
ABSTRACT: Data of 5,390 Merino lambs born from 
1986 to 2007 (~6.9 generations) were used to derive ge-
netic parameters and trends for age-specific and overall 
lamb survival on the underlying scale, as well as for 
lamb birth weight, using Gibbs sampling. The majority 
of lambs were descended from lines that were divergent-
ly selected for the ability of ewes to rear multiples. The 
line selected in the upward direction was denoted as 
the high line (H line), whereas the line selected in the 
downward direction was the low line (L line). Analyses 
included the covariance between direct and maternal 
genetic effects, except where it was not estimable owing 
to small direct additive variance components, a high in-
cidence of lambs surviving, or both. Direct heritability 
estimates were 0.02 for lamb survival at birth, 0.12 for 
lamb survival from birth to tail docking, 0.39 for lamb 
survival from docking to weaning, 0.28 for overall lamb 
survival, and 0.17 for birth weight. Corresponding es-
timates for the maternal genetic effect were 0.26, 0.14, 
0.16, 0.14, and 0.29. Dam permanent environmental 
variance ratios were, respectively, 0.14, 0.09, 0.05, 0.07, 

and 0.07. Estimates of the direct-maternal genetic cor-
relation were −0.60 for lamb survival from docking to 
weaning, −0.61 for overall lamb survival, and −0.15 to 
−0.23 for birth weight. Genetic, maternal genetic, and 
dam permanent environmental correlations between 
lamb birth weight and overall or age-specific lamb sur-
vival were not different from zero. Expressed relative 
to overall means, annual direct genetic change in the 
H line amounted to −0.01% per annum for lamb sur-
vival at birth, 0.52% per annum for lamb survival from 
birth to docking, and 1.3% per annum for lamb survival 
from docking to weaning. Corresponding trends in the 
L line were, respectively, −0.01, −0.42, and 0.042% per 
annum. Maternal genetic trends amounted to, respec-
tively, 0.23, −0.11, and −0.24% per annum in the H 
line and −0.78, −0.50, and −0.16% per annum in the L 
line. It was concluded that sustained genetic progress in 
lamb survival is feasible if directed selection is applied 
to a correlated trait such as the ability of ewes to rear 
multiples.
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INTRODUCTION

Decreased and variable lamb survival is generally 
considered a major constraint to efficient sheep pro-
duction (Haughey, 1991). A core level of lamb losses 

remains, even if managerial inputs are optimized (Alex-
ander, 1984). Apart from the direct loss of production 
and income to farmers, lamb losses have also become an 
emotional issue involving animal welfare.

Studies involving the possible genetic improvement of 
lamb survival have found limited genetic variation (Ol-
ivier et al., 1998; Snyman et al., 1998; Lopez-Villalobos 
and Garrick, 1999). The lack of genetic variation has 
led to recommendations that the improvement of lamb 
survival should rather be based on modification of the 
environment to create conditions suitable for survival of 
lambs (Morris et al., 2000; Everett-Hincks et al., 2005). 
In contrast, some previous studies suggested differences 
between lines within breeds that were brought about by 
selective breeding (Haughey, 1983; Knight et al., 1988). 
Gudex et al. (2005) more recently reported significant 
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variation in survival of the progeny of respective sires. 
However, Gudex et al. (2005) also suggested that it 
would be fruitless to study lamb mortality without con-
sidering lamb birth weight. The latter sentiments were 
shared by Morris et al. (2000).

Previous studies at the Institute for Animal Produc-
tion: Elsenburg have shown that the mortality of Me-
rino lambs born in a divergent selection experiment for 
the ability of ewes to rear multiples per mating differed 
(Cloete and Scholtz, 1998; Cloete et al., 2005). The ob-
jectives of this study were to derive genetic parameters 
(direct and maternal heritability and genetic correla-
tions) for age-specific and overall lamb survival, as well 
as for lamb birth weight; and to obtain direct and ma-
ternal genetic trends resulting from divergent selection 
for the ability of ewes to rear multiples, or alternatively 
defined as number of lambs weaned per mating.

MATERIALS AND METHODS

The bulk of the data recording for the study was done 
before the formation of a formal Departmental Ethical 
Committee for Research on Animals in 2004. Based on 
information supplied by the scientists involved and the 
flock management staff, as well as on procedures wit-
nessed during routine flock visits at lambing, post facto 
ethical approval was granted for the study.

Animals, Selection Procedures, and Locations

Two lines of Merino sheep were divergently selected 
from the same base population from 1986 to 2007, us-
ing maternal ranking values for number of lambs reared 
per mating (i.e., per year), as described by Cloete et al. 
(2004). The trait could also be defined as number of 
lambs weaned per mating (also referred to as net repro-
duction rate), but it has been termed multiple rearing 
ability previously (Cloete et al., 2004). The lines were 
derived from ewes descended from a Merino line se-
lected for an increased wool secondary:primary follicle 
ratio (Heydenrych et al., 1984).

Ewe and ram progeny of ewes rearing more than 1 
lamb per mating (i.e., reared twins at least once) were 
preferred as replacements in the high (H) line. Replace-
ments in the low (L) line were preferably descended from 
ewes rearing less than 1 lamb per mating (i.e., barren 
or lost all lambs born at least once). Depending on the 
average reproduction of the lines and the replacement 
needs, progeny of ewes that reared 1 lamb per mating 
were occasionally accepted in both lines. Initially, when 
the average number of lambs weaned per mating in the 
H line was <1, such ewes had to be included to ensure 
an acceptable replacement rate. At present, selection in 
the H line can be strict, and all replacements in the H 
line have increased breeding values and are descended 
from ewes that reared >1 lamb per mating. In contrast, 
very few female progeny are often available in the L 
line at present, and progeny from ewes rearing 1 lamb 

per mating often have to be selected. Selection deci-
sions were mostly based on ≥3 maternal matings in the 
case of rams. Owing to the greater replacement needs 
in females, progeny from ewes with fewer records were 
also selected as replacements. In the progeny groups up 
to 2002, only the maternal phenotype was considered 
during the selection of an individual, and no additional 
information was used. Once selected, ewes remained in 
the breeding flock for at least 5 matings, except for 
cases of death and teeth or udder malfunction. No se-
lection on reproduction was therefore directed at the 
current flock. From the progeny group born in 2003, 
information on maternal ranking values used for selec-
tion was augmented by breeding values for number of 
lambs weaned per ewe joined. These breeding values 
were derived from a single-trait repeatability model, as 
described by Cloete et al. (2004).

At the onset of the experiment, approximately 120 
breeding ewes represented each line. The H line was 
gradually allowed to increase to 130 to 140 breeding 
ewes, whereas the relatively poor reproduction in the L 
line resulted in breeding ewe numbers that decreased to 
40 to 80. The H line was augmented by 28 ewes derived 
from a multiple ovulation and embryo transfer program. 
These ewes were born during 1991 and 1992 (detailed 
by Cloete et al., 2004). During the 1998 to 2002 lamb-
ing years, 6.5-yr-old dams with 5 lambing opportunities 
were screened into both the H and L lines from other 
selection lines maintained at the Tygerhoek experimen-
tal farm (Cloete et al., 1998) to augment numbers in 
the L line in particular. The number of ewes introduced 
in this way ranged from 8 to 18 per year, and totalled 
74 (Cloete et al., 2004). Ewes rearing 7+ lambs from 
5 opportunities and rearing at least 1 lamb per op-
portunity were screened into the H line (n = 28). Ewes 
rearing 1 to 3 lambs from 5 opportunities were selected 
in the L line (n = 46). Ewes rearing 4 to 6 lambs were 
not considered, as only those with extremely good or 
extremely poor performance in terms of reproduction 
were envisaged to contribute to the experiment.

During the first 3 yr of the current experiment, rams 
were selected on maternal performance from a line se-
lected for clean fleece weight and the control line main-
tained alongside. The study on selection for clean fleece 
weight is well documented in the literature (Heyden-
rych et al., 1984; Cloete et al., 1998). Initially, 5 rams 
represented each line. Until 1992, rams were used for 
1 breeding season only. During subsequent years, 1 to 
2 rams in each line were carried over to the next year 
to provide sire links across years. From the mid 1990s, 
the number of rams used in the H line was increased 
to 4 to 6, whereas only 2 to 4 rams were used in the 
L line. This arrangement was needed to ensure that 
the number of ewes joined to each ram remained fairly 
constant. Ram replacements were selected to represent 
all of the sires present in their progeny group wherever 
possible. In rare cases, when no suitable replacement 
for a specific ram was available, a candidate sire de-
scended from another sire group was selected.
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Since 2003, part of the breeding flock was subjected 
to reciprocal crossbreeding between the 2 lines, with 
the intention of forming a genetic resource popula-
tion for possible future genomic projects (Naidoo et 
al., 2005). Crossbred progeny were available from the 
2003 year of birth onwards, whereas backcrosses be-
came available from 2005. When the data used for the 
present study were sourced after the 2007 year of birth, 
purebred H and L line lambs were still the vast major-
ity of the available data, with a total of 5,024 out of 
5,390 lambs born in the present experiment (i.e., ~93% 
of the data).

The resource flock studied was maintained at the 
Tygerhoek experimental farm at first (1986 to 1992), 
and at Elsenburg subsequently. The climate, pastures 
grown, and managerial practices at the respective sites 
are adequately described by Cloete et al. (2004). The 
management of the experimental animals was similar on 
both farms, except for the timing of lambing and shear-
ing. At Tygerhoek, ewes were hand-mated in spring to 
lamb during autumn (March to April) of the following 
year. At Elsenburg, mating took place in summer, for 
lambing during the winter (June to July) of the same 
year. At Tygerhoek, ewes were shorn annually during 
August to September, before mating. At Elsenburg 
ewes were shorn before lambing each year. Ewes thus 
lambed with fewer than 6 wk of wool growth. Lambing 
and reproduction practices at both sites were described 
by Cloete and Scholtz (1998) and Cloete et al. (2004).

Recordings

Data were recorded for 5,390 lambs born during the 
period from 1986 to 2007. These lambs were the prog-
eny of 181 sires and 1,278 dams contained in the pedi-
gree file. The data also contained 469 base parents that 
entered the breeding flock without pedigree informa-
tion. An average generation interval of 3.2 yr (2.3 yr for 
rams and 4.1 yr for ewes) was derived, suggesting that 
the experiment spanned ~6.9 generations. Information 
recorded on individuals included year of birth, sex, dam 
age, and birth type. Ninety-nine triplets were pooled 
with twins and were denoted as multiples.

Individual lamb birth weights were obtained within 
24 h of birth to the nearest 0.1 kg, when lambs were 
identified with their dams to ensure complete pedigree 
information (Cloete et al., 2004). Four birth weights of 
<1 kg recorded at the birth of mummified lambs be-
ing born in multiple litters and dying before birth were 
excluded. These lambs were fairly uncommon and con-
stituted 0.07% of the overall number of lambs born.

Age-specific lamb survival was categorized as follows: 
survival at birth (lambs succumbing before or during 
parturition were regarded as deaths at this stage), sur-
vival from birth to tail docking at ~4 wk, and survival 
from tail docking to weaning (Table 1). Proportions of 
0.957 (5,159 out of 5,390) lambs survived birth, 0.888 
(4,579 out of 5,159) lambs survived from birth to tail 
docking and 0.888 (4,060 out of 4,579) survived from 
tail docking to weaning. Group specific proportions of 
lambs that survived were 0.964, 0.895, and 0.899 in the 
H line and 0.943, 0.867, and 0.844 in the L line, respec-
tively. Overall lamb survival was also considered, lambs 
dying from before birth until weaning, which coincided 
with the recording of 100-d BW at an average (SD) 
age of 99 (14) d, being recorded as dead. Lambs pres-
ent at weaning, with a 100-d BW, were considered to 
be alive. A proportion of 0.753 of the lambs that were 
born survived (4,060 out of 5,390). In the H line, 2,624 
out of 3,384 lambs survived (a proportion of 0.776). In 
contrast, 1,133 out of 1,642 L line lambs survived (a 
proportion of 0.690). A proportion of 0.598 (2,024 out 
of 3,384) of H line lambs were born as multiples. Only 
726 out of 1,642 L line lambs were born as multiples, 
constituting a proportion of 0.442.

Statistical Analysis

A 2-trait animal model was fitted with age-specific or 
overall lamb survival and birth weight as the dependent 
variables. For analysis, lamb survival was defined as a 
binary trait with 2 categories (1 for lambs dying in the 
particular category and 2 for those surviving), whereas 
birth weight data were treated as continuous. Several 
preliminary analyses were conducted for age-specific or 
overall lamb survival. These included selection line con-

Table 1. Descriptive statistics for age-specific and overall lamb survival records on the underlying scale,1 as well 
as for lamb birth weight 

Item

Trait

Survival  
at birth

Survival, birth  
to tail docking

Survival, tail docking 
to weaning

Overall  
survival

Birth  
weight, kg

No. of observations 5,390 5,159 4,579 5,390 5,372
Mean 1.96 1.89 1.89 1.75 3.80
SD 0.20 0.32 0.32 0.43 0.86
CV 10.2 16.9 16.9 24.6 22.6
Minimum 1 1 1 1 1.0
Maximum 2 2 2 2 7.0

1Underlying scale: the normal distribution underlying the phenotypic expression of the threshold trait coded as dead (1) or alive (2) in a specific 
analysis.
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catenated with year of birth and birth type as fixed ef-
fects, whereas a reduced data set excluding crosses be-
tween the H and L lines was also considered. However, 
these adaptations seemed to have a small influence on 
the derived parameter estimates, and the full data set 
was analyzed without including selection line as fixed. 
Data are not shown for these preliminary analyses, but 
key outcomes will be provided where pertinent to the 
reasoning followed. The fixed effects included year of 
birth (1986 to 2007), sex (male and female), dam age 
(2 to 7+ yr), and birth type (single and multiple). The 
equation for the 2-trait model was the following:

 y f a m c eijklm ij ik ik il ijklm= + + + + . 

In this model, y was a vector of observations for un-
derlying values for age-specific or overall lamb survival 
and lamb birth weight; i was indicative of the respec-
tive traits (I = 1,2); fij was the fixed effect j for the ith 
trait; aik was the additive genetic effect of the kth ani-
mal for the ith trait; mik was the maternal genetic effect 
of the kth animal for the ith trait; cil was the dam per-
manent environmental effect of the lth dam for the ith 
trait; and eijklm was the vector of randomly distributed 
residual effects. The genetic correlation between direct 
and maternal effects was considered for the first run on 
all 4 data sets (survival at birth with birth weight, sur-
vival from birth to tail docking with birth weight, sur-
vival from tail docking to weaning with birth weight, as 
well as overall survival with birth weight). The direct-
maternal covariance for survival at birth and survival 
from birth to tail docking was excluded for the final run 
on the joint analyses on these traits and birth weight, 
as pointed out later (see Posterior Distributions in the 
Results section). However, the direct additive variance 
for survival at birth was retained as a default in these 
analyses.

The software used was THRGIBBSF90 (Misztal et 
al., 2002). This software is suitable for estimation of 
variance components and genetic parameters in thresh-
old animal mixed models for any combination of cat-
egorical and continuous traits (Lee et al., 2002). The 
program POSTGIBBSF90 was used for post-Gibbs 
analysis (Misztal et al., 2002). The software allows for 
prediction of solutions for fixed and random effects, as 
described later.

In all cases, a single chain of 200,000 cycles was run, 
with the first 50,000 cycles used as the burn-in period 
(Donoghue et al., 2004). When the sampled values were 
plotted against the iterations, a stationary stage could 
be confirmed at this stage by graphical inspection. 
Every 10th sample was stored after 50,000 iterations, 
giving a total of 15,000 samples for the computation 
of posterior means and posterior SD, as well as 95% 
highest posterior density (HPD) confidence intervals. 
Based on results from the analysis, 90% HPD confi-
dence intervals were also computed for the (co)variance 

components when applicable. Point estimates were cal-
culated as the posterior mean of the specific variance 
component, using the results from the final 15,000 sam-
ples as set out above. Direct genetic, maternal genetic, 
dam permanent environmental, and environmental (re-
sidual) correlations were derived from these analyses.

Genetic Trends

Solutions for all fixed and random effects were based 
on the average of the last 15,000 samples, involving the 
2-trait model described above for the respective analy-
ses. Animal solutions pertaining to direct and maternal 
breeding values for both traits were obtained from the 
post-Gibbs analysis. Solutions for lamb survival were on 
the underlying scale. Individual breeding values on the 
underlying scale were regressed on year of birth, with 
1986 taken as the base year for the analyses. All regres-
sions were forced through the origin. Genetic trends 
were tested for divergence between the lines, using SE 
obtained for the regression coefficients. The absolute 
values of the regression coefficients were also compared 
between the H and L line, to test for possible asymmet-
ric responses in the upward or downward directions.

RESULTS

Descriptive Statistics

Age-specific lamb survival on the underlying scale 
averaged 1.96 for survival at birth, 1.89 for survival 
from birth to tail docking, and 1.89 for survival from 
tail docking to weaning (Table 1). Overall lamb sur-
vival on the underlying scale averaged 1.75. Survival 
at birth and overall survival were also assessed in those 
lambs that died before parturition. Lamb birth weight 
averaged 3.8 kg, with a range between 1.0 and 7.0 kg. 
Apart from the BW of the mummified fetuses men-
tioned previously, birth weight was not recorded on a 
small number of lambs mutilated by vermin, hence the 
slightly decreased number of lambs recorded for birth 
weight in comparison with survival at birth and overall 
lamb survival. All traits were variable, with CV exceed-
ing 10%.

Posterior Distributions

Posterior distributions for the genetic components 
(direct and maternal variances, the direct-maternal 
covariance, as well as additive covariance and the ma-
ternal covariance between traits) for overall lamb sur-
vival and birth weight are provided in Figure 1. The 
difference in the skewed distributions for lamb survival 
(a threshold trait) and the largely symmetric distribu-
tions for birth weight (a continuous trait) is evident. 
The direct-maternal covariance components were not 
symmetric about zero, and most values were negative. 
The 95% HPD confidence interval just included zero 
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for both traits, the derived parameters obviously ap-
proaching significance. Further appraisal of the data in-
dicated that the 90% HPD confidence interval excluded 
zero for both traits (−0.381 to −0.005 for overall lamb 
survival on the underlying scale, and −0.050 to −0.001 
for birth weight).

When survival at birth was analyzed together with 
birth weight, the direct-maternal covariance for the 
former trait went to zero after approximately 120,000 
rounds (data not shown). The same pattern was ob-
served in the joint analysis of survival from birth to tail 
docking and birth weight, but the direct-maternal co-
variance went to zero after about 150,000 rounds (data 
not shown). These components were therefore excluded 
in both cases, and the analyses were redone. The direct 
additive variance component was also very small in the 

revised analysis on survival at birth, but it was retained 
in the final analysis by default. Problems with conver-
gence in these analyses were not unexpected, given the 
binary nature of survival data, a relatively small data 
set, the high incidence of survival at birth, and the 
fairly high incidence of survival from birth to tail dock-
ing.

Genetic Parameters

The estimate of h2 for survival at birth on the un-
derlying scale was small and not significant at 0.02 ± 
0.05 (P > 0.10; Table 2). In contrast, both maternal 
components were significant at 0.26 for m2 and 0.14 for 
c2. The direct additive variance component for survival 
from birth to tail docking (Table 3) on the underly-
ing scale approached significance (P < 0.10), with 90% 
HPD confidence intervals of 0.025 and 0.350. Estimates 
of m2 and c2 were greater than double the correspond-
ing SE at 0.14 and 0.09, respectively. Derived 95% 
HPD confidence intervals for variance ratios for lamb 
survival from tail docking to weaning included zero in 
all instances (Table 4). However, 90% HPD confidence 
intervals excluded zero in all cases, being 0.007 and 
1.415 for additive effects, 0.007 and 0.565 for maternal 
genetic effects, and 0.002 and 0.169 for dam perma-
nent environmental effects. The absolute value of the 
estimate of h2 was fairly high, at 0.39. Comparatively 
smaller maternal variance ratios were found, namely 
0.16 for m2 and 0.05 for c2. The direct-maternal correla-
tion was high at −0.60, but the 90% HPD confidence 
intervals for the direct-maternal covariance component 
included zero and were −0.574 and 0.024, respectively.

Detailed data for the variance components and pos-
terior distributions for the analysis involving overall 
lamb survival on the underlying scale are not shown 
because the posterior distributions were plotted in Fig-
ure 1. The variance ratios are provided for comparison 
with the literature, as overall lamb survival is the most 
commonly reported trait. Point estimates (±SE) were 
0.28 ± 0.12 for h2, 0.14 ± 0.06 for m2, 0.07 ± 0.03 for c2, 
and −0.61 ± 0.35 for the direct-maternal correlation. 
The genetic parameters for birth weight in this analysis 
were consistent with those reported in Tables 3 and 4 
and are therefore omitted.

Genetic parameters for birth weight were generally 
similar in the analyses reported in Tables 3 and 4. How-
ever, the joint analysis with survival at birth on the 
underlying scale differed somewhat. In this analysis, h2 
was similar to the other estimates, but a proportionally 
greater part of the maternal variance was partitioned 
toward the maternal genetic variance component, at 
the expense of the dam permanent environmental vari-
ance. When the results pertaining to birth weight were 
considered, h2 amounted to 0.16 to 0.17, m2 to 0.28 to 
0.37, c2 to 0.04 to 0.08, and the direct-maternal correla-
tion to −0.15 to −0.23 (Tables 2 to 4).

Outcomes from analyses on overall lamb survival and 
birth weight involving the reduced data set and analy-

Figure 1. Posterior density distributions for the genetic variance 
components pertaining to overall lamb survival (panel a), birth weight 
(panel b), and the genetic covariance components between traits (pan-
el c). Direct and maternal variances, the direct-maternal covariance 
components (RAM) for both lamb survival on the underlying scale and 
birth weight, as well as the direct and maternal covariance components 
between lamb survival and birth weight, are depicted.
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ses including or excluding the selection line by year 
concatenation, as well as the selection line by birth type 
concatenation, in the models were in close correspon-
dence (data not shown). All variance ratios (h2, m2, and 
c2) differed by <0.05 between analyses when equivalent 
random effects models were fitted. For example, (co)
variance ratios (±SE) for lamb survival from tail dock-
ing to weaning were 0.41 ± 0.40 for h2, 0.17 ± 0.15 for 
m2, 0.05 ± 0.03 for c2, and −0.60 ± 0.74 for the direct-
maternal correlation when selection line was included 
in the model. Corresponding estimates for birth weight 
were, respectively, 0.15 ± 0.03 for h2, 0.28 ± 0.05 for 
m2, 0.08 ± 0.03 for c2, and −0.18 ± 0.15 for the direct-
maternal correlation.

Genetic correlations of age-specific lamb survival 
with birth weight ranged from 0.04 to −0.23 and were 
not significant (P > 0.20; Tables 2 to 4). Corresponding 
maternal genetic and dam permanent environmental 
correlations ranged from 0.08 to 0.34 and were positive 
in absolute terms, but not significant (P > 0.20). Envi-
ronmental correlations of birth weight with age-specific 
lamb mortality were positive in sign and significant (P 
< 0.05). This result seems to suggest that sheep in an 

environment sustaining increased birth weight should 
also have improved age-specific lamb survival rate.

Genetic Trends

Given that h2 for survival at birth on the underlying 
scale was very small (Table 2), it is not surprising that 
direct genetic trends were almost negligible compared 
with the other genetic trends involving lamb survival. 
When expressed relative to the overall mean, breed-
ing values declined at 0.01% per annum in the H line, 
and at 0.01% per annum in the L line (P < 0.01 in 
both instances). Maternal breeding values increased by 
0.23% per annum for survival at birth on the underly-
ing scale in the H line, whereas the maternal genetic 
trend amounted to −0.78% per annum in the L line. 
When the SE of the regression coefficients were consid-
ered, it was evident that the responses were asymmet-
ric, the upward response in the H line being smaller in 
magnitude than the downward response in the L line.

When direct responses in lamb survival from birth to 
tail docking on the underlying scale in Table 5 were ex-
pressed relative to the overall mean, they amounted to 

Table 2. Mean (co)variance components, posterior SD (PSD), 95% highest posterior density (HPD) confidence 
intervals, and variance ratios for lamb survival at birth and lamb birth weight 

Trait and item1

(Co)variance 95% HPD confidence interval

Ratio ± SEComponent PSD Lower Upper Item

Survival at birth on the underlying scale

 sA
2 0.026 0.087 −0.145 0.197 h2 0.02 ± 0.05

 sM
2 0.442 0.196 0.058 0.825 m2 0.26 ± 0.11

σAM NA NA NA NA rAM NA

 sC
2 0.243 0.116 0.015 0.471 c2 0.14 ± 0.07

 sE
2 1.003 0.028 0.949 1.057

Lamb birth weight, kg

 sA
2 0.085 0.017 0.052 0.118 h2 0.16 ± 0.03

 sM
2 0.201 0.074 0.057 0.345 m2 0.37 ± 0.13

σAM −0.019 0.014 −0.046 0.008 rAM −0.15 ± 0.10

 sC
2 0.019 0.019 −0.018 0.056 c2 0.04 ± 0.03

 sE
2 0.252 0.011 0.230 0.275

Covariance components and ratios between 
lamb survival and lamb birth weight
σA −0.009 0.021 −0.051 0.032 rG −0.20 ± 0.44
σM 0.014 0.034 −0.052 0.080 rM 0.28 ± 0.23
σC 0.010 0.027 −0.043 0.064 rC 0.15 ± 0.39
σE 0.104 0.024 0.057 0.152 rE 0.21 ± 0.05

1sA
2  = direct additive genetic variance; sM

2  = maternal genetic variance; σAM = direct-maternal covariance; sC
2  = dam permanent environmen-

tal variance; sE
2  = environmental variance; σA = additive covariance; σM = maternal covariance; σC = dam permanent environmental covariance; 

σE = environmental covariance; h2 = direct heritability; m2 = maternal heritability; rAM = direct-maternal correlation; c2 = dam permanent en-
vironment; rG = genetic correlation; rM = maternal correlation; rC = dam permanent environmental correlation; rE = environmental correlation; 
NA = not available.
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0.52% per annum in the H line and to −0.42% per an-
num in the L line. When the absolute values of these re-
gression coefficients were considered, it was shown that 
the upward trend in the H line was somewhat faster 
than the downward trend in the L line (P < 0.05). The 
corresponding maternal genetic trends were negative in 
both instances, amounting to −0.11 and −0.50% per 
annum in the H line and the L line, respectively. In this 
instance, the downward trend in the H line was slower 
(P < 0.05) compared with that in the L line.

The estimated h2 for lamb survival from tail dock-
ing to weaning was almost 0.40. In terms of the 95% 
HPD confidence interval, this estimate was not very 
accurate and only approached conventional significance 
(P < 0.10). The response provided in Table 5 for di-
rect breeding values for lamb survival from docking to 
weaning in the H line amounted to 1.34% per annum 
relative the overall mean, whereas no genetic trend was 
observed in the L line. Maternal breeding values for 
survival from tail docking to weaning declined in both 
selection lines, at −0.24% per annum in the H line and 
at −0.16% per annum in the L line. When the SE of 

the respective regression coefficients were considered, 
no statistical difference was obtained between the re-
gressions for the respective selection lines (P > 0.10). 
Genetic trends for overall lamb survival were a function 
of the age-specific genetic trends and are therefore not 
presented.

Preliminary analyses involved the inclusion of the se-
lection line × year and the selection line × birth type 
concatenations as systemic effects. This adaptation 
resulted in direct genetic trends for age-specific lamb 
survival on the underlying scale in the L line being 
elevated to roughly the same levels observed in the H 
line (data not shown).

All trends involving birth weight were small in mag-
nitude, and genetic change amounted to <0.12% of the 
overall mean per year when regressions were significant 
(P < 0.01). The fastest rate of response was recorded 
in the maternal genetic trend for birth weight in the H 
line, where maternal breeding values increased at 0.11% 
per annum when expressed relative to the overall mean 
(Table 5). The downward direct genetic trend for birth 
weight in the L line amounted to 0.04% per annum.

Table 3. Mean (co)variance components, posterior SD (PSD), 95% highest posterior density (HPD) confidence 
intervals and variance ratios for lamb survival from birth to docking and lamb birth weight 

Trait and item1

(Co)variance 95% HPD confidence interval

Ratio ± SEComponent PSD Lower Upper Item

Lamb survival from birth to docking on 
the underlying scale

 sA
2 0.187 0.099 −0.007 0.382 h2 0.12 ± 0.06

 sM
2 0.214 0.073 0.070 0.358 m2 0.14 ± 0.05

σAM NA NA NA NA rAM NA

 sC
2 0.131 0.061 0.012 0.251 c2 0.09 ± 0.04

 sE
2 1.004 0.028 0.950 1.058

Lamb birth weight, kg

 sA
2 0.082 0.016 0.050 0.115 h2 0.17 ± 0.03

 sM
2 0.146 0.026 0.095 0.197 m2 0.30 ± 0.05

σAM −0.025 0.015 −0.054 0.004 rAM −0.23 ± 0.13

 sC
2 0.036 0.014 0.009 0.063 c2 0.07 ± 0.03

 sE
2 0.256 0.011 0.235 0.277

Covariance components and ratios 
between lamb survival and lamb birth 
weight
σA −0.028 0.028 −0.083 0.026 rG −0.23 ± 0.22
σM 0.054 0.035 −0.016 0.123 rM 0.30 ± 0.20
σC 0.023 0.029 −0.034 0.080 rC 0.34 ± 0.42
σE 0.206 0.023 0.161 0.251 rE 0.41 ± 0.04

1sA
2  = direct additive genetic variance; sM

2  = maternal genetic variance; σAM = direct-maternal covariance; sC
2  = dam permanent environmen-

tal variance; sE
2  = environmental variance; σA = additive covariance; σM = maternal covariance; σC = dam permanent environmental covariance; 

σE = environmental covariance; h2 = direct heritability; m2 = maternal heritability; rAM = direct-maternal correlation; c2 = dam permanent en-
vironment; rG = genetic correlation; rM = maternal correlation; rC = dam permanent environmental correlation; rE = environmental correlation; 
NA = not available.
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Table 4. Mean (co)variance components, posterior SD (PSD), 95% highest posterior density (HPD) confidence 
intervals and variance ratios for lamb survival from docking to weaning and lamb birth weight 

Trait and item1

(Co)variance 95% HPD confidence interval

Ratio ± SEComponent PSD Lower Upper Item

Lamb survival from docking to weaning on 
the underlying scale

 sA
2 0.711 0.429 −0.129 1.552 h2 0.39 ± 0.23

 sM
2 0.286 0.170 −0.046 0.619 m2 0.16 ± 0.09

 σAM −0.272 0.184 −0.633 0.090 rAM −0.60 ± 0.40

 sC
2 0.086 0.051 −0.013 0.184 c2 0.05 ± 0.03

 sE
2 1.004 0.029 0.948 1.060

Lamb birth weight, kg

 sA
2 0.086 0.017 0.053 0.118 h2 0.17 ± 0.03

 sM
2 0.140 0.025 0.092 0.189 m2 0.28 ± 0.05

 σAM −0.025 0.016 −0.056 0.006 rAM −0.23 ± 0.14

 sC
2 0.039 0.014 0.012 0.066 c2 0.08 ± 0.03

 sE
2 0.259 0.011 0.237 0.281

Covariance components and ratios between 
lamb survival and lamb birth weight
 σA 0.010 0.048 −0.085 0.104 rG 0.04 ± 0.19
 σM 0.026 0.034 −0.042 0.093 rM 0.13 ± 0.17
 σC 0.005 0.023 −0.040 0.049 rC 0.08 ± 0.38
 σE 0.079 0.033 0.015 0.144 rE 0.16 ± 0.06

1sA
2  = direct additive genetic variance; sM

2  = maternal genetic variance; σAM = direct-maternal covariance; sC
2  = dam permanent environmen-

tal variance; sE
2  = environmental variance; σA = additive covariance; σM = maternal covariance; σC = dam permanent environmental covariance; 

σE = environmental covariance; h2 = direct heritability; m2 = maternal heritability; rAM = direct-maternal correlation; c2 = dam permanent en-
vironment; rG = genetic correlation; rM = maternal correlation; rC = dam permanent environmental correlation; rE = environmental correlation.

Table 5. Regressions (b ± SE) of individual predicted breeding values on year of birth 
for age-specific lamb survival and lamb birth weight in 3,382 high (H) line lambs and 
1,642 low (L) line lambs1 

Trait and effect

H line L line

b ± SE P-value b ± SE P-value

Survival at birth on the underlying 
scale
 Direct −0.0002 ± 0.0001 ** −0.0002 ± 0.0001 **
 Maternal 0.0046 ± 0.0011 ** −0.0153 ± 0.0021 **
Lamb survival from birth to 
docking on the underlying scale
 Direct 0.0099 ± 0.0005 ** −0.0079 ± 0.0009 **
 Maternal −0.0020 ± 0.0006 ** −0.0094 ± 0.0009 **
Lamb survival from docking to 
weaning on the underlying scale
 Direct 0.0254 ± 0.0008 ** 0.0008 ± 0.0014 0.56
 Maternal −0.0045 ± 0.0005 ** −0.0032 ± 0.0010 **
Birth weight, kg
 Direct 0.0029 ± 0.0006 ** −0.0015 ± 0.0006 **
 Maternal 0.0043 ± 0.0004 ** −0.0005 ± 0.0008 0.48

1Regressions were forced through the origin in all instances.
**P < 0.01.
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DISCUSSION

Descriptive Statistics

Sawalha et al. (2007) reported that a proportion of 
0.947 of Scottish Blackface lambs survived the period 
during or shortly after birth. Riggio et al. (2008) ac-
cordingly found a proportion of 0.08 lambs that were 
dead at birth. Survival at birth was slightly better in 
the present study, with a proportion of approximately 
0.96 lambs surviving birth. Postnatal survival was in-
creased in Sawalha et al. (2007), namely a proportion of 
0.979 surviving from 1 to 14 d and 0.963 surviving from 
15 d to 120 d of age. Cumulative survival in Riggio et 
al. (2008) was 0.868 after 4 wk and 0.846 after 12 wk. 
Postnatal survival was less in the present study.

The frequency of lamb deaths from birth to weaning 
ranged from 20.0 to 26.3% in the study of Gama et 
al. (1991). Overall lamb survival averaged from 0.776 
to 0.801 in Morris et al. (2000). Means from Matos et 
al. (2000) were 0.82 for the Rambouillet and 0.75 for 
Finnsheep, with respective litter sizes of 1.47 and 2.49. 
Means for preweaning survival ranged from 0.78 to 0.86 
(Lopez-Villalobos et al., 1999; Matos et al., 2000; Mor-
ris et al., 2000; Cloete et al., 2001; Matika et al., 2003). 
The average overall lamb survival in Welsh et al. (2006) 
was 0.81. Results from the present study (~75% of the 
lambs that were born survived to weaning) are in the 
lower range of these values. Coefficients of variation for 
lamb survival range from 0.48 to 0.57 in the literature 
(Matos et al., 2000; Safari and Fogarty, 2003; Safari et 
al., 2005).

Lamb birth weight averaged 3.8 kg in the present 
study. This mean is less than birth weight means of 
4.2 to 4.3 kg reported for non-Merino breeds (Yazdi 
et al., 1999; Morris et al., 2000). However, it is in ac-
cordance with the means of 3.4 to 3.8 kg based on a 
review of the literature for Merino sheep by Safari and 
Fogarty (2003). At 3.85 kg, the previous mean reported 
for a smaller data set of the same resource population 
(Cloete et al., 2003a) was also in agreement with the 
present study. The variability of the birth weight data 
used in the present study seemed to be in the upper 
range relative to the literature, where CV ranging from 
10 to 21% were reported (Yazdi et al., 1999; Morris et 
al., 2000; Safari and Fogarty, 2003; Safari et al., 2007). 
Literature averages for CV of birth weight derived by 
Safari et al. (2005) amounted to 14.2% for 4 wool sheep 
studies, 16.5% for 23 studies on dual-purpose breeds, 
and 19.2% for 6 meat sheep studies.

Genetic Parameters

When age-specific lamb survival was considered, rel-
atively few estimates were found in the literature to 
compare with the present estimates of 0.02 for h2, 0.26 
for m2, and 0.14 for c2 for survival at birth. Sawalha et 
al. (2007) analyzed lamb viability (defined as survival 
at birth and up to 24 h), and obtained estimates of 0.05 

for h2 and 0.10 for m2, with a litter effect of 0.19. The 
direct-maternal genetic correlation was estimated at 
0.31, but with an SE larger than the estimate. Morris et 
al. (2000) and Riggio et al. (2008) termed an identical 
trait as perinatal survival. Using the logit link function, 
Morris et al. (2000) estimated h2 at 0.01 to 0.02 in the 
Tokanui and Woodlands populations and 0.02 to 0.03 
in the Rotomahana population. These estimates closely 
corresponded to those obtained for survival at birth 
in the present study. Corresponding estimates for m2 
ranged from 0.02 to 0.03 in the Tokanui and Woodlands 
populations and were constant at ~0.11 in the Roto-
mahana population. The latter estimates suggest that 
maternal effects are more important than direct effects 
at this stage, as was also seen in the present study and 
in Sawalha et al. (2007). Riggio et al. (2008) estimated 
h2 at 0.33, using a sire model and the probit link func-
tion. These results suggest that survival at birth (and 
the period shortly after birth) could be determined ge-
netically, as suggested by the m2 estimate of 0.26 for 
survival at birth on the underlying scale in the present 
study. Support is also provided by Smith (1977), who 
suggested that dystocia may be improved by selective 
breeding.

Present estimates for survival from birth to tail dock-
ing were 0.12 for h2, 0.14 for m2, and 0.09 for c2. Com-
parable estimates in the literature for lamb survival 
from 1 to 14 d of age were 0.13 for h2 and 0.14 for m2, 
with 0.25 for the litter effect (Sawalha et al., 2006). 
Total heritability (h2

T) can be calculated as 
h T a m p

2 2 2 20 5 =  + /s s s.( )  in the absence of a significant 

direct-maternal covariance component (Willham, 1972). 
Applying this formula to the present data, h2

T was es-
timated at 0.19, which is in good agreement with a sire 
model h2 estimate of 0.17 reported by Riggio et al. 
(2008).

Present estimates for lamb survival from tail docking 
to weaning were 0.39 for h2, 0.16 for m2, and 0.05 for 
c2, with a direct-maternal correlation of −0.60. At close 
to 0.40, the h2 estimate for survival from tail docking 
to weaning on the underlying scale was substantially 
greater than an estimate of 0.05 reported by Sawalha et 
al. (2006) for lamb survival from 14 d to weaning. How-
ever, estimates of the latter authors for m2 (0.10) and 
the direct-maternal correlation (−0.91) were in closer 
correspondence. It therefore seems that useful genetic 
variation occurs in age-specific lamb survival. These 
estimates lend support to the significant genetic trends 
for the H and the L lines.

When overall lamb survival was considered in the pres-
ent study, parameter estimates were 0.28 for h2, 0.14 for 
m2, 0.07 for c2, and −0.61 for the direct-maternal cor-
relation. These estimates are considerably greater than 
the bulk of comparable literature values. Sixteen litera-
ture estimates for h2 of overall lamb survival averaged 
0.03 (Safari et al., 2005). The corresponding mean for 
24 estimates of m2 averaged 0.04. Accordingly, Barwick 
et al. (1990) reported estimates of 0.03 for h2, 0.02 for 
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m2, and 0.10 for c2 for overall lamb survival for Suffolk 
sheep in the United States. Many of the previous esti-
mates were obtained using linear models, which are not 
really suitable for the analysis of binomial lamb surviv-
al data. Link functions, like logit and probit, were com-
monly used to link the normal distribution to binomially 
distributed lamb survival data. However, this approach 
only marginally improved h2 estimates for preweaning 
lamb survival in many cases. The direct h2 estimate for 
overall lamb survival was 0.01 in Romney lambs when 
the logit link function was used (Lopez-Villalobos and 
Garrick, 1999). Corresponding h2 estimates reported by 
Morris et al. (2000) on Romney sheep ranged from 0 
to 0.02 using the logit-transformation. Estimates of m2 
amounted to 0.04 in Romney lambs (Lopez-Villalobos 
and Garrick, 1999), whereas estimates of 0.09 to 0.10 
were reported by Morris et al. (2000) for logit-trans-
formed data. Comparatively greater estimates of 0.14 
for h2 and 0.11 for m2 were reported for overall lamb 
survival of Coopworth lambs by Everett-Hincks et al. 
(2005), using the logit-transformation.

The near-zero estimates of additive genetic variation 
for lamb survival have resulted in recommendations that 
this trait is unlikely to respond to selection, and that 
it could be improved by management (Olivier et al., 
1998; Morris et al., 2000; Everett-Hincks et al., 2005). 
However, there is mounting evidence that some earlier 
studies underestimated the true genetic variation that 
is available for the improvement of lamb survival on the 
underlying scale. Matos et al. (2000) used linear and 
threshold models to estimate the h2 for overall lamb 
survival in less fecund Rambouillet and very prolific 
Finnsheep. Linear models yielded h2 and m2 estimates 
of 0.03 and 0.03, respectively in Rambouillet lambs and 
0.09 and 0.19 in Finnsheep lambs, respectively. Thresh-
old models yielded corresponding estimates that were 
greater: 0.06 and 0.04 for Rambouillet lambs and 0.17 
and 0.26 for Finnsheep lambs, respectively. Welsh et al. 
(2006), using a threshold model, reported estimates of 
0.11, 0.08, and 0.10 for h2, m2, and c2, respectively for 
overall survival of New Zealand Romney lambs. Ca-
sellas et al. (2007) reported an h2 estimate of 0.14 for 
overall survival of Ripollesa lambs using Gibbs sam-
pling, with 95% HPD confidence intervals of 0.057 and 
0.226. The corresponding value for c2 was 0.09 with 95% 
HPD confidence intervals of 0.05 and 0.14. These esti-
mates are broadly consistent with parameters reported 
in the text for overall lamb survival and for age-specific 
lamb survival in the present study. It can be deduced 
from the literature that threshold animal model analy-
ses detected mentionable levels of additive and mater-
nal genetic variation in lamb survival. It follows that 
overall lamb survival is heritable and variable and may 
therefore respond to direct selection. This viewpoint is 
also supported by recent molecular research, suggesting 
that polymorphisms at the ovine β3-adrenergic recep-
tor locus were associated with lamb mortality in New 
Zealand flocks (Forrest et al., 2007).

Direct-maternal genetic correlations for lamb surviv-
al ranged from −0.03 to −0.34 (Lopez-Villalobos and 
Garrick, 1999; Morris et al., 2000). However, a highly 
unfavorable direct-maternal correlation of −0.74 was 
reported in Everett-Hincks et al. (2005). They also 
suggested that genes that regulate physiological and 
biochemical processes for survival may interact with 
those genes that facilitate ewe-lamb bonding, resulting 
in this unfavorable correlation. A similar estimate of 
−0.75 was reported by Welsh et al. (2006), based on 
a threshold model analysis of New Zealand Romney 
data. The present direct-maternal genetic correlation 
for survival from docking to weaning (−0.60) and for 
overall lamb survival (−0.61) was consistent with this 
range of values.

Our estimates of 0.16 to 0.17 for h2, 0.28 to 0.37 for 
m2, and 0.04 to 0.08 for c2 for birth weight were compa-
rable with those of a previous REML analysis (exclud-
ing the direct-maternal covariance) on a smaller data 
set of 4,235 records from the same resource population 
(0.12 for h2, 0.23 for m2, and 0.08 for c2; Cloete et al., 
2003a). In comparison, averaged genetic parameters for 
birth weight of wool sheep were 0.21 for h2, 0.21 for 
m2, and 0.10 for c2, as derived from 5 to 6 literature 
estimates in the review of Safari et al. (2005). Cor-
responding literature values were 0.19, 0.18, and 0.09 
for dual-purpose sheep (21 estimates), respectively, and 
0.15, 0.24, and 0.19 for 5 to 6 estimates involving meat 
sheep, respectively. Estimates for Suffolk sheep in the 
United States were 0.08 for h2, 0.21 for m2, and 0.09 
for c2 in the study of Barwick et al. (1990), whereas 
corresponding estimates of 0.15, 0.18, and 0.16 were 
reported for Scottish Blackface sheep (Riggio et al., 
2008). Genetic parameters for birth weight are rela-
tively scarce for Merino lambs. In this breed, previous 
estimates of h2 ranged from 0.05 to 0.23 (Mortimer and 
Atkins, 1995; Analla and Serradilla, 1998; Duguma et 
al., 2002; Safari et al., 2007). Corresponding estimates 
of m2 ranged from 0.14 to 0.29, and those for c2 from 
0.07 to 0.12. The correspondence of the present esti-
mates with those cited above is good.

The direct-maternal correlation for birth weight of 
lambs ranged from −0.15 to −0.26 in the present study. 
These estimates are consistent with comparable esti-
mates ranging from −0.16 to −0.73 in the literature 
(Barwick et al., 1990; Analla and Serradilla, 1998; Du-
guma et al., 2002; Safari et al., 2007).

No genetic correlations between birth weight and 
lamb survival were found in the comprehensive set of 
genetic parameters cited from the literature by Safari 
and Fogarty (2003). The summary of these data also 
did not make provision for correlations between birth 
weight and overall lamb survival (Safari et al., 2005). 
Previous estimates that were identified in the literature 
were those of Barwick et al. (1990) and Riggio et al. 
(2008). A small direct correlation of −0.02 was reported 
by Barwick et al. (1990), whereas the maternal genetic 
correlation went beyond the parameter space at 1.24. 
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The corresponding environmental correlation was 0.26. 
The latter correlation was consistent with that found in 
the present study. Riggio et al. (2008) reported genetic 
correlations of 0.24 and 0.45, respectively, for perinatal 
survival and survival to 4 wk with birth weight. These 
values are not directly comparable with the direct ge-
netic correlation of −0.20 and the maternal genetic cor-
relation of 0.28 obtained from the present study. The 
phenotypic correlation of perinatal survival with birth 
weight amounted to 0.17 in the study of Riggio et al. 
(2008). Problems with fitting threshold-linear covari-
ance components doubtlessly hampered research and 
development in this respect. However, the feasibility of 
estimating linear-threshold genetic parameters by the 
usage of Gibbs sampling was demonstrated by several 
authors, including Arango et al. (2005). Lamb viability 
(coded as 0 for survivors and 1 for dead animals) was 
related to birth weight by Sawalha et al. (2007). The 
derived genetic correlation was unfavorable at 0.21, 
whereas the environmental correlation was favorable 
at −0.25. The sign and magnitude of these correla-
tions were consistent with those reported in the pres-
ent study (−0.20 and 0.28, keeping in mind that the 
sign of the correlations has to be reversed because of 
different coding). Reasoning pertaining to this relation-
ship is complicated by the fact that a well-established 
nonlinear relationship exists between lamb survival and 
birth weight (Sawalha et al., 2007). Both very light and 
very heavy lambs are at risk of dying before weaning, 
whereas lambs with an intermediate birth weight have 
a better chance of survival. Small lambs are likely to 
succumb to hypothermia and starvation, whereas heavy 
lambs are at a bigger risk of dying because of dystocia. 
Morris et al. (2000) reported that lambs weighing 0.4 to 
1.2 SD below the mean birth weight were particularly 
at risk of dying before weaning. Knight et al. (1988) 
accordingly reported that improved lamb survival in 
the Marshall Romney ewe line was associated with an 
increase in birth weight relative to dam weight.

Genetic Trends

To our knowledge, the genetic progress made in di-
rect and maternal breeding values for age-specific lamb 
survival on the underlying scale in the H line is the first 
evidence of sustained progress for lamb survival in a de-
signed experiment. It should be considered that this ge-
netic change was a correlated response to selection for 
the ability of ewes to bear and rear multiple lambs, as 
detailed by Cloete et al. (2004). Haughey (1983) dem-
onstrated substantial differences in lamb survival of the 
progeny of lambed ewes that were screened from a larg-
er population to have a good or a poor rearing record. 
Donnelly (1982) and Knight et al. (1988) accordingly 
reported differences in lamb survival between popula-
tions where selection was directed at lamb survival or 
ewe rearing ability. These results coincide with sire-line 
variation in the occurrence of deaths associated with 
starvation-exposure, as detected in 5 on-farm trials in 

New-Zealand (Gudex et al., 2005). Back-transformation 
to the phenotypic probability scale suggested that the 
lambs produced by the best Romney sire had a 14.2% 
better chance of survival compared with progeny of the 
poorest sire (Welsh et al., 2006). These reports contra-
dict conventional wisdom and indicate that selection 
for improved lamb survival is possible.

However, none of the previous studies were designed 
to demonstrate sustained genetic improvement. When 
survival at birth is considered, Haughey (1983) and 
Knight et al. (1988) attributed improved overall lamb 
survival to fewer parturient deaths in their studies. 
The divergent maternal genetic trends for the H and L 
lines in the present study support the reasoning that a 
smaller likelihood of difficult births may contribute to 
improved overall lamb survival. It is also worthy of con-
sideration that length of parturition showed significant 
maternal genetic variation (Cloete et al., 2002, 2006) 
and that length of parturition (analyzed as a trait of 
the ewe) was demonstrated to become shorter in the H 
line and longer in the L line at a genetic level (Cloete et 
al., 2003b). The asymmetric maternal genetic response 
in survival at birth (smaller in the H line) could pos-
sibly be related to the fact that the H line is fairly near 
to the boundary of 100% survival at birth; less than 
3% of H line lambs were dead at birth in Cloete and 
Scholtz (1998).

Genetic responses in direct breeding values for early 
(birth to tail docking) and late (tail docking to weaning) 
postnatal survival were quite substantial in the H line. 
Early postnatal lamb survival in the L line was com-
promised both at the direct and maternal levels. These 
trends could be related to behavioral adaptations con-
ducive to lamb survival in the H line, when compared 
with the L line (Cloete and Scholtz, 1998; Cloete et al., 
2003b, 2005). Breeding values for maternal cooperation 
with the first suckling attempts of the neonate and the 
period that recently lambed ewes stayed on or near the 
birth site were demonstrated to improve in the H line, 
with opposite trends in the L line (Cloete et al., 2003b). 
Ewes in H line were less likely to circle and back away 
from the first suckling attempts of the neonate than 
L line ewes (Cloete and Scholtz, 1998). Lambs in the 
H line were also quicker to progress from standing to 
suckling, even after accounting for the better coopera-
tion of H line ewes (Cloete and Scholtz, 1998). When 
1-d-old lambs were tethered 20 m away from the dam, 
H line ewes were quicker to reach the tethered lamb, 
whereas H line lambs tended to be more active and 
to follow their dams more closely at this stage (Cloete 
et al., 2005). The better following behavior of H line 
lambs was confirmed with 3-d-old lambs. All of these 
behavior attributes were listed by Alexander (1988) as 
factors conducive to lamb survival. The genetic trends 
for both lines thus make a contribution to the existing 
knowledge by proving that cumulative gains are pos-
sible when sustained selection pressure is applied for 
a trait closely related to lamb survival. In Ercanbrack 
and Knight (1998), sustained improvement in total BW 
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of lamb weaned was reported to be partially driven by 
improved lamb survival. When the components contrib-
uting to improved reproduction in the Trangie Fertility 
Flock were considered, it was shown that lamb sur-
vival was improved despite an increased multiple birth 
rate in the flock selected for net reproduction (Atkins, 
1980). Experience with the H and L lines supports these 
findings. The present study contributes to the existing 
knowledge by proving that cumulative gains are pos-
sible when sustained selection pressure is applied for a 
trait closely related to lamb survival, even in the pres-
ence of sizable and unfavorable direct-maternal genetic 
correlations for survival from tail docking to weaning 
and for overall lamb survival.

Fairly small unfavorable genetic changes were ob-
served in maternal breeding values for early and late 
postnatal lamb survival on the underlying scale in the 
H line. These trends would have cancelled some of the 
gains made by direct genetic gains in the aggregate 
genotype, as was speculated by Everett-Hincks et al. 
(2005) when discussing the unfavorable direct-maternal 
covariance component for lamb survival in their study.

The regression of individual breeding values on year 
of birth suggested significant genetic change in mater-
nal breeding values for birth weight in the H line. How-
ever, the magnitude of the change was small. The total 
maternal genetic gain after 22 yr of selection amounted 
to ~90 g. This correlated response in maternal breeding 
values is consistent with the observed direction of the 
maternal genetic correlation, as well as the contention 
of Knight et al. (1988) noted above. The direct genetic 
trend in the L line suggested an overall reduction of 
only ~30 g in birth weight over the duration of the 
experiment. Van Wyk et al. (1993) reported increases 
of, respectively, 0.023 and 0.004 kg per annum in di-
rect and maternal breeding values for birth weight in a 
South African Dormer flock. Both direct and maternal 
breeding values for birth weight increased at ~0.003 kg 
per annum in the 29-yr study of Duguma et al. (2002). 
Slow, but positive, genetic change in birth weight was 
present in the latter studies, as well as in the H line in 
the present study. Heavy birth weights are often as-
sociated with birth difficulties and parturient deaths 
(Grommers et al., 1985; Dwyer, 2003). The general 
recommendation is to curb genetic increases in birth 
weight in sheep because excessive increases may lead 
to an unprecedented increase in incidence of dystocia. 
However, it is anticipated that selection on a trait such 
as the ability of ewes to rear multiples will ensure that 
birth weight remains in the optimal range for survival 
under paddock conditions.

When expressed relative to overall means, marked 
and sustainable direct genetic progress was observed 
for age-specific lamb survival on the underlying scale 
in the H line. These trends ranged from 0.23% per an-
num in maternal breeding values for survival at birth to 
1.3% per annum in direct breeding values for survival 
from docking to weaning. This is in contrast with ear-

lier contentions in the literature that such progress in 
sheep flocks is unlikely.

Unfavorable maternal genetic trends (−0.11 to 
−0.24% per annum) were observed for postnatal lamb 
survival on the underlying scale in the H line. This 
trend may be attributed to a sizable unfavorable direct-
maternal genetic correlation for late postnatal lamb 
survival, which warrants further investigation. How-
ever, there is little evidence that the existence of this 
correlation entirely cancels direct genetic progress.

The responses attained in lamb survival could be at-
tributed to a correlated response to divergent selection 
for the ability of ewes to rear multiples in this particu-
lar resource flock. Commercial lamb production is seen 
to potentially benefit from such selection because Me-
rino lines capable of rearing their lambs with minimal 
external efforts would be desirable from an economic, 
as well as from an animal welfare, perspective.
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