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ABSTRACT: The objective was to estimate genetic corre-
lations between the index of true fertility (TF) and age at 
first calving (AFC), calving interval (CI), and weaning 
weight (WW) in Brangus (BA), Braunvieh (BR) and Salers 
(SA) cattle populations of Mexico. The TF index was com-
puted as the WW multiplied by 365, and divided by the CI. 
Bivariate animal model analyses were carried out using the 
DFREML program. Estimates of heritabilities across breeds 
ranged from 0.05 to 0.08 for TF, 0.01 to 0.10 for AFC, 0.05 
to 0.12 for CI, and 0.18 to 0.23 for WW. Genetic correla-
tions in BA, BR and SA were -1.00, -0.76 and -1.00 for TF-
AFC; -0.88, -0.93 and -0.85 for TF-CI; and 0.17, 0.17 and 
0.15 for TF-WW. These favorable correlations suggest that 
the use of TF index could cause joint genetic progress in 
growth and reproductive traits.  
Keywords: genetic parameters; animal model; bivariate 
analyses 
 
 

Introduction 
 

In beef cattle systems, productivity of the animals 
is related to the total of kilograms of weaned calves per 
year; therefore, productivity depends not only on growth of 
the calves but also on the maternal ability and reproductive 
potential of the cows in the system. In spite of the well-
known advantage to consider productive and reproductive 
traits for the beef cattle systems, so far genetic evaluations 
in Mexico are performed mainly for growth traits. In addi-
tion, farmers have concerns that using selection to improve 
only growth traits might reduce the reproductive perfor-
mance of the cows. Currently, for several beef breeds as 
Brangus (BA), Braunvieh (BR) and Salers (SA), national 
genetic evaluations are performed only for growth traits and 
scrotal circumference; however, it is possible to have rec-
ords for some reproductive traits as age at first calving 
(AFC) and calving interval (CI). Thus, it is important to 
evaluate the possibility for considering reproductive and 
productive traits in genetic evaluations of those populations. 

 
Previous research has shown possible alternatives 

to consider productive and reproductive traits in genetic 
evaluations of beef cattle (Lôbo (1996); Rasali et al. (2005); 
Grossi et al. (2008)). Lôbo (1996) proposed the index of 
true fertility (TF) to evaluate jointly the CI of the cows and 
the weaning weight (WW) of their calves. Thus, this index 
could express the maternal ability of the cows to give birth 
recurrently and to wean calves with an appropriate weight. 
Some authors have studied the heritability of the TF index 

with variable results, and some of them estimated enough 
genetic variability (heritabilities from 0.06 to 0.49) to 
achieve genetic progress (Campello et al. (1999); Mer-
cadante et al. (2000); Silveira et al. (2004)).  

 
To examine possibilities for implementing selec-

tion of TF and other traits, genetic correlations between 
those traits have been studied. Published results are scarce 
but promising in some breeds and specific conditions 
(McManus et al. (2002); Silveira et al. (2004)). The objec-
tive of this study was to estimate genetic correlations be-
tween the TF index and AFC, CI, and WW in three beef 
cattle populations of Mexico. 

 
Materials and Methods 

 
Data. Performance and pedigree data used came 

from the databases of the registered Mexican breeder asso-
ciations of BA, BR and SA cattle. Performance records 
came from animals born from 1976 to 2012 and living in 
more than one hundred farms for each breed. BA and SA 
animals were reared in farms under extensive grazing sys-
tems of northern Mexico (arid and semi-arid regions), using 
mainly natural mating (80 to 93%) and weaning calves 
about seven months of age. BR animals were reared mainly 
in farms under extensive grazing systems of center and 
south of Mexico (temperate and tropical regions), using 
43% of natural mating and 57% of artificial insemination, 
and weaning calves about eight months of age. The number 
of animals in the pedigrees was 55,142; 33,160 and 14,065 
for BA, BR and SA, respectively. 

 
Traits and contemporary groups. The evaluated 

traits were TF, AFC, CI and WW. For any trait, records 
exceeding ±2.5 standard deviations were discarded. Table 1 
shows the final number of observations and phenotypic 
means by breed and trait studied. The index of TF was 
computed as the WW multiplied by 365, and divided by the 
CI (Lôbo (1996)). WW was adjusted to 205 d for BA and 
SA, and to 240 d for BR (BIF (2010)). CI was calculated in 
cows as the difference, in months, between two consecutive 
calving; and AFC as the difference, in years, between date 
of first calving and birth date of the cow. Contemporary 
groups for TF combined herd, year and season of calving, 
year and season of weaning the calf, and sex of calf; for 
AFC included herd, year and season of birth, and type of 
mating; for CI considered herd, year and season of previous 
calving, and type of mating; and for WW included herd, 
year and season of birth, and sex of the calf. Type of mating 



was defined as natural or artificial insemination, and season 
was classified as spring, summer, autumn or winter.  Con-
nectivity among contemporary groups was determined 
using the AMC program (Roso and Schenkel (2006)). 

 
Table 1. Number of observations (n) and phenotypic 
means (𝑋±σ) for the traits and breeds studied. 

Breed/trait n (𝑋±σ) 
Brangus   
True fertility, kg cow-1year-1  6,786 190.7±56.4 
Age of calving, years 3,817 2.76±0.55 
Calving interval, months 13,481 15.72±5.18 
Weaning weight, kg 20,919 216.0±34.3 
Braunvieh   
True fertility, kg cow-1year-1  2,870 172.0±63.2 
Age of calving, years 2,259 2.97±0.56 
Calving interval, months 6,959 17.62±5.92 
Weaning weight, kg 16,254 229.4±44.3 
Salers   
True fertility, kg cow-1year-1  3,063 184.6±50.2 
Age of calving, years 1,077 3.08±0.65 
Calving interval, months 3,537 15.57±7.27 
Weaning weight, kg 5,297 203.9±31.6 

 
 
Statistical analyses. For each breed, univariate 

and bivariate animal models were adjusted, using the 
MTDFREML program (Boldman et al. (1995)). In prelimi-
nary analyses, the fixed and random effects to be included 
in the initial univariate models were determined for each 
breed and trait (Meyer (1992)). Final bivariate models were 
used to estimate genetic correlations between the TF index 
and AFC, CI, and WW in the three beef cattle populations, 
using as initial (co)variance components those obtained 
from preliminary univariate analyses and values from pre-
vious research (McManus et al. (2002); Silveira et al. 
(2004)). The effects included in the models were the same 
for the three breeds. Final fixed effects were contemporary 
groups for all traits, age of the cow at calving (linear and 
quadratic) for TF and CI, and age of the dam (linear and 
quadratic) for WW. Final random effects for TF were direct 
additive of the cow, direct additive sire of mating and per-
manent environmental of the cow; for AFC and CI included 
only direct additive of the cow; and for WW were direct 
additive of the animal, maternal additive and permanent 
environmental of the dam. The general matrix representa-
tion of the bivariate models between TF and the other traits 
was:  
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where subscripts TF correspond to the index of true fertili-
ty, and i to traits AFC, CI or WW, depending of the specific 
case; y is the vector of productive or reproductive records; b 
is the vector of fixed effects; u is the vector of additive 

genetic effects; s is the vector of direct genetic effects of 
mating sires for TF; m is the vector of maternal genetic 
effects (i = WW); pe is the vector of permanent environmen-
tal effects; e is the vector of residual effects; and X, Z, S, M 
and W are incidence matrices relating productive or repro-
ductive records to the corresponding vectors. 
 
Assumptions were: E[y] = Xb, E[u] = E[s] = E[m] = E[pe] 
= E[e] = 0, and 
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were A is the additive genetic relationship matrix among 
the animals; and I is the identity matrix. The subscripts of 
the (co)variance components were the same as defined 
previously. 

 
Results and Discussion 

 
Estimates of heritability. Table 2 shows the esti-

mates of direct heritability for all traits and breeds under 
study. As expected, the three breeds had low heritability 
values (0.01 to 0.12) for traits related to reproductive per-
formance (including TF index), and moderate values for 
WW (0.18 to 0.23). Using a Nelore herd in Brazil, Silveira 
et al. (2004) published estimates of heritability similar to 
those found in the present study, with the exception of a 
higher value for CI (0.06, 0.05, 0.42 and 0.17 for TF, AFC, 
CI and WW). Also, the direct heritability values of WW of 
this study are within the ranges of findings around the 
world for beef cattle (Ríos (2008)), and the estimates of 
maternal heritabilities were reasonable (0.13, 0.12 and 0.19 
for BA, BR and SA).  

 
Table 2. Estimates of direct heritability for index of true 
fertility (TF), age at first calving (AFC), calving interval 
(CI) and weaning weight (WW) in three beef cattle 
breeds of Mexico. 
 Traits 
Breed TF AFC CI WW 
Brangus 0.06±0.02 0.05±0.03 0.05±0.02 0.18±0.01 
Braunvieh 0.08±0.04 0.10±0.09 0.11±0.02 0.21±0.02 
Salers 0.05±0.02 0.01±0.01 0.12±0.02 0.23±0.03 

 
 
Findings in the current study and previous research 

suggest that genetic progress could be possible by selecting 
in any of the studied traits. Although reproductive traits had 
low heritability values, the economic importance of these 
traits justify their genetic evaluation and incorporation to 
national genetic programs. In particular, the potential use of 
TF index has the additional advantage to consider growth 
and reproductive traits simultaneously.  



Estimates of genetic correlations. Table 3 shows 
the estimates of genetic correlations between the TF index 
and AFC, CI, and WW in the beef cattle populations under 
study. The values between TF and reproductive traits were 
high and negative (-0.76 to -1.00), whereas for TF and WW 
were low and positive (0.15 to 0.17). In particular, the ge-
netic correlation between TF and AFC was estimable only 
for breed SA; therefore, a better quantity and quality of data 
need to be collected before using the association of those 
traits in all breeds. It is recommended to continue collecting 
better reproductive information in quality and quantity in 
order to obtain more reliable estimates of the population 
parameters. 

 
Table 3. Estimates of genetic correlations between the 
index of true fertility (TF) and age at first calving 
(AFC), calving interval (CI), and weaning weight (WW) 
in three beef cattle breeds of Mexico. 
 Pairs of traits 
Breed TF-AFC TF-CI TF-WW 
Brangus -1.00±0.56 -0.88±0.00 0.17±0.03 
Braunvieh -1.00±2.05 -0.85±0.22 0.15±0.03 
Salers -0.76±0.46 -0.93±0.03 0.17±0.05 

 
 
The trends in genetic correlation values of this 

study were similar to the few found in published research, 
using Nelore cattle in Brazil. McManus et al. (2002) esti-
mated values of -0.86 and -0.90 for genetic correlations 
between TF-AFC and TF-CI, respectively; whereas Silveira 
et al. (2004) estimated values of -0.82 and 0.19 for genetic 
correlations between TF-CI and TF-WW, respectively.  

 
In this study, all estimates of genetic correlations 

between TF and the other traits were favorable; high for 
reproductive traits and low for the growth traits. These 
findings suggest that TF could be used in national genetic 
evaluations of studied breeds to simultaneously improve 
growth and reproductive traits. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

In general, there is a need to consider the inclusion 
of genetic evaluations for TF, AFC and CI traits in order to 
implement genetic programs for improving productivity of 
beef cattle populations in Mexico.  

 
Conclusion 

 
Despite the low heritability estimates of reproduc-

tive traits found in the present study, the genetic variability 
is large enough to implement a selection program for those 
traits. Results suggest that national genetic evaluations 
could be implemented in Mexico for some reproductive 
traits of Brangus, Braunvieh and Salers. In particular, the 
use of true fertility index could be recommended due to its 
possible joint genetic progress in growth and reproductive 
traits.  
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