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ABSTRACT: Genetic improvement of socially-affected 
traits, such as mortality due to cannibalism in layers, re-
quires a selection method that takes indirect genetic effects 
(IGEs) into account. Moreover, the selection method needs 
to be applicable in commercial poultry breeding, where 
selection candidates are housed individually. Previously we 
proposed ‘selection based on relatives in family groups’ as 
a practical method to improve socially-affected traits in 
commercial poultry breeding. We also presented estimated 
genetic parameters for survival in White Leghorns, which 
allows theoretical prediction of response to selection. Here 
we compare empirically obtained results of this selection 
method to theoretically predicted responses to selection for 
survival in layers. Predicted responses were small (1.3 to 
5.0 days), because selection intensity was small. In genera-
tion 5, realized response between high survival and control 
was negative. In generation 1 and 6, selection resulted in 
realized responses of 13 and 19 days.  
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Introduction 
 

Genetic improvement of socially-affected traits re-
quires a selection method that takes into account Indirect 
genetic effects (IGEs). Using a selection method that ig-
nores these IGEs, only taking into account direct genetic 
effects, can result in selection responses that are small or in 
the opposite direction than expected (e.g. Griffing 1967; 
Wade 1976; Goodnight 1985; Craig and Muir 1996). Sev-
eral studies have shown that group selection can be used to 
improve socially-affected traits (Wade 1976, 1977; 
Goodnight 1985; Muir 1996). With group selection, groups 
with the highest average phenotypic value are selected to 
become parents of the next generation. For example, Muir 
(1996) showed that in layers, mortality reduced from 68% 
in generation 2 through 8.8% in generation 6. Unfortunate-
ly, group selection is difficult to apply in practice, because 
in commercial laying hen breeding selection candidates 
(SC) are housed individually to record own egg perfor-
mance. 
 
 To improve socially-affected traits in layers, like 
mortality due to cannibalism. A selection method is needed 
where SC are housed individually and selected based on 
performance of relatives kept in family groups (Ellen et al. 
2007). In 2005, a selection experiment was started to select 
against mortality due to cannibalism in layers, using selec-
tion based on relatives in family groups (Ellen et al. 2007). 
The aim of this paper is to compare empirically obtained 
results of this selection method to theoretically predicted 

responses to selection for mortality due to cannibalism in a 
White-leghorn layer line. Theoretical responses to selection 
were predicted using estimated genetic parameters for sur-
vival in a White Leghorn layer line (Ellen et al. 2008).  
 

Theoretical Background 
 

Indirect genetic effects. When social interactions 
occur within a group of n individuals, the phenotype of in-
dividual i may be modelled as the sum of its own direct 
effect, and the sum of IGEs of each of its 𝑛 − 1 group ma-
tes. For each individual a total breeding value (TBV; Moore 
et al. 1997; Bijma et al. 2007) can be defined: 𝑇𝐵𝑉! =
𝐷𝐵𝑉! + 𝑛 − 1 𝑆𝐵𝑉!. Where DBV is the direct breeding 
value and SBV is the indirect breeding value. The total her-
itable variance available for response to selection equals the 
variance in TBVs among individuals (Bijma et al. 2007)  

 
𝜎!"#! = 𝜎!!

! + 2 𝑛 − 1 𝜎!!" + 𝑛 − 1 !𝜎!!
!    (1) 

 
where 𝜎!!

!  is the direct genetic variance, 𝜎!!
!  is the indirect 

genetic variance, and 𝜎!!" is the covariance between DBVs 
and SBVs of individuals. 
 
 Selection based on relatives in family groups. 
When SC are kept individually, phenotypes of SC provide 
no information on their SBVs. Therefore, information on 
TBV needs to come from relatives of the SC kept in family 
groups. SC are selected based on the performance (e.g. sur-
vival time) of several sib or offspring groups kept under 
commercial circumstances, 𝑆𝐶! = 𝑃!"#,! (Ellen et al. 2007). 
Keeping sibs in family groups guarantees that both direct 
and indirect effects are captured in the selection index, even 
when IGEs are ignored in the breeding value estimation.  
 
 Response to selection can be expressed as 

∆𝐺 = 𝜄𝜌𝜎!"#   (2) 
 

(Ellen et al. 2007), where 𝜄 is the selection intensity, 𝜌 is the 
accuracy, and 𝜎!"# is the standard deviation of TBV among 
individuals. The accuracy is the correlation between the 
selection criterion and the TBVs of individuals. For selec-
tion based on relatives in family groups, the accuracy 
equals 
 

𝜌!"# =
!"

!! !!! !"
     (3) 

 
where r is relatedness between SC and relatives kept in 
family cages, 𝜂 = 𝜎!"# 𝜎!"#, 𝜏 = 𝑟!"𝜂!, rbr is relatedness 



between group members, and mn is the number of relatives 
in m groups consisting of n sibs (Ellen et al. 2007). Ellen et 
al. (2007) showed that groups of full sibs (either full sibs or 
offspring of SC) gave the highest predicted responses to 
selection. 

 
Materials and Methods 

 
A full description of the first four generations of 

the selection experiment is given in Ellen et al. (2010). 
Main characteristics are summarized below. 
 

Selection experiment. A purebred White Leghorn 
layer line (referred to as ISA) of Institut de Sélection Ani-
male, a Hendrix Genetics company was used as founder 
population. In total six generations were selected using se-
lection based on relatives in family groups. In each genera-
tion, individually housed SC were selected based on surviv-
al of relatives kept in family groups. Relatives had intact 
beaks and were kept with four or five birds in traditional 
battery cages under commercial circumstances. For each 
SC, TBV was estimated using ASReml (Gilmour et al. 
2009).  

 
In the base population, sibs of the founding ISA 

line were kept with four full sibs in a cage. Individually 
housed SC of the ISA line were used to breed generation 1. 
For generation 1, SC were selected in two directions: high 
(HI) and low survival (LO). Remaining SC were used to 
breed control (CO). For generation 2 through 4, SC were 
selected only to breed HI. There was no CO present. For 
generation 5 and 6, SC were again selected in two direc-
tions (HI and LO). Remaining SC were used to breed CO. 

 
Hens of the six generations were kept at three dif-

ferent locations. The locations differed in light intensity, 
feed ration, and housing density. Generation 1 and 2 were 
kept at location 1. Generation 3 and 4 were kept at location 
2. Generation 4, 5, and 6 were kept at location 3. Genera-
tion 4 was kept at two different locations to take into ac-
count the effect of location. Each generation consisted of 
approximately 400 hens per direction of selection (Table 1). 

 
Table 1. Number of hens for each generation and per 
direction of selection. 
Location Generation HI CO LO 

1 1 380 402 422 
 2 223   

2 3 537   
 4 495   

3 4 584   
 5 385 435 335 
 6 320 324 312 

  
Data and data analysis. In all generations, hens 

were observed daily. Dead hens were removed, and wing 
band number and date of death were recorded. For each 
hen, data were collected on survival (alive = 0; dead = 1) 
and survival time. Survival time was defined as the number 
of days from start of the study till either death or the end of 

the study (with a maximum of 396 days). Survival time was 
analysed using GLM (SAS 2004). 

 
Predicted response to selection. Predicted re-

sponses were calculated using Equation 2 and 3. Both 𝜄 and 
𝜌 refer to the parents. 𝜄 is the standardized selection differ-
ential given as 𝑆! 𝜎! (Falconer and Mackay 1996; Ellen et 
al. 2010). 𝑆! is the selection differential, which is the dif-
ference in mean survival time between previous generation 
and selected parents. To calculate 𝜎!"#, heritabilities (ℎ!) 
based on genetic parameters given in Ellen et al. (2008; 
Table 2) were used.  

 
Table 2. Estimated heritabilities (h2) for direct (D) and 
indirect (S) effects. 

Parameter Estimate1 

ℎ!!  0.071 
ℎ!! 0.010 
ℎ!"!  0.005 

1Estimates are based on genetic parameters presented in Ellen et al. (2008). 
 
 

Results and Discussion 
  

Predicted responses. Table 4 shows the predicted 
and realized responses. Overall, predicted responses were 
small ranging from 1.3 through 5.0 days. Predicted re-
sponses were small, because information on mortality be-
came available after selection, which reduced selection in-
tensity (𝜄). In generation 5 and 6, it was decided to use posi-
tive assortative mating, to increase 𝜄. 

   
Realized responses. Tables 3 and 4 show survival 

time and realized responses. In generation 2 through 4 it 
was not possible to calculate realized responses, because 
there was no control. Even though predicted responses were 
small, realized responses between HI and CO were 13 and 
19 days in generation 1 and 6, respectively. In generation 5, 
realized response between HI and CO was -12 days. For the 
three generations, realized responses between HI and LO 
were much larger, ranging from 26 through 29 days. In 
generation 1, a significant difference in survival days was 
found between HI and CO and between HI and LO. In gen-
eration 5 and 6, a significant difference in survival days was 
found between HI and LO.  
 
Table 3. Mean survival time with SE1 for each genera-
tion and direction of selection. 
Location Generation HI CO LO 

1 1 367±5a 354±5b 338±5c 

 2 333±7   
2 3 370±4   
 4 380±4   

3 4 340±5   
 5 343±5a 355±5a 315±6b 

 6 368±11a 349±11b 342±11b 

1Within a row, means without a common superscript differ (P < 0.05). 
 
 
 



Table 4. Predicted and realized response to selection. 
      ΔG 

Gen. 𝜎! 𝜎!"# 𝜌 𝑆!
3 𝜄4 Exp5 Real6  

0 60 26      
1 78 34 0.3 8.6 0.14 1.7 13 
2 106 47 0.3 6.9 0.09 1.3  
3 72 32 0.2 55.4 0.52 3.5  
41 59 26 0.3 15.1 0.21 1.9  
42 105 46 0.3 18.2 0.25 4.0  
5 103 45 0.3 33.4 0.32 5.0 -12 
6 57 25 0.3 33.2 0.32 2.8 19 

1Location 2.  
2Location 3.  
3𝑆! = 𝑃!"#"$%"& − 𝑃!"!#$%&'"(.  
4𝜄 = 𝑆! 𝜎! .  
5Δ𝐺!"#$%&$' = 𝜄𝜌𝜎!"# , ι and ρ refer to parents.  
6∆𝐺!"#$%&"'  = difference in survival time between HI and CO of the same 
generation. 

 
As mentioned before, due to different locations, it 

is difficult to compare HI over generations. Environmental 
conditions had a large effect on survival time. In generation 
4, a difference of 40 days was found between location 2 and 
location 3. In generation 2 old dams were used, which had 
probably an effect on survival time. Furthermore, in genera-
tion 2 a large difference in survival time was found between 
batch of hatching (data not shown). Therefore, survival time 
was compared only between generation 3 and 4, and be-
tween generation 4 up to 6. A significant increase of 10 
days was found between generation 3 and 4. Comparing 
generation 4 and 5, an increase of 3 days was found, where-
as a significant increase of 25 days was found between gen-
eration 5 and 6. Moreover, mortality was decreased with 
approximately 5% per generation (data not shown). Even 
though these results indicate that selection based on rela-
tives in family groups improves survival time, it is difficult 
to draw conclusions, because survival is also affected by 
rearing and other environmental conditions. 

 
 Optimize selection schemes. For the presented 
selection experiment, predicted responses were small. Still, 
for generation 1 and 6, realized responses were 13 and 19 
days. To improve predicted and realized responses, both 𝜌 
and 𝜄 should be increased. Ellen et al. (2007) showed that 𝜌 
can be increased by using full sibs or offspring of SC. 
Moreover, increasing the number of groups per SC will 
result in an increase of 𝜌. To increase 𝜄, the selection differ-
ential should be improved. In the presented selection exper-
iment, SC were selected when sibs kept in family groups 
were approximately 50 weeks old. Therefore, a substantial 
part of the information on mortality becomes available after 
selection, which reduced 𝜄. Ideally, selection should take 
place at the end of the laying period to have as much varia-
tion as possible and to be better able to select SC with the 
highest TBV. This will, however, result in an increase in 
generation interval. To decrease generation interval, ge-
nomic selection can be used. Moreover, when using ge-
nomic selection, it is not necessary to collect information 
from sibs kept in family groups. So far, genomic selection 
has, however, not been implemented for socially-affected 
traits. 

Conclusion 
 

Using selection based on relatives in family groups 
to improve mortality due to cannibalism in layers resulted 
in empirical responses that have a tendency to be larger 
than theoretically predicted responses. Predicted responses, 
however, were small because information on mortality be-
comes available after selection, which reduced selection 
intensity. Results also showed a huge impact of environ-
mental conditions on mortality.  
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