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Introduction 

In Brazil, scrotal circumference (SC) has been used in beef cattle breeding programs as an 

indicator trait of male and female reproductive performance (Smith, B.A., Brinks, J.S., and 

Richardson, G.V. (1989)). This trait is easily evaluated, presents heritability ranging from 

medium to high and is correlated to other traits of economic interest such as productive and 

reproductive traits (Yokoo, M.J.I., Albuquerque, L.G., Lobo, R.B. et al. (2007); Boligon, 

A.A., Silva, J.A.V., Sesana, R.C. et al. (2010)). In most of the Brazilian Nellore breeding 

programs animals are selected for SC at ages around 16-18 months, and SC (co)variance 

estimates at different ages are not available. In order to maximize selection response, the best 

age to measure this trait in Zebu animals has to be defined. The objective of the present study 

was to estimate covariance functions for SC in Nelore animals, using random regression 

models. 

Material and methods 

Data. A total of 15,901 scrotal circumference (SC) records from 5,300 Nelore animals, born 

to 710 sires and 3,640 cows between 1997 and 2004, belonging to Agropecuária Jacarezinho 

Ltda., São Paulo, Brazil, were used. The animals are reared on pasture and selected by an 

index including growth traits and visual scores at weaning and at 550 days of age and SC at 

550 days of age. Scrotal circumferences were measured, approximately, at every two months 

from 229 to 557 days of age, at the widest point of the scrotum with a specific metal tape. 

Analyses. Contemporary group (CG) included animals born at the same farm, year and 

month of birth, management group and year and month of recording. SC measures outside 

the intervals determined by the mean of the CG ± 3 standard deviations were excluded. Only 

bulls with at least three SC records and belonging to a CG with at least four animals were 

kept on the analysis. There were a total of 434 CG groups in the final data set. 

The data were analyzed by random regression on Legendre polynomials of animal age. The 

models included fixed effects of CG and age at calving as covariable (linear and quadratic 

effects). Moreover, a third order orthogonal Legendre polynomial was used to model trends 

in the population mean. Direct additive genetic and animal permanent environmental effects 

were considered as random and modeled by regressions on orthogonal Legendre polynomials 

of age, with orders of fit (k) ranging from 1 to 5. Residual variances were modeled 

considering one (assuming homogeneity of variance) or 4 age classes, divided as follows: 
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229-280, 281-360, 361-410 and 411-557 days of age. Covariance components were 

estimated by restricted maximum likelihood method using WOMBAT software (Meyer 

(2006)). Models with different orders of polynomial fit were compared by Akaike 

information criterion (AIC), Schwarz Bayesian information criterion (BIC) and by 

examining variance and correlation estimates. To compare the results obtained with the 

random regression models, the same data set was submitted to multi-traits analysis using 

finite dimension models for scrotal circumference at 240 (SC240), 365 (SC365) and 450 

(SC450) days of age. Direct additive genetic and residual were included as random effects, 

and CG (farm, year and month of birth and management group) as fixed effects. Linear and 

quadratic effects of animal age at recording and cow age at calving were considered as 

covariables. 

Results and discussion 

The log likelihood values (log L), AIC and BIC are shown in Table 1. The results indicate 

that the repeatability model does not fit the data adequately and that residual variances for 

SC change with animal growth. Thus, heterogeneity of residual variances has to be 

considered in the model. Residual variances were therefore divided into four classes 

according to the animal age. Results from AIC indicated that the best fit was obtained with a 

model considering an order of 4 for direct genetic effects and 5 for permanent environmental 

effects, and four classes for residual variances (M45_4). However, BIC, that imposes a 

greater penalty on additional parameters, suggested that a model including orders of 3 and 5 

for direct genetic and permanent environmental effects, respectively, and four classes of 

residual variances (M35_4) was sufficient to model changes in the variances with age. 

 

Table 1: Order of fit for additive direct (ka) and permanent environmental effects (kpe), 

number of residual classes (r), number of parameters (np), log likelihood value (log L 

+ + + + 5,300), Akaike information criterion (AIC) and Bayesian information criterion (BIC) 

(all -10,000) 

Models ka kpe r np Log L AIC BIC 

M11_1 1 1 1 3 -1051 2708 2728 

M31_4 3 1 4 11 -129 880 953 

M33_1 3 3 1 13 -125 877 963 

M33_4 3 3 4 16 -109 850 957 

M34_4 3 4 4 20 -104 822 955 

M44_4 4 4 4 24 -58 764 924 

M35_4 3 5 4 25 -34 718 884 

M45_4 4 5 4 29 -22 703 896 

M55_4 5 5 4 34 -20 709 935 

Mkakpe_r = model with order of the covariance function for ka, kpe, and number of classes 

for residual variances _r. 

 

The Figure 1 shows the parameter estimates obtained with the two best random regression 

models (M35_4 and M45_4) and by multi-traits analysis. As expected, phenotypic variance 

estimates were practically the same, independent of the model. Genetic variances increased 

almost linearly until 440 days of age and remained almost stable thereafter. Although the 



genetic variances estimated with models M35_4 and M45_4 showed the same tendency 

throughout the growth period, slightly higher genetic variances were obtained with model 

M35_4. The only difference between these two random regression models is the order of fit 

for genetic effects. In general, the genetic variances obtained with both random regression 

models were similar in magnitude to those estimated by multi-trait analysis. 
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Figure 1: Estimates of additive genetic (σ
2

a), animal permanent environmental (σ
2

pe), 

phenotypic (σ
2

p) and residual (σ
2

e) variances obtained with models M35_4 (○) and 

M45_4 (   ) and with multi-traits analysis (   ). 
 

The heritability estimates obtained with models M35_4 and M45_4 showed a similar 

tendency, i.e., the estimates increased linearly until 300 days of age, remained stable until 

500 days of age and slightly decreased thereafter (Figure 2). The heritability estimates for SC 

measured at 9, 12 and 15 months of age obtained by multi-traits analysis were 0.41 ± 0.01, 

0.45 ± 0.02 and 0.46 ± 0.01, respectively. 
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Figure 2: Direct heritability (ha

2
) estimates with models M35_4 (○) and M45_4 (   ) and 

with multi-traits analysis (   ). 

 

Using model M45_4, the heritability estimates increased from 229 (0.10) to 300 days of age 

(0.38) and remained constant until 500 days of age (0.45), followed by a small decline 



thereafter (0.38). On the other hand, higher heritability estimates were obtained when 

reducing the order of fit for genetic effects (M35_4), with estimates ranging from 0.18 (229 

days of age) to 0.49 (300 days of age). The estimates remained practically constant until 500 

days of age (0.52) and decreased thereafter (0.40). The heritability estimates for SC were 

similar to those reported in the literature using multi-trait model from 0.25 to 0.53 (Yokoo, 

M.J.I., Albuquerque, L.G., Lobo, R.B. et al. (2007); Boligon, A.A., Silva, J.A.V., Sesana, 

R.C. et al. (2010)). 

 

Genetic correlations between SC records obtained by random regression model were high 

and positive, most of them 0.80 or higher (Table 2). In Nellore cattle, Yokoo, M.J.I., 

Albuquerque, L.G., Lobo, R.B. et al. (2007) obtained genetic correlations between SC of 

0.96 (365 x 450 days of age), 0.81 (365 x 550 days of age) and 0.92 (450 x 550 days of age). 

Our results indicate that inclusion of only one SC in the selection indices would be sufficient 

to obtain genetic change for this trait at any age. Thus, SC measured around 450 days of age 

is a good alternative for breeding programs that aim to obtain genetic gain for this trait.  

 

Table 2: Estimates of genetic (above the diagonal) and phenotypic (below the diagonal) 

correlations obtained for scrotal circumference using M35_4 

Trait
1 

SC240 SC365 SC450 SC540 

SC240 - 0.83 0.77 0.69 

SC365 0.75 - 0.85 0.80 

SC450 0.67 0.70 - 0.84 

SC540 0.54 0.51 0.48 - 
1
SC240, SC365, SC450 and SC540 = scrotal circumference measured at 240, 365, 450 and 

540 days of age, respectively. 

 

Comparison of the two random regression models using AIC and BIC resulted in similar fits 

of the variances with age. However, in view of the smaller number of parameters, the model 

considering orders of 3 and 5 for genetic and permanent environmental effects, respectively, 

and four residual variance classes might be more indicated for genetic evaluations of SC. 

Conclusion 

The SC shows genetic variability in Nelore cattle and should respond rapidly to individual 

selection. The results suggest the possibility of selecting animals with larger SC at different 

ages using only one single SC record. In genetic evaluation programs of Nelore cattle, SC 

should be measured between 400 and 500 days of age. 
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