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Abstract. Reproduction records from 2137 cows first mated at 2 years of age and recorded through to 8.5 years of age were
used to study the genetics of early and lifetime reproductive performance from two genotypes (1020 Brahman and 1117
Tropical Composite) in tropical Australian production systems. Regular ultrasound scanning of the reproductive tract,
coupled with full recording of mating, calving and weaning histories, allowed a comprehensive evaluation of a range of
reproductive traits. Results showed components traits of early reproductive performance had moderate to high heritabilities,
especially in Brahmans. The heritability of lactation anoestrous interval in 3-year-old cows was 0.51 +0.18 and 0.26 £ 0.11
for Brahman and Tropical Composite, respectively. Heritabilities of binary reproductive output traits (conception rate,
pregnancy rate, calving rate and weaning rate) from first and second matings were generally moderate to high on the
underlying scale. Estimates ranged from 0.15 to 0.69 in Brahman and 0.15 to 0.34 in Tropical Composite, but were
considerably lower when expressed on the observed scale, particularly for those traits with high mean levels. Heritabilities of
lifetime reproduction traits were low, with estimates of 0.11 £ 0.06 and 0.07 £ 0.06 for lifetime annual weaning rate in
Brahman and Tropical Composite, respectively. Significant differences in mean reproductive performance were observed
between the two genotypes, especially for traits associated with anoestrus in first-lactation cows. Genetic correlations
between early-in-life reproductive measures and lifetime reproduction traits were moderate to high. Genetic correlations
between lactation anoestrous interval and lifetime annual weaning rate were —0.62 =+ 0.24 in Brahman and —0.87 + 0.32 in
Tropical Composite. The results emphasise the substantial opportunity that exists to genetically improve weaning rates
in tropical beef cattle breeds by focusing recording and selection on early-in-life female reproduction traits, particularly in

Brahman for traits associated with lactation anoestrus.
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Introduction

Female reproduction is an important profit driver in northern
Australia beef production systems. However, low weaning rates
are common, and are mainly the result of extended postpartum
anoestrous intervals, especially in Bos indicus cattle (Baker 1969;
Entwistle 1983). Estimates of heritabilities are low for traits
associated with net reproduction rate in beef cattle (e.g.
Buddenberg et al. 1989; Mackinnon et al. 1990; Burrow 2001;
Martinez et al. 2004). These low heritabilities, coupled with
longer generation intervals, low selection intensities and fewer
correlated traits have contributed to low levels of reproductive

performance recording, and few genetic evaluations worldwide
for female reproduction traits. They have also contributed to
rates of genetic progress in female reproduction traits that are
generally negligible. In dairy cattle, component traits of net
reproductive rate have been shown to have higher heritabilities
(Wall et al. 2003; Petersson et al. 2007; Bamber et al. 2009),
and these may offer a means to genetically improve female
reproduction.

This paper reports estimates of genetic parameters for
component traits of early life female reproduction and their
genetic relationships with lifetime reproduction traits in two
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tropical beef genotypes. The results are from a large breeding
project, which aimed to estimate the genetics of whole-herd
profitability in northern Australia, and to improve production
efficiency and product quality without compromising female
performance or adaptation.

Materials and methods

Data were from a beef breeding experiment in northern Australia
that investigated the genetics of whole-herd profitability (Burrow
et al. 2003). The experimental design is described by Barwick
et al. (2009a) and Johnston et al. (2009). In brief, Brahman
(BRAH) and Tropical Composite (TCOMP) steers and heifers
were generated over 4 years at eight cooperator properties and
were the progeny of 54 BRAH and 52 TCOMP sires. At weaning,
the heifer calves were allocated to one of four Queensland
research stations (Swans Lagoon, Ayr; Toorak, Julia Creek;
Belmont, Rockhampton and Brian Pastures, Gayndah) that
represented a range of northern Australia breeder cow herd
environments (see Barwick et al. 2009b; for a full description
of'each research station). Table 1 presents the numbers of females
at each location. Cows remained at a location for the duration of
the experiment, except for cohorts from Toorak and Brian
Pastures that were temporarily relocated to a fifth location
(Brigalow Research station, Theodore, Queensland) in
response to drought conditions. Genetic analyses of heifer
performance have been previously reported for early growth
and body composition (Barwick et al. 2009b), adaptation
(Prayaga et al. 2009) and age at puberty (Johnston et al. 2009).

Ethics approval

Conduct of the experiment was approved for 1999-2006 and
2006—10 by the JM Rendel Laboratory Animal Experimental
Ethics Committee (CSIRO, Queensland) as approvals TBC107
and RH225-06, respectively.

Animals

Reproduction data from the study were available for 1020 BRAH

and 1117 TCOMP females. Heifers were managed in their year of

birth group until their initial mating to first calve at 3 years of age.

All matings were in natural service multiple-sire groups, and

within a location, were over approximately the same 12-week

Table 1. Numbers of females at start of the first breeding season by
location, genotype and birth year

Genotype Year of Location
birth Swans Belmont Toorak  Brian  Total
Lagoon Pastures
Brahman 2000 - 72 - - 72
2001 186 110 64 - 360
2002 215 118 96 - 429
2003 41 118 - - 159
Total 442 418 160 0 1020
Tropical 2001 - 110 157 142 409
Composite 2002 - 137 181 266 584
2003 - 48 - 76 124
Total 0 295 338 484 1117
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period each year. After the initial years of the project, cows were
allocated to two or three groups within location to facilitate
management, and were maintained in these groups for the
remainder of the experiment. The exception to this was
Belmont Research Station, where the management groups
were reformed into three mixed BRAH and TCOMP groups at
the commencement of the 2005—06 mating.

Cows remained in the project until the weaning of calves from
their sixth mating, at which time they were ~8.5 years of age.
Exceptions were cows that were removed from the project
because they failed to wean a calf in consecutive years. This
culling criterion was in accord with industry practice but was
relaxed on two occasions for a cohort of heifers weaned at a young
age because of drought, which subsequently achieved a very low
pregnancy rate from their maiden mating; and for females not
rearing a calf at Toorak Research Station in 2004 when high calf
losses resulted from vitamin A deficiency.

Annual cow mortality rates were close to 1% throughout the
project and culling for consecutive weaning failure averaged
2.7% per year. Following industry practice, there was also
culling on physical soundness. About 2% of cows were
removed from the experiment for poor temperament or
acquired physical conditions (e.g. bottle teats or structural
unsoundness) that compromised welfare or the ability to
reproduce or rear a calf.

Cow husbandry

Cows at a location were treated similarly and subject to best-
practice management. Cows were monitored for parasites and
nutritional deficiencies with intervention only as needed at each
location. All cows were vaccinated annually against pestivirus,
leptospirosis, clostridial diseases and botulism. At Swans
Lagoon, Toorak and Brian Pastures, cows also received
annual vaccination against camplyobacteriosis. Treatment via
backrubbers for buffalo fly (Haematobia irritans exigua) or a
synthetic pyrethroid for cattle tick (Rhipicephalus microplus) was
carried out only at Brian Pastures, and when required.

Supplementation was responsive to the prevailing climatic and
pasture conditions at each location. At Belmont, cows received
1-2 kg/head.day of a grain, molasses and urea mix in November
and December 2009. At Toorak and Swans Lagoon, dry licks
targeted 150-160 g/head.day from July through November
each year. At Swans Lagoon, phosphorus was included in the
licks fed throughout the year. Cows at Brian Pastures were fed
2.5 kg/head.day of a molasses and 4% urea mix during the dry
season each year. During the drought of 2004 and 2005 the
cows received additional supplementation of ~2.5/kg/head.day
fortified molasses. From 2005 onwards, following calf deaths due
to vitamin A deficiency, all cows at Toorak received an annual
supplementation of vitamin A.

Bull management

Practices were designed to ensure that bull effects would not limit
cow reproduction. All matings involved a bull to cow ratio of 3%
and bulls used were required to pass a breeding soundness
evaluation (Entwistle and Fordyce 2003; Fordyce et al. 2006)
that was conducted before the breeding season each year.
Exceptions occurred where a few bulls were deliberately
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re-used in an attempt to increase their number of progeny.
All bulls were vaccinated annually for the same diseases as the
COWS.

A total of 136 bulls were used throughout the project as
service sires and were sourced from industry herds, and where
possible from herds enrolled in BREEDPLAN (Graser et al.
2005) that were recording male and female reproduction
traits. Pedigree details were used to assign bulls to cow mating
groups to avoid close inbreeding. Several bulls were used
across years and locations to generate genetic linkage in the
progeny. All progeny were DNA parentage verified, and on
average the mating bulls produced 60 calves but this varied
greatly due to multi-sire matings and the re-use of some bulls
across years.

Calf recording and management

At each location, calving was monitored by daily inspection in
smaller paddocks. All births were scored for calving ease (on a
1-5 scale) and all calf mortalities were recorded, and the cause of
death noted, where possible, using a comprehensive list of reason
codes. All calves were tagged, dam identified, and weighed
generally within 24 h of birth. In 2005 at Swans Lagoon no
birthweights were recorded. A blood or hair sample was taken
from each calf for sire assignment from DNA, and for confirming
dam. Calves were vaccinated against clostridial diseases
(Ultravac 7inl) at branding at ~3—4 months of age, and again
at weaning. Calves were scored for horn status at branding time
and subsequently were dehorned. Bull calves were kept entire for
a later study of male reproduction traits (Burns et al. 2013). All
calves at each location were weaned on the same day, at an
average age of ~6 months. At this time, calves were weighed and
other recording of measures was commenced. Where possible,
the date and reason code were also recorded for any calves that
died or were missing.
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Reproductive tract ultrasound scanning

Cow reproductive tracts were scanned every 4—6 weeks between
the start of annual mating, when lactating cows were on average
6 weeks postpartum, and weaning, after which scanning occurred
each 4-8 weeks until calving commenced (see Fig. 1). Scanning
during the calving period was not performed to avoid stress to
cows and their young calves.

Real-time ultrasonography was use to determine the presence
and diameter of a corpus luteum or corpus albicans and the
diameters of primary and secondary follicles on each ovary.
Pregnancies were aged to derive estimates of conception date.
Scanning was performed by one of four experienced technicians
using an Aloka SSD-500 with linear array 7.5-MHz rectal
transducer; or Honda HS-2000V with variable-frequency
transducer set at 10 MHz.

Trait definition

The data obtained at scanning, mating, calving and weaning were
used to define several reproduction traits for each annual mating
(1-6), extending from the start of mating through to weaning of
the resultant calves (see Fig. 1). Data were initially edited to
remove any obvious inconsistencies (e.g. cows with reproductive
defects preventing scanning, cows that missed a mating). Any
late-term abortions or premature births that were observed were
coded as calving failures. Cows having calves that were either
artificially reared or fostered were considered as weaning failures.
Records were checked for conformity with the expected culling
practice, any non-conforming were removed from the data (e.g.
cows with records that should have been culled for consecutive
weaning failures). Cows that calved after the commencement of
annual mating had their start of mating date re-set to their calving
date. In a small number of cases, late calving cows were not
moved immediately to the mating group. Their start of mating
date was adjusted to the date when they rejoined the mating group.
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Fig. 1. Schematic representation of recording structures, times and traits recorded at each mating (COR = conception rate; PR = pregnancy rate;

CR = calving rate; WR = weaning rate; DC = days to calving; DO = days to cycling; LAI = lactation anoestrous interval; LC = lactation cyclicity rate).

See Table 2 for full trait descriptions.
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A full description of all traits is presented in Table 2. Traits
recorded at the first mating (mating 1) included conception rate,
pregnancy rate, calving rate, days to calving and weaning rate.
At the second mating (mating 2) similar outcome traits were
recorded along with traits specifically associated with the
anoestrus that followed the first calving. These included: days
to cycling, lactation anoestrous interval, lactation cyclicity
and days to calving in lactating cows. Cumulative reproductive
outcome traits from matings 1 and 2 included: total calves born,
total calves weaned and pregnant-and-weaned, the latter being
the success rate of cows both weaning from mating 1 and being
pregnant from mating 2. Finally, all cows had lifetime annual
calving and weaning rate records calculated based on their
number of mating opportunities up to six possible matings.
For the subset of cows that were still present at the sixth
mating, additional traits of average calving rate and average
weaning rate were available. Length of productive life of
cows was excluded from the computation of these lifetime
reproduction rate traits as these differences will be examined
separately.

Statistical analyses
Fixed effect modelling

Fixed effect modelling, for traits from all matings, except the
first, involved confounded carryover effects from the cow’s
previous and current lactation status and effects associated
with both the current calf (or missing calf) and the resultant
calf, difficulties also recognised by Mackinnon et al. (1989). For
example, for weaning rate, fitting fixed effects associated with the
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resultant calf (e.g. sex, service sire, breed, and birth month)
involved also fitting dummy levels of these effects for cows
with no calf, which then removed the variance associated with
whether or not the cow calved. To investigate the consequence of
modelling previous lactation and calf effects, all traits at mating 2
therefore were analysed with both a full and a reduced set of fixed
effects. Traits from subsequent matings (i.e. 3, 4, 5, 6) were not
analysed separately but were included in the computation of
lifetime reproduction traits and fixed effects were determined
inmodels thatignored current and previous lactation status and all
calf effects.

Significant fixed effects for each genotype and trait were
determined using the MIXED procedure in SAS (SAS
Institute, Cary, NC, USA) by considering both main effects
and first-order interactions, with sire included as a random
effect. For TCOMP, terms for sire breed group, dam breed
group and their interaction (Barwick et al. 2009a) were also
included. Initial fixed effects considered in all traits included
project design variables (i.e. location, year of birth, origin, age of
dam class, and cow birth month according to Johnston ez al. 2009)
and specific effects at each mating and location to account for
current and previous mating group.

For mating 2 traits the initial fixed effects models included
additional terms for current lactation status and calf effects.
Current lactation status was determined from the weaning
outcome from the first mating and was defined as either
lactating (i.e. wet) during the mating period or non-lactating
(i.e. dry) and included cows whose calf died before the start of
the mating period. Current calf effects (i.e. resultant calf from the
first mating) included sex and birth month. However, for calving

Table 2. Description of female reproduction traits

Trait

Description

Conception rate 1, 2
Pregnancy rate 1, 2

Calving rate 1, 2

Weaning rate 1, 2
Days to cycling

Lactation anoestrous
interval (day)

Lactation cyclicity rate

Days to calving 1, 2 (day)

Total calves born 1 + 2

Total calves weaned 1 + 2

Pregnant-and-weaned rate

Lifetime annual calving
rate

Lifetime annual weaning
rate

Average calving rate
(retained cows)

Average weaning rate
(retained cows)

Conceived (= 1) or not (= 0) irrespective of fetal loss for all surviving cows at start of mating 1, and at mating 2

Pregnant (= 1) ornot (=0), via rectal palpation for all surviving cows at the annual weaning event, ~7—8 weeks after end of the
mating period for mating 1, and at mating 2

Calved i.e. produced a full-term calf (dead or alive) (= 1), or not (= 0), for all surviving cows from the start of mating 1, and at
mating 2

Weaned a calf (= 1) ornot (= 0), at the annual weaning event, for all surviving cows from the start of mating 1, and at mating 2

For all surviving cows, days from start of mating 2 to estimated date of first ovulation which was either: 12 days before a CL
recorded; 18 days before a CA; or estimated date of conception from fetal ageing. To avoid reporting of negative estimates
all were adjusted to zero before analysis

For surviving lactating cows up to the end of mating 2, the interval in days between the start of mating and estimated date of
first ovulation i.e. days to cycling for lactating cows only

Evidence of an ovulation (= 1) (as defined above) or not (= 0) before weaning of surviving lactating cows at mating 2

Interval in days from the start of mating to the date of subsequent calving (Meyer et al. 1990), for all surviving cows from the
start of mating 1, and mating 2. All cows failing to calve were assigned a days to calving record based on the days to calving
record of last cow to calve in the given mating group plus a 42-day penalty according to Johnston and Bunter (1996)

Total number of calves born from matings 1 and 2, for all surviving cows from the start of the mating 2

Total number of calves weaned from matings 1 and 2, for all surviving cows from the start of the mating 2

Pregnant and weaned a calf (= 1) or not (= 0), assessed at mating 2 for all surviving cows from the start of the mating 2

Total number of calves born from the 1st and up to sixth mating divided by the number of matings experienced (Meyer et al.
1990), for all cows from the start of mating 1

Total number of calves weaned from the first and up to sixth mating divided by the number of matings experienced, for all
cows from the start of mating 1

Total number of calves born from the first to sixth mating divided by 6, for all cows surviving cows to the start of mating 6

Total number calves weaned from the first to sixth mating divided by 6, for all cows surviving cows to the start of mating 6
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and weaning rate traits from mating 2 all fixed effects associated
with the resultant calf of this mating were ignored.

For average lifetime traits, initial models included terms for
project design variables and contemporary group defined as the
cohort and lifetime mating group of the cow. Lifetime mating
group was formed from the last mating group and all earlier
mating groups, which also included the permanent cow
management group at each location.

Models were stepped down removing non-significant effects
(P >0.05) to yield final models for each trait and genotype. Final
models for all traits at mating 1 in BRAH included the effects of
cohort mating group (i.e. location-birth year and mating group)
and cow birth month. Origin was significant for all traits except
weaning rate. Age of dam class was only significant for calving
rate. Interactions between some main effects also were
significant, mainly for interactions with birth month and
origin. Final models for traits at mating 1 in TCOMP were
generally similar across traits and included cohort-mating
group and age of dam. Dam breed group was significant for
weaning rate.

For analyses using the full set of fixed effects for traits at
mating 2, the significant effects in BRAH included cohort-mating
group (including previous mating group), current lactation
status, and month of calving within lactation status for all
traits. Cow birth month and origin were significant for all traits
except days to cycling and lactation cyclicity rate. Sex of the
current calf was significant for calving rate and weaning rate.
Significant fixed effects in TCOMP included cohort-mating
group and current lactation status for all traits. Sire group was
significant for all traits except lactation cyclicity rate. Origin was
significant for all traits except days to cycling and lactation
cyclicity rate. Age of dam was significant for conception rate,
pregnancy rate, calving rate and weaning rate. Sire group, dam
group and calf birth month were significant for days to calving.
Calf sex was significant for calving rate and weaning rate.
Interactions between main effects were commonly present in
final models, particularly interactions with lactation status. For
analyses with the reduced set of fixed effects for traits at mating 2
any effects involving lactation status and effects of the calf were
dropped from the previous full models for both BRAH and
TCOMP for all traits.

Fixed effects for all lifetime reproductive traits in BRAH
included lifetime management group and cow birth month.
Origin was also significant for lifetime calving and weaning
rates. For lifetime traits in TCOMP, lifetime management
group was significant for all traits. Cow birth month was
significant for lifetime annual calving and weaning rates, and
sire breed group was significant when lifetime traits were
restricted to cows present in all six matings.

Variance component estimation

Heritabilities. Trait heritabilities were estimated from
univariate analyses for BRAH and TCOMP separately, using
restricted maximum likelihood procedures in ASRemL (Gilmour
et al. 2009) and the sets of fixed effects identified using
SAS. All binary traits were analysed using a sire model with a
logit-link function. Heritability (47) estimates on the underlying
logit scale were computed as:
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where m*/3 is the assumed residual variance and o3 the
estimated sire variance from the logit model. Heritabilities on
the observed binomial scale (h*) were approximated by
multiplying the underlying-scale heritability (k7) by p(1 — p),
where p is the mean trait incidence. As all other traits were
analysed by fitting an additive genetic effect for the animal,
assuming a linear model, heritabilities and variances for binary
traits were also derived with a linear model for completeness. The
heritabilities of traits from mating 2 were also estimated for a
subset of the data involving lactating cows only.

A relationship matrix based on up to three generations of
paternal and maternal (when known) pedigree was utilised for all
analyses. A total of 54 BRAH and 51 TCOMP sires were
represented by daughters with records in the data.

Genetic correlations.  Genetic correlations between pairs of
traits were estimated from bivariate analyses, for each genotype
separately, using ASReml. Linear models were assumed for all
traits, and models were as described above. Analyses of
correlations between mating 1 and 2 traits were performed
with and without the inclusion of the fixed effects associated
with previous lactation status and calf effects at mating 2.

Genotype differences. ~ Model predicted genotype means
were computed in ASReml as linear functions of the terms
included in the model from a combined genotype dataset
using procedures described by Gilmour er al. (2004). The
computing of means were restricted to data from the Belmont
Research Station location where direct comparison of the
genotypes was possible because the two genotypes were born,
raised, mated and managed together throughout the experiment.
Additionally in these data, cows were also in mixed genotype
groups throughout the mating period from the 2005 to 2006
mating onwards. To avoid averaging over unequal or poorly
represented subclasses for cow and calf birth months, data for 18
BRAH cows were excluded from all predictions and a further 12
cows for predictions for mating 2 traits.

For all analyses the initial model included the significant
fixed effects previously described and additional terms for
genotype and first-order interactions with genotype. These
models were then stepped down to yield final models for each
trait. Predictions of genotype means for binary traits derived
from logit models were back-transformed to the observed
(binary) scale. For traits in the mating 2, genotype-predicted
means were obtained separately for lactating and non-lactating
COWS.

Results

In all tables, binary traits are presented as rates (e.g. outcome
per cow) however for clarity of discussion they are hereafter
referred to as percentages (i.e. outcome per 100 cows).
Unadjusted trait means presented in Tables 3 and 4 show
BRAH had low reproductive trait levels (e.g. 77% conception
rate, 72% calving rate and a 62% weaning rate) and rates
further reduced at mating 2 (e.g. weaning rate 50%), reflecting
a lactation cyclicity rate of only 53%. Average lifetime annual
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Table3. Unadjusted trait means, standard deviations (s.d.) and ranges
for Brahman female reproduction traits

See Table 2 for a description of traits

Trait n Mean s.d.  Min. Max.
Mating 1
Conception rate 1020 0.77 0.42 0 1
Pregnancy rate 1020 0.75 0.43 0 1
Calving rate 1020 0.72 0.45 0 1
Weaning rate 1020 0.62 0.49 0 1
Days to calving (day) 1019 3456  49.6 269 423
Mating 2
Days to cycling (day) 1002 88.0 106.1 0 411
Lactation anoestrous interval (day) 629 133.7 109.5 0 411
Lactation cyclicity rate 631 0.53 0.50 0 1
Conception rate 1009 0.61 0.49 0 1
Pregnancy rate 1009 0.59 0.49 0 1
Calving rate 1005 0.57 0.50 0 1
Weaning rate 1009 0.50 0.50 0 1
Days to calving (day) 1005 363.1 51.8 260 423
Total calves born 1 + 2 1005 1.28 0.55 0 2
Total calves weaned 1 + 2 1005 1.12 0.57 0 2
Pregnant-and-weaned rate 1009 0.27 0.44 0 1
Lifetime (mating 1-6)
Lifetime annual calving rate 1020 0.70 0.24 0 1
Lifetime annual weaning rate 1020 0.60 0.28 0 1
Average calving rate retained cows 717 0.77 0.16 0 1
Average weaning rate retained cows 717 0.72 0.16 0 1

Table4. Unadjusted trait means, standard deviations (s.d.) and ranges
for Tropical Composite female reproduction traits
See Table 2 for a description of traits
Trait n Mean s.d.  Min. Max.
Mating 1
Conception rate 1117 0.95 0.21 0 1
Pregnancy rate 1117 0.92 0.27 0 1
Calving rate 1111 0.90 0.30 0 1
Weaning rate 1111 0.78 0.42 0 1
Days to calving (day) 1110 318.0 38.1 255 425
Mating 2
Days to cycling (day) 1095 68.7 103.7 0 401
Lactation anoestrous interval (day) 872 83.8 1109 0 401
Lactation cyclicity rate 863 0.82 0.39 0 1
Conception rate 1095 0.80 0.40 0 1
Pregnancy rate 1095 0.76 0.43 0 1
Calving rate 1094 0.74 0.44 0 1
Weaning rate 1094 0.65 0.48 0 1
Days to calving (day) 1094 344.6 49.7 265 425
Total calves born 1 + 2 1094 1.64 0.53 0 2
Total calves weaned 1 + 2 1094 1.44 0.61 0 2
Pregnant-and-weaned rate 1094 0.58 0.49 0 1
Lifetime (mating 1-6)
Lifetime annual calving rate 1117 0.83 0.22 0 1
Lifetime annual weaning rate 1117 0.73 0.26 0 1
Average calving rate retained cows 898 0.88 0.10 0 1
Average weaning rate retained cows 898 0.83 0.14 0 1
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weaning rate in the full dataset was 60% overall, and 72% in the
subset of cows present at mating 6.

For TCOMP mean unadjusted reproduction rates were
generally higher, but showed a similar decrease from mating 1
to mating 2. In lactating cows at mating 2, 82% were cycling
before weaning. Lifetime annual weaning rate was 73% overall,
and 83% in cows present at mating 6.

Genotype differences

Genotype comparisons are presented in Table 5 for the subset of
the cows managed together at Belmont Research Station. Mating
1 conception and pregnancy rates were not significantly different
between BRAH and TCOMP. However, BRAH had lower
calving (-9%; P < 0.05) and weaning rates (—10%; P < 0.05),
and longer days to calving (+20.2 days; P < 0.05) compared with
TCOMP cows. First-lactation BRAH cows had a longer lactation
anoestrous interval (+56.9 days; P < 0.05) and a lower lactation
cyclicity rate (—22%; P < 0.05) than TCOMP, and this translated
into lower reproduction rates for BRAH in all traits of lactating
cows. Differences between the genotypes were less for mating 2
traits of non-lactating cows, although BRAH had alower weaning
rate (—18%; P < 0.05) and longer days to calving (+16.4 days;
P < 0.05) than TCOMP.

Table 5. Model predicted means for female reproduction traits of
similarly treated Brahman and Tropical Composite cows
See Table 2 for description of traits. Within a trait, means followed by different
letters are significantly different (P < 0.05). Binary traits were analysed on
underlying scale and means were back-transformed to the observed scale

Trait Brahman Tropical
Composite
n Mean n Mean
Mating 1

Conception rate 299 0.92a 295 0.96a
Pregnancy rate 299 0.89a 295 0.92a
Calving rate 299 0.83a 295 0.92b
Weaning rate 299 0.75a 295 0.85b
Days to calving (day) 299 335.5a 295 315.3b

Mating 2 — lactating cows

Lactation anoestrous interval (day) 208 114.0a 245 57.1b
Lactation cyclicity rate 210 0.71a 245 0.93b
Conception rate 212 0.57a 249 0.85b
Pregnancy rate 212 0.53a 249 0.81b
Calving rate 211 0.53a 248 0.79b
Weaning rate 211 0.48a 248 0.73b
Days to calving (day) 211 372.8a 248 341.6b
Mating 2 — non-lactating cows
Days to cycling (day) 65 14.1a 41 11.3a
Conception rate 66 091a 41 0.98a
Pregnancy rate 66 0.88a 41 0.98a
Calving rate 65 0.83a 41 0.95a
Weaning rate 65 0.72a 41 0.90b
Days to calving (day) 65 329.0a 41 312.6b
Lifetime
Lifetime annual calving rate 299 0.76a 295 0.86b
Lifetime annual weaning rate 299 0.65a 295 0.79b

Average calving rate retained cows 206 0.83a 245 0.89b
Average weaning rate retained cow 206 0.80a 245 0.86b
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TCOMP had higher lifetime annual calving (+10%; P < 0.05)
and annual weaning (+14%; P < 0.05) rates compared with
BRAH. TCOMP cows still present at mating 6 also had higher
average calving and weaning rates. There was a lesser difference
between the genotypes in cows still present at mating 6, reflecting
that there were a greater percentage of BRAH cows that were
culled or died before mating 6 compared with TCOMP.

Heritabilities

Heritability estimates (Table 6) for binary traits on the logit scale
at mating 1 were higher than on the observed scale, and linear
model estimates were intermediate. For example, the heritability
for pregnancy rate in BRAH on the logit scale was 0.62 and
0.15 for weaning rate, and on the observed scale the estimates
were 0.11 and 0.04, respectively. Estimates in TCOMP were
considerably lower compared with BRAH, and not significantly
different from zero, reflecting the high mean level (>90%) of
these traits at mating 1. Days to calving heritabilities were 0.22
and 0.13 for BRAH and TCOMP, respectively.

Mating 2 heritability estimates (Table 7) for binary traits were
generally similar to the equivalent mating 1 traits on the
underlying scale, but higher on the observed scale. Estimates
of heritabilities for all traits were higher in lactating cows than in
all cows. For traits associated with lactation anoestrus in first-
calf cows the heritabilities were moderate to high. For lactation
anoestrous interval, lactation cyclicity rate and days to calving
these were 0.51, 0.23, 0.49 in BRAH and 0.26, 0.08, 0.35 in
TCOMP, respectively. In mating 2 analyses where lactation and
calf fixed effects were not fitted (Table 8), heritability estimates
forbinary traits of BRAH were reduced. In TCOMP, the change in
heritabilities was not as pronounced, and most likely reflects a
lower impact of the changed fixed effects given the higher
percentage of lactating cows at mating 2.

Total numbers of calves born and calves weaned from the first
two matings were heritable traits in both BRAH (0.15 and 0.21)
and TCOMP (0.14 and 0.16), respectively. The trait pregnant-
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and-weaned, had heritabilities that were moderate to high on the
underlying scale (0.80 and 0.19) and 0.16 and 0.05 on the
transformed observed scale for BRAH and TCOMP,
respectively. Measures of lifetime annual calving and weaning
rates (Table 9) had low heritabilities, while those for calving and
weaning rates in cows still present at the sixth mating had low to
moderate heritabilities, in both genotypes.

Genetic and phenotypic correlations
Relationships among early traits

Genetic correlations among mating 1 traits (Table 10) and
among mating 2 traits (Table 11) were all very high and not
different from unity in both genotypes, although standard errors
were high for traits with low heritabilities, particularly for
TCOMP for traits at mating 1. Phenotypic correlations
between mating 1 traits were also moderate to high in both
genotypes, and the magnitude of the correlations decreased as
pairs of traits were more separated in time; for example,
correlations between conception and pregnancy rates were
higher than between conception and weaning rates. Similar
magnitude correlations were also observed among the mating
2 traits, including the additional traits related to lactation
anoestrus.

Estimates of the genetic correlations between pairs of traits
in common across mating 1 and mating 2 are presented in
Table 12 for models where either the full or reduced set of
fixed effects was fitted. Given the low trait heritabilities, all
genetic correlations had large standard errors, particularly for
TCOMP. In the models fitting full fixed effects analyses often had
difficulty converging, especially those for days to calving and
weaning rate. Additive genetic variances were also observed to
change from univariate estimates for several traits. These model
instabilities arose from fitting fixed effects for mating 2 traits (e.g.
lactation status) that were themselves part of the outcome for the
mating 1 trait (i.e. weaning rate = 1). This applied particularly in
BRAH, where the number of non-lactating cows was much

Table 6. Heritabilities (4) and additive variances (63) for reproductive traits at mating 1 in Brahman
and Tropical Composite cows
See Table 2 for a description of traits. Approximate standard errors in brackets

Trait Logit model® Linear model®

P 0% /s ox s

Brahman
Conception rate 0.77 2.38 0.61 (0.22) 0.11 0.050 0.38 (0.13)
Pregnancy rate 0.76 2.42 0.62 (0.22) 0.11 0.059 0.42 (0.14)
Calving rate 0.72 1.18 0.33 (0.15) 0.07 0.035 0.22 (0.10)
Weaning rate 0.62 0.53 0.15 (0.10) 0.04 0.019 0.09 (0.07)
Days to calving - - - - 434 0.22 (0.09)
Tropical Composite

Conception rate 0.95 0.98 0.28 (0.27) 0.01 0.002 0.05 (0.05)
Pregnancy rate 0.92 1.24 0.34 (0.21) 0.03 0.007 0.10 (0.06)
Calving rate 0.90 1.03 0.29 (0.16) 0.03 0.009 0.11 (0.06)
Weaning rate 0.78 0.52 0.15 (0.10) 0.03 0.011 0.07 (0.05)
Days to calving - - - - 183 0.13 (0.06)

AEstimates from subset of data with sire known; p=traitlevel or incidence; 024 =4 x 02; residual variance =11/3;
h? = heritability on the logit scale; 4> on observed scale approximated by 47 x p(I — p).
BEstimates for binary traits from linear, sire model; (53\ =4x02
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Table 7. Heritabilities (#%) and additive variances (63) for reproductive traits recorded at mating 2 in Brahman and
Tropical Composite cows using full fixed effect models
See Table 2 for a description of traits. Approximate standard errors in brackets

Trait

2
P [

Logit model®

Linear model®
n n oa n

Brahman — all cows

Days to cycling - - - - 2689 0.41(0.12)
Conception rate 0.61 2.74 0.69 (0.21) 0.16 0.061 0.36 (0.12)
Pregnancy rate 0.59 242 0.62 (0.19) 0.15 0.063 0.35(0.12)
Calving rate 0.56 1.98 0.52 (0.18) 0.13 0.060 0.32 (0.11)
Weaning rate 0.49 1.43 0.39 (0.15) 0.10 0.049 0.24 (0.10)
Days to calving - - - - 374 0.20 (0.08)
Pregnant-and-weaned 0.27 3.32 0.80 (0.22) 0.16 0.082 0.46 (0.14)
Total calves born 1 + 2 - - - - 0.039 0.15 (0.07)
Total calves weaned 1 + 2 - - - - 0.062 0.21 (0.08)
Brahman — lactating cows only
Lactation anoestrous interval - - - - 5238 0.51 (0.18)
Lactation cyclicity rate 0.53 4.01 0.93 (0.25) 0.23 0.139 0.68 (0.20)
Conception rate 0.45 4.12 0.96 (0.26) 0.24 0.124 0.59 (0.18)
Pregnancy rate 0.43 4.46 1.01 (0.27) 0.25 0.133 0.63 (0.19)
Calving rate 0.41 3.70 0.88 (0.26) 0.21 0.125 0.59 (0.19)
Weaning rate 0.36 3.83 0.90 (0.25) 0.21 0.121 0.56 (0.18)
Days to calving - - - - 915 0.49 (0.14)
Tropical Composite — all cows
Days to cycling - - - - 1088 0.18 (0.08)
Conception rate 0.80 1.24 0.34 (0.18) 0.05 0.015 0.12 (0.07)
Pregnancy rate 0.76 0.51 0.15(0.12) 0.03 0.010 0.06 (0.06)
Calving rate 0.74 0.90 0.26 (0.14) 0.05 0.017 0.11 (0.07)
Weaning rate 0.66 0.55 0.16 (0.10) 0.04 0.020 0.10 (0.07)
Days to calving - - - - 320 0.17 (0.08)
Pregnant-and-weaned 0.58 0.67 0.19 (0.09) 0.05 0.031 0.14 (0.07)
Total calves born 1 +2 - - - - 0.038 0.14 (0.07)
Total calves weaned 1 + 2 - - - - 0.055 0.16 (0.07)
Tropical Composite — lactating cows only
Lactation anoestrous interval - - - - 1965 0.26 (0.11)
Lactation cyclicity rate 0.82 2.16 0.56 (0.25) 0.08 0.024 0.23 (0.10)
Conception rate 0.77 1.92 0.50 (0.19) 0.09 0.033 0.24 (0.10)
Pregnancy rate 0.73 0.82 0.23 (0.14) 0.05 0.019 0.12 (0.08)
Calving rate 0.71 1.35 0.37 (0.16) 0.08 0.037 0.22 (0.09)
Weaning rate 0.64 0.73 0.21 (0.13) 0.05 0.029 0.14 (0.09)
Days to calving - - - - 679 0.35(0.13)

AEstimates from subset of data with sire known; p=traitlevel orincidence; 03 =4x (552; residual variance =1%/3; h2 = heritability on
the logit scale; 4% on observed scale approximated by /47 X p(I — p).
BEstimates for binary traits from linear, sire model; 03 =4x (552.

greater than for TCOMP. Effectively these models estimate
correlations between trait 1 and a trait 2 that has been
phenotypically adjusted for trait 1. The general observation for
these models was that nevertheless the genetic and phenotypic
correlations between traits across the two matings were low or
positive for both genotypes.

In contrast, when lactation status and calfeffects were ignored,
genetic and phenotypic correlations between pairs of traits across
matings 1 and 2 in BRAH were negative, clearly showing mating
1 performance was generally negatively related to mating 2
performance. In TCOMP, genetic correlations between pairs of
traits tended to be positive but of lower magnitude, albeit with
large standard errors.

Early reproduction with lifetime reproduction

Genetic correlation estimates for mating 1 and 2 traits with
lifetime reproductive performance traits (Tables 13 and 14) had
large standard errors, reflecting the low heritabilities for the
lifetime traits, especially in TCOMP. Mating 1 traits in both
BRAH and TCOMP were moderately genetically correlated with
both lifetime annual calving and weaning rates, but lowly
correlated with average calving and weaning rates of those
cows remaining in the herd at mating 6. Weaning rate at
mating 1 tended to have the highest magnitude correlations
with lifetime reproduction traits.

Mating 2 traits (from full fixed effect models) were highly
correlated with lifetime reproduction traits in both genotypes. The
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correlations tended to be higher with lifetime calving rate traits
than with weaning rate, particularly for the lactation anoestrus-
associated traits. Lactation anoestrous interval had genetic
correlations of —0.62 and —0.87 with lifetime annual weaning
rate for BRAH and TCOMP, respectively. In BRAH, when
mating 2 traits were modelled without full fixed effects the
genetic correlations with lifetime traits reduced substantially.
This was particularly the case where both lactating and non-
lactating cows were included, and was more pronounced for
lifetime annual calving and weaning rates compared with the
average calving and weaning rates of cows still in the herd at six

Table8. Heritabilities (4?) and additive variances (63 ) for reproductive
traits recorded at mating 2 in Brahman and Tropical Composite cows
using reduced fixed effect models
See Table 2 fora description of traits. Approximate standard errors in brackets.
G4 = 4 x 62 residual variance = ©/3; h? approximated by 47 X p(I — p)

Trait CA n® n
Brahman

Days to cycling 3809 - 0.36 (0.11)
Lactation cyclicity rate 3.61 0.86 (0.23) 0.21
Lactation anoestrous interval 5915 - 0.54 (0.14)
Conception rate 1.30 0.36 (0.13) 0.09
Pregnancy rate 1.25 0.35(0.13) 0.08
Calving rate 1.18 0.33 (0.13) 0.08
Weaning rate 0.96 0.27 (0.12) 0.07

Days to calving 399 - 0.16 (0.08)

Tropical Composite

Days to cycling 696 - 0.09 (0.06)
Lactation cyclicity rate 2.21 0.57 (0.25) 0.08
Lactation anoestrous interval 1987 - 0.26 (0.11)
Conception rate 0.88 0.25 (0.14) 0.04
Pregnancy rate 0.42 0.12 (0.10) 0.02
Calving rate 0.58 0.17 (0.11) 0.03
Weaning rate 0.46 0.14 (0.09) 0.03

Days to calving 304 - 0.14 (0.08)

“Models without lactation and calf effects.
BHeritability on the logit scale; estimates from subset of data with sire known.
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matings. In TCOMP, the genetic correlations were similar across
models for mating 2 traits and approached unity in many
instances.

Total numbers of calves born and weaned from matings 1 and
2 were both moderately to highly correlated (range 0.58—1.0)
with all lifetime reproduction traits in both BRAH and
TCOMP. Correlations with lifetime traits were also estimated
for pregnant-and-weaned, and tended to be of greater magnitude
for the lifetime traits for cows still in the herd at mating 6. Genetic
correlations of the cumulative mating 1 and 2 traits (from reduced
fixed effect models) with lifetime traits were of similar magnitude
to the genetic correlations of mating 2 traits (from full fixed effect
models) with lifetime traits.

Discussion

Reproduction rates in this experiment were similar to those from
other reports in tropical production systems (Entwistle 1983;
O’Rourke et al. 1995), and especially for the lower rates in
lactating cows (Frisch et al. 1987; Holroyd et al. 1990;
O’Rourke ef al. 1991; Fordyce et al. 1996; Schatz and
Hearnden 2008; Williams and Amstalden 2010). The genotype
differences seen were of similar order to the 13.4% mean calving
rate difference reported by Mackinnon ez al. (1989, 1990) using

Table 9. Heritabilities (hz) and additive variances (0,2\) for lifetime
reproduction traits for Brahman and Tropical Composite
See Table 2 for a description of traits. Approximate standard errors in brackets

Trait Brahman Tropical Composite
G " Ga s

Lifetime annual 0.0080  0.16 (0.08) 0.0018  0.04 (0.05)
calving rate

Lifetime annual 0.0077  0.11 (0.06) 0.0042  0.07 (0.06)
weaning rate

Average calving rate 0.0061  0.30 (0.11) 0.0021  0.15(0.09)
retained cows

Average weaning rate 0.0069  0.31(0.12) 0.0045 0.24 (0.11)

retained cows

Table10. Genetic and phenotypic correlations” among traits measured at mating 1 in Brahman and Tropical Composite
See Table 2 for description of traits. Approximate standard errors in brackets

Trait Conception rate Pregnancy rate Calving rate Weaning rate Days to calving
Brahman
Conception rate - 1.0 (0.01) 0.99 (0.03) 0.93 (0.11) —0.94 (0.05)
Pregnancy rate 0.95 - 1.0% (0.02) 0.93 (0.10) —0.96 (0.04)
Calving rate 0.84 0.87 - 0.87 (0.11) —0.96 (0.03)
Weaning rate 0.67 0.70 0.78 - —0.93 (0.10)
Days to calving -0.76 —-0.80 -0.92 -0.73 -
Tropical Composite

Conception rate - 0.72 (0.23) 0.93 (0.21) 0.69 (0.42) —0.64 (0.32)
Pregnancy rate 0.77 - 1.0 (0.06) 0.96 (0.22) —0.99 (0.09)
Calving rate 0.66 0.77 - 1.08 (0.14) —1.08 (0.03)
Weaning rate 0.41 0.48 0.63 - —0.95 (0.17)
Days to calving —0.58 -0.72 -0.89 —0.56 -

AGenetic above, phenotypic below; s.e. on phenotypic correlations ranged 0.01 to 0.03.

BEstimate exceeded bounds.
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Table11. Genetic correlations and phenotypic”* among traits measured at mating 2 (model included full fixed effects for lactation status and calf effects)
See Table 2 for trait descriptions. Approximate standard errors in brackets

Trait Conception  Pregnancy Calving Weaning Days to Days to Lactation anoestrous Lactation
rate rate rate rate calving cycling interval cyclicity rate
Brahman
Conception rate - 1.00 (0.01) 0.98 (0.03) 0.98 (0.05) —0.98 (0.04) —0.95 (0.05) —1.00 (0.05) 0.96 (0.05)
Pregnancy rate 0.94 - 0.97 (0.02) 0.95(0.05) —0.96 (0.04) —1.00 (0.05) ~1.0% (0.04) 1.00 (0.04)
Calving rate 0.87 0.91 - 1.00 (0.03) —0.99 (0.02) —0.95(0.07) —-1.00 (0.06) 1.0 (0.05)
Weaning rate 0.76 0.79 0.87 - —0.97 (0.06) —0.95 (0.09) —0.96 (0.09) 0.97 (0.08)
Days to calving —0.80 —0.85 —0.93 —-0.79 - 0.95 (0.08) 1.0% (0.07) —0.99 (0.07)
Days to cycling -0.71 -0.67 —0.62 —-0.55 0.58 - n.e. ~1.0% (0.02)
Lactation anoestrous interval -0.75 -0.72 —0.69 —0.65 0.70 n.e. n.e.
Lactation cyclicity rate 0.80 0.77 0.73 0.69 -0.71 -0.87 n.e. -
Tropical Composite
Conception rate - 1.0%(0.12)  0.93(0.10) 1.0%(0.22) —0.84 (0.14) —0.88 (0.18) —-0.90 (0.12) 0.95 (0.10)
Pregnancy rate 0.87 - 0.98 (0.08) 1.0%(0.24) —0.93(0.10) —0.90 (0.25) —0.92 (0.26) 0.99 (0.24)
Calving rate 0.81 0.88 - n.e. —0.98 (0.03) —0.88 (0.18) —0.83 (0.20) 0.86 (0.18)
Weaning rate 0.66 0.71 n.e. - 1.0* (0.11) —0.99 (0.24) —0.92 (0.26) 0.96 (0.25)
Days to calving -0.74 -0.82 -0.92 -0.77 - 0.86 (0.15) 0.75 (0.20) —0.87 (0.15)
Days to cycling —0.76 —0.67 —0.62 —0.53 0.60 - n.e. —0.96 (0.05)
Lactation anoestrous interval -0.78 —-0.69 —0.66 -0.58 0.67 n.e. - —-0.96 (0.04)
Lactation cyclicity rate 0.81 0.72 0.69 0.59 -0.64 -0.91 -0.93 -

AGenetic above, phenotypic below; s.e. on phenotypic range 0.01 to 0.02.
BEstimates exceeded bounds; n.e. not estimable or failed to converge.

Table 12. Genetic and phenotypic correlations for each trait across mating 1 and mating 2 from two models in Brahman and
Tropical Composite
See Table 2 for trait descriptions. Approximate standard errors in brackets

MODEL" Variance Conception rate Pregnancy rate Calving rate Weaning rate Days to calving
Brahman

FULL Genetic 0.03 (0.24) -0.02 (0.24) 0.18 (0.29) 0.48" (0.34) 0.55" (0.21)
Phenotypic 0.06 (0.04) 0.07 (0.04) 0.35 (0.04) 0.10® (0.05) 0.61% (0.03)

REDUCED Genetic —0.56 (0.18) —0.60 (0.17) —0.65 (0.20) —0.05 (0.41) -0.71 (0.20)
Phenotypic —0.33 (0.03) -0.33 (0.03) —0.34 (0.03) —0.33 (0.03) —0.33 (0.03)

Tropical Composite

FULL Genetic 0.17 (0.52) 0.45 (0.47) 0.63 (0.39) 0.82" (0.64) 0.40° (0.31)
Phenotypic 0.09 (0.04) 0.11 (0.04) 0.02 (0.04) —0.09" (0.04) 0.46" (0.03)

REDUCED Genetic 0.07 (0.55) 0.26 (0.51) 0.53 (0.40) 0.73 (0.53) —0.04 (0.40)
Phenotypic 0.04 (0.03) 0.06 (0.03) 0.04 (0.03) —0.04 (0.03) —0.05 (0.03)

AFULL = all significant fixed effects included; REDUCED = lactation status and calf fixed effects ignored.

Blog converged but parameters not converged.

the Belmont herd that comprised female ancestors of the BRAH
and TCOMP cows used in this study. However, the results are in
contrast to those of Prayaga (2004), using other generations from
the same herd, who reported no difference between Belmont Red
and BRAH in calving rate for lactating or non-lactating cows.
Genotype differences were not apparent for conception or
calving rates at the maiden mating, and reflect earlier results that
showed no difference in age at puberty and percent cycling into
first mating of these females (Johnston ez al. 2009). However, the
significantly lower weaning rate from the maiden mating suggests
greater calflosses in BRAH. A difference in weaning rate was also
observed for mating 2 in both lactating and non-lactating cows, as
well as in lifetime weaning rates. These differences suggest

further study is warranted, targeted at calf losses. The biggest
differences between the genotypes were in the reproductive
performance of lactating first-calf cows. The differences
derived from the longer lactation anoestrous interval in BRAH
and fewer cows that were cycling before weaning. The differences
were much lower in non-lactating cows.

Heritability estimates of reproduction rates at mating 1 on the
underlying scale were considerably larger than the mean of 0.05
for heifer conception rate reported in the review of Koots et al.
(1995). In Angus heifers, Minick Bormann ez al. (2006) reported a
heritability for heifer pregnancy rate of 0.13 on the underlying
scale, and Morris et al. (2000) an estimate of 0.12 on a linear scale.
Our estimates of heritabilities for binary traits on the underlying
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Table 13. Brahman estimates of the genetic and phenotypic correlations between early and lifetime reproduction traits: lifetime annual
calving rate (LACR) and weaning rate (LAWR) and average calving (ACR) and weaning rate (AWR) for retained cows
See Table 2 for trait descriptions. Approximate standard errors in brackets

Trait Genetic Phenotypic™

LACR LAWR ACR AWR LACR LAWR ACR AWR

Mating 1
Conception rate 0.61 (0.20)  0.47(0.26)  0.36(0.22)  0.21 (0.24) 0.40 0.30 0.37 0.31
Pregnancy rate 0.60 (0.20)  0.51(0.25)  0.32(0.22)  0.20 (0.24) 0.42 0.31 0.35 0.32
Calving rate 0.50 (0.25)  0.44(0.29)  0.28 (0.25)  0.21(0.27) 0.43 0.30 0.36 0.32
Weaning rate 0.98 (0.21)  0.99(0.18)  0.69 (0.26)  0.74 (0.25) 0.31 0.47 0.26 0.31
Days to calving -0.46 (0.26) -0.54 (0.27) —-0.21(0.27) -0.10(0.29) -0.43 -032  -035 -0.31
Mating 2 full model®
Days to cycling ~0.55(0.25) —0.60 (0.25) —1.0 (0.11) —0.99 (0.13) -028 -027 -042 -037
L. anoestrous interval —0.71(0.21) —0.62 (0.24) —1.0° (0.09) 1.0 (0.11) -046 038 -0.51 -045
L. cyclicity rate 0.59 (0.23)  0.53(0.26) 1.0€(0.09)  0.93(0.14) 0.49 0.37 0.51 0.45
Conception rate 0.90 (0.13) 0.76 (0.20) n.e. 1.00 (0.14) 0.56 0.45 n.e. 0.42
Pregnancy rate 0.75 (0.17) 0.69 (0.22) n.e. 1.0€ (0.15) 0.61 0.49 n.e. 0.43
Calving rate 0.89 (0.14)  0.81(0.19) 1.0° (0.14)  0.85(0.20) 0.69 0.56 0.56 0.47
Weaning rate 0.86 (0.19)  0.81(0.18) 1.0°(0.21)  0.78 (0.23) 0.59 0.65 0.47 0.48
Days to calving —1.0 (0.11)  —0.96 (0.17) n.e. ~1.0% (0.20) -0.68  -0.55 ne.  —0.42
Mating 2 reduced model®

Days to cycling 0.06 (0.29) -0.05(0.31) -0.67 (0.23) —0.63 (0.23) 0.00 0.06 -0.18 —0.09
L. anoestrous interval -0.84 (0.18) —0.71 (0.22) n.e. ~1.0 (0.10) —0.46 -0.39 n.e. —0.44
L. cyclicity rate 0.74 (0.19)  0.58 (0.24) 1.0° (0.08)  0.99 (0.12) 0.49 0.36 0.51 0.44
Conception rate 0.34(0.29)  0.27(0.32) 1.0°(0.20)  0.71 (0.24) 0.26 0.15 0.26 0.14
Pregnancy rate 0.20 (0.30)  0.22(0.32) 1.00 (0.23)  0.76 (0.26) 0.31 0.19 0.26 0.14
Calving rate 0.13(0.32)  0.31(0.33)  0.78(0.28)  0.55(0.31) 0.39 0.26 0.28 0.16
Weaning rate 0.11(0.34)  0.20(0.34)  0.66 (0.33)  0.47 (0.33) 0.34 0.37 0.24 0.20
Days to calving —0.14 (0.34)  —0.36 (0.37) —0.80 (0.34) —0.60 (0.35) -034 -021 -022 -0.10
Total calves born 1 + 2 0.82(0.16)  0.79(0.24)  0.75(0.20)  0.58 (0.26) 0.71 0.50 0.62 0.46
Total calves weaned 1 + 2 0.93 (0.15)  0.84(0.14)  0.97(0.18)  0.71 (0.21) 0.58 0.71 0.52 0.60
Pregnant-and-weaned 0.55(0.21)  0.59(0.23)  0.98 (0.13)  0.84 (0.16) 0.43 0.42 0.49 0.47

AAll approximate standard errors ranged 0.02 to 0.04.

BEULL = all significant fixed effects included; REDUCED = lactation status and calf fixed effects ignored.

CEstimates exceeded bounds; n.e. = not estimable or failed to converge.

scale were higher than the observed or linear scales, and this is
common. Estimates on the observed scale were often
considerably lower in TCOMP as a result of their generally
higher mean levels of the reproductive traits. Also as a
consequence of this, estimates of genetic correlations for
TCOMP yielded some very large standard errors. These results
were included for completeness and to allow possible trends to be
observed. The heritabilities at mating 1, particularly for BRAH,
suggest there is considerable potential to genetically change
maiden heifer reproductive rates under the production systems
in this study. This is supported by BRAH selection line results of
Schatz et al. (2010), where a 35% difference in heifer pregnancy
rates was observed between a selection line and an industry
control line. Davis et al. (1993) also reported a 15% difference
in heifer pregnancy rate between divergent Droughtmaster
selection lines. Large genetic differences in heifer age at
puberty, observed by Johnston et al. (2009), are likely to be
contributing to differences in heifer reproductive performance in
both these two selection experiments and the present study.
Lactation anoestrus was clearly evident in this study and had a
large influence on the reproductive outcomes from the second
mating (i.e. at first re-breed). For BRAH, anoestrus up to the time

of weaning was observed in almost half the first-lactation cows.
Many experiments have reported extended postpartum
anoestrous intervals (e.g. Baker 1968; Davis et al. 1993;
Fordyce et al. 1997; Prayaga 2004) and McSweeney et al.
(1993) reported weaning was required to break the anoestrus
in Droughtmaster cows. Mating 2 heritability estimates, and
particularly those associated with anoestrus in first-lactation
cows, were moderate to large and are a key finding from this
study. It shows a significant contribution of genetics to this
commonly observed phenomenon in tropical cattle, and is
further supported by the large between genotype differences in
these traits that were also observed. The underlying physiological
mechanisms of anoestrus in cattle have been well documented
(Randel 1990; Short et al. 1990; Abeygunawardena and
Demarawewa 2004; Montiel and Ahuja 2005; Williams and
Amstalden 2010). Most studies have identified key factors
influencing the anoestrous interval, but few, if any, have
considered the role of genetics outside of noting that breed
differences may exist. There are very few literature estimates
of'the heritability of anoestrous interval in beef cattle. Morris et al.
(2000) reported a heritability of 0.11 for calving to conception
interval in mixed age Angus cows. Mialon et al. (2000) estimated
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Table 14. Tropical Composite estimates of the genetic and phenotypic correlations between early and lifetime reproduction traits:
lifetime annual calving rate (LACR) and weaning rate (LAWR) and average calving (ACR) and weaning rate (AWR) for retained cows
See Table 2 for trait descriptions. Approximate standard errors in brackets

Trait Genetic Phenotypic™

LACR LAWR ACR AWR LACR LAWR ACR AWR

Mating 1
Conception rate 0.56 (0.53)  0.54(0.45) -0.01(0.56)  0.07 (0.48) 0.42 0.33 0.16 0.10
Pregnancy rate 1.0°(0.26)  0.65(0.30)  0.24(0.39)  0.16 (0.36) 0.43 0.35 0.23 0.16
Calving rate 0.78 (0.33)  0.56(0.32)  0.32(0.37)  0.27 (0.35) 0.54 0.43 0.29 0.24
Weaning rate 0.89 (0.48)  0.86(0.28)  0.65(0.38)  0.66 (0.28) 0.32 0.52 0.08 0.36
Days to calving —0.75(0.30) —0.57 (0.30) —0.30(0.36) —0.19(0.34) —0.53 -043 030 -0.26
Mating 2 full model®
Days to cycling ~0.91 (0.46) —0.99 (0.34) —1.0°(0.22) —0.63 (0.24) -032 -030 -039 -0.34
L. anoestrous interval ~1.0°(0.46) —0.87(0.32) —0.93(0.22) —0.55(0.24) —0.51 -043 042 036
L. cyclicity rate 1.0°(0.56)  0.66 (0.36)  0.66 (0.29)  0.18 (0.31) 0.51 0.42 0.41 0.35
Conception rate 1.0€ (0.45) 1.0€ (0.34) 1.0°(0.30)  0.76 (0.25) 0.53 0.43 0.47 0.39
Pregnancy rate 1.0 (0.32) 1.0°(0.34)  0.77(0.39)  0.49 (0.40) 0.60 0.48 0.51 0.39
Calving rate 0.96 (0.25)  0.91(0.29)  0.76 (0.29)  0.64 (0.28) 0.68 0.52 0.53 0.41
Weaning rate 1.0€(0.35)  0.85(0.28) 1.00 (0.28)  0.84(0.22) 0.56 0.65 0.40 0.50
Days to calving —-0.97 (0.20) —0.76 (0.25) —0.79 (0.25) —0.62 (0.26) -0.68 055 051 -041
Mating 2 reduced model®

Days to cycling —0.95 (0.57) —0.89 (0.49) —1.0°(0.29) —0.63 (0.31) -0.18 -0.08 -036 -0.23
L. anoestrous interval ~1.0°(0.45) -0.83(0.32) —0.92(0.22) —0.54 (0.24) -0.52 044 042 -047
L. cyclicity rate 1.0°(0.55)  0.64(0.36)  0.66 (0.29)  0.17 (0.31) 0.51 0.42 0.41 0.36
Conception rate 1.0 (0.49) 1.0€ (0.39) 1.0°(0.37)  0.71 (0.29) 0.40 0.30 0.46 0.31
Pregnancy rate 0.86 (0.47)  0.95(0.47)  0.77(0.43)  0.35(0.45) 0.48 0.36 0.49 0.33
Calving rate 0.89 (0.33)  0.83(0.37)  0.78(0.31)  0.61(0.31) 0.55 0.41 0.52 0.35
Weaning rate 1.0°(0.42)  0.83(0.39)  0.98(0.28)  0.81(0.26) 0.45 0.52 0.40 0.43
Days to calving —-0.79 (0.30) —0.63 (0.33) —0.78 (0.27) —0.62 (0.27) -0.52 -038 048 031
Total calves born 1 + 2 1.0°(0.16)  0.89(0.19)  0.81(0.20)  0.60 (0.26) 0.74 0.59 0.65 0.47
Total calves weaned 1 + 2 1.0°(0.34)  0.92(0.19)  0.75(0.22)  0.71(0.18) 0.57 0.72 0.42 0.64
Pregnant-and-weaned 1.0 (0.49) 1.0°(0.24)  0.86(0.23)  0.64 (0.24) 0.49 0.53 0.45 0.52

AAll approximate standard errors ranged 0.02 to 0.04.

BEULL = all significant fixed effects included; REDUCED = lactation status and calf fixed effects ignored.

CEstimates exceeded bounds.

a heritability of 0.35 for postpartum interval to first positive
progesterone test in mixed age Charolais cows. Anovulation
has been observed in dairy cattle studies; Bamber et al. (2009)
reported a heritability of 0.17 on the underlying scale, and
suggested selection against abnormally long intervals could be
used to improve dairy cattle reproduction.

Heritabilities of lifetime reproduction traits were low, but were
similar or larger than other published estimates (see reviews of
Davis 1993; Koots et al. 1995; Cammack et al. 2009). Morris and
Cullen (1994) reported a heritability of 0.04 for lifetime
pregnancy rate to five matings in mixed Bos taurus breeds
using a similar trait definition as in this study. Balieiro et al.
(2008) also reported a heritability of 0.04 in Nellore cows for
lifetime productivity defined simply as the total number of calves
up to 6 years of age. The heritability estimates for lifetime calving
rate were generally in agreement with previous estimates from the
Belmont herd where Mackinnon et al. (1990) reported calving
rate heritabilities on the linear scale very similar for BRAH (0.13)
but higher for Belmont Reds (0.15) compared with our estimate
for TCOMP. Similarly, Meyer et al. (1990) estimated a
heritability of 0.17 for lifetime calving rate and 0.36 for total
calves born for Belmont Reds from the same population. These

higher estimates most likely reflect the lower average calving rate
(64%) seen in the data of Meyer et al. (1990) to that for TCOMP
(83%) in the present study.

The heritability estimate for days to calving from Meyer et al.
(1990) 0f 0.09 was similar to the 0.07 reported by Burrow (2001)
from records for the first three matings, but both were lower than
our estimates in TCOMP for the first two matings. The significant
divergence in cow pregnancy rates generated in selection lines of
Droughtmaster cattle in a Northern Australia production
environment (Hetzel et al. 1989; Davis et al. 1993) supports
the present estimates. The considerable phenotypic variance
observed for many of the reproductive traits means response to
selection could be considerable, and as suggested by Davis et al.
(1993), the gains from such selection are expected to be far greater
those from simply culling non-pregnant cows.

Several of the traits recorded at the first two matings were
moderately to highly genetically correlated with lifetime
reproduction rates, and although their estimates had large
standard errors consistently the correlations suggest rates of
genetic progress in lifetime reproduction can be increased by
selecting on these moderate to high heritability traits measured
earlier-in-life. The measurements that were correlated with the
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lifetime traits represented a range in both genotypes, from
ultrasound scanning of a conception, to manual palpation for
pregnancy, through to observations of a calf born and the number
of days to the birth of a calf. The generally consistent sign of
this range of associations is support for the genetic correlations
with lifetime traits being real and also suggests there can be
flexibility in recording systems to capture this genetic variation.
The results also show the trait days to calving is highly correlated
with the other measures and those breeds currently using this
BREEDPLAN trait (Graser et al. 2005) in selection will also be
improving early and lifetime performance.

In BRAH, mating 2 trait genetic correlations were generally
more predictive of lifetime reproductive performance, than were
traits at mating 1, provided the estimates were from models that
adjusted for lactation status and calf fixed effects. Correlations
were low from models that did not fit the full fixed effects,
suggesting reproductive performance at mating 2 is only
predictive of lifetime performance when there is knowledge of
the outcome of mating 1. This trend was less obvious for traits
defined for lactating cows and for combinations of mating 1 and
2 outcomes, where, high to very high correlations with
lifetime reproduction were already observed. In TCOMP,
mating 2 trait genetic correlations with lifetime performance
approached unity for many traits, and suggests the majority of
the genetic variance in lifetime reproduction is associated
with differences in reproductive performance at the first two
matings. This conclusion is also supported by the results of
Burrow (2001) and Martinez et al. (2004) in US Herefords.

This study has shown there is considerable genetic
variation for lifetime female reproduction in tropical beef
cattle, and several traits recorded early at the first two matings
are highly correlated with lifetime performance. Potentially
other traits recorded in the total experiment may also be
useful in assisting with increasing rates of gain in lifetime
reproduction rates such as age at puberty (Johnston et al.
2009), heifer and female body composition (Barwick et al.
2009h; Wolcott et al. 2014) and male reproduction traits
(Corbet et al. 2013).

Conclusions

Lifetime female reproductive rates had low heritabilities in both
BRAH and TCOMP cattle but components of earlier-in-life
reproductive performance, particularly those at first re-breed in
lactating cows, had higher heritabilities. Importantly selection to
improve these early-in-life reproduction traits will result in
improved lifetime annual reproduction rates. Opportunities
exist, particularly in BRAH, to improve lifetime weaning rates
though selection. Recording systems of seedstock herds need to
be able to capture the required data. Enhancements may be
required for genetic evaluation systems to evaluate
reproduction by incorporating these new female traits,
applying appropriate variance component estimates in a full
multiple trait framework.

Acknowledgements

The authors acknowledge the financial support of the Cooperative Research
Centre for Beef Genetic Technologies, Meat and Livestock Australia and the

Animal Production Science 13

Australian Centre for International Agricultural Research (ACIAR). We
acknowledge the tremendous contributions of the Beef CRC supporting
participants (Australian Agricultural Co., C and R Briggs, Consolidated
Pastoral Co., North Australian Pastoral Co., Stanbroke Pastoral Co., J and
SM Halbersater, GE and J McCamley, S Kidman and Co, MDH Pty Ltd, and
CSIRO). We acknowledge the tremendous contributions of the AgForce,
QDPI&F and CSIRO for access to Queensland research stations and
cattle. We also gratefully acknowledge all Beef CRC participants,
including scientists, technical and support staff, who contributed to cattle
management, data collection and data handling. We especially acknowledge
the contributions of Tim Grant, Mick Sullivan, Tracy Longhurst, Neil Cooper,
Peggy Olsson, Ken Olsson, Alena Ladd, Rebecca Hall, Trudy Obst, Kate
Pratt, Steve O’Connor, Debra Corbet, Russ Tyler, Cindy McCartney, Lisa
Hutchinson, Ruth Coates, Jared Heath, Megan Debney (DAFF, Queensland),
Warren Sim, Kishore Prayaga, Rob Young, Graeme Halford (dec.), John
Quilty, Lindsay Cranston, Scott Prewett, Peter Corbett, Ernie Young, Adele
Weaver, Keith Harder, Wayne Flintham, Phil Orchard (CSIRO), Matt Wolcott
and Jim Cook (AGBU), Dianne Vankan and Emily Piper (University of
Queensland).

References

Abeygunawardena H, Demarawewa CMB (2004) Pre-pubertal and
postpartum anoestrus in tropical Zebu cattle. Animal Reproduction
Science 82-83, 373-387. doi:10.1016/j.anireprosci.2004.05.006

Baker AA (1968) Oestrus and ovarian activity in lactating Sahiwal-Shorthorn
beefcows in south-eastern Queensland. Proceedings of Australian Society
of Animal Production 7, 172-176.

Baker AA (1969) Post partum anoestrus in cattle. Australian Veterinary
Journal 45, 180—183. doi:10.1111/j.1751-0813.1969.tb01925.x

Balieiro JCC, Fler JP, Ferraz JBS, Mattos EC, Balieiro CC (2008) Genetic
parameters for productive life traits and reproductive efficiency traits at
6 years in Nellore cattle. Genetics and Molecular Research7,1312-1318.
doi:10.4238/vol7-4gmr547

Bamber RL, Shook GE, Wiltbank MC, Santos JEP, Fricke PM (2009)
Genetic parameters for anovulation and pregnancy loss in dairy cattle
Journal of Dairy Science 92, 5739-5753. doi:10.3168/jds.2009-2226

Barwick SA, Wolcott ML, Johnston DJ, Burrow HM, Sullivan M (2009a)
Genetics of steer daily feed intake and residual feed intake in tropical beef
genotypes and relations among intake, body composition, growth and
other post weaning measures. Animal Production Science 49, 351-366.
doi:10.1071/EA08249

Barwick SA, Johnston DJ, Burrow HM, Holroyd RG, Fordyce G, Wolcott
ML, Sim W, Sullivan M (20095) Genetics of heifer performance in ‘wet’
and ‘dry’ seasons and their relationships with steer performance in two
tropical beef genotypes. Animal Production Science 49, 367-382.
doi:10.1071/EA08273

Buddenberg BJ, Brown CJ, Johnston ZB, Dunn JE, Peterson HP (1989)
Heritability estimates of pregnancy rate in beef cows under natural mating.
Journal of Animal Science 67, 2589-2594.

Burns BM, Corbet NJ, Corbet DH, Crisp JM, Venus BK, Johnston DJ, Li Y,
McGowan MR, Holroyd RG (2013) Male traits and herd reproductive
capability in tropical beef cattle. 1. Experimental design and animal
measures. Animal Production Science 53, 87-100. doi:10.1071/
AN12162

Burrow HM (2001) Variances and covariances between productive and
adaptive traits and temperament in a composite breed of tropical beef
cattle Livestock Production Science 70, 213-233. doi:10.1016/S0301-
6226(01)00178-6

Burrow HM, Johnston DJ, Barwick SA, Holroyd RG, Barendse W, Thompson
IM, Griffith GR, Sullivan M (2003) Relationships between carcass and
beef quality and components of herd profitability in northern Australia.
Proceedings for the Association for the Advancement of Animal Breeding
and Genetics 15, 359-362.


dx.doi.org/10.1016/j.anireprosci.2004.05.006
dx.doi.org/10.1111/j.1751-0813.1969.tb01925.x
dx.doi.org/10.4238/vol7-4gmr547
dx.doi.org/10.3168/jds.2009-2226
dx.doi.org/10.1071/EA08249
dx.doi.org/10.1071/EA08273
dx.doi.org/10.1071/AN12162
dx.doi.org/10.1071/AN12162
dx.doi.org/10.1016/S0301-6226(01)00178-6
dx.doi.org/10.1016/S0301-6226(01)00178-6

14 Animal Production Science

Cammack KM, Thomas MG, Enns RM (2009) Review: reproductive traits
and their heritabilities in beef cattle. The Professional Animal Scientist 25,
517-528.

Corbet NJ, Burns BM, Johnston DJ, Wolcott ML, Corbet DH, Venus BK,
Li Y, McGowan MR, Holroyd RG (2013) Male traits and herd
reproductive capability in tropical beef cattle. 2. Genetic parameters
of bull traits. Animal Production Science 53, 101-113. doi:10.1071/
AN12163

Davis GP (1993) Genetic parameters for tropical beef cattle in northern
Australia: a review. Australian Journal of Agricultural Research 44,
179-198. doi:10.1071/AR9930179

Davis GP, Corbet NJ, Mackinnon MJ, Hetzel DJS, Entwistle KW, Dixon R
(1993) Response in female fertility and calf growth to selection for
pregnancy rate in tropical beef -cattle. Australian Journal of
Agricultural Research 44, 1509-1521. doi:10.1071/AR9931509

Entwistle KW (1983) Factors influencing reproduction in beef cattle in
Australia. Australian Meat Research Committee Review 43, 1-30.

Entwistle KW, Fordyce G (2003) ‘Evaluating and reporting bull fertility.’
(Australian Cattle Veterinarians: Eight Mile Plains, Qld)

Fordyce G, Cooper NJ, Kendall IE, O’Leary BM, de Faveri J (1996) Creep
feeding and pre-partum supplementation effects on growth and fertility of
Brahman cross cattle in the dry tropics. Australian Journal of
Experimental Agriculture 36, 389-395. doi:10.1071/EA9960389

Fordyce G, Fitzpatrick LA, Mullins TJ, Cooper NJ, Reid DJ, Entwistle KW
(1997) Pre-partum supplementation effects on growth and fertility in Bos
indicus cross cows. Australian Journal of Experimental Agriculture 37,
141-149. doi:10.1071/EA96015

Fordyce G, Entwistle K, Norman S, Perry V, Gardiner B, Fordyce P (2006)
Standardising bull breeding soundness evaluations and reporting in
Australia. Theriogenology 66, 1140—1148. doi:10.1016/j.theriogenology.
2006.03.009

Frisch JE, Munro RK, O’Neill CJ (1987) Some factors related to calf crops of
Brahman, Brahman crossbred and Hereford x Shorthorn cows in a stress
tropical environment. Animal Reproduction Science 15, 1-26. doi:10.
1016/0378-4320(87)90002-9

Gilmour AR, Cullis BR, Welham SJ, Gogel B, Thompson R (2004) An
efficient computing strategy for prediction in linear mixed models.
Computational Statistics & Data Analysis 44, 571-586. doi:10.1016/
S0167-9473(02)00258-X

Gilmour AR, Gogel BJ, Cullis BR, Thompson R (2009) ‘ASRemL user guide.
Release 3.0.” (VSN International: Hemel Hempstead, UK)

Graser H-U, Tier B, Johnston DJ, Barwick SA (2005) Genetic evaluation for
the beef industry in Australia. Australian Journal of Experimental
Agriculture 45, 913-921. doi:10.1071/EA05075

Hetzel DJS, Mackinnon MJ, Dixon R, Entwistle KW (1989) Fertility in a
tropical beef herd divergently selected for pregnancy rate. Animal
Production 49, 73-81. doi:10.1017/S0003356100004268

Holroyd RG, James TA, Anderson VJ, Fordyce G, Tyler R, O’'Rourke PK
(1990) The performance of Brahman-Shorthorn and Sahiwal-Shorthorn
beefcattle in the dry tropics of northern Queensland. 2. Reproductive rates
and liveweight of F2 ef seq. females. Australian Journal of Experimental
Agriculture 30, 727-733. doi:10.1071/EA9900727

Johnston DJ, Bunter KL (1996) Days to calving in Angus cattle:
genetic and environmental effects and covariances with other traits.
Livestock Production Science 45, 13-22. doi:10.1016/0301-6226(95)
00088-7

Johnston DJ, Barwick SA, Corbet NJ, Fordyce G, Holroyd RG, Williams PJ,
Burrow HM (2009) Genetics of heifer puberty in two tropical beef
genotypes in northern Australia and associations with heifer- and steer-
production traits. Animal Production Science 49, 399-412. doi:10.1071/
EA08276

Koots KR, Gibson JP, Smith C, Wilton JW (1995) Analyses of published
genetic parameter estimates for beef production traits. 1. Heritability.

Animal Breeding Abstracts 62, 309-338.

D. J. Johnston et al.

Mackinnon MJ, Hetzel DJS, Taylor JF (1989) Genetic environment effects on
the fertility of beef cattle in a tropical environment. Australian Journal of
Agricultural Research 40, 1085-1097.

Mackinnon MJ, Taylor JF, Hetzel DJS (1990) Genetic variation and
covariation in beef cow and bull fertility. Journal of Animal Science
68, 1208—1214.

Martinez GE, Koch RM, Cundiff LV, Gregory KE, Van Vleck LD (2004)
Number of calves born, number calves weaned, and cumulative weaning
weight as measures of lifetime production for Hereford cows. Journal of
Animal Science 82, 1903—-1911.

McSweeney CS, Kennedy PM, D’Occhio MJ, Fitzpatrick LA, Reid D,
Entwistle KW (1993) Reducing part-partum anoestrous interval in
first-calf Bos indicus crossbred beef heifers. II. Response to weaning
and supplementation. Australian Journal of Agricultural Research 44,
1079-1092. doi:10.1071/AR9931079

Meyer K, Hammond K, Parnell PF, Mackinnon MJ, Sivarajasingam S (1990)
Estimates of heritabilities and repeatabilities for reproductive traits in
Australian beef cattle. Livestock Production Science 25, 15-30.
doi:10.1016/0301-6226(90)90038-8

Mialon M-M, Renand G, Krauss D, Menissier F (2000) Genetic variability of
the length of postpartum anoestrus in Charolais cows and its relationship
with age at puberty. Genetics, Selection, Evolution. 32, 403-414.
doi:10.1186/1297-9686-32-4-403

Minick Bormann J, Totir LR, Kachman SD, Fernando RL, Wilson DE (2006)
Pregnancy rate and first-service conception rate in Angus heifers. Journal
of Animal Science 84, 2022-2025. doi:10.2527/jas.2005-615

Montiel F, Ahuja C (2005) Body composition and suckling as factors
influencing the duration of postpartum anestrus in cattle: a review.
Animal Reproduction Science 85, 1-26. doi:10.1016/j.anireprosci.
2003.11.001

Morris CA, Cullen NG (1994) A note on genetic correlations between pubertal
traits of males or females and lifetime pregnancy rate in beef cattle.
Livestock Production Science 39, 291-297. doi:10.1016/0301-6226(94)
90291-7

Morris CA, Wilson JA, Bennett GL, Cullen NG, Hickey SM, Hunter JC
(2000) Genetic parameters for growth, puberty, and beef cow reproductive
traits in a puberty selection experiment. New Zealand Journal of
Agricultural Research 43, 83-91. doi:10.1080/00288233.2000.9513411

O’Rourke PK, Doogan VJ, Robertson DJ, Cooke D (1991) Prediction of
conception rate in extensive beef herds in north-western Australia. 2.
Continuous mating and minimal management. Australian Journal of
Experimental Agriculture 31, 9-14. doi:10.1071/EA9910009

O’Rourke PK, Fordyce G, Holroyd RG, Loxton ID (1995) Mortality, wastage
and lifetime productivity of Bos indicus cows under extensive grazing in
northern Australia. 1. Seasonal mating in the speargrass region. Australian
Journal of Experimental Agriculture 35, 285-295. doi:10.1071/
EA9950285

Petersson K-J, Berglund B, Strandberg E, Gustafsson H, Flint APF,
Woolliams JA, Royal MD (2007) Genetic analysis of postpartum
measures of luteal activity in dairy cows. Journal of Dairy Science 90,
427-434. doi:10.3168/jds.S0022-0302(07)72644-9

Prayaga KC (2004) Evaluation of beef cattle genotypes and estimation of
direct and maternal genetic effects in a tropical environment. 3. Fertility
and calf survival traits. Australian Journal of Agricultural Research 55,
811-824. doi:10.1071/AR04055

Prayaga KC, Corbet NJ, Johnston DJ, Wolcott ML, Fordyce G, Burrow HM
(2009) Genetics of adaptive traits in heifers and their relationship to
growth, pubertal and carcass traits in two tropical beef cattle genotypes.
Animal Production Science 49, 413-425. doi:10.1071/EA08247

Randel RD (1990) Nutrition and postpartum rebreeding in cattle. Journal of
Animal Science 68, 853-862.

Schatz TJ, Hearnden MN (2008) Heifer fertility on commercial cattle
properties in the Northern Territory. Australian Journal —of
Experimental Agriculture 48, 940-944. doi:10.1071/EA08057


dx.doi.org/10.1071/AN12163
dx.doi.org/10.1071/AN12163
dx.doi.org/10.1071/AR9930179
dx.doi.org/10.1071/AR9931509
dx.doi.org/10.1071/EA9960389
dx.doi.org/10.1071/EA96015
dx.doi.org/10.1016/j.theriogenology.2006.03.009
dx.doi.org/10.1016/j.theriogenology.2006.03.009
dx.doi.org/10.1016/0378-4320(87)90002-9
dx.doi.org/10.1016/0378-4320(87)90002-9
dx.doi.org/10.1016/S0167-9473(02)00258-X
dx.doi.org/10.1016/S0167-9473(02)00258-X
dx.doi.org/10.1071/EA05075
dx.doi.org/10.1017/S0003356100004268
dx.doi.org/10.1071/EA9900727
dx.doi.org/10.1016/0301-6226(95)00088-7
dx.doi.org/10.1016/0301-6226(95)00088-7
dx.doi.org/10.1071/EA08276
dx.doi.org/10.1071/EA08276
dx.doi.org/10.1071/AR9931079
dx.doi.org/10.1016/0301-6226(90)90038-8
dx.doi.org/10.1186/1297-9686-32-4-403
dx.doi.org/10.2527/jas.2005-615
dx.doi.org/10.1016/j.anireprosci.2003.11.001
dx.doi.org/10.1016/j.anireprosci.2003.11.001
dx.doi.org/10.1016/0301-6226(94)90291-7
dx.doi.org/10.1016/0301-6226(94)90291-7
dx.doi.org/10.1080/00288233.2000.9513411
dx.doi.org/10.1071/EA9910009
dx.doi.org/10.1071/EA9950285
dx.doi.org/10.1071/EA9950285
dx.doi.org/10.3168/jds.S0022-0302(07)72644-9
dx.doi.org/10.1071/AR04055
dx.doi.org/10.1071/EA08247
dx.doi.org/10.1071/EA08057

Genetics of female reproduction traits in cows

Schatz TJ, Jayawardhana GA, Golding R, Hearnden MN (2010) Selection for
fertility traits in Brahmans increases heifer pregnancy rates from yearling
mating. Animal Production Science 50, 345-348. doi:10.1071/AN09165

Short RE, Bellows RA, Staigmiller RB, Berardinelli JG, Custer EE (1990)
Physiological mechanisms controlling anestrus and infertility in
postpartum beef cattle. Journal of Animal Science 68, 799-816.

Wall E, Brotherstone S, Woolliams JA, Banos G, Coffey MP (2003) Genetic
evaluation of fertility using direct and correlated traits. Journal of Dairy
Science 86, 4093—4102. doi:10.3168/jds.S0022-0302(03)74023-5

Animal Production Science 15

Williams GL, Amstalden M (2010) Understanding postpartum anestrus and
puberty in the beef female. In ‘Proceedings of applied reproductive
strategies in beef cattle. San Antonio, TX’. pp. 55-71. Available at
http://www.appliedreprostrategies.com/2010/January/newsroom.html
[Verified 3 May 2013]

Wolcott ML, Johnston DJ, Barwick SA, Corbett NJ, Williams PJ (2014) The
genetics of cow growth and body composition at first calving in two
tropical beef genotypes. Animal Production Science 54, 37-49.
doi:10.1071/AN12427

www.publish.csiro.au/journals/an


dx.doi.org/10.1071/AN09165
dx.doi.org/10.3168/jds.S0022-0302(03)74023-5
www.appliedreprostrategies.com/2010/January/newsroom.html
dx.doi.org/10.1071/AN12427

