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Summary

Social competition effects among individuals can have important influences on the
production and fitness traits in livestock population. Therefore, the aim of this study was to
estimate variance components due to social effects for three production traits including egg
weight, egg number and body weight in Arian broiler line chicken. In this study 29,645
production records provided by Arian line broiler chicken center of Iran from 2007 to 2016
were used. Data were analyzed with 3 different single-trait animal models including or
excluding random social genetic and pen effects, using an AI-REML algorithm. For each
trait, the most appropriate model was chosen based on Akaike information criteria. Based on
the most appropriate fitted models, direct heritability estimates ranged from 0.08±0.02 (egg
weight) to 0.58±0.02 (body weight). Even though social genetic variance was small, it was
statistically significantly different from zero for body weight and egg weight. The variance
due to random pen effects was significant for egg production traits. In general, social genetic
and pen effects were important effects regardless of trait under study. Correlation between
direct and social genetic effects was negative (-0.78) for egg weight and positive (0.28) for
body weight. Overall, we concluded that including either social genetic or pen effects as
random effects in the model avoids bias in estimates of genetic variances for production traits
in broiler chickens.
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Introduction
Social interactions among individuals can have important influences on the

expression of performance traits such as production and welfare traits in domestic livestock
populations (Bijma et al., 2007). For instance, social interactions can reduce growth rate and
egg production due to competition for limited resources. Response to selection when
performance (especially growth traits) is measured in pens can be affected by
competition effects (Chen et al., 2008). Van Vleck & Cassady (2005) showed by
simulation that estimates of other components of variance can be biased when either
pen or competition effects are ignored.

Wolf (2003) reported that the environment provided by group members is often the
most important component of the environment experienced by an individual in that group.
Although the social competition effects may appear to be purely environmental, they differ
from other sorts of environmental influences, because they can have a genetic basis (Wolf,
2003). Excluding maternally affected traits, traditional breeding values has neglected the
social effect of an individual on the phenotypes of its group members. This social effect is
often called an associative effect (Griffing, 1967). When the objective is to improve traits
affected by interactions among individuals, the use of traditional models can result in
response to selection in the opposite direction (Griffing, 1967). Designing breeding programs
for animals that live together requires knowledge of the genetic parameters underlying the
interactions among group members (Bijma et al., 2007). Such knowledge would allow one to
quantify the potential contribution of associative effects to response to selection, to optimize
poultry breeding programs, and to estimate breeding values for both direct and associative
effects. Therefore, the objective of this study was to compare estimates of variance
components for three production traits including body weight, egg number and egg
weight in Arian broiler chicken line with various models including social genetic and
pen effects.
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Material and methods
Data structure

The dataset used in study was provided by Arian broiler chicken line located in
northern Iran. Studied traits included 29654, 29571 and 27085 records of body weight at 42
days of age, egg number up to 42 weeks of age and average egg weight over 26 weeks.
Pedigree included 32623 birds from 2555 sires and 10254 dams. The descriptive statistics of
data is shown in Table 1. The dataset was screened several times and defective or outlier data
points were removed from final analyses.

Table 1. Description of data structure.
No. records mean CV (%) min max

Body weight (gr) 29645 1800.37 8.38 747 2765
Total eggs (n) 29571 64.01 1.55 1 176
Egg weights (gr) 27085 58.97 0.94 10 96

Statistical analysis

Preliminary analysis, using the lm function of R () identified important fixed effects
for all traits. Generation and hatch (nested within generation) for three studied traits were
statistically significant (P < 0.01); therefore, these effects were considered as the fixed effects
within the models. The age of bird at weighting and mother age was considered as covariate
for body weight.

Direct additive genetic, social genetic and pen effects as well as covariance between
direct and social genetic effects were considered as random effects. Data were analyzed with
3 different single-trait animal models with including or excluding social genetic effects. The
models were as follows:

(1)

(2)

(3)

where y is the vector of observations; , , and are known incidence matrices; b is a vector of
so-called fixed effects, which account for systematic nongenetic differences between groups
of individuals (see below); is a vector of random direct additive genetic effects (breeding
values), which were assumed to follow a normal distribution, ); is vectors of random social
genetic effects with a normal distribution as ); and is the vector of residuals, with ). The A
is a matrix of additive genetic relationships among all individuals and Ie is identity matrices
of the appropriate dimensions. In model 3 the structure of variance-covariance of direct
additive and social genetic effects was as:

, where

All models were fitted using AI-REML algorithm as implemented in the wombat
software (Meyer, 2007). Traits were analyzed univariately. Thus 9 separate analyses were
done, three for each trait. All penned animals were included in the analyses, even when their
slaughter records were missing. Because maximum pen size was 10 birds, the design matrix
ZS had 9 columns, one for each group member. For groups <10 birds, ZS contained a 1 for
each of the n group members, while the remaining (10-n) elements of ZS were set to missing.
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Results and Discussion
Akaike information criterion values from univariate analyses for each trait (best

model in bold) is given in Table 1. For Body weight and egg weight, model 3 with social
effects as well as covariance between direct additive and social genetic effects was the most
appropriate model. For egg number the model 2 without covariance between direct genetic
and social genetic effects was the best model.

Table 2. Akaike information criterion (AIC) values from univariate analyses for each trait (best model in

bold)

Model Body weight Egg number Egg weights
Model 1 313476.48 230501.404 196317.5820
Model 2 313399.662 230493.354 196321.1200
Model 3 313387.318 230494.908 196314.8020

The genetic parameters estimated with best model for three traits are shown in Table
2. The ratio of the variance of the total breeding value to the phenotypic variance for the
body weight trait was 0.58, this indicates that the social genetic effect is an important effect
for body weight in broiler chicken. The ratio of the variance of the total breeding value to the
phenotypic variance for total egg number was 0.27, and for the egg weight was 0.08. For
body weight, the positive genetic correlation (0.27) between direct and social genetic effects
suggests that in the absence of aggressive and conflict behavior among birds, the social
interaction effects is cooperative, and use of a mass selection for body weight has potential to
increase the genetic gain. However, the negative and significant genetic correlation (-0.78)
between direct and social genetic effect shows that if there is conflict and limited resources,
genetic competition between birds will increase, and use of mass selection will increase the
competition genetic between individuals. Hence, selection based on relative and group
selection is more effective than mass selection in reducing competition among group
members.

Table 3. Estimates of variance components and genetic parameters.
Parameters1 BW Egg number Egg weights

616.15± 247.70 261.28± 14.40 37.73± 3.19
21.97± 5.52 0.001± 0.18 0.057± 0.05
0.0015± 77.18 9.26± 3.17 2.063± 2.06
9735.68± 250.60 261.29± 14.41 21.87± 3.18
16662.50± 301.23 956.13± 17.21 286.06± 7.12
0.58± 0.02 0.27± 0.02 0.08± 0.02
0.28± 0.05 --- -0.78± 0.08

1, direct additive genetic variance; , social genetic variance; , pen variance; , variance of total breeding
values; , phenotypic variance;, the ration of variance of total breeding values to phenotypic variance; ,
covariance between direct additive genetic and social genetic effects.

Ellen et al. (2008) by studying the survival in three lines of laying hens pointed out
that about 6% to 19% of phenotypic variation is due to the social genetic effect. Bijma et al.
(2007); examined the survival in laying hens using the linear animal model and found that
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the genetic variance with the presence of social interactions to the model was three times
more than the traditional analysis. This means that 2/3 of the genetic variation remains
hidden in traditional analyzes, which is related to the social interaction (Bijma et al., 2007).
Using pig data, Bergsma et al. (2008) showed that a large proportion of genetic variation
(about 70%) for growth rates and feed intake is related to social interaction. They also
reported that social interaction has a small effect on back fat thickness and muscle depth. In
conclusion, social interaction effects should be considered in statistical models concerning
estimation of breeding values in Arian broiler chicken line.
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