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Abstract. Research into the genetics of whole herd profitability has been a focus of the Beef Cooperative Research Centre
for BeefGenetic Technologies over the past decade and it has been identified thatmeasures ofmale reproductionmay offer a
potential indirect means of selecting for improved female reproduction. This paper describes the experimental design and
provides a descriptive analysis of an array of male traits in Brahman and Tropical Composite genotypes managed under the
medium to high stress, semi-extensive to extensive production systems of northern Australia. A total of 1639 Brahman and
2424 Tropical Composite bulls with known pedigrees, bred and raised in northern Australia, were evaluated for a
comprehensive range of productive and reproductive traits. These included blood hormonal traits (luteinising hormone,
inhibin and insulin-like growth factor-I); growth and carcass traits (liveweight, body condition score, ultrasound scanned
12–13th rib fat, rump P8 fat, eyemuscle area and hip height); adaptation traits (flight time and rectal temperature); and a bull
breeding soundness evaluation (leg and hoof conformation, sheath score, length of everted prepuce, penile anatomy, scrotal
circumference, semen mass activity, sperm motility and sperm morphology). Large phenotypic variation was evident for
most traits,with complete overlap betweengenotypes, indicating that there is likely to be a significant opportunity to improve
bull fertility traits through management and bull selection.
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Introduction

Beef is Australia’s most valuable agricultural export
commodity. However, with only 2.5% of the world’s cattle
numbers and 23% of the world’s beef trade there is a need for
Australia to embrace a greatly increased and smarter use of
new technologies if the industry is to remain globally
competitive and profitable.

In an analysis of the northernAustralianbeef status,McCosker
et al. (2009) reported that weaning rates of less than 50% were
commonplace in many northern Australian beef cattle herds.
Weaning rates of this magnitude in Bos indicus and Bos
indicus crossbred cattle were subsequently supported by a
review of factors that impact on reproduction in beef cattle
females (Burns et al. 2010) and by a recent survey of herds in
northern Australia (McCosker et al. 2011). Herd reproductive
performance could be improved if traits in males could be
identified that were genetically correlated with female

reproductive traits and these male traits were able to be
measured early in life and at low cost. Prior to the
commencement of the current Cooperative Research Centre
for Beef Genetic Technologies (Beef CRC) research projects
in Australia, little genetic information on bovine male
reproductive traits and their associations with components of
female reproduction rate was available apart from scrotal size
(Burns et al. 2011).

While some favourable relationships have been reported
between scrotal circumference (SC) and sperm morphology
traits (Dias et al. 2008) and SC and female reproductive traits
(Meyer et al. 1991; Eler et al. 2006), apart from the studies of
Holroyd et al. (2002a), Schatz et al. (2010) and Siqueira et al.
(2012), research to identify relationships between semen
quality traits and female reproductive performance in tropical
genotypes is limited. The identification of new traits in
tropically adapted males to indirectly improve reproductive
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performance of both male and female relatives has both
genetic and economic advantages for the northern Australian
beef industry. A reduction in the number of bulls required for
breeding throughout northern Australia by up to 50% has been
estimated if early-in-life predictors of an individual’s future
reproductive performance can be identified (Holroyd et al.
2002a). Therefore, the successful evaluation and identification
of relationships between bulls’ reproductive traits and the
reproductive performance of the herd, coupled with a higher
selection pressure on the bulls, will enable increased rates of
genetic improvement in herd reproductive performance and
subsequent herd profitability.

The objective of the Beef CRC research was to define the
genetic control of traditional and novel measures of male
reproductive performance and their genetic correlation with
critically important female traits, including age at puberty,
lactation anoestrous and traits associated with female lifetime
reproductive performance. This paper describes the design of
the longitudinal genetic study, the methodology used and
presents descriptive statistics for the male reproductive traits
measured in two tropically adapted genotypes. Subsequent
papers in this series will examine the environmental effects
responsible for trait variation and provide genetic parameter
estimates.

Research project details

Ethics approval

Conduct of Male Traits to Improve Female Fertility Project was
approved for 2005–06 and 2006–11 by the J. M. Rendel
Laboratory Animal Experimental Ethics Committee (CSIRO,
Queensland) as approvals RH198/04 and RH219/06,
respectively.

Design

The initial design of this study aimed to generate ~3500 male
progeny across the two genotypes to allow the estimation of
genotype-specific [Brahman (BRAH) and Tropical Composite
(TCOMP)] heritabilities and genetic correlations for the male
reproduction traits and subsequently to estimate genetic
correlations with female reproduction traits using dam/son
relationships. The progeny were generated by natural mating
from the cows involved in the female reproduction experiment
described by Barwick et al. (2009a) and Johnston et al. (2009).
Approximately 80–100 sires per genotype were initially planned
to be used to generate ~20 male progeny per sire. However, the
actual numbers of progeny generated and sires used differed to

those forecast due to variation created by the bull to cow mating
ratios used, the multiple sire natural mating practice, differences
in sex ratios and differences in weaning rates across pre-weaning
locations and genotypes. Table 1 summarises the actual sire and
bull progenydistributions in the dataset for thoseyoungbullswith
a known sire and at least a weaning weight record. In summary, a
total of 60 BRAH and 76 TCOMP sires were represented in the
dataset with an average of 30 bull progeny per sire. Of these sires,
40 were used across years at more than one location to form
genetic links.

Animals

Male progenywere generated from tropically adaptedBRAHand
TCOMP cow herds at DEEDI and CSIRO research stations
located throughout central, north-east and north-west
Queensland in tropical and subtropical northern Australia.
Brian Pastures Research Station (BP), latitude 25.66�S,
longitude 151.75�E, is located near Gayndah (TCOMP);
Swans Lagoon Beef Cattle Research Station (SL), latitude
19.62�S, longitude 147.38�E, is located near Millaroo via Ayr
(BRAH); Toorak Research Station (TK), latitude 21.03�S,
longitude 141.80�E, is located near Julia Creek (both BRAH
and TCOMP); Brigalow Research Station (BRG), latitude
24.84�S, longitude 149.80�E, is located near Theodore
(TCOMP) and was used as a temporary site to manage a
proportion of the BP and TK breeding female herds during
severe drought conditions; and the CSIRO Belmont Research
Station (BEL), latitude 23.22�S, longitude 150.38�E, is located
near Rockhampton (both BRAH and TCOMP). The breeding
females (generation 1) located at these sites were intensively
measured for early growth (Barwick et al. 2009b), age at
puberty (Johnston et al. 2009) and adaptation (Prayaga et al.
2009). In brief, the cows consisted of two genotypes, BRAH
(n = 1027) and TCOMP (n = 1132). The TCOMP encompasses
genotypes derived 50% from tropically adapted (50% B. indicus,
African Sanga or other tropically adapted B. taurus genotypes)
and 50% from non-tropically adapted B. taurus genotypes
(Barwick et al. 2009a). Records on the cows across six mating
opportunities included key reproductive traits such as age at
puberty, pregnancy rate, days from bull-in to calving, interval
from calving to first postpartum oestrus (determined by
ultrasonography) and number of calves weaned. The animals
used in the present study were the male progeny (generation 2)
of the cows described above. The generation 2 calves were
born from 2004 to 2010 and were sired by industry sires. Sires
were chosen that were not closely related to the genetics of
the cows and preferably had BREEDPLAN estimated breeding

Table 1. Numbers of male progeny and progeny per sire distributions
Includes bull progeny with at least a weaning liveweight record

Sire genotype Number of
progeny

Number of
sires

Average progeny
per sire (range)

Number of sires
�20 progeny

Number of
link siresA

% Progeny
by link sires

BRAH 1639 60 27 (3–75) 37 13 36
TCOMP 2424 76 32 (2–85) 47 27 48

Total 4063 136 30 (2–85) 84 40 43

ASires with male progeny at more than one pre-weaning location.
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values for reproduction traits (e.g. scrotal size and days to
calving).

Sires were mated in large multiple sire groups of 150–250
femaleswith ~3%bulls for 12weeks.Mating times at the research
sites were generally late November to late February at BP; mid
December to mid March at BEL, TK and BRG (when required);
and early January to early April at SL. Sire parentage was
determined by DNA fingerprinting (Vankan 2005) after DNA
was extracted from a blood or a tail hair sample collected at
branding (~3–4 months of age). DNA collected at this time was
also stored for future genome-wide association studies. A total of
4063 bull progeny were generated in seven birth-year cohorts
from the five breeding locations. At weaning each year, the bull
calves from SL, TK, and BP were relocated to BRG and those
born at BEL remained at BEL except for 42BRAH (2007) and 19
BRAH and 20 TCOMP (2008) calves that were transferred to
BRG after weaning (Table 2). Animals born at BEL included 250
crossbreds resulting from the mixed mating of the BRAH and
TCOMP genotypes at that location. Data from the crossbreds
were grouped by sire genotype and information on all young
bulls sired by BRAH sires was summarised separately to those
sired by TCOMP sires. The number of male progeny by year,

genotype, birth location and post-weaning location are reported
in Table 2.

Environments

The post-weaning production system environments of BRG and
BEL, where the bulls in this study were evaluated, have
previously been described in detail (Anon. 1976; Burns et al.
1997; Turner 1982; Barwick et al. 2009a, 2009b).

The long-term climatic parametersmeasured atBRGandBEL
are presented in Table 3. BRG is located 190 km south-west of
Rockhampton in the Brigalow belt of central Queensland. On
average, ~56% of annual rainfall falls during November–
February (Table 3). Generally, this rainfall sustains pasture
growth allowing cattle to achieve liveweight gains of 0.5–0.75
kg/day over a 7–8-month period (October–November to
April–May). Liveweight can generally be maintained during
winter, except under extremely dry conditions following lower
than average summer rainfall. The experimental animals in this
studygrazedmainly improvedpastures sownonclearedBrigalow
scrub soils. These improved pastures include green panic
(Panicum maximum var. trichoglume), buffel (Cenchrus

Table 2. Distribution of young bulls by pre- and post-weaning location, genotype and birth year

Pre-weaning
location

Post-weaning
location

2004 2005 2006 2007 2008 2009 2010 Total

Brahman
Belmont Belmont 47 103 124 68 84 74 47 547
Belmont Brigalow 0 0 0 42 19 0 0 61
Swan’s Lagoon Brigalow 44 109 96 150 127 114 49 689
Toorak Brigalow 19 24 46 29 51 33 13 215

Tropical Composite
Belmont Belmont 42 105 101 83 61 84 48 524
Belmont Brigalow 0 0 0 0 20 0 0 20
Brigalow Brigalow 0 0 57 62 72 0 0 191
Brian Pastures Brigalow 72 176 149 195 84 189 147 1012
Toorak Brigalow 58 79 72 64 110 113 58 554

Crossbred
Belmont Belmont 0 0 0 69 68 60 53 250

Total 282 596 645 762 696 667 415 4063

Table 3. Long-term climatic parameters for bull post-weaning evaluation sites
Source: Bureau of Meteorology (www.bom.gov.au)

Location Average maximum
temperature (�C)

Average minimum
temperature (�C)

Mean rainfall
(mm)

Relative humidity
(% at 0900 hours)

Brigalow Research Station
1968–2011
November–February 33 20 395 64
March–June 27 13 165 66
July–October 26 10 155 62

Belmont Research Station
1939–2012
November–February 32 21 433 68
March–June 27 16 213 72
July–October 26 13 114 49
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ciliaris) and rhodes (Chloris gayana) grasses growing on
cracking clays and duplex soils in the Highworth land system
(Speck et al. 1968). While some Fitzroy stylo (Stylosanthes
scabra cv. Fitzroy) is evident, Seca stylo (Stylosanthes scabra
cv. Seca) is the predominant species. The stocking rate at this
location was 0.45 AE/ha (450 kg per adult equivalent).

BRG is moderately stressful for cattle due to the high
temperatures and parasite burdens experienced in the wet
summer months and poorer pasture quality in the dry
winter months. The main constraints to animal production at
BRG include the cattle tick (Boophilus microplus), which is
endemic, gastro-intestinal helminths (Haemonchus placei,
Cooperia spp., Trichostrongylus axei and Oesphagostomum
radiatum), high ambient temperatures (Burns et al. 1986) and
bovine infectious keratoconjunctivitis (Burns et al. 1988).
Buffalo fly (Haematobia irritans exigua) has not been
considered a problem, as large population numbers are evident
for only a fewweeks of each year (Burns et al. 1997). Occasional
severe outbreaks of bovine ephemeral fever occur (Burns et al.
1997). Supplementation with a protein meal or a urea and protein
meal based dry lick was supplied if required during the dry
winter months.

BEL is located 25 km north of Rockhampton and 40 km
from the east coast in central Queensland. An average of 61%
of mean annual rainfall falls between November and February
(Table 3). The stocking rate at BEL was 0.36 AE/ha supporting
similar annual liveweight gains to those recorded at BRG. The
environment at BEL is also moderately stressful for cattle due to
the high temperatures and parasite burdens experienced in the
wet summer months and poor pasture quality in the dry
winter months. Parasites include the cattle tick (Boophilus
microplus), which is endemic, gastro-intestinal helminths
(Haemonchus placei, Cooperia spp., Trichostrongylus axei
and Oesphagostomum radiatum), buffalo fly (Haematobia
irritans exigua), which has not been considered a major
parasite problem, high ambient temperatures and humidity
and exposure to diseases such as bovine infectious
keratoconjunctivitis and occasional outbreaks of bovine
ephemeral fever occur (Anon. 1976; Turner 1982). During the
period of low nutrition in winter, cattle are maintained on a
mixture of improved and native pastures. A dry lick urea-
based supplement or whole cottonseed was provided when
required.

Husbandry and management

At each site, date of birth, calf sex and dam identification number
were recorded. After a 2-week weaner training period each year,
the bull calves were allocated to a rearing site and transported as
required (Table 2). From weaning to the conclusion of data
recording at 24 months of age, all animals in the same birth-
year cohort were managed as a single group at BRG and
BEL. Bulls were mustered for measurements at 3-monthly
intervals between weaning and when cohort average age was
~24 months of age.

Management of progeny followed accepted industry
husbandry practices and included:

(1) Branding at ~3–4 months of age in January–March. All
progeny were scored for horned, scurred or polled status

and those that were not polled were dehorned using either a
dehorning knife or a scoop dehorning device, which was
dependenton the sizeof thehorngrowth, andall animalswere
fire-branded.

(2) Weaning at ~6 months of age in April–June.
(3) Vaccination with initial 5 in 1 vaccine against clostridial

diseases (Clostridium tetani, Cl. perfringens type D, Cl.
novyi type B, Cl. chauvoei and Cl. septicum) at branding
with boosters at weaning and annually; long-acting botulism
vaccination (Cl. botulinum types C and D) at branding;
Trivalent (3-germ) tick fever vaccine to protect against
tick fever organisms (Babesia bovis, Babesia bigemina
and Anaplasma marginale) carried by the cattle tick
Boophilus microplus; bovine ephemeral fever (3-day
sickness) vaccine 4 weeks apart in August–September of
weaning year with a booster in August of the following year.

(4) Supplementation with protein meal or a urea-based dry lick
delivering ~200 g crude protein equivalent daily per bull
during the dry winter months.

Measurements

A comprehensive array of measurements was recorded on
each bull as described in Table 4. Blood hormonal levels of
gonadotrophin-releasing hormone, stimulated luteinising
hormone (LH) and inhibin were recorded at 3–4 months of age
while insulin-like growth factor-I (IGF-I) was recorded at
weaning (~6 months of age) (Table 4). LH and inhibin and
IGF-I were all evaluated in the experimental animals at their
birth location [BP,TK,SL,BELandBRG(duringdrought years)]
before their transfer to BRG post-weaning. As a consequence of
the different mating times at the breeding locations described
previously, calves at BP were on average older than BEL, TK
and BRG calves, which were older than SL calves. To ensure
that calves at each site were evaluated for LH and inhibin and
then IGF-I at approximately the same age, a blood sampling
strategy was implemented to fit in with mating, branding and
weaning times across birth location. LH and inhibin hormonal
measurements coincided with branding and a cohort mean
age ranging from 3.7 to 4.4 months and IGF-I measurement
coincided with weaning and a mean age ranging from 6.1 to
6.7 months across sites and years. This strategy minimised any
age influence on the evaluation of these hormones at the
respective sites.

A full complement of other measurements was recorded from
weaning to 24 months of age, with growth and scrotal
measurements recorded at 3-monthly intervals. Central to this
study was the implementation of a standardised bull breeding
soundness evaluation (BBSE) developed by the Australian
Cattle Veterinarians (ACV) (Entwistle and Fordyce 2003;
Fordyce et al. 2006). A physical examination (conformation
and scrotal traits) and collection of semen for motility and
morphology examination were the key components of the
BBSE conducted on the young bulls at ~12, 18 and 24 months
of age.

Semen was collected using a CGS Electrojector (N2794,
CGS Products Pty Ltd, Trafalgar, Vic., Australia). Attempts to
collect an ejaculate were only made if SC was �20 cm. If an
animal did not produce an ejaculate following electro-
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Table 4. Detailed description of traits measured on tropical breed bulls

Component traits Code Description

Growth and carcass traits
Liveweight (kg) LWT Unfasted liveweight using electronic weigh scales on the morning of the data collection date. Birthweight (LWT0) was

recorded within 48 h of parturition. Liveweights were recorded at 6, 9, 12, 15, 18, 21 and 24 months of age.
Body condition

score (1–5)
CS Five-point scalewith one-third score increments adapted from the scale below reported byUpton et al. (2001) and developed

byLowmanet al. (1976) to describebody reservesof fat andmuscling. 1 (poor)= the individual short ribs are sharp to touch
andno tail head tissue canbe felt. 2 (backward) = the individual short ribs can still be felt, but feel rounded rather than sharp.
There is some tissue cover around the tail head. 3 (moderate) = the short ribs can only be felt with veryfirm thumbpressure.
Areas either side of the tail head have some tissue cover that can be easily felt. 4 (prime) = the short ribs cannot be felt and
tissue cover around the tail head is easily seen as slight mounds; folds of tissue are beginning to develop over the ribs and
thighs of the animal. 5 (fat) = the bone structure of the animal is no longer noticeable and the tail head is almost completely
buried in body tissue. Folds of tissue are apparent over the ribs and thigh.

Hip height (cm) HH Vertical distance fromafixedpoint to the topof thehighest sacral vertebrae subtracted fromtheverticaldistance fromthefixed
point to the ground at 15 months of age.

Rump fat (mm) SP8 Real-time ultrasound-scanned subcutaneous fat depth at the P8 site (after ‘position 8’ from the original research to define the
optimum site for carcass fat measurement) on the rump (at the intersection of a line parallel to the spine from the tuber
ischium and a line perpendicular to it from the spinousprocess of the third sacral vertebra); adapted fromUpton et al. (1999,
2001).

Rib fat (mm) SRIB Real-time ultrasound-scanned subcutaneous fat depth between the 12th and 13th ribs; adapted from Upton et al. (1999,
2001).

Eye muscle area
(cm2)

SEMA Real-time ultrasound-scanned cross-sectional area of the eye muscle (M. longissimus thoracis et lumborum) between the
12th and 13th ribs; adapted from Upton et al. (1999, 2001).

Adaptation traits
Flight time (s) FT Flight time was an electronically recorded time taken for an animal to cover a distance of ~2 m after exiting a weigh crush

(Burrow et al. 1988). Flight times were recorded twice at weaning (FT6a and FT6b) at ~7 days apart (Burrow and Corbet
2000) and at 12, 18 and 24 months of age. Recorded by an experienced operator.

Rectal temperature
(�C)

RT Rectal temperature measuredwith an Anritherm integrated thermometer (AnrithermHL600, AnritsuMeter Co. Ltd, Tokyo,
Japan) and a rectal probe. Recorded by an experienced operator.

Time of rectal
temperature
(based on 24 h)

TRT Time of the day when rectal temperature and BBSE were recorded.

Hormonal traits
Inhibin (ng/mL) IN4 Awholeblood sample (minimum5mL)was collectedbyvenipuncture from the jugular vein of restrained calves (3–4months

of age – coincided with branding) into 10-mL SerumBDVacutainer tubes (Becton, Dickinson and Co.) using a 20 G · 10
(0.9· 25mm)BDVacutainer PrecisionGlide needle (Becton,Dickinson andCo.). Blood sampleswere centrifuged crush
side at 2500g for 20 min and the sera frozen at �20�C until assayed for concentrations of inhibin. Sera were assayed by
Monash University using established protocols (Phillips 2005).

GnRH-stimulated
LH (ng/mL)

LH4 At Time 0, a basal whole blood sample (minimum 5 mL) was collected by venipuncture from the jugular vein of restrained
calves (3–4months of age – basal blood LH4) into 10-mL LithiumHeparin BDVacutainer tubes (Becton, Dickinson and
Co.) using a 20 G · 10 (0.9 · 25 mm) BD Vacutainer Precision Glide needle. Calves were treated immediately post-
samplingwith 0.5mg/kg (intramuscular) injection of a gonadotrophin-releasing hormone (GnRH) (gonadorelin; Fertagyl,
Intervet Australia Pty Limited). At 20min post-GnRH injection, the calves were restrained for a second time and a second
whole blood sample (minimum 5 mL) was collected by venipuncture from the jugular vein to establish the GnRH-
stimulated LH blood level (stimulated blood LH4 level). This dose rate of 0.5 mg/kg ofGnRHwas considered sufficient to
elicit a significant LH response when captured 20 min post-GnRH treatment. Calf crush order was identified/recorded by
paintmarkingsat thefirst samplingand the samplingorderwasmaintainedat the secondbloodsample.Bloodsampleswere
centrifuged crush side at 2500g for 20min and the plasma frozen at�20�Cuntil assayed for concentrations of LH. Plasma
LH concentrations in all samples were measured by a double-antibody radioimmunoassay procedure (Martin et al. 1980)
that was modified by Hotzel et al. (1998) and Hawken et al. (2009) and conducted by Ms M. Blackberry, University of
Western Australia.

Insulin-like growth
factor-I (ng/mL)

IGF6 At weaning (~6 months of age), whole blood was collected by venipuncture from the coccygeal vein of restrained calves,
using a 20 G · 10 (0.9 · 25 mm) BD Vacutainer Precision Glide needle, onto bloodspot collection cards supplied by
PrimeGRO to determine blood IGF-I levels. IGF-I was assayed using a commercially available [Rivalea (Australia) Pty
Ltd] enzyme-linked immunosorbent assay (Moore et al. 2005).

Conformation traitsA

Leg structure (1–9) LStruct A numeric score of hind leg angularity on a scale of 1–9, with 9 being normal and 1 being an animalwithmarkedly straight or
angled hind legs and a grossly abnormal gait (Anon. 1994).

(Continued next page)
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Table 4. (continued )

Component traits Code Description

LCode Accompanying a code to define the hind leg abnormality. P (pastern) = excessive angle at the pastern. T (straight hocks) =
insufficient angle at the hockwhen viewed from the side. S (sickle hocks) = excessive angle at the hockwhen viewed from
the side.B (bowed legs)=bowedout at thehockswhenviewed frombehind.H (cowhocks)=cowhockedor tooclose at the
hocks when viewed from behind. C (stringhalt) = upward fixation of the patella.

Foot structure
(1–9)

FStruct A numeric score of feet structure on a scale of 1–9, with 9 being normal conformation and 1 being severely abnormal causing
gross lameness and a crippled gait (Anon. 1994).

FCode Accompanying a code to define the hoof abnormality. L (length) = excessively long claws when viewed from the side. C
(curve) = excessive curvature of the clawswhenviewed from the front, i.e. scissored claws.H (heel) = heel very close to the
ground.

Sheath score (1–9) SH Anumeric score (1–9) based on the angle of the prepuce, the vertical distance from the abdominalwall to the prepucial orifice
and the sizeof theumbilical area (Anon.1994). 9 (tight)=prepucehangsat less than45� angle, sheathdepth less than10cm,
umbilical area is normal size. 7–8 (small) = prepuce hangs at 45� angle, sheath depth up to ~15 cm, moderate sized
umbilicus. 5–6 (moderate)=prepucehangs at 45� angle, sheathdepth~20 cm, largeumbilicus. 3–4 (large)=prepucehangs
at up to90� angle, sheathdepth just abovehock-kneehorizontal line, excessive loosenessofumbilical area. 1–2 (very large)
= prepuce hangs at up to 90� angle, sheath depth at or below hock-knee horizontal line, excessive looseness and length of
umbilicus.

Prepuce eversion
(mm)

EV An estimate of the length of preputial mucosa everted while the bull stands freely (Holroyd et al. 2002b).

Erection (yes/no) PE During electro-stimulation occurrence of protrusion of the penis was recorded.
Penis anatomy PS When the penis was observed it was scored as either anatomically normal or abnormal (e.g. penile frenulum papillomatosis).
Horn status HSt Scored at branding time (~3–4months of age). Each animal, where possible, was scored for the presence or absence of horns

and also if the hornmaterialwas a scur (horn bud not attached),with a reassessment at 12–18months of age, P =Polled, S =
Scurred, H = Horned.

Scrotal traitsA

Scrotal
circumference
(cm)

SC ACV recommended SCmeasurement procedurewith a standardmetal tape (seeHolroyd et al. 2002b; Entwistle and Fordyce
2003).

Testicular tone
(1–5)

TT Testicular tone was scored on a scale of 1–5 with 1 = very soft, 3–4 = ideal, 5 = very hard; as described by Holroyd et al.
(2002b) and based on an ACV classification described by Entwistle and Fordyce (2003).

Semen collection traitsA

Density (1–5) DENS Density of ejaculate scored immediately after collection on a scale of 1–5 with 1 = clear to cloudy, 2 = cloudy to milky, 3 =
milky, 4 = creamy, 5 = thick creamy or dense. Density recorded crush side immediately after semen collection.

Mass activity (1–5) MASS Mass activity (orwavemotion) recorded crush side immediately after semen collection scored at·40magnification on a scale
of 1–5 with 1 = no swirl, 2–3 = slow distinct swirl, 4 = moderate swirl and 5 = swirl is in continuous dark waves.

Motility (%) MOT Motility recorded crush side immediately after semen collection estimated as percentage of sperm viewed at ·400
magnification that were progressively motile by their own propulsion.

Sperm
morphology
traitsA

Immediately after each crush side evaluationof an ejaculate, up to 5· 50-uLaliquots of ejaculate, dependent on the density of
spermcells in the ejaculate,were takenwith amicropipette andplaced into2.95mLofphosphate-buffered formal saline for
sperm morphology assessment. Morphological assessment involved systematic evaluation of 100 sperm cells at ·1000
magnification. A count of the normal cells allowed per cent morphologically normal sperm to be derived. Abnormalities
were counted and grouped into categories described below.

Morphologically
normal sperm
(%)

PNS Percentage of sperm that have no morphological attributes known to be indicative of subfertility.

Knobbed
acrosomes (%)

KA The KA defect can be heritable due to a disturbance in testes thermoregulation (Entwistle and Fordyce 2003). If knobbed
acrosomes are the only abnormality observed in an ejaculatewheremotility, volume and density are normal, the condition
is probably genetic andwill not improve. However, if motility, volume and density are poor andmany other abnormalities
are present, the condition is probablya signofdisturbed spermatogenesis causedbysomestressor and thebullmay recover.

Pyriform heads
(%)

PH The presence of a moderate number of PH in the absence of other signs of disturbed spermatogenesisis is considered normal
for some bulls (Entwistle and Fordyce 2003). However, when pronounced forms of pyriformity are observed, they usually
are responsible for a decrease in fertility and are believed to result from a disturbance in spermatogenesis. Young bulls
�2 years of age are more likely to recover from this condition than older bulls.

Abnormal mid
pieces (%)

MP The abnormal spermMPdefect is themost commoncondition observed in bull ejaculates (Entwistle andFordyce 2003). This
defect may occur as an artefact due to prolonged contact with a hypotonic solution (Negrosin-Eosin stain), cold-shock or
other environmental stressors. This type of abnormality can be common in some bulls andfluctuations in the percentage of
affected spermatozoa can occur throughout the year. The prognosis of this condition varies with the circumstances and the
presence of other types of abnormalities. If this defect is present in the absence of other abnormalities, this condition is
usually transient in nature and recovery can occur within 16 days.

(Continued next page)
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stimulation, rectal massage was applied to the ampullae to
determine if an ejaculate could be collected (Entwistle and
Fordyce 2003). If an animal lay down in the crush during the
collection procedure, an attempt wasmade to get the animal to its
feet to continue the procedure, if this was not successful the
animal was released from the crush and given a missing value for
the semen traits. All crush side semen assessments were
conducted using a PRO 2300 Binocular Phase Contrast
Microscope (Prism Optical, Kelvin Grove, Qld, Australia)
with an LEC warm stage.

The measurements and samples collected were based on the
findings of a systematic review of male reproductive traits and
their relationship to reproductive traits in their female progeny
(Burns et al. 2011). A specific focus of this review was to give
consideration to reducing some of the traditional bull
reproductive measurements and replacing them with novel
parameters that might be more valuable as predictors of male
reproductive performance. Subsequently, potential predictors of
male reproductive performance were identified, in particular
those that could be measured in the younger (<2 years of age)
animal. Therefore, at branding (3–4 months of age), weaning
(~6 months of age) and during the BBSE, blood and semen
samples were collected and stored for future novel assessments.
Ambient temperature was recorded at each BBSE to investigate
effects on semen quality.

Rationale for traits measured

A total of 108 separate measurements were made spanning blood
hormonal, scrotal, growth, carcass, adaptation and semen quality
traits recorded from branding to 24 months of age to enable an
evaluation of the relationships between the productive and
reproductive performance of young bulls. The rationale for
taking these measures is described in further detail.

Blood hormonal traits

Because of the associations between LH (Post et al. 1987; Perry
et al. 1990a, 1990b) and testosterone (Mackinnon et al. 1991) and
aspects of reproductive performance in post-pubertal tropically
adapted genotypes; LH and age of puberty in pre-pubertal

B. taurus bulls (Evans et al. 1995; Moura and Erickson 1997;
Bagu et al. 2006) and as a useful early-in-life predictor of fertility
(Aravindakshan et al. 2000), Burns et al. (2011) recommended
that the concentration ofLH inbloodbe recorded at 3–4monthsof
age in pre-pubertal BRAH and TCOMP bulls (Table 4).

Inhibin is exclusively produced by Sertoli cells in the testes
(Kaneko et al. 2001;Sharpe et al. 2003;Phillips 2005); is linked to
the regulation of spermatogenesis (Phillips 2005); increases
fertility-associated characteristics before puberty (Wheaton and
Godfrey 2003); has no antagonisms between it, follicle
stimulating hormone, LH and testosterone during pre-pubertal
and post-pubertal stages of testicular development and function
(Matsuzaki et al. 2000); and its pre-pubertal serum level is directly
related to SC and sperm production in mature bulls (Sharpe
et al. 2003). As a consequence of these results, Burns et al.
(2011) recommended that the relationship between serum inhibin
concentration and testes development and function should be
further investigated and evaluated in pre-pubertal bulls at
3–4 months of age (Table 4).

Yilmaz et al. (2004) reported that the serum concentration of
IGF-I in pre-pubertal B. taurus bulls was positively correlated
with adult SC and sperm motility and genetically correlated
with the age at first calf of female progeny and calving rate. In
addition, Johnston et al. (2009) also reported that IGF-I was
the best genetic predictor of age at first corpus luteum (age at
puberty) in BRAH and TCOMP heifers in northern Australia.
Therefore, Burns et al. (2011) recommended that as blood
serum IGF-I appeared to be a promising predictor of fertility
in B. taurus cattle, it should be evaluated in BRAH and TCOMP
bull calves at weaning (Table 4).

Growth and carcass traits

The description of the collection of birthweights and further
liveweights from weaning (~6 months of age) to the final
collection of trait data at 24 months of age is presented in
Table 4. The collection liveweights during this period allowed
a growth rate profile to be developed. Growth is related to SC in
males (Bourdon and Brinks 1986) and to attainment of puberty in
female cattle (Johnston et al. 2009; Burns et al. 2010).

Table 4. (continued )

Component traits Code Description

Proximal droplets
(%)

PD Entwistle and Fordyce (2003) reported that PD are normal in the pubertal bull and their incidence decreases with age.
However, in the mature bull, these droplets can indicate abnormal spermiogenesis and/or epididymal function. These
droplets can often be observed in conjunction with other abnormalities of the head and mitochondrial sheath.

Swollen
acrosomes (%)

SA The SA defect can be associated with a ‘rusty load’/accumulated sperm condition (Entwistle and Fordyce 2003)
(Table 3). The aging of sperm causes the acrosome to undergo a similar reaction to capacitation,which results in the lifting
of the acrosome and the failure of the sperm to attach to the oocyte. This condition is often observed in conjunction with
other head abnormalities such as knobbed acrosomes.

Abnormal tails and
loose heads (%)

TH The TH defect may occur as a result of temperature shock to the epididymis (Entwistle and Fordyce 2003). This condition is
usually transient and the level of defects may decrease after 8–11 days.

Vacuoles and
teratoids (%)

VT TheVTdefect can occur during spermiogenesis andmaybe a result of extreme temperatures or stress (Entwistle and Fordyce
2003). Bulls can recover from this condition within 6 weeks of exposure to the insult; however, some bulls can be more
susceptible to this condition and may not recover.

AEach trait was measured according to the standards prescribed by the Australian Cattle Veterinarians (Entwistle and Fordyce 2003). Traits were measured or
scored by experienced technicians trained and supervised by an Australian Cattle Veterinarian (ACV) Accredited Examiner for Bull Breeding Soundness
Evaluation (BBSE).
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Body condition score (CS) in this studywas based on a 5-point
scale as reported by Upton et al. (2001) (Table 4). For this Beef
CRC Program, this 5-point scale was modified to include one-
third score increments. Therefore, body condition was visually
assessed on a 1–5 scale to the nearest one-third of a point, using
‘+’ and ‘–’ subcategories, where 1 is poor, 2 is backward, 3 is
forward, 4 is prime, 5 is fat; and re-coded to a numeric variable, e.
g. 1– (0.7), 1 to 5+ (5.3). CS was recorded at 9, 12, 15, 18, 21 and
24 months of age. Body condition and fatness are affected by
nutrition and can have a profound influence on reproductive
measures (Barr and Burns 1972).

Hip height was measured at 15 months of age and similarly
ultrasound scanned rump fat, rib fat and eye muscle area
measurements all recorded at 15 months of age using ultrasound
imagery. An accredited scanner used an accredited real-time
ultrasound-scanning machine (Esaote/Pie Medical Aquila with
a 3.5-MHz ASP-18 transducer), as described by Upton et al.
(1999, 2001), to record these traits as measures of growth and
carcass merit (Table 4).

Adaptation traits

Temperament can have a substantial influence on the productivity
of beef enterprises through increases in production costs and

possibly through relationships between temperament and traits
such as growth (Fordyce et al. 1985, 1988a), and carcass and
meat quality (Fordyce et al. 1988b; Burrow 1997; Kadel et al.
2006). To provide a reliable objective measure of temperament,
Burrow and Corbet (2000) recommended a repeat measure of
flight time of weaned calves (FT6a and FT6b; Table 4).
Measurements were also taken at 12, 18 and 24 months of age.

Rectal temperatures were recorded using an Anritherm
integrated thermometer (Anritherm HL600, Anritsu Meter Co.
Ltd, Tokyo, Japan) and a rectal probe to evaluate the impact on
semen traits, while ambient temperature was recorded and
available for use in future statistical analyses (Table 4). Rectal
temperature was recorded at each BBSE to investigate effects of
body temperature on semen quality traits (Turner 1982).

Conformation traits

A comprehensive review of the importance of the physical
examination of bulls was conducted by Holroyd et al. (2002b)
who discussed a range of bull conformation traits and specifically
the impact of leg and foot structure; sheath score; prepuce
eversion; and penis erection and structure on bulls’
reproductive performance. The measurement and recording of
sheath score is a standardised measure in the ACV BBSE

Table 5. Summary of attrition due to culling and death of young bulls from weaning to 2 years of age
Cryptorchid, absence of one or both testes; hypoplasia, gross underdevelopment of one testicle; Other, culled due to injury, illthrift or poor temperament;

Unknown, cause of death not obvious

Genotype Exit age Culls Deaths Total Percent of
(months) Cryptorchid Hypoplasia Other Injury Sickness Unknown genotype

Brahman 6–12 11 4 3 0 6 13 37 –

13–18 4 5 0 0 3 5 17 –

19–24 5 20 3 0 1 3 32 –

Total 20 29 6 0 10 21 86 5.7

Tropical Composite 6–12 11 5 4 3 5 7 35 –

13–18 1 3 0 0 3 6 13 –

19–24 9 11 4 2 2 8 36 –

Total 21 19 8 5 10 21 84 3.7

Crossbred 6–12 0 0 0 0 0 1 1 –

13–18 0 2 0 0 3 1 6 –

19–24 0 0 0 0 0 2 2 –

Total 0 2 0 0 3 4 9 3.6

Grand total 41 50 14 5 23 46 179 –

Percent overall 1.0 1.2 0.3 0.1 0.6 1.1 4.4 –

Table 6. Numbers of young bulls by genotype, age and status at each Bull Breeding Soundness Evaluation (BBSE)

Genotype/status Brahman Tropical Composite
12 months 18 months 24 months 12 months 18 months 24 months

BBSE (n) 1340 1409 1403 1924 2081 2069
StimulatedA – SC �20 cm (n) 850 1374 1401 1863 2080 2068
Produced an ejaculate (n) 807 1308 1390 1843 2064 2060
With assessable spermB (n) 103 826 1234 970 1794 1912

ABulls with scrotal circumference (SC) of 20 cm or greater were electro-stimulated for ejaculate collection.
BBulls assessed for percent normal sperm (PNS); a PNS value could only be recorded if �100 spermatozoa were present in the fixed
ejaculate subsample.
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program (Entwistle and Fordyce 2003; Fordyce et al. 2006)
(Table 4).

Scrotal traits

Age-corrected SC is consistently reported to be a useful method
of assessing reproductive function in bulls because of the
favourable relationship with several sperm traits (Brinks et al.
1978; Silva et al. 2011) and fertility (Mackinnon et al. 1990; Eler
et al. 2006; Schatz et al. 2010). As the measurement of SC is still
the best method of assessing testicular development (Barth 2000)
using a standard metal tape (Holroyd et al. 2002b; Entwistle and
Fordyce 2003), Burns et al. (2011) recommended that SC should
be measured regularly between weaning and 24 months of age to
assess when SCmay first be associated with female reproductive
performance traits (Table 4).

Semen and sperm traits and morphology

In a study conducted in tropical genotype bulls managed under
extensive grazing conditions and in multiple-sire mated herds in
northern Australia, percent normal sperm (PNS) and the
spermiogram were shown to be the best practical measures
that are consistent predictors of calf output (Fitzpatrick et al.
2002; Holroyd et al. 2002a). PNS accounted for 35–57% of the
variation in calf output between bulls (Holroyd et al. 2002a). As
a consequence, Burns et al. (2011) recommended further
investigation of PNS to determine its genetic relationship with
female reproductive performance. Further, the measurements on
the bulls in this studywerefinalised at 24months of age and itwas
not logistically possible to naturally mate and evaluate the calf
output of all these bulls. As a result, the researchers in this study
identified PNS at 24months of age (PNS24) as the benchmark for
male fertility.

Table 7. Summary statistics for growth, carcass and testicular measures within genotype
n, number of animals recorded for each trait. Min. and Max., minimum and maximum of the trait range. s.d., standard deviation. CV, coefficient of variation

is the s.d. expressed as a percentage of the mean. See Table 4 for trait description

Brahman Tropical Composite
Trait Unit n Min. Max. Mean s.d. CV n Min. Max. Mean s.d. CV

Liveweight
Birth kg 1473 20 59 35.3 5.77 16 2418 18 62 36.2 5.93 16
6 months (kg) kg 1639 104 323 203.7 33.51 16 2424 96 344 220.1 39.61 18
9 months (kg) kg 1490 110 323 217.2 34.95 16 2133 116 347 237.4 38.96 16
12 months (kg) kg 1469 125 360 246.9 35.27 14 2106 133 420 275.2 40.80 15
15 months (kg) kg 1462 144 430 297.4 38.43 13 2099 186 456 319.3 44.06 14
18 months (kg) kg 1436 214 488 353.2 38.36 11 2097 228 510 368.8 45.12 12
21 months (kg) kg 1432 225 540 365.1 42.70 12 2095 228 519 371.9 47.44 13
24 months (kg) kg 1430 222 570 383.9 44.35 12 2087 236 580 392.1 50.70 13

Body condition score
9 months 1–5 1421 1.3 3.3 2.4 0.33 14 1962 1.3 3.3 2.4 0.33 14
12 months 1–5 1463 1.0 3.3 2.4 0.33 14 2102 1.3 3.3 2.4 0.33 14
15 months 1–5 1415 1.0 3.3 2.5 0.28 11 2099 1.7 3.3 2.4 0.28 12
18 months 1–5 1424 1.7 3.3 2.8 0.20 7 2095 1.7 3.3 2.7 0.28 10
21 months 1–5 1424 1.0 3.3 2.7 0.27 10 2088 1.0 3.3 2.5 0.33 13
24 months 1–5 1410 1.7 3.3 2.7 0.21 8 2078 1.0 3.3 2.5 0.31 12

Carcass
Rib fat 15 months (mm) mm 1458 0.5 3.0 1.1 0.24 22 2099 0.5 3.0 1.0 0.14 14
Rump fat 15 months (mm) mm 1458 0.5 5.0 1.4 0.56 40 2099 0.5 4.0 1.1 0.30 27
EMA 15 months cm2 1458 21 71 46.8 7.85 17 2097 21 77 50.7 8.11 16

Height of animal
Hip height 15 months cm 1457 110 144 128.0 4.89 4 2099 105 139 124.9 4.87 4

Scrotal circumference
6 months cm 1609 12 25 17.2 1.71 10 2399 11 31 19.3 2.56 13
9 months cm 1361 13 33 19.1 2.67 14 1937 15 34 23.8 3.87 16
12 months cm 1448 13 35 21.2 3.13 15 2093 15 37 26.5 3.37 13
15 months cm 1108 16 40 24.7 3.73 15 1570 18 39 29.3 3.10 11
18 months cm 1409 16 42 26.4 3.49 13 2081 19 40 29.9 3.00 10
21 months cm 1411 19 41 28.5 3.26 11 2077 18 41 30.8 2.98 10
24 months cm 1403 19 42 30.2 3.21 11 2069 17 42 31.6 2.87 9

Testes tone (1–5)
12 months 1–5 1340 2 4 3.7 0.46 12 1924 2 5 3.86 0.37 10
18 months 1–5 1410 2 4 3.9 0.35 9 2083 2 4 3.83 0.39 10
24 months 1–5 1402 3 5 3.9 0.31 8 2069 2 5 3.85 0.37 10
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Other traits recorded on the ejaculate in this study included
crush side assessment of semenmass activity andmotility. These
traits were evaluated by experienced operators, trained and
supervised by an accredited ACV BBSE examiner, at 12, 18
and 24 months of age. A detailed description of the traits and
their measurement are presented in Table 4.

The sperm morphology traits recorded on the ejaculate in
this study included PNS at 12, 18 and 24 months of age (PNS12,
18 and 24; 0–100%; Burns et al. 2011) and a range of sperm
abnormalities (Entwistle andFordyce 2003).AnACV-accredited
sperm morphologist (research) assessed the morphology of 100
sperm in each sample judged to contain sufficient sperm for
examination. Sperm abnormalities recorded included knobbed
acrosomes; pyriform heads; abnormal mid piece; abnormal
proximal droplet; swollen acrosomes; abnormal tails and loose
heads; and sperm with vacuoles and teratoids at 12, 18 and
24 months of age. These abnormalities were based on the
classification of the ACV BBSE program and the potential
relationship of each abnormality category with bull fertility is
described in Table 4 (Entwistle and Fordyce 2003).

Seminal plasma was collected for the intended future
evaluation of seminal plasma proteins (Killian et al. 1993;
Cancel et al. 1997; Brandon et al. 1999), sperm fertility-
associated proteins (Killian et al. 1993; Roudebush and
Diehl 2001; Brackett et al. 2004) and 11b-hyroxysteroid

dehydrogenase (Michael et al. 2003) in other reproductive
trait studies.

Data, statistical analyses and descriptive statistics

Data

As reported in previous papers (Upton et al. 2001; McKiernan
et al. 2005), data from all experimental sites were loaded and
stored on a central database developed and customised for the
Beef CRC. To ensure the integrity and biological consistency of
the data, each record was initially checked by site managers and
their respective research teammembers and finally by the central
database manager. The system allows all CRC collaborating
partners to access and use the data.

Initial data editing excluded animals affected by illness or
injury. Additionally, bulls with abnormal testicular development
particularly in the form of gross hypoplasia or cryptorchidism
were culled from the project and their records excluded from
the data analyses. Deaths due to disease, accidental injury or
unknown reasons also occurred during the course of the
experimentation. Table 5 summarises the numbers of bulls
exiting the project due to death or culling within genotype and
age at exit. The total attrition of young bulls due to death and
culling from weaning to 2 years old amounted to ~4% of animals
weaned.

Table 8. Summary statistics for adaptation, hormonal and conformation traits within genotype
n, number of animals recorded for each trait. Min. and Max., minimum and maximum of the trait range. s.d., standard deviation. CV, coefficient of variation

is the s.d. expressed as a percentage of the mean. See Table 4 for trait definition

Trait Age Unit Brahman Tropical Composite
(months) n Min. Max. Mean s.d. CV n Min. Max. Mean s.d. CV

Adaptation traits
Flight time 6aA Second 1619 0.24 5.40 1.20 0.63 53 2384 0.19 5.40 1.23 0.50 41
Flight time 6bA Second 1607 0.27 5.40 1.20 0.63 53 2274 0.39 5.40 1.23 0.55 45
Flight time 12 Second 1465 0.45 6.67 1.80 0.85 47 2101 0.44 7.66 1.70 0.68 40
Flight time 18 Second 1326 0.50 9.90 2.10 1.01 48 1924 0.57 9.90 2.10 0.84 40
Flight time 24 Second 1429 0.51 7.02 2.10 0.83 40 2082 0.63 7.02 1.90 0.61 32
Rectal temperature 12 �C 540 37.0 40.7 39.2 0.49 1 792 37.3 41.0 39.2 0.50 1
Rectal temperature 24 �C 509 37.2 41.5 39.3 0.66 2 785 37.1 40.8 39.3 0.55 1

Hormonal traits
GnRH-stimulated LH 4 ng/mL 1025 0.19 29.34 5.21 4.46 86 1520 0.17 31.76 7.06 5.16 73
Inhibin 4 ng/mL 1288 3.21 16.22 7.36 1.82 25 1895 2.66 15.05 7.82 1.92 25
IGF-I 6 ng/mL 1626 56 1765 517 302 58 2415 47 1838 532 299 56

Conformation traits
Sheath score 12 1–9 1424 2 9 4.4 1.10 25 2071 1 9 6.9 1.77 26
Sheath score 18 1–9 1437 1 8 4.3 1.19 28 2104 1 9 7.0 1.73 25
Sheath score 24 1–9 1430 1 8 4.0 1.04 26 2091 1 9 6.8 1.74 26
Prepuce eversion 12 mm 1362 0 100 11 16.6 151 1943 0 150 11 22.1 201
Prepuce eversion 18 mm 1438 0 100 18 21.0 117 2104 0 120 10 20.9 209
Prepuce eversion 24 mm 1430 0 150 26 25.6 98 2091 0 180 12 25.1 209
Leg structure 12 1–9 1362 7 9 8.9 0.33 4 1946 7 9 8.9 0.30 3
Leg structure 18 1–9 1329 6 9 8.9 0.34 4 1932 7 9 8.9 0.33 4
Leg structure 24 1–9 1431 6 9 8.9 0.31 3 2091 6 9 8.9 0.30 3
Feet structure 12 1–9 1350 5 9 8.5 0.63 7 1927 4 9 7.8 0.87 11
Feet structure 18 1–9 1315 5 9 8.4 0.69 8 1921 4 9 8.0 0.80 10
Feet structure 24 1–9 1401 4 9 8.4 0.66 8 2068 4 9 7.8 0.86 11

AFlight time was recorded twice at weaning (see Table 4) to derive a more reliable measure of genetic merit for flight time.
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In accordance with available project funds and evolving
development of trait measurement protocols not all young
bulls were measured for all traits. LH was measured on birth-
year cohorts 2007–10 inclusive while inhibin was measured on
cohorts 2006–10 inclusive. Rectal temperatures were only
recorded on 2008 and 2009 birth-year cohorts. The 12-month
BBSEwas not conducted on the 2004 cohort and the 2010 cohort
had no BBSE or any of the post-weaning traits recorded. At
BBSE, only those bulls with SC of 20 cm or greater were electro-
stimulated to collect an ejaculate sample. Previous experience
deemed that young bullswith SCof less than 20 cmwere sexually
immature and not able to provide an ejaculate with spermatozoa

present. Table 6 summarises the number of young bulls
presenting for BBSE, those greater than 20 cm SC and those
producing ejaculates with assessable sperm at each time point
within each genotype.

Statistical analyses

Companion and forthcoming papers will document in detail the
statistical analyses conducted, but briefly, analytical models will
include the fixed effects of year, birth location, birth month, post-
weaning location, dam age and previous lactation status, dam
management group, their interactions and sire as a random effect.

Table 9. Summary statistics for semen and sperm morphology traits within genotype
n, number of animals recorded for each trait. Min. and Max., minimum and maximum of the trait range. s.d., standard deviation. CV, coefficient of variation

is the s.d. expressed as a percentage of the mean. See Table 4 for trait definition

Trait Age Unit Brahman Tropical Composite
(months) n Min. Max. Mean s.d. CV n Min. Max. Mean s.d. CV

Semen traits
Ambient temperatureA 12 �C 1361 17.0 41.0 30.5 4.49 15 1943 17.0 41.0 30.1 4.80 16
Ambient temperature 18 �C 1437 6.0 34.0 26.7 4.45 17 2103 4.0 34.0 26.0 4.96 19
Ambient temperature 24 �C 1429 16.0 40.0 29.1 4.23 15 2090 15.0 40.0 28.0 4.26 15
Volume 12 mL 807 0.0 12.0 3.6 1.97 55 1843 0.0 14.0 5.1 2.36 46
Volume 18 mL 1308 0.0 13.0 4.7 2.32 49 2058 0.5 14.0 5.7 2.35 41
Volume 24 mL 1387 0.0 15.0 6.3 2.68 43 2058 0.0 18.0 6.1 2.74 45
Density 12 1–5 753 0.5 4.0 1.7 0.75 44 1821 0.5 5.0 2.4 0.97 40
Density 18 1–5 1264 0.5 5.0 2.2 0.95 43 2041 0.0 5.0 2.8 1.00 36
Density 24 1–5 1389 0.0 5.0 3.1 0.87 28 2057 0.0 5.0 3.2 0.86 27
Mass activity 12 1–5 754 0.0 4.0 0.4 0.75 188 1822 0.0 4.5 1.5 1.35 90
Mass activity 18 1–5 1306 0.0 4.5 1.4 1.19 85 2062 0.0 5.0 2.2 1.24 56
Mass activity 24 1–5 1390 0.0 5.0 2.5 1.14 46 2060 0.0 5.0 2.8 1.06 38
Motility 12 % 754 0 90 16 26.1 163 1821 0 95 46 33.9 73
Motility 18 % 1306 0 98 41 30.8 75 2064 0 100 57 28.1 49
Motility 24 % 1390 0 98 67 25.4 38 2060 0 98 70 24.3 35

Sperm morphology
Normal sperm 12 % 103 2 87 23 20.1 87 968 1 96 55 27.9 51
Normal sperm 18 % 826 0 98 49 29.1 59 1794 0 97 67 22.6 34
Normal sperm 24 % 1235 1 98 72 23.1 32 1912 0 99 75 19.1 25
Knobbed acrosomes 12 % 103 0 13 1 2.3 153 968 0 64 2 4.3 268
Knobbed acrosomes 18 % 826 0 52 1 3.1 281 1794 0 70 1 4.3 358
Knobbed acrosomes 24 % 1235 0 32 1 2.3 288 1912 0 82 1 4.1 410
Abnormal mid-pieces 12 % 103 1 60 19 12.3 64 968 0 83 14 12.7 91
Abnormal mid-pieces 18 % 826 0 74 15 12.3 82 1794 0 77 13 11.7 90
Abnormal mid-pieces 24 % 1235 0 87 11 12.3 109 1912 0 89 10 10.3 103
Proximal droplets 12 % 103 1 88 44 23.2 53 968 0 96 19 22.6 118
Proximal droplets 18 % 826 0 91 25 26.7 107 1794 0 82 7 11.5 169
Proximal droplets 24 % 1235 0 90 8 15.6 195 1912 0 81 4 7.5 178
Pyriform heads 12 % 103 0 10 1 1.9 173 968 0 44 1 2.0 286
Pyriform heads 18 % 826 0 16 0 1.2 240 1794 0 19 0 1.2 240
Pyriform heads 24 % 1235 0 16 0 0.8 400 1912 0 28 0 1.2 300
Swollen acrosomes 12 % 103 0 18 1 2.4 218 968 0 21 1 2.0 222
Swollen acrosomes 18 % 826 0 27 1 2.0 200 1794 0 25 1 2.4 218
Swollen acrosomes 24 % 1235 0 24 1 1.8 225 1912 0 79 1 2.6 325
Abnormal tails, heads 12 % 103 0 32 5 6.4 128 968 0 75 6 8.5 142
Abnormal tails, heads 18 % 826 0 75 6 9.2 151 1794 0 98 8 11.4 143
Abnormal tails, heads 24 % 1235 0 72 6 9.0 161 1912 0 92 6 10.2 165
Vacuoles and teratoids 12 % 103 0 56 8 10.4 125 968 0 64 4 7.0 171
Vacuoles and teratoids 18 % 826 0 84 5 9.6 178 1794 0 100 4 7.0 194
Vacuoles and teratoids 24 % 1235 0 86 3 7.3 243 1912 0 100 3 6.1 226

AAmbient temperature is not a trait of the animal but was recorded at time of BBSE to investigate effects on semen traits and rectal temperature.
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The effect of assay or sample group will be included for blood
hormone traits and age nested within birth month included as a
covariate for all traits. Ambient temperature will be included as a
covariate for semen collection and rectal temperature records.
Terms for sire group and dam group and their interaction will be
included to account for additive and possible non-additive breed
and composite genotype effects.

Animal models will be used to estimate variance components
and will include the fixed effects identified above for each trait
with an additional random common environmental effect of
the dam when significant using log-likelihood ratio tests. To
be consistent across the same trait over 3–4 measurement
times (e.g. LWT), the random common environment effect
of the dam will be included in all models for the trait if
significant at any one time point. Genetic and phenotypic
correlations between traits will be estimated in a series of
bivariate analyses.

Descriptive statistics

Trait means, range and coefficient of variation are presented in
Tables 7–9. These summary statistics are not adjusted for fixed
effects but show the mean level and variation in the traits
recorded. The data shows that a large amount of variation
exists for most traits in both genotypes particularly for
hormones and semen quality measurements. The increase in
PNS over time from 12 to 24 months of age was quite marked,
especially inyoungBRAHbulls, andappeared tobeduemainly to
the decrease in the proximal droplets abnormality category.
Comparison of the two genotypes is only valid from subsets of
the data where BRAH and TCOMP bulls were run together as
contemporaries from birth and have been correctly adjusted for
other fixed effects, e.g. year, dam effects, month of birth and age.
The design of the study allowed statistical models to be fitted to
account for the many fixed effects and the partitioning of genetic
and non-genetic sources of variation.

Conclusion

The design of this study has enabled the measurement of a
comprehensive range of pre- and post-pubertal traits on BRAH
and TCOMP bulls, which included growth and carcass traits,
hormonal traits, adaptation traits and a BBSE strategy that
included locomotory and reproductive organ conformation
traits and semen and sperm morphology traits. The descriptive
statistics of the range of traits presented highlights the large
variation that exists in most traits, with complete overlap
between genotypes. The variation indicates that there is likely
to be significant opportunity to improve the phenotypes and
genetics of reproduction in tropical beef cattle genotypes in
northern Australia through better management and bull
selection decisions. Finally, this project design has enabled the
estimation of phenotypic and genetic parameters to evaluate the
usefulness of bull traits as predictors of herd reproductive
performance. These parameter estimates are reported in the
following papers of this series.
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