
Expected Genetic Gain For Carcass Traits In A  

Dual Purpose Line And A Meat Line  

Of Norwegian White Sheep 
L.S. Eikje

*
, T. Blichfeldt

*
, G. Klemetsdal

†
 

Introduction 

Norwegian White Sheep (NWS) makes up about 80% of the sheep population in Norway, 

which in total counts about 900 000 adult ewes divided on about 15 000 flocks. In 850 of 

these flocks, 75 000 NWS-ewes are used for progeny testing of ram lambs (test rams) in ram 

circles (Eikje et al., 2008). These flocks/ewes can be defined as the breeding population. 

NWS is a dual purpose breed selected for both ewe traits (litter size, maternal effect on 

growth) and lamb traits (carcass weight, carcass quality). Significant genetic changes have 

been reported in several time periods (as reviewed by Eikje et al., 2008).  

 

Despite good genetic progress in the dual purpose line, it is discussed whether one should 

establish a smaller meat line of NWS in the ram circles, where all weight in the aggregate 

genotype is put on carcass weight and carcass quality of lambs, ignoring ewe traits. The meat 

line will be a supplement to the breeding population of NWS that exist today, and the 

purpose will be sale of “meatier” rams to commercial flocks, to produce improved lambs for 

slaughter in these flocks. 

 

The aim of this study was therefore to compare expected genetic gain for carcass weight and 

carcass quality in the large dual purpose line of NWS, with expected genetic gain in a 

smaller meat line. Rate of inbreeding in the two lines was also calculated.   

Material and methods 

The method used was stochastic simulation. A description of the simulation program is given 

by Eikje et al. (2009a,b).  

 

For the dual purpose line, the breeding work in the ram circles was imitated as it is carried 

out in practice today. For the meat line, genetic progress was optimized by varying number 

of sheep in the line, number of test rams, number of proven rams (elite rams) and per cent 

ewes artificially inseminated/naturally mated to elite rams (elite mating percentage). The 

alternatives simulated are given in Table 1.  
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Table 1: Schemes simulated for a dual purpose line and a meat line of Norwegian White 

Sheep, with alternatives for number of ewes, elite mating percentage, number of test 

rams and elite rams in natural mating in ram circles, and number of elite rams in 

artificial inseminination  

  Dual purpose line Meat line 

No. of ewes 
Total population 75 000 5 000, 10 000, 20 000 

Per ram circle 750 50
1)

,100
2)

,200
3) 

Elite mating % 
AI rams 15 10,15,20,25,30,35,40 

Natural mating rams 15 - 

Test rams in 

natural mating 

Total population 1500 200
1)

,400
2)

,800
3) 

Per ram circle 15 2
4)

,4
5)

,8
6) 

Elite rams in 

natural mating 

Total population 200 200 

Per ram circle 2 2 

Elite rams in AI Total population 20 5,10 

1) When 5 000 ewes in total population, 2) When 10 000 ewes in total population, 3) When 20 000 ewes in total 

population,  4) When 50 ewes in ram circle, 5) When 100 ewes in ram circle, 6) When 200 ewes in ram circle  
 

As can be calculated from Table 1, there were 100 ram circles. Within each circle, the test 

rams were chosen among the top ranked ½ year old ram lambs. After one batch with 

progeny, the best 1½ year old test rams were selected as elite rams in natural mating in the 

same circle. The elite rams in natural mating were eligible for selection as AI-rams the year 

after, when they were 2½ years old. The AI-rams were used evenly across the whole 

breeding population. In the dual purpose line the best half of the elite ewes were artificially 

inseminated, while the second half of the elite ewes was mated naturally (and in addition, 

those not conceiving after use of AI, non-return rate: 0.7). In the meat line all the elite ewes 

were artificially inseminated, meaning that the elite rams in natural mating only was mated to 

ewes not conceiving after use of AI. 

 

The intended weighting of carcass weight and quality in the aggregate genotype, in per cent, 

for respectively the dual purpose line and the meat line, is given in Table 2.  In the dual 

purpose line, carcass weight and carcass quality of lambs had 52% weight in the aggregate 

genotype (ewe traits: 48%), and in the meat line they had 100% weight. 

 

Table 2: Intended weighting of carcass weight and carcass quality (EUROP-scale) in 

aggregate genotype in simulated dual purpose line and meat line of Norwegian White 

Sheep  

 Carcass weight Carcass class
 

Fat class
 

Maternal traits 
Dual-purpose line 20 % 23 %   9 % 48 % 

Meat line 50 % 25 % 25 % - 
 

Each alternative investigated (Table 1) was replicated 10 times. Each replicate was run for 15 

cycles (years). Genetic gain was calculated for each replicate as the regression coefficient of 

each character on year. These values were then averaged over replicates and used for 

comparison. To calculate the rate of inbreeding (∆F), the following formula was used:  
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 , where 

Ft is the average inbreeding coefficient in year t and LFS, LFD, LMS and LMD are generation 

intervals of sire to son, sire to daughter, dam to son and dam to daughter, respectively.  A 

rate of inbreeding greater than 1% per generation is often considered as an upper acceptable 

level (Bijma, 2000).  

Results and discussion 

Simulated genetic gain for carcass traits in the dual purpose line was: carcass weight: 0.313 

kg, carcass class: 0.238 EUROP-classes, and fat class: -0.089 EUROP-classes. Rate of 

inbreeding was: 0.76% per generation. 

 

For the meat line, largest simulated genetic gain for each simulated population size, without 

restricting rate of inbreeding, is shown in Table 3. Largest genetic gain when maximum rate 

of inbreeding was 1% per generation is shown in Table 4. 

 

Table 3: Genetic gain (∆G) per year in the meat line without restricting rate of 

inbreeding (∆F), for best combination of elite mating percentage and number of AI-

rams within each simulated population size 

No. 

of 

ewes 

Elite mating 

percentage 

No. of  

AI-rams 

∆G per year ∆F, % per 

generation Carcass 

weight (kg) 

Carcass 

class
1)

 

Fat  

class
2)

 

5000 40 5 0.293 0.213 -0.137 2.80 

10000 40 5 0.340 0.245 -0.149 2.81 

20000 40 5 0.390 0.265 -0.169 2.80 
1) One carcass class is the same as for example going from R to R+ on the EUROP-scale (15 classes altogether).  

2) One fat class is the same as going from for example 2+ to 2 on the EUROP-scale (15 classes altogether).  

 

Table 4: Genetic gain (∆G) per year in the meat line when maximum rate of inbreeding 

(∆F) was 1% per generation, for best combination of elite mating percentage and 

number of AI-rams within each simulated population size 

No. 

of 

ewes 

Elite mating 

percentage 

No. of  

AI-rams 

∆G per year ∆F, % per 

generation Carcass 

weight (kg) 

Carcass 

class
1)

 

Fat  

class
2)

 

5000 20 10 0.266 0.179 -0.113 0.86 

10000 20 10 0.304 0.204 -0.148 0.87 

20000 20 10 0.354 0.240 -0.156 0.86 
1) One carcass class is the same as for example going from R to R+ on the EUROP-scale (15 classes altogether).  

2) One fat class is the same as going from for example 2+ to 2 on the EUROP-scale (15 classes altogether).  

 

A meat line with 5000 ewes has less genetic gain for the carcass traits than the large dual 

purpose line. When 20 000 ewes are in the meat line, and there is no restriction on rate of 

inbreeding, genetic gain is 24% larger for carcass weight than in the dual purpose line, and 

11% and 90% larger for carcass class and fat class, respectively.  When restricting rate of 

inbreeding to 1% per generation or less, the results for the meat line with 20 000 ewes are 



13%, 1% and 75% larger for carcass weight, carcass class and fat class, respectively. For 

10 000 ewes in the meat line, and restricting rate of inbreeding, only fat class is improved 

relative to that in the dual purpose line (all three traits improved with no restriction on rate of 

inbreeding). 

 

One important reason for the differences that are observed among the three population sizes 

of the meat line is that there is capacity to progeny test more test rams when number of ewes 

increases. At the same time number of ewes mated to each ram remains the same (can be 

calculated from Table 1).  This gives a larger selection intensity of elite rams, with same 

accuracy of selection, compared to a smaller population size. Large selection intensity of 

elite rams is probably also the reason why the dual purpose line can keep up reasonably well 

with the meat line, even if the weighting of the carcass traits is lower. Another important 

reason is that the test rams in the dual purpose line will have larger progeny groups than the 

test rams in the meat line (can be calculated from Table 1). This gives larger accuracy of 

selection of elite rams. Fat class gives largest genetic gain in the meat line compared to the 

dual purpose line. The reason is that this trait has more than 2.5 times higher weight in the 

aggregate genotype in the meat line than in the dual purpose line. In addition fat class has a 

fairly high heritability (h
2
-fat class: 0.21, h

2
-carcass weight: 0.12, h

2
-carcass class: 0.22). 

Conclusion 

Given the assumptions in this study, and restricting rate of inbreeding, the meat line needs to 

have about 20 000 ewes, before genetic gain is considerably larger for carcass traits than in 

the dual purpose line with 75 000 ewes.   

 

The results show the benefits of having a large (dual purpose) breeding population. A large 

population makes it more possible to have both intense and accurate selection. Large genetic 

gain can then be achieved for carcass traits of lambs (as well as for ewe traits, although not 

shown here), and at the same time keeping rate of inbreeding at an acceptable level.  
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