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ABSTRACT: Data collection on group housed animals 
generally happens at the individual animal level. However, 
sometimes it is too difficult or expensive to obtain individ-
ual records. Alternatively, data collection happens at group 
level, e.g. egg production. Bivariate analyses of individual 
and pooled data are complex, especially for traits affected 
by social interactions. We found that to avoid bias, a ran-
dom group effect for pooled data needs to be added, fixed 
and correlated to the random group effect for individual 
data. This adjusted model was used to estimate the genetic 
correlation between survival (individual records) and early 
egg production (pooled records) in crossbred laying hens. 
The correlation was -0.09. This deviates from the correla-
tion of 0.14 that was found with the unadjusted model, 
showing the magnitude of the bias.  
Keywords: bivariate analysis; pooled data; social interac-
tions 
 
 

Introduction 
 

Data collection on group housed animals generally 
happens at the individual animal level. However, some-
times it is too difficult or expensive to obtain individual 
records. Alternatively, data collection happens at group 
level, e.g. egg production or feed intake. A bivariate analy-
sis of individual and pooled data requires full understanding 
of the underlying genetic and environmental relationships 
between both data sources. These underlying relationships 
become more complex when animals affect one another’s 
phenotype through social interactions, which is common in 
group housed animals.  

 
In this study, we present a bivariate model that al-

lows unbiased estimation of the genetic correlation between 
individual and pooled data on social interaction traits. This 
adjusted model was used to estimate the genetic correlation 
between survival (individual records) and early egg produc-
tion (pooled records) in crossbred laying hens.  

 
Materials and Methods 

 
This study was performed in three steps. First, the 

bivariate analysis of individual and pooled data on social 
interaction traits was theoretically evaluated. We will show 
that, by using the default model, the analysis can result in 
biased genetic parameter estimates. We will propose a sim-
ple adjustment to the model to avoid this bias. Second, a 
simulation study was conducted to validate if an adjusted 

model indeed results in unbiased genetic parameter esti-
mates. Finally, the genetic correlation between survival 
(individual records) and early egg production (pooled rec-
ords) in crossbred laying hens was estimated. 

 
Theory. With social interactions, an individual 

record consists of the direct genetic (A!) and environmental 
(E!) effect of the individual itself (𝑖), and the indirect ge-
netic (A!) and environmental (E!) effect of each of its 𝑛 − 1 
group mates (𝑗), 

 

P! = A!! + E!! + A!!

!!!

!!!

+ E!!

!!!

!!!

,     

 
where 𝑛 is the number of individuals per group (Griffing 
(1967)). When estimating genetic parameters from individ-
ual data, the following animal model is commonly used 
(Ellen et al. (2008); Peeters et al. (2012)): 
 

𝐲 = 𝐗𝐛 + 𝐙𝐃𝐚𝐃 + 𝐙𝐈𝐚𝐈 + 𝐕𝐠𝐫𝐨𝐮𝐩 +   𝐞. 
 
Thus, based on individual data, direct and indirect genetic 
parameters can be obtained. 

 
With social interactions, a pooled record consists 

of the A! and E! of each group member, as well as their A! 
and E! that are each expressed 𝑛 − 1 times, 

 

P∗ = [A!! + E!! + (𝑛 − 1)(A!! +
!

!!!

E!!)].   

 
Peeters et al. (2013) showed that direct and indirect genetic 
effects cannot be estimated from pooled data. However, a 
pooled record can be rewritten in terms of the total genetic 
effect (A!) of all 𝑘 group members. From an animal breed-
ing perspective, A! is of interest, because it determines total 
response to selection. An animal’s A! consists of a direct 
and indirect component, 
 

A!! = A!! + (𝑛 − 1)A!! ,   
 
where A! is expressed in the phenotype of the animal itself, 
and A! is expressed in the phenotype of each group mate. 
Through substitution, the pooled record can be reformulated 
as:  
 



P∗ = [A!! + E!! + (𝑛 − 1)E!!]
!

!!!

.   

 
When estimating genetic parameters from pooled data, the 
following animal model is used (Peeters et al. (2013)): 
 

𝐲∗ = 𝐗∗𝐛∗ + 𝐙𝐓∗𝐚𝐓 + 𝐞∗. 
 
Thus, based on pooled data, total genetic parameters can be 
obtained. 

 
A bivariate analysis of individual and pooled data 

introduces an issue with the non-genetic correlation be-
tween both traits. For individual data, the direct and indirect 
environmental effects are accounted for by two model 
terms: group and e. For pooled data, in contrast, the direct 
and indirect environmental effects are accounted for by one 
model term only: e*. A correlation is present between the 
group effect and residual of the individual trait, and the 
residual of the pooled trait. In most statistical software pro-
grams, correlations can be fitted between genetic terms and 
between corresponding environmental terms. E.g., a corre-
lation can be fitted between the residual term for individual 
and pooled data. However, a correlation cannot be fitted 
between the random group effect for individual data and the 
residual for pooled data. This can bias the genetic parameter 
estimates.  

 
To overcome this problem, a random group effect 

can be added for pooled data, which can then be correlated 
to the random group effect for individual data. However, 
the random group effect and residual for pooled data are 
completely confounded (because there is only one record 
per group). To avoid over-parameterization, the group vari-
ance of the pooled trait has to be set at a fixed value to al-
low the residual variance to be identifiable. The group vari-
ance should be set at a realistic value to avoid group or re-
sidual correlations to be outside the parameter space of -1 to 
+1. We propose to use half of the pooled residual variance 
that was found in the univariate analysis of the pooled rec-
ords. 

 
From this point onwards, the bivariate model 

without a random group effect for the pooled trait will be 
referred to as the unadjusted model, whereas the bivariate 
model with a random group effect for the pooled trait will 
be referred to as the adjusted model.  

 
Simulation.	   Using R v2.12.2 (R Development 

Core Team (2011)), a base population of 500 sires and 500 
dams was assigned direct and indirect breeding values for 
two social interaction traits. Each sire was randomly mated 
to a single dam, resulting in 12 offspring per mating and 
6,000 offspring in total. These offspring were placed at ran-
dom in 1,500 groups (four animals per group). For Trait 1, 
individual records were simulated. For Trait 2, pooled rec-
ords were simulated. For each scenario, 100 replicates were 
produced. 

An adjusted and unadjusted bivariate model was 
fitted in ASReml v3.0 (Gilmour et al. (2009)). The true and 
estimated genetic parameters from both models were com-
pared. 

 
Empirical data. Two commercial purebred White 

Leghorn layer lines, W1 and WB, produced 15,012 cross-
bred laying hens (Gallus gallus domesticus) of which 7,668 
were W1xWB (♂x♀) and 7,344 were WBxW1 (♂x♀). The 
traits of interest were survival and early egg production 
(EEP). Survival was defined as the number of days from the 
moment the animal was placed in the laying house till either 
death or the end of the experiment, with a maximum of 398 
days. EEP was defined as the number of eggs produced by 
four birds within a cage, from the age of 129 till 143 days 
(two week period). Because EEP is a pooled record, all four 
birds had to be alive during this two week period. There-
fore, EEP was set to missing for 983 cages.  

 
An adjusted and unadjusted bivariate model was 

fitted in ASReml v3.0 (Gilmour et al. (2009)) for W1xWB 
and WBxW1 data separately, as a previous analysis has 
shown that reciprocal effects influence survival (Peeters et 
al. (2012)). 

 
Results and Discussion 

 
Simulation. For the adjusted bivariate model, 

none of the genetic parameters are biased. Contrary, for the 
unadjusted bivariate model, most genetic parameters are 
biased. Especially the between trait covariances show a 
large deviation (Table 1). This validates that a random 
group effect for pooled data needs to be added, fixed and 
correlated to the random group effect for individual data in 
order to obtain unbiased genetic parameter estimates. 
 
Table 1: True and estimated genetic parameters (with 
s.e.) obtained from an adjusted and an unadjusted biva-
riate model of simulated individual and pooled data.  

 

True  
parameters 

Estimated  
parameters 

 Adjusted 
model 

Unadjusted 
model 

σ!!!
!  1.00 1.01 (± 0.18) 1.37 (± 0.20) 
σ!!!"  0.25 0.26 (± 0.13) 0.41 (± 0.63) 
σ!!!
!  1.00 1.00 (± 0.15) 1.45 (± 0.17) 
σ!!!
!  11.50 11.64 (± 2.11) 17.70 (± 2.26) 
σ!!!!!  1.00 1.02 (± 0.46) 2.99 (± 0.41) 
σ!!!!!  1.00 1.02 (± 0.42) 3.24 (± 0.32) 

 
 

Empirical data. For survival, large indirect genet-
ic effects were found. The direct-indirect correlation was 
moderately negative for W1xWB (-0.33) and highly nega-
tive for WBxW1 (-0.84). The total genetic variance divided 
by the phenotypic variance (T!) was 0.26 for W1xWB and 



0.17 for WBxW1. For EEP, T! was 0.55 for W1xWB and 
0.50 for WBxW1 (Table 2). 

 
Table 2: Estimated parameters (with s.e.) for individual 
survival and pooled EEP in crossbred laying hens 
  W1xWB WBxW1 
Survival 
 σ!!

!  615 (± 170) 935 (± 222) 
 σ!!

!  509 (± 106) 776 (± 150) 
 σ!!

!  4,105 (± 1,055) 3,627 (± 1,088) 
 σ!"#$%!  2,014 (± 263) 2,350 (± 310) 
 σ!!  11,722 (± 301) 15,728 (± 460) 
 σ!!  15,878 (± 289) 21,341 (± 402) 
 r!!"

!  -0.33 (± 0.17) -0.84 (± 0.10) 
 T!§ 0.26 (± 0.07) 0.17 (± 0.05) 
EEP 
 σ!!

!  4.92 (± 0.85) 4.90 (± 0.94) 
 σ!∗

!  16.05 (± 2.29) 19.94 (± 2.62) 
 σ!∗

!  35.72 (± 1.75) 39.53 (± 1.95) 
 T!¥ 0.55 (± 0.08) 0.50 (± 0.08) 

§  T! = σ!!
! σ!!   

¥  T! = 4σ!!
! σ!∗!   
 
 
 Based on the obtained genetic (co)variances, the 

total genetic correlation between both traits could be calcu-
lated. For the adjusted model, the correlation was negative 
(-0.09 for both crosses), but not significantly different from 
zero. Therefore, this study could not provide hard evidence 
for the genetic link between EEP and aggressive behavior 
that was previously reported in literature (Lowry and 
Abplanalp (1972); Craig et al. (1975); Bhagwat and Craig 
(1976); Jensen et al. (2005); Ellen (2009)).  

 
For the unadjusted model, the correlation was 

positive (0.17 for W1xWB and 0.11 for WBxW1). The shift 
in the correlation when comparing the adjusted and unad-
justed model shows the magnitude of the bias.  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

Conclusion 
 
A random group effect for pooled data needs to be 

added, fixed and correlated to the random group effect for 
individual data in order to obtain unbiased genetic parame-
ter estimates. Survival was moderately heritable and EEP 
was highly heritable. A negative, but non-significant, genet-
ic correlation was found between both traits. 
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