 110 d. Direct 
heritability (h2

d) for lamb survival of both singles and twins 
at each age was low (Table 2). Twin h2

d at 1 d was 4 times 
as large as that for singles (0.08 vs 0.02) but there were no 
further significant differences between birth types at other 
ages. This suggests that the direct genetic effects (lamb 

viability) of twin born lambs is more important than the 
genotype of single born lambs for survival to 1 d. Lamb 
behaviour is crucial to the formation of a strong ewe-lamb 
bond necessary for survival, with more vigorous and vocal 
lambs forming stronger bonds with their dams (Lindsay et 
al. 1990). As twin born lambs compete with their littermate 
for early post-natal care by their dam, twin viability is like-
ly to be a more important contributor to twin survival at 1 d 
relative to singles.  
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Figure 1: Cumulative survival of single and twin born 
lambs to 110d 

 
 

Table 1. Cumulative lamb survival from birth to 1, 7, 30 
and 110 d, coefficient of variation (CV%) and estimates 
of phenotypic variance (σ2

p), additive direct genetic var-
iance (σ2

d), maternal genetic variance (σ2
m), covariance 

(σdm) and dam permanent environmental variance (σ2
pe) 

for single and twin born lambs.  
Trait σ2

p σ2
d σ2

m σdm σ2
pe 

Single born lambs 
1d 0.049 0.001 0.001 -0.001 0.003 
7d 0.108 0.002 0.001 -0.001 0.012 
30d 0.120 0.003 0.002  0.001 0.011 
110d 0.146 0.003 0.001 -0.001 0.013 
Twin born lambs 
1d 0.042 0.003 0.002 -0.003 0.009 
7d 0.157 0.004 0.006 -0.001 0.020 
30d 0.174 0.002 0.008 -0.001 0.017 
110d 0.198 0.004 0.009 -0.001 0.013 
The range in standard error for each of the variance components was: σ2

p	  
0.001 – 0.002; σ2

d 0.001 – 0.002; σ2
m	   0.001	  –	   0.004;	   σdm	   	   0.001	  –	   0.003	  

and;	  σ
2
pe	  0.001	  –	  0.001  

 
 

Maternal effects. The maternal genetic effect 
(σ2

m) was similar for single and twin born lambs at 1 d, but 
was significantly larger for twin born lambs at 7, 30 and 
110 d (Table 1). The σ2

m for singles was relatively constant 
across ages; however, it tended to increase with age for 
twins. This indicates that maternal genetic effects (ewe 
rearing ability) are similar in importance to direct genetic 
effects (lamb viability) for single born lambs at birth but are 
less important at later ages to weaning. However, for twins 
the relative importance of maternal genetic effects increases 
with increasing lamb age and are more important than di-
rect genetic effects from 7 d of age. A similar finding was 
reported for Scottish Blackface sheep (Riggio et al. 2008), 



although they did not analyse singles and twins separately. 
In the current study, further partitioning of the maternal 
effect, revealed that the maternal permanent environment 
component (σ2

pe) contributed more to the observed variation 
than σ2

m for both birth types. Moreover, the σ2
pe was 3 

times higher at 1 d for twins compared to singles and also 
tended to be higher for twins at both 7 and 30 d, although 
no difference was evident between the birth types by 110 d. 
Therefore the permanent environment component of the 
maternal effect was the principal factor influencing the re-
peatability of lamb survival and it was of greater im-
portance for twin born lambs.  

 
The maternal heritability (h2

m) for twins was con-
sistently higher than that of singles at each age (Table 2) 
which provides further evidence that there is more scope to 
exploit maternal rather than direct genetic variances in 
breeding programs (Hatcher et al. 2010), particularly for 
twin born lambs.  

 
Table 2. Estimates of direct (h2

d) and maternal (h2
m) 

heritability and dam repeatability (t) for cumulative 
lamb survival to 1, 7, 30 and 110 days from birth for 
single and twin born lambs 

Trait h2
d h2

m t 
Single born lambs 
1d 0.025±0.013 0.025±0.023 0.104±0.015 
7d 0.021±0.012 0.010±0.021 0.131±0.015 
30d 0.021±0.012 0.005±0.021 0.126±0.015 
110d 0.019±0.013 0.007±0.013 0.107±0.015 
Twin born lambs 
1d 0.082±0.016 0.047±0.026 0.298±0.014 
7d 0.024±0.012 0.042±0.023 0.181±0.012 
30d 0.011±0.010 0.052±0.023 0.156±0.011 
110d 0.019±0.011 0.046±0.021 0.128±0.011 

 
 
Repeatability of ewe rearing ability (t). This is a 

measure of the likely response to selection that can be 
achieved in the current generation and tended (Table 2) to 
be higher for ewes bearing twins (range 0.13 – 0.30) com-
pared to those with singles (0.10 to 0.13), particularly at 1 d 
(0.30 vs 0.10 for twins and singles respectively). Interest-
ingly it was reasonably consistent with lamb age for singles 
but tended to decrease with increasing lamb age for twins, 
albeit from a higher initial value (Table 2). Therefore great-
er gains in the current generation can be made among twin 
bearing ewes compared to single bearing ewes by identify-
ing ewes that consistently rear twin lambs and preferentially 
retaining them in the breeding flock. Cloete et al. (2004) 
demonstrated that substantial genetic progress in lamb sur-
vival (1 - 2 % per year) is possible by preferentially select-
ing ewe and ram progeny of ewes rearing more than 1 lamb 
per joining (i.e. reared twins at least once).  
 

Conclusion 
 
These results suggest that the genetics of lamb 

survival does vary between single and twin born lambs. 
Differences between the two birth types were particularly 

evident for the maternal permanent environment component 
in favour of twins but were also apparent for the direct ma-
ternal component. This variation in genetic parameters be-
tween single and twin born lambs provides evidence of a 
genetic basis for the observed physiological and behavioral 
differences both between twin and single bearing ewes 
themselves during pregnancy and lactation as well as those 
of their lambs. The higher h2

d for twins at 1d indicates that 
direct selection for twin lamb survival at this time would be 
effective. However, comparing additive variances across 
the ages suggests that survival to weaning (i.e. 110 d) 
would be just as effective or better for improving twin sur-
vival for direct and definitely better for maternal direct ef-
fects as a selection criterion. This latter strategy would have 
the added benefit of ease of implementation in Merino 
breeding flocks that routinely allocate dam pedigree and 
remove the requirement to disturb mobs of ewes during 
lambing if selection was to occur at 1 d.  
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