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INTRODUCTION
An alternative of the genetic search for an animal that grows and finishes early, would be using
selection criteria such as number of days to gain 160 kg from birth to weaning (D160), and
number of days to gain 240 kg from weaning to slaughter (D240). That means selection against
time to produce local market units like a weaner with 190-200 kg and a well-finished steer
weighing 430-440 kg. Selection criteria directed against the denominator of average daily gain,
D160 and D240 produce the same amount of weight in a shorter time period, thus reducing
production costs. In addition, time to achieve alternative finish endpoints will account for some
of the differences in feed consumption to finish endpoints (Golden et al., 2000). In order to
choose the appropriate selection criteria, the genetic parameters of the candidate traits must be
known. The objective of this work was to compare ADG and D160 for Nelore cattle with
respect to genetic parameters and animal classification according to the expected progeny
difference (EPD).

MATERIALS AND METHODS
The data analyzed were from the Program of Production Registry of the Paraguayan
Association of Nelore Breeders obtained during the period from 1986 to 1997.  ADG values
were corrected according to animal age, Julian date within the birth season, and age of cow at
calving considering sex of calf (Gensys, 1998). To calculate D160, the pre-corrected ADG
value was used according to the equation D160 = 160/ADG, where: 160 is a pre-specified goal
for the weight gain (kg) from birth to weaning; and ADG is the pre-weaning average daily gain
(xi in what follows). The arithmetic mean of n points D160 (yi; for yi=160/xi and where i = 1,

..., n) is: 
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. This indicates that regular

procedures based on linear functions of the transformed observations will generate estimates
which are functions of the harmonic mean of ADG (HADG); hence, retain “harmonic mean”
properties. Contemporary groups (CG) were formed by concatenating information on herd,
year, season, sex, date weighed and management group. Only data from strongly linked CG
were kept (Fries, 1998). After consistency checks, data belonging to CG with less than four
observations and sires with less than four calves were eliminated, resulting in 39,409 calf
records from 855 sires, 19,627 dams and 1,930 CG, totaling 56,740 animals in the relationship
matrix. (Co) variance components and heritability estimates were obtained according to the
derivative-free restricted maximum likelihood method, and breeding values (BV) were
estimated by the unitrait animal model, using the MTDFREML computer program (Boldman et
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al., 1993). The model equation used was: Y = Xβ + Za + Mm + Wp + e, where: Y is the pre-
adjusted observation vector (ADG or D160); X is the incidence matrix associated to the fixed
effects; β is the fixed effect vector (Contemporary Group); Z, M, W are incidence matrices
associated with random effects; a is the animal direct additive effect vector; p is the permanent
environmental effect of the dam vector; m is the maternal additive effect vector; and e is the
random error vector; with the following assumptions: E(Y) = Xβ, E(a) = 0, E(m)= 0, E(p) = 0,
E(e) = 0; Var(a) = Aσ2

A, Var(m) = Aσ2
M, Var(p) = ICN σ2

ep , Cov(a,m’) = AσA,M, and Var(e) =
IN σ2

e, where A is the numerator relationship matrix, σ2
A is the direct additive variance, σ2

M is
the maternal additive variance, σ2

ep is the permanent environment variance, σ2
e is the residual

variance, σA,M  is the covariance between direct and maternal additive effects, CN = number of
cows, N= number of observations, and I an identity matrix. The presumption of normality is
not needed to calculate EPDs for any trait, according to McCulloch and Searle (2001).
Heritability of direct and maternal effects were estimated, as well as total genetic effects
(Willham, 1972). Estimated BVs for D160 were multiplied by minus one to obtain positive
values (more precocity) for better animals. EPD were calculated dividing BV by two.
Correlation between BV and EPD ranks for ADG and D160 were calculated using SAS (1996).
The comparison between ADG and D160 was done using EPD individual classification, in
decreasing order. The sires were compared analyzing coincidence in the rank for both of these
criteria. ADG records adjusted for CG and maternal effects were used to study the relationship
between arithmetic mean (A), harmonic mean (H) and standard deviation (S) of sire's progeny.
A restricted regression model (without intercept, as conceptually A=H when S=0) was used
considering the difference between A and H (A-H) as the dependent variable, and the linear
and quadratic effects of S as independent variables. The relationship between ADG and D160
was also studied by the association of the relationship between A-H and S with the changes in
sire's classification according to the criteria adopted.

RESULTS AND DISCUSSION
Basic statistics for growth traits showed a normal distribution and the means did not differ
greatly from the results found in the literature for this breed (669 ± 133 g for ADG, 250 ± 57
days for D160, 137 ± 22 kg of weight gain from birth to weaning). Direct heritability estimated
for ADG was higher than for D160 (Table 1).

Table 1. Parameter estimates of pre-weaning average daily gain (ADG, in g/day) and days
to gain 160 kg from birth to weaning (D160) of Nelore cattle
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ADG 1 542.70 948.68 -94.78 1 477.52 5 454.10 9 328.21 0.17 0.10 -0.08 0.20
D160 273.34 169.87 11.11 347.24 1 086.02 1 887.57 0.14 0.09 0.05 0.20

Adirect additive genetic variance; Bmaternal additive genetic variance; Ccovariance between direct and
maternal additive genetic effects; Dpermanent environment variance; Eresidual environment variance;
Ftotal phenotypic variance; Gdirect heritability; Hmaternal heritability; Icorrelation between direct and
maternal additive genetic effects; Jtotal heritability.

Environmental variation was, proportionally, the same for both ADG and D160 (58%). Also
similar were the proportions due to additive maternal variance (10%). Table 1 also shows that
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the difference in the estimated values for the heritability of these traits seemed to be due to
direct additive genetic effect (17% and 14% for ADG and D160, respectively) and to maternal
permanent environment, which was more important in D160 than for ADG (19% vs. 15%,
respectively). The values obtained for the total heritability estimates were very closer, which
indicates that both traits measure growth rate and differ only with respect to the partition of
variance components. The small values found for the correlation between direct and maternal
genetic effects were possibly due to the quality of the data structure used in the study. These
results suggested the possibility of selecting growth traits and maternal ability concomitantly or
independently, according to the objectives of the breeding program. Genetic correlation
coefficients, based on correlations between breeding value estimates, between ADG and D160
for direct and maternal effects were 0.94 and 0.93, respectively (P<0.0001). Rank correlations
between EPD were 0.97 and 0.95, for direct and maternal effects, respectively. These values
indicate that many genes affecting one trait also act on the other, in the same direction and
opposite ways, and both express growth rate. Figure 1 (a) shows the strong association between
the two traits, but it also shows this association was not perfect and the dispersion was more
evident in the extremes. Figure 1 (b) shows the occurrence of changes in the rank of sires when
they were classified according to each one of the criteria evaluated at weaning (ADG and
D160). Rank changes were higher for sires classified at the center of the distributions. Taking
the top ten sires ranked for both traits, only five would be selected by both criteria. Most
discrepancies between the two criteria can be attributed to differences between the concepts
behind arithmetic and harmonic means.

a - Dispersion of EPDs
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Figure 1. Dispersion of Nelore sire EPDs and ranks for pre-weaning average daily gain
(ADG) and days to gain 160 kg from birth to weaning (D160) for additive direct effect

Figure 2 (a) shows that linear and quadratic effects of S explained 97% of the differences
between A and H. As S increased, A-H also increased showing that H favored sires with more
homogeneous progeny. The harmonic mean will be always smaller than the arithmetic mean
and it will be more so the more heterogeneous the population.
Figure 2 (b) shows that criteria D160 retained H properties, allowing the selection of
individuals with a consistently higher ADG or good and less disperse progeny or with higher
“prepotency”. Sires which were classified with less desirable ranks based on D160 than they
had based on ADG, had progeny which were more heterogeneous than those from the average
sire (S = 91.40 g). By the same token, sires which had better rankings based on D160 than they
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did based on ADG had more uniform progeny than the average sire. The arithmetic mean
reflects no difference between the progeny, while the harmonic mean favors the more
homogeneous progeny.

a - Relationship between (A-H) and S of progeny ADG      b- 10% Sires with larger diff*

Figure 2. Relationship between arithmetic mean (A), harmonic mean (H) and standard
deviation (S) of pre-weaning average daily gain (ADG) of Nelore progeny, and its
association with sires which show 10% larger absolute differences (diff*) between their
classification according to each one of the criteria adopted 
*diff =classification by ADG-classification by D160

CONCLUSIONS
ADG and D160 are two measures from the same biological parameter : growth rate. Important
differences in rank appear when animals are ordered by their breeding value estimates,
indicating that selection programs based on these criteria would achieve different results.
Growth rate can be modified by means of a selection based on any of the traits studied and
their effectiveness would be similar. Sires selected on D160 criterion would produce more
uniform progeny.
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