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Breeding Objectives 

Multi-trait selection  

   – how to implement? 

 

• Need to combine: 

 
– the (relative) economic weights  

– genetic parameters  
 (heritabilities, correlations)  

  
 



Issues with MT selection 

 

• We have to spread our selection efforts over several traits, 
each of them weighted economically 

 

• Selection for one trait gives also a correlated response for 
other traits 

 

• Can use optimal weight in multiple trait selection 
– Correlations can be favourable or unfavourable 
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Where do we want to end up? 

Depends on what is possible 
(=ellipse)…. 
genetic parameters 

…and on what is most profitable 
(= iso-economic line) 
Economic parameters 



How to select for multiple traits  
– in practice    

Index = a1EBV1 + a2EBV2 + …. + amEBVm 

 

 
 
 

 
Note that EBVs have more variation if they are more accurate 
Therefore, effectively less emphasis on low accurate EBVs 
 
Need to measure if you want response (unless favourably correlated) 

 
Index selection is more efficient than single trait selection! 

Economic values 



How do we derive economic 
values? 

Definition: 

• Economic value of a trait is the change in profit after changing 
the mean for that trait by one unit 
 

• Use profit functions 
 

Profit per ewe = FleeceWght * price/kg – cost per ewe 
 
   =    4    *   10  – 10   = $ 30 
 
Now increase FW by one unit:  
 
   =    5    *   10  – 10   = $ 40 

 
 
Hence the economic value of 1 kg increase in FW is $10 
 
More challenging to account for change in Fibre Diameter! 
 



Spreadsheets are good tools to work this out! 

LECTURE 14 GENE422/522 Income per ew e Economic Value

Trait Mean after 1 unit increase

Weaning Rate 1.2 33.5 15

Days to Slaughter 100 18.2 -0.3

Fleece Weight 3.5 21.5 3

Constants

Sale Weight 40

Weaning Weight 20

Prices

Lamb Value per kg $1.00

Lamb Cost per day $0.25

Fleece Value per Kg $3.00

Annual Cost per ewe $10.00

Calculation of Net income

Income per ewe $0.50

Income per lamb $15.00

Net income per ewe $18.50



 Index = 1. EBVW - 0.5EBVFI 

 

RW = 6.93 kg   

 Weight 

Feed Intake 

  1   $/g 

-0.5 $/g 

Economic Weights 

RFI = 0.39 kg   

Economic values do not guarantee a 

‘’desired’ response for a single trait ! 

Negative economic weight   Yet, a positive response 



 Index = 1. EBVW – 10 EBVFI 

 

RW = 4.29 kg   

 Weight 

Feed Intake 

  1   $/g 

-10  $/g 

Economic Weights 

RFI = -0.05 kg   

Changing economic values can give a 

‘’desired’ response for single traits! 

A larger weight……   
..gives a negative response 

Desired gains: change economic value 
until desired outcome 
  good idea? 



Selection index with ‘desired gains’ 

• Rather than 

 

– determine econ. values     >>>>     response 

 

– We desire a response     >>>>  economic values 

           (implicit) 

 

When useful? 

   



Breeding objectives are subject to debate! 

• Are selection indices always linear? 
• nonlinear profit function 

• optimal traits 

• threshold values for profit 

 

 

 

 

 

 

• Are the same indices (= econ. wghts) valid for all?  
•  - what could be reasons for differences? 
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• Who’s perspective for profit? 

 

– Breeder: selling bulls Producer: buying bulls 

 

– Maximize profit per head….more lambs/ewe is good 

         …………….or per ha….. more lambs/ewe only good if 

               lambs are more profitable than ewes 

 

– Profit of who?    producer;  whole sector; consumer 
 

Breeding objectives are subject to debate! 

Cow-Calf Grower Finish. Proces

sor 
Consumer 

Seed 
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Example reference point 
(going for bigger is not necessarily better) 

Breed Value of 
weight at 
slaughter 

Value of food 
consumed 

Profit 
per head 

Dollar 
efficiency 

Small $200 $100 $100 2:1 

Large $350 $200 $150 1.75:1 



Traits in BREEDPLAN   

growth carcase reproduction 

birth weight 

weaning weight 

  -direct and 

maternal 

yearling weight 

final weight 

mature cow weight 

carcase weight 

eye muscle area 

rib fat 

rump fat 

retail beef yield % 

% IMF 

gestation length 

calving ease 

-direct and daughter 

scrotal size 

days to calving 



Basis of $Indexes 

BREEDPLAN EBVs seedstock 

Market-production system (context) 

$Index 

Domestic 

$Index 

Northern 

$Index 

Jap B3 

Value of trait improvements       to the 

beef enterprise commercial 
Breeding 

 objective 









Bull/Ram Breeders  

Set breeding goal according to the needs of 
commercial clients 

•  Identify target clients, their markets and their 
 production environments 

 

•Align breeding objectives with clients’ needs 

 

•According to which index   



Bull/Ram Buyers  

Focus on profitability of own production system 

•  A bull can do more than just produce offspring 

 

•Breed more profitable calves  

 

•Which index suits them best?  



Wool price between 1974 and 2000 
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Optimal selection response can be  
sensitive to economic values 

Fibre 

Diameter 

Fleece 

Weight 



Wool price determinants (2003-04) 
(% contribution to price) 

17 to 18.5 micron 18.6 to 24 micron 

Fibre diameter 25 49 

Staple strength 38 15 

% mid breaks 6 3 

Staple length 7 8 

Vegetable matter 4 10 

Colour 1 3 

Style 10 1 

Source: http://www.pricemaker.info 



Effect of ignoring staple strength in the breeding objective 

Micron 
premium 

Strength 
premium 

CFW 
(Kg) 

MFD 
(micron) 

SS 
(N/Ktex) 

3% - 0.3 -1.4 -7 

15% - 0.1 -3.6 -9 

30% - 0.0 -3.9 -8 

(Results from CSIRO Fine Wool Project flock – responses after 10 years selection) 



Including strength in the objective,  
CVFD as a selection criterion 

Micron 
premium 

Strength 
premium 

CFW 
(Kg) 

MFD 
(micron) 

SS (N/Ktex) 

3% 1% 0.3 -0.6 -1 

15% 3% 0.0 -2.9 0 

30% 5% -0.1 -3.3 0 

(Results from CSIRO Fine Wool Project flock – responses after 10 years selection) 



Summary 

Need to set breeding objectives by 
 

• defining the traits 
• and their economic value 

 
Economic value is change in profit if individuals 
 perform one unit more for that characteristic 
 
Index are used for multiple trait selection 
 
Sometimes the optimal response is sensitive to 
economic values (esp with unfavourable correlations) 
 
 


