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INTRODUCTION 
Increased lamb production may be accomplished by shorter time intervals between successive 
lambings and increased number of lambings in the ewe’s reproductive life. Sheep, however, 
are seasonal breeders with large periods of low sexual activity during the year. Continuous 
lambing systems may provide the means to increase lambing frequency by improving year-
round breeding (Hogue et al, 1980; Lewis et al, 1996). Success of such systems largely 
depends on the establishment of effective selection programs. 
 
The objective of this study was to estimate genetic parameters for fertility and prolificacy traits 
of maiden and mature ewes managed in a frequent lambing system. Such parameters are 
essential for the development of successful selection programs. 
 
MATERIAL AND METHODS 
Animal population description.  Animals were from a Dorset flock at Cornell University, 
managed in a frequent lambing system (STAR; Lewis et al, 1996). Briefly, the system is based 
on five concurrent breeding and lambing seasons per year. Ewes are normally bred (exposed to 
ram) or lamb during the first 30 days of each season. Rotational breeding is designed to avoid 
mating of related animals.  
 
Data description. Data were 1795 fertility and prolificacy records of 725 ewes, daughters of 
32 sires and 413 dams, which lambed between January 1982 and August 1988. Four subsets 
were created: first lambing records only, records from second lambing onwards, second 
lambing records only, and records from third lambing onwards. 
 
Trait definition.  The following traits were defined: 
Fertility:  Number of exposures to ram per conception. 
   Breeding success rate, expressed as the reciprocal of number of exposures. 
   Age (days) at first lambing and days between subsequent lambings. 
Prolificacy: Number of lambs born. 

Multiple birth rate (0/1 trait). 
 
Statistical analyses. A series of univariate and multivariate analyses were performed on each 
of the five trait categories described above. Linear models were fitted in all cases except for 
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success rate and multiple birth rate, where a probit link function was used. Age at first lambing 
and days between lambings were log-transformed to improve normality of the distribution. For 
all traits, the effects of year-by-season of first mating interaction and age at first mating (linear 
and quadratic) were considered. For mature ewes, season and age at mating refer to the first 
mating following lambing. When applicable (multiple lambings), age at mating was nested 
within lambing number. Random animal, permanent environment (for multiple lambings) and 
residual effects were fitted. All known relationships between animals were included. 
(Co)variance components were estimated with ASREML (Gilmour et al, 1995). 
 
RESULTS AND DISCUSSION 
Means and standard deviations (SD) for all traits are shown in Table 1. Both fertility and 
prolificacy improved with age, especially after the second lambing.  
 
Table 1. Mean values (SD in parentheses) of fertility and prolificacy traits 
 

Data set Number of 
exposures/ 
conception 

Breeding 
success 

rate 

Days to 
lambingA 

Number of 
lambs born 

Multiple 
birth rate 

First lambing only 2.29 (1.58) 0.64 (0.33) 457 (115) 1.30 (0.48) 0.29 (0.45) 
Lambings 2 and above 2.12 (1.22) 0.63 (0.31) 301 (89) 1.63 (0.58) 0.58 (0.49) 
Second lambing only 2.41 (1.19) 0.54 (0.28) 324 (85) 1.56 (0.54) 0.54 (0.50) 
Lambings 3 and above 1.89 (1.19) 0.71 (0.33) 283 (88) 1.69 (0.61) 0.61 (0.49) 
All lambings 2.19 (1.38) 0.63 (0.32)  1.50 (0.57) 0.46 (0.50) 

AAge to first lambing (in days) and days between subsequent lambings. 
 
The effect (linear model solutions from univariate analyses of all data) of mating season on 
number of exposures per conception and number of lambs born in following lambing is shown 
in Figure 1. March and June, considered typical anoestrous periods, were associated with low 
fertility (P<0.05). Further, matings initiated in March led to reduced prolificacy (P<0.05). 
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Figure 1. Effect of mating season on number of exposures per conception and number of 
lambs born 
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Estimates of genetic parameters for number of exposures leading to conception are shown in 
Table 2. Estimates are associated with large standard errors, and therefore, must be interpreted 
with caution. Heritabilities varied across subsets. Correlation estimates suggest that number of 
exposures required by ewes to conceive may not be the same trait throughout their life. 
Negative correlations between first and later lambings mean that ewes that conceive easily for 
the first time will likely have long lambing interval to their second lambing. Terrill and 
Lindahl (1975) and Lewis et al (1998) reported similar findings. 
 
Table 2. Genetic parameter estimates for number of exposures per conception, with 
linear modelA 
 

Traits First lambing 
only 

Second lambing 
only 

Lambings 3 and 
above 

First lambing only 0.09 ± 0.06  -0.39 ± 0.38 -0.31 ± 0.63 
Second lambing only  0.15 ± 0.09 0.45 ± 0.55 
Lambings 3 and above   0.05 ± 0.06 

AHeritabilities (±s.e.) on the diagonal and genetic correlations above the diagonal. 
 
Heritability estimates for breeding success rate are shown in Table 3. Probit link function was 
used in this case to better account for the binomial nature of the trait. Substantial heritability 
was found for success rate leading to first lambing. Unfortunately, it was not possible to fit a 
probit link function in a multivariate analysis. Based on results shown in Table 2, we speculate 
that breeding success rate may be a different trait in maiden and mature ewes. This is indeed 
supported by the different heritability estimates in maiden and mature ewes shown in Table 3. 
 
Table 3. Heritability estimates for breeding success rate, using probit link function 
 

Traits First lambing only Lambings 2 and above All lambings 
Heritability (±s.e.) 0.21 ± 0.07 0.07 ± 0.03 0.09 ± 0.03 

 
Genetic parameters for age at first lambing (in days) and days between subsequent lambings 
are shown in Table 4. As with number of exposures, the trait appears to be genetically different 
at different stages of the ewe’s reproductive life. There is also antagonistic relationship 
between age at first lambing and days between subsequent lambings. 
 
Genetic parameters for number of lambs born at first and later lambings are in Table 5. The 
very high genetic correlation estimate implies the same trait in maiden and mature ewes. 
Heritability of 0.06+0.02 was found for this trait across all lambings with a univariate analysis. 
 
Heritability estimates for multiple birth rate are shown in Table 6. Probit link function was 
used in this case to better account for the binary nature of the trait. Estimates were consistent 
across the ewe’s reproductive life. 
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Table 4. Genetic parameter estimates for log-transformed age at first lambing and days 
between subsequent lambings, with linear modelA 
 

Traits First lambing 
only 

Second lambing 
only 

Lambings 3 and 
above 

First lambing only 0.09 ± 0.06  -0.46 ± 0.30 -0.26 ± 0.71 
Second lambing only  0.25 ± 0.11 0.52 ± 0.51 
Lambings 3 and above   0.03 ± 0.04 

AHeritabilities (±s.e.) on the diagonal and genetic correlations above the diagonal. 
 
Table 5. Genetic parameter estimates for number of lambs born, with linear modelA 

 
Traits First lambing only Lambings 2 and above 
First lambing only 0.06 ± 0.04 0.89 ± 0.39 
Lambings 2 and above  0.05 ± 0.03 

AHeritabilities (±s.e.) on the diagonal and genetic correlations above the diagonal. 
 
Table 6. Heritability estimates for multiple birth rate, using probit link function 
 

Traits First lambing only Lambings 2 and above All lambings 
Heritability (±s.e.) 0.09 ± 0.06 0.09 ± 0.04 0.10 ± 0.03 

 
Repeatability estimates, when applicable, were practically the same as heritability, for all traits 
studied, suggesting very little permanent environmental effect due to the ewe. 
 
CONCLUSION 
Results from this study suggest that breeding success rate in maiden ewes is moderately 
heritable and may be considered in selection schemes aiming at improving ewe productivity in 
frequent lambing systems. Furthermore, there is antagonistic relationship between fertility of 
maiden and mature ewes. This will have implications in the development of an optimal 
selection scheme. Prolificacy, on the other hand, described by either number of lambs born or 
multiple birth rate, appear to be the same trait during the ewe’s life, with low or moderately 
low heritability. 
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