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ABSTRACT - The major objective of this study was to estimate heritability and genetic correlations between milk yield 
(MY) and calving interval (CI) and lactation length (LL) in Murrah buffaloes using Bayesian inference. The database used 
belongs to the genetic improvement program of four buffalo herds from Brazil. To obtain the estimates of  variance 
and covariance, bivariate analyses were performed with the Gibbs sampler, using the program MTGSAM. The heritability 
coefficient estimates were 0.28, 0.03 and 0.15 for MY, CI and LL, respectively. The genetic correlations between MY and
LL was moderate (0.48). However, the genetic correlation between MY and CI showed large HPD regions (highest posterior 
density interval). Milk yield was the only trait with clear potential for genetic improvement by direct mass selection. The 
genetic correlation between MY and LL indicates that indirect selection using milk yield is a potentially beneficial strategy. The
interpretation of the estimated genetic correlation between MY and CI is difficult and could be spurious.
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Introduction

The water buffalo (Bubalus bubalis) was originally 
bred in Asia and is now a dairy animal widespread 
throughout the world (Jain et al., 2007; Borghese 2010). 
Recent estimates suggest that there are about 2.8 million 
buffalos distributed across all Brazilian states (Ramos et al., 
2006) out of a global population of more than 174 million 
individuals (FAO, 2006). This species has undergone a 
major expansion in Brazil and, perhaps surprisingly, has 
had an even higher population growth than cattle in recent 
years (Malhado et al., 2007). In contrast, the world buffalo 
population has increased by approximately 18 million in 
the last 10 years, showing an annual increase of only about 
1.13% (Kumar & Singh, 2010). 

The lifetime production of a dairy cow is an indication 
of its utility and is influenced by key fertility parameters such
as calving intervals, length of each lactation and probability 
of surviving from one lactation period to the next (Hossein-
Zadeh, 2011). Likewise, the economic return of buffalo 
milk  depends on  the  milk production and reproductive 
efficiency of animals – the latter being particularly affected by 
calving interval (Ramos et al., 2006).

Breeding buffaloes for increased milk production 
and reproductive efficiency may not be straightforward.

Genetic antagonism has been reported between traits 
associated with reproductive efficiency and milk production in 
cattle (Marti & Funk, 1994). However, these findings are
by no means universal and some researchers have reported 
favorable associations between reproductive traits and 
milk yield in both dairy cattle (Hossein-Zadeh, 2011) and 
buffaloes (Ramos et al., 2006; Malhado et al., 2009).

Abdallah & McDaniel (2000) concluded that improvement 
in yield traits is penalized by a decrease in the fertility of 
cows because of an increase in the average time from 
calving to conception. Thus, the economic gain due to the 
increased milk yield may be counteracted by economic loss 
due to delay in conception, losing the gain from selection 
for yield traits. 

The prediction of breeding values and estimation of 
variance components are essential components of breeding 
programs aimed at enhancing economically important 
phenotypic traits through selective breeding. The typical 
procedure of estimation/prediction is normally based 
on restricted maximum likelihood/best linear unbiased 
prediction (REML/BLUP). However, because REML/
BLUP uses approximation and assumptions of asymptotic 
normality, it provides only approximate confidence intervals
for genetic parameters and the distribution and variance of 
the estimators are unknown (Resende, 2002). A potential 
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solution is the adoption of a Bayesian approach that allows 
the construction of exact probability intervals for estimates 
of genetic parameters.

The major objective of the present study was to estimate 
heritabilities and genetic correlations of milk yield (MY) 
with calving intervals (CI) and lactation length (LL) in 
water buffaloes using Bayesian inference (BI). 

 
Material and Methods

Data on milk yield (2910), lactation length (2910) and 
calving interval (1721) were collected from 702 Murrah 
buffaloes born between 1982 and 2003 of four herds 
from Brazil. The average traits were 1631.5±642.1 kg, 
269.4±43.1 days and 411.0±80.1 days for MY, LL and CI, 
respectively.

Variance components, heritability coefficients and
repeatabilities were calculated for milk yield, lactation 
length and calving interval. We also estimated the genetic, 
environmental and phenotypic correlations between MY 
and LL and MY and CI. 

Bivariate analyses were performed with the Gibbs 
sampler to obtain the estimates of variance and covariance, 
using the program MTGSAM (Multiple Trait Gibbs 
Sampling for Animal Models) as described by Van Tassell 
& Van Vleck (1995). 

The model adopted, represented in matrix notation, 
was

y = Xβ + Za + Wp + e
Where y is a vector of observed traits (MY, LL and CI); 

X is the incidence matrix of fixed effects; β is a vector of 
fixed effects (CG, calving orders and milking frequency);
Z is the incidence matrix of additive genetic random effects, 
a is a vector of additive genetic random effects; W is the 
incidence matrix of permanent environmental random 
effect; p is a vector of permanent environmental random 
effects; and e is a vector of random-error effects.

Four birth seasons (January to March, April to June, 
July to September and October to December) were used 
for the formation of the contemporary groups (CG). The 
CG contained animals of the same herd, season and year 
of parturition.

The prior distribution for co(variance) components of 
the genetic effects was an inverted Wishart. The MTGSAM 
uses the Gauss–Seidel iterative method in the mixed model 
equation to obtain an initial value for the fixed and random
effects to be used in the Gibbs sampler. The initial numbers 
were arbitrarily obtained using a single chain with 150,000 
iterations and a burn-in period of 25,000 samples was used 
with samples taken at each 25 cycles. The convergence 

diagnosis was analyzed through the Geweke method (1992) 
using the algorithm implemented on software R through the 
package BOA (Bayesian Output Analysis; Smith, 2005). 

The descriptive statistics (mean, median, mode and 
standard deviation) of the a posteriori distribution for each 
parameter were obtained from effective samples using the 
software SAS (Statistical Analysis System, version 9.1). 
The highest posterior density (HPD) region or confidence
interval provides the interval that includes 95% of samples 
and is a measure of reliability. The HPD can also be applied 
to non-symmetric distributions (Hyndman, 1996).

Results and Discussion

 The means, medians and modes of estimates of variance 
components and genetic parameters for milk yield and 
lactation length were similar (Table 1). This is in accordance 
with Carlin & Louis (2000), who observed that similar 
values are expected for an a posteriori marginal density that 
follows a normal distribution. According to Wright et al. 
(2000), the mode is the most appropriate position measure 
for a posteriori distributions, and best reflects the highest 
frequency values (maximum distribution). It is important 
to emphasize that other measures of central tendency such 
as the mean and median can also summarize a posteriori 
distributions, especially if the densities are approximately 
symmetrical – circumstances under which such measures 
are similar. On the other hand, the calving intervals showed 
different results to position measures and nonsymmetric 
distribution.

The heritability estimate for milk yield was moderate 
(mode = 0.28), suggesting that this trait has enough additive 
genetic variation to respond well to direct mass selection. 
Studies on buffaloes using Bayesian inference (BI) reported 
heritabilities of 0.22 (Aspilcueta-Borquis et al., 2010) and 
0.16 (Malhado et al., 2012) for the Murrah and Jaffarabadi 
breeds, respectively. Ramos et al. (2006), Tonhati et al. 
(2008) and Rodrigues et al. (2010) reported heritabilities 
of 0.21, 0.19 and 0.25 using REML on the Murrah breed. 
However, much higher results (0.39) were reported by 
Araújo et al. (2008) using BI on the same breed.

The heritability for lactation length was 0.15 (Table 1), 
which indicates small possibility of direct selection for the 
trait. Several studies have reported lower values than this: 
0.08 (REML) for crossbred buffaloes (Malhado et al., 2009), 
0.10 (REML) for Murrah buffaloes (Rodrigues et al., 2010) 
and 0.10 (BI) for the Jaffarabadi breed (Malhado et al., 2012).

Heritability for CI was zero (mode = 0.00). This is in 
agreement with values reported in the literature for dairy 
cattle (Abdallah & McDaniel 2000; Silva et al., 2001) 
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and buffaloes (Ramos et al., 2006). However, studies on 
buffaloes by Penchev (1998), Mahdy et al. (1999), Aziz et al. 
(2001) and Cassiano et al. (2004) reported values equal to 
0.16, 0.17, 0.07 and 0.26, respectively. 

Heritability estimates of calving interval are obtained 
using field data, which are subject to interference from 
the breeder. For example, measures of calving interval 
frequently omit dams culled for low production 
or reproductive problems, a strategy that  can result  
in reduction of additive genetic variance. Additionally, 
this low heritability implies that variations in these traits 
are, to a large extent, influenced by environmental factors
such as herd management policies. New studies with 
censored data can overcome this problem.

The a posteriori distributions of MY and LL traits 
were symmetric and close to those expected in a normal 
distribution (Figures 1 and 2). However, the CI traits were 
positively asymmetric, showing significant differences
between the mode, mean and median (Figure 3). 

The repeatability of the traits were 0.38, 0.16 and 
0.06 (modes) for MY, LL and CI, respectively (Table 1), 
indicating that the selection of animals based on limited 
information about the first lactation can only be used to
improve milk yield. Ramos et al. (2006), Rodrigues et al. 
(2010) and Malhado et al. (2012) reported repeatability 
coefficients of 0.32, 0.33 and 0.58 for MY, respectively.

The estimated correlations between milk yield and 
the other two traits were positive (Table 2; Figures 4 and 5). 
However, the genetic correlation between MY and CI 
showed a large HPD region. Similar results were reported by 

Table 1 - Means, standard deviation (SD), median, mode and highest a posteriori density interval (HPD) of the genetic parameters for milk 
yield (MY), lactation length (LL) and calving interval (CI)

Traits Parameters Mean SD Median Mode
HPD

Low limit High limit

MY σ2a 84221.70 15144.22 83824.00 83151.80 56941.68 115458.60
 σ2pe 31746.39 10969.00 31443.19 32461.23 11231.70 51908.61
 σ2e 184770.38 6522.83 184827.90 18529.54 171751.15 197921.10
 σ2p 300738.48 11257.90 300738.48 299834.49 280006.93 323010.60
 h2 0.28 0.04 0.28 0.28 0.19 0.36
 R 0.38 0.02 0.38 0.38 0.34 0.42
LL σ2a 265.64 59.23 263.75 259.85 151.78 383.11
 σ2pe 33.25 33.91 21.89 7.54 2.80 105.20
 σ2e 1508.02 52.09 1507.03 1497.00 1404.36 1603.52
 σ2p 1806.90 58.05 1804.81 1791.43 1697.77 1923.4
 h2 0.15 0.03 0.15 0.15 0.09 0.21
 R 0.17 0.02 0.16 0.16 0.13 0.21
CI σ2a 485.15 397.79 400.87 109.75 7.97 1252.72
 σ2pe 426.88 373.01 332.00 91.02 0.60 11150.84
 σ2e 14314.30 611.60 14295.27 14253.88 13144.33 15520.15
 σ2p 15226.63 574.86 15217.21 15309.88 14127.33 163631.68
 h2 0.03 0.021 0.03 0.00 0.00 0.08
 R 0.06 0.026 0.06 0.06 0.01 0.11

σ2a - additive genetic variance; σ2pe - permanent environment variance; σ2e - residual variance; σ2p - phenotypic variance; h2 - heritability; R - repeatability.
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Figure 1 - A posteriori distribution for heritability for milk yield 
estimated by Bayesian inference.
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Figure 2 - A posteriori distribution for heritability for lactation 
length estimated by Bayesian inference.
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Aspilcueta-Borquis et al. (2010), who estimated the genetic 
correlations of milk yield and different milk quality traits. 

The correlations (genetic, phenotypic and environmental) 
between MY and LL were moderate (from 0.47 to 0.52). 
High genetic correlations between these two traits in 
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Figure 3 - A posteriori distribution for heritability for calving 
intervals estimated by Bayesian inference.

buffaloes have been reported in other studies (0.89 - 
Malhado et al., 2009; 0.72 - Rodrigues et al., 2010) using 
the REML method. These results indicate that selection for 
milk yield could promote moderate changes in the lactation 
length.

The three position measures for genetic correlation 
of MY and CI ranged from 0.35 to 0.40. However, the 
high standard deviations and large HPD complicate the 
interpretation of the parameter. Ramos et al. (2006) used 
REML in the same set of data and estimated a negative 
correlation of –0.22. Malhado et al. (2009) have also 
reported a negative value of –0.25.

Conclusions

Among the studied traits, milk yield is the only one 
with clear potential for genetic improvement by direct 
selection. The genetic correlation between milk yield and 
lactation length indicated that indirect selection using milk 
yield is a potentially beneficial strategy. The interpretation
of the estimated genetic correlation between milk yield and 
calving interval is difficult and could be spurious.
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Figure 4 - A posteriori distribution for genetic correlation of 
milk yield (MY) and lactation length (LL) estimated 
by Bayesian inference.

Table 2 - Environmental, phenotypic and genetic correlations between milk yield (MY) with lactation length (LL) and calving interval (CI)

Correlation Traits Mean Highest standard 
deviation Median Mode

A posteriori density interval

Low limit High limit

Genetic LL 0.47 0.11 0.47 0.48 0.23 0.69
 CI 0.40 0.30 0.38 0.35 –0.07 0.99
Phenotypic LL 0.47 0.031 0.47 0.47 0.41 0.53
 CI 0.08 0.030 0.08 0.08 0.03 0.14
Environmental LL 0.52 0.02 0.52 0.52 0.48 0.56
 CI 0.07 0.032 0.07 0.07 0.01 0.13

MY and CI
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Figure 5 - A posteriori distribution for genetic correlation of milk 
yield (MY) and calving interval (CI) estimated by 
Bayesian inference.
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