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Introduction
Growth is a very complex trait. In genetic or 

feeding experiments, the growth ability of cattle 
is generally represented by body weight at differ-
ent ages or average daily gains in a defined time 
period (Bartoň et al., 2007). For genetic evaluation 
of the growth abilities of farm animals, single-trait 
(STAM) or multi-trait animal models are used most 
frequently. When longitudinal data are used, an 
animal model with random regression is employed 
(Meyer, 1998; Krejčova et al., 2008).

For accurate evaluation of the growth ability of 
bulls, it is necessary to determine the significant ef-
fects influencing the growth of the bulls under study. 
Growth is a cumulative trait in which weight gain 

at a given moment is influenced by the history of 
the animal. It was demonstrated in several studies 
that the herd-of-origin effect was closely related to 
the growth ability of bulls (Přibylová et al., 2004; 
Schenkel et al., 2004; Nephawe et al., 2006). This 
may be because of the possibility that environmental 
conditions and herd management cause variability in 
baseline weights that, in turn, influence average daily 
weight gains during the study. The influence of pre-
weaning environmental conditions may persist until 
the end of the study, however. Přibyl et al. (2003) 
reported that dam age influenced the pre-weaning 
growth of calves and that it may also influence the 
post-weaning growth of bulls. The significance of 
the effect of dam age on the growth abilities of bulls 
was confirmed by Přibylová et al. (2004). Different 
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herd conditions lead to growth compensation in ani-
mals, which should be distinguished from the effect 
of genetic constitution. Therefore, the direct perma-
nent environment is usually taken into considera-
tion in repeated performance records (longitudinal 
data) (Přibyl et al., 2008a,b). Přibyl et al. (2008a,b) 
stated that weight gain in consecutive growth seg-
ments was a more suitable marker of growth than 
body weight because it allows the effects of fixed 
and random environments, which influence animal 
growth during particular periods, to be more clearly 
determined.

Bulls are tested at central stations in many coun-
tries to compare different herds under standardized 
environmental conditions. Estimates of genetic pa-
rameters and predicted breeding values are currently 
obtained using the BLUP procedure (Henderson, 
1975). Woodward et al. (1992) reported that the as-
sumptions and properties of BLUP require that the 
unknown (co)variance components be substituted 
with the most accurate estimates available. The se-
lection of animals can influence genetic parameters 
estimated from their performance records (Schaeffer 
et al., 1997). Bulls undergo intense growth at perfor-
mance test stations compared with those reared in 
grazing systems. After weaning, particular bulls are 
chosen to be moved to rearing facilities. Only those 
bulls that come from selected dams and sires and 
satisfy the conditions of the breeding programme of 
a given breed are transferred to the rearing facilities. 
Standardized nutrition and management methods 
are used at the performance test stations. Schaeffer 
et al. (1997) reported that sequential selection has a 
major effect on genetic parameter estimates and ne-
cessitates the use of specific statistical tests. The use 
of a multi-trait animal model to evaluate bull testing 

that includes a field test may diminish the influence 
of pre-selection of bulls on the evaluation of average 
daily gain in the test (ADGT). The objectives of this 
paper are the estimation of genetic parameters, pre-
diction of breeding values, and analysis of the influ-
ence of pre-weaning growth, as defined by average 
daily weight gains, on the subsequent weight gain 
of beef bulls.

Material and methods
Data on average daily gains from a field test and 

from performance test stations were provided by the 
Czech Beef Breeders Association (www.cschms.
cz). The evaluation was performed using the multi-
breed animal model (AM) with genetic groups in-
corporated into the relationship matrix according 
to Westell et al. (1988). Nine breeds of beef cattle 
were included in the analysis: Beef Simental (20%), 
Belgian Blue (3%), Gasconne (3%), Hereford (7%), 
Aberdeen Angus (23%), Charolais (30%), Limou-
sine (8%), Blonde d’Aquitane (3%) and Piemontese 
(3%). Each breed was represented by animals with an 
88%–100% gene share of the given breed and born 
during 1990–2005. The input database was adjusted 
so that the components of variance among all of the 
considered effects in all traits could be estimated. 
Pre-weaning growths were defined by average daily 
gains. Only animals that were descendants of a sire 
with 5 or more offspring, sires that had offspring in 
at least two contemporary groups (Herd-Year-Sea-
son: HYS), dams with two or more offspring, and 
bulls born within contemporary groups (HYS) ex-
ceeding at least 5 animals were considered (Vostrý 
et al., 2007).

 
Table 1. Models 

Model AgeD SEX HYS HLCO bAB + b2AB bWW + b2WW a m peM peA

1
PWW F = fixed F F R = random R R
ADGT F F F F R

2
PWW F F F R R R R
ADGT F F F F R R

3
PWW F F F R R R
ADGT F F F F F R

4
PWW F F F R R R R
ADGT F F F F F R R

5 PWW F F F R R R R
ADGT F F F R R

STAM ADGT F F F F R
STAM – single-trait animal model, PWW – pre-weaning weight (ADG120, ADG210), ADGT – average daily gain in performance test stations, AgeD 
– effect of dam’s age, SEX – effect of sex, HYS – preweaning: effect of herd × year × season; test station: test station × year × season, HLCO 
– effect of herd level of calf’s origin, bAB + b2AB – linear and quadratic regression on age at the beginning of test, bWW + b2WW – partial linear 
and quadratic regression on WW, a – direct additive genetic effect, m – maternal additive genetic effect, peM – maternal permanent environment 
effect, peA – direct permanent environmental effect
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Data. The data included 24,017 average daily 
gains from birth to 120 days of age (ADG120) and 
16,427 average daily gains from 120 to 210 days 
of age (ADG210) for male and female calves. Data 
from the performance test station comprised 3,429 
average daily gains of tested bulls (ADGT). All 
evaluated animals were offspring from 1,097 sires 
and 9,246 dams. A relationship matrix was com-
posed of 47,098 animals. 

Statistical model. Genetic parameters were 
evaluated by using a multi-trait model involving 
ADG120, ADG210 and ADGT. Different models 
(Table 1) were tested for the estimation of genetic 
parameters and prediction of breeding values (Přibyl 
et al., 2003; Přibylová et al., 2004). In this study, 
contrary to standard evaluation, HYS was included 
as a fixed effect in the model of pre-weaning growth 
evaluation. The tested models included the follow-
ing fixed effects: effect of herd × year × season, age 
of dam, sex, breed of calf, effect of herd level of 
the calf’s origin, linear and quadratic regression of 
age at the beginning of the test, linear and quad-
ratic regression of weaning weight. The following 
random effects were included: direct and maternal 
genetic effects, maternal permanent environment ef-
fect, direct permanent environmental effect and re-
sidual error. The fixed effect of HYS included 1804 
classes for ADG120, 1112 classes for ADG210 and 
113 classes for ADGT. The age of dam parameter 
included five classes: <2, 2–3, 3–4, 4–5, >5 years 
old. Sex included four classes: bull, bull twins, heif-
er and heifer twins. The herd level of a calf’s ori-
gin included five classes. The structure of the tested 
models is shown in Table 1. Bulls were the offspring 
of highly selected dams and sires from the whole 
population. There was usually only one son tested 
per dam. The maternal effect was not included in the 
model for ADGT traits.

We assume that direct genetic effect (a) and 
maternal genetic effect (m) are significantly corre-
lated and that the remaining effects [random direct 
permanent environmental effect (peA), maternal 
permanent environmental effect (peM), and residual 
error (e)] are independent of each other within the 
particular traits. We also assume that the effects 
show normal random distribution with zero average 
and (co)variances given by the matrix (V):

where: G0 – the covariance matrix for additive ge-
netic effects, M0 – the covariance matrix for mater-
nal genetic effects, C0 – the covariance matrix be-
tween direct additive and maternal genetic effects, 
σ2

peA – the variance of the effect of permanent direct 
environment, σ2

e – the variance of the effect of re-
sidual error, A – the relationship matrix, and I – the 
identity matrix.

The REMLF90 computation programme was 
used for the estimation of variance and covariance 
components (Misztal et al., 2002). The following 
population parameters were derived from the esti-
mated variance-covariance components: 

σ2
y – phenotype variance [σ2

y = σ2
a + σ2

m + σ2
am + σ2

peM 
+ σ2

peA + σ2
e] 

h2
a – coefficients of direct heritability [h2

a = σ2
a/σ

2
y] 

h2
m – coefficients of maternal heritability [h2

m = σ2
m/σ2

y] 
c2 – the ratio of the direct permanent environment 
variance to phenotype variance [c2 = σ2

peA/σ2
y] 

The suitability of multi-trait models was tested 
on the basis of estimated values of residual variance 
(σ2

e) and Akaike’s information criterion (AIC; Boz-
dogan, 2000):

AIC = –2logL(θ) + 2d (1)
where: logL(θ) – the natural logarithm of likelihood 
function and d – the number of free parameters in 
the model.

The suitability of models was also tested by the 
likelihood ratio test (LRT; Kaps and Lamberson, 
2004), which is based on a comparison of the values 
of the likelihood function of two models.

 (2)

where: χ2 – the value of the chi-square test, 
L(reduced) – the value of the likelihood function of 
a reduced model (a model without the effect of di-
rect permanent environment), L(full) – the value of 
the likelihood function of a full model (a model with 
the direct permanent environment effect).

The estimates of variance components, which 
were computed using the multi-trait model, were 
compared with the estimates of variance compo-
nents obtained for ADGT on the same data using 
the same model effects as those described elsewhere 
(Přibylová et al., 2004). 

Breeding values were estimated by the BLUPF90 
computation programme (Misztal et al., 2002).
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Results
Table 2 shows the estimated variances of the ge-

netic and environmental parameters, the variance of 
the residual error, and AIC and LRT of the tested 
models for the average daily gains. The values of 
AIC could only be compared between models 1 vs 2 
and 3 vs 4 because the fixed effects of other pairs of 
models were not the same. The values of AIC were 
lowest in those models that included the random ef-
fect of direct permanent environment (peA) (models 
2 vs 1 and 4 vs 3). The lower values of AIC indicate 
statistical significance of the random effect of direct 
permanent environment in the model. The values of 
σ2

e revealed that the inclusion of fixed regression in 
WW did not markedly influence the estimation of σ2

e. 
In contrast, the model that included the fixed effect 
of direct permanent environment showed a signifi-
cant reduction in the value of σ2

e (models 2 vs 1 and 
4 vs 3). The inclusion of fixed regression on wean-
ing weight, in addition to the random effect of direct 
permanent environment, resulted in a reduction of 
σ2

e in ADG210 and ADGT. The omission of the fixed 
effect of HLCO (model 5) caused a further decrease 
in the value of residual variance in ADGT compared 
with model 2. The omission of the fixed effect of 
HLCO led to a negligible increase in residual vari-
ance in ADG210, however. The trait ADG120 was 
not influenced by the omission of fixed effect of 
HLCO. The lower values of σ2

e, as well as the lower 

values of AIC, indicated the greater suitability of the 
multi-trait model with the random effect of direct 
permanent environment over the other models.

The estimates of genetic and environmental pa-
rameters for the tested models showed very simi-
lar values. The highest value of σ2

a was estimated in 
model 5, and the lowest value was obtained in model 
4 for all traits. The maternal genetic effect was high-
est for ADG120, but lowest for ADG210 in model 
2. The highest value of σ2

peA was estimated in mod-
el 5 and the lowest value in model 4 for ADG120. 
The inclusion of the fixed effect of HLCO reduced 
the variability of direct genetic effect and variabil-
ity of the direct permanent environment. Residual 
variance (σ2

e) was highest in models 1 and 3 for all 
studied traits. The lowest value of σ2

e for ADG120 
was estimated in model 2 but was found to be lowest 
for ADG210 and ADGT in model 4. The value of σ2

e 
for the single-trait animal model was lower than the 
values of σ2

e estimated by the tested models 1 and 3, 
but higher than the values estimated by models 2, 4 
and 5, which included the random effect of direct 
permanent environment.

Table 3 shows the estimated values of the coef-
ficient of direct and maternal heritability (h2

a, h
2
m), the 

genetic correlations of direct and maternal effect (ra, 
rm), and the correlations between direct and mater-
nal effect (ram). Estimates of heritability for the di-
rect genetic effect in all models were approximately 
0.17 for ADG120, approximately 0.13 for ADG210 

Table 2. Estimates of genetic and environmental parameters

Model Traits AIC σ2
a  σ2

m σ2
peM σ2

peA σ2
e P-values

Model 1 ADG120  5934 4396 5186 22000

<0.0001

ADG210 386234  6044 1716 1406 37480
ADGT 12810 34000

Model 2 ADG120  5932 4405 5179 11040 10960
ADG210 386070  5952 1639 1405  8300 29230
ADGT 12740  1249 32800

Model 3 ADG120  5926 4380 5208 22000

<0.0001

ADG210 386054  6066 1721 1409 37470
ADGT 12610 34000

Model 4 ADG120  5923 4382 5209 10180 11820
ADG210 385910  6028 1697 1407  9789 27700
ADGT 12570  1337 32690

Model 5 ADG120  5936 4381 5202 11310 10690
–ADG210 386135  6093 1787 1398  8197 29250

ADGT 13080  1277 32790
STAM ADGT 12830 33850 –

ADG120 – average daily gains from birth to 120 days, ADG210 – average daily gains from 120 to 210 days of age, ADGT – aver-
age daily gains of tested bulls, AIC – Akaike’s information criterion, σ2

a – direct additive genetic variance, σ2
m – maternal additive 

genetic variance, σ2
peM – permanent maternal environment variance, σ2

peA – permanent direct environment variance , σ2
e – residual 

variance , P-values - likelihood ratio test; STAM – single-trait model
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and approximately 0.27 for ADG. The estimates for 
maternal genetic effects in all models were approxi-
mately 0.12 for ADG120 and approximately 0.04 
for ADG210. The h2

a estimated by the single-trait 
animal model reached similar values as in the tested 
models. The value of h2

m for ADG120 accounts for 
75% of the h2

a value in all the tested models. Genetic 
correlations among direct effects across traits were 
low to moderate and positive. The highest value of 
genetic correlation between direct effects (ra) was es-
timated between ADG120 and ADG210. A moderate 
correlation between direct effects was determined 
between ADGT and the other average daily gains.

The genetic correlation between direct and ma-
ternal effect was negative. Positive values were cal-

culated for ram between maternal effect for ADG120 
and ADG210 and direct effect for ADGT.

The values of c2 (Table 4) accounted for 3% to 
32% of the total variability of the traits studied. The 
different values of correlation between direct per-
manent effects (rpe) were estimated for average daily 
gains (by the tested models 2, 4 and 5). Lower val-
ues of rpe were estimated in model 4, which included 
the effect of fixed regression on WW, compared 
with model 3.

Breeding values for ADGT, estimated routinely 
by the single-trait AM and the multi-trait AM (mod-
els 1 to 5), were compared on the basis of Spear-
man’s rank correlation coefficients and are shown in 
Table 5. In evaluating 10% or 5% of the best bulls, 

Table 3. Estimates of coefficients of direct and maternal heritability (diagonal), direct and maternal correlations and correlations between direct 
and maternal effects (above diagonal)

Model Traits ADG120-a ADG210-a ADGT-a ADG120-m ADG210-m
ADG120-a 0.172 0.480 0.252 –0.595 –0.092
ADG210-a 0.132 0.111 –0.242 –0.231

Model 1 ADGT-a 0.274  0.070  0.336
ADG120-m  0.128  0.791
ADG210-m  0.037
ADG120-a 0.172 0.480 0.250 –0.594 –0.086
ADG210-a 0.130 0.098 –0.243 –0.205

Model 2 ADGT-a 0.272  0.070  0.369
ADG120-m  0.128  0.798
ADG210-m  0.036
ADG120-a 0.171 0.479 0.243 –0.596 –0.094
ADG210-a 0.132 0.089 –0.241 –0.238

Model 3 ADGT-a 0.271  0.058  0.321
ADG120-m  0.127  0.791
ADG210-m  0.037
ADG120-a 0.180 0.478 0.240 –0.597 –0.090
ADG210-a 0.131 0.079 –0.245 –0.228

Model 4 ADGT-a 0.270  0.058  0.341
ADG120-m  0.133  0.798
ADG210-m  0.037
ADG120-a 0.158 0.477 0.239 –0.597 –0.089
ADG210-a 0.130 0.082 –0.250 –0.248

Model 5 ADGT-a 0.277  0.078  0.362
ADG120-m  0.117  0.797
ADG210-m  0.038

STAM ADGT 0.275
ADG120 – average daily gains from birth to 120 days, ADG210 – average daily gains from 120 to 210 days of age, ADGT – average daily gains 
of tested bulls, a – direct additive genetic effect, m – maternal genetics effect, STAM – single-trait model

Table 4. Estimates of the ratio of the direct permanent environment variance to phenotype variance (diagonals) and correlations between direct 
permanent environmental effects (above diagonals)

Traits Model 2 Model 4 Model 5
ADG120 ADG210 ADGT ADG120 ADG210 ADGT ADG120 ADG210 ADGT

ADG120 0.320 0.212  0.381 0.309 0.204  0.222 0.301 0.211  0.419
ADG210 0.181 –0.388 0.213 –0.549 0.175 –0.366
ADGT  0.027  0.029  0.027
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both coefficients of correlation had similar values. 
These coefficients showed high values of correla-
tion (from 0.91 to 0.94) when all of the bulls were 
included. On evaluating 1% of the best bulls, lower 
values and larger differences were obtained for both 
correlation coefficients. In the group of 1% or 5% 
of the best bulls, the highest values of the correla-
tion coefficients were estimated between the single-
trait AM and the tested model 2. Greater differences 
were not found in the values of correlation coef-
ficients between the single-trait AM and the other 
models (models 1, 3, 4 and 5).

Table 6 shows the proportions of the concur-
rently selected best sires (10%, 5% and 1%) by the 
single-trait model and the tested models. The high-
est proportion of concurrently selected sires by the 
single-trait model was obtained if the best 1% of 
the animals was evaluated; the lowest proportion of 
concurrently selected sires was obtained with the in-
clusion of 5% of the best animals.

Discussion
Coefficients of heritability  
and genetic correlation

Negligible differences were found in the values 
of direct heritability coefficients (h2

a) for the daily 
gains. The omission of the fixed effect of HLCO re-
sulted in a decrease in the value of h2

a in ADG120, 
but the value of h2

a in ADGT increased. This increase 
in the value of h2

a in ADGT was caused by the higher 
value of σ2

a. Schenkel et al. (2004) reported markedly 
higher values of h2

a for average daily gains (0.36 for 

pre-weaning gains and 0.34 to 0.41 for gains during 
test). The values of h2

a for gains during test found 
by Schenkel et al. (2004) were the same as those 
published by Eriksson et al. (2002). Heritability 
estimates in this paper may differ from those pub-
lished due to the higher number of different breeds  
included in our analysis. Another reason may be that 
Schenkel et al. (2004) used pre-weaning gains in the 
interval from birth to weaning at an average age of 
212 days, whereas in the present study, this inter-
val was divided into two sub-intervals: from birth to 
120 days of age and from 120 days of age to wean-
ing (210 days of age).

The highest values of ra were obtained in model 
1. In the other models, the values of ra were influ-
enced by the inclusion of fixed regression on WW or 
by the inclusion of the random effect of direct per-
manent environment. The high value of ra estimated 
by all tested models between ADG120 and ADG210 
may be because ADG120 and ADG210 were influ-
enced by very similar environmental conditions 
(grazing system). The higher value of ra between 
ADGT and ADG120, compared with ADG210, was 
also influenced by more similar environmental con-
ditions than those influencing ADG210, which were 
affected to a greater extent by the maternal effect. 

Coefficients of maternal heritability (h2
m) for 

average gains showed only negligible changes of 
the estimates obtained by different models. In con-
trast, a markedly lower value of h2

m was estimated 
for ADG210 in all of the models tested than for 
ADG120 and ADGT. The results show that ADG210 
was influenced to a large extent by a direct effect, 
while maternal effect did not influence ADG210 as 
much. Similarly as for h2

a, Schenkel et al. (2004) cal-
culated a higher value of h2

m for pre-weaning growth 
(h2

m = 0.36) than that estimated in this paper. Schen-
kel et al. (2004) also confirmed our assumption 
that maternal effects did not substantially influence 
growth during the test.

The negative value of genetic correlation be-
tween direct and maternal effect (ram) corresponds 
to biological reality. Konstantinov and Brien (2003) 
considered the high negative values of ram as a po-
tential expression of sire × year interaction or sire × 
herd interaction. These authors also stated, however, 
that the real value of ram could be negative. Cundiff 
(1972) reported that moderate negative correlations 
between direct and maternal effects correspond to 
the biological constitution of these effects. Negative 
relationships control and balance direct and mater-
nal effects on growth. Therefore, animal species 
could be prevented from adequately increasing body 
weight and body framework size on the one hand, 

Table 5. Spearman’s correlation coefficients among the breeding val-
ues of the best sires estimated by the single-trait animal model and all 
multi-bred multi-trait animal models applied

Model Top bulls 
10% 5% 1%

Model 1 0.93 0.93 0.76
Model 2 0.93 0.94 0.83
Model 3 0.93 0.93 0.77
Model 4 0.93 0.93 0.76
Model 5 0.91 0.91 0.77

Table 6. The proportion of the best sires concurrently selected on 
the basis of the estimation of breding value by the single-trait animal 
model and all the animal models tested.

Model Top bulls
10% 5% 1%

Model 1 91 90 93
Model 2 91 90 94
Model 3 91 90 93
Model 4 91 90 93
Model 5 90 89 91
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and milk production on the other. The influences of 
the sire × year interaction or the sire × herd interac-
tion on the growth abilities of beef cattle were not 
demonstrated in the Czech Republic (Vostrý et al., 
2007). A one-sided increase in calf weight is not de-
sirable for greater ease of calving in terms of direct 
or maternal effect. The positive values of ram dem-
onstrated a positive correlation between the dam’s 
maternal traits and the animals’ growth ability in 
a test station. 

Direct permanent environment
The low value of c2 estimated in our study was 

caused by a marked change in environmental condi-
tions (i.e. rearing vs test conditions). The inclusion 
of fixed regression on WW had a greater influence 
on the estimation of c2 in average daily gains. The 
inclusion of fixed regression on WW in the model 
decreased the value of c2 in ADG120 and increased 
c2 in ADG210. The inclusion of fixed regression 
on WW in the model did not have any influence on 
the estimation of c2 in ADGT. The omission of the 
fixed effect of HLCO, similarly to the inclusion of 
fixed regression on WW, resulted in a decrease in c2 
in ADG210, but the omission of the HLCO effect 
did not influence the other traits. A comparison of 
these two models indicates that fixed regression on 
WW reduces part of the variability of the random 
effect of direct permanent environment. In model 5, 
there was a significant increase in the value of rpe 
between average pre-weaning daily gains (ADG120 
and ADG210) and average daily gains in the test 
(ADGT). These changes can be attributed to a re-
duction in the variability of the direct permanent en-
vironment due to the fixed effect of HLCO.

Comparison of the values of rpe within the par-
ticular models showed that the highest value was 
estimated between ADG120 and ADGT. In con-
trast, the lowest value of rpe was calculated be-
tween ADG210 and ADGT. The negative value of 
rpe between ADG210 and ADGT may be due to the 
weight compensation of animals that initially had 
lower gains in the pre-weaning period because of 
herd management and environmental conditions. In 
contrast, the animals that had good growth in the 
pre-weaning period demonstrated slower growth 
under standardized test conditions. The negative 
value of rpe between ADG210 and ADGT becomes 
more important because c2 has a low value in ADGT. 
Schenkel et al. (2004) concluded that such growth 
compensation might suggest an insufficiently long 
preparatory period before the start of the test. Sev-
eral authors (Tong et al., 1986; de Rose et al., 1988) 
also estimated a mean negative environmental cor-

relation (–0.41 to –0.09) between pre-weaning 
growth and growth in a station test. Using the test-
day model with random regression, Krejčová et al. 
(2008) also estimated negative values of rpe in bulls 
from Czech Fleckvieh cattle at performance test 
stations and documented growth compensation in 
those bulls influenced by the environment. Schenkel 
et al. (2004) reported that due to the influence of the 
aforementioned growth compensation, the problem 
of correct evaluation and subsequent selection of 
bulls for breeding may arise. These problems could 
be minimized by using the multi-trait model incor-
porating pre-weaning growth.

Higher estimates of rpe between ADG120 and 
ADGT may have been obtained because average 
daily gains in ADG120 are affected to a greater ex-
tent by restrictions in nutrient intake. Dams may 
provide their offspring with a lower amount of milk 
than the animal needs for full genetic growth poten-
tial.

Comparison of breeding value
The results of the prediction of breeding value 

demonstrated that a change in the rank of animals 
between the original single-trait AM and the tested 
model 2 was less than in the other models. Never-
theless, these results indicated potential changes in 
the rank of particular animals, mainly in the group 
of the best 1% of the animals. Similar to Spearman’s 
rank correlation coefficient, model 2 showed the 
highest proportion of concurrently selected animals 
among the test models. Potential changes in the rank 
of the particular animals confirm the conclusion of 
the correlation analysis that there is a certain change 
in the rank of animals in the estimation of BV by the 
tested models (Table 5).

Conclusions
In general, relatively small differences were 

found among the evaluated models. The results 
document the importance of including pre-weaning 
information for genetic prediction of the breeding 
value of beef bulls at performance test stations. The 
moderate genetic correlation between pre-weaning 
growth and growth in the test stations indicates that 
although these traits share most of their genetic in-
fluences, they are not necessarily the same traits. 
The value of the direct permanent environment cor-
relations showed that the bulls compensated in their 
growth during the test. Breeding value estimated by 
the multi-trait model, which also included pre-wean-
ing growth, showed a certain change in the rank of 
animals compared with the results of the original 
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single-trait AM. The multi-trait model, which also 
included pre-weaning growth, is more suitable for 
the genetic evaluation of beef bulls at performance 
test stations. Among the tested models (models 1 to 
5), model 5 was the best. This model was selected 
by means of Akaike information criterion and likeli-
hood ratio test on the basis of its lower value of σ2

e 
and its inclusion of effects that better correspond to 
the biological principles of growth. In contrast to the 
other models, this model reached higher values of 
h2

a, lower values of σ2
e, and better corresponded to the 

biological constitution of growth.
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