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Abstract
Genetic parameters were estimated for scrotal circumference adjusted to 365 (SC365) and 450 (SC450)
days of age, age at �rst calving (AFC), accumulated productivity (AP), stayability (STAY), loin eye area
(LMA), thickness of subcutaneous fat over the 12th-13th ribs (BF), thickness of subcutaneous fat over the
rump (RF), and shear force measured by Warner-Bratzler shear force (WBSF) of polled Nellore cattle.
Bayesian analysis bi characteristics were performed by adopting linear animal model, whereas STAY
analyzes used the linear threshold model. Heritability estimates were equal to 0.31 (SC365), 0.37
(SC450), 0.16 (AFC), 0.25 (AP), 0.16 (STAY), 0.30 (LMA), 0.13 (BF), 0.24 (RF), and 0.15 (WBSF), indicating
moderate response to selection. Genetic and residual correlations between SC365 and SC450 were high
and positive (0.91 and 0.74, respectively), as well as the genetic correlations of AP with SC365, SC450,
AFC, and STAY (0.61, 0.62, -0.69, and 0.83, respectively). Genetic and residual correlations of WBSF with
reproductive and carcass characteristics exhibited high standard deviations, however favorable.

Introduction
The biological and economic sustainability of the beef production system is directly related to animal
growth and reproductive e�ciencies, as well as to the carcass yield and the quality of the meat produced.
However, reproductive traits have much greater economic importance than growth traits (Brumatti et al.,
2011). High-fertility herds produce more animals for both sale and breeding, allowing the greater intensity
of selection and, consequently, faster genetic gains. Therefore, beef cattle breeding programs generally
include different reproductive traits as selection criteria, such as early puberty, fertility, and lifetime
accumulated production.

Brazilian beef production, predominantly Nellore cattle raised on pasture, tends to have low reproductive
e�ciency, with only 10% of cows calving by 30 months of age (De Vasconcelos Silva et al., 2005). Due to
the ease of measurement and favorable genetic correlations, Nellore breeding programs evaluate scrotal
circumference in males and age at �rst calving in females to identify animals with superior sexual
precocity (Short et al., 1994). Additionally, to combine reproductive and productive e�ciencies, the
accumulated productivity and stayability are evaluated to allow identi�cation of females with greater
potential in terms of the total production of the weaned calf.

Considering the economic and commercial e�ciency of the beef production chain, the yield, and quality
of the meat produced must also be included in the breeding programs of the Nellore breed. Despite the
limitations and di�culties of measurement, criteria such as carcass yield, subcutaneous fat thickness,
and meat quality present large quantitative and qualitative variation within and among Nellore herds (De
Castro et al., 2014). Also, it is important to know their genetic relationships with the other characteristics
of economic interest.

The use of naturally polled breeds, such as polled Nellore, in beef production, is advantageous because it
does not burden the productive system with the dehorning costs, besides, facilitates handling,
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transportation and avoids damage to the carcass due to bruising. In general, the genetic parameters of
reproductive and meat quality traits of the common Nellore are used in the polled herd, without
considering the particularities of this population. Therefore, studies that re-estimate genetic parameters
and understand the covariance structure are necessary for the genetic development of the polled herd in
Brazil. (Lopes et al., 2013; Amaral et al., 2014).

The objective of this study was to estimate the heritabilities and genetic correlations for traits related to
reproductive e�ciency and carcass and meat quality in Polled Nellore cattle.

Material And Methods
Data from the present study were obtained from Nellore animals belonging to Embrapa Cerrados (BRGN)
and Guaporé Agropecuária SA (OB), born from 2001 to 2014 and, from 1998 to 2014, respectively. The
traits analyzed included reproductive e�ciency criteria, such as the scrotal circumference at 365 and 450
days of age (SC365 and SC450, respectively), age at �rst calving (AFC), accumulated productivity (AP),
stayability (STAY); in addition to carcass yield and meat quality criteria, including longissimus muscle
area (LMA) subcutaneous fat thickness over the 12th-13th ribs and the rump (BF and RF, respectively),
and meat shear force (Warner-Bratzler shear force, WBSF). Except for WBSF, all measures and genealogy
information were provided by the Nellore Brazil Program of the National Association of Breeders and
Researchers (ANCP).

The calculation of the AP re�ects the contribution of the female during her stay in the herd, in terms of the
total production of weaned calves and the total time of production (kg/year). The AP value was
estimated by the following equation:

AP = 
WW · ncalves · Ca 

ALC - Ci
,

where WW = mean calf weaning weight (kg); ncalves = total number of calves weaned; Ca = constant
equal to 365 days, to express fertility on an annual basis; ALC = age of cow at last calving (days); Ci = 
constant equal to 550 days, re�ecting the expectation that �rst calving will occur at 30 months of age.

STAY was de�ned as a binary trait, assuming the value 1 for cows that remained in the herd up to 76
months of age, calving at least three times, and the value 0 for those who did not meet those criteria.

Live animal carcass traits were measured using real-time ultrasound, using procedures, equipment, and
personnel certi�ed by the Ultrasound Guidelines Council (http://www.ultrasoundbeef.com) and the Nellore
Brazil Program. Images of LMA and BF were collected between the 12th and 13th ribs, while RF was
taken over the intersection of the gluteus medius and biceps femoris muscles, located between the ileum
and the ischium of the animal.
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To obtain the WBSF, 490 Nellore animals belonging to OB were slaughtered (297 males and 193
females). Carcasses were chilled for 24 hours at 1 to 4°C, then a portion of the Longissimus muscle was
removed between the 9th and 12th ribs, according to Wheeler et al. (1998). Steaks were cut to 2.54 cm
thickness, vacuum-packed, and stored at 4°C for seven days before being frozen pending evaluation for
WBSF (AMSA, 2016).

The kinship matrix for the estimation of variance components and genetic parameters was composed by
57,951 animals, constituting 11 generations. The contemporary groups (CG) for SC365 and SC450
considered the effects of herd, year, and season of birth and management group, whereas for WBSF it did
not consider the herd effect but also included sex and slaughter date. For AFC and AP, CG included
effects of herd, year, and season of birth, while STAY included only the �rst two. However, for LMA, BF,
and RF, CG included the effects of herd, year of birth, month of birth, sex, management type, management
group, �eld technician, and ultrasound image laboratory. CG with less than four animals, bulls with
offspring in less than three CG and records 3.5 standard deviations above or below of CG mean were
removed from the dataset. The number of animals evaluated, the means, standard deviations, ranges,
and variation coe�cients for each trait are presented in Table 1.

Table 1
Descriptive statistics of the reproductive traits, carcass and tenderness of Polled Nellore cattle included in

this study.

TraitA Number of
animals

Mean Standard
Deviation

Minimum Maximum Variation
Coe�cient

SC365 (cm) 5570 19,73 1,96 15 32,5 9,94

SC450 (cm) 9405 21,68 2,27 15 34 10,48

AFC (month) 12610 37,98 4,21 24 49 11,08

AP
(kg/cow/year)

7490 130 22,57 54 202 17,36

LMA (cm2) 11302 47,2 8,77 20,45 98,24 18,57

BF (mm) 11269 2,05 0,88 0,09 12,54 42,99

RF (mm) 11242 2,53 1,12 0,13 13,89 44,37

WBSF (kg) 454 3,83 1,28 1,07 8,87 33,53

ASC365 and SC450: scrotal circumference at 365 and 450 days of age respectively; AFC: age at �rst
calving, AP: accumulated productivity, STAY: stayability; LMA: loin eye area; BF: thickness of
subcutaneous fat over the 12th -13th ribs; RF: thickness of subcutaneous fat over the rump; WBSF:
Warner-Bratzler shear force.

 

For the estimation of the (co)variance components, bi-trait quantitative analyses were performed under a
linear animal model using the GIBBS2F90 computer program (Misztal et al., 2014). For the analyses
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involving STAY, the linear-threshold animal model, and the THRGIBBS1F90 program were adopted
(Misztal et al., 2014). Both programs use Bayesian inference by the Gibbs sampling algorithm. For the
LMA, BF, and RF characteristics, the age of the animal was considered as covariate (linear and quadratic
effect).

Results
The SC at 365 and 450 days of age presented substantial absolute and relative variability, constituting
important selection criteria for sexual precocity and fertility in male Polled Nellore cattle (Table 1). Most
carcass and meat quality traits presented high variation coe�cients.

Posterior estimates of heritability for the reproductive, carcass, and meat traits are described in Table 2.
Estimates of genetic and residual correlations between reproductive, carcass, reproductive/carcass, and
reproductive/meat quality are presented in Tables 3, 4, 5, and 6, respectively.

Table 2
Estimated posterior means, modes, medians, standard deviations, and 95% credible intervals for
heritability coe�cients for reproductive, carcass and meat quality traits in Polled Nellore cattle.

TraitA Mean Mode Median Standard Deviation CIB 2.5% CI 97.5%

SC365 0,3078 0,3007 0,3059 0,1041 0,2285 0,3960

SC450 0,3671 0,3630 0,3659 0,1013 0,2903 0,4497

AFC 0,1639 0,1617 0,1633 0,0800 0,1290 0,2011

AP 0,2519 0,2512 0,2515 0,0773 0,2055 0,3000

STAY 0,1572 0,1547 0,1564 0,0832 0,1145 0,2033

LMA 0,3020 0,3016 0,3015 0,0880 0,2484 0,3587

BF 0,1335 0,1284 0,1319 0,0876 0,0868 0,1886

RF 0,2409 0,2362 0,2395 0,0929 0,1817 0,3078

WBSF 0,1622 0,1025 0,1385 0,1616 0,0473 0,4245

ASC365 and SC450: scrotal circumference at 365 and 450 days of age respectively; AFC: age at �rst
calving, AP: accumulated productivity, STAY: stayability; LMA: loin eye area; BF: thickness of
subcutaneous fat over the 12th -13th ribs; RF: thickness of subcutaneous fat over the rump; WBSF:
Warner-Bratzler shear force.

BCI, credible interval.
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Table 3
Estimated posterior means, modes, medians, standard deviations, and 95% credible intervals for genetic

correlations and residuals for reproductive traits of Polled Nellore cattle.

TraitA Mean Mode Median Standard Deviation CIB 2.5% CI 97.5%

  Genetic correlations  

SC365 x SC450 0,91 0,93 0,92 0,03 0,85 0,96

SC365 x AFC -0,24 -0,22 -0,24 0,13 -0,49 0,04

SC365 x AP 0,61 0,63 0,61 0,08 0,43 0,75

SC365 x STAY 0,26 0,31 0,27 0,14 -0,02 0,51

SC450 x AFC -0,38 -0,41 -0,38 0,09 -0,55 -0,19

SC450 x AP 0,62 0,64 0,63 0,06 0,49 0,73

SC450 x STAY 0,33 0,33 0,33 0,11 0,09 0,55

AFC x AP -0,69 -0,70 -0,69 0,07 -0,81 -0,55

AFC x STAY -0,38 -0,37 -0,38 0,11 -0,59 -0,15

AP x STAY 0,83 0,86 0,84 0,06 0,71 0,94

  Residuals correlations  

SC365 x SC450 0,74 0,74 0,74 0,02 0,70 0,77

AFC x AP -0,24 -0,24 -0,24 0,02 -0,28 -0,20

AFC x STAY -0,24 -0,24 -0,24 0,02 -0,27 -0,20

AP x STAY 0,61 0,61 0,61 0,02 0,58 0,64

ASC365 and SC450: scrotal circumference at 365 and 450 days of age respectively; AFC: age at �rst
calving, AP: accumulated productivity, STAY: stayability.

BCI, credible interval.
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Table 4
Estimated posterior means, modes, medians, standard deviations, and 95% credible intervals for genetic

correlations and residuals for carcass traits of Polled Nellore cattle.

TraitA Mean Mode Median Standard Deviation CIB 2.5% CI 97.5%

  Genetic correlations

LMA x BF 0.25 0.28 0.26 0.12 0.01 0.46

LMA x RF 0.06 0.08 0.06 0.09 -0.12 0.25

BF x RF 0.49 0.50 0.50 0.11 0.26 0.69

  Residuals correlations

LMA x BF 0.15 0.16 0.15 0.02 0.11 0.20

LMA x RF 0.16 0.16 0.16 0.03 0.10 0.21

BF x RF 0.34 0.34 0.34 0.02 0.30 0.38

ALMA: loin eye area; BF: thickness of subcutaneous fat over the 12th -13th ribs; RF: thickness of
subcutaneous fat over the rump.

BCI, credible interval.
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Table 5
Estimated posterior means, modes, medians, standard deviations, and 95% credible intervals for genetic

correlations and residuals for reproductive and carcass traits for Polled Nellore cattle.

TraitA Mean Mode Median Standard Deviation CIB 2.5% CI 97.5%

  Genetic correlations

SC365 x LMA 0,36 0,35 0,35 0,10 0,16 0,55

SC365 x BF 0,13 0,13 0,13 0,16 -0,20 0,43

SC365 x RF 0,02 0,02 0,02 0,13 -0,23 0,28

SC450 x LMA 0,35 0,36 0,35 0,09 0,18 0,51

SC450 x BF 0,10 0,10 0,10 0,14 -0,17 0,37

SC450 x RF 0,06 0,05 0,06 0,11 -0,15 0,26

LMA x AFC -0,25 -0,26 -0,25 0,08 -0,41 -0,08

LMA x AP 0,70 0,71 0,70 0,05 0,60 0,79

LMA x STAY 0,35 0,35 0,35 0,11 0,14 0,57

BF x AFC -0,28 -0,30 -0,28 0,13 -0,53 -0,02

BF x AP 0,23 0,23 0,23 0,13 -0,02 0,49

BF x STAY 0,08 0,06 0,08 0,16 -0,23 0,39

RF x AFC -0,23 -0,24 -0,23 0,11 -0,44 -0,02

RF x AP 0,01 0,00 0,01 0,10 -0,19 0,22

RF x STAY 0,22 0,23 0,22 0,13 -0,03 0,46

  Residuals correlations

SC365 x LMA 0,21 0,23 0,21 0,04 0,13 0,29

SC365 x BF 0,05 0,05 0,05 0,04 -0,03 0,13

SC365 x RF 0,07 0,07 0,07 0,05 -0,02 0,16

SC450 x LMA 0,22 0,22 0,22 0,04 0,14 0,30

SC450 x BF 0,02 0,02 0,02 0,04 -0,05 0,09

SC450 x RF 0,04 0,04 0,04 0,04 -0,04 0,12

ASC365 and SC450: scrotal circumference at 365 and 450 days of age respectively; AFC: age at �rst
calving; AP: accumulated productivity; STAY: stayability; LMA: loin eye area; BF: thickness of
subcutaneous fat over the 12th -13th ribs; RF: thickness of subcutaneous fat over the rump.

BCI, credible interval.
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TraitA Mean Mode Median Standard Deviation CIB 2.5% CI 97.5%

LMA x AFC 0,01 0,02 0,01 0,18 -0,33 0,35

LMA x AP -0,09 -0,05 -0,09 0,18 -0,47 0,26

LMA x STAY -0,49 -0,53 -0,50 0,18 -0,80 -0,10

BF x AFC 0,02 0,03 0,02 0,16 -0,29 0,34

BF x AP 0,35 0,38 0,36 0,14 0,06 0,60

BF x STAY 0,04 0,01 0,04 0,19 -0,32 0,38

RF x AFC 0,01 0,01 0,01 0,11 -0,21 0,22

RF x AP 0,12 0,16 0,12 0,15 -0,18 0,41

RF x STAY -0,28 -0,27 -0,29 0,17 -0,61 0,06

ASC365 and SC450: scrotal circumference at 365 and 450 days of age respectively; AFC: age at �rst
calving; AP: accumulated productivity; STAY: stayability; LMA: loin eye area; BF: thickness of
subcutaneous fat over the 12th -13th ribs; RF: thickness of subcutaneous fat over the rump.

BCI, credible interval.
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Table 6
Estimated posterior means, modes, medians, standard deviations, and 95% credible intervals for genetic

correlations and residuals for reproductive and meat quality traits of Polled Nellore cattle.

TraitA Mean Mode Median Standard Deviation CIB 2.5% CI 97.5%

  Genetic correlations

SC365 x WBSF -0,13 -0,82 -0,34 0,67 -0,92 1,00

SC450 x WBSF 0,27 0,85 0,50 0,62 -0,93 0,97

AFC x WBSF -0,61 -0,59 -0,64 0,24 -0,94 -0,02

AP x WBSF -0,52 -0,95 -0,61 0,39 -0,99 0,36

STAY x WBSF -0,86 -0,99 -0,98 0,27 -1,00 0,06

LMA x WBSF -0,09 -0,14 -0,10 0,45 -0,94 0,95

BF x WBSF -0,12 -0,19 -0,12 0,39 -0,81 0,63

RF x WBSF -0,10 -0,12 -0,11 0,30 -0,68 0,46

  Residuals correlations

SC365 x WBSF -0,84 -0,98 -0,90 0,21 -1,00 -0,21

SC450 x WBSF -0,20 -0,22 -0,21 0,19 -0,56 0,17

LMA x WBSF -0,06 -0,09 -0,06 0,11 -0,27 0,17

BF x WBSF -0,01 0,00 -0,01 0,05 -0,11 0,09

RF x WBSF -0,02 -0,02 -0,02 0,08 -0,16 0,14

ASC365 and SC450: scrotal circumference at 365 and 450 days of age respectively; AFC: age at �rst
calving; AP: accumulated productivity; STAY: stayability; LMA: loin eye area; BF: thickness of
subcutaneous fat over the 12th -13th ribs; RF: thickness of subcutaneous fat over the rump; WBSF:
Warner-Bratzler shear force.

BCI, credible interval.

 

Except for Table 6, the range of 95% credibility intervals of the posterior density of estimates of
heritabilities and genetic and residual correlations between reproductive and carcass traits and among
them presented adequate amplitudes, indicating their consistency and reliability. Also, they presented low
standard errors, indicating good accuracy.

The genetic and residual correlations between SC365 and SC450 (0.91 and 0.74, respectively) were
positive and high, similar to literature values. Therefore, most of the genes that in�uence SC365 also
in�uence SC450, suggesting that selection for change in the �rst will result in changes in the other, and



Page 11/18

vice versa. Conversely, the residual correlation indicates a high non-additive and/or genetic association
between these traits.

Genetic correlations of SC365 and SC450 with AFC were moderate and negative (-0.24 and − 0.38,
respectively). Genetic correlations of SC365 and SC450 with STAY were moderate and positive (0.26 and
0.33, respectively).

Discussion
The mean of SC365 and SC450 and AFC, BF, and RF were similar to those previously found in Nellore
which indicates that although Polled Nellore is raised separately from common Nellore in Brazil, in
general both herds have the same pattern of development (Barbosa et al., 2010; Boligon and
Albuquerque, 2011; De Faria et al., 2015; Grossi et al., 2008; Regatieri et al., 2012; Yokoo et al., 2007;
Yokoo et al., 2008).

The WBSF values reported here  are comparable to the values   commonly found for Bos taurus breeds
(Wheeler et al., 2005), whose meat has good acceptability by the consumer for tenderness. On the other
hand, Tizioto et al. (2013), reported greater values of WBSF in meat from Nellore cattle. Possibly, this
divergence can be attributed to the intense meat quality selection conducted by OB for the last 15 years.

The AP per female averaged 130 ± 22.57 kg of calves weaned per year of life, like those reported for
Nellore females by Schwengber et al. (2001) and De Faria et al. (2007). The value of AP is well below the
average weaning weight (191 kg) of the animals participating of the Nellore Brazil Program because
weaning weight does not include time factor as AP does (De Faria et al., 2007).

Heritability estimates for SC365 (0.31) and SC450 (0.37) indicated moderate magnitude, similar to those
reported by Mercadante et al. (2000), but were lower than most reports in the literature, ranging from 0.49
to 0.65 (Corbet et al., 2013; De Faria et al., 2009). The present study was conducted using data from two
Polled Nellore herds with a very similar genetic basis, therefore it had a lower population effective size
and may present lower genetic variability for these traits. Moreover, SC was not a priority selection
criterion for the herds analyzed in this study.

The 95% credible intervals and the posterior heritability estimates were similar for AFC and STAY (0.12 to
0.20 and 0.16, respectively), con�rming several previous studies in Nellore cattle, ranging from 0.16 to
0.35 (Mercadante et al., 2000; Gutierrez et al., 2002; Regatieri et al. 2012) and 0.11 to 0.22 (De
Vasconcelos Silva et al., 2003; (van Melis et al., 2010), respectively. Even with their low heritabilities,
selection for these two traits can aid in genetic progress and maximize gains in reproductive e�ciency of
the herd (De Vasconcelos Silva et al., 2003; Eler et al., 2014).

The negative genetic correlation between AFC and STAY (-0.38) indicates favorable genetic correlations in
terms of selection, that is, some of the genes that act to increase the scrotal circumference also act in
favor of decreasing age at �rst calving, as well as in favoring the increase of the cow's ability to remain in
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the herd. Therefore, scrotal circumference can be considered a good criterion for the selection of sexual
precocity for Nellore males and females, promoting genetic progress in important reproductive traits, as
well as its positive and favorable genetic association with growth characteristics.

The posterior mean heritability for AP (0.25) lies within the 95% credible intervals (0.20 to 0.30) for AFC
and STAY (both posterior mean heritabilities equal to 0.16). This suggests that AP may be adopted as a
selection criterion by Nellore genetic improvement programs, favoring improved reproductive e�ciency of
females and males. Genetic correlations were favorable and high (Table 3) between AP and AFC (-0.69),
STAY (0.83), SC365 (0.61) and SC450 (0.62). Therefore, when selecting for AP, we would also tend to
increase the frequency of genes that also act to increase STAY, SC365 and SC450, and to decrease AFC.
Considering the high and favorable genetic correlations found in this study, direct selection for any of
these characteristics should favor improvements in the others.

Genetic correlations among characteristics measured in different animals (i.e., reproductive traits of
males vs. females) may be estimated due to use of the kinship matrix to include genetic connections
between the animals. By contrast, residual correlations can be estimated only for traits measured in the
same animals (e.g., between SC365 and SC450 in males; AFC, STAY and AP in females). Residual
correlations of the same direction with lower values, such as between   AFC and AP and between AP and
STAY (both equal to -0.24), indicate moderate non-additive genetic associations and/or environmental
effects on these traits. By contrast, residual correlations were greater between SC365 and SC450 (0.74)
and between AP and STAY (0.61).

The mean heritability estimates and the 95% credible intervals for BF (0.13, 0.09 to 0.19, respectively), RF
(0.24, 0.18 to 0.31, respectively) and LMA (0.30, 0.25 to 0.36, respectively), were of low magnitude
compared to values previously reported for Nellore cattle. Heritabilities for BF, RF, and LMA have ranged
from 0.17 to 0.52 (Yokoo et al., 2008; De Faria et al., 2015); 0.23 to 0.65 (Zuin et al., 2012); and from 0.29
to 0.65 (Barbosa et al., 2010; Zuin et al., 2013; De Faria et al., 2015), respectively. However, despite of the
lower magnitude, they indicated a response to direct selection, con�rming their recommendation as
selection criteria in the Nellore breed to improve carcass yield and quality.

The heritability estimate obtained in this study for WBSF (0.16) was of similar magnitude to Tizioto et al.
(2013) (0.16) and De Castro et al. (2014) (0.11). However, direct measurement of WBSF is laborious and
expensive, besides requiring the slaughter of the animals. Due to the di�culty of obtaining the phenotypic
measures for WBSF, there are few reports in the literature regarding shear force in Nellore cattle, as well as
its relationship with other characteristics of economic interest. More studies are necessary to investigate
and identify other methodologies and tools to obtain new tenderness criteria.

Among carcass traits, it was observed that the posterior means genetic correlation and its 95% credible
interval between BF and RF (0.49, 0.26 to 0.69, respectively) were high and positive, indicating that these
traits are in�uenced by many of the same genes. However, the mean genetic correlations between LMA
and BF and between LMA and RF were lower. Therefore, a small proportion of the genes responsible for
LMA expression may be common only with BF, indicating that selection for increased LMA may also
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result in a slight increase in BF. Genetic correlations reported in the literature (Yokoo et al., 2008; Caetano
et al., 2013; Zuin et al., 2013) for these same characteristics are small, indicating little genetic association
and suggesting that selection for increased LMA should not necessarily in�uence fat thickness.

Residual correlations for the carcass characteristics studied indicated small non-additive genetic
associations (dominance, overdominance and epistasis) and/or environmental effects, except for the
residual correlation between BF and RF (0.34).

Genetic correlations between reproductive and carcass characteristics were of low to moderate
magnitude, except between LMA and AP (0.70) (Table 5). These results suggest a possible association
between AP and higher carcass yield, however further studies are needed to con�rm this and elucidate the
nature of this association.

Genetic correlations involving LMA with SC365, SC450 and STAY were positive and moderate, around
0.35, while with AFC it was slightly lower, however negative and favorable (-0.25). However, the
correlations involving BF or RF were of low magnitude, although they were all favorable. Of particular
note were the genetic correlations of BF with AFC (-0.28) and AP (0.23) and of RF with AFC (-0.23) and
STAY (0.22). Thus, inclusion of reproductive characteristics such as scrotal circumference in males and
the AP and AFC in females as selection criteria in genetic improvement programs in Nellore cattle should
improve reproductive and productive e�ciency, as well as carcass traits due to favorable genetic
associations.

The residual correlations between most reproductive and carcass characteristics were close to zero. That
is, there were little or no non-additive genetic effects and/or a common environment between them.
Exceptions include residual correlations involving LMA with STAY (-0.49), SC365 (0.21) and SC450 (0.22),
between BF and AP (0.35) and between RF and STAY (-0.28).

The 95% con�dence intervals of the genetic correlation estimate of WBSF with SC365, SC450, LMA, BF
and RF were very broad (Table 6), indicating imprecision of the estimates. The distribution of these
estimates showed high standard deviations and the posterior means of WBSF with SC365 and SC450
were quite different. The estimated means for these genetic correlations were of low magnitude and
could be considered null. These results indicate that selection to improve scrotal circumference and
WBSF should be conducted independently.

Except for WBSF with SC365 (-0.84), residual correlations were close to zero, that is, the characteristics
were not associated by common environmental effects. This is not surprising, since meat shear force is
subject to multi-factorial environmental in�uences pre- and post-mortem, therefore, is much more
susceptible to changes than those related to morphological characteristics such scrotal circumference
and even carcass traits. In this data set, the environmental in�uences favorable to increased SC365
contributed favorably to decreased WBSF, suggesting that the environment interfered in sexual precocity
and �nishing in a positively.
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Genetic correlations of WBSF with AFC, CAP and STAY were calculated based only on the genetic
association contained in the kinship matrix, since reproductive e�ciency measures were obtained only
for females and that WBSF were obtained only in slaughtered males. Due to this limitation, and the
inherent di�culty of obtaining measurements, biological interpretation of these values must be
approached with caution.

Despite the crucial importance of the variables associated with the reproductive e�ciency of the females
for the sustainability of the beef production system, they presented low estimates of heritability, which
should result in slower genetic progress. This low heritability for female reproductive traits is known to be
strongly in�uenced by environmental factors and management.

Based on the results obtained in this study, it is expected that in the medium term, animals with greater
sexual precocity will also have greater accumulated productivity and longer stay of females in the herd,
along with superior carcass traits. However, due to the low heritabilities and small genetic associations
with reproductive traits, fat thickness characteristics (BF and RF) will still require direct selection.

Due to the heritabilities of the scrotal perimeter measured at 365 and 450 days of age, as well as their
genetic correlations with the reproductive characteristics of females, direct selection for them will
indirectly result in improvements in accumulated productivity, stayability, and age at �rst calving.

Accumulated productivity proved to be an attractive selection criterion to be adopted by breeding
programs, indirectly favoring rapid genetic progress for reproductive characteristics of females and males
(SC365, SC450, AFC and STAY), as well as for LMA.
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