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ABSTRACT

The aim of this study was to estimate heritability and
repeatability of dairy bull fertility in Italian Brown Swiss
cattle. Bull fertility indicators were calving per service
and nonreturn rate at 56 d after service. Data included
124,206 inseminations carried out by 86 technicians on
28,873 heifers and cows in 1,400 herds. Services were
recorded from 1999 to 2008 and were performed with
semen from 306 Al Brown Swiss bulls. Data were ana-
lyzed with a threshold animal model, which included
the fixed effects of parity by class of days in milk of the
inseminated cow (age at insemination for heifers), year-
season of insemination, and status of the service bull at
the time of insemination (progeny testing or proven),
and the random effects of herd, technician, additive
genetic, and permanent environment of inseminated
heifer/cow and service bull, and residual. Also, genetic
covariance between heifer/cow and service bull effects
was considered in the model. Heritability and repeat-
ability were 0.0079 and 0.0100 for nonreturn rate at 56
d after service, and 0.0153 and 0.0202 for calving per
service, respectively. The low estimates obtained in the
present study indicate that selection for male fertility
using field data is hardly pursuable.
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Short Communication

Traditionally, female fertility has received consider-
ably more attention than its male counterpart, even
though evidence exists of the impact of male fertility
on the efficiency of the dairy industry (Van Doormaal,
1993; Clay and McDaniel, 2001). Male fertility is mostly
characterized by semen fertility, which depends on dif-
ferent factors such as additive and nonadditive genetic
effects (Mathevon et al., 1998; Gredler et al., 2007),
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and a permanent environmental component (Berry et
al., 2011).

Heritability (Hyppénen and Juga, 1998; Kuhn and
Hutchinson, 2008; Berry et al., 2011) and repeatability
(Weigel and Rekaya, 2000; Jamrozik et al., 2005) of bull
fertility recorded in field conditions are generally lower
than 2%, indicating that several environmental factors
exist affecting this trait, which cannot be disentangled
in routine collection of field data. Semen parameters
assessed in the laboratory are more heritable (Stalham-
mar et al., 1989), but they are only partially related to
field results (Ducrocq and Humblot, 1995; Mathevon
et al., 1998; Gredler et al., 2007). To our knowledge,
no studies on male fertility in the Brown Swiss breed
are currently available. Therefore, the aim of this work
was to estimate (co)variance components, heritability,
and repeatability of bull fertility in Italian Brown Swiss
dairy cattle.

Traits of interest were calving per service (CS) and
nonreturn rate at 56 d after service (NR56). The origi-
nal data set was obtained from the Breeders Associa-
tion of Bolzano-Bozen Province (northeast Italy) and
consisted of 206,478 single inseminations performed
on Brown Swiss heifers and cows from 1999 to 2008.
A comprehensive description of the data set has been
previously reported by Tiezzi et al. (2011, 2012). In-
seminations were validated as successful for CS when
gestation length was 288 + 15 d (mean value for Brown
Swiss from Norman et al., 2009). If 2 inseminations fell
within 288 + 15 d, the latter was considered success-
ful. If gestation length of a heifer or a cow was lower
than 273 d, the animal was not validated as pregnant.
Furthermore, cows having inseminations in a given lac-
tation were required to have recorded inseminations on
the previous parity, in such a way that animals with
gestation length shorter than 273 d were not validated
as pregnant for that lactation and were eliminated for
the subsequent lactations. Nonreturn rate at 56 d was
also calculated for each service, which was validated
as nonreturned (NR56 = 1) if no inseminations were
performed within 56 d, regardless of whether the non-
returned animal conceived or not. Approximately 30%
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of inseminations on Brown Swiss population reared in
the Alps are conducted using semen of beef bulls to
produce crossbred calves for veal and beef production
(Dal Zotto et al., 2009; Penasa et al., 2009). However,
most of the heifers and the majority of the cows are
mated to Brown Swiss bulls. Thus, from the whole set,
we extracted inseminations from Al Brown Swiss bulls
as service bulls, which represent approximately 70% of
total inseminations. It is necessary to point out that
semen used for insemination has gone through strict
quality control and this could reduce the differences in
fertility among the approved batches of semen from Al
bulls. Fertility traits (CS and NR56) were calculated for
each service before the extraction of Brown Swiss bulls
from the initial data set. Service bulls were required
to have at least 100 inseminations, and each herd and
technician were required to have at least 20 insemi-
nations. Service bulls, herds, technicians, and sires of
heifers/cows with an average CS and NR56 outside the
range 0.10 to 0.90 were omitted from the analysis, as
it is unlikely that a service bull had less than 10% or
more than 90% of success on a minimum of 100 in-
seminations. After editing, 124,206 single inseminations
performed by 86 technicians on 28,873 heifers and cows
(progeny of 514 sires) in 1,400 herds were available for
statistical analysis. There were 306 service bulls that
had 406 inseminations, on average, with a minimum of
100 and a maximum of 8,255 inseminations (Table 1).
The pedigree file included 71,349 individuals.

The threshold animal model used for the estimation
of variance components accounted for fixed effects
of parity by DIM of the inseminated cow or age at
insemination for heifers, year-season of insemination
(40 levels), and status of the service bull at the time
of insemination (2 levels: progeny testing or proven).
Classes of parity by DIM of inseminated cows or age
at insemination for heifers were included to account for

Table 1. Description of the data set used (1999 to 2008)

Item Value
Number of inseminations 124,206
Average calving per service (CS) 0.48
Average nonreturn rate at 56 d after service (NR56) 0.70
Percentage of discordant values 22
Number of service bulls 306
Minimum number of inseminations per service bull 100
Average number of inseminations per service bull 406
Mean of average CS per service bull 0.45
Mean of average NR56 per service bull 0.69
Number of cows 28,873
Number of sires of cow 514
Minimum number of inseminations per sire of cow 20
Number of herds 1,400
Minimum number of inseminations per herd 20
Number of technicians 86
Minimum number of inseminations per technician 25
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the effect of metabolic status of the animal on the out-
come of the single insemination, and they were defined
as follows: heifers: 366 to 587 d for class 1, 588 to 638
d for class 2, 639 to 689 d for class 3, 690 to 740 d for
class 4, 741 to 792 d for class 5, and 793 to 1,000 d for
class 6; cows: 4 classes of parity (first, second, third,
and fourth and later) and 5 classes of DIM (21 to 63 d
for class 1, 64 to 84 d for class 2, 85 to 105 d for class
3, 106 to 147 d for class 4, and 148 to 357 d for class
5). This categorization led to 26 different levels. Besides
the aforementioned fixed factors, the model accounted
for random effects of herd, technician, additive genetic,
and permanent environment of bred heifer/cow and
service bull, and residual term. Moreover, genetic cova-
riance between the inseminated heifer /cow and service
bull was taken into account, fitting the service bull and
sire of cow additive genetic effects linked by a common
numerator relationship matrix.

All the computations were performed using Bayes-
ian framework via Gibbs sampling algorithm imple-
mented in the software TM (http://snp.toulouse.inra.
fr/~alegarra/manualtm.pdf). Default assumptions were
bounded uniform priors for fixed effects and variance
components, and multivariate normal distributions for
random effects. A total of 550,000 iterations were run
with the first 50,000 discarded as burn-in. Thinning
occurred every 50 iterations and 10,000 samples from
every computation were stored for inferences. Conver-
gence was assessed by visual inspection of trace plots.
Heritability of bull fertility was computed as a ratio of
additive genetic variance to the sum of all (co)variances
estimated in the model. For the respective repeatability,
the service bull permanent environmental variance was
added to the numerator of the previous ratio. Means
and lower and upper bounds of the 95% highest poste-
rior probability density regions (HPD95) for heritabili-
ties were calculated from the Gibbs samples using the
coda package of R (http://cran.r-project.org).

The overall mean for CS and NR56 was 0.48 and
0.70, respectively (Table 1). It indicated that 22% of
data were discordant, giving success for NR56 and fail-
ure for CS. Nonreturn rate at 56 d after service seems
to be an early but moderate indicator of reproductive
efficiency, if we assume CS to be the trait most closely
reflecting the real fertility of the heifer or cow.

Estimates for the (co)variance components, herita-
bilities, and repeatabilities for NR56 and CS (Table 2)
were the means of the posterior distributions for the
respective parameters. Residual variance was set to 1
due to its unidentifiability on the liability scale. All
estimates were low, reflecting the difficulty of assessing
factors associated with male fertility from field data, or
the low impact of the random effects included in the
analysis on field fertility.
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Table 2. Estimates of (co)variance components, heritability, and repeatability for nonreturn rate at 56 d after

service (NR56) and calving per service (CS)'

NR56 CS

Parameter’ Mean SD HPD95 Mean SD HPD95
oi_gcn 0.0087 0.0024 0.0041; 0.0130 0.0173 0.0046 0.0081; 0.0259
crfow,gcn 0.0210 0.0037 0.0145; 0.0290 0.0447 0.0061 0.0335; 0.0577
Oss-cow 0.0002 0.0021 —0.0039; 0.0045 —0.0030 0.0040 —0.0107; 0.0048

epe 0.0023 0.0015 0.0002; 0.0056 0.0055 0.0029 0.0008; 0.0117
of(,w,pe 0.0261 0.0045 0.0169; 0.0350 0.0295 0.0059 0.0177; 0.0410
ob 0.0323 0.0024 0.0278; 0.0371 0.0197 0.0018 0.0163; 0.0234
ol 0.0068 0.0016 0.0042; 0.0105 0.0097 0.0020 0.0064; 0.0103
o’ 1 1
h? 0.0079 0.0021 0.0037; 0.0118 0.0153 0.0040 0.0072; 0.0220
T 0.0100 0.0023 0.0040; 0.0164 0.0202 0.0055 0.0083; 0.0319

'Estimates are the means of the marginal posterior densities for variance components, heritability, and repeat-
ability; SD is the posterior SD; HPD95 is the highest posterior density region at 95%.

2 2
ss-gen

service bull-cow additive genetic covariance; ci_pe

. . o . . 2
o is the service bull additive genetic variance; oy, 4o,

is the service bull permanent environmental variance; o>

is the cow additive genetic variance; oy . 1S the

cow-pe

. . . 9 . . 92 . .. . 92 .
is the cow permanent environmental variance; oy is the herd variance; oy is the technician variance; o} is the
residual variance; h” is the service bull heritability; r is the service bull repeatability.

Variance components for CS were constantly higher
than those for NR56, except for herd component, which
was higher for NR56 (Table 2). Additive genetic vari-
ance of service bull was much lower than that of insemi-
nated heifer/cow, both for NR56 (0.0087 and 0.0210,
respectively) and CS (0.0173 and 0.0447, respectively),
probably as a consequence of bull screening for semen
quality. The genetic covariance between service bull
and inseminated heifer/cow was almost null for NR56
(0.0002), and very low for CS (—0.0030), generating
low genetic correlations between these effects, which
included 0 in the HPD95 (data not shown). The perma-
nent environmental variance of service bull was lower
than the genetic variance (0.0023 vs. 0.0087, and 0.0055
vs. 0.0173 for NR56 and CS, respectively), whereas cow
permanent environmental variance was similar to the
genetic one for NR56 (0.0261 vs. 0.0210) and smaller
for CS (0.0295 vs. 0.0447). Finally, herd variance was
higher than technician variance, both for NR56 (0.0323
vs. 0.0068) and CS (0.0197 vs. 0.0097).

The posterior means of heritability and repeatability
for CS (0.0153 and 0.0202, respectively) were higher
than those obtained for NR56 (0.0079 and 0.0100, re-
spectively), but in all cases estimates were very low
(Table 2). These findings are in agreement with those
reported by Kuhn and Hutchinson (2008) for the Hol-
stein breed and Berry et al. (2011), who assessed heri-
tabilities below 0.01 for CS for dairy and beef cattle,
even though Berry et al. (2011) used a linear model
to analyze CS data, which is known to result in lower

estimates of heritability. Hyppanen and Juga (1998) re-
ported a heritability of 0.001 for NR56 in Finnish Ayr-
shire cattle, and Stalhammar et al. (1994) estimated a
value of about 0.01 for the same trait in Swedish Red
and White and Swedish Friesian cattle; both studies
used a linear model to analyze the data. Estimates of
service bull repeatability for NR56 from the present
study was the same as calculated by Jamrozik et al.
(2005) using a linear model on Holstein heifers (0.01),
but lower than the value reported by the same authors
on multiparous cows (0.02). In contrast, Weigel and
Rekaya (2000) reported estimates below 0.01 for Hol-
stein cattle, either with linear and threshold models.

The present study corroborates previous research
carried out on other dairy populations about the esti-
mation of heritability and repeatability for male fertil-
ity, and fills the lack of knowledge about genetic and
environmental variation of male fertility in the Brown
Swiss cattle breed. It is likely that the quality screening
of semen in Al studs and its subsequent manipulation
in terms of spermatozoa concentration might level the
differences existing among bulls for semen quality and
fertilizing ability. Genetic improvement of male fertility
seems hardly feasible.
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