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Univariate model 

𝐲 = 𝐗𝐛 + 𝐙D𝐚D + 𝐙I𝐚I + 𝐕𝐜𝐚𝐠𝐞 +  𝐞 
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Univariate model (ASReml example) 
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Univariate model: Genetic 
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Bivariate model: Genetic 
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Univariate model: Environmental 
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Individual  Pooled 

cage +  e1 

cage +  e2 
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Univariate model: Environmental 
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Bivariate model: Environmental 
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Bivariate model: BIAS!! 
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Simulated data: BIAS!! 

True parameters Estimated parameters 

𝛔𝐚𝟏𝐃
𝟐  1.00 1.37 (± 0.21) 

𝛔𝐚𝟏𝐈
𝟐  1.00 1.45 (± 0.16) 

𝛔𝐚𝟐𝐓
𝟐  11.50 17.70 (± 2.26) 

𝛔𝐚𝟏𝐃𝐈
 0.25 0.66 (± 0.15) 

𝛔𝐚𝟏𝐃𝟐𝐓
 1.00 2.99 (± 0.49) 

𝛔𝐚𝟏𝐈𝟐𝐓
 1.00 3.24 (± 0.34) 

Variances trait 1 

Variance trait 2 
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Bivariate model: Environmental 
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True parameters 
Estimated parameters 

Default model 

Estimated parameters 

Adjusted model 

𝛔𝐚𝟏𝐃
𝟐  1.00 1.37 (± 0.21) 1.01 (± 0.17) 

𝛔𝐚𝟏𝐈
𝟐  1.00 1.45 (± 0.16) 1.00 (± 0.15) 

𝛔𝐚𝟐𝐓
𝟐  11.50 17.70 (± 2.26) 11.64 (± 1.91) 

𝛔𝐀𝟏𝐃𝐈
 0.25 0.66 (± 0.15) 0.26 (± 0.13) 

𝛔𝐀𝟏𝐃𝟐𝐓
 1.00 2.99 (± 0.49) 1.02 (± 0.46) 

𝛔𝐀𝟏𝐈𝟐𝐓
 1.00 3.24 (± 0.34) 1.02 (± 0.44) 

Simulated data: Biased  Unbiased 



Correlation  
Survival time ~ Early egg production  

Individual data Pooled data 
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Default model: 0.15  

Adjusted model: -0.09  



     Problem: 
 

     Incorrect variance components  
     due to a non fitted environmental correlation 

 
 

     Solution: 
 

1. Add a pooled cage effect 
+ 

2. Fit a correlation between the individual cage effect  
and pooled cage effect 

+ 
3. Fix the pooled cage effect to avoid  

over-parameterisation 




