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Genetic parameters of body weight and ascites in broilers: effect of different
incidence rates of ascites syndrome
J. Ahmadpanaha, N. Ghavi Hossein-Zadeh a, A. A. Shadparvara and A. Pakdelb

aDepartment of Animal Science, Faculty of Agricultural Sciences, University of Guilan, Rasht, Iran; bDepartment of Animal Science, College of
Agriculture, Isfahan University of Technology, Isfahan 84156-83111, Iran

ABSTRACT
1. The objectives of the current study were to investigate the effect of incidence rate (5%, 10%, 20%,
30% and 50%) of ascites syndrome on the expression of genetic characteristics for body weight at 5
weeks of age (BW5) and AS and to compare different methods of genetic parameter estimation for
these traits.
2. Based on stochastic simulation, a population with discrete generations was created in which
random mating was used for 10 generations. Two methods of restricted maximum likelihood and
Bayesian approach via Gibbs sampling were used for the estimation of genetic parameters. A
bivariate model including maternal effects was used. The root mean square error for direct
heritabilities was also calculated.
3. The results showed that when incidence rates of ascites increased from 5% to 30%, the herit-
ability of AS increased from 0.013 and 0.005 to 0.110 and 0.162 for linear and threshold models,
respectively.
4. Maternal effects were significant for both BW5 and AS. Genetic correlations were decreased by
increasing incidence rates of ascites in the population from 0.678 and 0.587 at 5% level of ascites to
0.393 and −0.260 at 50% occurrence for linear and threshold models, respectively.
5. The RMSE of direct heritability from true values for BW5 was greater based on a linear-threshold
model compared with the linear model of analysis (0.0092 vs. 0.0015). The RMSE of direct heritability
from true values for AS was greater based on a linear-linear model (1.21 vs. 1.14).
6. In order to rank birds for ascites incidence, it is recommended to use a threshold model because
it resulted in higher heritability estimates compared with the linear model and that BW5 could be
one of the main components of selection goals.
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Introduction

Ascites syndrome (AS) is a metabolic disorder in fast-grow-
ing broilers. Rapid growth, an asymmetry between the oxy-
gen requirement and the cardiovascular ability for
supplying oxygen are the main factors contributing to
develop ascites (Julian and Mirsalimi, 1992; Scheele et al.,
1992; Decuypere et al., 2000; Pakdel et al., 2005). Due to
oxygen deficiency, birds encounter pressure on the pulmon-
ary vascular system and lack of oxygen in the tissues which
begins from the embryonic stage, with increased pulmonary
arterial pressure having secondary importance (Decuypere
et al., 2000; Havenstein et al., 2003; Closter et al., 2009).
Studies have shown the most common clinical signs of
ascites are right ventricular hypertrophy and fluid accumu-
lation in the abdominal cavity (Decuypere et al., 2000;
Moghadam et al., 2001; Balog et al., 2003; Pakdel et al.,
2005; Zerehdaran et al., 2006). As a whole, the syndrome is
generally characterised by fluid accumulation in the abdom-
inal cavity, variable liver changes and enlarged heart which
results in eventual mortality (Decuypere et al., 2000;
Moghadam et al., 2001; Balog et al., 2003; Pakdel et al.,
2005). However, indicator traits must be measured post-
mortem, meaning that selection against ascites susceptibility
through measured traits is complicated, because informa-
tion from relatives are the only data available for genetic
selection (McMillan and Quinton, 2002; Pakdel et al., 2005).

Therefore, Closter et al. (2009) concluded that blood gas
parameters, which can be measured on living birds, are the
best tools available for selection against ascites susceptibility
in broilers.

Ascites-related traits such as ratio of right to total ven-
tricular weight, right ventricular weight, bicarbonate and
haematocrit value have been shown to be heritable and
have moderate to high heritabilities (Moghadam et al.,
2001; Pakdel et al., 2002, 2005; Closter et al., 2009). This
indicates the importance of genetic factors for these traits.
As pointed out by Julian (1998), genetic selection against
ascites susceptibility can be used appropriately to reduce the
levels of occurrence in modern broilers. In addition, for
outlining the effective selection programmes to reduce
ascites susceptibility, the knowledge of genetic parameters
for traits considered are of utmost importance (Closter
et al., 2009). There are many difficulties that affect estima-
tion of genetic parameters for AS in broilers, including
prevalence of ascites in broiler populations and the nature
of the trait considered (i.e. threshold character) which is a
polygenic trait with categorical phenotypes (Lubritz et al.,
1995; Moghadam et al., 2001). Linear methods have been
used for genetic parameter estimation of threshold traits
indicating slight differences between linear and non-linear
approaches (Lubritz et al., 1995; Moghadam et al., 2001). As
Abdel-Azim and Berger (1999) and Ghavi Hossein-Zadeh
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(2012) pointed out, genetic evaluation for categorical traits
differs from those of continuous ones. Only a few estimates
of genetic parameters of AS have been reported in the
scientific literature (Lubritz et al., 1995; Moghadam et al.,
2001, 2005; Pakdel et al., 2002). Direct heritability estimates
for AS were reported to be from 0.12 to 0.44 in different
studies (Wideman and French, 2000; Anthony et al., 2001;
Balog et al., 2001). However, genetic correlations between
body weight and ascites are dependent on the severity of the
challenge and frequency of ascitic birds in the population
(De Greef et al., 2001; Zerehdaran et al., 2006). De Greef
et al. (2001) demonstrated that the inferred genetic correla-
tions between productivity and ascites traits varied signifi-
cantly with the severity of the AS when the frequency of
ascitic birds was high.

Based on the Bayesian approach, marginal posterior dis-
tribution of a parameter of interest is constructed specially
for a random variable, applying the calculus of probability.
In multidimensional problems where all other parameters
in the model must be integrated out, this procedure is
practical (Rodriguez-Zas et al., 1998). On the other hand,
a feasible, iterative and stochastic integration procedure that
creates a Markov chain is Gibbs sampling (GS) methodol-
ogy, the stationary distribution of which the posterior dis-
tribution is of interest (Rodriguez-Zas et al., 1998). Markov
chain Monte Carlo (MCMC) methods such as GS make it
feasible to implement multivariate threshold models or
multivariate mixed linear threshold models (Stock et al.,
2007). Bennewitz et al. (2007) showed that the heritability
estimates for three different reproductive traits were sub-
stantially higher based on the linear models. The objectives
of this study were (i) to test the impact of the incidence
rates of AS on genetic parameters for body weight at
5 weeks of age and ascites incidence and (ii) to compare
linear-linear and linear-threshold (a Bayesian approach)
models to estimate genetic parameters for body weight
and ascites incidence.

Materials and methods

Population simulation

The base population was simulated with discrete genera-
tions using stochastic simulation based on the infinitesi-
mal model and included genotypes for body weight at
5 weeks (BW5) and AS (McMillan and Quinton, 2002).
The simulation program was written by Visual Basic 6.0
programming language. In this study, the genetic correla-
tion matrix for traits considered was singular and, there-
fore, a bending routine was used to make the genetic
correlation matrix non-singular. This resulted in small
changes as compared to the original parameters (Hayes
and Hill, 1981; Pakdel et al., 2002). The traits were stan-
dardised to mean zero and phenotypic variance of 1 in the
base population. Subsequent generations were generated
through random mating between the individuals for 10
generations. The breeding values for individuals of sub-
sequent generations were simulated through the mean
breeding values of their parents which were added to
the Mendelian sampling effect that was simulated from a
normal distribution with mean zero and variance equal to
half of that of the genetic variance. The true direct herit-
abilities for BW5 and AS were 0.369 and 0.546,

respectively (Lubritz et al., 1995; Closter et al., 2009).
The (co)variance components obtained from running 10
replicates of the simulation program were used to calcu-
late average heritabilities. Fixed effects included sex and
hatch stage (5 levels). The residual and additive genetic
variances for a continuous trait (BW5) and liabilities of
one categorical trait (AS) were simulated.

Phenotypes for BW5 (Y1) and AS (Y2) were assigned to
be the sum of the genetic component and an independent
standard normal deviate representing random environmen-
tal effects. The AS records were recoded as 1 (non-ascitic)
or 2 (ascitic) at the two sides of the thresholds that pro-
duced separate data sets with incidence rates of 5%, 10%,
20%, 30% and 50% for AS in the flock. Then liability scale
heritabilities of the binary trait were calculated and com-
pared to the true heritability. The phenotype for AS (thresh-
old character) was assigned as follows:

Y2 ¼ 1 if �1<Ui < t
2 if t � Ui <þ1 ;

�

where Ui is the liability and t is the threshold point in which
the phenotype, Y2=2 is an individual with ascites; Y2=1 is an
individual that will not become ascitic.

Genetic analyses

Comparing two models with and without maternal effects
showed that maternal effects are significant (p < 0.05) for
traits BW5 and AS. Therefore, traits were analysed follow-
ing a bivariate analysis in which each trait followed the next
model as:

y ¼ Xbþ ZuþWmþ Speþ e;

where y = vector of observations, b = vector of fixed effects,
u = vector of random animal effect, m = vector of random
maternal (indirect) genetic effect, pe = vector of permanent
environmental effect due to the dam, e = vector of random
residual effects and X, Z, W and S are incidence matrices
relating records of the trait to fixed, animal, maternal
genetic and permanent environmental effects, respectively.

It is assumed that:

Var

u1
u2
m1

m2

pe1
pe2
e1
e2

2
66666666664

3
77777777775
¼

g11A g12A g13A g14A 0 0 0 0
g21A g22A g23A g24A 0 0 0 0
g31A g32A g33A g34A 0 0 0 0
g41A g42A g43A g44A 0 0 0 0
0 0 0 0 q11I q12I 0 0
0 0 0 0 q21I q22I 0 0
0 0 0 0 0 0 r11I r12I
0 0 0 0 0 0 r21I r22I

2
66666666664

3
77777777775

In which, gij are the elements of G, the additive genetic
covariance between variables i and j, where i = 1, 2 refer to
direct effects for traits 1, 2 and i = 3, 4 refer to maternal
effects for traits 1, 2; qij are elements of Q, the variance and

covariance matrix for permanent environmental effects and
rij are elements of R, the variance and covariance matrix for
residual effects (I).

Genetic parameters were estimated based on restricted
maximum likelihood (REML) method using the DMU pro-
gram (Madsen and Jensen, 2008). In this situation, both
BW5 and AS were analysed using the underlying continu-
ous traits. Estimated heritabilities for AS on the observed
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scale were converted to the liability scales using the follow-
ing equation:

h21 ¼
h20 p 1� pð Þð Þ

z2
;

where h21 is the estimation of heritability on the liability
scale, h20 is the heritability on the observed scale, p is the
proportion of affected individuals and z is the height (in
standard deviation units) of the normal curve at the
threshold point and is equal to i × p, in which i is the
mean deviation from the population mean of animals
with values exceeding the threshold (Dempster and
Lerner, 1950). On the other hand, (co)variance compo-
nents and genetic parameters of BW5 and AS were esti-
mated based on marginal posterior distribution with GS
algorithm from a Bayesian approach using the TM pro-
gram (Legarra et al., 2011). In this analysis, AS was
considered as underlying continuous trait. (Co)variance
components and heritabilities were obtained from bivari-
ate analyses. Gibbs chains with 500 000 iterations were
generated, with an initial discard of 100 000 samples
(burn in period) and a sampling interval of 100 iterations
(thinning interval). Therefore, 4000 samples were used for
estimating genetic parameters.

In the threshold model, it was assumed that the under-
lying scale presents as a normal continuous distribution.
Given that the liability variate is unobservable, parameter-
isation σ2e ¼ 1 is usually adopted in order to achieve iden-
tifiability in likely (Ubirajara De Faria et al., 2007). The
susceptibility value with a threshold point was modelled
using the following distribution:

f yasjIas
� � ¼ Y

i¼1;nd

f yias jIas
� �

¼
Y
i¼1;nd

1 Ias<tð Þ1 yias ¼ 1
� �

þ 1 Ias<tð Þ1 yias ¼ 2
� �

;

where t is threshold that defines the two categories of
response, nd is the total number of data points, Ias is the
underlying distribution of the ascites susceptibility and yias
is the phenotype for ascites. The prior distribution of t was
assumed to be fixed (Ghavi Hossein-Zadeh, 2014).

The convergence checking of the chains generated by the
Gibbs sampler was done using graphical analysis and diag-
nosis tests available in the Bayesian output analysis (BOA)
program (Smith, 2007). Also, the BOA program was used to
estimate 95% high posterior density (HPD) intervals for all
the estimates of (co)variance components and genetic para-
meters. Raftery and Lewis method was used for diagnosis
(Raftery and Lewis, 1994).

The root mean square error (RMSE) was defined as the
square root of the mean square difference between the
estimate and its true value:

RMSE ¼
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
E ðĥ2 � h2Þ2
h ir

:

This statistic quantifies both bias and precision and is a
measure of the quality of an estimator (Bolker, 2008). A
small RMSE indicates that the estimator is close to its true

value both in terms of bias (systematic error) and precision
(random error).

Results

To compare models of analyses, we used the mean square
error (MSE) of models 1 (without maternal effects) and 2
(with maternal effects). Therefore, the results showed that
the MSE related to model 2 was lower than model 1. Also,
the results are based on model 2, including maternal effects.
The posterior means and medians of genetic parameters
and their HPDs for BW5 and AS obtained from the lin-
ear-linear and linear-threshold models of analysis, based on
different incidence rates of ascites in the population, are
presented in Tables 1–3, respectively. In the 5% occurrence
level of ascites and based on the linear-linear model, esti-
mates of direct and maternal heritabilities, ratio of maternal
permanent environmental variance to phenotypic variance
and correlation between direct and maternal genetic effects
for BW5 and AS were 0.400, 0.013, 0.002 and 0.029 and
0.013, 0.012, 0.017 and −0.827, respectively (Table 1). In this
situation, AS had a binomial distribution and estimates of
genetic parameters for this trait were based on the observed
scale. Posterior mean estimates of direct and maternal her-
itabilities for BW5 and AS obtained from the linear-thresh-
old model were 0.398, 0.007 and 0.005, 0.022, respectively.
Also, the ratio of maternal permanent environmental var-
iance to phenotypic variance and correlation between direct
and maternal genetic effects for BW5 and AS were 0.007,
−0.046 and 0.007, −0.110, respectively. The variation range
of HPDs of the direct and maternal heritabilities and the
ratio of maternal permanent environmental to phenotypic
variance estimate were located at the region greater than
zero. Therefore, the probability of achieving a zero estimate
for these parameters was almost null (Ghavi Hossein-Zadeh,
2014). Maternal heritability for AS was decreased by an
increasing incidence rate of ascites in the population up to
20%. However, maternal heritability for AS was increased
based on 30% and 50% incidence rates of ascites in the
population. The correlation between direct and maternal
genetic effects for BW5 based on the linear-linear model
was positive (0.029) but in the analysis based on the linear-
threshold model was negative (−0.046).

When the occurrence of ascites increased in the popula-
tion to 10%, the direct heritability for BW5 was increased by
7.75% and 7.28% for linear-linear and linear-threshold
models, respectively. By increasing the occurrence of the
character up to 20%, the direct heritability estimate for BW5
was decreased compared to the true heritability. Based on
the linear-threshold model, the greatest estimate of direct
heritability for BW5 was achieved when the incidence rate
of the character was 30% (0.438). Also, this situation based
on the linear-linear models was obtained while the inci-
dence of the character was 5% (0.400) in the population.
Changing the incidence rate of AS in the population
resulted in variation of estimated heritability for BW5. As
a whole, posterior mean estimates of variance components
and genetic parameters obtained by Bayesian analysis via
GS were higher than those estimated by the REML
approach. The results are concordant with those reported
in other studies (Ghavi Hossein-Zadeh, 2014; Maniatis
et al., 2015).
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Estimates of heritability for AS based on the linear-linear
models ranged from 0.013 to 0.110. These estimates indicate
that despite the heritability is low for AS, additive gene
action plays a prominent role in determining susceptibility
to the disease. To our knowledge, studies reporting herit-
ability estimates for AS in broilers are extremely limited and

therefore, there was little opportunity to compare our
results with results in the literature. Lubritz et al. (1995)
provided some data of heritability for AS in broilers
exposed to cool temperatures from 2 to 8 weeks. They
performed a sire model analysis to estimate heritability for
ascites as a threshold character. The heritability estimates by

Table 1. Estimated direct and maternal heritabilities, ratio of maternal permanent environmental variance to phenotypic variance and correlations between
body weight at 5 weeks of age (BW5) and ascites incidence (AS) (SE) at the 5% and 10% ascites incidence rates in the population by REML (Linear-Linear) in
observed and liability scales and Bayesian (Linear-Threshold) approaches.

Linear-linear Linear-threshold

Trait Parametera Observed Liability Mean Median Lowb High

5% probability level
BW5 h2a 0.400(0.050) 0.3985(0.008) 0.3987 0.3540 0.4220

h2m 0.013(0.007) 0.0074(0.001) 0.0074 0.0058 0.0092
c2 0.002(0.001) 0.0073(0.006) 0.0057 0.0001 0.0432
ra;m 0.029(0.014) −0.0462(0.038)) −0.0455 −0.176 0.1520

AS h2a 0.013(0.007) 0.005 0.0052(0.0001) 0.0053 0.0046 0.0057

h2m 0.012(0.008) 0.0221(0.001) 0.0216 0.0198 0.0356
c2 0.017(0.009) 0.0075(0.0040) 0.0068 0.0007 0.0249
ra;m −0.827(0.420) −0.1101(0.0368) −0.1204 −0.1678 −0.0789

BW5-AS rg 0.678(0.231) 0.5872(0.2831) 0.5947 −0.7124 0.8435
rm 0.295(0.045) −0.0100(0.0270) −0.1278 −0.7109 0.7663
re −0.024(0.006) −0.0914(0.0298) −0.1013 −0.2014 0.0496

10% probability
BW5 h2a 0.370(0.030) 0.3698(0.0439) 0.3933 0.2366 0.4955

h2m 0.003(0.001) 0.0317(0.0208) 0.0466 0.0033 0.0686
c2 0.018(0.009) 0.0146(0.0086) 0.0132 0.0006 0.0585
ra;m 0.027(0.006) −0.1128(0.1924) −0.3939 −0.4878 0.7097

AS h2a 0.032(0.011) 0.020 0.0210(0.0068) 0.0200 0.0010 0.0627

h2m 0.003(0.001) 0.0222(0.0110) 0.0153 0.0103 0.0676
c2 0.002(0.001) 0.0136(0.0080) 0.0120 0.0004 0.0525
ra;m −0.512(0.320) −0.2994(0.2532) −0.1473 −0.9023 0.4058

BW5-AS rg 0.563(0.102) 0.5271(0.2006) 0.6990 −0.8263 0.7951
rm 0.146(0.097) −0.0320(0.0205) −0.0942 −0.6012 0.5391
re −0.031(0.009) −0.0927(0.0312) −0.1034 −0.2145 0.0524

ah2a : direct heritability, h
2
m: maternal heritability, c2: the ratio of maternal permanent environmental variance to phenotypic variance, ra;m: correlation between

direct and maternal genetic effects, rg, rm and re are genetic, maternal and environmental correlations between BW5 and AS.
bLow and high is 95% high posterior density interval.

Table 2. Estimated direct and maternal heritabilities, ratio of maternal permanent environmental variance to phenotypic variance and correlations between
body weight at 5 weeks of age (BW5) and ascites incidence (AS) (SE) at the 20% and 30% ascites occurrence in the population by REML (Linear-Linear) in
observed and liability scales and Bayesian (Linear-Threshold) approaches.

Linear-linear Linear-threshold

Trait Parametera Observed Liability Mean Median Lowb High

20% probability
BW5 h2a 0.350(0.040) 0.326(0.039) 0.3255 0.2419 0.4883

h2m 0.006(0.002) 0.027(0.007) 0.0265 0.0058 0.0783
c2 0.004(0.002) 0.010(0.006) 0.0088 0.0005 0.0479
ra;m 0.126(0.063) 0.192(0.044) 0.1902 0.1832 0.2014

AS h2a 0.041(0.007) 0.072 0.077(0.033) 0.0640 0.0136 0.1474

h2m 0.005(0.002) 0.055(0.019) 0.0546 0.0152 0.1105
c2 0.012(0.005) 0.026(0.014) 0.0242 0.0013 0.0856
ra;m −0.277(0.103) −0.436(0.178) −0.4601 −0.8448 0.2179

BW5-AS rg 0.254(0.021) 0.386(0.277) 0.3265 −0.2592 0.8497
rm 0.473(0.176) −0.345(0.385) −0.2891 −0.8512 0.6842
re −0.083(0.026) −0.139(0.038) −0.1417 −0.2518 −0.0215

30% probability
BW5 h2a 0.388(0.080) 0.438(0.035) 0.4422 0.3075 0.5647

h2m 0.025(0.006) 0.024(0.010) 0.0201 0.0039 0.0923
c2 0.009(0.005) 0.022(0.012) 0.0220 0.0004 0.0601
ra;m 0.328(0.155) −0.570(0.212) −0.7108 −0.9050 0.1778

AS h2a 0.110(0.039) 0.153 0.162(0.033) 0.1469 0.0936 0.3154

h2m 0.039(0.012) 0.076(0.023) 0.0647 0.0305 0.1833
c2 0.025(0.011) 0.022(0.012) 0.0220 0.0004 0.0601
ra;m −0.833(0.141) −0.832(0.059) −0.8237 −0.9754 −0.5051

BW5-AS rg 0.472(0.077) 0.098(0.091) 0.1315 −0.3022 0.3345
rm 0.875(0.250) −0.315(0.248) −0.1736 −0.9315 0.3587
re −0.079(0.028) −0.132(0.039) −0.1383 −0.2389 0.0174

ah2a : direct heritability, h
2
m: maternal heritability, c2: the ratio of maternal permanent environmental variance to phenotypic variance, ra;m: correlation between

direct and maternal genetic effects, rg, rm and re are genetic, maternal and environmental correlations between BW and AS.
bLow and high is 95% high posterior density interval.
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this method varied from 0.11 to 0.44, depending on broiler
lines and rate of growth. As shown in Tables 1–3, the direct
heritability estimate for AS was increased by increasing
incidence level of ascites in the population up to 30%, but
it was decreased when incidence rate of AS was 50% in the
population.

The estimated direct heritability for AS based on the
linear model, when the incidence rates of AS were 5% and
10%, was higher than that of estimated by threshold
model. The estimated direct heritability for AS was higher
based on the threshold model, compared with the linear
model, while the incidence rates of AS were 20% and 30%.
As presented in Table 4, the RMSE of direct heritabilities
for BW5 and AS from their initial values (used for simula-
tion of population) can be compared. Also, the skewness
and kurtosis of direct heritabilities for BW5 and AS from
normal distribution are reported. For BW5, the RMSE of
direct heritability from true heritability based on the lin-
ear-linear model was lower than that obtained by the
linear-threshold model. This can be presented by skewness
of estimated heritability from the linear-threshold model
based on different level of ascites occurrence. As the inci-
dence rate of AS was increased, the skewness of estimated
heritability for BW5 was increased negatively or positively.
The lowest and greatest kurtosis for heritability of BW5
were −0.24 and 3.20 when the incidence rates of AS were
20% and 50%, respectively. Somehow heritability of AS
seems more affected. An explanation can be found in
comparison between RMSEs of estimated heritabilities for
AS based on the models used for analysis (Table 4). When
the incidence rates of AS were 10%, 20% and 30%, the

RMSE of heritability based on the linear-threshold model
was lower than that in the linear-linear model. The lowest
RMSE was related to estimated heritability on the liability
scale.

Figures 1 and 2 depict the trace plots and Marginal
posterior density of direct heritabilities for BW5 and AS
traits, when the incidence rate of AS was 5% in the popula-
tion. Trace plots generate a time-series plot of the sampled
points for each parameter in each chain (Smith, 2007). The
plots indicate that the algorithm mixed well, despite of
differences among traits.

The average and posterior mean estimate of genetic
correlation between BW5 and AS were 0.678 and 0.587 for
linear-linear and linear-threshold models, respectively.
Genetic correlation between BW5 and AS was decreased
by increasing incidence rate of ascites in the population.
Therefore, genetic correlation between BW5 and AS was
reduced by increasing ascites incidence rate from 5% to 50%
in the population.

Discussion

Genetic parameters for indicator traits of AS were estimated
in the scientific literature (Lubritz et al., 1995; Pakdel, 2004;
Zerehdaran et al., 2005; Closter et al., 2009). Pakdel (2004)
estimated the genetic parameters for ascites-related traits
using a REML approach. Threshold traits related to AS
were liver (scored as 0: no abnormality, 1: liver abnormality
and 2: irregular abnormality), abdomen (scored as 0: no
fluid, 1: fluid accumulation was observed and 2: serious
accumulation in the abdominal cavity) and heart (scored

Table 3. Estimated direct and maternal heritabilities, ratio of maternal permanent environmental variance to phenotypic variance and correlations between
body weight at 5 weeks of age (BW5) and ascites incidence (AS) (SE) at the 50% ascites occurrence in the population by REML (Linear-Linear) in observed and
liability scales and Bayesian (Linear-Threshold) approaches.

Linear-linear Linear-threshold

trait Parametera Observed Liability Mean Median Lowb High

50% probability
BW h2a 0.369(0.064) 0.413(0.017) 0.4132 0.3601 0.5070

h2m 0.011(0.008) 0.006(0.000) 0.0065 0.0056 0.0085
c2 0.000(0.000) 0.020(0.011) 0.0175 0.0006 0.0681
ra;m 0.183(0.147) −0.724(0.074) −0.6781 −0.8549 −0.5950

AS h2a 0.071(0.019) 0.034 0.069(0.001) 0.0074 0.0041 0.0085

h2m 0.043(0.016) 0.022(0.004) 0.0215 0.0089 0.0433
c2 0.003(0.001) 0.028(0.014) 0.0262 0.0036 0.0977
ra;m −0.753(0.256) −0.549(0.133) −0.5105 −0.8914 −0.0990

BW-AS rg 0.393(0.142) −0.260(0.152) −0.1590 −0.5523 0.0008
rm 0.782(0.221) 0.364(0.245) 0.4932 −0.3404 0.7117
re −0.077(0.026) −0.090(0.030) −0.0917 −0.1775 0.0119

ah2a : direct heritability, h
2
m: maternal heritability, c2: the ratio of maternal permanent environmental variance to phenotypic variance, ra;m: correlation between

direct and maternal genetic effects, rg, rm and re are genetic, maternal and environmental correlations between BW and AS.
bLow and high is 95% high posterior density interval.

Table 4. Skewness and kurtosis of direct heritability of body weight at 5 weeks of age (BW5) and ascites incidence (AS) from normal distribution and RMSE of
estimated heritabilities from the true heritability based on linear-linear (observed and liability scales) and linear-threshold models.

Trait BW5 AS

Per centa 5 10 20 30 50 5 10 20 30 50

Linear-linear (observed scale)
RMSEb 0.0009 0.000 0.0003 0.0003 0.0000 0.2840 0.2641 0.2550 0.1900 0.2256
Linear-linear (liability scale)
RMSE - - - - - 0.2559 0.2213 0.2307 0.1390 0.2047
Linear-threshold
RMSE 0.0008 0.000 0.0018 0.0047 0.0019 0.2924 0.2756 0.2199 0.1474 0.2275
Skewness −0.3400 −0.720 0.3100 −0.4700 0.9000 −0.3100 1.1300 0.5200 1.2200 −0.4700
Kurtosis 1.2600 −0.700 −0.2400 1.0000 3.2000 1.4900 7.1500 −1.0500 0.9800 −1.2500

aPer cent of population with the character.
bRMSE is the root mean square error of direct heritability from the true heritability (heritability that used for simulation of population).
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as 0: no fluid, 1: fluid accumulation was observed and 2:
serious accumulation in the heart sac). The estimated her-
itabilities for liver, abdomen and heart were 0.08, 0.18 and
0.08, respectively.

We used populations with AS occurrence levels of 5%,
10%, 20%, 30% and 50%. The results could be interpreted
noting that because of symmetry, the results for probability
of occurrence of 90% are the same as for 10%, etc.
(Dempster and Lerner, 1950; Van Vleck, 1972). These
results were in agreement with previous studies in which
heritability of ascites in male broilers is higher than for
female broilers, because the incidence of AS and of cardio-
vascular problems in general is much greater for males than
for females (Moghadam et al., 2001). The results obtained
for direct heritability of AS was in accordance with that
presented by Kause et al. (2007). As pointed out by Kause
et al. (2007), the direct heritability for skeletal deformations
of farmed salmonoids was increased by increasing the fre-
quency of disease up to 25% in the population.

A theory was tested by Van Vleck (1972), generating
samples of data with an underlying pseudo-normal distri-
bution of genetic and environmental values, then truncating
on phenotypic values corresponding to 10 probabilities of
occurrence. At an incidence between 5% and 50%, liability
scale heritability of a binary trait appears to be a reasonably
unbiased estimate of the true heritability when using sib
designs. Also, Kause et al. (2007) tested the theory described
by Van Vleck (1972), and their results showed that the
heritability of the binary trait in the liability scale decreased
sharply when the incidence rate decreased from 5% to 1%.
Consequently, the reduction in the liability scale heritability
for deformations at low incidence can be caused by an
estimation problem due to the low incidence.

By changing the incidence rate of AS, the phenotypic
variance of AS was changed and consequently, genetic var-
iance for BW5 and AS and covariance between these traits
were altered. Generally, when phenotypic expressions are
differentially affected by the environment, it can be

expected that the genetic correlations may be environment
dependent (De Greef et al., 2001). Zerehdaran et al. (2006)
showed that the overall correlations between body weight
and ascites traits are dependent on the frequency of ascitic
birds in the population. As the frequency of ascitic birds
increased, the overall genetic correlation among BW and
ascites traits were reduced. Also, De Greef et al. (2001)
showed that the inferred genetic correlations between pro-
duction and ascites-related traits varied significantly with
the severity of the AS under cold conditions, which is in
agreement with the results of the present study. As pointed
out by De Greef et al. (2001), this situation is not unique for
ascites but each disease that is related to performance may
show this status. Therefore, genetic correlations will only
reflect the environment they were gathered from.

This study clearly showed that the expression of a thresh-
old character (AS) in the population affect genetic para-
meters of traits measured. De Greef et al. (2001) expressed
the view that the breeding goal for a production disease
focuses on animals that will be producing in less extreme,
but varying, environments and aims at reducing the genetic
liability for the disease. Therefore, for selecting against
susceptibility, considerable disease incidences are required.
We provided the situation by stochastic simulation for a
population with BW as a continuous trait and AS as a
threshold character. Genetic parameters for traits men-
tioned were changed based on different levels of the char-
acter. Genetic correlation between BW and AS was reduced
by increasing occurrence of the character, representing
flocks with high ascites incidence. As pointed out by De
Greef et al. (2001), it can be inferred for most metabolic
diseases that the intrinsic genetic relationship between the
studied production disease and performance is unfavour-
able because genetic correlation between BW and ascites-
related traits in the normal condition (low occurrence level
of ascites) was reportedly positive (Pakdel, 2004; Closter
et al., 2009) but in the cold condition was negative
(Pakdel, 2004). Considering cold conditions (or high

Figure 1. Trace plot of direct heritabilities (h2a) for BW5 and AS traits at 5% ascites occurrence level in the population.

Figure 2. Marginal posterior density for direct heritabilities (h2a) of BW5 and AS traits at 5% ascites occurrence level in the population.
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frequency of ascitic birds in the population in the present
study) in which the estimated genetic correlation between
BW and AS was significantly negative, suggesting that the
disease incidence would be elevated when selecting for
increased BW. Further thought would be deserved by inter-
actions between genetic and environmental effects and
complications in population characteristics like genetic cor-
relations. Therefore, reducing environmental sensitivity can
be beneficial to alternative breeding programmes.

Effect of different disease incidence rates in the population
on genetic parameters was investigated. Heritability of a
threshold character such as ascites was affected by levels of
occurrence. Also, genetic correlation between BW5 and AS
was reduced by increasing levels of incidence. In other words,
the balance between severity of the syndrome (the environ-
ment) and susceptibility resulted in relatively unpredictable,
but generally reduced, genetic correlations. An example of
this is an environmental effect, such as cold conditions (high
incidence of ascites) of AS on the expression of BW5 and AS.
The results showed that the heritability of AS was under-
estimated by the linear model on the observed scale because
the RMSE was greater based on the linear model than herit-
abilities on the liability scale and the threshold model. In
order to rank birds for ascites susceptibility, it is recommend
using the threshold model because it resulted in higher herit-
ability estimates compared to the linear model. The results of
this study indicated a perspective for the implementation of
genetic selection for ascites susceptibility in broilers.
Therefore, in designing selection programmes for ascites sus-
ceptibility, genetic improvement in BW5 could be one of the
main components of a selection goal.
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