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ABSTRACT: Estimations of genetic parameters for the
direct - indirect genetic effects are usually done with an
ordinary direct-indirect animal model (DIAM). However,
DIAM neglects to consider that animals die over time due
to cannibalism and thus no longer express their indirect
genetic effects on their group members. Repeatability
models (REP) and random regression models (RR) allow
for time dependent random effects and may provide a
solution. Here we present estimated genetic parameters
using the three models DIAM, REP, and RR, and we
compare breeding value estimations using cross validation. Rank correlations of DIAM EBVs of survival time
with phenotypes (0.15) were not different compared to
REP rank correlations analysing survival (0/1) with phenotypes (0.14), and RR analysing survival (0/1) with phenotypes (0.13). However, DIAM rank correlations analysing survival (0/1) were much lower (0.01).
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Introduction
Bird losses due to cannibalism is a major problem in the production system of consumption eggs. Mortality depends on both the genes of the potential victim
(known as direct genetic effect; DGE) and on the genes of
its group mates (known as indirect genetic effect; IGE).
The combined DGE and IGEs affect the life span of individual laying hens. Neglecting IGEs can result in an undesirable response to selection (Griffing 1967; Craig and
Muir 1996).
Several studies have investigated the contribution
of IGEs to the total heritable variation for survival in laying hens (Bijma et al. 2007; Ellen et al. 2007; Peeters et
al. 2012). These studies used ordinary direct-indirect animal models (DIAM) to estimate genetic parameters for
DGEs and IGEs. This type of analysis, however, does not
allow for censoring and ignores that dead animals no
longer express IGEs on their group members. Survival
analysis could be a solution, but software allowing the
inclusion of IGEs is not available to date.
Several approaches exist that consider variation
of traits through time, including repeatability models
(REP), and random regression models (RR). Ødegård et
al. (2006) investigated different models for analysing survival data, showing that REP had a high predictive ability.
Also, this type of model can deal with time dependent
regression and is thus able to account for individuals that
die through time and no longer express IGEs on their
group members. Veerkamp et al. (2001) proposed analysing survival data with RR, a method which allows re-

searchers to include time dependent random effects, and is
able to deal with censored data.
The aim of this study was therefore to investigate
whether REP or RR are better alternatives to DIAM for
analysing survival data.
Materials and Methods
This study used data from the W1 line as described in Ellen et al. (2008). More information can be
found in Ellen et al. (2008).
Population and housing. ISA, a Hendrix Genetics company, provided data on the W1 White Leghorn
line. The laying hens had intact beaks. Matings between
sires and dams were randomly assigned and occurred in
two batches.
Laying hens of the same age were randomly allocated to four-bird battery cages 17 weeks after hatching.
Each batch was transported to a different laying house.
The two laying houses had eight double rows of cages,
each row holding three levels (top, middle, and bottom).
Food was provided in front of the cage, and water in the
back.
Data. Dead hens were removed daily. After
death, the wing band number, cage number, and cause of
death were recorded. Survival time was defined as number
of survival days with a maximum of 447 days. It was also
coded whether laying hens were alive (1) or dead (0) at
any time. The dataset was divided into 14 months. Survival was 1 if the laying hen survived until the beginning
of the next period, and 0 if not. After death, observations
were set to missing (NA). Information of 6,276 laying
hens were used. Hence, a total of 87,864 records were
used for statistical analysis.
Data analysis. For data analysis, DIAM, REP,
and RR were compared. All include DGEs and IGEs. DIAM was applied to survival time (days; Ellen et al. 2008)
and to survival (0/1) at the end of the experiment, and
both REP and RR to survival (0/1) in each month (Veerkamp et al. 2001). At each time point, dead cage members
were set missing with REP. For computational simplicity
and to deal with 0/1 data, a sire model was used with
REP, and RR. ASReml was used for all models to estimate genetic parameters (Gilmour et al. 2009).
DIAM. The model as defined by Ellen et al.
(2008) was used for DIAM. The model was (Muir 2005;
Bijma et al. 2007):

T2 =

y=Xb+ZD aD +ZS aS +Vc+e,
where y is a vector of observed survival times (days) or
survival (0/1), X is the incidence matrix linking observations to the fixed effects, b is a vector of fixed effects, ZD
is the incidence matrix linking observations to the direct
breeding values (DBVs), aD is a vector of DBVs, ZS is the
incidence matrix linking observations to the indirect
breeding values (IBVs) of the group mates, aS is a vector
of IBVs, V is the incidence matrix linking observations to
the random cage effect, c is a vector of independent random cage effects, and e is a vector of residuals.
RR. Genetic parameters of survival were estimated with random regression for each month. The model
was:
y=Xb+ZDint aDint +ZSint aSint +ZDsl aDsl
+ZSsl aSsl +Vct +e,
where y is a vector of survival (0,1) for each month, ZDint
is the incidence matrix linking observations to the DBVs
for intercept, aDint is a vector of DBVs for intercept, ZSint
is the incidence matrix linking observations to the IBVs
for intercept of the group mates, aSint is a vector of IBVs
for intercept, ZDsl contains the time which is linked to the
DBVs for slope, aDsl is a vector DBVs for slope, ZS,sl contains the time which is linked to the IBVs for slope of the
group mates, aSsl is a vector of IBVs for slope, ct is a vector of independent random cage effects for each month.
The other terms are explained below the DIAM model.
Residuals were considered homogenous through time.
Correlations between all breeding values were fitted.
REP. Genetic parameters for survival were estimated with a linear repeatability model. The model was:
y=Xb+ZDt aD +ZSt aS +Vct +e,
where y is a vector of survival (0,1) for each month, ZDt is
the incidence matrix linking monthly observations to the
DBVs, aD is a vector of DBVs, ZSt   is the incidence matrix
linking monthly observations to the IBVs of the group
mates present at the beginning of that month, aS is a vector of IBVs. The other terms are explained below the DIAM and REP model. Residuals are considered homogenous through time. The model did not converge with inclusion of the permanent environmental effect.
Heritable variation. In the presence of interactions, each individual interacts with n - 1 group mates.
The effect of an individual on the population in the presence of social interactions is called the total breeding value (TBV). The total heritable variation is defined as
σ2TBV =σ2AD + 2 n-1 σADS +(n-1)2 σ2AS    (Bijma et al. 2007).
Phenotypic variance equals σ2P =σ2AD + n-1 σ2AS +   σ2c +σ2e .
The ratio of heritable variance and phenotypic variance
equals:

σ2TBV
σ2P

A sire model is used with REP and RR. The total
heritable variation equals:
T2 =4·

σ2TBV
σ2P

When using RR, the DGEs and IGEs are estimated for each time point t. These both comprise the combined
effect
of
intercept
and
slope;
σ2AD (t)=σ

2
ADint

+2tσADint,Dsl +t2 σ2ADsl ,

+2tσASint,Ssl +t2 σ2ASsl ,

and

σ2AS (t)=  σ2ASint
σADAS (t)= n-1 σADintASint

+ n-1 tσADslASint + n-1 tσADintASsl + n-1 t2 σADslASsl .
These
can be substituted to calculate the σ2TBV (t). The phenotypic
variance
for
group
members
becomes
2
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σP (t)=σADint +2tσADint,Ssl +t σADsl + n-1 σASint
+2tσASint,Ssl
+t2 σ2ASsl +σ2!! +σ2e .
Cross validation. Results from DIAM (survival
time; days), DIAM (survival; 0/1), REP, and RR were
compared using cross validation. Five subsets (training
set) were created where approximately 20% of the phenotypes (validation set) were set to missing. The training set
was used to predict the genetic effects of the laying hens
in the validation set. All fixed effect classes were present
in each training set. Phenotypes were predicted by combining the DGE and the IGEs of the group mates. Predicted phenotypes were compared with observed phenotypes
by calculating rank correlations. Observed phenotypes
were adjusted for fixed effects Pi -P . Rank correlations
of the observed phenotypes were accounted for censoring
as described in Ellen et al. (2010).
Results and Discussion
Heritable variation. The full dataset was used
for estimating genetic parameters for DGEs and IGEs
using DIAM (survival time; days), DIAM (survival; 0/1),
REP, and RR (Table 1). The total heritable standard deviation (σTBV ) for survival time using DIAM was 50 days,
for survival using DIAM 0.21, and for survival using REP
0.13. With RR, σTBV ranged from 0.032 through 0.045.
The total heritable variation expressed as the proportion of
phenotypic variance (T2) was 0.19 using DIAM (survival
time; days), 0.20 using DIAM (survival; 0/1), 0.34 using
REP. With RR, the T2 ranged from 0.01 through 0.20 per
time point.
Table 1. Total heritable variance (𝝈𝑻𝑩𝑽 ) and total heritable variation relative to the phenotypic variance
(𝑻𝟐 ) for DIAM (survival time), DIAM (survival), and
REP.
𝜎!"#
𝑇!
DIAM
(survival 49.739 ± 7.965
0.193 ± 0.060
time)
DIAM (survival)
0.212 ± 0.031
0.201 ± 0.057
REP
0.125 ± 0.016
0.342 ± 0.090

Table 2. Rank correlations1 based on DIAM (survival
time), DIAM (survival), REP, and RR
Rank correlation
DIAM (survival time)
0.147 ± 0.014
DIAM (survival)
0.006 ± 0.019
REP
0.143 ± 0.012
RR
0.132 ± 0.009
1

Rank correlations were calculated between observed phenotypes for
survival time and predicted phenotypes using DIAM (survival time),
DIAM (survival), REP, and RR. Estimates are averages of the five validation sets.

Analysis of survival and survival time with DIAM and RR ignored the fact that cage members die over
time and no longer express IGEs. DIAM analysis of survival time and survival estimated a T2 of similar size. Also, analysing survival with RR yielded the same T2 at the
end of the experiment, which corresponds with the results
from DIAM analysis. RR analysis showed that large variation exists in total heritable variation over time. This
might be an artefact from the model because only an intercept and slope are fitted. In the future, a multitrait analysis can be performed to check results from the RR model. Furthermore, allowing for dead cage members over
time seems to be important because the results between
DIAM (survival; 0/1) and REP differ considerably.
Cross validation. The models were compared
using cross validation. The rank correlations are given in
Table 2. Analysing survival time with DIAM yielded a
rank correlation of 0.15. Analysing survival with DIAM,
REP, and RR yielded a rank correlation of 0.01, 0.14, and
0.13, respectively. Analysis of survival (0/1) with DIAM
yields the worst genetic correlation. REP and RR analysed
survival as being dead or alive over time, which seems to
yield higher correlations than DIAM (survival; 0/1).
However, analysing survival time with DIAM is slightly
better than using REP and RR. It was expected that both
REP and RR would yield higher rank correlations. That
this is not the case might be because a sire model was

used which has lower precision compared to the animal
model used in DIAM, and the fact that both analyses were
on a monthly basis. It is expected that future analyses on a
daily basis will result in higher rank correlations.
Conclusion
Analysis of survival data including DGEs and
IGEs should consider that dead cage members die through
time and therefore no longer express IGEs. Inclusion of
this can be done either with REP or RR. So far, no improvement when using REP or RR compared to DIAM
(survival time; days) has been found, but future analysis
on a daily basis may yield better results.
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