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ABSTRACT:  Fertility is a critically important 
factor in cattle production because it directly re-
lates to the ability to produce the offspring ne-
cessary to offset costs in production systems. 
Female fertility has received much attention and 
has been enhanced through assisted reproductive 
technologies, as well as genetic selection; how-
ever, improving bull fertility has been largely 
ignored. Improvements in bull reproductive per-
formance are necessary to optimize the efficiency 
of  cattle production. Selection and management 
to improve bull fertility not only have the poten-
tial to increase conception rates but also have the 
capacity to improve other economically relevant 
production traits. Bull fertility has reportedly 
been genetically correlated with traits such as 
average daily gain, heifer pregnancy, and calving 
interval. Published studies show that bull fertility 

traits are low to moderately heritable, indicating 
that improvements in bull fertility can be real-
ized through selection. Although female fertility 
has continued to progress according to increas-
ing conception rates, the reported correlation be-
tween male and female fertility is low, indicating 
that male fertility cannot be improved by selec-
tion for female fertility. Correlations between 
several bull fertility traits, such as concentration, 
number of  spermatozoa, motility, and number 
of  spermatozoa abnormalities, vary among stud-
ies. Using male fertility traits in selection indices 
would provide producers with more advanced se-
lection tools. The objective of  this review was to 
discuss current beef  bull fertility measurements 
and to discuss the future of  genetic evaluation of 
beef  bull fertility and potential genetic improve-
ment strategies.
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INTRODUCTION 

Fertility is generally defined as the ability to 
conceive offspring (Utt, 2016). Fertility traits have 
a large impact on production and, therefore, are 
of great economic value in the livestock industry 
(Abdollahi-Arpanahi et  al., 2017). Reproductive 
efficiency impacts beef producers’ profitability and 
often determines whether beef producers reach 

their production goals, regardless of whether 
it is explicitly included in the breeding objective 
(Harris, 1970). Reproduction is a very complex 
trait that involves events including gametogen-
esis, fertilization, uterine attachment, embryogen-
esis, and fetal development (Abdollahi-Arpanahi 
et al., 2017). Reproduction, and more definitively, 
conception, is influenced by several environ-
mental factors including nutrition, temperature, 
and overall animal health. The female’s concep-
tion rate can be impacted by these common fac-
tors, as well as age and season of the year (Senger, 
2012). Optimizing environmental conditions of 
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the female and using assisted reproductive tech-
nologies such as estrous synchronization, artificial 
insemination (AI), and embryo transfer can im-
prove conception rate, but beef producers still only 
experience an average single service AI conception 
probability of 60% (USDA, 2010). Conception rate 
is also contingent on the bull and the quality of the 
semen; therefore, improvements to the conception 
rate of the U.S. beef cattle herd can be further en-
hanced by obtaining accurate measures of bull fer-
tility (Berry et al., 2014). 

A significant percentage of reproductive failure 
is attributable to bull subfertility due to low semen 
quantity, poor semen quality, and/or health status 
(DeJarnette et al., 2004); therefore, only evaluating 
and selecting for female fertility traits have tremen-
dous consequences. Bull fertility has significant pro-
duction impacts (Braundmeier and Miller, 2001). 
Bull fertility is currently phenotypically evaluated 
with breeding soundness examinations (BSEs) and 
at AI centers, but measures of sire fertility are not 
currently included in genetic evaluation in the beef 
industry. Incorporation of phenotypes from BSEs 
or AI centers would allow national genetic evalu-
ation of these traits, but no system currently exists 
to transfer these phenotypes to breed associations. 
Bull fertility traits are generally low to moderately 
heritable, so genetic selection could be utilized to 
improve bull fertility. In addition, genomic tech-
nologies should enhance genetic prediction, as 
evidenced by genomic studies utilizing dairy bulls. 
Incorporating both traditional genetic evaluation 
approaches combined with genomic technologies 
has the opportunity to provide beef producers with 
genetic selection tools for male fertility.

IMPORTANCE OF MALE FERTILITY

Only focusing on female reproductive capabil-
ities limits the potential for increased phenotypic 
performance. Braundmeier and Miller (2001) recog-
nized using subfertile or infertile semen has conse-
quences, not only to the AI companies distributing 
it, but also to the producers using it. Discovering 
how to improve male fertility traits not only has 
the potential to increase the conception rate but 
also has the capacity to improve other traits. For 
example, research shows that selection for in-
creased scrotal circumference (SC) size decreased 
the calving interval (Meyer et al., 1991), improved 
daughter pregnancy rates (Toelle and Robison, 
1985; Van Melis et al., 2010), and increased average 
daily gain (Raidan et al., 2016). Although it is ar-
guable whether or not SC is an indication of female 

fertility due to some conflicting results in the litera-
ture (Evans et al., 1999; Martínez-Velázquez et al., 
2003), it is currently the only male fertility-related 
phenotype collected and utilized for genetic evalu-
ation. There is a need for additional male fertility 
traits to be collected and evaluate the relationship 
with economically relevant traits.

The economic impacts of  bull fertility 
have tremendous influence in the AI industry. 
The National Association of  Animal Breeders 
(NAAB, 2018) reported that nearly 3.7 million 
units of  beef  bull semen were custom collected 
and 4 million units were distributed throughout 
the United States in 2018. Furthermore, the 
United States exported 3.9 million units of  beef 
bull semen in 2018 totaling over $13 million. In 
the last study performed by the National Animal 
Health Monitoring System, it was reported that 
only 7.62% of  beef  cattle producers had adopted 
AI technology. Along with time and labor, the cost 
was cited as one of  the main reasons for not util-
izing the reproductive technology (USDA, 2009). 
Utilizing selection to improve semen quality has 
the potential ability to increase the quality and, 
therefore, quantity of  semen produced by genet-
ically superior sires. Not only will an increased 
amount of  semen from genetically superior sires 
be more widely available but could also be avail-
able at a more reasonable price which may entice 
more producers to implement AI and cause a more 
rapid rate of  genetic change in the beef  industry. 
More importantly, improved semen quality would 
cause an increased conception rate, which would 
result in a decreased cost per pregnancy for the 
producer.

GENETIC EVALUATION OF BULL 
FERTILITY

Phenotypic semen quality traits are often the 
starting point for evaluating fertility and should be 
considered when purchasing a bull to ensure he is 
capable of producing. However, it has been docu-
mented that bull fertility is influenced by genetic fac-
tors (Huang et al., 2011; Corbet et al., 2013), so bull 
fertility could be improved through selection within 
the context of breeding programs. Semen quality is 
recognized as a major determinant of bull fertility 
and estimates of heritability have been published. 
Measurements obtained from BSEs have been used 
to determine genetic parameters and heritability of 
SC, spermatozoa motility (MOT), semen abnor-
malities (ABNO), and common defects of the penis 
(Smith, 1989; Christmas et al., 2001).
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Semen production traits are relatively easy to 
measure, and there are often multiple records avail-
able per bull if  they have been collected at an AI 
center. Selection for semen production and quality 
traits is an attractive prospect because heritability 
estimates for semen production and quality traits 
are relatively similar across studies, and there are fa-
vorable genetic relationships between semen quality 
traits.

Many different terminologies are used across 
the industry to describe semen production and 
quality traits. Table 1 summarizes the different 
measurements utilized to quantify bull fertility. Due 
to the nature of collecting bull fertility phenotypes, 
the measures are generally subjective and recorded 
by different laboratory technicians. This introduces 
the possibility of bias or difficulty in combining re-
cords across multiple studs and technicians. This 

is potentially problematic for the purposes of gen-
etic evaluation, though fitting appropriate contem-
porary groups or fixed effects should alleviate some 
of these issues. The biological process of the devel-
opment of spermatozoa is affected by many envir-
onmental factors. Factors such as age (Taylor et al., 
1985; Karoui et al., 2011), nutrition (Coulter et al., 
1997; Brito et al., 2006), temperature (Hall, 1989; 
Barth and Waldner, 2002), semen collector (Amann 
and Almquist, 1976; Chenoweth, 1983), and collec-
tion interval (Fuerst-Waltl et al., 2006) can all impact 
spermatozoa production and should be accounted 
for when evaluating these traits. Furthermore, re-
cent advances in technology promise to provide 
more objective semen quantity and quality meas-
ures. For example, computer-assisted semen analysis 
provides objective measures of semen production 
and quality traits (Druet et al., 2009; Corbet et al., 

Table 1. Description of various bull traits used to define bull fertility 

Trait Abbreviation Description Units

Production traits

  Concentration CONC Relative amount of spermatozoa per ejaculate, measured by a colorimeter millions/mL

  Number of sperm-
atozoa

NSP Calculated by multiplying spermatozoa concentration and semen volume; ex-
pressed in millions

millions

  Volume VOL Total amount of the ejaculate, measured by weight mL

Quality measures

  Mass activity MASS Score from 0–5 with 0 being no activity and 5 being rapid, distinct swirls/ 
rapid swirling, slower swirling, generalized oscillation, and sporadic oscilla-
tion, similar measurement to motility score

score

  Motility MOT Movement and swimming of sperm %

  Motility score MOTSC Score which scale varies depending on study. score

  Progressive motility PROG Swimming in a mostly straight line or large circles, measured by 
computer-assisted semen analysis

%

Morphology

  Percent normal 
spermatozoa

%NORM Percentage of morphologically normal spermatozoa %

  Percentage of living 
spermatozoa

%LIV Percent of living spermatozoa with an intact cytoplasmic membrane after 
thawing

%

Abnormalities

  Percentage of sperm-
atozoa with an ab-
normal cytoplasmic 
droplet

DROP Percentage of spermatozoa with a cytoplasmic droplet defect %

  Percentage of sperm-
atozoa with an ab-
normal head

HEAD Percentage of spermatozoa with a defect to the head of the spermatozoa %

  Percentage of sperm-
atozoa with an ab-
normal tail

TAIL Percentage of spermatozoa with a defect to the tail of the spermatozoa %

  Primary abnormal-
ities

PRIM Generally, defects of the head of the spermatozoa %

  Secondary abnor-
malities

SEC Slight defects of the tails %

  Total abnormalities ABNO Percentage of abnormalities in the total ejaculate sample %

Scrotal circumference

  Scrotal circumference SC Circumference measured at the widest point of the scrotum with both testes 
fully distended

cm
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2013). The dairy industry has realized benefits from 
some of these technology advancements utilized in 
the evaluation of fertility traits. Measurements of 
mitochondrial activity and acrosome reaction have 
been utilized to evaluate phenotypic differences in 
semen quality (Graham et al., 1990; Bucher et al., 
2019). These more objective evaluations of semen 
quality provide an opportunity to eliminate some 
of the issues surrounding use of more subjective 
data, provided that the industry is willing to share 
the data with breed associations for inclusion into 
these evaluations. Though some benefits have been 
realized from these technologies in the dairy in-
dustry, there are few published studies that utilize 
these technologies for evaluation of beef bulls.

Genetic Parameters

Tables 2 and 3 outline the reported heritabilities 
published within the scientific literature for semen 
production and quality traits, respectively. All re-
ported studies used a best linear unbiased predic-
tion (BLUP) univariate or multivariate animal 
model, with the exception of Smith et  al. (1989) 
which used a least squares procedure to analyze the 
data with a multivariate sire model. Each reported 
study had varying fixed effects incorporated in the 
model. Many of the studies included the fixed ef-
fects of bull age, season, and year. Additional fixed 
effects include AI center, ejaculate number, day of 
the week, and semen collector. Relevant discussion 
pertaining to the differing fixed effects will be fur-
ther discussed with the pertinent studies.

Scrotal Circumference

SC is often used to predict the number of sperm 
produced and is measured using circular tape around 
the widest part of the testicles (Whittier and Bailey, 
2009). Several different studies with various ages 
and breeds of bulls have shown SC to have a mod-
erate-to-high heritability(Table 2). Interestingly, 
in a study of tropical composite bulls, SC herit-
ability was estimated at 6, 12, 18, and 24 months 
of age and reported estimates were nearly the same 
(Corbet et  al., 2013). Thus, age does not seem to 
result in changes in the heritability estimate of SC.

Semen Production Traits

Volume.  Semen volume (VOL) is the total 
amount of the ejaculate, which is expressed in 
milliliters. A majority of the reported studies esti-
mated a moderate heritability for semen volume as 

summarized in Table 2. In a study of AI ram fer-
tility, David et al. (2006) estimated the heritability 
of VOL to be close to moderately heritable, which 
mirrored that of the heritabilities found in the bull 
fertility studies. Kaps et al. (2000) and Kealey et al. 
(2006) reported low heritability estimates for VOL 
in yearling beef bulls. Kaps et al. (2000) and Kealey 
et  al. (2006) obtained VOL measurements from 
BSEs taken on Simmental and Hereford bulls, re-
spectively. Breed and age could have caused the dif-
ference from the higher reported heritabilities. All 
other reported estimates were obtained from beef 
and dairy bulls at an AI center, which would have a 
large number of more mature bulls.

Concentration.  Concentration (CONC) is the 
amount of spermatozoa in the ejaculate, expressed 
as millions per milliliter and is measured with a 
colorimeter (Suchocki and Syzda, 2015; Table 2). 
Concentration has been reported as a moderately 
heritable trait, with one outlier estimate. Mathevon 
et al. (1998) estimated CONC to have a high her-
itability, which could be attributable to the small 
population size (n = 198).

Number of spermatozoa.  Number of sperm-
atozoa (NSP) is a function of both CONC and 
VOL, and reported estimates are shown in Table 
2.  It is expressed in millions of spermatozoa per 
ejaculate and is calculated by multiplying CONC 
and VOL. The number of spermatozoa is gener-
ally moderately heritable, which is logical because 
VOL was estimated to be moderately heritable and 
CONC was generally low to moderately heritable. 
Variability in the estimates could also be attributed 
to the varying fixed effects utilized in the different 
studies.

Semen Quality Measures

Motility. Motility is a trait which refers to the 
ability of the spermatozoa to move progressively 
forward (Senger, 2012). Motility, also called pro-
gressive motility (PROG) by studies that utilized 
a computer-assisted semen analyzer, is a term 
often used to characterize whether spermatozoa 
are swimming in mostly straight lines or large cir-
cles. Motility and progressive motility are scored 
as a percentage of the ejaculate. To obtain the per-
centage, a sample of the ejaculate is inspected under 
a microscope. Spermatozoa are counted and classi-
fied as motile or not motile until 100 spermatozoa 
are counted. Due to the subjectivity of obtaining 
the measurement, variation can occur in the meas-
urements between different observers. Heritability 
estimates for motility and progressive motility 
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differed greatly between different studies and are 
summarized in Table 3. Some studies reported very 
low heritability estimates while others reported very 
high-to-moderate heritability estimates. In addition 
to the subjectivity of the measurement, the studies 
utilized different breeds, different data collection, 
and varying fixed effects.

Motility score.  Motility score (MOTSC) or 
mass activity (MASS) is a subjective score based 
on a scale which varies depending on the individual 
standards of the collection protocol. A  higher 
MOTSC is more desirable. Ducrocq and Humblot 
(1995) based MOTSC from 0 to 4; Gredler et  al. 
(2007) did not provide the scoring system used; and 
Suchocki and Syzda (2015) based MOTSC from 1 

to 3. Table 3 summarizes motility score heritability 
estimates. Gredler et  al. (2007) reported a much 
lower heritability than Ducrocq and Humblot 
(1995) and Suchocki and Syzda (2015).
Percentage of living spermatozoa after freezing. 
Few studies have estimated the heritability of 
percentage of living spermatozoa after freezing 
(%LIV; Table 3). Data collected from an AI center 
would allow for the estimation of %LIV. Percentage 
of living spermatozoa after freezing has been esti-
mated to have a low-to-moderate heritability, with 
relatively small standard deviations (Kealey et al., 
2006; Druet et  al., 2009; Berry et  al., 2019). The 
low-to-moderate correlation estimate is surprising 
considering the potential impact of the freezing 

Table 2. Heritabilities for commonly measured semen production traits

Traits n Estimate Standard error Breed Source

Scrotal circumference, 6 months 2,424 0.41 0.08 Tropical Composite Corbet et al. (2013)

Scrotal circumference, 12 months 717 0.36 0.06 Angus Knights et al. (1984)

4,233 0.53 0.06 Hereford Bourdon and Brinks (1986)

549 0.40 0.09 Hereford, Angus, & Red Angus Smith et al. (1989)

1,282 0.56 * Angus Christmas et al. (2001)

1,281 0.46 0.08 Angus Garmyn et al. (2011)

2,424 0.46 0.09 Tropical Composite Corbet et al. (2013)

Scrotal circumference, 18 months — 0.40 0.02 Nellore Silva et al. (2011)

2,424 0.43 0.09 Tropical Composite Corbet et al. (2013)

Scrotal circumference, 24 months 2,424 0.44 0.09 Tropical Composite Corbet et al. (2013)

Volume 2,351 0.18 * Holstein Taylor et al. (1985)

2,387 0.65 0.09 Normande Ducrocq and Humblot (1995)

198 0.24 * Holstein Mathevon et al. (1998)

955 0.04 0.54 Simmental Kaps et al. (2000)

841 0.09 0.08 Line 1 Hereford Kealey et al. (2006)

974 0.22 0.03 Lacaune Rams David et al. (2006)

301 0.18 0.02 Beef/ Dairy Cross Gredler et al. (2007)

515 0.22 0.05 Holstein Druet et al. (2009)

1,212 0.26 0.06 Holstein Suchocki and Syzda (2015

787 0.20 0.04 Beef & Dairy Berry et al. (2019)

Sperm concentration 717 0.13 0.06 Angus Knights et al. (1984)

2,387 0.39 0.10 Normande Ducrocq and Humblot (1995)

198 0.52 * Holstein Mathevon et al. (1998)

955 0.26 0.01 Simmental Kaps et al. (2000)

841 0.16 0.08 Line 1 Hereford Kealey et al. (2006)

974 0.24 0.04 Lacaune Rams David et al. (2006)

301 0.14 0.04 Beef/Dairy Cross Gredler et al. (2007)

1,212 0.34 0.07 Holstein Suchocki and Syzda, 2015

787 0.20 0.07 Beef & Dairy Berry et al. (2019)

Number of spermatozoa 717 0.24 0.05 Angus Knights et al. (1984)

2,351 0.03 * Holstein Taylor et al. (1985)

198 0.38 * Holstein Mathevon et al. (1998)

974 0.18 0.03 Lacaune Rams David et al. (2006)

301 0.22 0.02 Beef/Dairy Cross Gredler et al. (2007)

1,212 0.27 0.06 Holstein Suchocki and Syzda (2015)

787 0.38 0.05 Beef & Dairy Berry et al. (2019)

*No standard error reported; n = number of bulls.
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process on spermatozoa and the small population 
size (n = 841, 515, and 787, respectively).

Percent normal spermatozoa.  Gross percent-
ages of normal spermatozoa (%NORM) measures 
the percentage of spermatozoa with an acceptable 

morphology and is recorded as a part of a BSE. 
The heritability estimates for this trait are extremely 
variable as reported in Table 3. Yilmaz et al. (2004), 
Kealey et  al. (2006), and Corbet et  al. (2013) re-
ported moderate-to-high heritability estimates, 

Table 3. Heritabilities for commonly measured semen quality traits

Traits n Estimate
Standard 
Error Breed Source

Spermatozoa motility 717 0.13 0.06 Angus Knights et al. (1984)

549 0.08 0.07 Hereford, Angus, & Red Angus Smith et al. (1989)

2,387 0.30 0.09 Normande Ducrocq and Humblot 
(1995)

198 0.31 * Holstein Mathevon et al. (1998)

1,282 0.07 * Angus Christmas et al. (2001)

974 0.18 0.03 Lacaune Rams David et al. (2006)

841 0.22 0.09 Line 1 Hereford Kealey et al. (2006)

515 0.43 0.08 Holstein Druet et al. (2009)

1,281 0.05 0.03 Angus Garmyn et al. (2011)

2,424 0.15 0.05 Tropical Composite Corbet et al. (2013)

1,212 0.31 0.06 Holstein Suchocki and Syzda, 2015

787 0.37 0.03 Beef & Dairy Berry et al. (2019)

Progressive motility 515 0.13 0.13 Holstein Druet et al. (2009)

2,424 0.15 0.05 Tropical Composite Corbet et al. (2013)

Motility score 2,387 0.23 0.08 Normande Ducrocq and Humblot 
(1995)

301 0.04 0.01 Beef/ Dairy Cross Gredler et al. (2007)

1,212 0.26 0.05 Holstein Suchocki and Syzda, 2015

Mass activity 2,424 0.13 0.05 Tropical Composite Corbet et al. (2013)

Percentage of living sperm-
atozoa after thawing

841 0.22 0.09 Line 1 Hereford Kealey et al. (2006)

515 0.21 0.08 Holstein Druet et al. (2009)

787 0.25 0.08 Beef & Dairy Berry et al. (2019)

Percent normal spermatozoa 549 0.07 0.06 Hereford, Angus & Red Angus Smith et al. (1989)

765 0.47 0.07 Angus Yilmaz et al. (2004)

841 0.35 0.10 Line 1 Hereford Kealey et al. (2006)

301 0.10 0.03 Beef/Dairy Cross Gredler et al. (2007)

2,424 0.41 0.10 Tropical Composite Corbet et al. (2013)

Abnormal spermatozoa per-
centage/ Total abnormalities

2,387 0.19 0.07 Normande Ducrocq and Humblot 
(1995)

1,282 0.29 * Angus Christmas et al. (2001)

515 0.25 0.10 Holstein Druet et al. (2009)

— 0.15 0.01 Nellore Silva et al. (2011)

1,281 0.25 0.07 Angus Garmyn et al. (2011)

Primary abnormalities 549 0.31 0.09 Hereford, Angus, & Red Angus Smith et al. (1989)

1,282 0.35 * Angus Christmas et al. (2001)

841 0.30 0.10 Line 1 Hereford Kealey et al. (2006)

1,281 0.27 0.07 Angus Garmyn et al. (2011)

Secondary abnormalities 549 0.02 0.05 Hereford, Angus, & Red Angus Smith et al. (1989)

1,282 0.26 * Angus Christmas et al. (2001)

841 0.33 0.09 Line 1 Hereford Kealey et al. (2006)

1,281 0.23 0.08 Angus Garmyn et al. (2011)

Percentage of spermatozoa with 
abnormal head

515 0.35 0.12 Holstein Druet et al. (2009)

Percentage of spermatozoa with 
abnormal tail

515 0.19 0.12 Holstein Druet et al. (2009)

Percentage of spermatozoa with 
abnormal cytoplasmic droplet

515 0.19 0.08 Holstein Druet et al. (2009)

*No standard error reported; n = number of bulls.
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whereas Smith et al. (1989) and Gredler et al. (2007) 
reported low heritability estimates. Variation in re-
sults are unlikely due to age or breed composition, 
as all are yearling beef bulls, with the exception of 
Corbet et  al. (2013) which utilized tropical com-
posite bulls. Differences could be caused by popula-
tion size; Yilmaz et al. (2004), Corbet et al. (2013), 
and Kealey et al. (2006) had population sizes ran-
ging from 765 to 2424; and Smith et al. (1989) had 
a population size of 549.

Abnormalities.  Abnormalities or percent ab-
normalities are a measure of the spermatozoa in an 
ejaculate that are aberrant or have undesirable char-
acteristics. Abnormalities generally have estimates 
that were low to moderately heritable and are sum-
marized in Table 3. Abnormalities can be further 
divided into primary (PRIM) or secondary (SEC), 
and estimates are additionally low-to-moderate 
heritability estimates, with the exception of a few 
outliers with high standard errors (Table 3). Other 
studies classify abnormalities more descriptively as 
percentage of spermatozoa with an abnormal head 
(HEAD), tail (TAIL), and/or cytoplasmic droplet 
(DROP).

GENETIC AND PHENOTYPIC 
CORRELATIONS

Scrotal Circumference with Semen Quality 
Measures

Smith et  al. (1989) was one of the first to re-
port a genetic correlation estimate between SC and 
MOT. The low, unfavorable estimate with a high 
standard error could be attributed to the low esti-
mates of genetic variation in the population of 549 
bulls, of which 450 were Herefords. Contradicting 
Smith et al. (1989), Christmas (2001), and Corbet 
et al. (2013) found a moderate, favorable genetic cor-
relation between SC and MOT. Corbet et al. (2013) 
estimated the genetic correlation between MASS 
and SC to be moderate and favorable. Corbet et al. 
(2013) was the only study that reported MASS, 
which is a motility measure. The estimate reported 
MASS was highly correlated with SC, indicating a 
larger SC would result in increased MASS. Table 4 
presents the reported correlations.

Contradictory genetic relationships have been 
reported between SC and %NORM as shown in 
Table 4. Smith et al. (1989) reported a negative gen-
etic correlation, which is unfavorable; nonetheless, 
Corbet et  al. (2013) reported a positive, favorable 
estimate. A  contributing factor to the different 

correlations could be the fact that Smith et  al. 
(1989) utilized yearling beef bulls, and Corbet et al. 
(2013) provided estimates on 18-month-old Bos 
indicus cattle.

Smith et al. (1989) reported genetic correlations 
between SC and PRIM and SEC. The genetic cor-
relation between SC and SEC is outside of the par-
ameter space, which could have been caused by the 
genetic evaluation model utilized (least squares). The 
least squares procedure only uses the relationships 
among siblings to calculate heritability estimates. In 
contrast, BLUP utilizes more pedigree information 
to make predictions. Considering the Smith et  al. 
(1989) heritability estimate for SEC was not statistic-
ally different than zero, the lack of genetic diversity 
in the population could also explain the reason for 
the anomalous genetic correlation between SC and 
SEC. Christmas et al. (2001) reported negative, favor-
able genetic correlations between SC and abnormal 
spermatozoa traits, which translates to higher SC 
corresponding to fewer abnormalities. Garmyn et al. 
(2011) also reported negative, favorable genetic cor-
relations between abnormalities and SC, although 
the correlation estimates were lower than Christmas 
et  al. (2001). Genetic and phenotypic correlations 
between SC and semen quality traits for all reported 
studies are typically in the same direction, but pheno-
typic correlations are generally much lower. Refer to  
Table 4 to compare genetic and phenotypic 
correlations.

Semen Production Traits

Table 4 also includes genetic and phenotypic 
correlations between semen production traits. 
Additionally, Table 4 includes the corresponding 
standard errors. Reported genetic correlations be-
tween VOL and CONC are generally negative and 
unfavorable because as VOL increases, CONC 
decreases. On the contrary, Berry et al. (2019) es-
timated that the genetic correlation between VOL 
and CONC was positive and moderate; however, 
the standard error was large ± 0.20 and the pheno-
typic correlation was estimated to be extremely low.

Reported genetic correlations between VOL and 
NSP are all high, positive, and favorable, which is to 
be expected as total NSP is impacted by the VOL. 
The genetic correlations do vary in strength, but all 
are generally high estimates. The genetic correlation 
between CONC and NSP yielded similar results, as 
CONC is the additional factor that goes into calcu-
lating total NSP. As summarized in Table 4, Druet 
et  al. (2009), Taylor et  al. (1985), Gredler et  al. 
(2007), Berry et al. (2019), and David et al. (2006) 
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Table 4. Phenotypic (rP) and genetic (rG) correlations between semen production and quality traits

n rP
rG Breed Source

Volume and concentration

2,351 −0.07 −0.19 Holstein Taylor et al. (1985)

2,387 −0.15 −0.42 ± 0.17 Normande Ducrocq and Humblot (1995)

974 0.04 −0.24 Lacaune Rams David et al. (2006)

301 −0.17 0.06 ± 0.13 Beef/Dairy Cross Gredler et al. (2007)

515 0.02 −0.55 ± 0.18 Holstein Druet et al. (2009)

 0.10 0.40 ± 0.20 Beef & Dairy Berry et al. (2019)

Volume and number of spermatozoa

2,351 0.55 0.45 Holstein Taylor et al. (1985)

974 0.86 0.84 Lacaune Rams David et al. (2006)

301 0.70 0.83 ± 0.13 Beef/ Dairy Cross Gredler et al. (2007)

515 0.61 0.47 ± 0.18 Holstein Druet et al. (2009)

787 0.63 0.66 ± 0.16 Beef & Dairy Berry et al. (2019)

Volume and motility

841 — −0.38 Line 1 Hereford Kealey et al. (2006)

515 −0.03 −0.20 ± 0.19 Holstein Druet et al. (2009)

787 0.05 0.07 ± 0.06 Beef & Dairy Berry et al. (2019)

974 −0.02 −0.04 Lacaune Rams David et al. (2006)

Volume and motility score

2,387 — −0.03 ± 0.21 Normade Ducrocq and Humblot (1995)

301 −0.12 0.21 ± 0.17 Beef/Dairy Cross Gredler et al. (2007)

515 0.01 −0.17 ± 0.19 Holstein Druet et al. (2009)

Volume and progressive motility

515 −0.05 −0.53 ± 0.45 Holstein Druet et al. (2009)

Volume and percentage of living spermatozoa

2,387 −0.05 −0.16 ± 0.21 Normande Ducrocq and Humblot (1995)

841 — −0.09 Line 1 Hereford Kealey et al. (2006)

515 −0.10 −0.47 ± 0.26 Holstein Druet et al. (2009)

787 0.01 0.32 ± 0.22 Beef & Dairy Berry et al. (2019)

Volume and abnormality

2,387 −0.13 −0.26 ± 0.24 Normande Ducrocq and Humblot (1995)

515 0.0 0.23 ± 0.26 Holstein Druet et al. (2009)

Volume and percentage of normal spermatozoa

301 −0.13 0.31 ± 0.15 Beef/Dairy Cross Gredler et al. (2007)

841 — 0.32 Line 1 Hereford Kealey et al. (2006)

Volume and percentage of spermatozoa with an abnormal head

515 0.02 −0.12 ± 0.27 Holstein Druet et al. (2009)

Volume and percentage of spermatozoa with an abnormal tail

515 0.0 0.43 ± 0.35 Holstein Druet et al. (2009)

Volume and percentage of spermatozoa with an abnormal cytoplasmic droplet

515 0.01 0.32 ± 0.28 Holstein Druet et al. (2009)

Volume and primary abnormalities

841 — 0.33 Line 1 Hereford Kealey et al. (2006)

Volume and secondary abnormalities

841 — −0.34 Line 1 Hereford Kealey et al. (2006)

Concentration and number of spermatozoa

717 −0.85 −1.03 Angus Knights et al. (1984)

2,351 0.67 0.72 Holstein Taylor et al. (1985)

974 0.51 0.30 Lacaune Rams David et al. (2006)

301 0.52 0.60 ± 0.17 Beef/Dairy Cross Gredler et al. (2007)

515 0.71 0.46 ± 0.18 Holstein Druet et al. (2009)

787 0.68 0.42 ± 0.21 Beef & Dairy Berry et al. (2019)

Concentration and motility

717 1.00 1.01 Angus Knights et al. (1984)

974 0.18 0.04 Lacaune Rams David et al. (2006)

841 — 0.81 Line 1 Hereford Kealey et al. (2006)
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n rP
rG Breed Source

515 0.01 0.12 ± 0.20 Holstein Druet et al. 2009

787 0.20 0.29 ± 0.04 Beef & Dairy Berry et al. 2019

n rP rG
Breed Source

Concentration and motility score

2,387 — 0.67 ± 0.11 Normande Ducrocq and Humblot (1995)

301 0.23 0.48 ± 0.17 Beef/Dairy Cross Gredler et al. (2007)

515 0.02 −0.01 ± 0.20 Holstein Druet et al. (2009)

Concentration and progressive motility

515 0.06 0.35 ± 0.36 Holstein Druet et al. (2009)

Concentration and percentage of living spermatozoa

717 −0.81 0.01 Angus Knights et al. (1984)

2,387 0.47 0.54 ± 0.15 Normande Ducrocq and Humblot (1995)

515 0.04 0.29 ± 0.26 Holstein Druet et al. (2009)

787 0.15 0.37 ± 0.23 Beef & Dairy Berry et al. (2019)

Concentration and abnormal spermatozoa

2,387 −0.07 −0.27 ± 0.24 Normande Ducrocq and Humblot (1995)

515 −0.07 −0.34 ± 0.24 Holstein Druet et al. (2009)

Concentration and percentage of normal spermatozoa

841 — 0.36 Line 1 Hereford Kealey et al. (2006)

301 0.27 0.41 ± 0.17 Beef/Dairy Cross Gredler et al. (2007)

Concentration and percentage of spermatozoa with an abnormal head

515 −0.02 −0.23 ± 0.24 Holstein Druet et al. (2009)

Concentration and percentage of spermatozoa with an abnormal tail

515 −0.06 −0.33 ± 0.30 Holstein Druet et al. (2009)

Concentration and percentage of spermatozoa with an abnormal cytoplasmic droplet

515 −0.08 −0.09 ± 0.28 Holstein Druet et al. (2009)

Concentration and primary abnormalities

841 — 0.36 Line 1 Hereford Kealey et al. (2006)

Concentration and secondary abnormalities

841 — −0.58 Line 1 Hereford Kealey et al. (2006)

Number of spermatozoa and motility

974 0.06 −0.01 Lacaune Rams David et al. (2006)

515 −0.03 −0.12 ± 0.25 Holstein Druet et al. (2009)

787 0.13 0.36 ± 0.08 Beef & Dairy Berry et al. (2019)

Number of spermatozoa and motility score

717 — −1.04 Angus Knights et al. (1984)

301 0.06 0.50 ± 0.13 Beef/Dairy Cross Gredler et al. (2007)

515 0.01 −0.24 ± 0.29 Holstein Druet et al. (2009)

Number of spermatozoa and progressive motility

515 0.02 −0.22 ± 0.67 Holstein Druet et al. (2009)

Number of spermatozoa and percentage of living spermatozoa

515 0.03 −0.18 ± 0.38 Holstein Druet et al. (2009)

Number of spermatozoa and abnormal spermatozoa

515 −0.05 −0.09 ± 0.38 Holstein Druet et al. (2009)

Number of spermatozoa and percentage of normal spermatozoa

301 0.07 0.54 ± 0.11 Beef/Dairy Cross Gredler et al. (2007)

Number of spermatozoa and percentage of spermatozoa with an abnormal head

515 −0.02 −0.38 ± 0.36 Holstein Druet et al. (2009)

Number of spermatozoa and percentage of spermatozoa with an abnormal tail

515 −0.03 0.14 ± 0.54 Holstein Druet et al. (2009)

Number of spermatozoa and percentage of spermatozoa with an abnormal cytoplasmic droplet

515 −0.05 0.33 ± 0.43 Holstein Druet et al. (2009)

Motility and motility score

515 0.66 0.88 ± 0.06 Holstein Druet et al. (2009)

Motility and progressive motility

515 0.48 0.74 ± 0.30 Holstein Druet et al. (2009)

Table 4. Continued
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n rP
rG Breed Source

Motility and mass activity

2,424 0.84 0.98 ± 0.01 Tropical Composite Corbet et al. (2013)

Motility and percentage of living spermatozoa

515 0.40 0.58 ± 0.15 Holstein Druet et al. (2009)

787 0.54 0.89 ± 0.04 Beef & Dairy Berry et al. (2019)

n rP rG
Breed Source

Motility and abnormal spermatozoa

515 −0.20 −0.55 ± 0.19 Holstein Druet et al. (2009)

Motility and percentage of normal spermatozoa

549 0.38 0.43 ± 0.64 Hereford, Angus, & Red Angus Smith et al. (1989)

841 — 0.51 Line 1 Hereford Kealey et al. (2006)

2,424 0.56 0.77 ± 0.09 Tropical Composite Corbet et al. (2013)

Motility and percentage of spermatozoa with an abnormal head

515 0.17 −0.56 ± 0.18 Holstein Druet et al. (2009)

Motility and percentage of spermatozoa with an abnormal tail

515 −0.11 −0.24 ± 0.24 Holstein Druet et al. (2009)

Motility and percentage of spermatozoa with an abnormal cytoplasmic droplet

515 −0.07 0.13 ± 0.23 Holstein Druet et al. (2009)

Motility and primary abnormalities

549 −0.31 −0.36 ± 0.55 Hereford, Angus, & Red Angus Smith et al. (1989)

841 — 0.57 Line 1 Hereford Kealey et al. (2006)

Motility and secondary abnormalities

549 −0.22 0.71 ± 0.89 Hereford, Angus, & Red Angus Smith et al. (1989)

841 — −0.54 Line 1 Hereford Kealey et al. (2006)

Motility and scrotal circumference

549 0.13 −0.04 ± 0.40 Hereford, Angus, & Red Angus Smith et al. (1989)

1,282 — 0.56 Angus Christmas et al. (2001)

1,281 0.11 0.36 ± 0.29 Angus Garmyn et al. (2011)

2,424 0.42 0.56 ± 0.10 Tropical Composite Corbet et al. (2013)

Motility score and progressive motility

515 0.40 0.71 ± 0.27 Holstein Druet et al. (2009)

Motility score and percentage of living spermatozoa

2,387 0.73 0.83 ± 0.09 Normande Ducrocq and Humblot (1995)

515 0.31 0.61 ± 0.15 Holstein Druet et al. (2009)

Motility score and total abnormalities

2,387 −0.34 −0.68 ± 0.16 Normande Ducrocq and Humblot (1995)

515 −0.16 −0.40 ± 0.18 Holstein Druet et al. (2009)

Motility score and percentage of normal spermatozoa

301 0.55 0.90 ± 0.05 Beef/ Dairy Cross Gredler et al. (2007)

Motility score and percentage of spermatozoa with an abnormal head

515 −0.15 −0.54 ± 0.17 Holstein Druet et al. (2009)

Motility score and percentage of spermatozoa with an abnormal tail

515 −0.05 −0.02 ± 0.23 Holstein Druet et al. (2009)

Motility score and percentage of spermatozoa with an abnormal cytoplasmic droplet

515 −0.14 −0.07 ± 0.21 Holstein Druet et al. (2009)

Progressive motility and percentage of living spermatozoa

515 0.70 0.89 ± 0.17 Holstein Druet et al. (2009)

Progress motility and total abnormalities

515 −0.24 −0.38 ± 0.38 Holstein Druet et al. (2009)

Progressive motility and percentage of spermatozoa with an abnormal head

515 −0.17 −0.39 ± 0.41 Holstein Druet et al. (2009)

Progressive motility and percentage of spermatozoa with an abnormal tail

515 −0.17 −0.15 ± 0.57 Holstein Druet et al. (2009)

Progressive motility and percentage of spermatozoa with an abnormal cytoplasmic droplet

515 −0.13 −0.08 ± 0.44 Holstein Druet et al. (2009)

Table 4. Continued
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n rP
rG Breed Source

Mass activity and percentage of normal spermatozoa

2,424 0.52 0.87 ± 0.08 Tropical Composite Corbet et al. (2013)

Mass activity and scrotal circumference

2,424 0.43 0.60 ± 0.10 Tropical Composite Corbet et al. (2013)

Percentage of living spermatozoa and total abnormalities

2,387 −0.37 0.43 ± 0.22 Normande Ducrocq and Humblot (1995)

515 −0.20 0.23 ± 0.29 Holstein Druet et al. (2009)

Percentage of living spermatozoa and percentage of normal spermatozoa

841 — 0.32 Line 1 Hereford Kealey et al. 2006

n rP rG
Breed Source

Percentage of living spermatozoa and percentage of spermatozoa with an abnormal head

515 −0.15 −0.44 ± 0.28 Holstein Druet et al. (2009)

Percentage of living spermatozoa and percentage of spermatozoa with an abnormal tail

515 −0.12 0.10 ± 0.39 Holstein Druet et al. (2009)

Percentage of living spermatozoa and percentage of spermatozoa with an abnormal cytoplasmic droplet

515 −0.11 0.05 ± 0.30 Holstein Druet et al. (2009)

Percentage of living spermatozoa and primary abnormalities

841 — 0.33 Line 1 Hereford Kealey et al. (2006)

Percentage of living spermatozoa and secondary abnormalities

841 — −0.43 Line 1 Hereford Kealey et al. (2006)

Percentage of living spermatozoa and scrotal circumference

— — −0.24 Nellore Silva et al. (2013)

Total abnormalities and percentage of spermatozoa with an abnormal head

515 0.61 0.71 ± 0.18 Holstein Druet et al. (2009)

Total abnormalities and percentage of spermatozoa with an abnormal tail

515 0.77 0.78 ± 0.16 Holstein Druet et al. (2009)

Percentage of spermatozoa with an abnormal cytoplasmic droplet

515 0.36 0.15 ± 0.34 Holstein Druet et al. 2009

Total abnormalities and scrotal circumference

1,282 — −0.32 Angus Christmas et al. (2001)

1,281 -0.11 −0.23 ± 0.18 Angus Garmyn et al. (2011)

Percentage of normal spermatozoa and primary abnormalities

549 −0.57 −0.85 ± 0.63 Hereford, Angus, & Red Angus Smith et al. (1989)

Percentage of normal spermatozoa and secondary abnormalities

549 −0.80 0.16 ± 1.54 Hereford, Angus, & Red Angus Smith et al. (1989)

Percentage of normal spermatozoa and scrotal circumference

549 −0.17 0.36 ± 0.34 Hereford, Angus, & Red Angus Smith et al. (1989)

2,424 0.31 0.55 ± 0.13 Tropical Composite Corbet et al. (2013)

Percentage of spermatozoa with an abnormal head and percentage of spermatozoa with an abnormal tail

515 0.02 0.13 ± 0.39 Holstein Druet et al. (2009)

Percentage of spermatozoa with an abnormal head and percentage of spermatozoa with an abnormal cytoplasmic droplet

515 0.12 −0.43 ± 0.30 Holstein Druet et al. (2009)

Percentage of spermatozoa with an abnormal tail and percentage of spermatozoa with an abnormal cytoplasmic droplet

515 0.15 0.06 ± 0.37  Druet et al. (2009)

Primary abnormalities and secondary abnormalities

549 0.17 0.14 ± 0.64 Hereford, Angus, & Red Angus Smith et al. (1989)

841 — −0.87 Line 1 Hereford Kealey et al. (2006)

Primary abnormalities and scrotal circumference

549 −0.09 0.14 ± 0.22 Hereford, Angus, & Red Angus Smith et al. (1989)

1,282 — −0.25 Angus Christmas et al. (2001)

1,281 −0.10 −0.19 ± 0.17 Angus Garmyn et al. (2011)

Secondary abnormalities and scrotal circumference

549 −0.10 1.22 ± 1.57 Hereford, Angus, & Red Angus Smith et al. (1989)

1,282 — −0.40 Angus Christmas et al. (2001)

1,281 −0.05 −0.11 ± 0.19 Angus Garmyn et al. (2011)

n = number of bulls

Table 4. Continued
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reported positive correlations, which are desirable 
because as CONC increases, so does the NSP in an 
ejaculate.

Semen Quality Measures

Relatively few studies have quantified the inter-
relationship of varying MOT measures (Table 4). 
Druet et al. (2009) reported a strong, positive rela-
tionship, as would be expected, between MOT and 
MOTSC. Druet et al. (2009) measured the percentage 
of progressive spermatozoa (%PROG) and reported 
a strong, positive estimate for its genetic correlation 
with MOT; however, the standard error was ±0.30. 
A phenotypic correlation of moderate, positive cor-
relation estimate was reported by Druet et al. (2009), 
indicating that there is an environmental effect that 
reduces the phenotypic correlations. A  strong, fa-
vorable correlation is expected, as the PROG is de-
pendent on the MOT of the ejaculate. Motility is also 
strongly, favorably genetically correlated with %LIV 
(0.58; Druet et al. 2009). Furthermore, MOTSC is 
favorably correlated with %PROG and %LIV with 
strong, positive relationships (Druet et  al. 2009). 
Corbet et al. (2013) estimated the genetic correlation 
between PROG and MASS and found a high, fa-
vorable correlation. In this population, these correl-
ations are high enough to suggest that PROG and 
MASS are the same traits.

Moderate, favorable genetic correlations were 
reported between MOT and %NORM (Smith 
et al., 1989; Kealey et al., 2006). In a group of trop-
ical composite bulls, Corbet et al. (2013) reported 
a strong, favorable genetic correlation between 
PROG and %NORM.

Genetic relationships between MOT and traits 
related to the percentage of abnormal spermatozoa 
were negative, indicating that abnormalities were as-
sociated with a low MOT (Druet et al. 2009). The 
results were comparable with the negative, favorable 
genetic correlation estimates between MOTSC and 
abnormal spermatozoa traits reported by Ducrocq 
and Humblot (1995) and Druet et al. (2009), which 
are summarized in Table 4. Smith et  al. (1989) re-
ported similar negative genetic correlations between 
MOT and PRIM and SEC. On the other hand, 
Kealey et  al. (2006) reported a positive, unfavor-
able genetic correlation between MOT and PRIM. 
No standard errors were provided. Total abnor-
malities were negatively and favorably correlated 
to %PROG; however, the standard error was ±0.38 
(Druet et al. 2009). Furthermore, Druet et al. (2009) 
reported percentages of spermatozoa with abnormal 
HEAD, TAIL, or DROP that reflected the same 

negative, favorable genetic correlation with %PROG 
and %LIV, but these too had large standard errors. 
Druet et al. (2009) concluded that as the %PROG in-
creased, so did the percentage of living spermatozoa 
after thawing based on a strong, favorable genetic 
and phenotypic correlation between those traits.

Corbet et al. (2013) indicated that as the MASS 
increased, so did the %NORM with a strong, fa-
vorable genetic correlation estimate. The %NORM 
was found to be strongly, favorably genetically cor-
related to PRIM (Smith et  al., 1989). However, 
Smith et al. (1989) reported %NORM was unfavor-
ably genetically correlated with the percentage of 
SEC, but the reported standard error is outside of 
the parameter space, likely due to the least squares 
methodology utilized. Table 4 summarizes the gen-
etic and phenotypic correlations.

As expected, Druet et al. (2009) reported strong, 
favorable genetic correlations between ABNO and 
HEAD and TAIL. Unexpectedly, an unfavorable, 
negative genetic correlation with DROP was re-
ported; however, the standard error was large. 
Percentage of spermatozoa with an abnormal 
head was lowly, positively genetically correlated 
with TAIL, but negatively genetically correlated 
with DROP. Percentage of spermatozoa with an 
abnormal tail is very lowly genetically correlated 
with DROP. It is difficult to speculate whether or 
not the correlations could be considered favorable 
or not, but certainly, some correlation could be ad-
vantageous for selection against abnormalities. The 
phenotypic correlation between ABNO and DROP 
was substantially different from the genetic correl-
ation, which means there was a large environmental 
component that affected the cytoplasmic droplets. 
In addition, Druet et al. (2009) reported no pheno-
typic correlation between HEAD and TAIL (0.02).

Production Traits with Semen Quality Measures

Kealey et al. (2006) and Druet et al. (2009) re-
ported negative, unfavorable genetic correlation 
between VOL and MOT in a population of Line 
1 Herefords and dairy cattle, respectively. Gredler 
et  al. (2007) reported a moderate genetic correl-
ation with a large standard error between VOL and 
MOTSC; however, the phenotypic correlation was 
low and negative. Volume was unfavorably genetic-
ally correlated to %PROG and %LIV (Druet et al. 
2009). Ducrocq and Humblot (1995) also reported 
a negative, unfavorable genetic correlation between 
VOL and %LIV. Volume was unfavorably genet-
ically correlated with ABNO (Druet et  al. 2009). 
On the other hand, Ducrocq and Humblot (1995) 
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reported a negative, moderate genetic correlation 
between VOL and ABNO. The varying correlation 
estimates are reported in Table 4.

Druet et al. (2009) found a low, favorable gen-
etic correlation between CONC and MOT. Kealey 
et al. (2006) also found a positive, favorable genetic 
correlation between CONC and MOT, but it was 
much stronger. Furthermore, Knights et al. (1984) 
estimated the genetic correlation between the 
two traits; however, they did not report standard 
errors. Furthermore, as CONC increased, so did 
the %PROG. Druet et al. (2009) reported a favor-
able genetic correlation, but the genetic correlation 
was not different from zero. Ducrocq and Humblot 
(1995) estimated the genetic correlation between 
CONC and %LIV to be moderate and positive with 
a similar phenotypic correlation (Table 4). Druet 
et al. (2009) also reported a favorable genetic correl-
ation between CONC and %LIV, but the standard 
error was high. More recently, Berry et al. (2019) re-
ported a moderate, positive genetic correlation, but 
the standard error was also large for this estimate 
(Table 4). Concentration was favorably correlated 
to ABNO with a negative, moderate correlation 
estimate (Druet et al. 2009). Furthermore, Kealey 
et al. (2006) reported genetic correlations between 
CONC and PRIM to be positive and moderate. 
This unfavorable genetic correlation contradicts 
the favorable genetic correlation that Kealey et al. 
(2006) reported between CONC and SEC. Without 
reported standard errors, it is difficult to evaluate 
the estimate’s accuracy.

Varying estimates have been published for gen-
etic correlations between NSP and MOT and are 
reported in Table 4. Druet et  al. (2009) found a 
negative genetic correlation, whereas Berry et  al. 
(2019) reported a positive, favorable genetic correl-
ation between NSP and MOT. Furthermore, Druet 
et  al. (2009) reported that the genetic correlation 
between NSP and MOTSC was also unfavorable, 
but this estimate had a large standard error (Table 
4). On the other hand, Gredler et  al. (2007) esti-
mated the correlation between NSP and MOTSC 
to be favorable. Gredler et al. (2007) also estimated 
a favorable genetic correlation between NSP and 
%NORM. Druet et  al. (2009) reported a nega-
tive genetic correlation between NSP and HEAD, 
although the estimate had a large standard error, 
indicating that the estimate was not statistically dif-
ferent from zero. On the other hand, NSP had a 
favorable genetic correlation with TAIL or DROP 
(Druet et  al., 2009). The genetic correlation esti-
mates indicate as NSP increases, HEAD decreases, 
but TAIL and DROP increase.

BULL FERTILITY INDEX

The sire conception rate (SCR) evaluation en-
compasses inbreeding of the bull, inbreeding of the 
embryo from the mating, age of the bull, AI center 
where the bull was collected at, year of collection, 
and the effect of the bull itself. The SCR is a se-
lection index which provides genetic prediction for 
AI dairy bulls. It has been realized that SCR does 
not account for bulls with poor quality semen at-
tributes as bulls with inferior semen quality are re-
moved from the population because of the strict 
semen freezing requirements established by AI 
centers. While there are concerns pertaining to the 
variation in SCR phenotypes, there is more than 
10% difference in conception rate between high and 
low fertility bulls measured by SCR (Penagaricano 
et al., 2012; Rezende et al., 2018).

Determining which bull fertility traits to 
measure when making selection decisions has 
proven to be difficult, and it has been suggested 
that the only way to truly measure bull fertility is by 
directly measuring conception rate (Penagaricano 
et al., 2012). Bull fertility indices have the oppor-
tunity to provide beef producers with the ability to 
make selection decisions on traits which are diffi-
cult to measure or not observed until later in life, 
such as conception rate. Additionally, utilizing gen-
omic prediction has the potential to provide more 
predictive power for estimating genetic merit for 
bull fertility. Many of the advancements in utilizing 
genomic prediction pertaining to measuring bull 
fertility have been led by the dairy industry (Han 
et al., 2016; Rezende et al., 2018; Nani et al., 2019). 
While ample beef bull fertility phenotypes do exist 
from both bull studs and individual producers who 
use BSEs, the lack of data flow between the pheno-
type holders and evaluation providers prevents the 
ability to provide such an index to beef producers 
using traditional evaluation techniques, let  alone 
genomic prediction.

GENOMIC PREDICTIONS

The genomic prediction of polygenic traits, 
such as fertility, has revolutionized agriculture 
and human medicine. Although genomic predic-
tion for improved cow fertility has received a lot 
of attention, beef bull fertility has largely been ig-
nored (Abdollahi-Arpanahi et al., 2017). Utilizing 
genomic prediction, researchers can utilize in-
formation on the bull’s entire genome to assist in 
predicting the fertility of the bull. Incorporation 
of genome sequence and other biological informa-
tion with genomic predictions has the potential to 
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Table 5. Genes associated with male fertility traits

Associated sperm trait Gene identified Chromosome Breed Source

Percentage of living spermatozoa SPATA16 1 Fleckvieh Ferenčaković et al. (2017

GPX5 1 Fleckvieh Ferenčaković et al. (2017

NYD-SP5 1 Fleckvieh Ferenčaković et al. (2017

PIAS1 1 Fleckvieh Ferenčaković et al. (2017

FEM1B 1 Fleckvieh Ferenčaković et al. (2017

SPESP1 1 Fleckvieh Ferenčaković et al. (2017

NOX5 1 Fleckvieh Ferenčaković et al. (2017

FEM1B 10 Fleckvieh Ferenčaković et al. (2017

SPESP1 10 Fleckvieh Ferenčaković et al. (2017

NOX5 10 Fleckvieh Ferenčaković et al. (2017

TSPYL5 14 Fleckvieh Ferenčaković et al. (2017

Total number of spermatozoa RPL10L 10 Fleckvieh Ferenčaković et al. (2017

SLC25A31 17 Fleckvieh Ferenčaković et al. (2017

CDH18 20 Fleckvieh Ferenčaković et al. (2017

KCNU1 27 Fleckvieh Ferenčaković et al. (2017

Sperm motility COX7A2L 11 Jersey Rezende et al. (2018)

ZMYND10 22 Jersey Rezende et al. (2018)

SLC25A20 22 Jersey Rezende et al. (2018)

DNAH3 25 Jersey Rezende et al. (2018)

PARP11 5 Holstein Han and Penagaricano (2016)

AKAP3 5 Holstein Han and Penagaricano (2016)

CNNM4 11 Jersey Han and Penagaricano (2016)

Acrosome reaction/Fertilization PKDREJ 5 Jersey Rezende et al. (2018)

STX2 17 Jersey Rezende et al. (2018)

TBC1D20 13 Holstein Nicolini et al. (2018)

CCT6A 25 Holstein Han and Penagaricano (2016)

CACNA1H 25 Holstein Penagaricano et al. (2012)

ITGB5 1 Holstein Feugang et al. (2009)

FER1L5 11 Jersey Rezende et al. (2018)

Spermatogenesis EPB41L2 9 Jersey Rezende et al. (2018)

IP6K1 22 Jersey Rezende et al. (2018)

ADAM28 8 Holstein Nicolini et al. (2018)

PIWIL3 17 Holstein Nicolini et al. (2018)

TMEM119 17 Holstein Nicolini et al. (2018)

TDRD9 21 Holstein Han and Penagaricano (2016)

CKB 21 Holstein Han and Penagaricano (2016)

MGRN1 25 Holstein Han and Penagaricano (2016)

SEPT12 25 Holstein Han and Penagaricano (2016)

DYNC1I2 2 Holstein Penagaricano et al. (2012)

LOC784935 5 Holstein Penagaricano et al. (2012)

ZNF541 18 Holstein Penagaricano et al. (2012)

LOC617302 25 Holstein Penagaricano et al. (2012)

Testis development PDGFD 15 Jersey Rezende et al. (2018)

DNAJA1 8 Holstein Nicolini et al. (2018)

Gametogenesis ROGDI 25 Holstein Penagaricano et al. (2012)

SPO11 13 Holstein Nicolini et al. (2018)

RAD21L1 13 Holstein Nicolini et al. (2018)

BCL2L1 13 Holstein Nicolini et al. (2018)

Sire conception rate PROP1 7 Holstein Lan et al. (2013)

FGF2 17 Holstein Khatib et al. (2010)

STAT5A 19 Holstein Khatib et al. (2010)

RIMS1 9 Holstein Han and Penagaricano (2016)

CTCFL 13 Holstein Han and Penagaricano (2016)

SPO11 13 Holstein Han and Penagaricano (2016)
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make crucial connections between biology and per-
formance that may save producers money as well as 
improve the accuracy of genomic prediction in the 
future (Taylor et al., 2018).

Genome-wide association studies have been 
successful in identifying genomic regions and indi-
vidual variants associated with numerous complex 
traits, and some weighted genomic prediction mod-
els can incorporate this information by placing more 
emphasis on these markers in the prediction. The 
incorporation of these data into predictive models 
could positively affect both model predictive ability 
and model robustness (Abdollahi-Arpanahi et al., 
2017). While few genomic studies have been per-
formed on beef bulls, analyses including dairy bulls 
have identified several SNPs within or near genes 
associated with male fertility traits. Table 5 outlines 
various genes which have been associated with male 
fertility traits.

A few genes pertaining to spermatogenesis have 
been identified. The gene PIWIL3 has been iden-
tified as associated with spermatozoa development 
in Holstein cattle (Nicolini et al., 2018).  This gene 
encodes a member of the PIWI family, which is a 
group of proteins that are essential for spermato-
genesis and post-transcriptional events leading to 
translation (Paronetto and Sette, 2010). Another 
gene found on chromosome 17 that is associated 
with spermatogenesis is TMEM119 (Nicolini et al., 
2018). TMEM119 encodes a transmembrane pro-
tein actively involved in osteoblast differentiation 
and is expressed in spermatocytes and spermatids 
in developing testis (Mizuhashi et al., 2015).

Several genes associated with spermatozoa mo-
tility were identified by Ferenčaković et al. (2017), 
when studying inbreeding depression in Austrian 
Fleckvieh bulls. SLC25A31 is associated with 
mediating energy generation and consumption in 
the distal flagellum, therefore, influencing motility. 
CDH18 is a member of the cadherin superfamily 

which is responsible for mediating calcium-depend-
ent cell-to-cell adhesion and has been found to be 
associated with spermatozoa motility (Pacheco 
et al., 2011). KCNU1 is a gene found on chromo-
some 27 which is known to encode a testis-specific 
potassium channel. This channel is involved with 
maintaining normal sperm morphology and mo-
tility (Schreiber et al., 1998). Rezende et al. (2018) 
identified an SNP within COX7A2L on chromo-
some 11. This gene encodes cytochrome c oxidase 
which is responsible for promoting respiratory 
supercomplex assembly and regulates energy gen-
eration. It has been speculated that this process is 
involved in sperm motility. Rezende et  al. (2018) 
additionally identified other SNPs within or near 
genes ZMYND10, SLC25A20, and DNAH3 
that were associated with sperm motility traits. 
ZMYND10 is a gene exclusively expressed in the 
testis which is involved in cilia integrity and has 
been implicated in sperm dysmotility, and thus in-
fertility (Moore et al., 2013). SCL25A20 is a gene 
involved in ATP production and cell energy me-
tabolism (Asghari et al., 2017). DNAH3 encodes a 
member of the dynein family and has been proven 
to cause abnormalities pertaining to the sperm fla-
gella and as a result negatively impact sperm mo-
tility (Ben Khelifa et al., 2014).

Many genes associated with the percentage 
of living sperm are noted in the literature. A gene 
on chromosome X called SPATA16 was found to 
cause infertility in humans (Dam et al., 2007). The 
infertility results from spermatogenesis defects 
which cause malformation of the spermatozoa. 
Ferenčaković et  al. (2017) found an SNP asso-
ciated with this gene in Austrian Fleckvieh cattle 
that was associated with formation of the sperm-
atozoa. Additionally, Ferenčaković et  al. (2017) 
found an SNP on chromosome 1 associated with 
the GPX5 gene. This gene encodes epididymis se-
cretory sperm-binding protein Li 75p, which is a 

Associated sperm trait Gene identified Chromosome Breed Source

CADM1 15 Holstein Han and Penagaricano (2016)

IGF1R 21 Holstein Han and Penagaricano (2016)

BRF1 21 Holstein Han and Penagaricano (2016)

KAT8 25 Holstein Han and Penagaricano (2016)

ITGAM 25 Holstein Han and Penagaricano (2016)

TYW1 25 Holstein Han and Penagaricano (2016)

LOC521021 25 Holstein Penagaricano et al. (2012)

COL1A2-AS1 4 Holstein Feugang et al. (2009)

RIMS1 9 Holstein Feugang et al. (2009)

SFNX1 10 Holstein Feugang et al. (2009)

Table 5. Continued
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protein with predicted involvement in protecting 
the spermatozoa membrane from lipid peroxida-
tion during oxidative stress, and potentially pre-
venting a premature acrosome reaction (Hall et al., 
1998). Ferenčaković et  al. (2017) also identified 
NYD-SP5 and PIAS1 on chromosome 1 to be as-
sociated with the percentage of living spermatozoa. 
Yin et al. (2005) found NYD-SP5, which encodes 
testis development protein and plays a regulatory 
role in spermatogenesis. Vernocchi et  al. (2014) 
noted that PIAS1 is associated with androgen 
receptor-mediated initiation and the maintenance 
of spermatogenesis.

Additional genes have been found to be in-
volved in various male fertility processes. For ex-
ample, SPO11 and RAD21L1 were found to be 
associated with gametogenesis (Nicolini et  al., 
2018). SPO11  is a topoisomerase-like protein re-
sponsible for the formation of DNA double-strand 
breaks that occur during meiotic recombination 
(Keeney et al., 1997). RAD21L1 encodes a protein 
that is involved in multiple aspects of meiosis (Choi 
et al., 2008). Genes associated with acrosome reac-
tion and the fertilization process were identified in a 
study with Jersey bulls (Rezende et al., 2018). These 
genes are PKDREJ, STX2, and FER1L5. PKDREJ 
encodes a sperm surface receptor which mediates 
the sperm–egg interaction (Hamm et  al., 2007). 
STX2 encodes a protein family that controls mem-
brane fusion during the acrosome reaction (Hutt 
et al., 2005). FER1L5 encodes proteins which are 
important during fusion events involved in sperm-
atogenesis (Washington and Ward, 2006).

Several genomic regions have been associated 
with sire conception using genome wide association 
studies (GWAS). The genes and their chromosome 
locations are outlined in Table 5. Sire conception 
rate is currently only predicted in the dairy in-
dustry. The function of the genes associated with 
sire conception rate ranges from encoding proteins 
involved in sperm maturation (PARP11) and sperm 
motility genome wide association studies (AKAP3) 
to encoding proteins which play a role in testis de-
velopment (IGF1R) and the fertilization process 
(CCT6A; Han and Penagaricano, 2016).

Beyond standard genomic prediction, there is 
an additional desire to better understand the under-
lying biology of male fertility. While utilizing this 
technology to identify genes in the cattle industry is 
rare, a few examples include utilizing dual targeted 
β-defensin and exome sequencing to identify bull 
fertility genes in the dairy industry (Whiston et al., 
2017; Lyons et  al., 2018). Genes identified have 
been found to be involved with spermatogenesis 

(Whiston et  al., 2017) and sperm binding (Lyons 
et al., 2018).

Bull fertility has the possibility to be significantly 
impacted by genomic selection. SNP genotyping 
continues to gain popularity in the beef industry 
(Taylor et  al., 2018). While identifying SNPs that 
are located within or near certain genes pertaining 
to male fertility traits helps to better understand the 
expression of certain traits, this information is not 
essential for genomic selection. However, providing 
producers with genomic selection tools could cause 
a more rapid improvement in fertility traits, but in 
order to make genomic selection for beef bull fer-
tility a reality, more beef bull fertility trait pheno-
types are a necessity (Taylor et al., 2018).

CONCLUSIONS

Bull fertility is an economically relevant trait 
that merits additional research, particularly on beef 
bulls. Within the U.S.  beef cattle herd, producers 
utilize a large number of sires because of the lack 
of adoption of reproductive technologies such as 
AI and embryo transfer. To improve the efficiency 
of the beef cattle herd, improvements in bull fer-
tility must be made, and change could be further 
accelerated by utilizing genetic selection tools. If  
beef producers could make selection decisions for 
improved fertility, it would save time and resources, 
improve production efficiency, and increase profit-
ability (Rogers et al., 2012). Heritability estimates 
of semen production traits, which include VOL, 
CONC, and NSP, are generally low to moderate. 
Semen quality measures, for the purpose of this re-
view, are measures related to motility and morph-
ology. Reported genetic correlations provide useful 
candidates for indirect selection to improve fertility 
traits. Correlations between semen traits are gener-
ally moderate and favorable, indicating that selec-
tion for one trait could benefit another.

Genomic selection is another useful tool which 
can increase genetic prediction capabilities and im-
prove selection. Genomic prediction has an even 
greater impact on the prediction of polygenic traits, 
such as fertility, because of the ability to incorp-
orate biological information into genetic predic-
tion. While the dairy industry has been a leader in 
identifying genomic regions associated with male 
fertility traits, the beef industry has identified rela-
tively few SNPs related to beef bull fertility.

Studying bull fertility in the beef industry could 
increase beef production, improve the efficiency of 
the livestock industry, and provide benefits to male 
fertility traits in other species. Limited published 
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research and a need for improvement make add-
itional beef bull fertility research a necessity.
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