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ABSTRACT

The aim of this study was to estimate genetic param-
eters for body weight (BW) at 150 d (Bw_150d), and
330 d (Bw_330d) of age and average daily weight gain
(Dwg), and to estimate genetic correlations between
these traits and semen characteristic traits: volume;
concentration (Conc); motility in fresh, 24-h, and 48-h
samples (MotOh, Mot24h, Mot48h); and sperm defects.
Data were collected at the performance test station of
young Norwegian Red bulls from 2002 to 2012, before
selection of bulls for artificial insemination. The weight
and growth data consisted of observations for 3,209
bulls, and andrology information was available for up
to 2,034 of these bulls. Genetic parameters were esti-
mated using linear animal models. Models for BW and
growth traits included the group and year the bull left
the station and the pen they occupied during weigh-
ing (group-year-pen) and parity of their dam as fixed
effects. Models for andrology traits had group-year,
age in months (11 to 15), and the interaction between
ejaculate number and days since previous collection in-
cluded as fixed effects. Estimated heritability was 0.14
for Bw_150d, 0.26 for Bw_330d, and 0.34 for Dwg; the
estimated genetic correlations among these traits were
all favorable. Both BW traits correlated favorably with
all the semen characteristic traits (0.20 to 0.76), where-
as Dwg was favorably correlated with volume, Mot24h,
Mot48h, and sperm defects, and unfavorably correlated
with Conc (—0.25) and MotOh (—0.53). Our results
indicate that the genetic correlations between weight
and growth traits and semen characteristics depend on
the age of the bulls. Although most genetic correlations
were favorable, selection for higher daily weight gain
between 150 and 330 d might explain the slight nega-
tive genetic trends observed for semen characteristics in
young Norwegian Red bulls.
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INTRODUCTION

Olsen et al. (2020) found that semen characteristic
traits of young Norwegian Red bulls showed a slightly
unfavorable genetic trend between 1994 and 2016.
Thus, phenotypic selection on semen characteristics
practiced at the performance test station has not been
sufficient to genetically improve semen volume or qual-
ity over time. We hypothesized that the unfavorable
genetic trends were caused by selection for other traits
that have unfavorable genetic correlations with androl-
ogy traits. In contrast to the many studies estimating
genetic parameters for cow fertility based on very large
data sets (e.g., Andersen-Ranberg et al., 2005; Tiezzi et
al., 2012; Carthy et al., 2015), genetic studies on bull
fertility are few and based on a relatively small num-
ber of animals. Further, genetic correlations between
sperm quality and performance traits are largely lack-
ing for both dairy and beef cattle (Berry et al., 2014;
Thundathil et al., 2016). Regarding BW, growth traits,
and semen characteristics, only 2 studies have been
published, both of which used data from beef cattle.
In these studies, the genetic correlations between BW
(weaning weight and yearling weight) traits and semen
characteristics (concentration, motility, and percent of
normal sperm cells) ranged from —0.36 to 0.75 (Knights
et al., 1984; Smith et al., 1989), and genetic correla-
tions between average daily weight gain and motility
and percent of normal sperm were —0.36 and 0.34,
respectively (Smith et al., 1989).

Norwegian Red is a dual-purpose breed in which
growth is an important trait. Slaughter weight and car-
cass classification are included in the total merit index
(Geno, 2018). Average daily weight gain measured at
the performance test station was, until 2013, used as
one of the criteria for selection of bulls for Al. Data
from the performance test station can therefore be
used to meet the objective of this paper; namely, to
estimate genetic correlations among BW traits, daily
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weight gain, and semen characteristic traits for young
Norwegian Red bulls.

MATERIALS AND METHODS

Data

Data from the performance test station for young
Norwegian Red bulls from 2002 to 2012 were made
available by Geno (Hamar, Norway), the breeding or-
ganization for Norwegian Red cattle. Each year, around
250 of the most promising Norwegian Red bull calves
were performance tested. Bulls arrived at the station
at 4 to 5 mo of age and were placed in pens of 12 to 18
animals by age. Concentrates were given according to
age, and grass silage was available ad libitum. Confor-
mation and temperament were assessed during the stay.
Further, bulls were weighed, and BW at 150 (+5) d and
330 (£5) d were used to compute average daily weight
gain. At the end of the stay, when the bulls were around
12 mo old, several andrology traits were measured and
used to ensure that only bulls with acceptable semen
quality were selected and sent to the Al center.

Routine registrations of bulls’ BW (kg) at age 150
d (Bw_150d) and at 330 d (Bw_330d) and average
daily weight gain (Dwg; g/d) from 150 to 330 d from
yr 2002 to 2012 were provided by Geno. Records of
Bw_330d <299 or >500 kg were considered erroneous
and removed. The same was done for observations of
Dwg <500 or above >2,000 g/d. Bulls were transferred
from the station in groups (either for slaughter or to
the AT center), and all bulls were assigned with a group
number and a group year, as well as the pen number
they occupied during weighing. Finally, the data con-
tained information on whether the bull was the dam’s
first calf.

Andrology data were available for 2,034 of the 3,209
bulls with weight and growth information, and included
the following traits:

(1) Volume (mL).

(2) Concentration recorded by photometer (Conc).
The photometer could not register measure-
ments <390 x 10°% therefore, concentration was
set to 390 x 10° if the photometer read zero
but sperm cells were found during microscopic
evaluation. Because of this, we categorized Conc
into 10 classes: 0, 1-390, thereafter in intervals of
200, and finally >1,790 x 10° spermatozoa,/mL.
Motility measured in fresh samples by subjective
inspection under a phase contrast microscope
(given as percentage of moving sperm cells,
with 10-percentage-unit increments starting at

(3)
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0; MotOh). After first inspection, samples were
stored in a refrigerator until they were reacti-
vated (heated to 38°C in 5 min) and evaluated
for motility again after 24 h (Mot24h) and 48 h
(Mot48h), measured in the same way as MotOh.
Sperm defects—a binary trait scored as 1 if more
than 10% of a particular spermatozoa (spz) de-
fect was present in the sample, or >20% defects
in total, and 0 otherwise. Defects were loose
heads, abnormalities in the tail or the intermedi-
ate part, distal droplets, and proximal droplets.

Only semen collections with volume >0 ml were kept
for analyses. Samples with volume >12 mL or Conc
>3,000 x 10° spz/mL were considered erroneous and
removed. Bulls had to be between 320 and 472 d (10.5—
15.5 mo) old at the test-day, and only bulls that had
been assigned group number and group year were kept.
See Olsen et al. (2020) for further details on semen
collection and editing of data.

Descriptive statistics for the andrology, BW, and
growth traits are summarized in Table 1. Figure 1
shows Dwg plotted against Bw_150d and Bw_330d.
The pedigree of the bulls was traced back as far as
possible and included 41,356 animals in the additive
genetic relationship matrix.

Models

Initially, univariate, linear animal models were run in
DMU using the average information (AI)REML proce-
dure (Madsen and Jensen, 2013) to estimate variance
components for the body weight traits and Dwg. The
following model was fitted:

Yir = gyp; + pod; + a;, + ey,

where Y, is an observation of Bw_150d, Bw_330d, or
Dwg on the kth bull; gyp, is the fixed effect of the ith
group-year-pen (i = 1, ..., 261); pod, is the fixed effect
of the parity of the dam in 2 classes (j = 1: dam’s first
calf, or 2: second or later calf); a is the random addi-
tive genetic effect of the kth bull N ~ (0, AU’?), with A

being the additive genetic relationship matrix and 03

the additive genetic variance; and e;, is the random
residual N ~ (O, Iaf), where T is an identity matrix and

o2 is the residual variance.

For andrology traits, the following linear animal re-
peatability model was fitted:

Y umo = age; + group-year; + collection_n-interval,

+ tdl + (9 + Pem + eijklmoa
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Table 1. Descriptive statistics of semen characteristics and BW and growth traits measured on Norwegian Red

bulls at the performance test station

Trait n Samples (n) Mean SD Minimum Maximum
Volume (mL) 7,634 2,034 2.4 14 0.5 12
Conc! 7,635 2,034 2.5 1.6 0 9
Mot0Oh? (%) 7,364 2,014 63.8 21.9 0 80
Mot24h” (%) 4,934 1,591 60.4 20.9 0 80
Mot48h?® (%) 1,165 899 52.3 25.5 0 80
Sperm defects® 7,640 2,034 0.05 0.21 0 1
Bw_150d" (kg) 3,209 3,209 163.6 21.5 92.9 250
Bw_330d" (kg) 3,209 3,209 411.6 29.5 299 500
Dwg' (g/d) 3,209 3,209 1,377.7 118.7 850 1,811

!Concentration categorized into 10 classes: 0, 1-390, thereafter increments of 200, and finally >1,790 x 10°

spermatozoa,/mL.

*Motility in fresh samples (MotOh) and after storing for 24 h (Mot24h) and 48 h (Mot48h).
*Binary trait; scored as 1 if >10% of the sperm in the sample had a particular defect or >20% defects in total,
0 otherwise. Defects were loose heads, abnormalities in the tail or the intermediate part, distal droplets, and

proximal droplets.

‘BW of bulls when 150 d (Bw_150d) and 330 d (Bw_330d) old, and average daily weight gain (Dwg) in be-

tween.

where Y., is the oth observation on 1 of 6 andrology
traits; age; is the fixed effect of the ith age class in
months (i = 11, ..., 15); group-year; is the fixed effect
of the jth group and year the bull left the test station (j
=1, ..., 74); collection_n-intervaly is the fixed effect of
kth class of ejaculate number (from 1 = first semen col-
lection to 6 = the sixth or more collection) and interval
in days since previous collection (1 =1to4d,2 =5
to 10 d, and 3 = >10d), k=1, ..., 16 (not used in
the model for Mot48h because the variable was not sig-
nificant at P < 0.05 in a proc GLM in SAS). Test-day
(td), additive genetic (a), permanent environmental
(pe), and residual (e) effects were assumed random; see
below for their distributions.

Bivariate linear animal models were used to estimate
genetic correlations among the weight and growth
traits and between weight and growth traits and semen
characteristic traits. The following assumptions were
made for the distribution of the random test-day (td),
additive genetic (a), permanent environmental (pe),
and residual (e) effects in the bivariate models:

[tdandro] - (07 I'x 0212 )7

2
o o
a a0
2 b
o
a3

aweight or growth

0
Q, 0 o

weight, growth,or andro ajay
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0 g
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where A is the additive genetic relationship matrix.
The test-day and permanent environmental effects were
only included in the model for the andrology traits
(andro), where afdz is the test-day variance and 0;2 is
the permanent environmental variance, and I are iden-
tity matrices. The (co)variance matrices for additive
genetic and residual effects contained variances on the
diagonal and covariances on the off-diagonal. In the
bivariate analysis of weight or growth and andrology
traits, the residual covariance was restricted to zero
because the measurements differed in both time and
space.

Results from the univariate analyses were used to es-
timate the heritability (h*) of weight and growth traits,
and results from bivariate models between Dwg and
semen characteristic traits were used for the andrology
traits. The formulas were

g
hi}ei ht - ’
°tg 2 2
a + O
0_2
2 _ a
handmlogy -

2 2 2 2°
04 +Upe +Utd +Oc

Standard errors were computed using Taylor series ap-
proximation.

RESULTS AND DISCUSSION
BW and Growth Traits

Figure 1a shows that there was little or no pheno-
typic association between Bw_150d and Dwg, probably
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Figure 1. Average daily weight gain (Dwg; g/d) plotted against
(a) BW at age 150 d (Bw_150d) and (b) BW at age 330 d (Bw_330d)
for Norwegian Red bulls (n = 3,209) from 2002 to 2012. Dashed lines
show the mean for each trait.

because Bw_150d was mainly affected by the envi-
ronment before arriving at the test station. However,
Bw_330d was phenotypically correlated strongly with
Dwg (Figure 1b). Despite the clear positive phenotypic
association, the figure also shows that some bulls with
below-average weight could grow well above average
and vice versa.

Estimated heritability was 0.14 for Bw_150d, 0.26
for Bw_330d, and 0.34 for Dwg (Table 2). The lower
heritability estimate for Bw_150d was likely caused by
noise from the prestation environment compared with
BW measured at the later stage and daily weight gain
recorded during the performance test. In a previous
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study, also using data from the performance test sta-
tion for Norwegian Red (Aass, 1996), the heritabilities
(SE) of Bw_330d and Dwg (from 90 to 330 d) were
estimated to be 0.33 (0.15) and 0.30 (0.14), respec-
tively, which corresponds with our results. Pfibyl et
al. (2008) estimated genetic parameters for live BW in
dual-purpose Czech Fleckvieh bulls at various ages (60
to 400 d) and found that heritability decreased slightly
from 100 d to about 180 d of age and increased there-
after. They estimated the heritability of live weight at
150 and 330 d to be 0.20 and 0.35, respectively, which
is somewhat higher than our estimates but shows the
same overall picture of increased heritability with age.
The heritability estimates of Bw_330d and Dwg were
also similar to estimates by Smith et al. (1989), al-
though they found yearling weight to have a higher
heritability than average daily weight gain (0.33 and
0.25, respectively) in Hereford, Angus, and Red Angus.
Knights et al. (1984), however, estimated the heritabil-
ity (SE) of yearling weight in Angus to be 0.49 (0.05).
However, large differences in management, production
system, and breed make comparison between the latter
2 studies on beef bulls and Norwegian Red difficult. All
genetic correlations among the BW and growth traits
were positive (Table 2), although the genetic correla-
tion between Bw_150d and Dwg was not significantly
different from zero. The genetic correlation was 0.64
between Bw_150d and Bw_330d, and 0.83 between
Bw_330d and Dwg. This is in accordance with Smith
et al. (1989), who found a strong genetic correlation
between average daily weight gain and yearling weight
(0.92). Further, Pfibyl et al. (2008) estimated a genetic
correlation between BW at 150 d and BW at 330 d of
0.77.

BW, Growth Traits, and Semen Characteristics

Both BW traits were favorably genetically correlated
with all the semen characteristic traits (Table 3), but
with high standard errors for correlations with motility
traits and sperm defects. A large amount of data is
needed to estimate precise genetic correlations, par-
ticularly for traits with low heritability that contain a
smaller amount of genetic information. For Bw_150d
and Bw_330d, the highest genetic correlations were
with MotOh (0.76) and Mot48h (0.66), respectively. In
contrast to the BW traits, Dwg had negative genetic
correlations with Conc (—0.25) and MotOh (—0.53), al-
though correlations were favorable with the remaining
traits. Smith et al. (1989) also found a negative genetic
correlation between average daily weight gain and mo-
tility (—0.36) for beef bulls and a negative genetic cor-
relation between motility and yearling weight (—0.36).
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Table 2. Estimated variance components and heritability for BW of Norwegian Red bulls when 150 d
(Bw_150d) and 330 d (Bw_330d) old, and for average daily weight gain (Dwg) from 150 to 330 d, as well as
genetic correlations between traits (SE in parentheses)

. 1 . .
Variance component Genetic correlation

Trait ol o’ Heritability Bw_330d Dwg
Bw_150d (kg) 58.5 (17.1) 369.7 (16.5) 0.14 (0.04) 0.64 (0.11) 0.11 (0.18)
Bw_330d (kg) 183.5 (42.3) 526.3 (34.6) 0.26 (0.06) 0.83 (0.06)
Dwg (g/d) 3,479.2 (727.3) 6,812.6 (563.0) 0.34 (0.06)

"Where (73 is the additive genetic variance and (Tj is residual variance.

In their study, both birth weight and weaning weight
correlated genetically with motility (0.36 and 0.13, re-
spectively). Thus, the genetic correlation between mo-
tility and BW was positive for weight measured early in
the bull’s life and got weaker with increasing age, which
corresponds to our results. Knights et al. (1984) also
estimated the genetic correlations between BW (wean-
ing and yearling weight) and subjectively scored semen
concentration and motility for Angus bulls. In contrast
to Smith et al. (1989) and our results, they found the
genetic correlation between these semen quality traits
and BW traits to increase from weaning until the bulls
were 1 yr old (0.30 and 0.75, respectively). Further-
more, they estimated the genetic correlation between
objectively measured concentration (spz/mL) and
yearling weight to be 0.31, which agrees with our result
for the genetic correlation between concentration and
Bw_330d of 0.32. We estimated the genetic correla-
tions between sperm defects and Bw_150d, Bw_330d,
and Dwg to be —0.41, —0.52, and —0.28, respectively;
hence, higher BW and daily weight gain are associated
with fewer sperm defects. This corresponds to Smith

et al. (1989), who found positive genetic correlations
between percent of normal sperm and weight traits of
0.20, 0.26, and 0.34 for weaning weight, yearling weight,
and daily weight gain, respectively. Because of the lack
of literature on these genetic correlations in dairy and
dual-purpose cattle, we consider these measures in beef
to be relevant. It should be noted, however, that all
standard errors were high in Smith et al. (1989), and
no standard errors were given in Knights et al. (1984).

Our results indicate that the genetic correlations
between weight and growth traits and semen character-
istics depend on the age of the bulls; that is, they might
be different for young and adult bulls. A greater BW
at a given age has been associated with lower age of
puberty and maturity; in particular, nutrition before 6
mo is known to affect the onset of puberty (Brito et al.,
2012). This means that the bulls in our data set with
a high BW at 150 d might be more sexually mature
during the andrology test taken at approximately 12
mo age than bulls that started out at a lower weight.
Similarly, a bull with a low BW at 150 d can have a
high average weight gain but an increased age of pu-

Table 3. Heritability (k%) of semen characteristics' and genetic correlations between semen characteristics and
BW of Norwegian Red bulls when 150 d (Bw_150d) and 330 d (Bw_330d) old, and with average daily weight

gain (Dwg) in between (SE in parentheses)

Trait

Characteristic Bw_150d (kg) Bw_330d (kg) Dwg (g/d) n

Volume (mL) 0.53 (0.11) 0.46 (0.09) 0.17 (0.08) 0.17 (0.04)
Conc? 0.50 (0.13) 0.32 (0.14) —0.25 (0.15) 0.05 (0.02)
MotOh® (%) 0.76 (0.45) 0.38 (0.43) ~0.53 (0.34) 0.01 (0.01)
Mot24h® (%) 0.20 (0.19) 0.26 (0.16) 0.16 (0.15) 0.05 (0.02)
Mot48h* (%) 0.48 (0.27) 0.66 (0.22) 0.50 (0.19) 0.12 (0.06)
Defects' —0.41 (0.26) ~0.52 (0.25) —0.28 (0.25) 0.02 (0.01)

"From bivariate analyses with Dwg.

“Concentration categorized into 10 classes: 0, 1-390,
spermatozoa/mL.

thereafter increments of 200, and finally >1,790 x 10°

*Motility in fresh samples (MotOh) and after storing for 24 h (Mot24h) and 48 h (Mot48h).

*Binary trait; scored as 1 if >10% of the sperm in the
0 otherwise. Defects were loose heads, abnormalities
proximal droplet.
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sample had a particular defect or >20% defects in total,
in the tail or the intermediate part, distal droplets, and



Olsen et al.: BODY WEIGHT, GROWTH, AND SEMEN CHARACTERISTICS

berty. Olsen et al. (2020) suggested that some of the
bulls could be sexually immature at the andrology test,
which might explain the favorable genetic correlation
between the BW traits and all semen characteristic
traits, and might explain why the genetic correlations
were stronger between Bw_150d and volume, Conc, and
Mot0h than between Bw_330d and the aforementioned
andrology traits. Furthermore, the negative genetic
correlations between Dwg and Conc and MotOh could
reflect the immaturity of bulls at testing for andrology
traits.

In addition to our recommendation of making sure
bulls are sexually mature and prepared in the same
way (Olsen et al., 2020), it would be useful to measure
all traits on all semen collections, because Mot24h and
especially Mot48h registrations were lacking for many
samples in the current data. It is tempting to explain
the considerable difference in the genetic correlation for
Dwg with MotOh (—0.53) and Mot48h (0.50), respec-
tively, by different genes affecting the 2 traits. How-
ever, another explanation might be differences in the
recording of the 2 traits; for example, that only “suc-
cessful” semen collections, in terms of volume, Conc,
or MotOh, were tested after 24 and 48 h. The strong
genetic correlation between MotOh and Mot24h of 0.96
(Olsen et al., 2020) indicates that the genes affecting
the 2 traits are similar and thus points to a difference in
recording practice. Consequently, the estimated genetic
correlations between Dwg and Mot24h and Mot48h
might be closer to expected for properly prepared and
sexually mature bulls, but the recording practice might
also mean that the phenotypically best bulls receive
a measurement of motility after storage. Results from
analyses of Mot24h and Mot48h should therefore be
interpreted with caution.

Consequences for Selection Response
in Semen Characteristics

Our results suggest that selection on Dwg at the per-
formance test station might have affected sperm Conc
and MotOh negatively, perhaps explaining the slight ge-
netic decline in semen characteristics reported by Olsen
et al. (2020). Among volume, Conc and MotOh, they
found the largest relative genetic decline for concentra-
tion and the smallest relative genetic change for Mot0Oh.
The attained selection responses are the result of the
traits selected for in the performance test, the traits’
true genetic parameters, and correlated responses to
other traits in the breeding goal. Although selection for
Dwg was based on breeding values, selection for semen
characteristics has been performed on a phenotypic
level by combining the results from the semen collec-
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tion into an overall score from 0 to 5, where >3 implied
that the bull was approved.

CONCLUSIONS

Our results indicate that the genetic correlations
for BW and growth traits with semen characteristics
depend on the age of the bulls. Although the majority
of genetic correlations were favorable, we found unfa-
vorable genetic correlations between Dwg and Conc
and Dwg and MotOh. Because all genetic correlations
among the semen characteristics have been estimated
to be favorable, selection for Dwg at the performance
test might explain the slight negative genetic trend
observed for semen characteristics in young Norwegian
Red bulls.
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