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ABSTRACT

Context. Reproduction is an economically important trait in both males and females; however,
the relationships between fertility and body composition traits are little researched, but essential
to breeding programs, as they will help inform selection decisions and allow the greatest
opportunity for genetic gain. Aims. Estimate genetic and phenotypic correlations between male
and female yearling fertility traits and investigate their relationship with yearling body composition
traits, which have an effect on the attainment of puberty. Methods. Genotype and phenotype
data were obtained from a tropical composite commercial cattle population and imputed to
27 638 single nucleotide polymorphisms. A series of univariate and bivariate linear mixed models
using a genomic relationship matrix were run to estimate genetic parameters, genetic and
phenotypic correlations for a series of male and female fertility and body composition traits. These
parameters were then compared to help understand the genetic relationships.Key results. Scrotal
circumference was favourably genetically correlated with weight (0.34), fat traits (0.06–0.24),
muscle (0.24) and heifer days to calving (−0.32). Heifer days to calving was favourably
correlated with muscle (−0.18) but not fat traits (0.11 to 0.21). The genetic correlations between
heifer days to calving and sperm morphology traits were generally unfavourable (−0.32 to 0.25).
Sperm morphology traits were favourably genetically correlated with fat traits (−0.84 to 0.31) and
muscle (−0.61 to 0.31) but not weight (−0.15 to 0.09). Conclusions and implications. Yearling
sperm morphology traits were unfavourably correlated with heifer days to calving, indicating that
they are not good candidates for indirect selection on improving female fertility in the herd.
A different trend was found for yearling scrotal circumference and heifer days to calving, identifying
it as a good candidate for indirect selection of heifer fertility as it is easy to measure and heritable. The
genetic correlations estimated between composition traits with male and female fertility traits allow
breeding programs to make an informed selection decision to optimise genetic gain across all traits.

Keywords: cattle, fertility, genetic correlation, genetic evaluation, heritability, sperm morphology,
ultrasound, variance components.

Introduction

Reproduction in the northern Australian cattle industry is a key profit and sustainability 
driver (Johnston et al. 2014a). Nevertheless, traditionally, fertility traits are ignored in 
breeding programs due to their low heritability and complexity to measure. Despite this, 
fertility traits, particularly those of yearlings, have the potential for great genetic 
progress and improved productivity (Johnston et al. 2014a; Chilcott et al. 2020). 
Business-as-usual approaches will not help improve productivity; new and innovative 
approaches need to be identified (Chilcott et al. 2020). One of these approaches is using 
female and male early-in-life fertility traits to improve the lifetime weaning rate. 

A major sustainability issue in northern Australia is the late attainment of puberty 
in heifers, which is intensified by the harsh climate (Johnston et al. 2009; Schatz 2011). 
Reducing the age at which puberty is attained will allow reproductive life to begin 
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earlier, reducing the time that heifers are non-productive. 
Typically age of puberty is recorded through ovarian scans 
that need to be conducted regularly leading into joining, 
which is expensive and labour-intensive. However, there 
are indicative fertility traits that can be easily measured in 
females and males at yearling age. The fact that these 
yearling traits are measured early in life allow genetic 
gain to be maximised through reduced generation intervals 
(Boichard et al. 2012). Improving yearling fertility traits in 
both sexes will allow for increases in production efficiency 
(weaning rates) without an increase in the herd size. 

Improving reproduction in both sexes also creates 
numerous benefits across the supply chain and will improve 
the beef industry’s productivity. Further, there is potential 
to genetically select for increased fertility in females 
through correlated traits expressed in males, Land (1973) 
first proposed the interplay between male and female 
fertility in mammals; however, since then, several studies in 
beef cattle have shown favourable genetic correlations 
between bull and cow fertility (Brinks et al. 1978; Smith 
et al. 1989; Johnston et al. 2014b; Raidan et al. 2019). The 
key finding is a significant correlation between bull scrotal 
circumference and age of puberty, leading to the adoption 
of scrotal circumference to improve heifer fertility (Brinks 
et al. 1978; Morris et al. 2000); however, other male fertility 
traits have not been extensively researched, with specific 
sperm abnormalities not being investigated. 

Investigating the correlations between yearling male 
and female fertility traits with body composition and 
weight traits is important. Growth and body composition 
traits have a positive association with the age of puberty and, 
potentially, with yearling fertility traits (Johnston et al. 
2014b). There have been very few studies looking into the 
associations between yearling fertility and yearling composi-
tion traits, with none using yearling joining in tropically 
adapted cattle (Davis 1993; Mercadante et al. 2003; Forni 
and Albuquerque 2005). Despite this, Wolcott et al. (2014a) 
reported genetic correlations between days to calving at 
first (at 24–28 months) and second (36–40 months) joining, 
with heifer (18 months) growth and body composition traits 
in tropical composites being low to moderately correlated. 

A better understanding of the genetic relationships between 
yearling male and female fertility traits is needed, as it will help 
improve herd reproduction ability, improving productivity 
and sustainability. Further, the genetic relationship between 
fertility, growth and composition traits in tropically adapted 
cattle will help inform cattle breeders’ selection decisions to 
reduce the age of puberty and potentially improve fertility. 
The study herein presents the results of the genetic and 
phenotypic relationships between male and female yearling 
fertility traits, with the objective of identifying male traits 
that are associated with attainment of puberty, and so can 
add to indirect selection criteria for female reproduction. The 
study also examines the genetic and phenotypic correlations 
between fertility traits and growth and composition traits. 

Materials and methods

Dataset

Popplewell Composites, a breeding company focused on 
increased fertility, reduced age of puberty and maintaining 
adaptability to tropical environments provided phenotypic 
and genotypic data. All cattle in the Popplewell Composites 
breeding herd are mated as yearlings (12–15 months), 
providing yearling phenotypes as outlined below on males 
and females. The bull breeding program is situated in 
south-eastern Queensland, with all traits being measured 
there, and bulls being sold across northern Australia. 

Phenotype data included days to calving (yearling joining), 
400-day weight, 400-day ultrasound carcass traits (P8, rib fat 
(Rib), eye-muscle area (EMA) and intra-muscular fat (IMF)) 
and yearling bull breeding soundness evaluation (BBSE) 
traits. A detailed description of traits is included (Table 1) as  
well as a summary (Table 2). Days to calving was used as the 
main female fertility measurement as it is a composite trait 
that encompasses age of puberty, conception rate, gestation 
length and how early they conceive (Mucari et al. 2007; 
Cammack et al. 2009). 

Days to calving is the time from the day the bull goes in 
with the heifer to the day the heifer gives birth (Meyer 
et al. 1990). For yearling days to calving (DC1), there was a 
total of 649 records or a total of 649 heifers joined, with 
435 pregnant heifers and 214 empty heifers as described in 
Facy et al. (2023). A penalty of +32 days (1½ oestrus cycles) 
above the maximum value within each join group was given 
to heifers that did not conceive, thus assuming they would 
conceive in the next cycle and a half, given the opportunity. 
The common penalty value used is 21 days (one oestrus 
cycle; Graser et al. 2005), but a more extended period was 
used herein to allow for low-quality subtropical pastures, 
although this has little impact on the breeding values (Facy 
et al. 2023). 

The male traits used were scrotal circumference (SC), 
percentage normal sperm (PNS), proximal droplets (PD), distal 
mid-piece reflex (DMR), knobbed acrosomes (KA), swollen 
acrosomes (SA), vacuoles and teratoids (VT) and sheath score 
(Sheath). These measurements were attained from BBSE and 
detailed morphology spermiogram conducted in a laboratory 
on yearling bulls. PD, DMR, KA, SA and VT were all trans-
formed using the natural log, as they were all extremely 
skewed towards zero. Scrotal circumference and sheath score 
were recorded on one date each year about 12-months of 
age, sperm morphology traits (PNS, PD, DMR, KA, SA and VT) 
were recorded over multiple dates to allow for recording age to 
be as close to 12 months of age as possible. 

Yearling weight (YWT) followed the common definition of 
400-day weight, being between the ages of 301 and 500 days 
recorded on both heifers (1005 records) and bulls (1140 
records). Ultrasound measurement of carcass traits was con-
ducted on live animals aged 12 months (yearlings), generally 
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Table 1. Detailed description of traits.

Acronym Trait Description

Female fertility trait

DC1 Heifer days to calving The interval from the day the bull goes in with the yearling heifer to the subsequent birth

Male fertility traits

SC Scrotal circumference Measured by fixing the testes to the bottom of the scrotum, using a flexible tape applied
at moderate pressure at the largest circumference (Kastelic and Thundathil 2008)

PNS Percent normal sperm Percentage of morphologically normal sperm in an ejaculate at 12 months performed in a laboratory

PD Proximal droplets It appears as swelling between the head and mid-piece of sperm

DMR Distal midpiece reflex Looped tail with a droplet enclosed within the loop

KA Knobbed acrosomes Enlargement of the apical ridge that folds back on the apex of the sperm head

SA Swollen acrosomes Swelling and sloughing of the apex of the sperm head

VT Vacuoles/teratoids Vacuoles or teratoid heads, with different subcategories, can occur during spermiogenesis and may
result from extreme temperature or stress (Entwistle and Fordyce 2003)

Sheath Sheath score Sheath score (1–5) is based on the angle of the prepuce, the vertical distance from the abdominal
wall to the prepucial orifice, and the umbilical-area size, with one being tight and five being loose
(Entwistle and Fordyce 2003)

Yearling composition traits

YWT Yearling weight Liveweight of cattle recorded between the ages of 301 and 500 days

P8 Ultrasound P8 fat Fat depth at the P8 site on the rump (P8)

Rib Ultrasound rib fat Fat depth at the 12/13th rib site

EMA Ultrasound eye-muscle area Loin eye-muscle area of the longissimus dorsi muscle measured between the 12 and 13th rib

IMF Ultrasound intramuscular fat Intramuscular fat percentage at the 12/13th rib site

on the same day as YWT on both males and females; there were 
979 heifer records and 1069 bull records (Table 2). 

Genotyping was conducted over many years, so multiple 
SNP chips were used. The chips included Illumina 777k, 
Illumina GGPLD V3 30K, Illumina GGPLD V4 30K, Illumina 
ICB 50K and Weatherby’s Scientific Versa50K, with a total 
of 2613 animals genotyped. There were 10 830 SNPs 
common across all chips. The common SNPs were used to 
impute each chip up to GGPLD30K (27 755 SNPs) on all 
genotyped animals using FImpute 2.1 (Sargolzaei et al. 2011). 
After imputation, genotype data were filtered down to 2609 
animals and 27 638 single-nucleotide polymorphisms 
(SNPs); SNPs with <1% minor allele frequency and duplicate 
animals were removed. Further, from the genotype data, the 
heterozygosity fraction (Het) was calculated as the proportion 
of imputed heterozygote SNPs for each individual animal 
(Pitchford et al. 2022). 

Genomic model

Univariate models were run for all traits to obtain variance 
components and heritability estimates. A linear mixed 
model used to estimate breeding values for multiple traits 
can be written as 

y = Xb + Zu + e, 

where y is the vector of phenotypic values for days to calving; 
b represents fixed effects with design matrix X; the fixed 

effects included in all models are listed in Table 3; Z is 
the design matrix for hybrid additive effects u with 
u ∼ Nð0, σ2AGAÞ; and e is the residual effects.

The genomic relationship matrix is calculated as follows 
using VanRaden’s first method (VanRaden 2008): 

ZZ 0 

GA = P ,m2 i = 1 piqi

where the matrix Z has the dimensions of n × m, n is the 
number of individuals, and m is the number of markers. 
Matrix Z has the elements zij for the ith marker at the jth 
individual, as follows: 

8 8 < ð2 − 2piÞ < AA 
zij = ð1 − 2piÞ for genotypes AB ,: :−2pi BB 
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where pi is the allele frequency of the most frequent (major)
allele at marker i, and qi = 1 − pi.

Bivariate models were run among all traits to obtain
genetic and phenotypic correlations. The mixed model for
the bivariate is now written as

y=X�b + Z�u + e,

where y= ðy 0
1, y

0
2Þ 0
, the combined vector of data between

two traits; b= ðb 0
1, b

0
2Þ 0

is the vector of fixed effects
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Table 2. Summary statistics for yearling female, yearling male fertility traits and yearling composition traits.

Trait Unit n Min 1st Qu. 3rd Qu. Max Mean Median s.d.

Female fertility traits

DC1A Days 649 269 308 379 340 409 332 38.02

Male fertility traits

SC cm 826 20 28 34 43.5 31.16 31 4.05

PNS % 757 0 50 85 97.0 64.44 74 26.32

PDB ln% 757 0 0.69 2.49 4.52 1.70 1.39 1.27

DMR ln% 757 0 0.69 1.95 3.93 1.30 1.39 0.94

KA ln% 757 0 0 1.1 3.22 0.51 0 0.68

SA ln% 757 0 0 0 2.94 0.13 0 0.40

VT ln% 629 0 1.1 1.95 4.22 1.52 1.91 0.77

Sheath Score 679 1 1 2 4 1.59 1.5 0.63

Yearling composition traits

YWT kg 2145 152 286 384 682 341.5 329 79.46

EMA 2cm 2046 22 50 71 100 59.62 59.5 15.92

P8 mm 2043 1 3 6 16 4.83 5 2.06

Rib mm 2016 1 3 4 11 3.57 3 1.48

IMF % 2046 1.1 3.3 4.8 7.7 4.09 4.1 1.10

Including the number of observations (n), the minimum (Min), first interquartile range (1st Qu.), third interquartile range (3rd Qu.) and maximum (Max) reported
values, and the mean and standard deviation (s.d.).
ASummary statistics for DC1 include penalised values for heifers that failed to fall pregnant (+32 days added to maximum DC1 for the respective heifer’s management
group).
BSpermmorphology traits PD,DMR, KA, SA and VT have been log-transformed due to extreme skewness towards zero, and thus are shown asmedian and interquartile
range.

Table 3. Fixed effects, contemporary-group definition for each trait included in the variance component analysis for both univariate and bivariate
analyses.

Trait Fixed effects Contemporary group definition Number of
contemporary groups

Female fertility traits

DC1 Birth group, dam age, join management group, Weaning group, yearling group and joining group 45
contemporary group, heterozygosity fraction

Male fertility traits

SC, Sheath Birth group, dam age, contemporary group, Birth group, weaning group, yearling group and SC = 49, Sheath = 46
heterozygosity fraction recording day

PNS, PD, DMR, Birth group, dam age, contemporary group, Weaning group, yearling group and recording day 54 (VT = 43)
KA, SA, VT heterozygosity fraction

Yearling composition traits

YWT Birth group, dam age, sex, contemporary group, Birth group, sex, weaning group, yearling group and 281
heterozygosity fraction recording day

EMA, P8, Rib, IMF Birth group, dam age, sex, contemporary group, Birth group, sex, weaning group, yearling group and 260
heterozygosity fraction recording day

Includes number of contemporary groups for each trait. See Table 1 for the trait descriptions.

Birth group, dam age, joining management group, 
sex, contemporary group and heterozygosity fraction were 
included as fixed effects in the model, where appropriate, for 
the trait under analysis (Table 3). Weight was not fitted as a 
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(Table 3), with X� = I2 ⊗ X the associated design matrix;
u= ðu 0

1, u
0
2Þ 0

is the sector of additive random effects, with
Z� = I2 ⊗ Z the associated design matrix and e= ðe 0

1, e
0
2Þ 0

the vector of residual variance.
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covariate for the ultrasound traits (EMA, P8, Rib and IMF). 
Birth group was defined within the year of birth as early 
(1 June−4 September), mid (5 September−30 November) 
or late (1 December to the end of calving). Dam age was 
defined as heifer for first calving or mature for any other 
calving. Contemporary group definitions and number of 
groups are listed in Table 3. Scrotal circumference and 
sheath were recorded at one time point during the annual 
cycle but all sperm morphology traits (PNS, PD, DMR, KA, 
SA and VT) were recorded at multiple dates in the annual 
cycle to ensure the bulls were as close to 12 months as possible. 

All univariate and bivariate models were fitted for all traits 
utilising a genomic relationship matrix for additive effects, and 
heterozygosity fraction (%) as a linear covariate (Pitchford 
et al. 2022). All univariate and bivariate models were run 
using R (R Core  Team  2021) within  RStudio  (RStudio 2022), 
by using the package ASREML-R (Butler et al. 2017). 

Results

Univariate models

Estimates of variance components, heritabilities and heterozy-
gosity coefficient were evaluated for all traits (Table 4). 
Heifer days to calving, DC1, had a heritability of 0.20 and a 
heterozygosity coefficient of −1.90 days/%, indicating that 
more heterozygous animals conceived earlier in the joining 

period. SC, Sheath and two sperm traits, PNS and PD 
were all highly heritable. PNS and Sheath had the highest 
heritability of 0.49, next was SC at 0.45 and PD had a 
heritability of 0.39. DMR, SA and VT had lower heritability 
estimates of 0.18, 0.12 and 0.16 respectively (Table 4). The 
heterozygosity coefficient for male traits was only significant 
for SC and PD, with coefficients indicating earlier age at 
puberty (+0.30%/cm and −0.11ln(%%) respectively, Table 4). 

The yearling composition traits were all moderately to 
highly heritable, ranging from 0.21 to 0.40 (Table 4). YWT 
had the greatest heritability (0.40) and a heterozygosity 
coefficient of 4.23 kg/%, the largest for all traits herein. 
The yearling ultrasound traits all had similar heritabilities, 
ranging from 0.21 to 0.33, with significant heterozygosity 
coefficients (Table 4). 

Genetic and phenotypic correlations between
male and female traits compared with yearling
composition traits

Genetic and phenotypic correlations were estimated 
between the fertility and composition traits (Table 5). The 
genetic correlations between DC1 and composition traits 
were generally low and favourable. EMA and IMF were 
most strongly correlated with DC1 of −0.18 and −0.30 
respectively. In contrast, P8 and Rib had low unfavourable 
correlations with DC1 of 0.11 and 0.21 respectively. The 
genetic correlation between DC1 and YWT was also low 

Table 4. Additive, residual and phenotypic variance estimates alongside heritability and heterozygosity fraction slope estimates for 14 traits
capturing yearling female, male and composition traits in a tropically adapted cattle herd.

Trait Additive variance Residual variance Phenotypic variance Heritability Heterozygosity coefficient

Female fertility traits

DC1 257 (122) 1049 (110) 1306 0.20 (0.09) −1.90***

Male fertility traits

SC 3.36 (0.08) 4.10 (0.56) 7.46 0.45 (0.09) 0.30***

PNS 280 (68) 305 (46) 585 0.49 (0.10) 1.39†

PD 0.57 (0.16) 0.87 (0.12) 1.44 0.39 (0.09) −0.11**

DMR 0.12 (0.06) 0.57 (0.05) 0.69 0.18 (0.08) 0.003

KA 0.14 (0.05) 0.30 (0.04) 0.44 0.32 (0.10) −0.02

SA 0.014 (0.009) 0.099 (0.009) 1.004 0.12 (0.08) −0.0005

VT 0.09 (0.05) 0.45 (0.05) 0.54 0.16 (0.08) −0.02

Sheath 0.17 (0.04) 0.18 (0.03) 0.35 0.49 (0.10) 0.02

Yearling composition traits

YWT 550 (76) 807 (49) 1357 0.40 (0.05) 4.23***

EMA 15.7 (2.6) 31.9 (1.9) 47.6 0.33 (0.05) 0.72***

P8 0.63 (0.11) 1.43 (0.08) 2.06 0.31 (0.05) 0.09***

Rib 0.28 (0.05) 0.73 (0.04) 1.01 0.28 (0.05) 0.05*

IMF 0.13 (0.03) 0.49 (0.02) 0.62 0.21 (0.04) 0.03*

Standard errors in parentheses.
***P < 0.001; **P < 0.01; *P < 0.05; †P < 0.10.

987

www.publish.csiro.au/an


T
ab

le
5.

G
en
et
ic
(r
G
)
an
d
ph
en
ot
yp
ic
(r
P)

co
rr
el
at
io
ns

w
ith

st
an
da
rd

er
ro
rs

in
pa
re
nt
he
se
s
fo
r
ye
ar
lin
g
m
al
e
an
d
fe
m
al
e
fe
rt
ili
ty

tr
ai
ts
,w

ith
ye
ar
lin
g
co
m
po

si
tio

n
tr
ai
ts
.

D
C
1

S
C

P
N
S

P
D

D
M
R

K
A

S
A

V
T

S
he

at
h

r G
r P

r G
r P

r G
r P

r G
r P

r G
r P

r G
r P

r G
r P

r G
r P

r G
r P

M. L. Facy et al. Animal Production Science

D
C
1

1
1

−
0.
32

–
0.
19

–
−
0.
18

–
0.
25

–
−
0.
17

–
−
0.
22

–
−
0.
09

–
0.
20

–

(0
.2
0)

(0
.2
7)

(0
.2
9)

(0
.3
6)

(0
.3
3)

(0
.4
6)

(0
.4
6)

(0
.2
6)

Y
W

T
−
0.
09

−
0.
20

0.
34

0.
44

−
0.
07

0.
03

0.
04

−
0.
01

0.
12

0.
09

−
0.
06

−
0.
01

−
0.
03

−
0.
04

−
0.
15

0.
00

0.
05

0.
02

(0
.1
9)

(0
.0
5)

(0
.1
0)

(0
.0
3)

(0
.1
4)

(0
.0
4)

(0
.1
5)

(0
.0
4)

(0
.2
0)

(0
.0
4)

(0
.1
6)

(0
.0
4)

(0
.2
4)

(0
.0
4)

(0
.2
6)

(0
.0
5)

(0
.1
3)

(0
.0
4)

EM
A

−
0.
18

−
0.
24

0.
24

0.
34

0.
20

0.
12

−
0.
23

−
0.
10

−
0.
03

0.
04

0.
22

0.
09

0.
02

−
0.
04

−
0.
61

−
0.
0 5

−
0.
34

−
0.
09

(0
.2
2)

(0
.0
5)

(0
.1
2)

(0
.0
3)

(0
.1
4)

(0
.0
4)

(0
.1
5)

(0
.0
4)

(0
.2
2)

(0
.0
4)

(0
.1
7)

(0
.0
4)

(0
.2
6)

(0
.0
4)

(0
.2
7)

(0
.0
4)

(0
.1
5)

(0
.0
4)

P8
0.
11

−
0.
10

0.
06

0.
21

0.
31

0.
10

−
0.
50

−
0.
09

−
0.
11

0.
02

0.
07

−
0.
01

−
0.
28

−
0.
08

−
0.
77

−
0.
07

−
0.
20

−
0.
09

(0
.2
2)

(0
.0
5)

(0
.1
2)

(0
.0
4)

(0
.1
4)

(0
.0
4)

(0
.1
4)

(0
.0
4)

(0
.2
1)

(0
.0
4)

(0
.1
7)

(0
.0
4)

(0
.2
7)

(0
.0
4)

(0
.3
4)

(0
.0
4)

(0
.1
4)

(0
.0
4)

R
ib

0.
21

−
0.
08

0.
24

0.
25

0.
21

0.
10

−
0.
36

−
0.
08

−
0.
0 8

0.
00
4

0.
06

−
0.
02

−
0.
32

−
0.
05

−
0.
84

−
0.
07

−
0.
05

−
0.
09

(0
.2
1)

(0
.0
5)

(0
.1
2)

(0
.0
4)

(0
.1
5)

(0
.0
4)

(0
.1
5)

(0
.0
4)

(0
.2
2)

(0
.0
4)

(0
.1
8)

(0
.0
4)

(0
.2
9)

(0
.0
4)

(0
.2
7)

(0
.0
4)

(0
.1
5)

(0
.0
4)

IM
F

−
0.
30

−
0.
16

−
0.
14

0.
08

0.
12

0.
04

−
0.
28

−
0.
04

0.
39

−
0.
00
2

0.
14

−
0.
02

−
0.
52

−
0.
10

−
0.
51

−
0.
03

−
0.
30

−
0.
03

(0
.2
3)

(0
.0
4)

(0
.1
5)

(0
.0
4)

(0
.1
7)

(0
.0
4)

(0
.1
7)

(0
.0
4)

(0
.2
7)

(0
.0
4)

(0
.2
0)

(0
.0
4)

(0
.3
5)

(0
.0
4)

(0
.3
1)

(0
.0
5)

(0
.1
7)

(0
.0
4)

Se
e
T
ab
le
1
fo
r
th
e
tr
ai
t
de
sc
ri
pt
io
ns
.

(−0.09). The phenotypic correlations between DC1 and 
yearling composition traits were low to moderate and 
favourable (Table 5). 

The genetic correlation between SC, PNS, PD, SA, VT and 
sheath and yearling composition traits were generally 
favourable, particularly for EMA and IMF, with reported 
values ranging from low to high (−0.51–0.31, Table 5). 
Note that the favourable direction differs between SC/PNS 
and PD, SA, VT and Sheath. For DMR and KA, the genetic 
correlations with EMA and IMF were unfavourable to no 
correlation, ranging from low to moderate (−0.03–0.39, 
Table 5). YWT generally had low genetic correlations 
with male traits, except for SC (0.34). P8 and Rib generally 
had a favourable genetic correlation with male traits. 
The strongest genetic correlations were between VT and fat, 
being −0.77 and −0.84 for P8 and Rib respectively. Similar 
trends were seen for phenotypic correlations between 
yearling composition traits and male or female traits, with 
all the estimates either being favourable or uncorrelated. 

Genetic correlations female and male fertility
traits

Bivariate models were run between the yearling male traits 
and DC1, yet only genetic correlations could be estimated 
due to the sex-limited nature of the data. The genetic correla-
tion between DC1 and SC was moderate and favourable 
(−0.32). Sheath score and DMR were also favourably 
correlated with DC1 (0.20 and 0.25 respectively). The other 
sperm morphology traits (PNS, PD, KA, SA and VT) were all 
low, but unfavourably correlated with DC1 (Table 5). 

Discussion

Heritability of male, female and composition
traits

The heritability estimate for DC1 was 0.20, which is similar to 
previous published estimates of 0.22 in Brahmans and 0.13 
in Tropical Composites, despite these latter animals being 
first joined at 2 years old (Johnston et al. 2014a). One 
other study estimated the heritability of DC1 in Angus to be 
0.10; however, the age range of joining was from 12 to 
20 months, with an average age of 15 months (Johnston 
and Bunter 1996). Further, previous publications have found 
a genetic correlation between DC1 and age of puberty 
to be high in Brahmans (0.79), indicating that DC1 is a 
good indicator of age of puberty in heifers, although this 
correlation was much lower in Tropical Composites (0.10) 
(Johnston et al. 2014b). Days to calving is often improved 
when heifers have attained puberty prior to exposure to the 
bull; therefore, if all heifers are pubertal prior to joining, 
then there is likely to be little effect on DC1 and age of 
puberty. This could cause the difference between genetic 
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correlations of Brahmans and Tropical Composites in 
Johnston et al. (2014b) for DC1 and age of puberty. At the 
point of joining, most Tropical Composite heifers have 
reached puberty; however, only half the Brahmans had 
(Johnston et al. 2014a). The current study heritability 
estimate of YWT was 0.40, which is comparable to previous 
published estimates for both Bos taurus indicus and Bos 
taurus taurus cattle, ranging from 0.28 to 0.53 (Meyer et al. 
1991; Burrow 2001; Boligon and Albuquerque 2011; Weik 
et al. 2022). Similarly, the ultrasound traits (EMA, P8, 
Rib and IMF) had moderate heritability, ranging from 0.21 
to 0.31, which is similar to previous published estimates 
(Reverter et al. 2000; Stelzleni et al. 2002; Caetano et al. 
2013; Naserkheil et al. 2021; Weik et al. 2022). 

The heritability of SC at 12 months was 0.45 (Table 4), 
in agreement with previous published estimates, ranging 
0.40–0.57 (Burrow 2001; Eler et al. 2004; Kealey et al. 
2006; Garmyn et al. 2011; Corbet et al. 2013; Jeyaruban 
and Johnston 2017). The heritability estimate of PNS at 
12 months was 0.49. Published heritability estimates range 
greatly (Smith et al. 1989; Yilmaz et al. 2004; Kealey et al. 
2006; Corbet et al. 2013); however, this is likely to be due 
to the difference in the age of measurement. The estimate 
herein was similar to those provided for cattle at 12 months 
in both temperate and tropically adapted herds, which 
ranged from 0.35 to 0.47 (Yilmaz et al. 2004; Kealey et al. 
2006; Corbet et al. 2013). 

Heritability estimates of sperm abnormalities have not 
been extensively researched, with only one previous publica-
tion estimating heritabilities for some defects. Herein, the 
heritability estimate was 0.39 for PD, which is similar to 
the heritability estimated by Roberts et al. (2010) of 0.37 in 
a taurine composite breed. Other heritabilities estimated by 
Roberts et al. (2010) were for KA and DMR, found to be 
lowly heritable (0.02 and 0.01 respectively). Herein, the 
heritabilities were much larger; 0.32 for KA and 0.18 for 
DMR. The differences between estimates could be due to 
the difference in populations/environments or different 
laboratories analysing the ejaculates. The study herein also 
estimated the heritability of SA and VT to be 0.12 and 0.16 
respectively. Finally, sheath score was estimated to have 
a high heritability of 0.49, this is higher than previous 
estimates, which ranged from 0.18 to 0.38 (Bignardi et al. 
2011; Gordo et al. 2012; Corbet et al. 2013). This higher 
heritability is likely to be due to difference in Sheath 
between parent breeds. 

Covariance between yearling heifer days to
calving and composition traits

Understanding how yearling composition traits affect fertility 
traits such as heifer days to calving is important for breeding 
programs. It allows breeders to ensure that heifers reach 
optimal body composition before joining. In this study, 
DC1 had a small favourable correlation with YWT (−0.09). 

Few published studies have treated heifer days to calving 
separate from overall days to calving, and even fewer have 
estimated the genetic correlation between DC1 and YWT. 
A previous study estimated the genetic correlation between 
DC1 and YWT in Angus to be 0.08 (Johnston and Bunter 
1996). The genetic estimation is different from the current 
study herein; however, it is still low, indicating little 
association between weight and DC1. Wolcott et al. (2014b) 
estimated genetic correlations between DC1 and 18-month-
old weights to be 0.06 in Tropical Composites, similar to 
correlations estimated herein for YWT. It should be noted 
that the study herein mated all DC1 animals as yearlings, 
but this is not true for Wolcott et al. (2014b), where 
animals were joined at 2-year olds. Further, using the same 
dataset, Johnston et al. (2014b) estimated DC1 and puberty 
weight of 0.12, slightly stronger than 18-month-old 
weights, although still low. These correlations indicated 
that, genetically, there is little association between DC1 
and YWT. The phenotypic correlation between DC1 and 
YWT (−0.20, Table 5) was stronger than was the genetic 
correlation. Johnston and Bunter (1996) found a similar 
phenotypic correlation of −0.10. These phenotypic correla-
tions suggest a stronger association between DC1 and YWT 
through environmental influences rather than genetic 
influences. 

Yearling ultrasound EMA and IMF had a moderately 
favourable genetic correlation with DC1 (−0.18 and −0.30 
respectively); this correlation indicated that a genetic 
improvement in EMA and IMF would result in an 
improvement in DC1. These favourable genetic correlations 
could be exploited in a breeding program by indirect selection 
on DC1 through EMA and IMF. Wolcott et al. (2014b) 
estimated genetic correlations between 18-month ultrasound 
EMA and DC1 in Tropical Composites, and Brahmans 
reporting correlations of 0.10 and −0.35 respectively. Wolcott 
et al. (2014b) did not adjust for weight, which is equivalent 
to the model herein. The Brahman result is more similar to 
that in the study herein, possibly due to the age of first 
joining and puberty. Heifers were first joined as yearlings 
in this study, but Wolcott et al. (2014a) first joined heifers 
as 2-year olds. However, there is a difference in the age of 
puberty, with Tropical Composites reaching puberty at a 
younger age than do Brahmans (Johnston et al. 2014b). 
Thus, for DC1 most animals for Tropical Composites at 
2 years of age would have reached puberty prior to joining 
and the more appropriate comparison is between Brahmans 
first mated as 2-year old from Johnston et al. (2014b) and 
the Tropical Composites herein first mated at 12–15 months. 
It is likely that yearling DC1 in Tropical Composites is more 
similar to 2-year-old DC1 in Brahmans, a similar point in 
puberty. Wolcott et al. (2014b) also estimated the genetic 
correlation between the age of puberty and ultrasound 
EMA to be −0.36 in Brahmans and −0.33 in Tropical 
Composites. This indicates that body muscle is likely to be 
correlated with age at puberty, and since herein heifers are 
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joined as yearlings, it is more important than when a maiden 
joining is at 2 years, as reported by Wolcott et al. (2014b). 
These genetic correlations indicate the importance of body 
muscle and fat on the attainment age of puberty and 
yearling breeding capability. 

Despite the favourable genetic correlations estimated for 
DC1 with EMA and IMF, a different trend was found for P8 
and rib fat depth. The genetic correlation was low and 
unfavourable (0.11 and 0.21 respectively). These genetic 
correlations would indicate that as P8 or rib fat is 
genetically increased, there would be an associated increase 
in DC1, leading to reduced reproductive efficiency and 
lowering lifetime weaning rates. Weik et al. (2022) found 
fat (ultrasound Rib and P8) to be uncorrelated with 
ultrasound EMA in Angus/Hereford cattle at 18 months; 
this may explain the difference in genetic correlations 
between fat and muscle with DC1. Wolcott et al. (2014b) 
also estimated the genetic correlation between DC1 and P8 
of −0.18 in Brahmans and 0.26 in Tropical Composites. The 
genetic correlation for Tropical Composites is similar to the 
study herein; however, the Brahman genetic correlation is 
different; this could be due to the age differences, as the 
study herein records yearlings, whereas Wolcott et al. 
(2014a) recorded 18-month olds. Weik et al. (2022) 
estimated genetic correlations between days to conception 
in 2-year olds and ultrasound P8 and Rib at 18 months of 
age for Hereford/Angus to be −0.35 and −0.37 
respectively. These genetic correlations are similar to the 
ones estimated by Wolcott et al. (2014b), although once 
again the latter were recorded at an older age than in the 
current study. The difference between the genetic 
correlations could be due to the amount of variation in fat; 
herein the amount of variation is lower in tropical cattle 
than that in Weik et al. (2022) in temperate cattle, hence 
differing relationships. Facy et al. (2023) reported that the 
genetic correlation between DC1 and DC2 was −0.06, with 
a higher genetic correlation in mature joinings of 0.66 
between mature DC wet animals and DC1, indicating that 
DC1 is genetically different from older joinings. Thus, 
different genetic associations would be expected. 

Bivariate models between yearling male traits
and composition traits

Genetic improvement in male traits is regarded as both 
important directly for serving capacity and also indirectly 
as indicators of early puberty in females. Yearling male 
traits are important but often sperm morphology traits are 
not genetically evaluated in a breeding program. Despite 
this, infertility through males tends to have a big impact on 
the herd, with 20–40% of bulls having subfertility 
(Chenoweth 2002; Kastelic and Thundathil 2008); 
therefore, it is essential that the association between male 
traits and composition traits in understood. Very few 
studies have looked at the relationship between 

composition and male traits, with no there being published 
reports for correlations for sperm abnormalities. SC is a 
male trait that is commonly used in breeding programs. 
Herein the genetic correlation between YWT and SC was 
moderate and favourable (0.34), in consensus with other 
published correlations (Morris et al. 2000; Boligon et al. 
2010). One study in Tropical Composites estimated the 
genetic correlation between SC at 12 months and weight at 
15 months to be 0.57, being higher than estimates at 
yearling weight (Corbet et al. 2013). These correlations 
indicate that genetically selecting heavy animals as 
yearlings will result in genetic improvement in scrotal 
circumference at 12 months. 

Similar favourable, moderate genetic correlations were 
found between SC and EMA (0.24, Table 5). This genetic 
correlation is similar to the 0.28 reported in Nellore and 
0.42 in Angus (Yokoo et al. 2010; Vesela et al. 2022), 
which were both adjusted for age of scanning but not 
weight. Corbet et al. (2013) reported a lower genetic 
correlation in both Brahmans and Tropical Composites of 
0.16 and 0.09 respectively. The lower genetic correlation 
could be due to the smaller variation in EMA and SC in the 
Corbet et al. (2013) study than herein. It also should be 
noted that Corbet et al. (2013) measured the ultrasound 
traits at 15 months, not as yearlings. 

Rib fat was favourably correlated with SC (0.24), similar to 
the correlation reported by Vesela et al. (2022) of 0.20 in 
Angus and by Buzanskas et al. (2017) of 0.31 in Nellore. 
Not all breeding objectives will want greater fat, as 
excessive improvement leads to lower carcass meat yield. 
However, this correlation indicates that rib fat may be 
linked to attainment of puberty and increased fertility in 
harsh climates (such as tropical). These genetic correlations 
of EMA and rib fat with SC indicate that they both have a 
positive genetic influence over SC, indicating a potential for 
indirect selection on fertility through greater muscle and fat. 

The genetic correlation between P8 fat and SC was very 
low (0.06). In Angus, the genetic correlation between these 
two traits was higher, at 0.19, than reported herein (Vesela 
et al. 2022). However, the opposite correlation was found 
in Brahmans and Tropical Composites at −0.13 and −0.21 
respectively (Corbet et al. 2013). The difference in genetic 
correlations between the two breed types could be due to a 
genotype by environment interaction (G × E), as Brahmans 
and Angus are typically raised in different environments, 
this could lead to changes in gene expression. In Angus, P8 
and SC share genes that influence each other, but this is not 
the same in Brahmans or Tropical Composites. A further 
explanation is the amount of variation in fat depth, with 
Angus in temperate environments typically having more 
variation than Tropical Composites, resulting in different 
genetic correlations between the breed types. A further 
study estimated the genetic correlation between P8 fat 
and SC to be 0.05 in Nellore (Buzanskas et al. 2017), 
being similar to the genetic correlation estimated herein. 
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The wide range of genetic correlation estimates indicates a 
genotype difference between breeds. As far as the authors 
are aware, there has been no previous publication of 
genetic correlations between IMF and SC in tropical cattle. 
The genetic correlation between these traits in this Tropical 
Composite population was −0.14 (Table 5), indicating an 
antagonist relationship. In Angus, the genetic correlation 
was 0.60 (Vesela et al. 2022), which is stronger than the 
estimate for this population. Again, these differences 
between breeds could be due to a genotype difference or a 
G × E effect. 

Sheath score is based on the angle of the prepuce, the 
vertical distance from the adnominal wall to the prepucial 
orifice and the size of the umbilical area. Sheath score is 
important, particularly in Bos indicus breed types, as an 
animal with larger sheath areas is more prone to injury, 
causing mating issues. The genetic relationship between 
sheath score and other traits is poorly understood, 
particularly with yearling composition traits. The genetic 
correlation between sheath and YWT was 0.05, demon-
strating little association between the two traits; this is 
similar to the genetic correlation reported by Bignardi 
et al. (2011) in Nellore between navel score and YWT 
(0.06). The genetic correlation between Rib and Sheath 
estimated herein (−0.05; Table 5) is very similar  to  
previous published genetic correlations of −0.06 (Gordo 
et al. 2012). The genetic correlations for P8 and EMA with 
sheath score (−0.20 and −0.34 respectively, Table 5) were  
stronger than the previously published estimates of 0.007 
for P8 and −0.14 for EMA in Nellore cattle (Gordo et al. 
2012). The genetic correlations between EMA and sheath 
score for Tropical Composites and Nellore cattle are 
similar,  but P8  resulted in different correlations. Corbet 
et al. (2013) also estimated genetic correlations between 
sheath score at 18 months and P8 at 15 months and 
evaluated sheath score on a 1–9 scale, with nine being the 
tightest, so the genetic correlations have been flipped to 
match the results herein. Corbet et al. (2013) estimated a 
genetic correlation of −0.07 in Tropical Composites and 
−0.17 in Brahmans with P8 and sheath score, demon-
strating that there is a wide range of genetic correlations 
across breeds. The genetic correlations estimated herein 
between yearling composition traits and sheath score are 
generally favourable, but low, allowing breeding programs 
to improve both traits with no detrimental effects on 
each other. 

Percentage normal sperm (PNS) is considered the best 
practical measure of calf output in bulls and an important 
male fertility trait (Fitzpatrick et al. 2002). PNS has been 
reported to account for 35–57% of the variation in calf 
output among bulls (Holroyd et al. 2002). There has been 
little investigation into the relationship between PNS and 
yearling composition traits. The genetic correlation between 
PNS and YWT was −0.07, which is an unfavourable 
correlation, but very low. Smith et al. (1989) estimated a 

higher favourable genetic correlation between YWT and 
PNS to be 0.26 in Angus. Despite this favourable genetic 
correlation in Angus, a negative correlation was estimated 
in Tropical Composites of −0.21 between YWT and SC at 
12 months (Corbet et al. 2009). This large range in genetic 
correlation could be due to genotype differences (indicine 
vs taurine), with the current study falling between the two 
genetic correlations. The genetic correlation estimated by 
Corbet et al. (2013) were −0.06 between SC at 12 months 
and weight at 15 months; despite being an older weight 
than the study herein, the genetic correlation was similar. 
The genetic correlation found herein indicates that PNS and 
YWT have little genetic influence, and genetic progress can 
be made in both without affecting each other. 

Genetic correlations were also estimated between PNS 
at 12 months and yearling ultrasound composition traits. 
The highest genetic correlations were between EMA and 
P8, which both had a genetic correlation of 0.20 and 0.31 
with PNS respectively (Table 5). Corbet et al. (2013) 
estimated genetic correlations between PNS at different 
ages and ultrasound composition traits at 15 months. For 
Tropical Composites, the genetic correlation was 0.08 with 
P8 and −0.07 with EMA for 12-month-old PNS. The genetic 
correlation reported by Corbet et al. (2013) for Tropical 
Composites was much lower than that in the study herein; 
this could be due to the age of ultrasound measurements or 
the small variation in the trait. At 18 months, the genetic 
correlations between PNS with EMA and P8 were 0.24 and 
0.25 respectively, for Brahmans (Corbet et al. 2013). These 
genetic correlations were similar to those estimated herein, 
though the age of measurement is different. The similarity 
of the genetic correlations could be due to the age of puberty 
between the two breed types, with very few Brahmans at 
12 months being able to produce an ejaculate compared 
with the Tropical Composites (Corbet et al. 2013). The 
genetic correlations between PNS and yearling composition 
traits were generally favourable, with low to moderate values 
indicating that, genetically, improving yearling composition 
traits will positively influence PNS in the breeding program. 

Despite sperm abnormalities being important in the ability 
of the bull to reproduce, there has been little investigation 
into the genetic background behind these abnormalities 
and their relationship with yearling composition traits. The 
genetic correlation estimates between sperm morphology 
traits and YWT were generally low to not correlated, indicat-
ing that the two traits are genetically unrelated. Despite no 
previously published genetic correlation with specific sperm 
abnormalities and YWT, Smith et al. (1989) estimated the 
genetic correlation between primary and secondary abnor-
malities in yearling bulls to be 0.17 and −0.30 respectively, 
with YWT. Primary abnormalities are a defect of the head, 
and secondary abnormalities are slight defects of the tail. 
These genetic correlations are stronger than the study 
herein; however, they had large standard errors and a small 
sample size. 
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The ultrasound composition traits vary greatly within the 
genetic and phenotypic correlations with sperm morphology 
traits. In general, P8 and rib fat depth had a moderate–high 
favourable genetic correlation with semen morphology. The 
only exception is for KA, which had a genetic correlation 
of 0.07 with P8 and 0.06 with Rib (Table 5). The results 
indicated that fat at 12 months may be an indicator of 
puberty attainment. Herein, there was not an age of puberty 
measurement; however, it is assumed that it is linked to fewer 
sperm abnormalities at 12 months. These correlations were 
particularly strong for proximal droplet (PD) and vacuole/ 
teratoid (VT) abnormalities. PD are usually observed in 
peri-pubertal bulls, with the incidence decreasing with age, 
and are considered a major cause of infertility in sperm, 
as PD is associated with early embryonic death (Barth and 
Oko 1989; Perry et al. 2002; Perry 2018). PD was highly 
heritable herein (0.39, Table 5) and by Roberts et al. (2010). 
These high heritabilities, genetic correlations and increased 
incidence at young ages would indicate that PD is a measure 
of the age of puberty in bulls, a possible indicator trait for the 
more difficult-to-measure ovarian scanning in heifers. While 
puberty in bulls is described at the time bulls provide an 
ejaculate with 50 × 106 sperm and 10% motility (Wolf et al. 
1965), a single measurement of PD could be used as a proxy 
for bull puberty, meaning the bulls would need to be tested 
only once at 12 months. VT occur during spermiogenesis 
caused by extreme temperatures or stress; however, some 
bulls are more susceptible to this condition and, in some 
incidences, VT is thought to be heritable (Entwistle and 
Fordyce 2003), with the heritability of VT herein 0.16. The 
high genetic correlations with P8 and Rib (−0.77 and 
−0.84 respectively; Table 5) would indicate that animals 
with genetically more fat are genetically less predisposed to 
being stressed, reducing the incidence of this abnormality. 
Favourable moderate genetic correlations were also 
estimated between EMA and PD and VT, indicating that not 
only fat is correlated with PD and VT, but ultrasound muscle 
at 12 months is as well (−0.23 and −0.61 respectively). These 
genetic correlations would allow for selection on both fat and 
muscle at 12 months to genetically improve sperm morphol-
ogy traits, particularly PD and VT, through correlated responses. 

Despite the favourable genetic trend between fat (P8 and 
Rib) and muscle with sperm abnormalities, the trend was 
not as strong for IMF. IMF was favourably moderately 
genetically correlated with PD, SA and VT, indicating that 
selecting animals that genetically improve IMF will result in 
a reduction in those sperm abnormalities. However, the 
opposite was found between IMF and DMR, with a genetic 
correlation of 0.39. This unfavourable moderate genetic 
correlation would indicate that as IMF is genetically 
increased, it will engender a correlated response of more 
DMR. DMR is the most common defect seen in bulls 
and may arise due to cold shock or other environmental 
stresses, although it is thought to have a genetic disposition 
(McGowan 1995; Perry et al. 2002), the heritability herein 

was 0.18. Consideration must be made when selecting on 
IMF, as it has both favourable and unfavourable associations 
with sperm morphology traits. 

Covariance between yearling heifer days to
calving and male traits

The interplay between male and female fertility traits was 
proposed by Land (1973) in mammals, and several studies 
on beef have since investigated the genetic relationship 
and suggested that male traits could be a useful predictor 
of female fertility (Brinks et al. 1978; Smith et al. 1989; 
Johnston et al. 2014b). Scrotal circumference has previously 
been reported to be correlated with the age of puberty 
to varying extents (Brinks et al. 1978; Martin et al. 1992; 
Gargantini et al. 2005). These genetic correlations are 
important in a breeding program, as measuring SC is easy 
and inexpensive compared with age of puberty, allowing for 
indirect selection for the age of puberty in heifer offspring. 
Despite numerous studies highlighting the correlation 
between the age of puberty and SC, there have been few 
studies in heifer days to calving (DC1) and SC. The genetic 
correlation estimated herein was favourable and moderate 
(−0.32). These genetic correlations were similar to those 
in previously published studies. Johnston et al. (2014b) 
estimated the genetic correlation between DC1 and SC at 
12 months to be −0.30 in Brahmans and −0.18 in Tropical 
Composites, indicating that selection for large SC would 
result in a genetically correlated response of reduced heifer 
days to calving through indirect selection. Johnston et al. 
(2014b) also estimated the genetic correlation between 
heifer pregnancy rate and SC to be 0.16 in Brahmans and 
0.19 in Tropical Composites, with higher correlations 
with heifer weaning rate of 0.32 in Brahmans and 0.28 in 
Tropical Composites, further demonstrating the positive 
association between SC and heifer breeding success. Other 
studies have estimated genetic correlations between SC and 
an ‘overall days to calving’ treated as a repeatable trait with 
all joinings included, which ranged from −0.10 to −0.41 
(Meyer et al. 1991; Forni and Albuquerque 2005), indicating 
that the relationship holds when mature joinings are 
considered. 

Despite a favourable genetic correlation estimated 
between SC and DC1, a low unfavourable correlation was 
estimated between PNS and DC1 of 0.19. Johnston et al. 
(2014b) estimated a similar unfavourable genetic correlation 
in Tropical Composites between PNS at 12 months and DC1 
of 0.10. However, in that study, PNS at 18 months had a 
favourable correlation of −0.50. These results indicated 
that PNS at 12 months is not a good selection criterion of 
DC1; however, there is a higher genetic association between 
DC1 and PNS at 18 months. It should be noted in Johnston 
et al. (2014b) heifers were not joined until 2-year olds; 
however, herein, they were joined at 12–15 months of age. 
Despite the age of first mating difference between the two 
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studies, a similar genetic correlation was estimated, 
indicating that PNS has an unfavourable correlation with 
DC1 and cannot be used as indirect selection to improve 
heifer fertility. Johnston et al. (2014b) also estimated that 
genetic correlation between PNS and age of puberty, with 
similar results to DC1. Age of puberty and PNS at 12 months 
had a genetic correlation of −0.05, whereas at 18 months, 
they had a genetic correlation of −0.24 in Tropical 
Composites, further indicating that PNS at 12 months is not 
a good selection criterion for attainment of puberty. There 
was also an unfavourable genetic correlation estimated 
between sperm abnormalities and DC1. These unfavourable 
genetic correlations would indicate that sperm morphology 
at 12 months cannot be used as indirect selection for yearling 
heifer days to calving. Wolcott et al. (2018) estimated the 
genetic correlation between mid-piece defects, proximal 
droplets and abnormal heads and tails at 12 months and 
age of puberty to be −0.17, 0.13 and −0.05 respectively in 
a Tropical Composite population. This indicates that these 
male traits are not good indicators of female age of 
puberty. Therefore, in breeding programs it is important to 
record both yearling male and female fertility traits to 
ensure that improvement can be made in both. 

Conclusions

Genetics plays an important role in fertility traits, partic-
ularly in those measured as yearlings and understanding 
the genetic and phenotypic relationship with composition 
traits is important for breeding programs. The genetic 
correlations estimated for yearling heifer days to calving 
suggest a favourable association with muscle, but little to 
no association with weight, and an unfavourable association 
with fat-related yearling ultrasound traits. Scrotal circum-
ference had a moderately favourably genetic association 
with yearling weight, muscle and fat, all indicators of 
attainment of puberty. In general, sperm morphology traits 
were favourably genetically correlated with fat and muscle 
but not weight. The genetic correlations estimated between 
male and female traits indicated that scrotal circumference 
is useful as an indirect selection criterion for improving 
heifer days to calving; however, this is not true for the 
sperm morphology traits, which were low and unfavourable. 
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