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Heritability estimation and genetic 
correlations for mature weight, 
visual scores, and growth traits in 
Nellore cattle

ABSTRACT - This study was intended to estimate the genetic associations between 
growth traits and visual scores with possible changes in mature weight (MW) in 397,900 
Nellore animals. A bi-character analysis was performed to estimate the (co)variances 
and genetic parameters for MW, which comprises the following traits: conformation, 
finishing precocity, musculature at weaning (WC, WP, and WM) and yearling (YC, YP, 
and YM), birth weight (BW), weight from birth to weaning (WG), weight from weaning 
to yearling (YG), and final index (FIND). The observed mean MW was 417.6±56.2 kg, 
and the direct genetic effect mean estimated heritability (h²a1) of MW was 0.45. Overall, 
the BW was 31.0±3.7 kg, and the estimated h² was 0.34. The heritability estimate of the 
maternal additive genetic component (h²m2) of BW was 0.07. We calculated the mean 
WG to be 144.1±26.3 and estimated the h²a2 as 0.18 and h²m2 as 0.07. The value for 
h²a YG (0.17) and YW (0.26) were also estimated. The heritability of the weaning WC 
(0.17), WP (0.19), and WM (0.17) and yearling YC (0.25), YP (0.27), and YM (0.25) were 
estimated using visual scores. The ​​h²m values for weaning WC, WP, and WM (0.06) with 
visual scores were estimated. The genetic correlations between body weight (BoW) at YC 
and WC (0.62) were considered moderately high and positive. In addition, YP (0.18), 
YM (0.15), WP (0.13), and WM (0.14) were considered moderately low compared with 
MW. The genetic correlation between BW and FIND (0.38) was considered positive and 
moderate. The heritability estimation indicates that growth traits, visual scores, and 
weight of adult cows could be changed by selection. Cows that presented the highest 
h²a values for live weight responded rapidly to selection based on growth characteristics, 
visual scores, and FIND and might result in increased final MW. 
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Introduction

There are many problems inherent to the production of beef cattle, including the low genetic potential 
of the herds, lack of adaptation to the environment, and inadequate management conditions, which can 
result in low productivity in the breeding systems. Between 1990 and 2009, the Brazilian cattle herd 
grew from the central part of Minas Gerais State (in the Southeast region) to the North of Goiás State 
(in the Midwest region). This growth is the result of favorable conditions, including external drivers 
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and socioeconomic factors (McManus et al., 2016). The efficiency of beef production systems in Central 
Brazil can be further improved. In this region, the availability of natural resources favors commercial 
exploitation and low production costs. Therefore, improved knowledge of the potential of genetic 
resources would likely lead to increased productivity of beef cattle production.

To increase the productivity and profitability of cow-calf production systems, it is necessary to select 
beef heifers, thereby reducing the requirements for animal replacement based on management 
decisions (Aby et al., 2012; Santana et al., 2013). Therefore, estimates of the heritability for growth 
traits indicate that the phenotypic value of these traits can be used to demonstrate the direct additive 
genetic value. Increases in body weight gain during animal growth can be used as selection criteria to 
improve beef cattle efficiency. Indeed, to achieve adequate adult cow size, the mature weight (MW) 
of adult cows can be included in the selection indexes. However, MW is genetically correlated with 
young cow weight that allows weight changes to occur (Boligon et al., 2010). 

The findings of multiple studies suggest that selection based on conformation, finishing precocity, 
and muscling visual scores (VS) can be effective, as heritability obtained for these characteristics are 
moderate and similar to those of growth characteristics (Koury Filho et al., 2010; Regatieri et al., 2011). 
Boligon et al. (2011) reported that the inclusion of VS in the selection indexes is crucial and important 
to predict the possible changes in relation to the mature size of beef cows. Therefore, we aimed to 
estimate the genetic associations between growth characteristics and VS with possible weight changes 
in Nellore cows. 

Material and Methods

The data used in this study was provided by the Conexão Delta G breeding program for genetic 
improvement of Nellore cattle in Central Brazil. Live weight data for adult cows were collected from 
40,340 animals born between 1990 and 2007 from a pedigree file composed of 397,900 animals in 
commercial herds distributed in the states of Bahia, Goiás, Mato Grosso, Mato Grosso do Sul, Minas 
Gerais, Paraná, São Paulo, and Tocantins.

Bi-character analysis were performed to estimate the (co)variance components and genetic parameters 
of the MW character for birth weight (BW), conformation, finishing precocity, musculature at weaning 
(WC, WP, and WM) and at yearling (YC, YP and YM), birth weight gain at weaning (WG), weight from 
weaning to yearling (YG), and final index (FIND) (Table 1). 

The VS for conformation (C), finishing precocity (P), and musculature (M) were given to each animal 
individually. These scores are relative to those of the contemporary group (CG) of animals, and the 
highest scores indicate a more marked presence of the character, as described by Severo (1994).

Table 1 - Percentage weights applied to the expected progeny differences of the characteristics included in the 
final index at yearling from the Delta G Connection database

Characteristic Percentage weight (%)

Weight gain from birth to weaning 25

Weaning conformation 4

Weaning finishing precocity 8

Weaning musculature 8

Weight gain from weaning to yearling 25

Yearling conformation 4

Yearling finishing precocity 8

Yearling musculature 8

Scrotal circumference at yearling 10
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The MW data of CG includes annotations for the animal herd, weighing year, season, and management 
group. For other characters, the CG were formed by animals of the same herd, year, and season of birth, 
sex, and management group. The data were subjected to a complete analysis of connectedness among 
CG. The degree of connectedness among CG was estimated through the genetic connections of each 
animal and all their common ancestors, according to Roso and Schenkel (2006). It was defined that a 
CG should have at least ten direct genetic ties to be considered connected, and all animals belonging to 
disconnected CG were excluded from the genetic analysis.

The bi-character animal model (Schaeffer, 2011) used in data analysis is described by the following 
equation: 

y1

y2

X1      0

0        X2

=
b1

b2

Z1      0

0       Z2

+
a1

a2
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0        W2

+
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S1      0

0       S2
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p2

+
e1

e2

,

in which y1 = phenotypic observation vector for the MW characteristic; y2 = phenotypic observation 
vector for the second character of the pair of characters analyzed (BW, WG, WC, WP, WM, YG, YC, YP, YM, 
and YW); b1 = classificatory fixed effects vector for CG, body condition, pregnancy stage, and cow age 
(co)variable (linear and quadratic) at weighing day; b2 = classificatory fixed effects vector for CG and 
calf (linear and quadratic) and cow (both linear and quadratic) age covariates on the growth characters 
and visual scores; ai = direct additive genetic effects for the i (i = 1,2) character vector; mi = additive 
maternal genetic effects for the i character vector; pi = permanent maternal environmental effects for 
the i character vector; and ei = residual random effects for the i, Xi, Zi, Wi, Si. Xi, Zi, Wi, and Si  are the 
incidence matrices relating the observations of the i character to the fixed, direct genetic, maternal 
genetic effects, and those of permanent maternal environment, respectively. 

The additive maternal genetic and permanent maternal environmental effects were not considered 
in the BW statistical model. The estimates for direct additive (σa

2) and maternal (σm
2) genetic and 

maternal permanent (σp
2) and residual (σe

2) environmental variances were expressed as proportions 
of the phenotypic variance (σt

2), and σt
2 = σa

2 + σm
2 + σam + σp

2 + σe
2.

The direct (h2
a) and maternal (h2

m) heritabilities and the maternal permanent (p2) and residual (e2) 
environmental effects were calculated by dividing the respective variances by the total variance according to 
the following equations: h2

a
 = σa

2/σt
2, h2

m
 = σm

2/σt
2, p2 = σp

2/σt
2, and e2 = σe

2/σt
2, respectively. The correlation 

between the additive, direct, and maternal genetic effects were calculated as follows:  ram = σam/(σa σm). 

The (co)variance components were estimated using the restricted maximum likelihood (REML) 
method, and estimates of the effects included in the model were obtained using the DMU: Package for 
Analyzing Multivariate Mixed Models software according to Madsen and Jensen (2013).

Results

The average MW was 417.6±56.2 kg at 5.8±2.8 years old (Table 2). The estimated heritability in the 
bi-character analyses of MW with the other characteristics studied was 0.45, indicating that changes 
in the direction of the characteristics can be obtained by selection (Table 3). In addition, the h2

a1 and 
h2

a2 estimated heritability for BW returned high values of 0.47 and 0.34, respectively (Table 3). The 
maternal heritability h2

m2 (0.07) estimated for BW for growth characteristics after weaning was close to 
zero (Table 3). The mean WG estimate was 144.1±26.3 kg (Table 2), and h2

a2 was 0.18 (Table 3).

The results obtained from the analysis of the BW-MW pairs showed a strong body condition score 
(BCS) effect on live weight variation (Figure 1). Animals that received BCS classification 1 (score 1) had  
103.2 kg less body weight (BoW) compared with score 5 (Figure 1). Also, we reported a lower effect 
of the gestation length on the live weight variation (Figure 2). Cows during the beginning stage of 
pregnancy (from 1 to 72 d) had 19.1 kg less BW compared with cows at late gestation (Figure 2).

The h²a2 values estimated for the VS at weaning were 0.17, 0.19, and 0.17 for WC, WP, and WM,  
respectively (Table 4). The h²a2 values estimated for the VS at yearling were 0.25, 0.27, and 0.25 for YC, 
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YP, and YM, respectively (Table 4). The genetic correlation between MW and VS at both weaning and 
yearling were moderately high and positive for conformation (0.62), whereas the finishing precocity and 
musculature scores were moderately low in our study (Table 4). The estimates for genetic correlation 

Table 2 - Number of observations, means, and standard deviations (SD) for the analyzed data of Nellore cattle
Characteristic Sample size (n) Mean±SD

MW (kg) 40,340 417.65±56.26

Age (years) 40,340 5.88±2.88

BW (kg) 241,471 31.00±3.77

WG (kg) 339,963 144.12±26.38

WC (score) 285,632 3.06±1.07

WP (score) 285,640 3.17±1.10

WM (score) 285,638 3.00±1.12

YG (kg) 181,426 108.18±36.11

YC (score) 186,293 3.04±1.03

YP (score) 186,292 3.12±1.08

YM (score) 186,285 2.89±1.09

YW (kg) 137,562 286.69±45.94

FIND1 113,571 7.27±5.07

MW - mature weight; BW - birth weight; WG - weight gain from birth to weaning; WC - weaning conformation; WP - weaning finishing precocity; 
WM - weaning musculature; YG - weight gain after weaning; YC - yearling conformation; YP - yearling finishing precocity; YM - yearling 
musculature; YW - yearling weight; FIND - final index.
1 The weighting factors of characteristics included in the index calculation were defined for a base equal to 10 (i.e., as if each animal was 

evaluated by 10 characteristics measured in their progenies). Thus, index 10 indicates that, on average, the animal is superior by one expected 
progeny difference standard deviation in every characteristic integrating the index. 

Table 3 - Components of (co)variance obtained in the bi-character analysis for body weight with birth weight (BW), 
weaning gain (WG), yearling weight (YW), and mature weight (MW) of Nellore cattle (data shown as mean±SD)

(Co)variance BW WG YW MW

σ2
a1 699.89±28.48 663.34±27.89 690.21±28.87 683.08±26.84

σ2
m1 - - - -

σ2
p1 - - - -

σ2
e1 773.33±24.82 845.63±24.73 782.11±25.18 803.64±23.62

σam1 - - - -

σ2
a2 4.04±0.14 60.92±2.38 69.85±4.16 153.21±6.82

σ2
m2 0.82±0.06 25.53±1.55 7.66±2.00 11.93±2.30

σ2
p2 0.25±0.03 55.44±1.26 8.82±1.49 0.0±2.36

σ2
e2 7.03±0.09 178.63±1.65 311.54±2.98 385.41±4.68

σam2 -0.40±0.07 12.75±1.22 -6.93±2.15 22.76±2.69

σa12 24.14±2.39 133.25±7.84 123.13±10.82 237.32±12.32

σa1m2 6.75±1.22 32.15±4.36 -5.21±5.80 41.50±6.28

h2
a1 0.47 0.43 0.46 0.45

h2
m1 - - - -

h2
a2 0.34 0.18 0.17 0.26

h2
m2 0.07 0.07 0.01 0.02

ra12 0.45 0.66 0.56 0.73

σ2
a1 - direct additive genetic effect; σ2

m1 - maternal additive genetic effect; σ2
p1 - maternal permanent environmental effect; σ2

e1 - maternal 
permanent environmental residual effect; σam1 - direct and maternal effects of body weight; σ2

a2 - direct second additive genetic effect (BW, WG, 
YW, and MW); σ2

m2 - maternal second additive genetic effect; σ2
p2 - maternal second permanent environmental effect; σ2

e2 - second residual effect; 
σam2 - direct and maternal effect of the second characteristic; σa12 - direct and second direct additive genetic effect; σa1m2 - direct and second 
maternal additive genetic effect; h2

a1 - direct heritability; h2
m1 - maternal heritability; h2

a2 - second direct heritability; h2
m2 - second maternal 

heritability; ra12 - genetic correlation between body weight and second characteristic.
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Figure 1 - Effect of body condition score on live weight in Nellore cattle.
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Figure 2 - Effect of gestation length on live weight in Nellore cattle.
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Table 4 - Components of (co)variance obtained in bi-character analysis for body weight with weaning conformation 
(WC), weaning finishing precocity (WP), weaning musculature (WM), yearling conformation (YC), 
yearling finishing precocity (YP), yearling musculature (YM), mature weight (MW), and final index  
(FIND) of Nellore cattle (data shown as mean±SD)

(Co) 
variance WC WP WM YC YP YM MW FIND

σ2
a1 653.40±28.20 670.98±29.54 672.40±29.62 680.21±27.67 679.63±29.35 678.12±29.52 683.08±26.84 649.24±28.64

σ2
m1 - - - - - - - -

σ2
p1 - - - - - - - -

σ2
e1 815.43±24.89 794.01±25.86 791.97±25.91 797.89±24.26 787.68±25.65 787.98±25.80 803.64±23.62 794.36±25.24

σam1 - - - - - - - -
σ2

a2 0.18±0.0 0.22±0.0 0.20±0.0 0.22±0.01 0.27±0.01 0.26±0.01 153.21±6.82 21.49±0.13
σ2

m2 0.06±0.0 0.07±0.0 0.081±0.0 0.01±0.00 - 0.01±0.0 11.93±2.30 -
σ2

p2 0.14±0.0 0.15±0.0 0.17±0.0 - - - 0.00±2.36 -
σ2

e2 0.61±0.0 0.67±0.0 0.70±0.0 0.65±0.00 0.72±0.00 0.75±0.0 385.41±4.68 0.53±0.05
σam2 0.01±0.0 - 0.11±0.0 - - - 22.76±2.69 -
σa12 6.86±0.47 1.65±0.59 1.69±0.58 7.78±0.49 2.56±0.55 2.06±0.56 237.32±12.32 45.14±1.73
σa1m2 1.67±0.26 1.53±0.31 1.39±0.31 0.66±0.24 0.74±0.27 0.67±0.28 41.50±6.28 -
h2

a1 0.44 0.45 0.45 0.46 0.46 0.46 0.45 0.44
h2

m1 - - - - - - - -
h2

a2 0.17 0.19 0.17 0.25 0.27 0.25 0.26 0.97
h2

m2 0.06 0.06 0.06 0.01 - - 0.02 -
ra12 0.62 0.13 0.14 0.62 0.18 0.15 0.73 0.38

σ2
a1 - direct additive genetic effect; σ2

m1 - maternal additive genetic effect; σ2
p1 - maternal permanent environmental effect; σ2

e1 - maternal 
permanent environmental residual effect; σam1  - direct and maternal effects of body weight; σ2

a2 - direct second additive genetic effect (WC, WP, 
WM, YC, YP, YM, and MW); σ2

m2 - maternal second additive genetic effect; σ2
p2 - maternal second permanent environmental effect; σ2

e2 - second 
residual effect; σam2 - direct and maternal effect of the second characteristic; σa12 - direct and second direct additive genetic effect; σa1m2 - direct 
and second maternal additive genetic effect; h2

a1 - direct heritability; h2
m1 - maternal heritability; h2

a2 - second direct heritability; h2
m2 - second 

maternal heritability; ra12 - genetic correlation between body weight and second characteristic.
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between MW and growth characteristics were highly positive (0.73). The genetic correlation of MW 
with FIND was positive and moderate, estimated at 0.38, which indicates that there is an influence of 
FIND on adult weight of the evaluated animals.

Discussion

The mean MW value was 417 kg, obtained at a mean age of 5.8 years, which is lower than the values 
for Nellore cattle reported by Pedrosa et al. (2010) and Regatieri et al. (2011) (465.3 and 434.6 kg, 
respectively). The estimated heritability of the bi-character analysis of MW in our study was 0.45, 
which provides a high magnitude value, indicating that this characteristic examined in the present 
study is likely to be more useful during animal selection. The estimated heritability agrees with that 
reported by Pedrosa et al. (2010), but is higher than that reported by Rosa et al. (2001). In contrast, 
the estimated heritability value was lower than the 0.56 reported by Mercadante et al. (2004), and 
the 0.52 obtained by Nephawe et al. (2004). The higher values reported by these authors are because 
their data were from a single herd, which allowed environmental variations to be better modeled for 
genetic selection. 

The pregnancy stages and BCS of cows (MW) were included in the analysis as selection criteria that 
might contribute to the genetic improvement of body composition. For example, cows that received 
BCS = 1 weighed 103.29 kg less than those that received score 5, and pregnant cows in stage 1 (beginning 
of gestation) weighed less 19.13 kg than cows that were in stage 4 (end of gestation). Therefore, 
it can be assumed that the MW of Nellore cows is less affected by the gestation stage. The higher BCS 
effect on MW indicates that selection of animals with better body composition will be responsible for 
conformation changes that increase adult female size. Moreover, pre-weaning nutrition and average 
daily gain (ADG) are strategies to improve the economic and biological efficiency of cow-calf production 
systems, allowing anticipation of age at first breeding to determine puberty in heifers. There is a positive 
correlation between BW of dams and of their respective daughters, which can influence selection goals 
for replacement heifers, thereby achieving a significant improvement in growth efficiency of heifers 
(Barcellos et al., 2014; Walker et al., 2015; Pereira et al., 2017).

We observed a mean BW of 31 kg and estimated value of direct heritability of 0.34, which is in line 
with data reported by Albuquerque and Meyer (2001) and Dias et al. (2005). Boligon et al. (2009) 
reported an estimated heritability of 0.25 and attributed this low value to the lower number of 
observations available at this age, which hampered the efforts to estimate the genetic variability 
for this characteristic. Our estimated h2

m2 value for BW was similar to that estimated by Lira et al. 
(2008) using a retrospective number of Nellore animals (0.07 and 0.09, respectively). These low 
values indicate that the maternal environment has little influence on calf BW. Indeed, the mean 
BW values obtained in our study were slightly superior to those observed by Martins Filho et al.  
(1997) (27 kg) and similar to those obtained by Souza et al. (2010) and Boligon et al. (2009) 
(30 and 32 kg, respectively).

Our estimated h2
a2 value for WG (0.18) was similar to data reported by Laureano et al. (2011) and 

higher than the value obtained by Sarmento et al. (2003) (0.12). Our estimated h2
a2 value for YG (0.17) 

was lower than that reported by Laureano et al. (2011) (0.23). We observed similar results in WG and 
YG; however, the selection at weaning (0.18) should be higher than at yearling (0.17). Our estimated 
h2

a2 for MW (0.26) was similar to those of Albuquerque and Meyer (2001) and Laureano et al. (2011) 
(0.26 and 0.24, respectively). The h2

m2 value in the present study (0.07), although low, should be taken 
into account, as it is an important parameter in the pre-weaning phase, in which milk production is one 
of the factors that contribute to the phenotypic value of the animals (Willham, 1980). The heritability 
estimated values for growth characteristics after weaning were close to zero, indicating a low influence 
of the maternal effect on these characteristics, even though Albuquerque and Meyer (2001) stated that 
the maternal effect is still present after weaning. 

The heritability estimates for growth characters reveal that the phenotypic value for these characters 
can be used to indicate their direct additive genetic value. Increases in weight gain in these periods can 
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be achieved by using these characteristics as selection criteria. Recently, Paterno et al. (2017) used data 
obtained from a Bayesian analysis that considered body structure, finishing precocity, and muscling as 
selection criteria in Nellore breeding programs and concluded that VS measured at weaning should be 
considered to decrease the generation interval and to assist with preselecting individuals. The estimates 
for genetic correlation between growth characteristics (BW, WG, YW, YG) were positively associated 
and ranged from 0.45 to 0.73. Thus, our results suggest that selection for growth characteristics will 
result in weight increase at maturity.

The WC, WP, WM, YC, YP, and YM are within the expected range, as VS are considered as medium size 
given score 3 and assigned within the CG. The estimated h2

a2 of VS for WC (0.17), WP (0.19), and WM 
(0.17) were higher compared with values found in the literature (0.12, 0.15, and 0.12, respectively) 
(Forni et al., 2007). Similarly, in Brangus animals, Costa et al. (2008) obtained h2

a for WC (0.17), 
WP (0.16), and WM (0.15). The appropriate body size for beef cattle depends on the production and 
maintenance requirements (Rocha et al., 2003). The heritability estimate of 0.26 indicates that this trait 
is susceptible to changes through the selection of adult size in the Nellore breed, which predominates 
in the production systems of Central Brazil (Rosa et al., 2001). In addition to cow size, growth traits 
(measured at multiple ages) are often used in beef selection programs to identify the animals with the 
highest genetic potential for these traits. Animals with greater size usually have an increase in their 
growth curve, which results in reduction of the onset of maturity and accumulation of body fat, which 
might reflect a higher age at puberty (Perry and Cushman, 2013).

The h2
a values estimated for YC (0.25), YP (0.27), and YM (0.25) were close to those estimated by 

Koury Filho et al. (2010) (0.24, 0.32, and 0.27, respectively) and those obtained by Regatieri et al. 
(2011) (0.24, 0.27, and 0.25, respectively). The h2

a values estimated for precocity were higher 
compared with other VS values, in agreement with other studies performed in the Nellore herd 
(Forni et al., 2007; Koury Filho et al., 2009). This increased genetic variability of the characters 
might be a consequence of differences in conducting selection by different breeders (Koury  
Filho et al., 2009). The smaller heritability estimates found for C at both weaning (WC) and yearling 
(YC) might be due to a subjective definition of the characteristic, which can lead evaluators to 
either different interpretations or a lower variability of the characteristic in the study population  
(Boligon et al., 2010).

The h2
m2 values estimated for VS at both weaning and yearling were close to zero. Furthermore, the 

values obtained by Forni et al. (2007) [0.01 (YC), 0.01 (YD), and 0.03 (YM)] were even lower than 
those estimated in the present study. Although the values are low, the maternal genetic effect cannot 
be ignored in the analysis of the C, P, and M characteristics at weaning, as the direct heritability is 
overestimated if the maternal effect is ignored, especially for the gains until weaning (Meyer, 1992). 
These estimates indicate that VS should respond to individual selection and assume the same selection 
intensity at both ages. Indeed, the results of the present study demonstrate that selection at yearling 
should be higher than at weaning, thus explaining the tendency to gain more weight in subsequent 
ages, as proposed in the literature (Boligon et al., 2010).

The genetic correlations between MW and VS at both weaning (WC) and yearling (YC) were positive 
(0.62) for conformation. In contrast, the finishing precocity and musculature scores were moderately 
low in both studied periods. According to Boligon et al. (2011), the high genetic association between 
conformation and MW can be explained by the fact that the conformation scores are assigned according 
to the development of the animal at the time of its evaluation. Thus, larger and heavier animals 
tend to receive higher scores for this character at weaning and yearling. This can be attributed to a 
misunderstanding by the evaluators in relation to the conformation character. The lower values for 
genetic correlation with MW in both phases for both finishing precocity and musculature suggest that 
animals with higher scores for precocity and muscling do not necessarily present high mature weight 
in adulthood.

Regatieri et al. (2011) analyzed a sample from the same database used in the present study and 
observed values ranging from 0.21 to 0.35 for genetic correlation between MW and VS. These authors 
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concluded that animals with early muscle development, finishing, and a better carcass conformation 
tend to have a greater weight at maturity, especially when evaluated at yearling. The genetic correlation 
between MW and FIND (0.38) was positive and moderate, indicating that FIND influences the adult 
weight of animals. 

Conclusions

Selection of animals based on growth characteristics, muscling visual scores, and final index could 
result in an increase in adult mature weight of cows. However, monitoring the mature weight of cows by 
choosing animals with desirable characteristics, high indexes, and moderate estimates of genetic value 
for live weight and through mating, it should be possible to increase the production and productivity of 
the Nellore cattle in Brazil. 
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