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ABSTRACT. Data of pregnancy diagnosis from 24,945 Nellore heif-
ers, raised under tropical conditions in Brazil and exposed to breeding at
about 14 months of age, were analyzed simultaneously with 13,742 (anal-
ysis 1), 36,091 (analysis 2), 8,405 (analysis 3), and 8,405 (analysis 4)
scrotal circumference (SC) records of contemporary young bulls in or-
der to estimate heritability (h2) for yearling heifer pregnancy (HP) and
for SC measured at around 15 (SC15) and 18 (SC18) months of age and
to estimate genetic correlation between HP and SC15 (SC18). Heifer
pregnancy was considered as a categorical trait, with the value 1 (suc-
cess) assigned to heifers that were detected as pregnant by rectal pal-
pation approximately 60 days after the end of a 90-day breeding season
and the value 0 (failure) otherwise. In analyses 1 and 3, SC was meas-
ured at around 15 months of age and in analysis 2 and 4 it was measured
at around 18 months of age. Only 8,848 animals from datasets 1 and 2
were common in both files, which means the same animals measured at
different ages. Datasets used in analyses 3 and 4 included the same
animals, measured at 15 and at 18 months of age, respectively. Herita-
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bility estimates for HP were similar in all analyses, with values ranging
from 0.66 ± 0.08 to 0.67 ± 0.008. For SC15, the estimates were 0.57 ±
0.05 in analysis 1 and 0.60 ± 0.07 in analysis 3. For SC18, the estimates
were 0.53 ± 0.03 in analysis 2 and 0.64 ± 0.06 in analysis 4. The esti-
mates of genetic correlation between HP and SC15 were 0.15 ± 0.10 in
analysis 1 and 0.11 ± 0.11 in analysis 3. For the correlation between HP
and SC18, the values were 0.27 ± 0.10 in analysis 2 and 0.16 ± 0.11 in
analysis 4. Based on standard errors and confidence intervals, the best
heritability and genetic correlation estimates were obtained from analy-
sis 2, which included more data and a better pedigree structure. Pearson
correlation between HP and SC breeding values was similar to the ge-
netic correlation estimates obtained from two-trait models, when all ani-
mals in the pedigree file were considered for its calculation. If only sires
were considered for the calculation, Pearson correlation was higher but
the pattern was the same as from two-trait analyses. The high heritabil-
ity estimates obtained in the present study confirm that expected prog-
eny difference (EPD) for HP can be used to select bulls for the produc-
tion of precocious daughters and that the low genetic correlation be-
tween SC and HP indicates a greater efficacy of selection based on
heifer pregnancy EPD than of selection based on scrotal circumference
EPD. The results of the present study, although not conclusive, indicate
that SC measured at around SC18 would have a higher genetic correla-
tion with HP than would SC measured at around SC15.

Key words: Expected progeny difference, Genetic correlation,
Heritability, Method ℜ, Non-linear model, Sexual precocity

INTRODUCTION

In beef cattle, reproductive traits are a major concern, especially in harsh tropical envi-
ronments. Nogueira (2004) presented a review on male and female reproduction traits of Zebu
cattle (Bos indicus), especially in South American production systems. From this review and
also as reported by Martin et al. (1992), Zebu heifers historically reach puberty at an older age
than heifers of Bos taurus breeds.

Age at puberty in extensive management systems is usually estimated from the age at
first calving (AFC). However, Pereira et al. (2002) reported that AFC in Nellore cattle was to
a great extent dependent on the age at which the heifers are exposed to breeding. In the Brazil-
ian beef production systems, heifers are usually exposed to breeding at two years old but,
according to Fajersson et al. (1991), Zebu heifers can reach puberty at yearling and can calve at
27 months of age if fed according to NRC protein recommendations.

Doyle et al. (1996) and Evans et al. (1999) defined heifer pregnancy (HP) as the
probability of a heifer being pregnant at the end of the breeding season when she was exposed
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to a bull or inseminated. Eler et al. (2002) reported a high heritability (0.57 ± 0.11) for HP in
Nellore heifers exposed to breeding at about 14 months of age, and Silva et al. (2005) also
reported high heritability for the trait in Nellore heifers exposed to breeding at about 16 months
of age. The estimates reported by these authors were 0.52 ± 0.08 and 0.45 ± 0.03, in analyses
using method ℜ and a Bayesian approach, respectively.

Although the results above indicate the use of HP expected progeny difference (EPD)
to select for sexual precocity, it is still seldom used in the Brazilian production system. On the
other hand, the majority of farmers pay attention to scrotal circumference (SC) measurements
when buying young bulls. In Brazil, there is no unique national genetic evaluation for the Nellore
breed. Besides the Brazilian Zebu Breeders Association (ABCZ), private groups (e.g., CFM,
2005; Lôbo et al., 2005; PAINT, 2005) have their own genetic evaluation programs and publish
“Sire Summaries”. SC EPD is included in their publication. It is well known from the literature
that SC can be used as an indicator of precocity. It is an easy and inexpensive trait to measure,
has high heritability (Eler et al., 1996; Quirino and Bergmann, 1998) and is reported to be favor-
ably associated with age at puberty (Brinks et al., 1978; Smith et al., 1989) and with age at first
calving (Martins Filho and Lôbo, 1991; Pereira et al., 2000; Silva et al., 2005).

SC is, however, no more than an indicator of age at puberty and the magnitude of its
relationship with sexual precocity is yet to be well established. Evans et al. (1999), analyzing a
small amount of data on Hereford cattle, reported an estimate close to zero for the genetic
correlation between SC and HP. In Nellore cattle, Eler et al. (2004) used a two-trait animal
model to analyze a large amount of data of SC and HP simultaneously. In addition to confirming
a high heritability for HP (from 0.63 ± 0.08 to 0.69 ± 0.09), they reported a genetic correlation of
0.20 between the two traits. In Eler’s analysis, SC was measured from 400 to 650 days of age
and adjusted to 450 days.

The results from the literature, noted above (high heritability for HP and for SC, positive
relationship between SC and AFC, and positive genetic correlation between SC and HP), lead
to the conclusion that sexual precocity is a heritable trait and may respond to selection. There is,
therefore, a need for finding good selection criteria for such traits.

No conclusive study was found in the literature, relating the age of measurement of SC
with the correlation between this trait and HP (or age at puberty) in Nellore or other Bos
indicus cattle. Therefore, the main objective of the present study was to analyze a dataset of
HP simultaneously with SC records taken at around 15 months of age and also the same dataset
simultaneously with SC records taken at around 18 months of age to determine the genetic
correlation between the two traits in Bos indicus cattle raised under tropical conditions in Bra-
zil.

MATERIAL AND METHODS

Data

The data were obtained from three herds owned by Agro-Pecuária CFM Ltda. CFM
owns close to 17,000 Nellore cows and sells about 2,000 young bulls per year of 7,000 males
weaned. Two herds were located in northeastern part of São Paulo State (20° 17’ 62” S and 49°
51’ 23” W; 20° 34’ 03” S and 50° 13’ 49” W), and the third one was located in the western part
of Mato Grosso do Sul (20° 17’ 36” S and 55° 26’ 22” W), Brazil.
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Cattle management

Both bulls and heifers were maintained on high-quality pasture (composed approxi-
mately of 40% Brachiaria brizantha, 50% Panicum maximum and 10% other grasses) and
supplemented with salt and mineral (11% Ca, 6% P, 1% Mg, 4% S, 16% Na, 0.15% Cu, 0.15%
Mn, 0.45% Zn, 0.015% I, 0.007% Co, and 0.002% Se). Calves were born from late August to
December and remained with their dams up to seven months of age in a high-quality pasture.
The 90-day heifer breeding season started in November and ended in January. Using multiple
sire or single-sire breeding pastures, heifers were assigned by birth date to breeding manage-
ment groups with heifers of similar age. The ratio of heifers per bull was about 35:1. All heifers
were evaluated for pregnancy by rectal palpation, approximately 60 days after the end of the
breeding season. At the start of the breeding season, all heifers in the herd were exposed to bulls
regardless of their weight or body condition. Heifers that failed to conceive at 14 months were
retained until the next breeding season when they were exposed as 2-year-old heifers. After
new pregnancy diagnosis, they were removed from the herd at that time if they failed to con-
ceive.

Cows older than 2 years that did not conceive or cows with poor progeny performance
were culled. Bulls were selected based on an index including standardized EPD for weaning
weight, post-weaning gain, scrotal circumference, and muscle score, weighted 20, 40, 20, and
20%, respectively. Attention was paid to age at first calving and birth weight EPD. Since 2000,
scrotal circumference EPD was replaced by heifer pregnancy EPD in the index for selection
purposes, but not to rank young bulls for selling.

Heifer pregnancy data

HP was defined as the observation that a heifer conceives and remains pregnant upon
palpation, given that she was exposed to breeding. Pregnant heifers or heifers with a calving
record were given a score of 1 and non-pregnant heifers a score of 0. The data set con-
tained 24,945 records of heifers born from 1993 to 2003 and exposed to breeding at about
14 months of age from 1994 through 2004. The heifers were daughters of 413 sires and
16,117 dams. Due to the use of multi-sire pastures, sires were not known for 6,901 heifers
from those groups. Of the 24,945 records, 3,836 (15.4%) were scored 1, and 21,109 (84.6%)
were scored 0.

Scrotal circumference data

Four datasets were obtained for scrotal circumference: Dataset 1 included records
from 13,742 young bulls born from 1986 through 2003 in the same herds as heifers. SC was
measured at about 15 months of age (SC15). Dataset 2 included records from 36,091 young
bulls born from 1984 through 2003 in the same herds as heifers. SC was measured at about 18
months of age (SC18). Only 8,848 young bulls from dataset 1 and 2 were present in both files.
Datasets 3 and 4 included, besides records from datasets 1 and 2, 8,405 young bulls born from
1997 through 2003 and measured at 15 and 18 months, respectively. Due to the use of multi-sire
pastures, some young bulls came from those groups and had unknown sires. Descriptive statis-
tics for the datasets are presented in Table 1.
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Table 1. Number of young bulls with scrotal circumference records (N), contemporary groups (CG), sires (Sires),
dams (Dams) and young bulls with unknown sires (Unknown sires) in the four datasets analyzed.

Dataset N CG Sires Dams Unknown sires

1 13,742 538 398 9,528 3,024
2 36,091 1,148 706 23,710 7,319
3 8,405 321 246 6,490 1,963
4 8,405 332 246 6,490 1,963

Statistical analysis

Records from datasets 1 and 3 were adjusted to 450 days and those from datasets 2
and 4 were adjusted to 550 days using a segmented polynomial technique (Gallant and Fuller,
1973). This procedure gave a better adjustment curve in a previous study (Mourão et al., 2004).
The age of SC measurement and average SC are presented in Table 2.

Table 2.  Number of young bulls with scrotal circumference records (N), average age at measurement in days (Age),
range of age (Range), average scrotal circumference in cm (SC) and average adjusted scrotal circumference in cm (SC
adjusted) in the four datasets analyzed.

Dataset N Age Range SC SC adjusted

1 13,742 458 382 to 495 24.0 23.8
2 36,091 554 495 to 630 27.6 27.5
3 8,405 461 382 to 495 23.8 23.7
4 8,405 531 495 to 609 26.4 27.3

HP and SC data were analyzed simultaneously in four two-trait analyses. Analyses 1, 2,
3, and 4 included records of HP plus records of SC of datasets 1, 2, 3, and 4, respectively.
Variance components were estimated using method ℜ procedures with a continuous and cat-
egorical animal model (Reverter et al., 1994; Kaiser, 1996). Method ℜ procedures used random
50% sub-samples from the data and compared those sub-samples with all the data. The number
of sub-samples used was such that the standard error of the mean heritability was less than
0.0099 for all analyses.

The model used for analysis of scrotal circumference (Trait 1) and heifer pregnancy
(Trait 2) together can be described as follows (Evans et al., 1999). For SC the model was:

and for heifer pregnancy:
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where

y
1
 = observation of SC, y

2
 = observation of HP on the liability scale, X

1(2)
 = known coefficient

matrix including the incidence matrix relating fixed effects to observations of trait 1(2), Z
1(2)

 =
incidence matrix relating random animal additive direct genetic effects to observations of trait
1(2), β

1(2)
 = vector of fixed effects related to trait 1(2), µ

1(2)
 = vector of random additive direct

genetic effects for trait 1(2), e
1
 = vector of random errors associated with trait 1, E (e

2
|e

1
) =

expectation of errors associated with trait 2 given the observed errors for trait 1, e
2
* = vector of

random errors associated with trait 2 independent of the random errors for trait 1, and b
1
 =

partial regression coefficient for e
2
 on e

1
 (Kaiser and Golden, 1995; Kaiser, 1996). Because SC

and HP were observed in separate animals, a zero value was assigned to b
1
.

The matrix g = 2 x 2 additive direct genetic (co)variance, A = Wright’s numerator
relationship matrix, ⊗ = Kronecker product, I

1(2)
 = identity matrix of the same order as e

1(2)
, and

σ2e
1 
= variance of the SC residual error. The matrix corresponding to the continuous-threshold

residual covariance was set to zero because the traits were measured in different animals
(Kaiser and Golden, 1995; Kaiser, 1996).

Model and fixed effects

The model included as fixed effects for HP, the age of the heifer (day of year born) as
a linear covariate, and contemporary group. The heifers were distributed among 68 contempo-
rary groups (CG) defined as heifers born in the same herd-year and exposed to breeding in the
same herd-year with the same pasture service sire or multi-sire group. Service sires were
almost always a multi-sire pasture group which determined the heifer breeding management
group.

For SC, the model included day of year born as linear and quadratic covariate and fixed
effect of CG. CG was defined as bulls born in the same herd-year and evaluated on the same
weaning and post-weaning management groups. Only CG with 5 or more animals was kept
in the datasets. Animal additive genetic effect and residual error were included as random
effects.

Pedigree data included all animals with an observation of HP or SC plus all known
relationships up to nine generations. The pedigree included 66,715, 102,165, 59,661, and 59,661
animals for datasets 1, 2, 3, and 4, respectively.

Genetic evaluation for heifer pregnancy and scrotal circumference

For HP, breeding values were predicted based on the underlying scale using a
maximum a posteriori probit threshold model - MAP (Gianola and Foulley, 1983; Harville
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and Mee, 1984; Evans et al., 1999). Solutions were obtained for all animals in the pedigree
file using a single-trait animal model and previously reported heritability. EPD were com-
puted by transforming MAP solutions for deviations from 50% probability according to the
equation EPD

i
 = [Φ (MAP

i
 * 0.5) - 0.5] * 100 (Snelling et al., 1995), where: EPD

i
 =

expected progeny difference for the ith animal on the probability scale; Φ = standard
accumulated distribution function; MAP

i
 = solution for the ith animal in the underlying

scale. Using this transformation, predictions were presented as the probability of a bull
having daughters that will become pregnant when exposed at 14 months of age during a
given breeding season. For SC, breeding values were predicted using a single-trait linear
animal model.

Pearson correlation was calculated between HP and SC, for three groups of animals in
each of the four datasets: a) for all animals in the pedigree file, b) for sires with at least one
progeny simultaneously evaluated for HP and SC and c) for sires with at least 20 progenies
evaluated for the two traits simultaneously.

The Animal Breeder’s Toolkit software (Golden et al., 1992) was used for variance
component estimation and to assemble and solve mixed model equations. Furthermore, 90%
confidence intervals of heritability estimates were generated using a procedure described by
Mallinckrodt et al. (1997).

RESULTS AND DISCUSSION

Fixed effects

The estimated effect of heifer age on heifer pregnancy was 0.88%/day. This means
that for every month increase in heifer age there was a corresponding 26% increase in the
probability a heifer would conceive. For SC adjusted to 450 days, the estimated effect of the
same covariate was 0.04 (linear effect) and -0.0001 (quadratic). For SC adjusted to 550 days,
the estimated effect was 0.02 and -0.0001 for linear and quadratic effects, respectively. SC
increased according to the period of the year when the animal was born from January to July
and decreased thereafter up to December. As expected, this effect was less important for SC
taken at around 18 months of age compared to 15.

Heritability and genetic correlation

Heritability and genetic correlation estimates from the two-trait analyses are presented
in Tables 3 and 4, and the distributions of estimates are presented in Figures 1, 2 and 3. Pearson
correlation between HP and SC breeding values are presented in Table 5.

For HP, the mean heritability estimates were similar in the four analyses with values
ranging from 0.66 to 0.67 and with standard error from 0.08 to 0.09. Nevertheless, the better
90% confidence interval was found in analysis 2 (0.54 to 0.78).

The mean heritability estimates for SC ranged from 0.53 (analysis 2) to 0.64 (analysis
4) and the standard deviation ranged from 0.03 (analysis 2) to 0.07 (analysis 3). The better 90%
confidence interval also came from analysis 2 (0.49 to 0.58).

When analyzing SC data from animals measured at both ages, 15 and 18 months (analy-
ses 3 and 4), a tendency was seen toward a higher heritability for SC18 (0.64) than for SC15
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Figure 1. Heritability estimates for heifer pregnancy in four two-trait analyses for Nellore cattle.

Table 3. Number of random 50% sub-samples (N), estimates of heritability (h2), standard error (SE), and 90%
confidence intervals (CI) for heifer pregnancy (HP) and scrotal circumference (SC) in Nellore cattle from four two-
trait analyses.

a1 = HP + SC15 (dataset 1); 2 = HP + SC18 (dataset 2); 3 = HP + SC15 (dataset 3), and 4 = HP + SC18 (dataset 4).

Trait Analysisa N h2 SE CI

Heifer pregnancy 1 607 0.66 0.09 0.52 to 0.81
2 260 0.66 0.08 0.54 to 0.78
3 244 0.67 0.08 0.54 to 0.81
4 445 0.66 0.08 0.53 to 0.81

Scrotal circumference 1 607 0.57 0.05 0.50 to 0.65
2 260 0.53 0.03 0.49 to 0.58
3 244 0.60 0.07 0.50 to 0.72
4 445 0.64 0.06 0.53 to 0.75

Table 4. Number of random 50% sub-samples (N), mean genetic correlation estimates (r
g
) between heifer pregnancy

(HP) and scrotal circumference (SC), standard error (SE), and 90% confidence intervals (CI) in Nellore cattle from
four two-trait analyses

a1 = HP + SC15 (dataset 1); 2 = HP + SC18 (dataset 2); 3 = HP + SC15 (dataset 3), and 4 = HP + SC18 (dataset 4).

Analysisa N r
g

SE CI

1 607 0.15 0.10 0.00 to 0.32
2 260 0.27 0.10 0.10 to 0.44
3 244 0.11 0.11 0.00 to 0.30
4 445 0.16 0.11 0.00 to 0.33
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Figure 2. Heritability estimates for scrotal circumference in four two-trait analyses for Nellore cattle.

Figure 3. Genetic correlation estimates between heifer pregnancy and scrotal circumference in four two-trait analyses for
Nellore cattle.

(0.60). However, analysis 2 which included animals whose records were taken at 18 months
(36,091 young bulls) gave lower heritability (0.53) than analysis 1, which included 13,742 records
taken at 15 months (0.57). Heritability estimates of 0.52 for this population were reported by
Eler et al. (1996; 2001) in analyses using maximum likelihood methods and a two-trait animal
model including SC and weaning weight. Based on the standard errors and confidence intervals,
h2 estimated from analysis 2 (SC18) seems to be the best one. This estimation can be, however,
due to the larger amount of data and better pedigree structure for this specific dataset, which
means that heritability estimates derived from analyses 1, 3 and 4 could be overestimated. What
is important, however, is that, from these results, it can be concluded that SC and HP are highly
heritable traits in this Nellore population whether SC is taken at 15 or 18 months of age.
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The genetic correlation estimates ranged from 0.11 ± 0.11 (analysis 3) to 0.27 ± 0.10
(analysis 2). As for h2 estimation, the genetic correlation estimate was slightly higher in analysis
4 (SC18) than in analysis 3 (SC15). The estimate was almost twice as high from analysis 2 than
from analysis 1. Also in this case, based on the standard errors and confidence intervals, it
seems that the genetic correlation estimated from analysis 2 is the best one, but it can be, at least
in part, due to the amount of data and pedigree used in this analysis and not only due to age at SC
measurement. What is clear from these results is that because SC and HP were observed in
separate animals, the genetic correlation can only be well estimated with a large amount of data
and well-connected pedigree information, since the estimation comes only from the relationship
matrix. In contrast to the h2 estimation, the values obtained from analyses 1, 3 and 4 would be
underestimated. Although the value of 0.27 is consistent with the results reported by Martínez-
Velázquez et al. (2003) who analyzed data from Bos taurus breeds, the genetic correlation
between these two traits can even be higher when analyzing a large dataset with a very good
pedigree structure. Results presented in Table 5 show that Pearson correlation between HP and
SC breeding values calculated from all the animals in the pedigree file was similar to the esti-
mates from two-trait analyses. However, when only sire breeding values were used for its
calculation, the correlation was much higher, reaching up to 0.48 for sires with 20 or more
progenies. There was no clear evidence indicating at which age SC data should be collected, but
the correlation was always slightly higher in the analyses involving SC collected at around 18
months of age compared to 15 months. One more point that would favor collecting SC data at
18 months of age instead of 15 months is that SC18 was less influenced by the month of birth (or
by day of year born). These results, no mater if the correlation is 0.27 or 0.48, still indicate that
response to selection for heifer precocity based on SC would be much slower than previously
believed for Nellore cattle. On the other hand, as pointed out by Eler et al. (2004), a genetic
correlation of such magnitude would be high enough to encourage the incorporation of SC in a
two-trait analysis in order to increase accuracy of predicting HP, at least, in young bulls.

CONCLUSIONS

The high heritability estimates obtained in the present study, for both traits, HP and SC,

Table 5. Number of breeding values used (N) and Pearson correlation (r) between heifer pregnancy (HP) and scrotal
circumference (SC) breeding values calculated for all animals in the pedigree (All), for sires with at least one progeny
evaluated for HP and for SC (Sires 1) and for sires with at least 20 progenies evaluated for HP and for SC (Sires 20)
using solutions from single-trait analyses.

a1 = HP x SC15 (dataset 1); 2 = HP x SC18 (dataset 2); 3 = HP x SC15 (dataset 3), and 4 = HP x SC18 (dataset 4).

Analysis/Dataseta All Sires 1 Sires 20

N r N r N r

1 66,715 0.22 295 0.32 117 0.40
2 102,165 0.24 395 0.35 165 0.43
3 59,661 0.18 238 0.30 81 0.40
4 59,661 0.20 238 0.31 81 0.48
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confirm the use of HP EPD to select for sexual precocity in the Nellore breed. The low esti-
mated genetic correlation between HP and SC indicates that selection based on HP EPD will be
more effective than selection based on SC EPD. The results, although not conclusive, indicate
that SC measured at around 18 months of age correlates genetically with HP more than does
SC measured at around 15 months of age.
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