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INTRODUCTION 
Few long-term selection studies for production have been conducted with dual-purpose 
Western range sheep in the U.S. Sakul et al. (1999), Ercanbrack and Knight (1998), Burfening 
et al. (1993) and Lasslo et al. (1985) reported improvement in production in dual-purpose 
breeds of sheep selected for production traits for 12 to 20 years.  The main objective of this 
study was to document and compare genetic trends in production traits of three dual-purpose 
breeds of sheep (Rambouillet, Columbia and Targhee) at the United States Sheep Experiment 
Station (USSES), Dubois, ID, over a 49-yr period (1950-1998). Selection was based on 
weaning performance under range conditions. Genetic trends in production traits of the 
Polypay breed, over a 22-yr period (1977-1998), also, were documented and compared with the 
other three breeds over the same 22-yr period. The production traits examined included 
prolificacy, weight, and wool traits.  
 
MATERIALS AND METHODS 
Prolificacy, weight and wool data were from sheep born at the United States Sheep Experiment 
Station, Dubois, Idaho.  For the Rambouillet (RAM), Columbia (COL), and Targhee (TAR) 
breeds, data from 1950 to 1998 were included in the analyses and for the Polypay (POL) breed, 
data from 1977 to 1998 were included. Ewes were produced and managed as range ewes. 
Lambs were born under shed-lambing conditions primarily in April. Litters with more than 
three lambs born alive were reduced to three lambs by fostering excess lambs to other ewes or 
raising them as orphans. Weaning data were obtained on the summer range in August when the 
average lamb age was near 120 d. Ewes were exposed to rams in single-sire pens for 21 days in 
early November.  Ewe lambs were bred at seven months of age to lamb as yearlings.  
 
Three prolificacy traits were recorded for each ewe: 1) litter size born (number of lambs born 
per ewe exposed during single-sire pen matings; LSB) and 2) litter size at weaning (number of 
lambs weaned per ewe exposed; LSW).  Only lambs born and raised by a ewe were included in 
LSW.  Birth weight (kg; BW) was recorded on all lambs born alive.  Only records from 
purebred lambs raised by their birth dam were included in analyses of weaning weight adjusted 
to 120 d (kg; W120). Greasy fleece weight (kg; FW) and fleece grade (U.S. spinning count; 
FG) were obtained annually at shearing in late May.  Staple length was measured prior to 
shearing at midside (cm; SL). SL for ewe lambs were available from 1977 through 1991. Only 
wool data from ewes and ewe lambs with lambing records were included in the analyses.  The 

Session 02. Breeding ruminants for meat production Communication N° 02-35 



7th World Congress on Genetics Applied to Livestock Production, August 19-23, 2002, Montpellier, France 

numbers of records and means and unadjusted standard deviations for each trait are presented 
by breed in Table 1. Genetic parameters from both single-trait and bivariate analyses for all 
traits were estimated using REML with animal models. Breeding values from a 7-trait analysis 
were calculated using parameters estimated from single-trait and bivariate analyses and were 
used to compare genetic trends. 
 
Table 1. Summary of prolificacy, weight, and wool traits 
 

Trait RAM COL TAR POL 

 Records Mean ±sd Records Mean ±sd Records Mean ±sd Records Mean ±sd 

LSB, n 44,211 1.33 ± 0.69 31,401 1.28 ± 0.73 38,625 1.32 ± 0.71   9,081 1.77 ± 0.86 

LSW, n 44,211 0.97 ± 0.70 31,401 0.91 ± 0.72 38,625 0.97 ± 0.72   9,081 1.22 ± 0.78 

BW, kg 35,604 4.68 ± 0.77 24,741 4.89 ± 0.86 33,994 4.90 ± 0.83 11,896 4.05 ± 0.78 

W120, 

kg 

34,114 32.3 ± 5.4 23,903 35.7 ± 6.5 32,715 34.6 ± 6.2 11,104 33.8 ± 5.8 

FW, kg 39,820 4.65 ± 0.91 29,572 5.31 ± 1.03 36,807 4.93 ± 0.98   8,872 3.48 ± 0.79 

FG, 

count 

39,821 63.2 ± 2.1 29,572 55.9 ± 3.8 36,807 60.2 ± 2.7   8,872 58.2 ± 2.7 

SL, cm   3,574 7.74 ± 0.95   2,449 9.23 ± 1.18   3,341 8.71 ± 1.05   1,805 8.63 ± 1.47 
 
RESULTS AND DISCUSSION 
Heritability estimates. Estimates of direct heritability for prolificacy traits for all four breeds 
were small (Table 2).  Except for the estimate of direct heritabilty for BW for the POL breed, 
estimates of both direct and maternal heritability for BW and direct heritability for W120 for 
all four breeds were moderate. For all breeds, estimates of maternal heritability for W120 were 
substantially smaller than estimates of maternal heritability for BW. Except for FG for RAM, 
all estimates of direct heritability for wool traits were moderate to large. 
 
Table 2. Heritability estimates for prolificacy, weight, and wool traits 
 

RAM COL TAR POL 
Trait 

h2
a ±se h2

m ±se h2
a ±se h2

m ±se h2
a ±se h2

m ±se h2
a ±se h2

m ±se 
LSB 0.09 ± - 0.09 ± 0.01 - 0.10 ± 0.01 - 0.11 ± 0.02 - 

LSW 0.06 ± - 0.06 ± 0.01 - 0.07 ± 0.01 - 0.02 ± 0.01 - 
BW 0.27 ± 0.19 ± 0.27 ± 0.02 0.25 ± 0.02 0.25 ± 0.02 0.20 ± 0.01 0.17 ± 0.02 0.20 ± 0.03 
W120 0.20 ± 0.10 ± 0.16 ± 0.02 0.08 ± 0.01 0.22 ± 0.02 0.11 ± 0.01 0.18 ± 0.03 0.07 ± 0.02 
FW 0.51 ± - 0.53 ± 0.02 - 0.54 ± 0.01 - 0.68 ± 0.03 - 
FG 0.16 ± - 0.41 ± 0.02 - 0.41 ± 0.01 - 0.36 ± 0.02 - 
SL 0.58 ± - 0.55 ± 0.04 - 0.65 ± 0.04 - 0.76 ± 0.04 - 
 
Genetic correlation estimates. Estimates of genetic correlations between LSB and LSW for 
RAM, COL and TAR were large (Table 3).  For POL, the estimate of genetic correlation 
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between LSB and LSW was smaller than for the other breeds.  The difference, in part, may be 
due to the restriction imposed on the number of lambs that a ewe was allowed to rear if she 
produced more than two lambs.  Although this restriction was applied to all four breeds, the 
impact was greater on POL, the most prolific breed with over 17% of the litters produced as 
triplets or greater compared to only 2% for the other breeds. Estimates of genetic correlation 
between BW and WW were large. Estimates of genetic correlations among wool traits were 
also in good agreement among the four breeds. Estimates of genetic correlations among 
prolificacy, weight and wool traits for the four breeds were in good agreement, except for a few 
cases. Estimates of genetic correlation between LSW and W120 for RAM and between BW 
and FW for POL were larger than estimates for the other breeds.  Estimates of genetic 
correlation between weight traits and FG for RAM were negative, in contrast to positive 
estimates for the other breeds. 
 
Table 3. Estimates of genetic correlations from bivariate analyses among prolificacy, 
weight and wool traits 
 

Trait Trait RAM COL TAR POL Trait Trait RAM COL TAR POL 
LSB LSW 0.76 0.84 0.77 0.40 LSW FW -0.04 -0.14 -0.19 -0.30
BW W12 0.60 0.56 0.52 0.57 LSW FG -0.10 0.04 0.11 0.12 
FW FG -0.47 -0.47 -0.47 -0.37 LSW SL -0.04 -0.20 0.05 -0.35 
FW SL 0.45 0.55 0.54 0.65 BW FW 0.21 0.21 0.24 0.54 
FG SL -0.52 -0.70 -0.69 -0.70 BW FG -0.15 -0.04 -0.06 -0.03 
LSB BW 0.24 0.10 0.00 0.10 BW SL 0.14 0.05 0.10 0.17 
LSB W12 0.49 0.33 0.20 0.24 W12 FW 0.27 0.18 0.24 0.18 
LSW BW 0.00 0.00 0.00 0.00 W12 FG -0.14 -0.11 -0.05 0.03 
LSW W12 0.56 0.24 0.15 0.07 W12 SL 0.09 -0.04 0.08 0.02 
LSB FW -0.08 -013 -0.19 -0.26       
LSB FG -0.11 .017 0.09 0.09       
LSB SL -0.16 -0.05 -0.14 -0.05       

 
Estimates of genetic change. To compare with the same time-period as for POL, changes 
from 1978 to 1998 as well as changes from 1950 to 1998 are presented for RAM, COL and 
TAR.  Estimates of breeding value used to calculate genetic change were from the multiple-
trait analyses. Over the 49-year period, genetic changes for RAM, COL and TAR were positive 
for both prolificacy and weight traits. Genetic changes in wool traits were small over the 49-
year period for COL and TAR, while RAM had a large decrease in FW. COL appears to have 
made slightly more progress in wool traits than either RAM or TAR, with small but favorable 
increases in FW and FG. From 1978 to 1998, all four breeds improved genetically for 
prolificacy traits.  During this period, animals in all breeds were either control animals or 
selected for weaning performance. TAR appears to have made more improvement for 
prolificacy traits than the other breeds. POL, a breed specifically developed for high 
prolificacy, had the least amount of improvement.  This lack of progress may be due to the 
restriction imposed on the number of lambs that a ewe was allowed to rear if she produced 
more than two lambs.  RAM, COL and POL breeds increased in BW over the last 21-yr period, 
while BW for TAR was unchanged.  W120 increased in all four breeds, with POL having the 
greatest increase.  Changes in wool traits were small over the 21-year period for all four breeds, 
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with the exception of a large decrease in FW for RAM. POL appears to have made slightly 
more progress in wool traits than the other three breeds, with small increases in all three wool 
traits.  COL had slight decreases in both FW and FG, while TAR had a slight decrease in FW.  
Overall, wool traits did not appear to be significantly negatively impacted by selection for 
weaning performance. 
 
Table 4. Change in average estimates of breeding value from 1950 through 1998 and from 
1978 through 1998 
 

R A M  C O L  T A R  P O L  
T r a i t  1950-

1998 
1978-
1998 

1950-
1998 

1978-
1998 

1950-
1998 

1978-
1998 

1978-
1998 

LSB, n 0.5 0.3 0.4 0.3 0.6 0.5 0.3 
LSW, n 0.4 0.3 0.3 0.2 0.5 0.4 0.1 
BW, kg 1.0 0.6 0.9 0.4 0.5 0.0 0.2 
W120, 
kg 

7.9 4.7 8.8 4.8 7.5 3.5 5.4 

FW, kg -0.7 -1.1 0.5 -0.1 -0.3 -0.5 0.4 
FG, 
count 

0.1 0.5 0.5 -1.4 0.2 1.0 1.2 

SLA, cm - 0.1 - 0.8 - 0.1 0.5 
ASL measured from 1978 to 1991. 
 
CONCLUSIONS 
The results indicate that genetic improvement in prolificacy and growth traits can be made over 
long periods of time in flocks of dual-purpose breeds undergoing selection for weaning 
performance (composite trait of LSW and W120). Positive genetic correlations for LSW with 
LSB and W120 with BW resulted in desirable correlated progress in all of the traits. Wool 
traits were not significantly adversely affected over the long period of time due to near zero 
correlations between weaning performance and wool traits. Management practices, such as 
restricting the number of lambs that a ewe can raise, may negatively impact the rate of genetic 
progress in weaning performance in highly prolific breeds. 
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