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Abstract
Part of this study involved establishing current heifer fertility levels on Northern
Territory (NT) commercial cattle properties. Performance recording on 14
properties found that there is scope for large improvement on many stations.
Modeling showed that realistic improvements in production have the potential to
increase the annual gross margin of the NT cattle industry by $10.95 million.
Some of the main findings of the performance recording were that pregnancy rates
in 2 year old maiden heifers are generally adequate (>75%), but foetal and calf
loss rates in first calf heifers are often high (>30%) and reconception rates are
often low (<20%) associated with low liveweights.

Significant relationships were found between liveweights (and P8 fat depth) and
pregnancy rates for Brahman heifers in the NT for; (a) yearling mated heifers
grazing improved pasture, (b) 2 year old maiden heifers grazing native pasture,
and (c) lactating first calf heifers grazing native pasture.

Equations describing these relationships were used to produce tables which show
the predicted pregnancy rates for different liveweights and fat depths in Brahman
heifers in each of these situations. These tables will be useful management tools
for cattle producers and advisors. They can be used in identifying target mating
weights for different situations, budgeting calculations, and assessment of
profitability of different scenarios etc.

Other significant findings of the study were that heifers of current NT commercial
Brahman genotypes reach puberty too late to enable high pregnancy rates from
yearling mating, and that feeding pre-partum protein supplements to first calf
heifers is one method of increasing reconception rates in the Victoria River
District.

This study has been successful in increasing the understanding of the relationship
between mating liveweight (and fatness) and pregnancy rates in Brahman heifers
and this knowledge can be applied to improve heifer performance in the NT.
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Clarification of terminology
The general term “heifer” is often used to refer to young female cattle, however
the term can be used to describe anything from a female calf to a young cow
pregnant with its second calf and there is no standard terminology for describing
heifers at different ages and stages. In fact many different terms have been used
by different authors and this can lead to confusion. For clarity, the following
terms are used in this thesis:
1. Weaner heifers – heifers from weaning until the end of the calendar year after
weaning (i.e. approximately between the ages of 6 and 12 months).
2. Yearling heifers – heifers at approximately 12 months of age.
3. Maiden heifers – heifers when they are being mated for the first time at around
2 years of age. (Most heifers are mated for the first time at approximately 2 years
of age in northern Australia. If heifers are mated for the first time as 1 year olds
they are referred to as yearling mated heifers in this thesis).
4. First calf heifers – heifers that are pregnant with their first calf (prior to
calving).
5. Lactating first calf heifers – heifers during their first lactation (i.e. after calving
for the first time and until their calf is weaned).
Where the general term “heifer” is used in this thesis, it is in regard to the general
heifer phase of production i.e. from weaning until its first calf is weaned.
“Fertility” is a general term used to refer to the ability of heifers to produce
calves at weaning. The fertility of heifers is described by various measures of
reproductive rates such as conception, pregnancy, branding and weaning rates.
Where the term “Brahman” is used it refers to cattle that are high grade (or pure)
Brahman. The term “Brahman cross” is used where animals are at least half
Brahman but have a significant amount of another (usually Bos taurus) breed.
The terms “pregnancy rate” and “conception rate” are often used interchangeably,
however technically they do not mean the same thing. The term pregnancy rate is
xiv

a more accurate term to use describe the percentage of heifers that are pregnant at
the time of pregnancy diagnosis (especially when pregnancy diagnosis is
performed manually after mating has finished), as some heifers may have
previously conceived and aborted. Therefore the term pregnancy rate is used in
this thesis except where other authors are being quoted and they have used the
term “conception rate”.

While this thesis is focused on heifer performance in the NT, the review of heifer
fertility is applicable to most of northern Australia. The term “northern Australia”
is used to describe the parts of Australia that are north of the Tropic of Capricorn
(although some parts of central Queensland would also be considered as being in
northern Australia if they are within a few hundred kilometers of the tropic and
are similar to areas above it).
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1. INTRODUCTION

1. INTRODUCTION

Beef production is the major agricultural industry in the Northern Territory (NT) and
there are currently around 2 million head of cattle in the NT (NTCA website 2011).
Generally most NT cattle properties are run as large scale, low cost operations. Some
properties are more than 10,000 km2 in area with the average property size being
3,122 km2 (Oxley et al. 2004).

On most properties cattle graze native pasture in large paddocks (the average
paddock size on NT properties is 182 km2) and mating is usually continuous (Oxley
et al. 2004). Cattle are generally mustered twice a year when calves are weaned and
culling decisions made. It is usual for a property to have a first round weaning muster
(WR1) in April-June and a second round weaning muster (WR2) in SeptemberNovember (Bortolussi et al. 2005).

Rainfall in the NT declines from north to south with an average annual rainfall of
1220 mm in the Douglas Daly region, 980 mm in the Katherine region, 460 mm in
the Tennant Creek region, 350 mm in the northern Alice Springs region and 100 mm
in the southern Alice Springs region (Oxley et al. 2004). Rainfall is highly seasonal
in most of the NT with nearly all rain falling between November and April (known
as the “wet season”) followed by a long period with little or no rain (known as the
“dry season”) during which pasture quality decreases significantly. Stocking rates on
native pastures range from around 11 AE/km2 in the Victoria River District (VRD)
(Dyer et al. 2003) to 1 AE/km2 in the Alice Springs district (Bertram et al. 1996).

Most properties in the northern half of the NT have cattle with a high Bos indicus
content to cope with the harsh nutritional conditions during the dry season, the vast
distances between watering points and other environmental stresses such as heat,
ticks and other parasites. Most cattle turned off from these properties are destined for
live export into south east Asia and these exports are worth about $180 million per
year (NTCA website 2008). There is a “tick line” which runs across the NT near
Elliot, south of which properties are free of cattle ticks. Therefore properties on the
Barkly Tableland tend to have cattle with an increased Bos taurus content (Oxley et
al. 2004) to utilize the advantages that crossbreeding offers and for the perceived
1

improved meat tenderness that is associated with Bos taurus cattle. This allows them
to target either the live export or domestic markets depending on the prices offered.
In central Australia (around Alice Springs) it is possible to run pure Bos taurus cattle
(due to the absence of parasites and lower humidity) and properties usually turn off
their cattle to the southern Australian markets.

The fertility of Brahman cattle is considered to be low in comparison to Bos taurus
breeds and Brahman heifers reach puberty at later ages than Bos taurus and crossbred
heifers (Cundiff et al. 1986; Martin et al. 1992). However despite their lower
inherent fertility, Brahmans are the most common breed of cattle in northern
Australia due to their ability to perform better than other breeds under stressful
environmental conditions (Davis 1993). This thesis and literature review is mostly
focussed on the northern parts of the NT (and northern Australia) where the stressful
environment means that cattle require a high Bos indicus (usually Brahman) content.

It has been widely documented that heifer fertility and especially lactating first calf
heifer reconception rates are low in northern Australia (Entwistle 1983; Sullivan et
al. 1997). The literature review component of this thesis aims to review the reasons
for this and the factors which affect heifer fertility in northern Australia.

The experimental components of this thesis aim to address the problem of low heifer
fertility in northern Australia through establishing the relationship between premating liveweight and pregnancy rates, and investigating how this knowledge can be
used to improve heifer performance. It is widely accepted that the major factor
affecting heifer pregnancy rates is their liveweight at mating (Entwistle 1983). While
there are many factors that contribute to determining the liveweight of heifers at
mating, it is ultimately this liveweight that has the major affect on subsequent
pregnancy rates. Therefore quantifying the relationship between liveweight and
pregnancy rates will provide cattle managers with better knowledge for managing
heifers to optimize their performance.

This study aims to establish the relationship between liveweight and P8 fatness at
specific times (i.e. prior to first mating and prior to first calving) and pregnancy rates
for Brahman heifers in northern Australia. This relationship has not been quantified
2

previously. Once established these relationships can be used to produce charts
showing the pregnancy rates that would be expected from mating both maiden and
lactating first calf heifers at different liveweights and P8 fat depths. These charts
will be a valuable management tools for cattle producers as they can be used to guide
management decisions and evaluate the profitability of different management
strategies.

3

2. LITERATURE REVIEW
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2. LITERATURE REVIEW
2.1 Introduction

It has been widely documented that the fertility of cattle is lower in northern
Australia than in temperate southern Australia (McClure 1973; Rudder et al. 1976;
Holroyd et al. 1979). This is the result of a number of environmental and genetic
factors, but the predominant reason is the stressful environmental conditions in
northern Australia where seasonal under-nutrition (due to poor pasture quality and
quantity during the dry season), heat, humidity, parasites and large distances between
water and pasture all impact on cattle performance (Entwistle 1983). These factors
have an even bigger impact on the fertility of heifers than mature cows, and in
northern Australia most heifers are mated for the first time a year later than in
southern Australia (Entwistle 1983), and reconception rates during their first
lactation are often very low eg. less than 25% (McCosker et al. 1991; Sullivan et al.
1997).

While it is intended that this literature review cover most aspects of heifer fertility in
northern Australia, the specific focus of this thesis is the fertility of Brahman heifers
in the NT. The reproductive performance of cattle herds in the NT is generally
considered to be low in comparison to most other areas in Australia (Bortolussi et al.
2005), although there has been a considerable improvement in production in recent
years. For example in 1982 Robertson (1982) reported an annual calving rate of 45%
in the VRD (which is regarded as one of the better regions in the NT for cattle
production), however Bortolussi et al. (2005) reported that by 1997 the mean
branding rate in the NT was 62.6%. Oxley et al. (2004) reported that the average
weaning rate in the Katherine district was 71%. It should be noted though that the
figures from Bortolussi et al. (2005) and Oxley et al. (2004) are averages of
manager‟s estimates of reproductive rates, and not actual data from performance
recording where animals are individually identified. Also due to the large size of
most NT properties and the fact that mustering efficiency and paddock security
(especially during the wet season) are often poor, most reports of reproductive rates
in the NT are often just an educated guess.

5

In reviewing infertility in beef cattle, McClure (1973) states that the fertility of beef
cows is generally lowest during their first lactation. The problem is even more severe
in northern Australia where harsh nutritional conditions occur during the dry season
(McClure 1973; Entwistle 1983). While the low pregnancy rates in lactating first calf
heifers is recognised as the biggest area of inefficiency in northern Australian
breeding herds, it is not a problem that can be addressed in isolation, but rather
management decisions throughout the whole heifer phase of production have an
effect on lactating first calf heifer performance. This literature review aims to address
the factors effecting heifer fertility in northern Australia through the heifer phase
(from weaning until a heifer conceives its second calf) with specific reference to
Brahman heifers in the NT.
If a heifer‟s fertility is her ability to produce a calf for weaning then there are a
number of factors that can cause reduced fertility, from mating right through to
weaning. Christensen (1980) summarised these causes (in the order in which they
occur) as;
-

late puberty

-

congenital abnormalities of the reproductive tract (not a common problem)

-

fertilization failure

-

embryonic and foetal loss (mostly due to disease)

-

calf loss

-

anoestrus

-

abnormalities that occur during life (while some of these can affect heifers eg.
permanent infertility caused by vibriosis, generally these abnormalities occur
later in life eg. bottle teats).

There are a number of factors (environmental and genetic) that affect the extent to
which these potential causes can reduce fertility and these will be discussed
throughout the course of this review. The causes of reduced fertility listed above will
also be discussed in more detail.

The main environmental factor is the stressful environment in northern Australia
where seasonal under-nutrition (due to poor pasture quality and quantity during the
dry season), heat, humidity, parasites and large distances between water and pasture
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all impact on the fertility of heifers (Entwistle 1983). The largest genetic factor
affecting fertility in northern Australia is the widespread use of Brahman and Bos
indicus based breeds. Brahman and Bos indicus breeds have lower inherent potentials
for growth and fertility than Bos taurus genotypes (Seebeck 1973; Turner 1975;
Cundiff et al. 1986). However under stressful environmental conditions as in
northern Australia, Brahman and Bos indicus breeds outperform Bos taurus breeds in
most aspects of performance including fertility due to their better ability to cope with
the environmental stresses (Goddard 1980; Frisch and Vercoe 1984; Mackinnon
1988; Davis 1993).

Brahmans have superior resistance to high ambient temperature (Allen 1962; Turner
1981; Hansen 2004), ticks (Riek 1962; Hewetson 1971; Seifert 1971a), intestinal
parasites (Seifert 1971b; Turner and Short 1972) and buffalo fly (Prayaga et al.
2009), and are more efficient at utilizing low quality pastures (Moran and Vercoe
1972) than Bos taurus breeds. Generally where environmental conditions are not
stressful Bos taurus outperform Bos indicus cattle in both growth and fertility, but
where environmental conditions are stressful the performance of the Bos indicus is
not reduced as much and so they perform better than Bos taurus cattle (Bolton et al.
1987; Mackinnon 1988; Chenoweth 1994). Nevertheless, the stressful northern
Australian environment and the fact that this requires the use of cattle with a high
Bos indicus content (and hence low inherent fertility) means that fertility rates in
northern Australia are normally lower than in southern Australia (Entwistle 1983;
Mackinnon 1988).

The purpose of this literature review is to review the current knowledge of heifer
fertility and the factors affecting it in northern Australia, with specific reference to
the fertility of Brahman heifers in the NT.
2.2 Reproductive performance of heifers in northern Australia

2.2.1 Maiden heifers

Reports of maiden heifer fertility levels in northern Australia have varied greatly eg.
from 37% (Taylor et al. 1982) to 98% (Holroyd et al. 1988). Doogan et al. (1991)
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found that pregnancy rates in ¾ Bos indicus heifers ranged from 76% - 95% and
averaged 85% over 5 years in north Queensland (with an 86-100 day mating period).
In the NT, O‟Rourke et al. (1991a) reported an average pregnancy rate of 74% from
1980 to 1984 in maiden Brahman cross heifers at Mt Bundey station (with a mating
period of about 4.5 months). Sullivan et al. (1997) reported an average cumulative
pregnancy rate of 91% in maiden heifers by 30 months after branding (by which time
most of the heifers would have been about 3 years old) in a herd that was
continuously mated from the start of the first mating as 2 year olds at Kidman
Springs from 1985 to 1990. Savage et al. (2004) reported an average pregnancy rate
of 90% in maiden composite breed heifers at Alexandria Station on the Barkly
Tableland with a 4 month mating period. However these reports of pregnancy rates
in maiden heifers in the NT are likely to be higher than what normally occurs on
most NT cattle stations under commercial conditions as they were recorded on
research stations or in situations that would be considered to be better than average.
This is evidenced by the fact that Oxley et al. (2004) reported that in a survey of NT
cattle managers, the average weaning rate from heifers joined for the first time was
estimated to be 67%.

While many high levels of maiden fertility have been reported in northern Australia,
there have also been reports of low maiden heifer fertility eg. 43 % (Holroyd et al.
1993) and 36% (Taylor et al. 1982), and Fordyce (1996) states that pregnancy rates
of maiden two year old heifers in the dry tropics are often below 50% and so there is
considerable scope for improvement on many properties. Braithwaite and De Witte
(1999) state that in productive northern Australian cattle herds approximately 60% of
the heifer crop are required as replacement breeders to maintain a sustainable herd
size and recommend mating 30% more maiden heifers than are required for
replacements.

Many studies have shown that maiden heifer pregnancy rates increase with
increasing mating liveweight (Entwistle 1983), and where low pregnancy rates occur
in maiden heifers in northern Australia it is usually because mating liveweights have
been low (Entwistle 1983). Most heifers reach satisfactory mating liveweights by 2
years of age in northern Australia but some do not. Where low mating liveweights
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occur it is usually due to seasonal and annual variation in pasture production and
quality (Entwistle 1983) and/or overstocking (Jayawardhana et al. 1992).

There is large variation in the age at which heifers reach puberty (Davis 1993;
Johnston et al. 2009), and Fordyce (1996) estimated that in northern Australia up to a
third of Brahman cross heifers (that have grown well from weaning) can become
pregnant as yearlings due to poor bull control. Sullivan et al. (1997) found that over
5 years, an average of 48% of heifers conceived before the planned start of mating at
Kidman Springs in the NT. Since some heifers from the same year-drop become
pregnant as yearlings, some as 2 year olds and some even as 3 year olds, it is better
to manage heifers according to when they become pregnant rather than by their age
as heifers lactating for the first time in northern Australia often have low fertility
(Entwistle 1983) and so require specific management to obtain good performance.

2.2.2 Lactating first calf heifers

McClure (1973) in his review of infertility in beef cattle states that the fertility of
beef cows is generally at its lowest during their first lactation. This is also the
consensus of many other authors eg. Warnick et al. (1960); Lamond (1970) and
Entwistle (1983).

The reason that fertility is lowest in lactating first calf heifers is due to the large
nutritional requirements that are required for lactation and maternal growth to occur
at the same time (Entwistle 1983; Short et al. 1994a). When the nutrient intake of
heifers is insufficient to meet the requirements for growth and lactation, body energy
stores are mobilized to meet the requirements and when this occurs it effects the
secretion of hypothalamic and pituitary hormones that control ovarian function
(Wettemann 1994). As a result the post-partum anoestrous interval (PPAI) is
extended and reconception rates decreased (Wiltbank et al. 1962; Dunn and
Kaltenbach 1980). This is a major problem in northern Australia where harsh
nutritional conditions occur during the dry season and the resultant poor condition of
lactating heifers results in extended PPAI and low fertility in lactating first calf
heifers (McClure 1973; Entwistle 1983).
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Braithwaite and de Witte (1999) state that in their experience pregnancy rates in
lactating first calf cows are below 50% in traditional systems in northern Australia.
O‟Rourke et al. (1991a) reported pregnancy rates of 13, 21 and 42 % in lactating first
calf heifers (at WR1) at Mt Bundey in the NT. McCosker et al. (1991) reported
pregnancy rates of 7, 8 and 65% in unsupplemented lactating first calf Brahman
cross heifers (at WR1) at Mt Bundey from 1982 to 1984, and 14, 22 and 39% in
those that had received wet season mineral supplementation. Sullivan et al. (1997)
reported pregnancy rates (at WR1) of below 10% in three out of four years between
1987 and 1990 at Kidman Springs in the NT. Anderson (1990) summarised data for
northern Australia by stating that pregnancy rates of lactating first calf heifers were
on average 29% lower than for mature lactating cows and 23% lower than for
maiden heifers. Table 1 summarises data from Entwistle (1983) showing pregnancy
rates in lactating first calf heifers from several studies in northern Australia.

Table 1. Pregnancy rates in lactating first calf heifers in northern Australia.

Location

Breed

Conception rate
of lactating first calf heifers

North coastal Qld.

½ Brahman

45% (year 1), and 15% (year 2)

North coastal Qld.

¾ Brahman

27% (year 1), and 13% (year 2)

North coastal Qld.

Droughtmaster

27%

North inland Qld.

Brahman cross

36%

Barkly Tableland NT.

Brahman cross

25%

Despite the many reports of low pregnancy rates in lactating first calf heifers in
northern Australia, there have been some reports of instances where pregnancy rates
have been quite high. Dixon et al. (1996b) reported a pregnancy rate (at WR1) of
86% for supplemented lactating first calf heifers at Swans Lagoon Beef Cattle
Research Station. Laing et al. (1999) reported pregnancy rates (at WR1) of 92%,
89%, 77% and 85% in consecutive year groups of supplemented lactating first calf
heifers in coastal North Queensland and Savage et al. (2004) reported an average
pregnancy rate (at WR1) of 93% over 5 years in composite breed lactating first calf
heifers heifers at Alexandria Station on the Barkly Tableland. Where high pregnancy
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rates in lactating first calf heifers have been reported in northern Australia it has been
because the heifers have been in good condition (i.e. liveweights were high during
mating).
2.3 Biological processes that impact on fertility (with specific reference to
northern Australia)

There are a number of biological processes that are involved in determining heifer
fertility (the ability of heifers to produce calves for weaning). These processes are
described in detail in a number of reference books such as Senger (2005) and are
briefly summarized below with specific reference to Brahman heifers in northern
Australia).

2.3.1 Puberty in heifers

Puberty has been defined as being when animals become capable of reproducing
(Robinson 1977). In heifers puberty occurs with the first behavioural oestrus that is
accompanied by the development of a corpus luteum (CL) that is maintained for a
normal length of time (Kinder et al. 1987). Many heifers show visible oestrous
behaviour (eg. mounting) prior to actually having reached puberty (Rutter and
Randel 1986) and so it should not be assumed that all heifers exhibiting oestrous
behaviour have reached puberty. Also some heifers do not reach puberty even after
they have ovulated for the first time as they can have a period of short cycles and
silent ovulations before they actually become fertile (Moran et al. 1989). Even once
puberty has been reached there can be large variation in cycle length in heifers and
this can contribute to depressed reproductive performance (Holroyd et al. 1993).

It is quite difficult to accurately determine when heifers reach puberty. The most
common methods used for research purposes are observation of oestrus (Wiltbank et
al. 1966), palpation of ovaries for presence of a CL (Plasse et al. 1968a),
progesterone assays (Post and Reich 1980) and the use of ultrasonography to detect
the occurrence of a CL (Johnston et al. 2009; Burns et al. 2010). On commercial
properties attainment of puberty is usually only assessed by whether or not heifers
have become pregnant by the end of the mating period.
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Sexual maturation in heifers is a gradual process with a number of endocrine and
physiological components that result in a heifer becoming fertile (Moran et al. 1989;
Kinder et al. 1994). There is a series of endocrine events that occur in a specific
sequence as heifers reach puberty (Kinder et al. 1994). Ovarian activity increases
around puberty and leading up to puberty there is a decline in the number of
eostradiol receptors in the hypothalamus (Day et al. 1987). This results in the
hypothalomic-pituitary axis losing its sensitivity to the negative feedback of
oestradiol (Moran et al. 1989) causing enhanced follicle stimulating hormone (FSH)
secretion and an increase in the frequency of pulses of luteinising hormone (LH)
secretion which stimulate ovarian follicle growth. This sequence of events
culminates in puberal oestrous ovulation and the development of a CL (Kinder et al.
1994). There is also a large increase in uterine weight after the first CL develops
(Day et al. 1987).

The factors influencing age at puberty are reviewed in Section 2.4.2.1.

2.3.2 The oestrous cycle

Once heifers have reached puberty they commence a cycle whereby they exhibit
periods of sexual receptivity known as oestrus (or commonly referred to as heat)
about every 21 days (+ or - 4 days) and this is known as the oestrous cycle (Salisbury
et al. 1978; Senger 2005, p. 145). Oestrous cycles consist of a series of predictable
physiological events that occur between successive periods of oestrus (Senger 2005,
p. 145). Heifers can cease cycling if nutrition is inadequate or environmental
conditions are extremely stressful. However they normally continue to cycle until
they become pregnant when cycling usually ceases (Senger 2005, p.145) and does
not resume again until some time after calving (although a small proportion of
heifers [<10%] actually exhibit cycling during pregnancy [RG Holroyd pers. com.]).
The period between calving and the resumption of cycling is known as the PPAI and
the length of this period has a large effect on reproductive rates and the profitability
of beef herds (Williams 1990). Factors affecting the length of the PPAI are discussed
in more detail in Section 2.4.4.1.
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The oestrous cycle is controlled by hormones and is seen as having several stages.
There are two major phases known as the follicular and luteal phases, and each of
these phases is subdivided into two other phases with pro-oestrus and oestrus making
up the follicular phase and metoestrus and dioestrus making up the luteal phase
(Senger 2005, pp. 147-148).

The two major phases are named after the dominant structure present on the ovary
during each phase. The follicular phase is the period when a follicle is the dominant
structure on the ovary and the luteal phase is the period when a CL is the dominant
structure on the ovary (Senger 2005, p. 147). A follicle is a spherical structure within
an ovary that contains an oocyte. An oocyte develops into an ovum (commonly
called an egg) which is released at ovulation and the follicle develops into a CL. A
CL is a yellowish or orange coloured structure on the outside of an ovary that
releases hormones the predominant one being progesterone (Senger 2005, p.350).
The process of fertilization is described more fully in Section 2.3.3.

The phases of the oestrous cycle are described in detail by Salisbury et al. (1978) and
Senger (2005, pp. 164-213) and are summarized here as follows:

i)

Oestrus (on day 1). This is a period of sexual activity when the female
will permit mating and usually lasts for about 12 hours in heifers and 18
hours in cows although the range can be anywhere between 6 – 30 hours.
Increased oestrogen production by the follicle inhibits FSH production
and causes the female to display oestrus. Visual signs of oestrus include a
willingness to stand for mounting, copious production of clear mucus
which is expelled from the vulva, swelling of the vulva and increased
physical activity (Boothby and Fahey 1995).

ii)

Metoestrus (day 1 – 4). This is a period lasting about 4 days after the
female has finished showing oestrus. LH is released from the anterior
pituitary after oestrus and a peak of LH acts to cause ovulation usually
about 10 hours after oestrus finishes (range 2 – 26 hours). The ovarian
follicle from which the ovum (egg) was released starts to develop into
CL. The flow of mucus from the vulva subsides and some blood is often
seen in the mucus.
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iii)

Dioestrus (days 4-19). The CL becomes fully developed during this
period and it produces progesterone which causes changes to the uterus to
prepare it for a possible pregnancy. Progesterone also acts on the brain
inhibiting LH release and sexual activity. If conception occurs then the
CL remains throughout the pregnancy but if fertilization does not occur
then it starts to regress.

iv)

Pro-oestrus (days 19-21). The CL regresses completely during this period.
FSH is released from the anterior pituitary gland causing the development
of another follicle in preparation for the next cycle.

The oestrous cycle is represented diagrammatically in Figure 1.

Figure 1. The oestrous cycle.
Source Salisbury et al. (1978), p. 59.
(Note- this reference uses the American spelling of metestrus).

2.3.3 Fertilization and gestation

After ovulation the ovum is swept into the infundibulum, passes into the oviduct
(fallopian tube) and moves towards the uterus. When mating has been successful,
conception occurs when the ovum and sperm meet about a third of the way along the
oviduct. The fertilized ovum develops rapidly through various stages, attaches
loosely to the uterine wall after about 14 days and implantation begins by the 35th
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day (Senger 2005, pp. 305-306). The gestation length varies between and within
breeds with Brahman and Bos indicus breeds tending to have longer gestation lengths
than Bos taurus breeds (Randel 1994). The average gestation length for Brahman
cows is considered to be around 293 days (Plasse et al. 1968c; Browning et al.
1995).

Embryonic loss shortly after fertilization (between fertilization and day 42) is
considerable and a loss rate of around 25% of all fertilized ovums is considered
normal in extensively managed beef herds (Fordyce and Burns 2007). This combined
with fertilization failure results in a pregnancy rate per cycle of around 65-70% in
healthy cattle (Fordyce and Burns 2007).

2.3.4 Parturition

In the final stages of gestation the size of the foetus grows to the point where it
approaches the inherent space limitations of the uterus, and it is believed that this
stresses the foetus and initiates parturition (the process of giving birth) (Senger 2005,
pp. 316-319). The stress causes the foetal anterior pituitary to release
adrenocorticotrophic hormone (ACTH) which stimulates the foetal adrenal cortex to
produce corticoids. The elevation of foetal corticoids initiates a complex cascade of
physiological events and endocrine changes that result in the removal of the
“progesterone block” (which enables myometrial contractions to begin), and leads to
parturition (Senger 2005, pp. 316-318). Other events that occur in this process that
assist in expulsion of the foetus from the cow are the production of the hormone
relaxin which acts to increase elasticity of the pelvic ligaments and loosen the
supportive tissues of the birth canal, and also there is an increase in the level of
oestrogens which causes secretions that lubricate the birth canal (Senger 2005, p.
320).

As the pressure inside the uterus increases the foetus rotates so that it is in position to
be born with the front feet and head coming out first (in a normal birth). If the calf
doesn‟t position itself properly the problems with calving (dystocia) can occur
(Senger 2005, p. 323).
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Dystocia can occur for other reasons as well and is more common in heifers than
mature cows due mainly to fetopelvic disproportion (Norman 2006). Dystocia is
covered in more detail in Section 2.4.5.1(i).

2.3.5 Post-partum anoestrus and the resumption of cycling

A period of time during which oestrous cycles do not occur is known as anoestrus
(Monteil and Ahuja 2005; Senger 2005, p. 152), and most mammals have a period of
anoestrus that allows the dam to recuperate after pregnancy and parturition (Short et
al. 1994a). In cattle the period between calving and the resumption of cycling is
known as the post-partum anoestrous interval (PPAI). It is normal for heifers/cows to
have a period of anoestrus after calving but the length of this period can vary greatly
(Short et al. 1990b).

Extended PPAIs are a major factor contributing to low

reproductive efficiency (Edgerton 1980; Monteil and Ahuja 2005) and the
profitability of beef herds (Williams 1990).

In his review Entwistle (1983) stated that the duration of the PPAI is primarily a
result of the interaction between nutritional and lactational status, and that the length
of the PPAI increases as the body condition of cows decreases. Fertility is usually
lower

in

lactating

than

non-lactating

cows

and

also

decreases

with

liveweight/condition (Entwistle 1983). As a result lactating cows in poor condition
have the longest PPAI and hence the lowest fertility. Lactating first calf heifers often
fall into this category in northern Australia.

The exact physiological reasons for an extended PPAI are not known since quite
often it is the result of an interaction between a number of factors (Entwistle 1983;
Wettemann 1994), but the factors that contribute to PPAI are well documented. The
two major factors are lactation and nutrition and there are a range of other factors
including season (month of calving), breed, dystocia, parity/age of cow, disease,
presence of a bull and carry-over effects from the previous pregnancy (Short et al.
1990b; Monteil and Ahuja 2005). The factors influencing the length of PPAI and the
mechanisms by which they do so are covered in more detail in Section 2.4.4.1 and
have also been the subject of a number of reviews eg. Entwistle (1983); Randel
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(1990); Short et al. (1990b); Short et al. (1994a); Wettemann (1994); Monteil and
Ahuja (2005).

2.4 Major factors affecting heifer fertility

2.4.1 Genotype

Reproductive performance of cattle in stressful environments such as in most of
northern Australia is influenced by both their resistance to stresses (adaptive traits eg.
heat tolerance and parasite resistance) and their inherent productive potential
(productive traits eg. growth rate and fertility). These traits are largely determined by
genotype and to some extent, adaptive and productive traits are mutually exclusive
(Frisch and Vercoe 1984). As a result the best performing genotype in a stressful
environment is one that has the right balance of adaptive and productive traits
(Fordyce and Holroyd 2003; Burrow 2006).

Bos indicus breeds generally have lower inherent potentials for growth and fertility
than Bos taurus breeds (Seebeck 1973; Turner 1975; Cundiff et al. 1986; Mackinnon
1988) but they are more resistant to environmental stresses (Goddard 1980; Frisch
and Vercoe 1984; Mackinnon 1988; Davis 1993; Burrow et al. 2001). Typically
where environmental conditions are not stressful Bos taurus outperform Bos indicus
cattle in both growth and fertility, but where environmental conditions are stressful
the performance of the Bos indicus is not reduced as much and so they perform better
than Bos taurus cattle (Bolton et al. 1987; Frisch et al. 1987; Mackinnon 1988;
Chenoweth 1994).

Crossbreeding between Bos indicus and Bos taurus genotypes is common in northern
Australia to try to combine the productive attributes of the Bos taurus with the
adaptive attributes of the Bos indicus. Some crosses between Bos indicus and Bos
taurus breeds have been stabilized and have become breeds in their own right eg.
Droughtmasters. The amount of Bos indicus content required for optimum
performance depends on the environment and generally the more stressful the
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environment is, the higher the Bos indicus content that is required to survive and be
productive (Fordyce and Holroyd 2003; Burrow 2006).

As well as combining desirable traits, crossbreeding gives additional benefits such as
increased growth and fertility through heterosis. The benefits from heterosis are
greatest in the first generation and diminish in subsequent generations (Frisch 1986;
Burrow 2006). First cross (F1) Bos indicus x Bos taurus genotypes usually have
higher fertility than subsequent generations (Seifert and Kennedy 1972; Seebeck
1973; Rudder et al. 1981; Rudder et al. 1985). Rotational crossbreeding systems can
reduce the loss of heterosis but are difficult to manage in northern Australia (Fordyce
and Holroyd 2003) and so are not commonly used. Loss of heterosis is also reduced
when several unrelated breeds are crossed and then stabilized to produce a composite
breed, and a number of tropically adapted composite breeds have been established in
northern Australia (Johnston 1995).

Significant improvements in fertility within genotypes can be achieved by selection
for reproductive traits (Hetzel et al. 1989; Mackinnon et al. 1990; Davis et al.1993).
Davis et al. (1993) found that selection for reproductive traits brought about
significant increases in pregnancy rate in Bos indicus cross cows, and Schatz et al.
(2010) found that selection for fertility in a Brahman herd produced heifers that had
significantly higher (35%) pregnancy rates from yearling mating than heifers from
commercial Brahman herds. One of the main genetic effects on heifer fertility are the
effects of genotype on age at puberty and these are these are discussed in detail in
Section 2.4.2.1(ii)

This review focuses on the Brahman breed since they are the most commonly used
breed in the NT (Oxley et al. 2004). There are several characteristics of Brahmans
that may contribute to their lower inherent fertility such as late onset of puberty
compared to other breeds (Reynolds et al. 1963; Hearnshaw et al. 1994), longer
gestation length (Plasse et al. 1968b) seasonality and intensity of oestrus (Randel
1984), and higher rates of foetal and calf loss (Frisch 1973; Reynolds 1973).
However despite their lower inherent fertility, the high resistance to environmental
stresses of Brahmans means that their growth and fertility is not reduced as much
under stressful conditions and so they are more productive and have higher
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reproductive rates in stressful environments than Bos taurus cattle (Frisch et al.
1987; Randel 1994). In work conducted at Rockhampton in central Queensland,
Frisch et al. (1987) found that in years of low environmental stress that a Hereford x
Shorthorn line had higher weaning rates than a Brahman line but in years of high
environmental stress there was a complete reversal of ranking.

2.4.2 Age at puberty

There is large variation in the age at which heifers reach puberty both between and
within breeds (Cundiff et al. 1986; Short et al. 1990a; Davis 1993; Johnston et al.
2009). Age at puberty can have a large influence on conception rates in maiden
heifers especially where yearling mating is practiced (Randel 1994), and it often
determines how a breeding program is structured in terms of the age at which heifers
are first mated.

Age at puberty influences the reproductive efficiency of beef herds (Burns et al.
1992) since heifers that calve first at two years of age produce more calves (in their
lifetime around 0.3 more calves per female) than heifers which calve first at three
years of age (Fordyce et al. 1994a; Fordyce et al. 1994b). However the attainment of
puberty is influenced by a number of genetic and environmental factors, and in Bos
indicus heifers in northern Australia this usually results in the majority of heifers
reaching puberty at such an age that they calve first at three years of age rather than
at two (Burns et al. 2010).

2.4.2.1 Factors effecting age at puberty

There are number of factors that influence the onset of puberty in heifers (Moran et
al. 1989; Burns et al. 2010) and it is important to understand that the actual age at
which a heifer reaches puberty is determined by an interaction of some or all these
different factors (Kinder et al. 1994). The main factors affecting puberty and their
effects are summarized below.
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2.4.2.1(i) Weight
It is generally accepted that liveweight and body condition are the major factors
influencing the onset of puberty and pregnancy rates of heifers (Joubert 1954;
Joubert 1963; Reynolds et al. 1963; Sparke and Lamond 1968; Wiltbank et al. 1969;
Entwistle 1983). It is also generally considered that heifers have to reach a critical
liveweight before puberty occurs (Kinder et al. 1994). Sorenson et al. (1959) showed
that heifers reach puberty at a certain liveweight rather than age and when heifers are
reared on different planes of nutrition, those that grew faster reached puberty at the
same liveweight as those that grew slower, but they reached puberty at a younger age
since they reached the target liveweight for puberty quicker. Generally heifers that
have had good nutrition resulting in higher growth rates reach puberty at an earlier
age than heifers that have had slower growth rates as a consequence of poorer
nutrition (Wiltbank et al. 1969; Short and Bellows 1971; Moran et al. 1989).

There is a large variation in age and liveweight at puberty within genotypes (Davis
1993; Johnston et al. 2009). Holroyd and Fordyce (2001) state that while most Bos
indicus cross heifers have reached puberty by 275 kg, many actually reach puberty at
much lighter (eg. 200 kg) or much heavier (eg. 400 kg) weights. In a large Australian
study of 1007 Brahman heifers by the Beef CRC it was found that while the average
liveweight at puberty was 334 kg, the range of liveweights at which heifers reached
puberty extended from 196 – 485 kg (Johnston et al. 2009).

While liveweight alone is useful for predicting age at puberty (and the fertility of
older animals), a measure of body condition is also important as it takes into account
the differences in age and frame size that liveweight alone cannot account for
(Bluntzer et al. 1983). Older or larger framed animals will be in poorer condition
(have less fat) at the same liveweight as younger or smaller framed animals (Ridley
and Schatz 2007).

It should also be noted that reports of liveweight at puberty appear to have increased
over time eg. Post and Reich (1980) reported a liveweight at puberty for Brahman
heifers of 246 kg while the liveweight reported by Johnston et al. (2009) was 334 kg.
The main reasons for this are likely to be that different methods were used to
determine when puberty had been reached. Post and Reich (1980) used progesterone
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assays while more recent studies have used ultrasonography to detect the presence of
the first CL (Johnston et al. 2009). Also the genetic trend over the last 20 years in the
Brahman breed has been towards larger framed animals and these are later maturing.

2.4.2.1(ii) Genetic factors
The genetic factors influencing age at puberty are breed, sire and dam effects within
breeds and heterosis from crossbreeding (Cundiff et al. 1986; Short et al. 1990a).
Bos indicus heifers reach puberty later than Bos taurus heifers and the age at which
Bos indicus x Bos taurus heifers reach puberty is somewhere between the two
(Warnick et al. 1956; Short et al. 1994b; Randel 2005).

Heterosis from

crossbreeding also reduces age at puberty (Wiltbank et al. 1966; Stewart et al. 1980;
Short et al. 1994b). Age at puberty tends to increase as the Bos indicus content of
heifers increases (Peacock et al. 1985). Hearnshaw et al. (1994) found that only 9%
of pure Brahman heifers had reached puberty by 22 months of age compared to 82%
in Brahman x Hereford heifers and 95% in ¼ Brahman x ¾ Hereford heifers.
Purebred Brahmans are therefore among the later maturing heifers and so require
higher liveweights to be reached before puberty occurs. This impacts on the age at
which first mating can be considered.

Fordyce (2006) found that on average Brahman heifers reached puberty at 315 kg
which was 63% of their mature body liveweight (assessed to be 500 kg) and that this
was about 10% heavier than the average liveweight at which Brahman x Bos taurus
crossbred heifers reached puberty. However there is considerable variation in the age
at puberty of heifers within breeds (Cundiff et al. 1986; Patterson et al. 1992) and the
variability is greater in animals that have undergone periods of undernutrition
(Lamond 1970). As a result it is difficult to give a definitive age or liveweight at
which Brahman heifers reach puberty as there have been many reports of different
ages and liveweights at puberty with considerable variation (Table 2), and these will
have been affected by the rate at which the heifers grew in these studies and the
method by which age of puberty was measured. However as a practical guide for
heifer management, Doogan et al. (1991) stated that liveweights of about 270 kg at
the start of mating should result in a pregnancy rate of about 80% in Brahman cross
heifers in northern Australia. The target start of mating liveweight to achieve a
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similar pregnancy rate is likely to be higher in Brahman heifers since they are later
maturing than Brahman cross heifers (Warnick et al. 1956; Randel 2005).

Table 2. Reported average age and liveweight at puberty of Brahman and Bos
indicus cross heifers.

Breed

Avg. age at

Avg. liveweight

(and treatment)

puberty (days)

at puberty (kg)

Brahman

690

Reynolds (1967)

Brahman

590

Plasse et al. (1968a)

Brahman

481

246

Post and Reich (1980)

Brahman

429

323

Cundiff et al. (1986)

Brahman

602

321

Warnick et al. (1991)

315

Fordyce (2006)

Brahman

Source

Brahman

592

366

Chase et al. (1997)

Brahman

415

347 (approx.)

Cundiff (2005)

Brahman

751

334

Johnston et al. (2009)

Brahman

735

299

Rodrigues et al. (1999)

Brahman x Bos taurus

625

285

Fordyce et al. (1996a)

582

266

Fordyce et al. (1996a)

Brahman x Bos taurus

525

261

Post and Reich (1980)

Brahman x Bos taurus

438

Brahman x Hereford

568

Brahman x Angus

478

(unsupplemented)
Brahman x Bos taurus
(supplemented)

Reynolds (1967)
336

Morgan (1981)
Chase et al. (1997)

The calculated average age and liveweight at puberty from all the studies in Table 2
is 587 days and 319 kg, respectively.

As well as breed and heterosis effects, age and liveweight at puberty also varies
within breeds (Cundiff et al. 1986; Davis 1993) and is heritable (Mackinnon et al.
1990; Vargas et al. 1998). Johnston et al. (2009) found that the heritability of
liveweight at first CL was 0.56 in Brahman heifers and 0.46 in tropical composite
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heifers. Age at puberty (presence of first CL) was also found to be moderately to
highly heritable with estimates of heritability of 0.57 for Brahmans and 0.52 for
tropical composites (Johnston et al. 2009). Vargas et al. (1998) estimated that the
heritability for age at puberty was 0.42 and also found that Brahman bulls with
higher scrotal size at 18 months of age sire heifers that reach puberty earlier. Hetzel
et al. (1989) reported a 12% average difference in the pregnancy rate of 2 year old
maiden Droughtmaster heifers that had been selected for higher fertility. Schatz et al.
(2010) found that selection for fertility in a Brahman herd had produced heifers that
were earlier maturing and had significantly (35%) higher pregnancy rates from
yearling mating than heifers from commercial Brahman herds.

2.4.2.1(iii) Nutritional factors
The growth rate of heifers after weaning affects the age at which puberty is reached
(Greer et al. 1983; Fordyce et al. 1996a; Fordyce 2006). It is generally accepted that
heifers have to reach a critical liveweight before puberty occurs. This happens at an
earlier age in heifers that have had good nutrition resulting in higher growth rates
than in heifers that have had slower growth rates as a consequence of poorer nutrition
(Wiltbank et al. 1969; Short and Bellows 1971).

Wiltbank et al. (1966), Ferrell (1982), and Fordyce et al. (1996b) all found that
heifers with higher post-weaning growth rates are younger and lighter at first oestrus
than heifers which grew slower (and hence were in poorer condition). However it
should be noted that heifers with very high growth rates post-weaning (which is
unlikely to occur under extensive conditions in northern Australia) are often heavier
at puberty than heifers that have grown more moderately (Short and Bellows 1971;
Arije and Wiltbank 1974). This is likely to be due to the fact that liveweight alone
does not determine age at puberty but there are minimum ages below which not
many heifers will reach puberty even though high growth rates have allowed them to
reach target liveweights for puberty at such a young age (Hall et al. 1997). In other
words when heifers grow extremely fast they can be too young to reach puberty
despite having reached a liveweight by which puberty might be expected to have
been reached if they had grown at a more moderate rate.
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The variation in reported age and liveweight at puberty in Table 2 is probably largely
due to heifers growing at different rates and so the condition of the heifers in each
study was not the same. A young heifer that is the same liveweight as an older heifer
will be in better condition (i.e. fatter) and as a result is likely to reach puberty at a
younger age (Oyedipe et al. 1982). Heifers in better condition will reach puberty
younger than heifers in poorer condition (Nelson et al. 1982; Oyedipe et al. 1982).

The growth rate of heifers over the dry season following weaning also seems to have
an effect on subsequent fertility independent of other liveweight/fertility
relationships. Doogan et al. (1991) found that heifers that gained weight in the dry
season following weaning had higher pregnancy rates at their maiden mating as 2
year olds than heifers that lost weight at this time. Fordyce et al. (1996a) found that
heifers that grew faster over the post-weaning dry season due to supplementation
with cottonseed meal were younger and lighter at puberty than un-supplemented
heifers.

2.4.2.1(iv) Frame size
Frame size has an effect on age at puberty. Baker et al. (1988) found that height was
an important source of variation for pubertal age and liveweight, and that a higher
rate of hip height growth was associated with heavier, taller heifers at puberty.

Chase et al. (2005) reported that large framed Brahman heifers reached puberty 39
days later than small framed heifers. Vargas et al. (1999) found that small and
medium framed Brahman heifers reached puberty at younger ages than large framed
heifers. They also had higher weaning rates as maiden and lactating first calf heifers,
however at later ages once the large framed heifers have matured, their fertility was
no longer lower than small and medium framed heifers. Again, as with age it is
largely body condition that is influencing age at puberty, as larger framed heifers
have to reach heavier liveweights to get to the same body condition (level of fatness)
as smaller framed heifers and this usually takes longer if they are growing under the
same conditions, and Cundiff et al. (1986) and Martin et al. (1992) state, that in
general, faster growing breed groups with larger mature size reach puberty at a later
age than slower growing breed groups of smaller mature size.
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2.4.2.1(v) Photoperiod
It appears that day length has an effect on heifers reaching puberty. Schillio et al.
(1992) concluded that pre-pubertal development at all stages occurs at a younger age
during increasing day length and that this effect is more pronounced in Brahmans
than other breeds. Plasse et al. (1968a) found that sexual activity in Brahman heifers
increased during spring and was highest in summer. Hansen et al. (1983) found that
heifers exposed to 18 hours of artificial light reached puberty at a younger age than
heifers which were not exposed to longer periods of light.

This has also been seen in research in the dry tropics of north Queensland where
heifers were found to be less likely to reach puberty during the dry season months
when day length is shorter (Fordyce 2006). It was found that those heifers that had
not already reached puberty by the end of the summer months usually did not reach
puberty during the next dry season but rather when the days started lengthening
again. In addition the effect of photoperiod was such that some heifers that had
commenced cycling actually discontinued during the 3-4 months when day length
was shorter during the dry season.

2.4.2.1(vi) Month of birth
The month in which heifers are born has an effect on when they reach puberty. In
northern Australia, heifers born late in the wet season are older at puberty (Johnston
et al. 2006) and this is likely to be associated with them having less time grazing
under favourable nutritional conditions than heifers born earlier in the wet season
and so their growth rates are lower. As a result they are younger and lighter at
weaning and this, combined with photoperiod effects (which are compounded by
nutritional conditions) means they are likely to take longer to reach puberty. The
practical implications of this are that few late born heifers will be suitable for
yearling mating.

Studies on the effect of month of birth in northern Australia are confounded by the
fact that most calves are born between October and February and therefore there are
low numbers of heifers born in other months which makes a proper comparison
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difficult. It also should be noted that there have not been any studies conducted in
northern Australia specifically designed to study the effects of photoperiod on heifers
born at different times of year.

2.4.3 Age at which heifers are first mated
Most properties in northern Australia segregate their heifers from the rest of their
breeder herd and try to keep their young heifers segregated from bulls until the start
of their first mating period. This is usually timed to coincide with the start of the wet
season and is roughly either 12 or 24 months after the majority of the heifers were
born. Most heifers on northern Australian properties are mated for the first time as
“two year olds” (Bortolussi et al. 2005) although some properties practice “yearling
mating” (where heifers are mated at the end of the year in which they are weaned at
around 12 months of age). It should be noted that both these terms are quite general
and somewhat misleading as not all heifers are 24 months of age (in the case of 2
year old mating) or 12 months of age (in the case of yearling mating) at the start of
mating, but that there is a range around these ages (of up to plus 6 months and minus
3 months).

Heifers are generally mated when it is considered that they are likely to have reached
puberty, and at a time when the calves conceived from that mating are likely to be
born just before the period when pasture quality and quantity are at their best
(Fordyce 1990). Throughout much of northern Australia it is considered that mid
January is the optimum time to start mating heifers, however on more extensive
properties and especially in tropical regions, logistical difficulties (eg. putting bulls
out during the wet season when most staff are on leave) often result in the bulls being
introduced to heifers in early December as the last job before the staff leave and the
wet season is expected to start.

Obviously the younger that heifers start breeding the greater their potential lifetime
calf production will be. However the ability to successfully mate heifers as yearlings
(around 12 months of age) depends on the growth rates that are possible on each
property, as the critical liveweights for puberty need to have been reached by mating
for yearling mating to be successful (Burns et al. 2010).
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Pregnancy rates from the first ovulation when puberty is reached are lower than in
subsequent cycles (Byerley et al. 1987). At least two fertile cycles are required to
achieve pregnancy rates of approximately 90% and so to achieve good pregnancy
rates in maiden heifers, they should reach puberty by such time that they will have at
least reached their third ovulation before the end of mating (Fordyce 2006). It is
important that heifers have reached liveweights sufficient to give them a high
probability of conceiving early in the first mating period as heifers that conceive
early will then calve early. This has been found to increase their likelihood of
reconception and as a result heifers that conceive early during their first mating
period have been found to wean more kilograms of calf over their lifetime
(Lesmeister et al. 1973).

Since liveweight has the largest influence on age at puberty (Entwistle 1983), the
growth rates that can be achieved on a property largely determine the age at which
heifers are mated for the first time there. Yearling mating can be considered where
growth rates are sufficient for heifers to reach the critical target mating liveweight
(usually around 270 kg) by about 12 months of age.

It should be noted that most properties in northern Australia do not achieve sufficient
growth rates for good pregnancy rates from yearling mating, and that even where
maiden heifers are first mated at two years of age, it is not uncommon for a
proportion of heifers to have failed to reach adequate mating liveweights resulting in
low pregnancy rates in maiden heifers (Goddard et al. 1980; Taylor et al. 1982). This
is a result of inadequate nutrition between weaning and mating and can usually be
overcome through adequate supplementation programs and appropriate stocking
rates.

Entwistle (1983) states that in southern Australia, the question of whether to mate
heifers as yearlings or two year olds is decided by the producer‟s ability to achieve
critical minimum target mating liveweights. The same principle holds for northern
Australia although in the past it has been assumed that heifers in northern Australia
will not make the target mating liveweights as yearlings, and so most heifers are
traditionally mated (intentionally) for the first time as two year olds (Oxley et al.
2004). However, there are some regions within the NT where adequate growth
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occurs to make yearling mating a possibility. Two such areas are the Douglas Daly
region with its fertile soils, improved pastures and high and reliable rainfall, and
areas on the Barkly Tablelands where high growth rates are achieved from blue bush
swamp areas and Mitchell grasses.

2.4.3.1 Yearling mating

In northern Australia “yearling mating” can be a misleading term as heifers are not
mated for the first time at strictly 12 months of age but somewhere around that age.
Usually the term is used to describe heifers that are mated in the first wet season after
weaning. Weaning usually occurs throughout the dry season months (from May to
October) on northern Australian properties (Bortolussi et al. 2005), and where
yearling mating is practiced, weaner heifers that look like they may be heavy enough
by the end of the year are selected for yearling mating. In practice these are usually
the oldest weaner heifers and especially where heifers come from continuously
mated herds, they may be older than 12 months at the start of mating and usually
range from 12 to 18 months of age at the start of mating.

Substantial gains can be made through mating replacement heifers for the first time
as yearlings, if they are managed to meet target liveweights and body conditions for
their first and second matings. This increases the lifetime breeder calf output,
significantly increasing the breeding herd efficiency (Donaldson 1968; Morris 1980;
Fordyce et al. 1994b). Fordyce et al. (1994b) states that yearling mating in northern
Australia can increase lifetime breeder output by 0.3 to 0.5 calves which is a 5-10%
increase in the annual herd branding rate (assumes a base branding rate of 75%).
Yearling mating is also a way of identifying heifers that are inherently more fertile
and will produce more calves over their lifetime (Lesmeister et al. 1973; Morris
1980). Age at puberty in Brahman heifers is also quite highly heritable (0.57)
(Johnston et al. 2009) and so the use of yearling mating in a selection program is
likely to produce an earlier maturing line of animals over time (Schatz et al. 2010).

Yearling mating may not be a viable management practice on properties where some
or all of the following factors apply; low pasture quality and quantity, slow-maturing
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genotypes and less intensive management systems (Short et al. 1990a). These factors
occur to some extent on most properties in northern Australia, and the combination
of genetic and environmental influences on attainment of puberty in most production
systems in northern Australia means that pregnancy rates from yearling mating are
usually low (Burns et al. 2010). Therefore most heifers in northern Australia are
mated first at two years of age (Bortolussi et al. 2005).

The success of yearling mating depends largely on whether the heifers have reached
puberty by mating. Obviously if a heifer has not yet reached puberty by the end of
the mating period it won‟t get pregnant. Studies have shown that pregnancy rates are
correlated with the number of heifers exhibiting oestrus early in the breeding season
(Short and Bellows 1971). High pregnancy rates in yearling heifers can only be
expected from heifers that have reached the critical liveweights required for puberty.
The critical liveweight for yearling mating is considered to be around 275 kg by the
start of mating for Bos indicus cross heifers (Rudder et al. 1985).

Marshall (1991) states that the success of managing Bos indicus cross heifers to calve
at two years of age (i.e. yearling mating) is limited by the fact that their inherent age
at puberty is greater than 14 months of age. The fact that Brahman heifers reach
puberty later than Bos indicus cross and Bos taurus heifers (Warnick et al. 1956;
Reynolds 1967; Randel 2005) means that they are usually even less suitable for
yearling mating. However where selection for early maturity has resulted in a line of
earlier maturing animals, satisfactory pregnancy rates may be achieved (Schatz et al.
2010). Recent research at Douglas Daly Research Farm (NT) shows that Brahman
heifers from commercial herds in the NT seem to be too late maturing for successful
yearling mating (with pregnancy rates averaging 30% from 3 year groups of heifers),
however pregnancy rates were on average 35% higher in yearling mated heifers from
a herd that had been selected for fertility (Schatz et al. 2010).

Hearnshaw et al. (1994) found that only 9% of pure Brahmans in their study had
reached puberty by 22 months of age, and Randel (1994) stated that Brahman and
Brahman-based heifers reach puberty at too old an age to routinely calve at 2 years of
age (i.e. for successful yearling mating). This is especially the case in many parts of
northern Australia where nutrition is often limiting, however high pregnancy rates
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can be achieved from yearling mating of Brahman cattle under favourable
conditions. In a study in Nebraska, Cundiff (2005) reported a pregnancy rate of 83%
in F1 Brahman cross heifers mated to calve as 2 year olds that had an average 400
day liveweight of 347 kg. It is not usually possible to achieve such a mating
liveweight under extensive conditions in northern Australia (Figure 2) as heifers
usually either lose weight or gain very little weight during the dry season after
weaning (Holroyd et al. 1990; Schatz et al. 2007a).

Most previous research on yearling mating in northern Australia has been done under
largely traditional management systems with unimproved conditions (native pasture
and no fertiliser) eg. Fordyce et al. (1992; 1993; 1994a). As a result, Brahman heifers
have been mated at liveweights below that which would give good pregnancy rates
(Figure 2). In studies where target liveweights have been an objective they have not
been achieved (Gulbransen 1994; Loxton and Holroyd 1996).
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Figure 2. The effect of pre-mating liveweight on pregnancy rates from yearling
mating in northern Australia.
The data in Figure 2 are sourced from:
Swans Lagoon; Brahman cross - Fordyce et al. (1992; 1993; 1994a), DDRF (selected);
Brahman -Jayawardhana (1999) and Schatz et al. (2010) (these heifers were from a herd that
has been highly selected for fertility for many years), DDRF (commercial); Brahman –
Schatz et al. (2010) (these heifers were purchased from commercial properties in the NT),
Gayndah (Qld); 5/8 Bos indicus – Gulbransen (1994), and Marlborough (Qld); Brahman –
Loxton and Holroyd (1996).
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While yearling mating is only intentionally practiced on a few NT properties, in
practice heifers are often exposed to bulls as yearlings since bull control is difficult
due to the length of the fence lines that have to be maintained and that flood fences
are often washed down during the wet season. As a result there are usually some
heifers that get pregnant as yearlings on most NT properties (T Schatz pers. obs.).
Some advisers have suggested that it may be better to mate heifers as yearlings so
that those heifers that have reached puberty get pregnant at the desirable time of year,
reducing the chance of out of season calving if they were to come into contact with
bulls later in the year (Holroyd and Fordyce 2001).

It should also be noted that there are some potential costs associated with yearling
mating that may reduce the benefits of initially breeding from females a year earlier.
Most of these costs are due to the fact that heifers mated first as yearlings are
growing and so there is competition for nutrients available for growth, reproduction
and lactation (Short et al. 1994b). Some of these potential costs are:
i)

Dystocia. The prevalence of dystocia is higher in younger heifers (Laster
et al. 1973a; Bellows et al. 1982) since the major cause of dystocia is a
disproportion in size between the birth weight of the calf and the pelvic
area of the dam (Short et al. 1994b), and the pelvic area is smaller in
younger heifers. While dystocia can be a problem in yearling mating
systems, the incidence of dystocia is lower in Bos indicus cattle (Short et
al. 1994b) and is not a major problem in Bos indicus cattle in northern
Australia with preventative management such as not using “high growth”
bulls, and maintaining the growth of heifers while preventing obesity
(Fordyce 2006).

ii)

Increased mortalities. The chances of heifer mortality are increased when
they are mated first as yearlings (Fordyce 1996; Jayawardhana 1999). Not
only is the incidence of dystocia increased but the heifers have to deal
with the stress of lactation at an earlier age while they are still growing
themselves and as a result their body condition can deteriorate badly.
Fordyce (1996) found that annual mortalities were 4.5% in yearling mated
heifers compared to 2% in heifers first mated as 2 year olds and about a
third of these mortalities were calving related.
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iii)

Lighter calves. Calves weaned from yearling mated heifers are usually
lighter than from older dams (Morris 1980; Short et al. 1994b). This is
mainly due to milk production being lower in heifers than in more mature
dams (Rollins and Guilbert 1954).

iv)

Longer inter-calving intervals. Yearling mated heifers generally have
longer intervals from calving until conceiving their next calf than heifers
which are first mated at older ages (Bellows et al. 1982). Also pregnancy
rates at the next mating are often lower (Bellows et al. 1982). However
these reduced measures of fertility are both a result of poor body
condition and if nutrition is adequate (so that heifers are in good condition
after calving) then reconception rates and inter-calving intervals are not
adversely effected (Fordyce 2006).

v)

Stunting. Yearling mated heifers can become stunted (i.e. mature size is
reduced) due to the competition for nutrients available for reproduction,
lactation and growth. G Fordyce (unpublished data - quoted in Fordyce
2006) found that heifers which had been mated as yearlings and then
continued to rear a calf annually in north Queensland without preferential
nutritional management were stunted by an average of 10%, but when
preferential treatment (eg. improved nutrition) was given stunting did not
occur. Burns et al. (2010) state that higher levels of nutritional
management and costs of inputs are required to minimize the reduction in
mature size of heifers that calve first at two years of age.

2.4.4 Post-partum anoestrous interval (PPAI)

PPAI is the period between parturition and when a heifer or cow returns to normal
oestrous cycle activity including ovulation (Short et al. 1994a, p. 179). For a heifer
or cow to have another calf within 12 months of its previous one, it must return to
cycling and re-conceive within 3 months after calving. However in northern
Australia it is common for heifers and cows to have extended periods of anoestrus
after parturition and these periods can last for up to two years when heifers are not in
good condition and their calves are not weaned (Schatz 2010). Burns et al. (2010)
state that in northern Australia the average time from parturition until first ovulation
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in lactating Bos indicus cows is 7 months, and that it is common for heifers to “miss
a year” before re-conceiving after calving for the first time.

Prolonged post-partum anoestrus has been identified as the main factor limiting the
reproductive efficiency of cattle in tropical regions (Montiel and Ahuja 2005) and
Entwistle (1983) states that prolonged PPAI is undoubtedly the major problem area
of cow fertility in northern Australia. The problem is worse in lactating first calf
heifers than older cows (Doornbos et al. 1984; Short et al. 1990b), and due to the
harsh nutritional conditions in the dry season it is more severe in northern Australia
than in southern Australia (Entwistle 1983). Many heifers calving for the first time in
northern Australia do not conceive again during the mating season after calving but
miss a year and conceive again in the following year (Entwistle 1983; Burns et al.
2010).

It is difficult to establish the precise reasons for extended PPAI since it is often the
result of an interaction between a number of factors (Entwistle 1983; Wettemann
1994). The major factors affecting PPAI are discussed in Section 2.4.4.1 below.

2.4.4.1 Factors affecting post-partum anoestrous interval:

The duration of the PPAI is primarily a result of the interaction between nutritional
and lactational status (Entwistle 1983; Montiel and Ahuja 2005), and while there are
a number of other factors that influence PPAI, Wettemann (1994) states that any
factor considered as a probable cause of post-partum anoestrus other than nutrition
and lactation, only modulates the effects provoked by these two major factors. The
major factors that contribute to PPAI are described below:

2.4.4.1(i) Lactation
There are two components to the effect that lactation has on anoestrus and these are
suckling and the increased nutritional requirements for lactation (Williams 1990).
While suckling and nutritional status act in different ways in effecting anoestrus, they
interact to influence the duration of anoestrus (Williams 1990). In reviewing data
from northern Australian beef herds, Holroyd (1977) found that generally
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reproductive rates were lower in lactating cows than in cows that were not lactating,
and the effects of lactation were confounded with liveweight and condition, since
lactating cows are usually lighter and in poorer condition than non-lactating cows.

Suckling has a negative feedback on the resumption of cycling after calving and is
independent of the extra nutritional demands of lactation (Short et al. 1972). A
pulsitile release of LH is required for normal cyclicity in cows (Rahe et al. 1980) and
suckling inhibits this pulsitile LH release resulting in periods of anoestrus (Williams
1990). Suckling duration, frequency and intensity affect the length of post-partum
anoestrus (Williams 1990) and removing the suckling stimulus by weaning calves
reduces the time taken for cycling to resume (Short et al. 1972; Laster et al. 1973b).

The production of milk requires a considerable amount of energy and so lactating
cows have higher nutritional demands than those not lactating. In northern Australia
the pasture available is often not sufficient to supply these extra nutritional demands
and so lactating cows lose weight. Weight loss and poor body condition result in an
extended PPAI (Wiltbank et al. 1962; Dunn et al. 1969). The effects of nutrition are
dealt with in more detail in the next section.

2.4.4.1(ii) Nutrition
Nutrition has a large effect on controlling PPAI (Wiltbank et al. 1962; Randel 1990;
Short et al. 1990b) and there have been a number of reviews that have detailed these
effects (Lamond 1970; Dunn and Kaltenbach 1980; Short and Adams 1988). In his
review Randel (1990) stated that a typical finding of reviews of the factors affecting
PPAI is that undernutrition prolongs PPAI.

The nutrition available to a heifer or cow prior to calving largely determines its precalving body condition and this has been found to have a large effect on PPAI and
reconception rates (Wiltbank et al. 1965; Donaldson et al. 1967; Andrews 1976;
Short et al. 1990b). Body condition at calving and liveweight changes both before
and after calving interact to affect the PPAI of cows (Dunn and Kaltenbach 1980).
PPAI has been found to be increased by dietary restriction causing liveweight and
body condition loss both before (Wettemann et al. 1982) and after (Rutter and
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Randel 1984) calving. Where cows are in good condition, pre- and post-partum
liveweight changes seem to have little effect on PPAI, but these liveweight changes
do have an effect when cows are in moderate or poor condition and liveweight loss at
these times usually causes an increase in PPAI length (Dunn and Kaltenbach 1980).
This is in agreement with Dixon (1998) who summarised data from Bos indicus cross
cattle in northern Australia (and two African data sets) and stated that the effects of
changes in liveweight on fertility were more important in lighter cows than heavier
ones.

The mechanism by which undernutrition causes anoestrus is not fully understood but
if the body stores of fat are inadequate,the hormones (GnRH, LH and FSH) required
to initiate eostrous cycles are not secreted (Wettemann 1994). Randel (1990) states
that the underfed post-partum cow‟s lack of ovarian activity appears to be due to a
suppression of the pulsitile release of LH from the anterior pituitary gland, which in
turn is controlled by release of GnRH from the hypothalamus and that this is
somehow governed by the nutritional state of the animal. The hormonal control of
anoestrus is discussed in detail in a review of post-partum anoestrus in Bos indicus
cattle by Fitzpatrick (1990).

2.4.4.1(iii) Season
The two main seasonal effects that influence PPAI in northern Australia are month of
calving and day length, and these factors interact to increase PPAI during the dry
season. The month in which a cow or heifer calves in northern Australia largely
determines the nutrition that is available to it during the period while it is lactating.
Heifers and cows that lactate through the dry season months usually undergo large
liveweight loss due to inadequate nutrition and as a result PPAI is extended.
However where lactating first calf heifers are in very poor condition at the first round
weaning muster (usually in April-June) they can have a longer PPAI than heifers that
calved later and whose calves are weaned at the second round muster (usually
September-October). This is because both groups of heifers require several months
on green feed during the next wet season and the interval between calving and this
occurrence is shorter in later calving heifers (Schatz 2010).
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Day length or photoperiod has an effect on the cyclicity of cows (Hansen and Hauser
1984). Bos indicus females have lower reproductive function during periods of
shorter day length which contributes to anoestrus (Stahringer et al. 1990; Randel
1994).

2.4.4.1(iv) Breed
Differences in PPAI have been reported between breeds with the effects being more
pronounced at lower dietary intakes (Post 1980; Short et al. 1990b; Randel 1994).
Early reports suggested that Bos indicus cows took longer to resume cycling after
calving than Bos taurus cows (Reynolds 1967; Baker 1969; Teleni et al. 1988).
However studies on PPAI in Bos indicus cows are often done under conditions where
nutrition is limiting and more recently studies have shown that where Bos indicus
cows have adequate nutrition, the interval from calving to oestrus can be similar to
Bos taurus cows and certainly short enough to allow a calf to be born within 12
months of the previous one (Plasse et al. 1968c; Stahringer et al. 1999; Webb et al.
2001). Under good nutritional conditions several studies have shown that the time
from calving to conception in Brahman cows can be quite low eg. 61-65 days
(Stahringer et al. 1999) and 59-71 days (Plasse 1968c). However in northern
Australia nutrition is often limiting and the calving to conception intervals are
usually much longer than in less harsh areas (Entwistle 1983).

2.5.3.1(v) Dystocia
PPAI is increased by dystocia (Laster et al. 1973b; Bellows and Short 1978; Short et
al. 1990b). Doornbos et al. (1984) and Bellows et al. (1988) found that the duration
of labour (a measure of the difficulty of labour) had significant effects on subsequent
pregnancy rates in both heifers and cows, with longer duration of labour acting to
reduce reconception rate. It is assumed that stress and injuries associated with
dystocia or calving difficulty increase PPAI, although there has been little research
into the actual mechanisms by which this occurs (Doornbos et al. 1984).
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2.4.4.1(vi) Age/Parity
PPAI is generally longer in lactating first calf heifers than mature cows (Entwistle
1983; Doornbos et al. 1984; Short et al. 1990b). This is mostly due to body condition
usually being lower in lactating first calf heifers than mature cows. This is because
lactating first calf heifers have a higher nutrient demand when they are attempting to
grow and lactate at the same time (Fordyce 2006). In addition dystocia is more
common in heifers than mature breeders (Norman 2006) and this can also contribute
to longer PPAI in heifers.

2.4.4.1(vii) Presence of a bull
Although the precise method by which it occurs is not clearly understood, the
presence of a bull decreases PPAI (Zalesky et al. 1984; Alberio et al. 1987). In the
NT most breeder herds are continuously mated (Oxley et al. 2004) and so absence of
a bull is rarely a problem in extending PPAIs.

2.4.5 Foetal and calf loss

Cattle producers usually speak of calf loss as any loss that occurs from when a foetus
is detectable by manual pregnancy diagnosis to weaning of the calf, and any losses
that occur during this time are usually included in their calculation of calf loss rate.
However technically “calf loss” refers to the death of a calf after it is born and loss
before birth is termed “foetal loss”. For the purposes of this review the term “foetal
and calf loss” will be used for any loss that occurs from pregnancy diagnosis to
weaning and the following terms (from Holroyd 1985) will be used to distinguish the
different stages at which loss can occur:

i)

Embryonic loss – loss occurring between fertilisation and the 42nd day of
pregnancy. Most embryonic loss occurs between the 8th and 18th days
after fertilisation (Diskin and Sreenan 1983) and embryonic loss is often
around 25% in extensively managed beef herds (Fordyce and Burns 2007)
but these losses are not usually included in foetal and calf loss rates as
they are not detectable in extensive situations.
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ii)

Pre-natal loss – loss occurring from the 42nd day of pregnancy to the
commencement of parturition. Reports of pre-natal loss in northern
Australia have ranged from 1-13% (Burns et al. 2010).

iii)

Peri-natal loss – loss occurring from the commencement of parturition
until 48 hours after the birth of the calf. Reports of peri-natal loss in
northern Australia have ranged from 2-12% (Burns et al. 2010).

iv)

Post-natal loss – loss occurring from 48 hours after birth until weaning
(usually at around 5 to 7 months of age).

In a review of studies conducted across the USA, Bellows and Short (1994) stated
that foetal and calf loss made up 12.7% of production losses in beef herds and broke
up the losses into the following stages; 1.6% occurring during gestation (pre-natal
loss), 5.9% at or up to 2 days after calving (peri-natal loss) and 5.2% from 2 days
after calving until weaning (post-natal loss). Holroyd (1987) reported that acceptable
levels of foetal and calf loss (from confirmed pregnancy to weaning) in well
managed herds in northern Australia with low exposure to reproductive diseases are
around 12% and that this total is comprised of around 5% pre-natal loss, 4% perinatal loss and 3% post-natal loss. However there has been large variation (4% to
60%) in reports of foetal and calf loss in extensive herds in northern Australia
(Holroyd 1977). While the scale of losses in northern Australia can vary markedly,
the relative proportions occurring at each stage seem to be similar except if there is
an outbreak of a reproductive disease in which case there can be large increases in
the rate of pre-natal loss (Holroyd 1985). In reviewing a number of studies on foetal
and calf loss, Holroyd (1985) stated that most pre-natal loss occurs during the last
trimester of pregnancy and most post-natal loss occurs within one month of calving.

Foetal and calf loss is a major factor affecting the reproductive rates and profitability
of beef herds regardless of their location (Bellows and Short 1994). McClure (1972)
stated that foetal and calf loss is higher in beef herds in northern Australia than in
southern Australia. This is due to the much more stressful environment (Entwistle
1983) and also that the cattle often have a high Brahman content and Brahmans have
often been found to have a higher incidence of foetal and calf loss than other breeds
and cross breeds (Koger et al. 1967; Reynolds 1967; Frisch 1973; Frisch et al. 1987),
although this is not due not higher dystocia (McCarter et al. 1991). However higher
38

foetal and calf loss in Brahmans compared to other breeds has mostly been shown in
less stressful environments than tropical north Australia where the advantages of
Brahman genetics (ie. higher resistance to environmental stresses) far outweigh the
disadvantages such as higher calf loss and lower inherent fertility.

While losses between confirmed pregnancy and weaning are generally higher in
northern Australia, it is not always the case and there have been some reports of very
low foetal and calf loss in northern Australia eg. 4% (Entwistle and Goddard 1984),
and 6% (Holroyd et al. 1979). In fact the extent of foetal and calf loss on northern
Australian cattle properties can be extremely variable with reports ranging from 4%
to 60% (Holroyd 1977). The reason that foetal and calf loss can be so variable is that
there are many factors which can contribute to it including predation, disease,
nutritional deficiency, heat, dystocia, bottle teats and poor mothering ability of
heifers (Entwistle 1983). The effects of these factors are cumulative in determining
foetal and calf loss and depending on the circumstances at a particular time, any of
these factors can cause a large increase in foetal and calf loss. Examples of this are
that leptospirosis outbreaks have been reported to cause abortions in 50% of cows in
a herd (Knott and Dadswell 1970) and vitamin A deficiency associated with drought
in north western Queensland has been reported to cause calf losses of up to 40%
(Holroyd et al. 2005; Hill et al. 2009).

While great variation in foetal and calf loss is possible from year to year, a typical
rate of loss in northern Australian breeding herds is 14-18% (Holroyd 1977). Foetal
and calf loss is usually higher in heifers than in mature cows (Donaldson et al. 1967;
Frisch 1973; Young and Blair 1974; Reynolds et al. 1980; Rudder at al. 1985) and
foetal and calf loss of around 20% is considered normal for first calf heifers in
northern Australia (Fordyce and Burns 2007).

Due to the large scale of many northern Australian properties, many of the managers
of these properties are not aware of the scale of calf foetal loss since very few of the
calf carcases are actually seen (T Schatz, pers. obs.). Holroyd (1987) noted the
difficulty of finding calf carcases on extensive properties in northern Australia and in
a review of 12 years data from Swans Lagoon Beef Cattle Research Station in north
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Queensland reported that most calf losses were from unknown causes since in the
majority of cases it was not possible to locate a calf carcase.

In their review Burns et al. (2010) highlighted the difficulty in accurately estimating
foetal and calf loss and determining its causes. It is often only when heifers/cows are
individually identified and records kept of their performance that the extent of the
losses becomes apparent. Also in extensive situations foetal and calf loss is often
only noticed some time after it has occurred (eg. at a weaning muster when females
that should be lactating are not since they have lost their calf). Since few calf
carcases are found, clinical investigations are rarely possible and so it is difficult to
identify the reason for large foetal and calf losses since there are many factors that
can contribute to it. These factors make studying the causes of and solutions for
foetal and calf loss difficult.

2.4.5.1 Major causes of foetal and calf loss
2.4.5.1(i) Dystocia
While dystocia can be a major source of calf loss in Bos taurus heifers especially
when British breeds are crossed with large European breeds (Entwistle 1983), it is
generally not considered to be a problem in Bos indicus cattle in northern Australia
(Holroyd 1977; Braithwaite and de Witte 1999) and Brahmans are considered to be
one of least prone breeds to dystocia (Norman 2006). McCarter et al. (1991) found
that the prevalence of dystocia decreased as the proportion of Brahman content
increased. However dystocia is more common in heifers than in mature cows due to
fetopelvic disproportion (Norman 2006) and can be a source of considerable loss (eg.
10%) when heifers are mated as yearlings unless preventative management is
implemented (Fordyce 2006; Fordyce et al. 2009). Examples of preventative
management strategies are ensuring that the bulls used for yearling mating are of the
same breed, have low birth weight estimated breeding values (EBVs) or are known
not have a large mature size (Fordyce 2006). Other recommended strategies are
keeping heifers growing at all times, especially during the first half of pregnancy and
avoiding obesity at calving (Fordyce 2006).
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Norman (2006) reviewed dystocia in cattle and stated that the major causes of
dystocia in beef heifers (in decreasing order of importance) are;
i) Fetopelvic disproportion (30-70% of cases).
ii) Posterior presentation of the foetus (20-45% of cases).
iii) Ineffective labour (10-20% of cases).
There are a number of factors that influence dystocia and strategies have been
proposed to try to reduce its incidence in heifers. These have been reviewed by
Norman (2006) and he states that while many influencing factors and management
strategies have been proposed, the only parameters that appear to be unequivocally
linked with increased dystocia are high calf birth weight and male calves.

2.4.5.1(ii) Predation
The level of predation can vary markedly between years and is often difficult to
quantify as most calf carcases are not seen on large northern Australian properties.
Predation in northern Australia is mostly done by dingoes/wild dogs and occasionally
by eagles and pigs. Estimates of calf and weaner loss due to dingo predation in
extensive situations range from 0 to 30% (Rankine and Donaldson 1968; Allen and
Gonzales 1998; Fleming et al. 2001; Eldridge et al. 2003). In a survey conducted in
1995 by the NT Parks and Wildlife Service, NT pastoralists estimated that 1.6% to
7.1% (depending on region) of stock losses (mostly calves) were attributable to
dingoes and wild dogs, and this was calculated to be worth $13.5 million at the time
(Eldridge and Bryan 1995). Many properties use control programs to try to limit
predation by dingoes and wild dogs.

2.4.5.1(iii) Disease
Heifers and young cows are more affected by reproductive diseases than older cows
which develop immunity through previous exposure (Fordyce and Holroyd 2003).
There are a number of diseases that can cause foetal and calf loss and these have
been reviewed by McGowan and Holroyd (2008) and Burns et al. (2010) among
others. The following are the main diseases that cause foetal and calf loss in northern
Australia:
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i)

Vibriosis is a venereal disease of the reproductive tract caused by
Campylobacter fetus subspecies venerealis (Radostits et al. 2000, p. 967).
Vibriosis is more of a problem in heifers than older cows as they usually
develop immunity to the disease. It can cause delayed conception patterns
and abortion in pregnant females (Hungerford 1990; Holroyd and Fordyce
2001). Vibriosis has been found to be widespread throughout the NT
(Jayawardhana 1998) although due to the extensive nature of NT cattle
properties the prevalence and impact of the disease is not known. Studies
have shown that vaccination of heifers prior to mating has improved
pregnancy rates by 22% on a property near Charters Towers in north
Queensland (Allan and Mutch 1971) and 11% on a property in the VRD
(Schatz et al. 2007b).

ii)

Leptospirosis is very widespread amongst cattle in Australia and while
there are many different serotypes, most problems are caused by just two
of these ie. Leptospira borgpetersenii serovar hardjo type Hardjobovis
and Leptospira interrogans serovar pomona, with the major cause of
disease in northern Australia being L. hardjo (Oswin 2000). Leptospirosis
can cause abortion in pregnant females and weakness and even death in
calves. While abortion outbreaks can occur from time to time the
incidence of significant loss caused by leptospirosis on extensive cattle
properties in northern Australia is low (Fordyce and Burns 2007). It is
possible to vaccinate against leptospirosis, although the low incidence of
significant loss caused by leptospirosis means vaccination is not always
cost effective (McGowan 2003).

iii)

Pestivirus or Bovine Viral Diarrohea Virus (BVDV) appears to be
endemic in most northern Australian herds (Fordyce and Burns 2007).
Schatz et al. (2008) tested cattle on 13 commercial properties throughout
the NT and found that it was present on all of those properties. Pestivirus
causes abortions, stillbirths, and congenital abnormalities (McGowan and
Kirkland 1995). Calves that are born from cows that are infected with the
disease between 30 and 90 days of gestation are persistently infected (PI),
and some calves born from cows infected between 90 and 125 days of
gestation are also PI. PI calves are infected with the virus for life and
usually show signs of illthrift, continually spread the disease and often
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have a short life expectancy. It is difficult to know the impact of
pestivirus in extensive situations but it is thought to be considerable in
some situations (McGowan et al. 1992; McGowan 2007). It is possible to
vaccinate against pestivirus but once a vaccination program has been
undertaken it needs to be continued indefinitely if the risk of pestivirus
infection is considered to be high, as cattle can lose their immunity from
vaccination and large foetal and calf losses can occur when the disease is
introduced to naïve cattle (McGowan 2007).
iv)

Bovine Ephemeral Fever (BEF or 3 day sickness) is a viral disease spread
by biting midges and mosquitoes. It occurs in seasonal outbreaks usually
during the wet season and especially shortly after periods of rain
(Kirkland 1993). The classical symptoms of the disease are fever and
lameness (infected animals often lie down) lasting for about 3 days
(Fordyce and Holroyd 2003). BEF can result in abortion in pregnant
heifers and cows (McGowan and Kirkland 2008) and occasionally death
of the infected animal.

v)

Trichomoniasis, Neospora caninum, and akabane virus are other infectous
agents known to cause to calf loss in northern Australia although usually
to a lesser extent than those listed above (McGowan and Kirkland 2003;
Fordyce and Burns 2007).

2.4.5.1(iv) Nutritional deficiency
Due to the effect of seasons in northern Australia most calves are born from October
to January and as a result, heifers usually experience a period of undernutrition
during pregnancy when pasture conditions are at their worst in the late dry season
(August to November). The effect of under-nutrition on calf loss seems to be unclear
as some studies have shown that under-nutrition prior to calving increases calf loss
(Hight 1966; Hodge et al. 1975; Kroker and Cummins 1979) while others have
shown that that body condition score at calving does not seem to affect dystocia rates
(Laster 1974; Bellows et al. 1996). However it would seem that where undernutrition prior to calving is severe to the point where calving heifers are weak, the
chances of the calf and the heifer dying are markedly increased (Hodge et al. 1975;
Kroker and Cummins 1979).
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In addition to under-nutrition there are some specific nutritional deficiencies that can
increase calf losses in northern Australia. Vitamin A deficiency associated with
drought in north western Queensland has been reported to cause calf losses of up to
40% (Hill et al. 2009). Copper deficiencies have been reported to cause embryonic
and foetal loss in studies overseas (Graham et al. 1995) and while detailed studies
have not been conducted in northern Australia, copper deficiencies have been
reported in parts of north Queensland (Donaldson et al. 1964), the NT and the
Kimberley (Wesley-Smith and Ford 1982). Phosphorus deficiency is common in
northern Australia especially during the wet season and it can lead to bone chewing
and subsequently botulism infection. There are anecdotal reports of calf deaths due to
botulism (Fordyce and Burns 2007). Phosphorous supplementation and vaccination
programs can greatly reduce the impact of botulism.

2.4.5.1(v) High ambient temperature
High temperatures increase the incidence of embryonic mortality (Stott and Williams
1962) and can cause the death of calves through hyperthermia (heatstroke) and
dehydration (Holroyd 1985). This is more of a problem in northern Australia with
cattle that have a high Bos taurus content (Entwistle 1974) and while it is generally
not considered to be much of a problem in Bos indicus genotypes (Holroyd 1987),
the extremely high temperatures experienced during the summer months can lead to
calf loss in Bos indicus cattle as well (Browne et al. 2003).

2.4.5.1(vi) Physiological causes
Bottle teats (gross enlargement of the teats) are a significant cause of calf loss
(Holroyd 1977; Frisch 1982). However bottle teats are not common in heifers and its
prevalence increases with age (Frisch 1982).

Abnormalities in the size and shape of the cervix has been found to effect pregnancy
rates by adversely affecting sperm transport and maintenance of pregnancy
(Edlington 2000). Reproductive tract abnormalities are not a large cause of
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reproductive inefficiency in heifers but are more of a problem in older cows
(Christensen 1980; Hetzel et al. 1989).

2.4.5.1(vii) Poor mothering and handling
Maternal instincts vary in heifers with some always staying in close proximity to
their calves while others leave them for long periods. This can lead to mismothering
(when heifers lose contact with their calves and don‟t find them again) which can be
a significant cause of calf loss (Browne et al. 2003). Also mustering cattle when
calves are small can lead to calf losses due to mismothering and dehydration
(Rankine and Donaldson 1968). Lack of experience in successfully raising calves is
likely to be another reason why calf loss is higher in first calf heifers than in older
cows. Running first calf heifers with some older cows that have previously raised
calves has been found to reduce calf loss in first calf heifers and older cows have
been observed pushing heifers back to their calves when attempting to leave them
(Ian Braithwaite pers. comm.) On a large commercial NT cattle property, Schatz
(2010) found that loss of the second calf was higher in heifers that had lost their first
calf than in those that had successfully raised their first calf.
2.4.6 The effect of liveweight and body condition on fertility

Liveweight and body condition are two measures of body reserves and it is generally
accepted that they are the major factors influencing the onset of puberty and
pregnancy rates of heifers (Joubert 1954; Reynolds et al. 1963; Sparke and Lamond
1968; Wiltbank et al. 1969; Entwistle 1983). Several studies have shown that
pregnancy rates increase as liveweight at mating increases (Reynolds et al. 1971;
Goddard et al. 1980; Rudder et al. 1985; Doogan et al. 1991; Schatz et al. 2004).
Meaker (1975) found that the fertility of cows from different nutritional treatments
was highly correlated with the average liveweight of each treatment group.
O‟Rourke et al. (1991a) in their study of Brahman cross cattle at Mt Bundey (NT)
reported that pregnant heifers weighed 28 kg (or 13kg corrected for the stage of
pregnancy) more than non pregnant ones at the end of mating. In lactating first calf
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heifers the pregnancy rates were 14% for heifers lighter than 275kg, 32% for those
between 275 and 325kg, and 49% for those >325 kg (at the end of mating).

Jolly et al. (1996) stated that the odds of lactating first calf heifers resuming oestrous
cyclicity within 6 weeks after calving increased about 3-fold for every 20 kg increase
in liveweight at weaning above 270 kg. Also PPAI length increased by a factor of 1.2
for every half unit decrease in body condition score (BCS) (using the 1 to 9 system).

Dixon (1998) summarised data from Bos indicus cross cattle in northern Australia
(and two African data sets) and stated that the effects of liveweight on fertility were
more important in lighter cows than heavier ones. He concluded that for cows < 340
kg a 5% increase in pregnancy rate might be expected for each 10 kg increase in
liveweight achieved by improving nutrition prior to mating. For cows >340 kg the
response is more likely to be a 3% increase.

Body condition is a measure of the body reserves (amount of muscle and fat) that an
animal has and is usually assessed by measuring P8 fat depth ultrasonically or
through the use of visual body condition scoring systems. The ultrasonic
measurement of P8 fat depth is a more objective method of measurement especially
where people condition scoring are inexperienced (Schatz and Ridley 2002),
although the use of visual condition scoring is a useful way of classifying condition
(Lowman et al. 1973; Montiel and Ahuja 2005). Fordyce et al. (2008) reported the
relationship between P8 fat depth and BCS for a 5 point BCS system, but found that
there was too much variability to use BCS as a predictor of P8 fat depth for
individual Brahman females.

The effects of liveweight and BCS on pregnancy rates are much the same since they
are both methods of measuring body energy stores in cattle (Richards et al. 1986;
Wettemann 1994) and it is the level of body energy stores that has the effect on
fertility. One advantage of BCS is that it can be used to estimate body energy stores
without having to muster and weigh cattle. When estimating body energy reserves
BCS accounts for the differences in age and frame size that liveweight alone cannot
account for (Bluntzer et al. 1983; Kunkle et al. 1994). Older or larger framed animals
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will be in poorer condition at the same liveweight as younger or smaller framed
animals.

In young animals, body condition is a result of the interaction between age, frame
size and liveweight. A young animal that is the same liveweight as an older animal
will be in better condition (i.e. fatter). In mature animals, condition is a result of
frame size and liveweight. A smaller framed animal that is the same liveweight as a
larger framed animal will be in better condition (Ridley and Schatz 2007).

It has been clearly shown that fertility improves with body condition (Wiltbank et al.
1965; Donaldson et al. 1967; Lamond 1969; Wettemann et al. 1986; Sawyer et al.
1991; Osoro and Wright 1992). The effects of condition are greater at moderate to
lower scores and there seems to be a threshold at which good fertility is achieved and
above which further improvements in condition don‟t result in much increase in
fertility (Short et al. 1990b). Selk et al. (1988) in a study in Oklahoma found that the
effects of a one unit change in BCS on pregnancy rates were greater in cows that had
a moderate BCS at calving (score 4 - 6 in a 1 to 9 system) than in cows that were
much thinner or fatter (Figure 3). Kunkle and Sand (1991) state that a BCS of 5 or
higher (using the 1-9 BCS system) at calving and through the mating period is
required for good reproductive performance.

Figure 3. Influence of body condition score (BCS, 1-9) on pregnancy rate of
Oklahoma range beef cows.
Source: Selk et al. (1988).
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Reports in the literature indicate that the actual liveweight/condition at
calving/mating is more important than the liveweight changes that have led to
reaching that liveweight/condition (Richards et al. 1986; Whittier et al. 1988; De
Rouen et al. 1994; Dixon et al. 1997b; Morrison et al. 1999). Where heifers/cows are
in good condition at calving their pregnancy rates are not affected much by moderate
liveweight changes either before or after calving (Corah et al. 1975; Dunn and
Kaltenbach 1980). However large liveweight losses after calving can reduce
reconception rates (Rakestraw et al. 1986) and this is common in lactating first calf
heifers in northern Australia (Entwistle 1983).

2.5 Response to supplementation of maiden heifers to increase liveweight at
mating

Liveweight and body condition are the biggest factors affecting pregnancy rates in
maiden heifers (Joubert 1954; Entwistle 1983) and nutritional supplementation can
be used to increase mating liveweight and hence pregnancy rates (Sparke and
Lamond 1968). While it is possible that deficiencies in some specific nutrients may
reduce heifer fertility there is little documented evidence to support this (McGowan
and Lane 2003). In most cases the purpose of heifer supplementation is to increase
growth and hence increase pregnancy rates through higher mating liveweights.
Fordyce et al. (1988) found that higher post weaning growth rates increased the
probability of conception in maiden heifers, and Fordyce et al. (1996a) found that
low level supplementation (300 g/day of cottonseed meal) over the post weaning dry
season reduced the age at first oestrus in Brahman cross heifers by 1.4 months.

Supplementation can involve feeding inorganic supplements (usually these are in the
form of lick blocks or loose mixes containing fertilizer elements eg. urea, phosphorus
and ammonium sulphate) or organic supplements (eg. copra meal, cotton seed meal,
molasses etc.). Since inorganic supplementation involves heifers consuming small
amounts each day (eg. 100 grams) it is cheaper than supplementation with organic
feeds.
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Supplementation of heifers with inorganic supplements from weaning to first mating
is fairly common in the NT (Oxley et al. 2004; Schatz 2010). It is seen as a cost
effective way of preventing liveweight loss during the dry season and increasing
liveweight gain during the wet season. Inorganic supplementation usually provides
moderate increases in growth, and while organic supplements give a greater response
they are more expensive and this combined with high transport costs to NT
properties means they are not commonly used. In addition, most heifers reach
sufficient liveweights by first mating at 2 years of age to provide adequate numbers
of pregnant replacement heifers without the use organic supplementary feeds, and so
they are not often used for heifers in the NT (Oxley et al. 2004).

The use of organic supplementary feeds for maiden heifers in the NT has more
relevance where heifers are mated for the first time as yearlings. In these situations
supplementary feeding can be used to try to increase the number of heifers reaching
critical mating liveweights in time for yearling mating. In north Queensland, Fordyce
(1996) found that supplementary feeding with cotton seed meal increased pregnancy
rates in yearling mated heifers by about 20%.
As with all supplementary feeding, the “on farm” cost of the supplement has a large
effect on the profitability of the strategy. The high cost of implementing
supplementary feeding programs in the NT and the fact that adequate fertility is
usually achieved from maiden heifers mated at 2 years of age are the main reasons
why supplementary feeding of maiden heifers is seldom practised in the NT.

2.6 Response to supplementation and improved nutrition in lactating first calf
heifers

Since pregnancy rates increase with mating liveweight for lactating first calf heifers
(Rudder et al. 1985; Anderson 1990), it follows that increasing the mating liveweight
through improved nutrition should result in an increase in the number of calves
weaned and a corresponding increase in profit. Although the cost of the improved
nutrition has a large affect on profitability of feeding strategies.
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Reports in the literature indicate that, while there can be effects from both pre- and
post-partum liveweight change (Wettemann et al. 1982; Rutter and Randel 1984),
body condition at calving has by far the biggest effect on subsequent reconception
rates in lactating first calf heifers (Wettemann et al. 1986; Short et al. 1990b). Where
heifers/cows are in good condition at calving, their pregnancy rates are not affected
much by moderate liveweight changes either before or after calving (Corah et al.
1975; Dunn and Kaltenbach 1980). It has also been shown that when heifers/cows
are in poor body condition after calving, their body condition needs to be improved
to a higher level to initiate cycling than if they had been maintained in better
condition (Louw et al. 1988; Wettemann 1994). From this it follows that since most
heifers in northern Australia experience limiting nutrition through the dry season
leading up to calving, supplementation will be most beneficial when it is used to
increase body condition at calving rather than to try to build body condition back up
after calving.

While responses to pre-partum supplementation have been variable, they have
generally been more successful than post-partum supplementation in increasing
pregnancy rates (McSweeny et al. 1993; Marston et al. 1995; Fordyce 1996). In their
review Monteil and Ahuja (2005) stated that pre-partum nutrition reflected by BCS
at calving is a greater determinant on the length of post-partum anoestrus than postpartum nutrition. Pre-partum supplementation is also more practical and efficient
than post-partum supplementation in northern Australia as heifers and cows usually
calve during the wet season and the wet conditions can make implementing
supplementation programs with high protein and energy supplements difficult.
Feeding supplements post-partum is also less efficient as calves eat the supplement
and the on farm costs of supplementary feeds are usually very high in northern
Australia.

In northern Australian studies, Siebert et al. (1976), Holroyd et al. (1983), Dixon et
al. (1997a) and Dixon et al. (1997b) all found no increase in mating liveweight or
pregnancy rates following pre-partum supplementation in years where there was
enough rain to produce green pick in the dry season. Siebert et al. (1976) did find a
response to supplementation with cottonseed meal in a dry year. Dixon et al. (1996b)
reported a significant increase in pregnancy rates from feeding a cottonseed meal and
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urea based dry lick in the dry season. Fordyce et al. (1997) stated that their results
indicate that 42-54 days of dry season supplementation of late-pregnant Bos indicus
cross cows grazing poor quality native pasture can, in some years, significantly
improve subsequent fertility, particularly in heifers rearing their first calf. Entwistle
et al. (1994) stated that spike feeding (a strategy of feeding a high quality supplement
for about 50 days starting 6-8 weeks before calving) heifers in the first pregnancy (ie.
pre-partum supplementation) will increase pregnancy rates by an average of about
15% and up to 25% in good seasons, although there may be no response in very poor
seasons.

Where pre-partum supplementation did not lead to an improvement in subsequent
reconception rates, it has been because the supplementation did not result in the fed
group being heavier at mating (Dixon et al. 1997a; Dixon et al. 1997b). The
challenge for a manager who wishes to increase the fertility of lactating first calf
heifers through increasing their mating liveweight is to find a method of reliably and
cost effectively increasing the mating liveweight. The response from feeding
supplements has been variable in achieving this, especially where there is a late
break to the season. In these situations supplementary feeding probably has to be
continued right up to the break in the season to maintain the increased liveweight and
thus get a response in fertility (Fordyce et al. 1996c).

While liveweight loss post-partum has been found to reduce pregnancy rates
(Rakestraw et al. 1986), the effects of post-partum supplementation have been
variable. Some studies have found that supplementation of lactating first calf heifers
post-partum does increase pregnancy rates when heifers are in poor condition
(Spitzer et al. 1995; Lalman et al. 2000), while other studies have found no
improvement in fertility following post-partum supplementation (Lishman et al.
1984; McSweeny et al. 1993; Marston et al. 1995; Dixon et al. 1996a). Generally
where heifers are in adequate condition at calving, post-partum supplementation has
little effect on the resumption of cyclicity (Wright et al. 1992) and reconception rates
(Richards et al. 1986).

Supplementary feeding is not widely practised on extensive NT cattle stations (Oxley
et al. 2004) due mostly to the high cost of transport. While it seems that good pasture
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due to good seasons has been more effective in producing higher reconception rates
in lactating first calf heifers (Anderson 1990; Dixon 1997a), it would still be
advantageous to be able to increase mating liveweight through management rather
than relying totally on favourable seasons. This can be achieved either through
supplementary feeding or through the use of better quality pasture. Areas in the NT
where high growth rates and mating liveweights can be achieved are on the Barkly
Tableland (Savage et al. 2004), the Douglas Daly region (Schatz et al. 2007a) as well
as in the Alice Springs district in good seasons (Schatz 2010).

Improved pastures can also be used to improve body condition and hence
reconception rates in northern Australia (Holroyd et al. 1977). In the past there has
been considerable research showing the improvements in growth that can be brought
about through the use of legumes such as stylo (Stylosanthes) in northern Australia
(Winks 1973). More recently the use of leucaena (Leucaena leucocephala) as forage
has been proposed as a method of achieving higher mating liveweights on extensive
properties in northern Australia. Petty et al. (1998) reported dry season gains of 0.71
kg/day in heifers grazing leucaena in the Ord region of WA. Similar performance
from heifers in the dry season prior to their first calving would see them attain the
liveweights conducive for high reconception rates. Establishing improved pastures is
expensive and labour intensive and has not been widely implemented by many
extensive properties in the NT and so supplementation is a more relevant method of
improving heifer fertility for these properties.

2.7 The role of weaning in lactating first calf heifers

Lactation and nutritional effects on body condition are considered to be the major
factors affecting PPAI (Wettemann 1994; Wettemann et al. 2003). Lactation impacts
on PPAI both through the negative feedback of suckling (Williams 1990; Short et al.
1994a) and through the extra nutritional demands of lactation (Short et al. 1972). The
production of milk requires considerable energy expenditure and this can reduce
body reserves where sufficient nutrition is not gained from the pasture being grazed.
PPAI is extended in heifers in poor body condition (Wiltbank et al. 1965; Donaldson
et al. 1967; Short et al. 1990b) and therefore weaning is a way of reducing the
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energy drain on lactating first calf heifers (preserving body reserves) as well as
removing the suckling stimulus.

Suckling has been found to increase PPAI and its effects are greatest in lactating first
calf heifers and thin cows (Short et al. 1990b; Wettemann et al. 2003). Removal of
the suckling stimulus by weaning calves has been shown to reduce the time taken for
cyclicity to resume in both lactating first calf heifers (Lusby et al. 1981; Arthington
and Kalmbacher 2003) and cows (Short et al. 1972; Laster et al. 1973b). Weaning is
seen as a way of preserving body condition (Holroyd and Fordyce 2001) and
numerous studies in northern Australia have shown that weaning has a positive effect
on liveweight (Alexander 1965; Armstrong et al. 1968; Arthur and Mayer 1975;
Fordyce 1990) and increases reproductive rates (Baker 1968; Fordyce 1990; Sullivan
et al. 1992).

While weaning can reduce PPAI in lactating first calf heifers (Lusby et al. 1981;
Arthington and Kalmbacher 2003), if they are to have their second calf within a year
after having their first, then they need to have reconceived within three months after
calving. This usually requires them to reconceive while lactating since most first calf
heifers in northern Australia usually calve at least 3 months before weaning (Fordyce
1996). While weaning in northern Australia is usually conducted too late to affect the
percentage of lactating heifers that conceive in time to have another calf within 12
months, it is important in preserving body condition to improve the probability of
survival through the dry season and increase the likelihood of conception occurring
during the next mating period (Holroyd and Fordyce 2001).

2.8 Predicting pregnancy rates from mating liveweights

Since it is generally accepted that there is a strong relationship between liveweight
and reproductive rates (Meaker 1975; Rudder et al. 1976; Goddard et al. 1980;
Entwistle 1983), it should be possible to define this relationship in terms of a formula
or regression equation. Lamond (1970) in his review states “it seems that, for any
particular breed in a particular location under a specified system of management, a
model can be developed to depict likely consequences of changes in level of nutrition

53

on fertility.” There have been a number of models developed to predict pregnancy
rates from mating liveweights but none are directly relevant to Brahman heifers on
extensive properties in the NT (for reasons explained later in this section). The aim
of this project was to address this issue and meet this need. The following is a review
of a number of the models that have been developed and an evaluation of how they
may or may not be applicable to NT Brahman heifers.

It should be noted that the methods varied between studies and that liveweights were
collected at different stages. It is usually quite simple to collect mating liveweights
for maiden heifers, however it is much more difficult in first calf heifers and in
practise a pre-calving liveweight is often used instead of a mating liveweight
especially under extensive conditions. The reason for this is that mustering and
weighing heifers that have recently calved or are just about to calve can increase the
rate of calf loss (and so managers do not like to do it). If heifers are not weighed
before calving it is difficult to find a suitable time shortly after calving, since a group
of heifers usually calve over a period of several months and this usually occurs
during the wet season in northern Australia when mustering is difficult. As a result in
northern Australia pre-calving liveweights are usually recorded just before calving is
due to start (usually in late September or October) and pre-calving liveweights are
usually used in models predicting pregnancy rates from liveweight for first calf
heifers instead of mating liveweights. As well as being a more practical measurement
to record this is a more practical measure for use by cattle managers.

Another measurement of liveweight that has been evaluated for its relationship with
pregnancy rates is liveweight at the first weaning round muster (WR1). One study
found a strong relationship between the liveweight of lactating first calf heifers at
WR1 (April-May) and the proportion that have re-conceived (O‟Rourke et al.
1991a). This measurement avoids mustering heifers during calving, but as it is
recorded after the reconceptions have occurred it is not predictive in the strict sense.
Nevertheless, producers can still use it as a target in that they can aim to manage
their heifers to achieve certain target liveweights at WR1.

King (1968) developed a model for dairy cows in which a regression equation
predicted pregnancy rate (using artificial insemination) from change in liveweight.
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While this demonstrates the principles of relating pregnancy rate to liveweight, this
model is likely to have little relevance to Brahman maiden and lactating first calf
heifers under extensive conditions in the NT. This is also the case with other models
that were developed for different genotypes in other countries. Meaker (1975)
produced an equation that can be used to determine the mating liveweight required to
achieve high pregnancy rates in Africander lactating cows in South Africa. In studies
conducted in the USA, Dunn and Kaltenbach (1980) showed that for each 1 kg
decrease in pre-calving body liveweight, there was a 0.5% decrease in multiparous
Hereford cows that show oestrus by 60 days post-partum and PPAI was increased by
1 day for each 5 kg of pre-partum liveweight loss in lactating first calf Hereford and
Angus heifers.

Rudder et al. (1985) stated that there are few reports of relationships between mating
liveweight and reproductive rates in tropically adapted genotypes. They described
these relationships for Brahman crossbred cattle (up to 50% Bos taurus) in central
Queensland and gave regression equations for yearling mated heifers and cows of
various ages (Rudder et al. 1985). While useful for crossbred animals in central Qld,
the predictive equations produced by Rudder et al. (1985) are not that relevant to
Brahman heifers on extensive properties in the NT as their equations were produced
from different genotypes (up to 50% Bos taurus) under less harsh conditions and on
a relatively small property (Panicum pasture near Rockhampton Qld where the
stocking rate was 3.2- 4.3 ha per breeder). As a result their equations give
considerably higher estimates of pregnancy rates than what has been reported by
other research in the harsher areas of northern Australia for the corresponding
liveweights (Figure 4).

55

Pregnancy rate (%)

100
80
60
Swans Lagoon Qld.
DDRF (selected)

40

Gayndah Qld.
Marlborough Qld
DDRF (commercial)

20

Rudder et al. (RLF)
Rudder et al. (RHF)

0
150

200
250
300
Pre-mating liveweight (kg)

Figure 4. Comparison of pregnancy rates of yearling mated heifers with those
predicted by Rudder et al. (1985).
The data in Figure 4 are sourced from:
Swans Lagoon (Qld) - Fordyce et al. (1992; 1993; 1994a), DDRF selected- Jayawardhana
(1999), Gayndah (Qld) – Gulbransen (1994), Marlborough (Qld) – Loxton and Holroyd
(1996a), DDRF commercial (Schatz et al. 2010) and Rudder et al. (1985) – RLF = relatively
low fertility genotype and RHF = relatively high fertility genotype.

Figure 4 shows that the Rudder et al. (1985) equations overestimate the pregnancy
rates for heifers mated as yearlings in northern Australia, especially at the lighter
liveweights. Also the Rudder et al. (1985) equations are not likelt to be relevant to
the majority of extensive properties in the NT since most are not able to achieve the
growth rates required to successfully mate heifers for the first time as yearlings.

Doogan et al. (1991) studied the relationship between liveweight at the start of
mating (SOMW) and pregnancy rates for Bos indicus x Shorthorn cross maiden
heifers (½ and ¾ Brahman and ½ and ¾ Sahiwal) first mated at 2 years of age. They
found that the response to increased liveweight was curvilinear with a point of
inflection around 250 kg. They produced the following equations for the regression
of SOMW on pregnancy rate with very high R2 values.
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1st back cross heifers (¾ Brahman or ¾ Sahiwal cross Shorthorn)
Pregnancy rate = -430.5 + 3.346 SOMW – 0.0053 SOMW2 (R2 = 0.94)

F2 et seq. heifers (57.5% Brahman and Sahiwal cross Shorthorn)
Pregnancy rate = -227.1 + 2.056 SOMW – 0.0034 SOMW2 (R2 = 0.98)

These equations are shown diagrammatically in Figure 5.
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Figure 5. The effect of start of mating liveweight (SOMW) on pregnancy rates
of two genotypes of maiden heifers in north Queensland.
(Data sourced from Doogan et al. 1991)

The genotypes represented in the data of Doogan et al. (1991) are different to
Brahmans and there seems to be some error in the F2 et seq. equation as it seems to
have a limit on pregnancy rate of around 84% which is unlikely to be the case for
heifers that are 57.5% Bos indicus cross (i.e. it would be possible to get pregnancy
rates higher than 84% at the higher mating liveweights).

Bakry (1981) generated a model to predict pregnancy rate from liveweight at the start
of mating (in January), age and a year effect using data from Droughtmaster cows in
North Queensland. Liveweight was found to have a significant effect on pregnancy
rate in non-lactating cows but not in lactating cows and the author believed that this
was due to the unreliability of the liveweight data that was used in the analysis. Also
the data came from mature cows and the model required too much information to
have a practical use in the extensive NT cattle industry.
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Dixon (1998) reviewed work on predicting pregnancy rates from mating liveweights
in tropical cattle. Using data from Bos indicus cross cattle in northern Australia and
two African data sets he derived equations that showed increases in liveweight
caused larger increases in fertility in lighter cows than heavier cows. He found that in
most cases the data was best described by two linear relationships where:
i) in cows lighter than 340 kg at mating there was an increase in pregnancy rate
by about 5% for each additional 10 kg increase in liveweight.
ii) in cows heavier than 340 kg at mating there was an increase in pregnancy rate
by about 3% for each additional 10 kg increase in liveweight.
It should be noted that these relationships were derived using data from Bos indicus
cross cows and that the relationships for Brahman lactating first calf heifers are likely
to be different, since it is widely acknowledged that lactating first calf heifers usually
have lower reconception rates than cows and that the fertility of Brahmans is often
lower than that of Bos indicus x Bos taurus cross genotypes (Entwistle 1983).

Dixon (1998) also produced a relationship between mating liveweight and
subsequent pregnancy rate for lactating first calf heifers from the data of Goddard et
al. (1980). However this was from a small data set with Droughtmaster cattle, and
the highest pregnancy percentage was only 50% (and it would be useful to know the
relationship beyond this).

Anderson (1990) reported data collected over a number of years from the mating of 3
year old lactating first calf heifers at Swans Lagoon and Fletcherview in north
Queensland. The breeds used were characterised as 1/2 or 3/4 Bos indicus made up
of various combinations and generations of Brahman, Sahiwal, Africander,
Shorthorn and Hereford. Although the data were not presented in this way in the
Anderson (1990) study, when regression analysis was performed on all the average
start of mating liveweights and the subsequent pregnancy rates, an equation with an
R2 of 0.875 is produced (Figure 6). It would be possible to use this equation to
produce a chart showing the likely mating outcomes from mating heifers at different
liveweights (Figure 6) but again there are some limitations in applying these data
directly to high grade Brahman heifers in the NT. As well as the genotype
differences, the relationship between liveweight and pregnancy rates is unlikely to be
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linear (Doogan et al. 1991) and so a wider range of data is required to produce an
equation that more accurately describes this relationship over its full range (the
maximum average mating liveweight was 375kg at Swans Lagoon and 402kg at
Fletcherview).
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Figure 6. The relationship between start of mating liveweight (SOM) and
pregnancy rates for ½ and ¾ Bos indicus cross lactating first calf heifers in
north Queensland.
(Data sourced from Anderson 1990).

Each data point in Figure 6 is an average mating liveweight for a year group of
heifers (ie. the relationship is generated from the performance of whole herds rather
than individuals), so different mating liveweights are due to seasonal effects. Cattle
managers would be interested to know the effect of liveweight differences brought
about through management eg. supplementation.
O‟Rourke et al. (1991a) found no predictive relationship for pregnancy rate in
lactating first calf heifers at Mt Bundey (NT) but found that there was a strong
relationship (P<0.01) between liveweight after mating at the time when their calves
were weaned (WR1) and the pregnancy rate that had occurred from the previous
mating period. However pregnancy rates were only given for three classes of
lactating first calf heifers (< 275 kg = 14%, 275-325 kg = 32%, and > 325 kg = 49%)
and the highest pregnancy rate given was 49%. Again it would be useful for cattle
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managers aiming to achieve higher pregnancy rates in lactating first calf heifers for
this relationship to be described in more detail and over a wider range (i.e. higher
than 49%).

While liveweight and BCS can be used to predict pregnancy rates it should be noted
that there will always be some inaccuracy in the predictions as they are not the only
factors affecting pregnancy rate. Pregnancy rate in lactating first calf heifers is
determined by the proportion of heifers whose PPAI is short enough to have reconceived by the end of mating and there are a number of factors that influence PPAI
length (see Section 2.4.4.1). Short et al. (1990b) state that “a degree of caution
should be exercised when interpreting simple correlation and regression relationships
between BCS and post-partum interval (and hence reconception rates) since both of
these variables are physiological responses in a system in which the relationships
may not be cause and effect but co-generated”.

Establishing the relationship between mating and pre-calving liveweight and
pregnancy rates for Brahman maiden and lactating first calf heifers over its full range
in the NT would be a useful resource for cattle managers. The aim of the research in
this thesis was to do this and produce charts showing mating liveweights and
corresponding expected pregnancy rates which could be a used by producers to
identify the most profitable target mating liveweights for their situation.

2.9 Using target mating liveweights in heifer management

2.9.1 Target liveweights in maiden heifers

Since it is widely accepted that heifer fertility is strongly dependent on mating
liveweight/condition (Entwistle 1983), it makes sense to mate heifers at liveweights
that will give good pregnancy rates ie. use target mating liveweights. Short et al.
(1990a) stated that liveweight is a useful monitor for predicting when heifers will
reach puberty, and feeding to a target liveweight for a given genotype is a practical
management tool to insure high potential fertility.
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Fordyce (2006) defines target mating weight as “the average weight of a cohort at the
start of mating during which 90% of heifers are expected to conceive in the absence
of limiting factors such as diseases”. He goes on to state that heifers need to have
reached their third ovulation before the end of mating for this to occur, since fertility
at the first ovulation is low (Byerley et al. 1987; Staigmiller et al. 1993).

Doogan et al. (1991) stated that a target mating liveweight of 270 kg at the start of
mating is required to give pregnancy rates of around 80% in maiden 2 year old Bos
indicus cross heifers. Rudder et al. (1985) stated that their study indicated a target
mating liveweight for good fertility was 275kg for yearling Bos indicus cross heifers.
While a figure of around 270 kg is often used as a target start of mating liveweight
for heifers, it should be noted that there is large variation in the liveweight at which
heifers reach puberty (Fordyce 1996). Johnston et al. (2009) found that heifers
reached puberty at a range of liveweights between 196 kg and 485 kg. Therefore
using a target liveweight of 270 kg does not guarantee that all heifers will reach
puberty during the mating period, rather it is a good “ball park” figure that if met will
ensure that sufficient numbers of heifers (eg. 80%) should conceive before the end of
mating (Doogan et al. 1991).

Fordyce (2006) suggests a target liveweight of 68% of the mature size of cows for
Bos indicus breeds and 58% of mature size for crossbreds. This corresponds to
maiden target mating liveweights of 315 kg for Brahman heifers (since he assessed
the mature size to be 500 kg) and 280 kg for crossbred heifers. This is in fairly close
agreement with Patterson et al. (2000) who state that the start of mating target
liveweight should be 65% of the heifer‟s projected mature liveweight.

Where properties do not weigh heifers a target BCS can be used instead of a target
liveweight (Sawyer et al. 1991), although condition scores are subjective and can be
inaccurate (Schatz and Ridley 2002). Sawyer et al. (1991) in a review of the effect of
body condition on conception and fertility in heifers concluded that a generally
applicable result was that the average condition score at conception for all breeds
was 2.0 (using the 5 point system described by Lowman et al. [1973]) and that 2.02.5 was the apparent optimum.
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Achieving target liveweights for the maiden mating depends on the weaning weight
of the heifers and their growth rate between weaning and the start of mating.
Reaching a target mating liveweight for yearling mating in northern Australia will
usually only be successful with heifers that are larger (eg. > 200 kg) at weaning and
have a good growth rate post-weaning, simply because most heifers that are small at
weaning will not grow enough to reach the target liveweight by the start of mating
(see data from this thesis).

Strategies to increase the growth rate between weaning and the start of mating
include grazing the heifers on good pasture (improved pasture), using moderate (or
light) stocking rates, and supplementary feeding. Another strategy that producers ask
about, and that some have used (pers. obs.) is implanting replacement heifers with
hormonal growth promotants (HGPs) with the hope that the extra growth will result
in more heifers reaching the target mating liveweight.

2.9.1.1 Use of hormonal growth promotants to reach target liveweights in
heifers

While producers are often interested in finding out whether HGPs can be used to
achieve target mating liveweights especially when yearling mating is being
attempted, HGP use in replacement heifers has been shown to have adverse effects
on subsequent fertility (Rutter and Day 1994 and Hargrove 1994). Also HGPs are not
registered for use in heifers that are intended for breeding purposes.

Adverse effects on fertility have been found for zeranol (eg. Ralgro) (Nelson et al.
1972; Deutscher et al. 1986), trenbolone acetate (Peters 1987; Moran 1988), and
oestrodiol implants (eg. Compudose and Synovex) (Frisch and Hunter 1990; Rusk et
al. 1992; Kniffen et al. 1999). All 3 types of implants have been shown to have antigonadotrophic activity and to inhibit or reduce the secretion of FSH and LH (Moran
1988). However the effects of these substances on reproductive function in heifers
appear to be temporary, with the effects having approximately the same duration as
the active life of the implants (Hargrove 1994).
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In addition to the adverse effects on fertility, it is unlikely that HGPs actually
increase start of mating liveweights of yearling mated heifers in northern Australia.
This is because HGPs mainly act when animals are growing (Hunter 2010), and in
northern Australia there is usually a long period (during the dry season) when growth
rates are low between weaning (when implantation is likely to be performed) and the
start of yearling mating.

There have been anecdotal reports of HGPs having no detrimental effects on
subsequent fertility in heifers and some research trials have also found this to be the
case in some circumstances eg. when growth rates are high (Deutscher 1986;
Staigmiller et al. 1983; Robb 1986). However the body of evidence suggests that
there is a high chance that subsequent fertility will be impaired when HGPs are used
in replacement heifers (Hargrove 1994).

2.9.2 Target liveweights in first calf heifers

It is generally agreed that in order to achieve good reconception rates in lactating
first calf heifers it is necessary for them to be in good condition at calving and
through the period while they are lactating (Wiltbank et al. 1965; Donaldson et al.
1967; Dunn and Kaltenbach 1980; Richards et al. 1986; Short et al. 1990b). Holroyd
and Fordyce (2001) state that to achieve pregnancy rates of around 80% for typical
lactating first calf heifers in northern Australia a target mating liveweight of around
380 kg is required.

Rudder et al. (1985) proposed a target mating liveweight of 375 kg for lactating Bos
indicus cross cows (including lactating first calf heifers). This corresponds to a precalving liveweight of around 425 kg since O‟Rourke et al. (1991b) showed that
discharge of the conceptus at term in Brahmans on average results in the apparent
loss of 50kg liveweight. As discussed in Section 2.8, a pre-calving liveweight is a
more practical measure for producers due to the difficulties in obtaining mating
liveweights during the wet season and the likelihood of increasing calf loss rates in
attempting to do so. Therefore a pre-calving liveweight is a good proxy to use for a
target instead of mating liveweight.

63

In work done at Mt Bundey (NT) O‟Rourke et al. (1991a) produced a model to
predict pregnancy rate in Brahman cross cows, but found that pregnancy rate in
lactating first calf heifers was not affected by month of calving, adjusted liveweight
or BCS in the mid dry season and so could not produce a predictive model.

2.9.3 Target body condition scores in first calf heifers

There are several visual body condition scoring systems that are used to describe the
condition that cattle are in. The most commonly used system in northern Australia is
the 1-9 system described by Holroyd (1978). While body condition scores (BCS) are
subjective and can be an inaccurate method of assessing body reserves (Schatz and
Ridley 2002), they are useful as they don‟t require animals to be mustered or
weighed for assessment. For this reason condition scoring is a useful method of
assessing the condition of beef females around the time of calving. In addition few
extensive properties in the NT actually weigh their first calf heifers and so target
condition scores may be more relevant to them than target liveweights.

It has been clearly shown that fertility improves with body condition (Wiltbank et al.
1965; Donaldson et al. 1967; Lamond 1969; Wettemann et al. 1986; Sawyer et al.
1991) and a number of studies have given target BCSs at calving for first calf heifers.
Kunkle and Sand (1991) and Monteil and Ahuja (2005) state that a BCS of 5 or
higher (using the 1-9 BCS system) at calving and through the mating period is
required for good reproductive performance. Wettemann (1994) states that first calf
(Bos taurus) heifers should calve with a minimum BCS of 5.5 to achieve good
rebreeding performance. However these findings do not come from research in
northern Australia and in the experience of this author, a BCS of 5 (on the 1-9
system) at calving in northern Australia would not be sufficient to give good
pregnancy rates in lactating first calf Brahman heifers as they often lose a
considerable amount of condition during lactation.

In northern Australia there has been little published on target BCS for first calf
heifers or cows. One experienced cattle researcher in northern Australia has proposed
a target BCS at calving/mating of 3 on the 1-5 system and 6 on the 1-9 system to
give an 80% chance of resuming cyclicity during lactation (G Fordyce pers. com.).
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McGowan and Lane (2003) recommended a similar target BCS at calving (2.5 - 3 on
the 1-5 system) although this was not specific to first calf heifers in northern
Australia but rather was for cows throughout Australia. Savage et al. (2004)
recommended a target BCS of 5 (on the 1-9 BCS system) for cows at the time when
calves are weaned from their research with composite breed beef cattle on the Barkly
Tableland.

2.10 Conclusions of literature review

This review of literature shows that heifer fertility in northern Australia is lower than
in southern Australia due mainly to the stressful environment and the fact that this
results in most properties having cattle with a high Bos indicus content (as they are
more productive than Bos taurus genotypes in such environments, but they have
lower inherent fertility). The main ways that these two factors impact on heifer
fertility in northern Australia are:
i)

The stressful environment means that growth rates are lower and this
combined with the high Bos indicus content (on average Bos indicus
heifers reach puberty later than Bos taurus heifers) means that heifers
usually reach puberty later than in southern Australia. Therefore heifers in
northern Australia usually have their first calf a year later than heifers in
southern Australia.

ii)

Foetal and calf loss in first calf heifers is usually higher in northern
Australia than in southern Australia mainly due to the stressful
environment, the extensive conditions (meaning that cattle often have to
walk large distances between watering points and pasture), higher
numbers of predators and most cattle having a high Brahman content.

iii)

Lactating first calf heifers often have extended PPAIs in northern
Australia mainly as a result of them being in poor condition due to their
high nutritional requirements (during lactation) not being met in the
stressful environment.

Most documented reports of pregnancy rates in lactating first calf heifers in the NT
have been low, but at the time of commencing this work there were anecdotal reports
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(eg. Oxley et al. 2004) of much higher rates on some NT commercial properties.
However anecdotal reports are often based on estimates and under the extensive
conditions in the NT (eg. large numbers of heifers in big paddocks with poor
paddock security) it is very difficult to accurately estimate reproductive rates. If
mangers of NT cattle stations are to address the problem of low heifer fertility they
first need to be convinced that there is a problem and understand the extent of it.
Therefore one of the objectives of this research was to accurately document current
levels of heifer fertility on NT commercial cattle stations.

This review of literature also found that there is a strong relationship between mating
liveweights and pregnancy rates in both maiden and lactating first calf heifers and
that there have been some attempts to generate models or mathematical equations to
describe these relationships in some situations (eg. for Brahman cross heifers in north
Queensland). However no relationships have been established that are directly
relevant to Brahman heifers in the NT. This thesis aims to address this by
establishing these relationships under NT conditions for:
i)

Maiden Brahman heifers that graze improved pasture and are mated as
yearlings.

ii)

Maiden Brahman heifers that graze native pastures and are mated first as
two year olds.

iii)

Brahman lactating first calf heifers that graze native pastures and that were
first mated as two year olds.

Once these relationships have been established they can be used to produce charts
that predict pregnancy rates from different mating liveweights. These charts will be
useful in guiding management decisions, and this thesis aims to produce these charts
for Brahman heifers in the NT.
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3. GENERAL MATERIALS AND METHODS

A brief summary of the methodology of generic aspects of the research is given here
(such as descriptions of data collection techniques that were common throughout the
research and site descriptions) but the specific details of the methodology for each
aspect of the research are given in the appropriate chapter.

3.1 Description of measurements recorded

Liveweight: Heifers were individually weighed using electronic scales (Trutest XR
3000 weighing system with Trutest load bars) underneath veterinary crushes to
record liveweights. The heifers were mustered to the yards and then curfewed over
night (no feed or water after 6 pm) before weighing the following morning.
Corrected pre calving liveweights (PC WtC): Liveweights recorded prior to calving
were corrected for stage of pregnancy using the method described by O‟Rourke et al.
(1991b). PC WtC is a more accurate measurement of body mass/reserves in pregnant
cows (than un-corrected liveweight) as the total weight of a pregnancy (weight of
foetus, gravid uterus etc.) can be >60 kg in late pregnant Bos indicus cross cows
(O‟Rourke et al. 1991b). Correcting for stage of pregnancy increases the accuracy of
equations that predict pregnancy rates from pre-calving liveweights where the data
used came from first calf heifers at different stages of pregnancy.

P8 fat depth: Fat depth was recorded ultrasonically at the P8 site (Robinson et al.
1992) using an Ultramac B10-T Bovine fat depth meter (AMAC digital products,
Armidale, NSW).

Pregnancy testing: Pregnancy testing was conducted per rectum by an experienced
pregnancy tester who estimated the age of the foetus in pregnant heifers to the
nearest month. A real time ultrasound machine (Aloka SSD-500; Corometrics
Medical Systems, Wallington, CT, USA) with a 7.5 Mhz linear interoperative 38 mm
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I shaped probe was used to determine/confirm the diagnosis of non-pregnant and
early pregnant heifers.

Ovary scanning for presence of a CL: A real time ultrasound machine (details as
above) was used to scan the ovaries for the presence of a CL. This was done twice,
10 days apart to allow for heifers being at different stages of their oestrous cycle (if
scans are done 10 days apart then a cycling heifer should have a CL present at least
on one of those days).

Lactation status: Lactation status was determined by attempting to strip milk from
the teats of each heifer.

Liveweight at conception. Liveweight at conception was estimated for each heifer
using its growth rate over the period from when PM Wt and EM Wt were recorded
and the number of months it was pregnant at the time when EM Wt was recorded.
The number of days each heifer was pregnant was estimated from its pregnancy
testing result. This was then multiplied by its growth rate per day to determine
approximately how much liveweight each heifer had gained since it conceived. This
was then subtracted from its EM Wt to determine its approximate liveweight at
conception. If pregnancy testing showed that a heifer had conceived recently after the
date of the PM Wt recording then the weight gained between the recording of the PM
Wt and the date of conception was calculated in a similar manner and added to PM
Wt to calculate the approximate liveweight at conception.

3.2 Location of experimental work

Apart from the performance recording on commercial NT cattle properties (Chapter
4), the research was conducted on two NT DoR Research Stations. Descriptions of
these sites are given in the following sections:
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3.2.1 Douglas Daly Research Farm (DDRF)

DDRF is located approximately 220 km south of Darwin (NT) at the northern end of
the Daly Basin (13o50‟ S, 131o11‟ E). The climate is tropical with a strongly seasonal
rainfall pattern where most rain falls between the months of November - March. The
average annual rainfall from 1968 to 2009 was 1233 mm (BOM 2009). The average
daily maximum temperature is greater than 30oC all year round but the months
between April and August are cooler and less humid (Table 3).

Table 3. Climate data for Douglas Daly Research Farm.
Data sourced from BOM website (BOM 2009a).
Mean

Mean

Average

2004

2005

2006

2007

2008

2009

max.

min.

Rainfall

Rainfall

Rainfall

Rainfall

Rainfall

Rainfall

Rainfall

temp.

temp.
(mm)

(mm)

(mm)

(mm)

(mm)

(mm)

(mm)

o

( C)

(oC)

Jan

33.6

23.8

274.4

237.8

435.8

338.0

196.2

374.2

345.8

Feb

33.1

23.7

291.1

494.4

167.2

236.2

144.8

680.2

400.0

Mar

33.7

23.0

231

157.6

154

312.6

359.6

415.2

68.0

Apr

34.7

20.3

47.2

21.4

4.2

410.4

0.6

3.4

0

May

33.2

16.3

8.3

31.8

0

0

13.8

0

0

Jun

31.2

13.6

2.5

0.8

0

0

4.6

0

0

Jul

31.6

12.3

2.8

0

0

0

0

0

Aug

33.5

14.2

1.3

0

0

0

21.4

0

Sep

36.6

18.6

4.4

0

0.2

0.2

6.4

14.2

Oct

37.5

22.3

35.9

4.4

115.0

0

6.2

0

Nov

36.8

23.5

117.6

107.6

247.2

47.0

149.8

96.8

Dec

35.0

23.6

204.3

126.6

228.0

350.6

308.8

251.0

Total

34.2

19.8

1233.6

1182.4

1351.6

1695

1212.2

1835

Average rainfall is for the period 1968 to 2009. Mean monthly maximum and minimum
temperatures are for the period 1968 to 2009. Monthly rainfall records are shown for the
years relevant to this project.

The main difference between the farming systems in the Douglas Daly area and the
more extensive areas that characterise the NT are that properties in the Douglas Daly
tend to be smaller, more highly intensified and have established improved pastures.
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This came about under what was known as the ADMA (Agricultural Development
and Marketing Authority) scheme where small properties where set up for the
purpose of cropping and mixed farming, as the fertile soils and high and reliable
rainfall made the district suitable for this type of farming. However, over time most
properties reverted back to cattle grazing, but with improved pasture and some hay
production.

The soil type in the paddocks that were used for this project was a Blain soil type
which has been described by Lucas et al. (1987) as a sandy red earth. It is a fertile
soil and suitable for improved pastures although the surface crusts and so some
species (eg. buffel grass) require cultivation for establishment.

The pasture in the experimental paddocks was almost exclusively buffel grass
(Cenchrus ciliaris cv. Gayndah) apart from some invading weeds and small amounts
of sabi grass (Urochloa mosambicensis). The buffel pasture was established in 1988
on recently cleared bush. It received an annual fertilizer dressing of 70 kg/ha of
superphosphate and trace elements (Cu, Mo and Zn) every 3 years. The paddocks are
spot sprayed for weeds using glyphosate and 2,4 D amine in the early to mid wet
season.

3.2.1.1 Brief outline of research at the Douglas Daly Research Farm

Each year for 4 years, about 100 Brahman weaner heifers purchased from
commercial herds on several NT cattle stations were mated at the DDRF as
yearlings. The heifers that conceived were split into two treatment groups. One group
(CON=Control) grazed pasture as normal in the pre-calving dry season, while the
other (HN = high nutrition) was managed (fed a high nutrition treatment) with the
aim of having the heifers gain about an extra 50 kg before calving (compared to the
control group). The intention was to produce heifers with a range of
liveweights/body conditions at their second mating.

The data produced was then used to generate models that describe the relationship
between liveweight and P8 fat depth with pregnancy rates of maiden and lactating
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first calf heifers. These models were then used to produce charts for use by cattle
managers and advisors showing the pregnancy rates that would be expected from
maiden and lactating first calf heifers at different liveweights and fatness.

Also the pregnancy rates from yearling mating were compared between heifers
sourced from the commercial properties and heifers from a herd that had been
selected for fertility for a number of years. This work is detailed in Chapter 6.

3.2.2 Victoria River Research Station (VRRS)
VRRS (also known as “Kidman Springs”) is located in the Victoria River District
(VRD) about 220 km south west of Katherine, NT (16o7‟ S and 130o57‟ E). The
climate, soils and pastures have been described by Sullivan and O‟Rourke (1997). A
brief summary is that the climate is hot with a strongly seasonal rainfall pattern and
that the pastures are native species predominantly Chrysopogon fallax, Iseilema spp.,
Enneapogon spp. Heteropogon contortus and Sehima nervosum.

Like most parts of the NT, the year is considered to consist of two seasons known as
the wet season and the dry season. The wet season (usually from November to
March) is characterised by high temperatures and humidity, and around 90% of the
annual rainfall (737 mm) falls in these months (Table 4). The dry season (usually
from April to October) is characterised by almost no rainfall, lower humidity and
lower temperatures with cool nights although the average daily maximum is
normally still around 30o C (Table 4).
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Table 4. Climate data for Victoria River Research Station.
Data sourced from BOM website (BOM 2009b).

Mean

Mean

maximum
o

temp. ( C)

minimum
o

temp. ( C)

Average

2005

2006

2007

2008

2009

Rainfall

Rainfall

Rainfall

Rainfall

Rainfall

Rainfall

(mm)

(mm)

(mm)

(mm)

(mm)

(mm)

Jan

35.9

25.0

168.8

206.0

267.2

134.4

104.0

451.4

Feb

35.6

24.7

199.6

164.5

46.0

35.6

575.7

462.0

Mar

35.6

23.3

128.5

129.9

414.1

299.5

32.2

14.0

Apr

35.5

20.6

23.7

0

319.6

0

0

0.6

May

32.6

15.9

4.4

0

0

12.8

0

0

Jun

29.8

13.1

4.0

0

0

102.6

0

0

Jul

30.3

12.2

2.6

0.5

0.4

0

0

Aug

32.7

13.8

0.1

0

0

0

0

Sep

36.8

19.8

3.6

4.3

0

0

1.4

Oct

38.7

23.7

25.7

63.8

0

47.7

0.7

Nov

39.0

25.0

57.4

67.9

17.0

15.8

109.9

Dec

37.4

25.3

139.3

151.6

62.0

125.8

335.8

Total

34.9

20.2

737.4

788.5

1126.3

774.2

1159.7

Average rainfall is for the period 1970 to 2009. Mean monthly maximum and minimum
temperatures are for the period 1996 to 2009. Monthly rainfall records are shown for the
years relevant to this research.

Most mustering and stock work is done during the dry season and like most
properties in the region, VRRS performs two mustering rounds at which weaning and
husbandry practices are performed. The first weaning round muster (WR1) is at the
start of the dry season (usually in May or early June) and the second round muster
(WR2) is at the end of the dry season (usually in late September or October).

VRRS is typical of properties in the VRD and management is similar. Following
weaning, heifers are kept separate from other stock until they are approximately two
years of age. They are then mated for the first time to young bulls from mid
December to the end of March.
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3.2.2.1 Summary of research at Victoria River Research Station

Each year for 3 years, about 110 Brahman 2 year-old maiden heifers were mated at
VRRS. The heifers that conceived were split into two treatment groups. One group
(CON = control) grazed pasture as normal in the pre-calving dry season, while the
other (HN = high nutrition) was managed (fed a protein supplement) with the aim of
having the heifers gain about an extra 50 kg before calving (compared to the control
heifers). The intention was to produce heifers with a range of liveweights/body
conditions at their second mating.

The data produced was then used to generate models that describe the relationship
between liveweight and P8 fat depth with pregnancy rates of maiden and lactating
first calf heifers. These models were then used to produce charts for use by cattle
managers and advisors showing the pregnancy rates that would be expected from
maiden and lactating first calf heifers at different liveweights and fatnesses. This
work is detailed in Chapter 6 for maiden heifers and Chapter 7 for lactating first calf
heifers. Also the effect of the supplementation with protein supplements prior to first
calving on reconception rates was studied (Chapter 7).
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4. ESTABLISHING CURRENT HEIFER FERTILITY LEVELS ON
COMMERCIAL CATTLE STATIONS IN THE NT

4.1 Introduction

While the traditional view has been that heifer fertility in the NT is low, more
recently there have been anecdotal reports that it has improved. This is reflected in
the fact that the survey of NT cattle managers in 2004 found the average of managers
estimates of reconception rates in lactating first calf heifers was 63% (Oxley et al.
2004). However, there are only a few documented reports of heifer fertility in the NT
(see Sections 2.2.1 and 2.2.2) and most of these reports are from government
research stations. There have not been many documented reports of heifer fertility on
commercial properties, and anecdotal reports and estimates are notoriously unreliable
under extensive conditions in northern Australia, where large numbers of animals
scattered over vast areas with poor paddock security make accurate estimates
difficult. Therefore, part of this research was to document current reproductive rates
on NT commercial properties and to determine whether low heifer fertility is still a
problem in the NT.

The first step in improving heifer fertility in the NT is finding out whether a problem
exists and determining the extent of that problem. Then cattle managers can decide
how much effort is justified in addressing the problem. If cattle producers don‟t
believe they have a problem with heifer fertility they are unlikely to change their
management to try to improve it. This aspect of the thesis involved recording the
performance of heifers on commercial NT cattle stations under normal commercial
conditions and documenting the current state of heifer fertility. A scientific paper
(Schatz and Hearnden 2008) was published detailing this work and it is attached in
Appendix 1.
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4.2 Summary of the scientific paper which details this work

The paper by Schatz and Hearnden (2008) reports this work in detail and a brief
summary of the work is provided here. The performance of heifers was recorded on
13 commercial cattle properties located throughout the NT. Data from heifers at one
NT DoR research station (VRRS) where heifers were managed according to normal
commercial practices were also included. It was intended that cooperating properties
would be representative of the whole NT cattle industry, so they were selected to
achieve a wide geographical spread and to represent typical management systems of
each region. At the start of the work it was agreed that the names of the properties
would be confidential and so the properties are not identified by name but rather by
the region in which they are located (eg. northern VRD, eastern Barkly, etc.).

It was intended that the performance of heifers would be recorded from prior to their
first mating until after the weaning of their first calf. This was not possible in all
cases due to circumstances that arose (eg. several years of drought during the
recording period) which meant that the research on 2 properties could not continue
after the maiden mating, and the work on 2 other properties commenced with
pregnant heifers after their maiden mating. Table 1 in Schatz and Hearnden (2008)
details the data that was collected on each property and the number of heifers
recorded at each site (average n = 322 maiden heifers per property).

On all properties the heifers were individually identified with eartags (electronic
and/or visual eartags were used) and data including liveweight, BCS, pregnancy
status and lactation status were recorded for each individual animal. Details of the
measurements recorded and methods are provided in Schatz and Hearnden (2008).

The main findings of the work were:

i) Pregnancy rates in maiden heifers (joined first at about 2 years of age)
ranged from 59% to 88% (average = 79%). Where pregnancy rates
were low it was because pre-mating liveweights were low due to
adverse seasonal conditions or overstocking (which was unintentional
in some cases but occurred due to poor paddock security).
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ii) The study found that loss rates between confirmed pregnancy
diagnosis and weaning in first calf heifers were often very high
(>30%). They ranged from 4% to 39% and averaged 22%. Loss rates
exceeded 30% on 4 stations.
iii) Pregnancy rates in lactating first calf heifers at WR1 were often very
low (< 20%) due to the low liveweight of heifers between calving and
weaning. However on properties where lactating first calf heifers were
in good condition at this time, pregnancy rates were high (> 70%).
Reconception rates ranged from 1% to 88% but were less than 25%
on three quarters of properties and only exceeded 40% on 2 of the
properties. On these 2 properties good seasonal conditions and
moderate stocking rates had resulted in the heifers having high
average liveweights at the time when their calves were weaned
(WR1).
iv) The relationship between the average liveweight of lactating first calf
heifers at WR1 and the proportion that had reconceived by this time
was found to be highly significant (P<0.0001). Groups of heifers with
low average liveweights at WR1 had low pregnancy rates, and
pregnancy rates increased as liveweight at WR1 (WR1 Wt) increased
(Figure 1 in Schatz and Hearnden 2008). While this relationship is not
predictive (in the sense that it does not predict future pregnancy rates
from liveweights recorded sometime earlier), it can be used to set
target liveweights at WR1 for the management of lactating first calf
heifers, where if the target liveweight is achieved then a known
pregnancy rate should result (approximately).

The main reasons that WR1 liveweights were used to produce this
relationship was that there was large variability in liveweight change
over the period between the recording of pre-calving liveweight (PC
Wt) and WR1 Wt on the different properties (liveweight change
during this period ranged from -88 kg to +11 kg with an average of 40 kg), and as a result the relationship between PC Wt and reconception rate was not found to be strong. Also the use of WR1 Wt
avoids having to muster first calf heifers around the time in which
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they are calving to record pre-calving liveweights (which most NT
cattle managers are reluctant to do as they believe it will increase calf
losses).

In summary, the research showed that while the fertility of maiden heifers on NT
cattle stations is usually adequate (>75%) to produce enough pregnant replacement
breeders when they are joined at 2 years of age, low pregnancy rates still occur in
maiden heifers when pre-mating liveweights are low. Also, foetal and calf loss rates
in first calf heifers are often high and pregnancy rates in lactating first calf heifers at
WR1 are often low. Pregnancy rates in lactating first calf heifers at WR1 were less
than 10% on a third of properties, and less than 25% on three quarters of the
properties, demonstrating that low fertility in first calf heifers is still a common
problem in the NT and that there is large scope for improvement.
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5. THE RELATIONSHIP BETWEEN LIVEWEIGHT, P8 FAT DEPTH AND
PREGNANCY RATES IN YEARLING MATED BRAHMAN HEIFERS
GRAZING IMPROVED PASTURE

5.1 Introduction

Heifers are normally mated for the first time as two year olds on most properties in
northern Australia as it usually takes this long to reach target mating liveweights.
Where higher growth rates occur and target mating liveweights can be achieved a
year earlier, yearling mating can increase lifetime breeder calf output and
significantly increase the breeding herd efficiency (Donaldson 1968; Morris 1980;
Fordyce et al. 1994b). Fordyce et al. (1994a) stated that yearling mating in northern
Australia can increase lifetime breeder output by 0.3 to 0.5 calves which is a 5-10%
increase in the annual herd weaning rate (assumes a base weaning rate of 75%).
Yearling mating also has other advantages such as it is a way of identifying heifers
that are earlier maturing, are inherently more fertile and will produce more calves
over their lifetime (Lesmeister et al. 1973; Morris 1980).

While growth rates on most extensive properties in northern Australia are too low for
heifers to achieve sufficient liveweights to give good pregnancy rates from yearling
mating (Burns et al. 2010), there are areas where good growth rates are achieved and
so yearling mating is a possibility. Such areas in the NT are the Barkly Tableland and
Alice Springs districts during good seasons and the Douglas Daly where properties
have improved pastures and rainfall is reliable. It has been suggested that
transporting heifers from breeding properties with lower growth rates (eg. in the
VRD) to these locations for yearling mating may be a way of increasing the
productivity of heifers and the profitability of cattle enterprises. Since transport costs
are high it would be desirable to know the pregnancy rates that are likely from
yearling heifers of different liveweights so that economic analysis could be done and
this strategy could be evaluated before committing to it. This study was conducted to
provide this information for high grade Brahman heifers in northern Australia.
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Previous research has shown that there is a strong relationship between heifer mating
liveweights and pregnancy rates (Meaker 1975; Rudder et al. 1976; Goddard et al.
1980; Entwistle 1983). There have been a number of models developed to predict
pregnancy rates from mating liveweights but none are directly relevant to high grade
Brahman heifers on extensive properties in the NT (see Section 2.8).

Establishing the relationship between mating liveweight and pregnancy rates for
yearling mated high grade Brahman heifers would be a useful resource for northern
Australian cattle managers. Once this relationship has been established it can be used
to produce charts showing mating liveweights and corresponding expected
pregnancy rates that could be a used by managers and extension officers to:
-

Determine which heifers will be suitable for yearling mating.

-

Determine whether yearling mating is likely to give good pregnancy rates on
a property on which growth rates are known.

-

Perform cost benefit analyses to work out if transporting heifers to other
properties with higher liveweights for yearling mating will be profitable.

-

Work out target mating liveweights for different situations.

-

Calculate the return on investment associated with feeding strategies aimed at
reaching target liveweights for yearling mating.

-

Work out the liveweight range of heifers of which supplementation to achieve
target mating liveweights will be profitable (i.e. some heifers will be heavy
enough anyway and some will be too light to make a target mating liveweight
even with supplementing).
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5.2 Materials and Method

The research on yearling mating of Brahman heifers was conducted at DDRF. The
site and climate is described in Section 3.2.1.

Each year, for 4 years (2004 to 2007), groups of about 100 high grade Brahman
weaner heifers weighing between 195 kg and 260 kg shortly after weaning were
purchased from a NT commercial property (a different property each year) and
transported to DDRF. Heifers weighing more than 195 kg were selected, as Schatz et
al. (2004) found that it can be expected that on average heifers will grow about 65 kg
from weaning (in the middle of the year) to the start of mating on the first of January
at DDRF. From this it was decided that heifers weighing less than 195 kg shortly
after weaning would be unlikely to conceive when mated as yearlings and so only
heifers weighing >195 kg were selected for this work. Heifers weighing more than
260 kg were not selected as they could not be considered to be “yearlings” (they
were probably older and had missed being mustered the previous year).

These heifers proved difficult to purchase as they were considered by managers to be
the best of their weaner heifers and in most cases it was difficult to find managers
who were willing to sell them. As a result in some years the purchase of heifers could
not be arranged until later in the year than originally intended. In 2005 and 2007
heifers were not transported to DDRF until the start of November (although they had
been weaned several months earlier on the properties they had been purchased from).
The heifers were transported to DDRF in early September in the other years.

On arrival at DDRF all heifers were weighed (Wn Wt) and vaccinated with
VibrovaxTM and 7 in 1TM to protect against infection with vibriosis and leptospirosis.
A second injection of each vaccine was given 6 weeks later. The heifers grazed
improved buffel grass (Cenchrus ciliaris cv. Gayndah) pastures at a rate of 1.3 per ha
and had ad libitum access to UramolTM lick blocks in the dry season and PhosriteTM
blocks in the wet season.
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A yearling pre-mating liveweight (YPM Wt) and fat depth (YPM Fat) measurement
was recorded in mid December and young bulls that had been fertility tested (passed
a BBSE and were found to have >70% normal sperm in semen testing) were
introduced to the heifers in late December and the mating period lasted until the end
of March. The heifers were pregnancy tested (manual palpation per rectum) at the
end of mating and real time ultrasound was used to confirm both foetal age and nonpregnancy. The ovaries of non pregnant heifers were ultrasonically scanned for the
presence of a CL. A second scan was performed 10 days later. If no CL was detected
at either of the scans then it was unlikely that the heifer was cycling (and in the case
of yearling heifers is unlikely to have reached puberty). Heifers that were found to be
non pregnant at the end of mating were pregnancy tested again two months later to
confirm that they had not conceived just prior to the end of mating.

Statistical analysis
The relationship between pregnancy rate and each of the following variables; YPM
Wt and YPM Fat, was assessed (separately) with generalised linear models using
binomial errors and a logit link function (McCullagh & Nelder 1989). The data
comprised a number of year groups (all managed similarly) so year class was also
fitted as a covariate. In all cases the interaction with year was not significant (P >
0.01) so the final fit was determined for the pooled year class data. To assess the fit,
an analogue of the R2 measure used for linear models was calculated using a squared
residuals fit of proportion pregnant in size-classes to predicted values of the
regression obtained from the generalised linear model (Mittlbock 2002).

Note that using both YPM Wt and YPM Fat together in multiple regression analysis
to increase the accuracy of the predictive equation is not a suitable method of
analysis due to the presence of multicollinearity between dependent variables used to
describe variation in pregnancy rate. The values for YPM Wt and YPM Fat were
highly correlated i.e. heifers with a high P8 fat depth were usually heavier. This
makes the correlated independent variables redundant when used as predictors.
Multicollinearity will greatly inflate partial parameter estimates for independent
variables and in extreme cases, may even change the sign of the parameter. It also
invalidates the multivariate normality assumption of a linear model such as multiple
regression analysis. Therefore multiple regression analysis (using both YPM Wt and
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YPM Fat) was not used but rather the method of analysis described above was the
most appropriate for this data. This applies to all of the relationships produced in this
thesis which are used to predict pregnancy rate from liveweights and P8 fat depths.

5.3 Results

5.3.1 Performance of Brahman heifers mated as yearlings at DDRF

The general performance measures for maiden heifers mated as yearlings at DDRF
are presented in Table 5. It shows that the growth of heifers from when they arrived
at DDRF shortly after weaning to the start of mating averaged 35 kg for the 4 year
groups of heifers. Pregnancy rates from yearling mating averaged 33.2% over the 4
year groups of heifers and were fairly consistent in each year (ranging from 27.3% in
#4 heifers to 35.9% in #5 heifers).

Table 5. The performance of Brahman maiden heifers mated as yearlings at
Douglas Daly Research Farm.
Year

Wn

YPM

EM

Lwt. Ch. :

Lwt. Ch.:

Avg Wt at

Preg.

Group

Wt

Wt

Wt

Wean to

during

Conception

Rate

(kg)

(kg)

(kg)

YPM (kg)

mating (kg)

(kg)

(%)

n
#4

110

216

259

319

49.2

59.9

309.5

27.3

#5

92

220

252

332

31.9

73.0

333.2

35.9

#6

98

233

265

350

31.1

68.7

300.1

35.7

#7

91

228

251

320

24.7

69.0

308.3

35.2

Average

97.8

224.0

256.9

330.1

34.9

67.3

315.7

33.2

(The figures in Table 5 are averages for each year group).

Most (>95%) non-pregnant heifers did not have a CL present at either of the
ultrasound scans conducted 10 days apart, indicating that they were not cycling
(Table 6).
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Table 6. Results of ovary scanning and pregnancy testing at the end of mating to
determine pregnancy status and whether heifers were cycling.
Year group

Pregnancy rate

Not pregnant but with

Not pregnant and not

a CL present

cycling

n

(%)

(%)

(%)

#4

110

27.3

4.8

67.9

#5

92

35.9

4.9

59.2

#6

98

35.7

3.3

61.0

#7

91

35.2

3.2

61.6

Average

97.8

33.2

4.1

62.7

5.3.2 The relationship between pre-mating liveweight and pregnancy rate in
yearling mated Brahman maiden heifers

YPM Wt was found to have be highly significantly and positively related
(P<0.00001) to pregnancy rate. Year did not have a significant effect (P = 0.1945) on
pregnancy rate and there was not a significant interaction between year and YPM Wt
(P = 0.6018) so the data from all years was pooled and used to produce an equation
to predict pregnancy rate from YPM Wt (recorded in December).

The equation for this model is:
Predicted pregnancy rate = eθ /(1+eθ), where θ = -6.996 + 0.024 YPM Wt
(and e is the mathematical constant known as Euler‟s number ie. the inverse of the
natural logarithm).

Approximately 82% of the variation in pregnancy rate can be predicted by YPM Wt
(R2=0.8225, P<0.00001). The relationship between YPM Wt and pregnancy rate
from yearling mating is shown in Figure 7.
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Figure 7. The effect of pre-mating liveweight (YPM Wt) on pregnancy rates in
yearling mated Brahman heifers.
This equation was used to produce a table showing the pregnancy rates predicted
from different pre-mating liveweights and the increase in pregnancy rate associated
with each 10 kg increase in YPM Wt (Table 7). Table 7 shows that the rate of
increase in predicted pregnancy rate for a 10 kg increase in YPM Wt increases as
YPM Wt increases from 200 kg to 290 kg and then decreases after that. The
predicted pregnancy rate increases by more than 5% for each 10 kg increase in YPM
Wt for YPM Wts between 260 - 320 kg.
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Table 7. Predicted pregnancy rates at different pre-mating liveweights (YPM
Wt) in yearling mated Brahman heifers and the predicted increase in pregnancy
rate for each 10 kg increase in YPM Wt.
YPM Wt

Predicted pregnancy rate (with upper

Percentage unit increase in pregnancy

and lower 95% confidence limits)

rate per 10 kg increase in YPM Wt

(%)

(%)

(kg)
200

10.7

(5.7, 19.3)

210

13.3

(7.9, 21.6)

2.6

220

16.3

(10.7, 24.1)

3.1

230

19.9

(14.4, 26.9)

3.6

240

24.1

(18.9, 30.2)

4.2

250

28.9

(24.1, 34.1)

4.7

260

34.1

(29.4, 39.1)

5.3

270

39.8

(34.1, 45.7)

5.7

280

45.7

(38.3, 53.4)

6.0

290

51.8

(42.1, 61.4)

6.1

300

57.8

(45.8, 69.0)

6.0

310

63.6

(49.4, 75.8)

5.8

320

69.1

(53.0, 81.6)

5.4

330

74.0

(56.4, 86.3)

5.0

340

78.4

(59.8, 89.9)

4.4

350

82.3

(63.1, 92.7)

3.8

Note that YPM Wt in Table 7 was recorded in December. Mustering and weighing
cattle at this time of year is much more feasible in the Douglas Daly region than on
the larger extensive properties in other regions of the NT.

5.3.3 The relationship between pre-mating P8 fat depth and pregnancy rate in
yearling mated Brahman maiden heifers

YPM Fat was found to have highly significant effect (P=0.0005) on pregnancy rate.
Year did not have a significant effect (P = 0.1066) on pregnancy rate and there was
no interaction between year and YPM Fat (P = 0.8622), so the data from all years
were pooled and used to produce an equation to predict pregnancy rate from YPM
Fat.
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The equation for this model is:
Predicted pregnancy rate = eθ /(1+eθ), where θ = -1.340 + 0.347 YPM Fat

Approximately 59% of the variation in pregnancy rate can be predicted by YPM Fat
(R2=0.5923, P<0.0005). The relationship between YPM Fat and pregnancy rate from
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Predicted pregnancy rate = eθ /(1+eθ),
where θ = -1.340 + 0.347 YPM Fat

20

Pregnancy Rate (%)
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yearling mating is shown in Figure 8.

0

(R2=0.5923, P<0.0005)
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Figure 8. The effect of pre-mating P8 fat depth (YPM Fat) on pregnancy rates
in yearling mated Brahman heifers.
This equation was used to produce a table showing the pregnancy rates predicted
from different pre-mating fat depths and the predicted increase in pregnancy rate for
each 1 mm increase in pre-calving P8 fat depth (Table 8). Table 8 shows that there is
a fairly constant rate of increase in predicted pregnancy rate of around 7 - 8.5% for
each 1 mm increase in YPM Fat.
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Table 8. Predicted pregnancy rates at different pre-mating P8 fat depths (YPM
Fat) in yearling mated Brahman heifers and the predicted increase in
pregnancy rate for each 1mm increase in YPM Fat.
YPM Fat

Predicted pregnancy rate(with upper

Percentage unit increase in pregnancy rate

and lower 95% confidence limits)

for each 1mm increase in YPM Fat

(%)

(%)

(mm)
0

20.7

(14.6, 28.7)

1

27.0

(21.9, 32.8)

6.3

2

34.4

(29.7, 39.4)

7.4

3

42.6

(35.4, 50.1)

8.2

4

51.2

(39.8, 62.5)

8.6

5

59.7

(43.9, 73.8)

8.6

6

67.7

(47.9, 82.8)

8.0

5.4 Discussion

Generally the pregnancy rates from yearling mating were low (average 33%) despite
only heifers weighing >295 kg shortly after weaning being selected for the study
(Table 5). The #4 heifers had a slightly lower pregnancy rate (27.3%) compared to
the other year groups. This is likely to be because they came from a property that
used control mating and so were slightly younger on average than the heifers from
the other year groups which came from continuously mated herds. The heifers from
the continuously mated herds were all weaned at the first round but some had been
branded as small calves at the second round the previous year (and returned to their
dams) which shows that they were slightly older.

The growth of heifers from when they were purchased shortly after weaning to the
start of mating in December (average = 35 kg [Table 5]) was lower that what had
previously been found at DDRF by Schatz et al. (2004), who found that heifers on
average gained 65kg of liveweight between weaning in the middle of year and the
start of mating at end of December. It is likely that growth would have been higher if
the animals could have been transported to DDRF and commenced grazing improved
pasture earlier in the year. However this was not possible as it took longer than
expected to find stations that had the type of heifers required (Brahman weaner

90

heifers weighing 195 – 260 kg and that had not missed being weaned the previous
year) and were willing to sell them.

The results of the ultrasound scanning of the ovaries of non-pregnant heifers showed
that only a few (<5%) non-pregnant heifers had a CL present after 2 scans, 10 days
apart, at the end of mating each year (Table 6). This shows that most non-pregnant
heifers had not yet reached puberty by the end of mating. The low pregnancy rates
(average = 33%) and results of the ovary scanning suggest that the heifers were too
late maturing for high pregnancy rates to result from yearling mating. This is
supported by a recent large study of 1007 Brahman heifers in northern Australia by
the Beef CRC which found that the average liveweight and age at puberty in
Brahman heifers was 334 kg and 24.7 months (Johnston et al. 2009). There have
been a number of other reports in literature of average liveweights and ages of
Brahman heifers at puberty and these are summarized in Table 9.

Table 9. Reported age and liveweight at puberty of Brahman heifers.
Age at puberty

Liveweight at

Source

(days)

puberty (kg)

690

-

Reynolds (1967)

590

-

Plasse et al. (1968a)

481

246

Post and Reich (1980)

429

323

Cundiff et al. (1986)

602

321

Warnick et al. (1991)

-

315

Fordyce (2006)

592

366

Chase et al. (1997)

735

299

Rodrigues et al. (1999)

415

347 (Approx.)

Cundiff (2005)

751

334

Johnston et al. (2009)

587

319

Average of all studies above

When the figures reported in all the studies in Table 9 are averaged, the average age
and liveweight at puberty is 587 days (19.3 months) and 319 kg. From this it is not
surprising that many of the heifers in the research at DDRF had not reached puberty
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by the end of the mating period since many weighed less than 319 kg and were
younger than 19 months old at this time. Ovarian scanning (Table 6) confirmed that
most non pregnant heifers in this study were not cycling at the end of mating.

The average estimated liveweight at conception of those heifers that conceived from
yearling mating in this study was 316 kg (Table 5). This figure should not be used as
an average liveweight at conception for Brahman heifers since data from heifers that
did not conceive by the end of mating was not included in its calculation. The figure
would likely have been higher if mating had continued until all heifers had conceived
and then the data from all heifers been included in the calculation of average
liveweight at conception. Since the average liveweight at conception was only
calculated from heifers that did conceive during the mating period, it is likely to only
include data from early maturing heifers and exclude data from later maturing
heifers. A more appropriate way of measuring average liveweight at conception
would have been to leave bulls with the heifers continuously from the start of mating
as yearlings until all had conceived, but this was not the purpose of this study.

If the 334 kg average liveweight at puberty in Brahman heifers recently found by
Johnston et al. (2009) is used as a critical liveweight for first conception, then
management of heifers should aim to have them reaching this liveweight fairly early
in the mating period. Most heifers in this study did not reach this liveweight by the
end of the mating period which explains why pregnancy rates were low.

YPM Wt was found to have a highly significant effect (P<0.00001) on pregnancy
rate and since there were no significant year effects the data from all years was
pooled and used to produce an equation to predict pregnancy rate from YPM Wt
(recorded in December). Approximately 82% of the variation in pregnancy rate can
be predicted by YPM Wt (R2=0.8225, P<0.00001). This gives good confidence in
using this equation to predict pregnancy rates from pre-mating liveweights in
yearling mated Brahman heifers.

The equation was then used to produce a table showing the pregnancy rates predicted
from different pre-mating liveweights and the increase in pregnancy rate associated
with each 10 kg increase in YPM Wt (Table 7). Table 7 shows that the rate of
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increase in predicted pregnancy rate for a 10 kg increase in YPM Wt, increases as
YPM Wt increases from 200 kg to 290 kg and then decreases after that. The
predicted pregnancy rate increases by more than 5% for each 10 kg increase in YPM
Wt for YPM Wts between 260 - 320 kg.
There are few published reports of pregnancy rates with corresponding mating
liveweights for high grade Brahman heifers mated as yearlings in northern Australia
with which to compare the predicted liveweights from Table 7. Jayawardhana (1999)
reported a pregnancy rate of 25% for one year group of Brahman heifers with an
average mating liveweight of 217 kg. This is slightly higher fertility than is predicted
by Table 7, but the herd that this report is from has been highly selected for fertility
and has been shown to produce heifers with higher fertility from yearling mating
than heifers from commercial Brahman herds (Schatz et al. 2010).

In a study in Nebraska (USA), Cundiff (2005) reported a pregnancy rate of 83% in
F1 Brahman cross heifers mated to calve as 2 year olds that had an average 400 day
liveweight of 347 kg. This is quite similar to the pregnancy rate predicted for this
liveweight by the equation produced in this study (i.e. 81.1%).

The pregnancy rate for the heifers in highest weight range in Figure 7 appears to be
low in comparison to the rest of the data. A possible explanation for this may be that
they were heifers that were born early (hence their high liveweight at joining) but
have low inherent fertility due to being the daughters of cows which calved early
because they missed a calf the previous year. Cows which have low fertility often
only have a calf every second year, but conceive early as a result of being in good
condition because they did not lactate the previous year. Therefore they often have
early calves but pass on their low fertility to them. It is possible that the heifers in the
highest weaight range in Figure 7 were the daughters of such cows.

YPM Fat was found to have a highly significant effect (P=0.0005) on pregnancy rate
and since there were no significant year effects the data from all years were pooled
and used to produce an equation to predict pregnancy rate from YPM Fat.
Approximately 59% of the variation in pregnancy rate can be predicted by YPM Fat
(R2=0.5923, P<0.0005). This equation was used to produce a table showing the
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pregnancy rates predicted from different pre-mating fat depths and the predicted
increase in pregnancy rate for each 1 mm increase in pre-calving P8 fat depth (Table
8).

Since there are no NT cattle producers that currently measure P8 fat depth as a part
of their normal management, Table 8 showing the predicted pregnancy rates from
different P8 fat depths is likely to be of limited practical value to them. However it
does demonstrate the principle that pregnancy rates increase as body condition
increases which is important for cattle producers to understand. Some producers do
use BCS to measure the condition of their cattle, but it was not possible to produce
an equation that predicts pregnancy rate from pre-mating BCS as there was not
enough variation in BCS prior to the start of mating. This is because most heifers are
still quite lean before the start of their first post weaning wet season (at around 12
months of age) and there is not much variation in BCS between animals (93% of the
heifers in this study had a YPM Fat depth of 3 mm or less).

5.4.1 Implications for industry

This study found that current commercial genotypes of Brahman heifers are too late
maturing to achieve high pregnancy rates from yearling mating when grazing pasture
in the NT. This is in agreement with findings from other locations, and in reviewing
previous research Randel (1994) stated that Brahman and Brahman-based heifers
reach puberty at too old an age to routinely calve at 2 years of age. The average YPM
Wt of all the heifers in this study was 257 kg and only 33% of the heifers conceived
despite the fact that only the heaviest weaner heifers (weighing 190 – 260 kg) were
selected for yearling mating.

As a result of being late maturing, quite high pre-mating target liveweights are
required for high fertility. Table 7 shows that a pre-mating liveweight of around 345
kg is required for a pregnancy rate of 80%. Rudder et al. (1985) suggested a target
YPM Wt of 275 kg for Bos indicus cross heifers mated as yearlings (in central
Queensland), however high grade Brahman heifers are not as fertile as crossbred
heifers (Cundiff 2005), and the equation produced in this study predicts a pregnancy
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rate of only 45% from this YPM Wt. Table 7 shows that to achieve a pregnancy rate
of 80% from high grade Brahman heifers mated as yearlings, a YPM Wt of 345 kg is
required. In reality it is unlikely that many Brahman heifers will reach this liveweight
before the start of mating as a yearling when grazing pasture in the NT (no heifers in
this study had a YPM Wt > 345kg). To reach a liveweight of 345 kg by the start of
mating as a yearling, growth rates would have to be much higher than can be
achieved from pasture in most areas of the NT or the heifers would have to be older
(and hence would not be yearlings). It is unlikely that many heifers in the NT could
reach such a liveweight by the start of mating as yearlings, since this would usually
occur about 6 months after they are weaned, and growth rates are usually low
between weaning and the start of mating as most of this period occurs during the dry
season.

Table 7 will be a useful management tool for NT cattle producers as it shows the
pregnancy rates predicted from different YPM Wts for Brahman heifers, and this
information can be used in making management decisions and evaluating the
profitability of different management strategies. For example, in Section 5.4.1.1 the
table is used to assess the profitability of a strategy that has been proposed where
heifers from extensive areas of the NT are transported to the Douglas Daly region to
be mated as yearlings (i.e. a year earlier than normal) and then transported back
when pregnant with their second calf (Ridley 1994).

The values in Table 7 can also be used to identify heifers that might be suitable for
yearling mating at earlier points in time (eg. at weaning) if average growth between
weaning and the start of mating is known. For example Schatz et al. (2004) found
that on average heifers gained 65 kg during this period at DDRF. Subtracting this
figure from the YPM Wt required to give a pregnancy rate of about 70% (i.e. 320 kg)
reveals that Brahman heifers weighing 255 kg at weaning should have pregnancy
rates of around 70%.

While this research has shown that pregnancy rates from yearling mating with
current commercial genotypes of Brahman heifers in the NT are low, yearling mating
may still be considered for other reasons. For example, where bull control is a
problem, yearling mating is recommended so that those heifers that have reached
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puberty conceive at the desirable time of year and out of season calving is avoided
(Fordyce 1996). Also where Brahman herds have been selected for fertility, the
heifers may be more suitable for yearling mating as Schatz et al. (2010) found that
selection in a Brahman herd had produced heifers that were earlier maturing and had
significantly (35%) higher pregnancy rates from yearling mating than heifers from
commercial Brahman herds.

5.4.1.1 Assessment of the profitability of transporting Brahman heifers to the
Douglas Daly area for yearling mating

The results of this research can be used to evaluate the profitability of management
strategies involving the yearling mating of Brahman heifers. One such strategy has
been proposed for the NT pastoral industry in which heifers from extensive areas of
the NT are transported to the Douglas Daly region shortly after weaning to be mated
as yearlings (ie. a year earlier than normal) and then transported back when pregnant
with their second calf (Ridley 1994). The strategy assumed that the higher growth
rates in the Douglas Daly region would allow heifers to be successfully mated as
yearlings (ie. a year earlier than normal), thus increasing their lifetime calf
production. It was proposed that this strategy would increase the area available to run
breeders on the extensive property of origin (since the heifer phase of production
would occur in the Douglas Daly region) and enable heifers to start producing calves
at an earlier age.
This study (Table 5) found that when heifers weighing between 200 – 260 kg shortly
after weaning were transported from VRRS to DDRF for yearling mating, they had
an average livewight at the start of mating of 257 kg. Table 7 shows that the
predicted pregnancy rate for yearling mated Brahman heifers with an average joining
weight of 260 kg is 34%. When this information is used to evaluate the profitability
of the strategy described above, it shows that it is unlikely to be profitable with
current industry genotypes of high grade Brahman heifers as pregnancy rates from
yearling mating are too low to justify the cost of transportation.
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Table 10 summarises the way in which this strategy was compared to a management
system in which heifers were not transported but remained in the VRD and were first
mated at 2 years of age. The extra profit (from the heifer phase of production) from a
system in which weaner heifers are transported to the Douglas Daly region for
yearling mating was $4,835 for 100 heifers or $48.80 per heifer. If a company or
family group already have stations in the VRD and Douglas Daly regions and were
to adopt this strategy of transporting young heifers to the Douglas Daly for yearling
mating with 1,000 heifers per year, then they should make around an extra $48,350
per year from their heifers. However this would be offset by the reduced area
available for other cattle production activities on the Douglas Daly property (eg.
growing out steers for live export), and the relative profitability of the activities
would need to be compared when considering adopting the yearling mating strategy.

It is likely that the extra profit from the heifer phase of production would not be
enough to prompt adoption of such a strategy, especially if it would require the
purchase of another property. Higher pregnancy rates would be required to justify the
expense of transporting Brahman heifers to the Douglas Daly region and using this
highly productive land for the purposes of yearling mating.
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Table 10. Comparison of the profitability of two heifer management systems.
DDRF -yearling
mating

DDRF – non pregnant
heifers from yearling
mating

No. of heifers eg.
weaned in Jun „03
100
Pregnancy rate yr 1 – eg.
by May “04
35%
st
Calf loss 1 calf
15%
Number of weaners yr 2
eg. May „05
29.8
No. of heifers mated Dec
04 – Apr 05
29.8
Pregnancy rate year 2 eg.
by May „05
67%
No. preg heifers year 2
(by May ‟05)
20.0
Calf loss year 2
13%
Number of weaners yr 3
(May ‟06)
17.4
Total weaners produced
46.5
Value of weaners @
$306/head
Transport costs - weaners
to DDRF
Transport costs - cows to
VRRS
Transport costs - culls to
Darwin
Profit
*The DDRF total column is the sum of 2 columns to
pregnant as yearlings and those that did not).

DDRF total*

VRRS
- 2 y.o
mating
100
0
0

29.4

0

70.2

100

99%

87%

69.5
13%

87
13%

60.5
60.8

77.8
107.2

75.7
75.7

$32,803

$23,164

$2,269
$2,792
$127
$384
(8 hd)
(11 head)
$27,615
$22,780
the left of it (ie. includes heifers that got

Assumptions:
i)
The calculation of transport costs: Using estimates from Road Trains Australia
(pers. Comm.) the cost of sending a 6 deck road train from VRRS to DDRF (550
km) is about $1.50 (+GST) per deck per km. On average there would be about
26 cows or 40 weaners per deck. This is equivalent to a price of 6.35
cents/head/km for cows and 4.13 cents/head/km for weaners.
ii)
Pregnancy rates and calf loss rates recorded in this project were used in
calculating the number of weaners produced. Heifers that didn‟t conceive as
yearlings at DDRF or that lost their first calf were mated again the following
year (shown in the 2nd column in Table 10).
iii)
2% mortality in heifers was assumed when working out the number of culls.
iv)
After 2 years (eg. in mid 2005 in the above example) pregnant heifers are
transported back to VRRS where those that weaned a calf from yearling mating
and re-conceived (n=20 in above eg) would have their 2nd calf and those that
didn‟t but got pregnant the next year (n=69.5) would have their first calf. The
non pregnant heifers were culled and sent to Darwin for live export.
v)
The figure used for the value of a weaner was $306 (ie. 180 kg x $1.70/kg).
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6. THE RELATIONSHIP BETWEEN LIVEWEIGHT, P8 FAT DEPTH AND
PREGNANCY RATES IN 2 YEAR OLD BRAHMAN MAIDEN HEIFERS
GRAZING NATIVE PASTURE IN THE NT

6.1 Introduction

It is generally accepted that liveweight is the major factor influencing the onset of
puberty in heifers and pregnancy rates in both maiden and lactating first calf heifers
(Joubert 1954; Reynolds et al. 1963; Sparke and Lamond 1968; Wiltbank et al. 1969;
Entwistle 1983). Many studies have shown that pregnancy rates increase as
liveweight at mating increases (Reynolds et al. 1971; Goddard et al. 1980; Rudder et
al. 1985; Doogan et al. 1991).

Since there is such a strong relationship between liveweight and reproductive rates it
should be possible to define this relationship in terms of a formula or regression
equation. Lamond (1970) in his review states “it seems that, for any particular breed
in a particular location under a specified system of management, a model can be
developed to depict likely consequences of changes in level of nutrition on fertility.”
There have been a number of models developed to predict pregnancy rates from
mating liveweights but none are directly relevant to high grade Brahman heifers on
extensive properties in the NT (see Section 2.8). The aim of this research was to meet
this need. Establishing the relationship between mating liveweight and pregnancy
rates for Brahman maiden heifers over its full range in the NT would be a useful
resource for cattle managers. Once this relationship has been established it can be
used to produce simple charts showing mating liveweights and corresponding
expected pregnancy rates that could be a used by managers and extension officers to:
i)

Perform cost benefit analyses to work out the most profitable target
mating liveweights for a property.

ii)

Work out target mating liveweights for different situations.

iii)

Calculate the return on investment associated with feeding strategies
aimed at reaching different target liveweights.
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iv)

Work out the liveweight range of heifers in which supplementation to
achieve target mating liveweights will be profitable (i.e. some heifers will
be heavy enough anyway and some will be too light to make a target
mating liveweight even with supplementing).

This chapter deals with establishing the relationship between mating liveweight and
P8 fat depth with pregnancy rates in heifers that graze native pasture and are first
mated at two years of age. This is applicable to most heifers in the NT (Chapter 5 is
relevant to locations where high growth rates can be achieved and yearling mating
ispossible).

6.2 Materials and methods

Each year (in 2004, 2005 and 2006) at WR1 at VRRS (the site and climate is
described in Section 3.2.2), a weaning liveweight (Wn Wt) was recorded for about
110 Brahman weaner heifers. They were then segregated from the rest of the herd
and placed in a heifer paddock to grow out until they were mated in mid December
of the year following weaning (i.e at approximately 2 years of age). During this time
the heifers were given inorganic supplements ad libitum and were weighed twice a
year. The supplements used were a “loose mix” of 50% salt, 20% urea, 20%
KynophosTM 21 (16% Ca, 21% P) and 10% Gran-amTM (24% S, 20.2% N) in the dry
season and 50% salt, 35% KynophosTM 21 and 15% Gran-amTM in the wet season.
From weaning until the end of their first mating period the heifers were grazed at a
stocking rate of approximately 18 per km2. All heifers were given VibrovaxTM
vaccinations (once prior to first mating as two year olds) and 7 in 1TM vaccinations
(twice; one at weaning and another several months later) to protect against infection
with vibriosis, leptospirosis and clostridial diseases.

Prior to being mated for the first time at around 2 years of age (in November), the
heifers were weighed (PM Wt) and their fat depth at the P8 site (PM Fat) was
measured ultrasonically. Bulls were introduced to the heifers in mid December and
mating continued until the end of March when the bulls were removed from the
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paddocks. Young bulls (2-3 years old) that had passed a BBSE (and were found to
have greater than 70% normal sperm in semen testing) were used. The heifers were
pregnancy tested and weighed (end of mating liveweight = EM Wt) about 2 months
after the bulls were removed and real time ultrasound was used to confirm pregnancy
diagnosis‟ if necessary (with early pregnancies). A number of the #5 heifers escaped
from their paddock during the wet season, which is why there were less #5 heifers in
the study than in the other year groups (Table 11).

Relationships between PM Wt, PM Fat and pregnancy rates were produced using the
method described in the statistical analysis section below. These relationships were
then used to produce tables showing the predicted pregnancy rates from these
variables.

Statistical analysis
The relationship between pregnancy rate and each of the following variables; PM Wt
and PM Fat, for each of the data sets was assessed with generalised linear models
using binomial errors and a logit link function (McCullagh and Nelder 1989). For
each, the data comprised a number of year groups (all managed similarly) so year
class was also fitted as a covariate. In all cases the interaction with year was not
significant (P > 0.01) so the final fit was determined for the pooled year class data.
To assess the fit, an analogue of the R2 measure used for linear models was
calculated using a squared residuals fit of proportion pregnant in size-classes to
predicted values of the regression obtained from the generalised linear model
(Mittlbock 2002).

6.3 Results

6.3.1 Performance of Brahman maiden heifers mated first as two year olds

The general performance measures for maiden heifers are presented in Table 11. It
shows that although the growth (Lwt Ch.) in the 18 months from weaning to mating
was not high (average = 105 kg), PM Wts were such that high pregnancy rates
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(average = 87%) were achieved. The fact that good growth (average = 110 kg)
occurred during the “mating period” (from the recording of PM Wt to EM Wt) meant
that the average EM Wt was greater than 390 kg in each year and this resulted in
most heifers reaching sufficient liveweights during the mating period for high
pregnancy rates to be achieved. Note that some animals did not have Wn Wts
recorded and so the average PM Wt in Table 11 is not equal to the sum of the
average Wn Wt and the growth from weaning to mating (as the growth over this
period could not be calculated for all animals).

Table 11. Performance of heifers from weaning until the end of their first
mating period.
Heifer

Wn Wt

year

Lwt. Ch. :

PM

EM

Lwt. Ch. :

Avg. Wt

Pregnancy

Wn Wt to

Wt

Wt

PM Wt to

at conc*

rate

PM Wt (kg)

(kg)

(kg)

EM Wt (kg)

(kg)

(%)

Group

n

(kg)

#4

99

180

89

277

396

119

332.1

90

#5

78

174

118

293

403

110

352.5

83

#6

102

187

111

288

390

102

332.5

88

Avg

93

179.5

105.4

285.5

395.7

110

337.7

87

Wn Wt = weaning liveweight, Lwt. Ch. = liveweight change, PM Wt = pre-mating liveweight, EM Wt
= end of mating liveweight, Avg. Wt at conc* = average weight at conception
*The method by which liveweight at conception was calculated is described in Section 3.1.

6.3.2 The relationship between pre-mating liveweight (PM Wt) and pregnancy
rate in two year old Brahman maiden heifers grazing native pasture

The data from the three year groups of heifers were used to determine the
relationship between PM Wt and pregnancy rates in maiden heifers (that had been
mated first as 2 year olds at VRRS) at the end of the 4 month mating period. PM Wt
was found to have highly significant effect (P < 0.0001) on pregnancy rate. Since
year did not have a significant effect (P = 0.1978) on pregnancy rate and there was a
very weakly significant interaction between year and PM Wt (P = 0.0465), data from
all years was pooled to produce an equation that predicts pregnancy rate from PM
Wt.
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The equation for this model is:
Predicted pregnancy rate = eθ / (1+eθ), where θ = -5.193 + 0.026 PM Wt

Approximately 76% or the variation in pregnancy rate can be predicted by PM Wt
(R2 = 0.7580, P < 0.0001).
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Predicted pregnancy rate = eθ / (1+eθ),
where θ = -5.193 + 0.026 PM Wt
(R2 = 0.7580, P < 0.0001)
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The relationship between PM Wt and predicted pregnancy rate is shown in Figure 9.
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Figure 9. The effect of pre-mating liveweight (PM Wt) on pregnancy rates of 2
year old Brahman maiden heifers
This equation was used to produce Table 12 which shows the pregnancy rates
predicted from different pre-mating liveweights and the increase in pregnancy rate
associated with each 10 kg increase in PM Wt. Table 12 also shows that there is an
approximate 5% increase in predicted pregnancy rate for each 10 kg increase in PM
Wt up until an 80% pregnancy rate is reached at around 253 kg, and then past this
point the rate of increase in pregnancy rate is reduced.
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Table 12. Predicted pregnancy rates at different pre-mating liveweights (PM
Wt) for 2 year old Brahman maiden heifers and the predicted increase in
pregnancy rate for each 10 kg increase in PM Wt.
PM Wt

Predicted pregnancy rate (with upper

Percentage unit increase in pregnancy

and lower 95% confidence limits)

rate per 10 kg increase in PM Wt

(%)

(%)

(kg)
200

50.1

(29.8, 70.5)

210

56.6

(38.0, 73.5)

6.5

220

62.8

(46.8, 76.5)

6.2

230

68.7

(55.6, 79.3)

5.9

240

74.0

(63.9, 82.1)

5.3

250

78.7

(71.0, 84.8)

4.7

260

82.7

(76.7, 87.5)

4.0

270

86.1

(81.0, 90.0)

3.4

280

88.9

(84.2, 92.4)

2.8

290

91.3

(86.6, 94.4)

2.4

300

93.1

(88.5, 96.0)

1.8

310

94.6

(90.1, 97.1)

1.5

320

95.8

(91.4, 98.0)

1.2

330

96.7

(92.5, 98.6)

0.9

340

97.5

(93.5, 99.0)

0.8

350

98.0

(94.3, 99.3)

0.5

6.3.3 The relationship between pre-mating P8 fat depth (PM Fat) and
pregnancy rate of 2 year old Brahman maiden heifers grazing native pasture

PM Fat was found to have highly significant effect (P = 0.0007) on pregnancy rate.
Year did not have a significant effect (P = 0.5512) on pregnancy rate and there was
no interaction between year and PM Fat (P = 0.0812), so the data from all years were
pooled and used to produce an equation to predict pregnancy rate from PM Fat.

The equation for this model is:
Predicted pregnancy rate = eθ /(1+eθ), where θ = 0.630 + 0.429 PM Fat

105

Approximately 72% of the variation in pregnancy rate can be predicted by PM Fat
(R2=0.7216, P=0.0016).

The relationship between PM Fat and predicted pregnancy rate is shown in Figure
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(R2=0.7216, P=0.0016).
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Figure 10. The effect of pre-mating P8 fat depth (PM Fat) on pregnancy rates in
2 year old Brahman maiden heifers.
This equation was used to produce a table showing the pregnancy rates predicted
from different pre-mating fat depths and the predicted increase in pregnancy rate for
each 1 mm increase in pre-calving P8 fat depth (Table 13). Table 13 shows that the
rate of increase in predicted pregnancy rate for a 1 mm increase in PM Fat declines
as PM Fat increases. Only small increases in pregnancy rate are predicted to occur
for each 1mm increase in PM Fat greater than 6 mm.
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Table 13. Predicted pregnancy rates at different pre-mating P8 fat depths (PM
Fat) for 2 year old Brahman maiden heifers and the predicted increase in
pregnancy rate for each 1 mm increase in PM Fat.
Pre-mating

Predicted pregnancy rate (with upper

Percentage unit increase in pregnancy

P8 fat depth

and lower 95% confidence limits)

rate for each 1mm increase in PM Fat

(mm)

(%)

(%)

0

65.3

(45.8, 80.7)

1

74.3

(61.9, 83.7)

9.0

2

81.6

(74.7, 86.9)

7.3

3

87.2

(82.4, 90.8)

5.6

4

91.3

(86.3, 94.5)

4.1

5

94.1

(88.7, 97.0)

2.9

6

96.1

(90.5, 98.5)

2.0

7

97.4

(91.9, 99.2)

1.3

8

98.3

(93.1, 99.6)

0.9

9

98.9

(94.2, 99.8)

0.6

10

99.3

(95.0, 99.9)

0.4

The equation predicts that 2 year old maiden heifers with PM Fat >1 mm should
achieve pregnancy rates of at least 80% (Table 13). As with PM Wt, these
predictions rely on there being similar growth rates to those that were achieved by
the heifers in this study (i.e. 0.59 kg/day). Where heifers grow less during the mating
period, the pregnancy rates achieved may be lower than this equation predicts.

6.4 Discussion

Pregnancy rates in maiden Brahman heifers mated as 2 two year olds were high with
an average of 87% for the 4 year groups of heifers. Growth over the mating period
and the subsequent pregnancy rate were slightly higher in #4 heifers than the other
year groups. This is likely to be because the 2005/06 wet season (when the #4 heifers
were mated) was a very good one for growth. Sixty four mm of rain fell in October
2005 and 1330 mm was received between then and May 2006. This was considerably
more than was received in the following two wet seasons. The 2006/07 wet season
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was started by 17mm of rain in November 2007 and 562 mm fell between then and
the following May. The 2007/08 wet season was started by 47mm of rain in October
2007 and 901 mm fell between then and May 2008 (see Table 4).

PM Wt was found to have a highly significant effect (P<0.0001) on pregnancy rate in
maiden heifers and an equation was produced that predicts pregnancy rate from PM
Wt (recorded in November). Predicted pregnancy rate increased by approximately
5% for each 10 kg increase in PM Wt up until an 80% pregnancy rate is reached at
around 253 kg, and then past this point the rate of increase in pregnancy rate
diminishes.

The relationship between pregnancy rates and PM Fat in maiden heifers was found to
be highly significant (P = 0.0007), and a table was produced showing the pregnancy
rates likely from different PM Fats. While this relationship demonstrates that
pregnancy rate increases with PM Fat (Figure 10), the predictive table produced from
it is of little practical value to producers as pregnancy rates of >80% were predicted
for all fat depths >1 mm and there was little increase in pregnancy rate for each
increase in fat depth above 2mm. Also no NT producers currently measure P8 fat
depth as part of their normal heifer management and so the table predicting
pregnancy rates from P8 fat depth is not as relevant to them as the table that uses
liveweight to predict pregnancy rates.

The estimates of pregnancy rates using the equation produced in this study (and
shown in Table 12) are relevant to properties which have Brahman cattle, mate their
heifers for the first time at 2 years of age, get similar growth over the period from
November to May (eg. 0.59 kg/day) and can measure pre-mating liveweight in
November. This is typical for most properties in northern parts of the NT.

Approximately 76% of the variation in pregnancy rate can be predicted by PM Wt
(R2 = 0.7580, P < 0.0001) which gives good confidence in using this equation to
predict pregnancy rates from pre-mating liveweight. Other studies (eg Rudder et al.
1985; Doogan et al. 1991) have produced equations predicting pregnancy rate from
PM Wt in Bos indicus cross maiden heifers in north Queensland with higher R2
estimates than this study (eg. >0.9), however the reason for this was largely due to
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the method of analysis used. These studies used normal approximation models that
also return R2 estimates of greater than 0.9 when fitted to the data from this study.
However these models use mean estimates for size classes as predictors of pregnancy
rate and as such do not account for the observed variation in pregnancy rate at the
individual level unlike binomial models which are now considered a more
appropriate methods of analysis for these types of data (M Hearnden, pers. comm.).

The model produced in this study is highly significant and can be used with
confidence to predict pregnancy rate for 2 year old maiden Brahman heifers from
pre-mating liveweights recorded in November. The equation predicts an 80%
pregnancy rate from heifers weighing 253 kg in November prior to mating. Although
there are no other relationships for Brahman heifers to compare these results with,
they are consistent with the findings of Fordyce et al. (1996b) who, after studying 6
year groups of 5/8 Brahman heifers, concluded heifers that reach 250kg by the start
of mating at 2 years of age should achieve at least 80% pregnancy rates.

Other studies with Brahman cross maiden heifers have found that a higher PM Wt
(of around 270 kg) is required for such a pregnancy rate. To achieve pregnancy rates
of 80%, Rudder et al. (1985) found that a pre-mating liveweight of 275 kg was
required and Doogan et al. (1991) indicated that the target liveweight should be 270
kg. Probable reasons for the higher PM Wts cited in these studies are that the heifers
in the Rudder et al. (1985) study were a year younger at their maiden mating (i.e.
they were mated as yearlings) and young heifers (<14 months of age) that have
grown quickly usually reach puberty at heavier liveweights than older ones that have
grown more slowly (Fordyce 2006). In the Doogan et al. (1991) study the mating
period was for about 100 days starting in mid to late January, and pre-mating
liveweight was recorded in January which was several months later than the premating liveweights were recorded in this study. The heifers in this study grew
considerably between the time when their PM Wt was recorded (in November) and
January; therefore their mating liveweights would have been higher and more similar
to the Doogan et al. (1991) study if they had been recorded in January. In the NT, the
wet season has usually commenced by January and commercial properties are
unlikely to record mating liveweights at this time. Also mating would have already
commenced on most properties. A more practical time to measure pre-mating
109

liveweights of maiden heifers on NT properties is in the late dry season (eg.
November) as was done in this study.

It should be noted that this equation will only predict pregnancy rates accurately
when growth following the measurement of the pre-mating liveweight is similar to
that which occurred with the heifers in this study (i.e. the average growth between
the PM Wt in November and the EM Wt in the following May was 110 kg [or 0.59
kg/day over 186 days]). Obviously if heifers grow less than this during the mating
period then lower pregnancy rates would be expected from the same pre-mating
liveweights as the heifers would reach lower liveweights during the mating period.
However the growth that occurred over the mating period in this study is typical for
maiden heifers on NT properties if inorganic supplements are given and stocking
rates are moderate, as cattle growth rates on VRRS are considered to be “middle of
the road” for NT cattle properties (Cobiac 2006). Therefore the results should be
applicable to most NT properties.

6.4.1 Implications for industry

These results clearly demonstrate the strong effect that liveweight and P8 fat depth
have on pregnancy rates in maiden heifers. While not a new concept, these findings
reinforce, to NT cattle producers, the importance of managing heifers to have high
liveweights (be in good condition) prior to mating as maidens.

The table showing the pregnancy rates predicted from different PM Wts in maiden
heifers (Table 12) can be used by managers of Brahman heifers in the NT to identify
optimum target pre-mating liveweights for their situation. The most profitable target
liveweights identified for one property may be quite different to those identified for
another due the effects of things like pasture species, soil type and rainfall on growth
rates. Since VRRS is considered to be “middle of the road” among NT properties for
growth rate, the results from this study should be applicable to most properties and
the tables can be used to identify benchmarks that will be useful for most people
managing Brahman heifers in the NT. From these results a bench mark for the
management of Brahman heifers is: Where maiden Brahman heifers are first mated
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at two years of age and for a period of at least 4 months, heifers that have reached at
least 250 kg prior to the start of mating should achieve pregnancy rates of at least
80%, provided that growth rates during the mating period are around 0.6 kg/day.

Table 12 allows an estimate of the likely returns from Brahman heifers at different
liveweights to be calculated with some degree of certainty so that the profitability of
different strategies aimed at increasing liveweights can be evaluated. This
information will be useful in budgeting calculations and cost/benefit analyses to
work out the likely number of calves that will be produced from heifers in different
situations. It can also be used to analyse the profitability of management strategies
(eg. supplementation programs) aimed at increasing pre-mating liveweights in
maiden heifers and to identify the liveweight ranges of heifers in which
supplementation will be profitable. While it may be profitable to supplement heifers
in some liveweight ranges, others will be heavy enough without supplementation and
some will be too light to make a target pre-mating liveweight even with
supplementation (and so supplementary feed would be wasted in both of these cases).

In summary increasing the understanding of the relationship between liveweight and
pregnancy rates will assist in the management of heifers to achieve good fertility.
The charts produced in this research achieve this purpose and can also be used to
evaluate the profitability of different heifer management strategies.
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7. THE RELATIONSHIP BETWEEN LIVEWEIGHT, P8

FAT DEPTH AND PREGNANCY RATES IN BRAHMAN
FIRST CALF HEIFERS GRAZING NATIVE PASTURE
IN THE NT
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7. THE RELATIONSHIP BETWEEN LIVEWEIGHT, P8 FAT DEPTH AND
PREGNANCY RATES IN BRAHMAN FIRST CALF HEIFERS GRAZING
NATIVE PASTURE IN THE NT

7.1 Introduction

While pregnancy rates in lactating first calf heifers are often low in northern
Australia (Entwistle 1983; Sullivan et al. 1997; Braithwaite and de Witte 1999),
there have been reports of high (>80%) pregnancy rates where high pre-calving
liveweights were achieved (Dixon et al. 1996b; Laing et al. 1999; Savage et al.
2004). This shows that there is considerable scope to improve the performance of
lactating first calf heifers in northern Australia and highlights the strong influence
that pre-calving liveweight has on pregnancy rate.

It is generally accepted that pregnancy rates in lactating first calf heifers increase
with pre-calving liveweight (Entwistle 1983; Rudder et al. 1985; Anderson 1990),
and there have been a number of models developed to predict pregnancy rates from
pre-calving liveweights. However none of these models are directly relevant to high
grade Brahmans on extensive properties in the NT (see Section 2.8) and the aim of
this research was to meet this need. Establishing the relationship between pre-calving
liveweight (and pre-calving fat depth) and pregnancy rates for Brahman lactating
first calf heifers over its full range in the NT would be a useful resource for cattle
managers. These relationships can be used to produce charts showing the expected
pregnancy rates from different pre-calving liveweights, BCS and P8 fat depths. This
information could be a used by managers and extension officers to perform
budgeting calculations, cost benefit analyses to work out the most profitable target
pre-calving liveweights for a property, and to calculate the return on investment
associated with feeding strategies aimed at reaching different target pre-calving
liveweights.
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In this study, pre-partum supplementation was used to produce heifers with wide a
range of pre-calving liveweights and P8 fat depths so that the relationships between
these variables and pregnancy rates could be established. This strategy also made it
possible to study the effects of pre-partum supplementation and determine whether it
is an effective and reliable method of increasing reconception rates in lactating first
calf heifers grazing native pasture in the VRD.

The effects of pre- and post-partum supplementation have been reviewed in detail in
Section 2.6. To briefly summarise; reports in the literature indicate that whilst there
can be effects from both pre- and post-partum liveweight change (Wettemann et al.
1982; Rutter and Randel 1984), liveweight and body condition at calving have the
biggest effect on subsequent reconception rates in lactating first calf heifers
(Wettemann 1986b; Short et al. 1990b).

Reports in the literature of responses to pre-partum supplementation have been
variable but have generally been more successful than post-partum supplementation
in increasing reconception rates (McSweeny et al. 1993; Marston et al. 1995;
Fordyce 1996; Monteil and Ahuja 2005). Where pre-partum supplementation has not
caused an improvement in subsequent reconception rates, it has been through
supplementation not resulting in the fed group being heavier at mating (eg. Dixon et
al. 1997a; Dixon et al. 1997b). The challenge for a manager who wishes to increase
the fertility of lactating first calf heifers through increasing their mating liveweight is
to find a method of reliably and cost effectively increasing mating liveweight. The
response from feeding supplements has been variable in achieving this, especially
where there is a late break to the season. In these situations supplementary feeding
probably has to be continued right up to the break in the season to maintain the
increased liveweight and thus get a response in pregnancy rate (Fordyce et al.
1996c).

In addition to establishing the relationship between pre-calving liveweight and P8 fat
depth with reconception rates, this study also determined whether pre-partum
supplementation during the dry season prior to first calving and up until the break in
the season (when green grass was visible in the paddocks) was a reliable method of
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increasing reconception rates in lactating first calf heifers grazing native pasture in
the VRD.

7.2 Materials and methods

The same heifers that were used in Chapter 6 for the studies on maiden heifers at
VRRS were used for the research on lactating first calf heifers in this chapter. The
site at and climate were described in Section 3.2.2 and the management of the heifers
up until the end of their maiden mating has been described in detail in Section 6.2.
To briefly recap; the research was conducted with 3 year groups of heifers and each
year (in 2004, 2005 and 2006) at WR1, about 110 Brahman weaner heifers were
segregated from the rest of the herd and placed in a heifer paddock to grow out until
they were mated at approximately 2 years of age. They were mated to young bulls
(that had passed a BBSE) from mid December until the end of March and then
pregnancy testing was conducted in May/June to determine which heifers were
pregnant following their maiden mating.

Each year following pregnancy diagnosis in May/June, the pregnant heifers were
allocated (randomly and stratified for pregnancy status and liveweight) to one of two
treatments– high nutrition (HN), or control (CON). These two groups grazed in very
similar adjacent paddocks. Both paddocks were stocked at a rate of around 10 heifers
per km2. The CON group was given the dry season inorganic supplement (described
in Section 6.2) and conditions were the same for the HN group except that they were
also provided with a protein supplement over the latter part of the dry season prior to
calving. A description of the protein supplement and feeding regime used in the HN
treatment in each year is given in Table 14.
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Table 14. Details of the high nutrition (HN) treatments in each year.
Heifer year

Supplement fed

Feeding rate*

Start and end

No. of

(kg/hd/day)

of feeding

days fed

AustAsia HiPro pellets

2.27

17/7/06 to

154

(28% CP)

(0.58% liveweight)

18/12/06

Copra meal

1.62

30/7/07 to

(22% CP)

(0.40% liveweight)

16/11/07

Copra meal

1.62

11/8/08 to

(22% CP)

(0.40% liveweight)

17/11/08

group
#4

#5

#6

109

98

*Supplements were fed out twice per week (3-4 days apart).

In the first year AustAsia Hipro live export pellets (28% crude protein pellets made
from copra Meal, tapioca pulp, palm kernal meal, urea, minerals and trace elements)
were used in the HN treatment. It was intended to use these pellets throughout the
experiment, however they ceased being imported after the first year and so this was
not possible. Copra meal was used for the rest of the experiment. Each year the
feeding of the HN treatment continued up until the “season broke” i.e. rain resulted
in green pasture being available. This occurred at different times each year which is
why feeding finished on different dates. Also in the third year it was decided to try to
reduce the amount of time that the protein supplement was fed for (by starting the
HN treatment later) to see if the profitability of the strategy could be increased.

The purpose of the pre-partum nutritional treatments was to:
i)

Study the effect of pre-partum supplementation on reconception rates in
first calf heifers (the results of this aspect of the research are dealt with in
Section 7.3.2).

ii)

Increase the growth of HN heifers between the EM and PC measurements
to give a greater the range of pre-calving liveweights (and P8 fat depths).
A wide range of pre-calving liveweights is beneficial for producing an
equation that describes the relationship between pre-calving liveweight
and reconception rates (the results of this aspect of the research are dealt
with in Section 7.3.3 [for liveweight] and Section 7.3.4 [for P8 fat
depth]).
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Pre-calving measurements (PC Wt and PC Fat) were recorded in September. This
was timed to be as close as possible to the start of calving without having to muster
heifers that were just about to calve or had recently calved. In 2008 the ultrasound
machine used to measure fat depth was not operational on the day that the cattle were
mustered and so PC Fat could not be recorded in that year. Since feeding continued
past the date on which the PC Wt was recorded (until the break in the season) it was
not possible to accurately determine the full benefit of the HN treatment in each year
in terms of extra liveweight gain.

The heifers calved from September to January and bulls were re-introduced in late
December and remained with the heifers from this point onwards. The heifers were
mustered in May (WR1), weighed (WR1 Wt), pregnancy tested, lactation status
determined, P8 fat measured (WR1 Fat) and calves weaned. Lactation status was
used to determine whether each heifer had successfully raised a calf to weaning or if
foetal/calf loss had occurred. Pregnancy status was determined by manual palpation
per rectum and real time ultrasonography. PC Wts and WR1 Wts of pregnant heifers
were corrected for the stage of pregnancy, using the technique described by
O‟Rourke et al. (1991b).
Relationships between PC WtC, PC Fat and pregnancy rates were produced using the
method described in the statistical analysis section below. These relationships were
then used to produce tables showing the predicted pregnancy rates from these
variables. It should be noted when using the pre-calving liveweights for lactating first
calf heifers in Table 18 that they have been corrected for stage of pregnancy. If cattle
managers prefer to use un-corrected pre-calving liveweights, then these can be
approximated from the PC WtCs by adding 30 kg. The logic for this is that the PC
Wts were recorded in September and the peak calving time for most first calf heifers
in the NT is usually in November/December, so on average first calf heifers would
be around 7 – 7.5 months pregnant in September. The total weight of a 7.5 month old
pregnancy (weight of the foetus, gravid uterus etc.) in Bos indicus cows has been
found to be around 30 kg (O‟Rourke et al. 1991b), therefore the equivalent PC Wt
for each PC WtC in Table 18 can be approximated by adding 30 kg to PC WtC.
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Statistical analysis
In determining the effect of pre-partum supplementation on reconception rates, the
data were analysed with binomial proportion tests (Snedecor and Cochran 1989) to
determine if the underlying proportions of pregnancies were equal in each
supplement treatment.

Foetal and calf loss reduced the number of heifers whose data could be used in
analysing the relationship between PC Wt and reconception rates in lactating first
calf heifers. It also resulted in the number of animals in each treatment (CON or HN)
being unequal.

The relationship between pregnancy rate and each of the following variables; PC
WtC and PC Fat, for each of the data sets was assessed with generalised linear
models using binomial errors and a logit link function (McCullagh and Nelder 1989).
For each, the data comprised a number of year groups (all managed similarly) so year
class was also fitted as a covariate. In all cases the interaction with year was not
significant (P > 0.01) so the final fit was determined for the pooled year class data.
To assess the fit, an analogue of the R2 measure used for linear models was
calculated using a squared residuals fit of proportion pregnant in size-classes to
predicted values of the regression obtained from the generalised linear model
(Mittlbock 2002).
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7.3 Results

7.3.1 Performance of Brahman first calf heifers and lactating first calf heifers at
VRRS
Foetal and calf loss between pregnancy diagnosis and weaning was 8% in #4 heifers,
14% in #5 heifers, 18% in #6 heifers and averaged 14% over the three year groups
(Table 15).

Table 15. Foetal and calf loss between pregnancy diagnosis and weaning in first
calf heifers in the control (CON) and high nutrition (HN) treatment groups.
Heifer year

Treatment

Weaned a calf

group

#4

#5

#6

All years

Lost a foetus

Foetal and calf

or calf*

loss rate*

n

N

N

(%)

CON

41

38

3

7

HN

42

38

4

10

Total

83

76

7

8

CON

36

32

4

11

HN

35

29

6

17

Total

71

61

10

14

CON

41

33

8

20

HN

41

34

7

17

Total

82

67

15

18

CON

118

103

15

13

HN

118

101

17

14

Total

236

204

32

14

*Between pregnancy testing and weaning.

Measures of the performance of first calf heifers are shown in Table 16. These data
show that reconception rates in lactating first calf heifers not given a protein
supplement prior to calving (CON) were low (average = 23%). On average
unsupplemented heifers lost 1.2 kg over the dry season prior to calving (Lwt Ch.C:
EM – PC), and lost a further 37.8 kg between the measurement of PC Wt (in
September) and WR1 Wt (in May).
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Table 16. The effect of pre-partum supplementation on liveweight and
reconception rates of Brahman first calf heifers.
Heifer

Treatment

EM

PC WtC

C

year

Wt

group

(kg)

(kg)

CON

391.0

400.0

HN

389.1

CON

Lwt Ch.C:

WR1
C

Lwt Ch.C:

Re-conc.
Rate

EM - PC

Wt

PC - WR1

(kg)

(kg)

(kg)

n

(%)

8.4

363.6

-33.8

38

39

424.7

37.2

386.1

-38.3

38

82

401.1

399.3

-1.8

346.2

-53.0

32

9

HN

402.7

415.1

12.3

361.0

-54.1

30

63

CON

380.9

368.3

-11.4

342.6

-26.1

33

18

HN

385.7

394.9

8.9

352.9

-42.0

31

45

All

CON

390.9

389.8

-1.2

351.5

-37.8

103

23

years

HN

392.1

411.3

19.4

368.2

-44.7

99

65

1.2

21.5

20.6

16.7

-6.9

#4

#5

#6

Difference

42

(HN-CON)

EM Wt = end of mating liveweight, PC Wt = pre-calving liveweight, WR1 Wt = weaning round 1
liveweight.
C

denotes where liveweight is corrected for stage of pregnancy or Lwt Ch. has been calculated from

liveweights that have been corrected for stage of pregnancy.
n is the number of heifers that reared a calf to weaning (heifers which lost their calf were not
included).

Note that in Table 16, Lwt Ch.C EM - PC does not always equal the difference
between PC WtC – EM WtC since not all heifers were present at both recording dates.
This occurred because each year a few cows calved around the time PC Wt was
recorded and so they were not mustered to be weighed. Also 3 animals escaped from
the HN paddock at during the 2006 wet season and as a result their data could be
used in the analysis of the effect of liveweight on pregnancy rate but not for the
effect of nutritional treatment.

7.3.2 The effect of pre-partum supplementation on reconception rates in
Brahman lactating first calf heifers grazing native pasture
Reconception rates were significantly higher (P<0.0001 in #5 and #6 heifers, and
P=0.0004 in #4 heifers) in the HN than the CON treatment in each year (Table 16
and Figure 11). Over the 3 year groups reconception rates were an average of 42%
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units higher in the HN groups than the CON groups and this difference was also
highly significant (P<0.0001).
Lwt Ch.C EM - PC was higher in the HN treatment in each year group of heifers
(Table 16). The extra growth in the HN heifers was approximately 29 kg in the #4
heifers, 14 kg in the #5 heifers, and 20 kg in the #6 heifers. On average the feeding of
the protein supplement during pregnancy resulted in HN heifers gaining 20.6 kg
more liveweight between the recording of EM Wt and PC Wt, however it was not
possible to accurately measure the full benefit due to the HN treatment in terms of
liveweight gain as feeding continued past the date when the PC Wt was recorded
(until the break in the season).

Re-conception rate

100%
SUP
CON

80%
60%
40%
20%
0%
#4

#5
Heifer year group

#6

Figure 11. The effect of pre-calving nutrition treatment on reconception rates at
WR1 in Brahman lactating first calf heifers.
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7.3.3 The relationship between corrected pre-calving liveweight and pregnancy
rate of Brahman lactating first calf heifers grazing native pasture
PC WtC had a highly significant effect (P=0.0002) on pregnancy rates in lactating
first calf heifers at the time their calves were weaned (WR1). Both year (P=0.0079)
and nutritional treatment (P<0.0001) had a significant effect on mean pregnancy rate,
but since there was no significant effect when year (P=0.3608) and nutritional
treatment (P=0.2519) were adjusted for PC WtC, the data for all years was pooled to
produce an equation that predicts pregnancy rate from PC WtC.

The equation for this (binomial) model is:
Predicted pregnancy rate = eθ / (1+eθ), where θ = -5.661 + 0.013 PC WtC
Approximately 81% of the variation in pregnancy rate can be predicted by PC WtC
(R2=0.8127, P=0.0001).

The majority of data for heifers were in the middle pre-calving liveweight ranges
(84% of heifers had PC WtC„s between 340-360 kg). The fact that there were fewer
animals in the upper and lower liveweight ranges (the actual pregnancy rates and
number of animals in each liveweight range are shown in Table 17) meant that in the
binomial model these data points had less influence on the relationship than the data
points in the middle liveweight ranges where there were greater numbers of heifers in
each liveweight range. As a result confidence in the tail ends of the curve is lower
and this is the likely reason why the binomial curve in Figure 12 appears to overestimate pregnancy rates at the lower PC WtC„s and under-estimate pregnancy rates
at the higher PC WtC„s.
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Table 17. The pregnancy rates at WR1 and numbers of animals in each
corrected pre-calving liveweight (PC WtC) range in lactating first calf heifers.
PC Wtc range (kg)

Pregnancy rate
n

(%)

265 - 279

1

0.0

311 - 325

9

22.2

326 - 340

5

20.0

341 - 355

16

25.0

356 - 370

17

41.2

371 - 385

27

37.0

386 - 400

39

38.5

401 - 415

20

55.0

416 - 430

21

38.1

431 - 445

21

38.1

446 - 460

11

63.6

461 - 475

8

75.0

476 - 490

4

100

491 - 505

3

66.7

506 - 520

1

100

521 - 535

1

100

551 - 565

1

100

Total

205

42.9

To overcome the over-estimation of pregnancy rates at the lower PC WtCs and underestimation at higher PC WtCs, a logistic was fitted to the data (the pregnancy rates for
the mean of each 15 kg liveweight range). This allows each PC WtC range to have
equal influence on the relationship and overcomes the problem of low numbers of
heifers in the higher and lower ranges. This produced the relationship shown in
Figure 12, which appears to fit the data better than the binomial model.
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% preg.
logis(P)
binom(P)

Pregnancy Rate (%)

80
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40

20

0
150

200
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300

350

400

450
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550

600

650

C

PC Weight (kg)

Figure 12. The effect of corrected pre-calving liveweight (PC WtC) on pregnancy
rates at WR1 in Brahman lactating first calf heifers (both binomial and logistic
models).
The equation for the logistic model is;
Predicted pregnancy rate = 1 / (1+e-θ), where θ = -7.593 + 0.018 PC WtC

Both equations (binomial and logistic) were used to produce a table showing the
pregnancy rates predicted from different pre-calving liveweights and the increase in
pregnancy rate associated with each 10 kg increase in PC WtC (Table 18).
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Table 18. Predicted pregnancy rates (at WR1) at different corrected pre-calving
liveweights (PC WtC) for Brahman lactating first calf heifers, and the predicted
unit increase in pregnancy rate for each 10 kg increase in PC WtC.
Binomial model
PC Wt

C

Logistic model

Predicted

Percentage unit

Predicted

Percentage unit increase

pregnancy rate

increase in pregnancy

pregnancy

in pregnancy rate per 10

(95% C.L.*)

rate per 10 kg increase

rate

kg increase in PC WtC

(%)

in PC WtC (%)

(%)

(%)

(kg)
250

9

(3.1, 23.3)

5

260

10

(3.8, 24.4)

1.2

6

0.9

270

11

(4.6, 25.7)

1.3

7

1.1

280

13

(5.6, 27.0)

1.4

8

1.3

290

14

(6.7, 28.3)

1.6

10

1.5

300

16

(8.1, 29.7)

1.7

11

1.7

310

18

(9.7, 31.1)

1.9

13

2.0

320

20 (11.6, 32.6)

2.1

15

2.2

330

22 (13.8, 34.2)

2.2

18

2.5

340

25 (16.3, 35.9)

2.4

21

2.9

350

27 (19.0, 37.7)

2.6

24

3.2

360

30 (22.1, 39.6)

2.7

28

3.5

370

33 (25.4, 41.6)

2.9

31

3.8

380

36 (28.8, 43.9)

3.0

35

4.1

390

39 (32.2, 46.6)

3.1

40

4.3

400

42 (35.5, 49.6)

3.2

44

4.5

410

46 (38.6, 53.0)

3.3

49

4.6

420

49 (41.3, 56.9)

3.3

53

4.6

430

52 (43.7, 60.9)

3.3

58

4.5

440

56 (45.9, 65.1)

3.3

62

4.4

450

59 (48.0, 69.2)

3.3

67

4.2

460

62 (49.9, 73.1)

3.2

70

4.0

470

65 (51.8, 76.7)

3.1

74

3.7

480

68 (53.6, 80.0)

3.0

78

3.4

490

71 (55.3, 83.0)

2.8

81

3.0

500

74 (57.0, 85.6)

2.7

83

2.7

510

76 (58.7, 87.9)

2.5

86

2.4

520

79 (60.3, 89.9)

2.3

88

2.1

530

81 (61.9, 91.6)

2.2

90

1.8

540

83 (63.4, 93.0)

2.0

91

1.6

550

85 (64.9, 94.2)

1.8

93

1.4

*The upper and lower 95% confidence limits are in brackets.
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In Table 18 uncorrected liveweight can be approximated from PC WtC (measured in
September) by adding 30 kg to PC WtC since most heifers will be around 7.5 months
pregnant at this time (explanation in Section 6.2).

7.3.4 The relationship between pre-calving P8 fat depth and pregnancy rate of
Brahman lactating first calf heifers grazing native pasture

PC Fat had a highly significant (P<0.0001) effect on pregnancy rates in lactating first
calf heifers. Year (P=0.0075) and nutrition treatment (P=0.0001) also had significant
effects on pregnancy rates. The interaction between PC Fat and year was not
significant (P=0.7009) when treatment was included as a factor, but the interaction
between PC Fat and treatment was significant (P=0.0229) when year was included as
a factor. Therefore the data for both nutritional treatments could not be pooled and
separate predictive equations were produced for each nutrition treatment.

The equation for the HN model is:
Predicted pregnancy rate = eθ / (1+eθ), where θ = -4.5035 + 0.6373 PC Fat

Approximately 95% of the variation in pregnancy rate (in HN heifers) can be
predicted by PC Fat (R2=0.9510, P<0.0001). Figure 13 shows the fit of the model to
the data. The HN equation for predicting pregnancy rate from pre-calving fat depth
was used to produce Table 19 which shows the predicted pregnancy rate for lactating
first calf heifers at different pre-calving fat depths.

The equation for the CON model is:
Predicted pregnancy rate = eθ / (1+eθ), where θ = -1.9108 + 0.1119 PC Fat

The CON equation was not a significant fit to the data (P=0.3560) and so it cannot be
used to predict pregnancy rate from PC Fat. Therefore predictive tables were not
produced for this treatment. It should be noted that predictive tables are more likely
to be used in circumstances where pre-partum supplementary feeding is going to be
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practiced (eg. to assess the profitability of such strategies) and so Table 19 applies to

60
40

Predicted pregnancy rate = eθ / (1+eθ),
20

Pregnancy Rate (%)

80

100

these situations.

where θ = -4.5035 + 0.6373 PC Fat

0

(R2=0.9510, P<0.0001).
0

5

10

15

20

PC Fat (mm)

Figure 13. The effect of pre-calving P8 fat depth (PC Fat) on pregnancy rates in
lactating first calf heifers (at WR1).
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Table 19. Predicted pregnancy rates (at WR1) at different pre-calving P8 fat
depths (PC Fat) for Brahman lactating first calf heifers (that receive prepartum protein supplementation), and the predicted increase in pregnancy rate
for each 1 mm increase in PC Fat.
Pre-calving

Predicted pregnancy rate (with upper

Percentage unit increase in pregnancy

P8 fat depth

and lower 95% confidence limits)

rate per 1 mm increase PC Fat

(mm)

(%)

(%)

1

2.1

(0.2, 21.2)

2

3.8

(0.4, 26.6)

1.0

3

7.0

(1.1, 33.0)

1.8

4

12.4

(2.9, 40.3)

3.2

5

21.1

(7.1, 48.4)

5.4

6

33.6

(16.1, 57.2)

8.7

7

48.9

(31.2, 67.0)

12.5

8

64.5

(48.5, 77.8)

15.3

9

77.4

(62.2, 87.8)

15.5

10

86.6

(71.5, 94.4)

13.0

11

92.5

(78.3, 97.7)

9.2

12

95.9

(83.4, 99.1)

5.8

13

97.8

(87.3, 99.7)

3.4

14

98.8

(90.3, 99.9)

1.9

15

99.4

(92.7, 100.0)

1.0

Table 19 shows that reconception rates increase by >10% for each 1mm increase in
PC Fat between pre-calving fatnesses of 5 to 10 mm and outside of this range the
increases in reconception rate for each 1 mm increase in PC Fat are smaller. Table 19
and Figure 13 show that a pre-calving P8 fat depth of 9.5 mm is required to achieve a
80% reconception rate and increasing PC Fat above 10 mm results in very little extra
increase in reconception rate.
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7.4 Discussion

The rate of foetal and calf loss (average = 14%) was actually quite low for first calf
heifers, as Fordyce and Burns (2007) stated that a typical rate of foetal and calf loss
in first calf heifers in northern Australia is 20%. Also the performance recording
work in Chapter 4 of this study found that calf loss averaged 22% in first calf heifers
on NT cattle stations. The causes of the foetal and calf loss were unknown. Few calf
carcases were seen, as is often the case in extensive situations (Holroyd 1987). The
only evidence of calf and foetal loss was that heifers known to have been pregnant
prior to calving were not lactating at WR1 and the number of calves present was less
than the number of heifers.

Reconception rates in lactating first calf heifers that were not given a protein
supplement prior to calving (CON) were low (ie. an average of 22% over the three
year groups of heifers). This is consistent with the findings of a previous study at
VRRS which found that pregnancy rates in lactating first calf heifers averaged 19%
over four year groups of heifers from 1987 to 1990 (Sullivan et al. 1997), and with
the findings of performance recording on NT commercial cattle stations in this study
(Chapter 4) which found that reconception rates in lactating first calf heifers are often
low (<20%).

Reconception rates were significantly higher in heifers that were given a protein
supplement prior to calving (HN treatment) in each year (Table 16 and Figure 11).
Over the three year groups of heifers, pregnancy rates were an average of 42% units
higher in HN heifers. The most likely reason that reconception rates were higher in
HN heifers is because their liveweights prior to calving and during lactation were
higher (ie. PC WtCs and WR1 WtCs were higher) (Table 16) and many previous
studies have shown that reconception rates in lactating first calf heifers increase with
pre-calving weight (Rudder et al. 1985; Doogan et al. 1991; Schatz et al. 2004) and
liveweight at weaning (O‟Rourke et al. 1991a; Jolly et al. 1996). These results show
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that feeding a protein supplement to first calf heifers for a period of at least 98 days
is a consistent method of increasing pregnancy rates in lactating first calf heifers at
VRRS. This is likely to apply to most locations in the NT where Brahman heifers
graze native pasture under extensive conditions.

Reconception rates declined over the 3 years of the study (Figure 11) despite similar
and adequate rainfall being received in each of the wet seasons (Table4). Possible
reasons for this are:
i) The stocking rates used in this work (i.e. 10 heifers per km2 each year, plus 0.5
bulls per km2 for the 5 months that they were with the heifers. This is a total of
around 15 AE per km2) were higher than are recommended for this region (i.e.
10.5 AE per km2) and this may have had a cumulative effect on liveweight and
body condition over time, thus influencing reconception rates. The higher
stocking rates were used to try to maximise the number of heifers in the study
(for statistical purposes) and it was felt that the paddocks wouldn‟t suffer too
much during the 3 years of the project. Also it is not uncommon for
commercial properties in the area to run cattle at similar stocking rates. The
paddocks did not appear to be visibly overgrazed throughout the project, but
reconception rates did trend downwards over the study (Figure 11) suggesting
that the stocking rate may have been too high.

ii) HN heifers were fed the protein supplement for shorter periods of time after
the first year. Feeding of the HN treatment commenced later each year and PC
WtCs declined over the 3 year groups (Table 16). This may have affected
reconception rates in the HN group, but it does not explain why reconception
rates declined in the CON group.
Pregnancy rate in lactating first calf heifers was significantly affected by PC WtC and
the data was used to produce both binomial and logistic models that predict
pregnancy rate in lactating first calf heifers from PC WtC. Both relationships were
highly significant (P=0.0001 and R2=0.8127 for the binomial model and P=0.0001
and R2 = 0.8627 for the logistic model) and were used to produce Table 18 which
shows the pregnancy rates predicted from PC WtC with both models. Even though
the binomial model is the most technically correct statistical model to use (Mark
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Hearnden, pers. comm.), it overestimates pregnancy rates in the lower PC WtC ranges
and underestimates it in the upper PC WtC ranges and doesn‟t not appear to fit the
data as well as the logistic model (Figure 12). This occurs because there were not
many animals in the upper and lower PC WtC ranges (Table 17) and in the binomial
model these data points had less influence on the relationship than the data points in
the middle liveweight ranges where there were greater numbers of heifers in each
liveweight range. In the logistic model each PC WtC range has equal influence on the
relationship and this overcomes the problem of low numbers of heifers in the higher
and lower ranges and results in a better fit to the data (Figure 12). Also the pregnancy
rates reported in the performance recording on NT commercial properties in this
study (Chapter 4) are more consistent with the predictions from the logistic model,
especially in the higher and lower PC WtC ranges. Therefore in practice it is
recommended that producers use the figures produced by the logistic model.

It should be noted that the relationships produced in this study are calculated from
data in which heifers lost around 40 kg during their lactation (i.e. PC Wt – WR1 Wt)
(Table 16). The amount of weight that heifers lose between calving and weaning is
likely to affect their reconception rates (Rakestraw et al. 1986); lower reconception
rates would be expected when heifers lose more weight than occurred in this study,
and higher reconception rates when heifers lose less weight. However growth rates
on VRRS are considered to be about average for NT properties (Cobiac 2006) and so
these figures will be applicable to most NT cattle stations that have Brahman heifers.
This is supported by the fact that the average liveweight change over this period on
the commercial properties on which performance was recorded in Chapter 4 of this
study was -40 kg.

Table 18 and Figure 12 show that the rate of increase in predicted pregnancy rate is
highest for PC WtCs between 350 kg and 490 kg, and that outside of this liveweight
range, the rate of increase in pregnancy rate is less for each 10 kg increase in PC
WtC. For PC WtCs between 380 and 460 kg, the predicted pregnancy rate increases
by between 4% and 4.6% (average = 4.4 %) for each 10 kg increase in PC Wt C. This
is fairly similar to the findings of Dixon (1998) who reviewed several data sets from
North Queensland and found increases in lactating first calf heifer reconception rate
of between 3% and 8% (average = 4.8%) for each 10 kg increase in liveweight.
131

The pregnancy rate often used as a target in beef production is 80%. Table 18 shows
that a PC WtC of 490 kg is required for a reconception rate of 80% (this equates to an
unadjusted liveweight of approximately 520 kg for 7 month pregnant heifers). Precalving liveweights this high are very difficult to achieve in the NT and so
reconception rates in lactating first calf heifers are usually considerably lower (as
shown by the results of performance recoding on commercial properties in Chapter
4). This is in agreement with Anderson (1990) who analysed the data from several
herds of Brahman cross lactating first calf heifers and stated that the results show the
difficulty of achieving a target reconception rate of 80% in lactating first calf heifers
in the harsh conditions of northern Australia. Rudder et al. (1985) stated that the
target mating liveweight required for high pregnancy rates from lactating first calf
heifers was 375 kg, but this figure was calculated from data from crossbred heifers
(up to 50% Bos taurus) in central Queensland and so is not that applicable to high
grade Brahmans in the NT.

Goddard et al. (1980) found that reconception rates in Droughtmaster lactating first
calf heifers in North Queensland increased in a curvilinear response to liveweight but
that they plateaued at 50% for those weighing > 440 kg. However it should be noted
that their study was limited by the small number (6) of heifers that were > 440 kg and
that in reality it is possible for pregnancy rates of higher than 50% to be achieved in
lactating first calf heifers eg. 86% (Dixon et al. 1996b) and 92% (Laing et al. 1999).
Table 18 predicts a similar pregnancy rate for heifers of this liveweight as it shows
that a PC WtC of about 410 kg (equivalent to 440 kg unadjusted for pregnancy) is
required for a reconception rate of 50% (Table 18). These results are similar to those
of O‟Neil (1995) who reported a 50% reconception rate from high grade Brahman
heifers with an average liveweight of 416kg. There have been few studies that report
reconception rates for high grade Brahman heifers in northern Australia, but some
studies with Bos indicus cross heifers have found that this level of fertility can be
achieved from lower liveweights. Anderson (1990) reported an average reconception
rate of 52% from an average liveweight of 341 kg at the start of mating in North
Queensland. While this is a higher reconception rate from this liveweight than is
predicted by Table 18, it should be noted that the Anderson (1990) study was with
cross bred heifers which are likely to have higher fertility than high grade Brahmans
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(O‟Neill et al. 1997), and also that the predictions from Table 18 are fairly consistent
with the findings of recent performance recording on NT commercial properties in
Chapter 4 of this study. This study produced an equation that shows the likely
pregnancy rate from different lactating first calf heifer liveweights at the time when
their calves are weaned (WR1 Wts). This equation calculates that a WR1 Wt of 390
kg is required for a reconception rate of 50%. This can be converted to a PC Wt of
430kg since the average liveweight loss on the properties in the study between the
recording of PC Wts and WR1 Wts was 40kg. While most of the reconception rates
recorded on NT properties in this study were low, there were some instances where
the high liveweights required to achieve high reconception rates in lactating first calf
heifers were recorded:
(i)

A reconception rate of 76% was recorded in a herd of Composite heifers
on the Barkly Tableland with an average liveweight of 497 kg prior to
calving and 421 kg at WR1.

(ii)

A reconception rate of 68% was recorded in a herd of Santa Gertrudis
heifers on the same property with an average liveweight of 484 kg prior to
calving and 416 kg at WR1.

These liveweights and corresponding reconception rates are consistent with the
pregnancy rates predicted from these pre-calving liveweights in Table 18.

There are few published reports of reconception rates from Brahman lactating first
calf heifers in northern Australia where mating liveweights were high enough to give
high reconception rates (i.e. > 75%). As a result it is difficult to find reports with
which to compare the predicted pregnancy rates from the higher liveweight ranges in
Table 18. This study differs from most other previous studies conducted in northern
Australia in that the pre-calving supplementation allowed reconception rates to be
calculated for Brahman lactating first calf heifers in the higher pre-calving liveweight
ranges (eg. 450 - 550 kg [Figure 12]). This allows pregnancy rates to be predicted
over the whole range of pre-calving liveweights compared to other studies where
data was only collected in the lower to moderate ranges.

The relationship between pregnancy rates in lactating first calf heifers that had been
fed protein supplements prior to calving and PC fat was found to be significant
(P<0.0001) and it was used to produce a table showing the pregnancy rates likely
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from different PC Fats (Table 19). A table was not produced for CON heifers as the
model was not significant. Such a table is less likely to be of practical use in
situations where heifers are unsupplemented, but would be more relevant to
situations where heifers are fed supplements (eg. to assess the profitability of
proposed supplementation programs).

Table 19 and Figure 13 show that a pre-calving PC Fat of 9.5 mm is required to
achieve an 80% reconception rate in supplemented lactating first calf heifers and that
increasing PC Fat above 10 mm results in very little extra increase in reconception
rate. Therefore 10 mm could be used as a target for PC Fat.

Currently no NT producers measure P8 fat depth as part of their normal heifer
management and so the table predicting pregnancy rates from fat depth is not as
relevant to them as the table that uses liveweight to predict pregnancy rates. However
the tables do show that pregnancy rates increase with increasing P8 fat depth and this
demonstrates the principle that higher pregnancy rates will result from heifers in
better body condition, as there is a strong relationship between P8 fat depth and BCS
(Fordyce et al. 2008) and they are both ways of assessing body reserves.

Some cattle producers use BCS to measure the condition of cattle, and the equivalent
BCS to the identified target PC Fat of 10 mm is 6.5 on the 1-9 BCS system (pers.
obs.) or 3.5 on the 1-5 system (Fordyce et al. 2008), and so for practical use where
producers do not wish to measure P8 fat depth, these target pre-calving BCS can be
used. The main advantage of condition scoring is that being a visual assessment it
can be done quickly and does not require the mustering of animals for measurement.
However the use of BCSs has some disadvantages in that it has been found to be
unreliable (scorers can have low repeatability and there can be variability between
scorers) especially when people do not have a lot of experience (Schatz and Ridley
2002). For this reason a more objective method of measuring body reserves (P8 fat
depth) was used in this study. Also there was not a lot of variation in BCS in the
heifers which made the production of models predicting pregnancy rates from BCS
difficult.
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7.4.1 Implications for industry
These results clearly demonstrate the strong effect that liveweight and P8 fat depth
have on pregnancy rates in lactating first calf heifers. While it has been recognised
for some time that pregnancy rates in lactating first calf heifers increase with precalving weight (Entwistle 1983), this study has established the specific nature of this
relationship for Brahman heifers in the NT for the first time. Also the performance
recording in Chapter 4 showed that awareness of the important role that liveweight
has in influencing pregnancy rates still needs to be increased throughout the NT
cattle industry, as pregnancy rates in lactating first calf heifers were commonly found
to be low (<20%) due to low liveweights. This research and extension of it to
producers should help increase awareness of this issue.
The table showing the pregnancy rates predicted from different PC WTCs in lactating
first calf heifers (Table 18) will be a useful management tool for managers of
Brahman heifers in the NT. It can be used to identify optimum target pre-calving
liveweights for their situation, and to assess the profitability of different management
practices that aim to increase pregnancy rates in lactating first calf heifers through
improving liveweight. The most profitable target liveweights identified for one
property may be quite different to those identified for another due the effects of
things like pasture species, soil type and rainfall on growth rates. Since VRRS is
considered to be “middle of the road” among NT properties for growth rate, the
results from this study should be applicable to most properties and the tables can be
used to identify some benchmarks that will be useful for most people managing
Brahman heifers in the NT. Some of these benchmarks are:
i)

A target PC WTC of 410 kg is required to achieve a pregnancy rate of
50% in lactating first calf heifers. This pregnancy rate is actually
considerably higher than most NT properties currently achieve and for
many properties it would be an increase of over 30% units above current
levels (as shown by the performance recording in Chapter 4). Note that
where producers don‟t correct liveweights for stage of pregnancy, this
target PC WTC is equivalent to an uncorrected pre-calving liveweight
(measured in September) of about 440 kg for most heifers (that are due to
calve in November/December).
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ii)

A target PC WTC of 490 kg is required to achieve a pregnancy rate of
80% in lactating first calf heifers. The performance recording work in
Chapter 4 showed that while this is achievable on some NT cattle stations,
most are not achieving PC WTCs anywhere near this high and so a PC
WTC of 410 kg is probably a more realistic target in most situations.

iii)

A target PC Fat of 10 mm is required to achieve a pregnancy rate of 80%
in lactating first calf heifers.

iv)

Where cattle producers don‟t measure pre-calving weights or fat depths a
target BCS of 6.5 on the 1-9 system or 3.5 on the 1-5 system should give
good (eg. 80%) reconception rates in lactating first calf heifers.

The tables predicting pregnancy rates enable the likely returns from Brahman heifers
at different liveweights to be calculated with some degree of certainty so that the
profitability of different strategies aimed at increasing liveweights can be evaluated.
The tables will be useful in budgeting calculations and cost/benefit analyses to work
out the likely number of calves that will be produced from heifers in different
situations. The tables can also be used to analyse the profitability of management
strategies (eg. supplementation programs) aimed at increasing pre-mating
liveweights in maiden heifers and pre-calving liveweights in first calf heifers, and to
identify the liveweight ranges of heifers in which supplementation will be profitable.
While it may be profitable to supplement heifers in some liveweight ranges, others
will be heavy enough without supplementation and some will be too light to make a
target pre-mating liveweight even with supplementation (and so supplementary feed
would be wasted in these cases).

In summary increasing the understanding of the relationship between liveweight and
pregnancy rates will assist in the management of heifers to achieve good fertility.
The charts produced in this research achieve this purpose and can also be used to
evaluate the profitability of different heifer management strategies. It should be
noted though that liveweight is not the only factor affecting pregnancy rates, and that
factors such as disease and management practices (eg. length of joining period) also
need to be considered.
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7.4.1.1 Assessment of profitability of pre-partum protein supplementation of
first calf heifers in the VRD

While feeding protein supplements to first calf heifers prior to calving in the VRD
was found to be a way of consistently increasing reconception rates, the question for
managers of cattle stations is whether this strategy is profitable. Due to the high
transport costs involved in getting supplements to remote regions such as the VRD,
even management strategies that result in large improvements in reproductive rates
are not always profitable.

In assessing the profitability of this strategy it was difficult to assign a value to the
labour involved in feeding out the supplement. This is because the supplement was
fed out twice a week and it was done so during the “water run” (ie. when the water
supply was being checked). This is a normal part of station maintenance and so the
amount of extra labour required to feed out the supplement was very small. It just
involved the person doing the water run putting about 8 bags of pellets or copra meal
on the back of the vehicle and putting them in the trough as they drove past it. As a
result labour was left out of the assessment of profitability of this strategy and each
property can individually assess the cost of their labour component.

In the calculation of profitability for each year group it was assumed that foetal and
calf loss would be 14% (the average found in this study) ie. for every 100 heifers fed
supplement prior to calving, 86 would wean a calf (then the reconception rate was
applied to this figure to find out how many reconceptions there were). Also it was
assumed that all heifers that lost their calf would re-conceive (as was found in this
study). Calves were not mothered up and both paddocks were mustered and walked
to the yards together and so while it is likely that the weaners from the HN group
were heavier, it was not possible to establish whether there was a difference in the
liveweight of weaners produced by the 2 treatment groups. Weaners were valued at
$306 (180 kg x $1.70/kg).
#4 heifers – The HN group was fed live export pellets at a rate of 2.3
kg/head/day for 154 days (17/7/06 to 18/12/06) leading up to calving, while
the CON group received no protein supplement. Subsequently reconception
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rates were 43% units higher in the HN group (82% vs 39%). The cost of the
pellets was $405/t. Using these figures the total cost of feeding 100 heifers
was $14,158 (i.e. $141.58 per heifer) and the value of the extra calves
produced was $11,322. This equates to a loss of $28.36 per heifer fed. The
main reason that a loss was made was there was a delayed start to the wet
season and feeding continued longer than was expected. If they had been fed
for the same period of time as the #5 heifers then a profit of $13.01 per heifer
would have been made.

#5 heifers - The HN group was fed copra meal at a rate of 1.6 kg/head/day for
109 days (30/7/07 to 16/11/07). Subsequently reconception rates were 54%
units higher in the HN group (63% vs 9%). The cost of the copra meal was
$605/t. Using these figures the total cost of feeding 100 heifers was $10,683
(i.e. $106.83 per heifer) and the value of the extra calves produced was
$14,198. This equates to a profit of $35.15 per heifer fed.

#6 heifers - The HN group was fed copra meal at a rate of 1.6 kg/head/day for
98 days (11/8/08 to 17/11/08). Subsequently reconception rates were 27%
units higher in the HN group (45% vs 18%). The cost of the copra meal was
$726/t. Using these figures the total cost of feeding 100 heifers was $11,526
(i.e. $115.26 per heifer) and the value of the extra calves produced was
$10,159. This equates to a loss of $13.67 per heifer fed. The main reason for
the loss was the high cost of supplement. If the supplement could have been
purchased at the same price as the previous year then a profit of $5.54 per
heifer fed would have been made.

The calculation of the profit for each year group of heifers is shown in Table 20. The
main factors affecting the profitability of the feeding strategies are the cost of
supplement, the number of days that supplement is fed and the number of extra
weaners produced. The length of the feeding period is largely determined by the
timing of the start of the wet season. This is because it was decided to feed up until
the season broke since previous work (eg. Fordyce et al. 1994b; Fordyce et al.
1996c) has shown that when feeding is stopped before the break in the season that
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much of the benefit from the feeding can be lost (as rapid liveweight loss can occur
at that time of year).

Table 20. Calculation of the profitability of feeding protein supplements to 100
first calf heifers at Victoria River Research Station.
#4 heifers

#5 heifers

#6 heifers

cost supp. $/t

$405

$605

$726

kg/hd supp. Fed

2.27

1.62

1.62

# days fed

154

109

98

# heifers

100

100

100

34958

17658

15876

$14,158

$10,683

$11,526

14

14

14

HN reconception %

82%

63%

45%

CON reconception %

39%

9%

18%

37

46.4

33.2

$306

$306

$306

value extra weaners ($)

$11,322

$14,198

$10,159

profit ($/head)

-$28.36

$35.15

-$13.67

total kg supp. Fed
cost supp ($)
calves lost

extra calves
value per weaner ($)

The strategy of feeding a protein supplement to first calf heifers during the dry
season prior to calving was not always profitable but this does not mean that it won‟t
be profitable in other situations. This work was undertaken primarily to study the
effect of liveweight on reconception rates, not to maximise profit. The strategy has
been shown to provide significant increases in reconception rates and the key to
whether it is profitable is the cost of the supplement feeding. Managers deciding
whether to adopt such a strategy need to consider the cost of supplement, how long
they are likely to need to feed it for (this will depend on the season and the desired
target pre-calving liveweight) and what sort of increase in pregnancy rate they are
likely to get (the tables produced in this thesis can be used for this). Each property is
in a unique situation and if low cost supplements are able to be sourced then such a
strategy could be highly profitable. However if the cost of supplement is high then
even large increases in pregnancy rates such as were achieved in this study may not
be profitable.
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8. THE ECONOMIC BENEFITS OF IMPROVING
HEIFER FERTILITY IN THE NT
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8. THE ECONOMIC BENEFITS OF IMPROVING HEIFER FERTILITY IN
THE NT

8.1 Introduction

There are a number of variables that influence the relative economic value of
improving fertility in a beef enterprise including the sale prices of various classes of
livestock, mortality rates and the age at which cattle are turned off. Nevertheless, in
general terms fertility is the most important factor affecting profitability for most
beef enterprises (Saithanoo 1983; Hammond and Graser 1987; Wiltbank 1994).

Saithanoo (1983) estimated that fertility was twice as important as growth in
influencing the profitability of northern Australian cattle properties. Since that
statement was made in the early 1980‟s, the age of turnoff in northern Australia has
reduced with the growth of the live export market (Fordyce and Holroyd 2003) and
so fertility would now be even more important, as the relative importance of fertility
increases as age at turnoff decreases (McFarlane 1961; Taylor et al. 1980; Taylor and
Rudder 1986).

Data collected on NT commercial cattle properties in this study (Chapter 4) found
that where maiden heifers are first mated as 2 year olds, pregnancy rates in maiden
heifers are generally adequate to produce sufficient numbers of pregnant replacement
heifers and that there is a wide range of fertility levels in lactating first calf heifers
with reconception rates ranging from 1% to 88%. However this work also found that
lactating first calf heifer fertility is often low on NT properties with reconception
rates being less than 25% on 73% (8 of 11) of the properties on which performance
was recorded and less than 10% on 36% of properties. Therefore there is scope for
large improvements in lactating first calf heifer fertility and this would result in
significant economic benefits to NT properties. Data from this study were used to
assess the economic value of improving heifer fertility in the NT cattle industry.
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8.2 Materials and method

The Bcowplus computer modeling program (Holmes 2009) was used to assess the
gross margins (GMs) of different scenarios. The GMs from the different scenarios
were then compared to estimate the value of possible improvements in heifer
fertility. Figures from the performance recording on NT commercial cattle stations in
this study (Chapter 4) were used to represent current performance and this scenario
was used as a baseline to compare to other scenarios with realistic improvements in
heifer fertility.

The value of improving heifer fertility was assessed at both the individual property
level and for the whole of the NT cattle industry.

8.2.1 Methodology of assessing the value of improving heifer fertility on an
average property in the Katherine/VRD region

Performance recording in the Katherine/VRD region of the NT in this study (Chapter
4) found pregnancy rates in maiden heifers ranging from 59% to 84%, foetal and calf
loss rates in first calf heifers ranging from 12% to 34% and reconception rates from
1% to 17%. Using these figures as a guide for the current performance, Bcowplus
(Holmes 2009) was used to examine the impact of improving heifer management on
an average sized property in the Katherine/VRD region with a pregnancy rate in
maiden heifers of 75%, foetal and calf loss in first calf heifers of 20% and a
reconception rate of 15% (these figures were considered to representative of average
performance in the Katherine/VRD region).
Bcowplus was used to compare the GM from this hypothetical “average property” to
the GM of a scenario in which the same property had pregnancy rates in maiden
heifers of 85% and reconception rates in lactating first calf heifers of 45%.
Improvements of this scale are realistic if a greater emphasis was placed on heifer
management resulting in higher mating liveweights and hence fertility. It was
assumed that foetal and calf loss was the same in both scenarios.
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8.2.2 Methodology of assessing the value of improving heifer fertility in the
whole of the NT cattle industry

Templates have been produced for the Bcowplus program that represent the
performance of the total cattle herds in the Alice Springs, Barkly, Katherine and Top
End regions of the NT (Holmes 2009). These templates were used to represent the
current state and compared to scenarios in which pregnancy rates in lactating first
calf heifers were increased by an amount that was considered to be realistic (ie. 30%
units) if heifer management was improved. The difference in GM between these
scenarios was used to estimate the sort of increases in profitability that improved
heifer management might bring to the NT cattle industry.

8.3 Results

8.3.1 Results of assessment of the value of improving heifer fertility on an
average property in the Katherine/VRD region

Outputs from Bcowplus showed that improving pregnancy rates in maiden heifers
from 75% to 85%, and reconception rates in lactating first calf heifers from 15% to
45% would result in an increased herd GM of $175,250 per year for an average sized
property in the Katherine/VRD region. Similarly for an average sized herd in the
Katherine region, each 5% increase in lactating first calf heifer reconception rate
resulted in an increase in herd GM of around $26,229 or $1.20/AE.

8.3.2 Results of assessment of the value of improving heifer fertility in the whole
of the NT cattle industry

When the templates for the total cattle herd in each of the NT pastoral regions
(Holmes 2009) were used to compare current levels of production to scenarios where
pregnancy rates in lactating first calf heifers were increased by 30% units (eg. from
15% to 45%), outputs from Bcowplus showed that the change in the total herd GM
would be;
i) $2,028,655 in the Alice Springs region (Table 21)
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ii) $4,428,433 in the Barkly region (Table 21)
iii) $3,750,573 in the Katherine region (Table 22)
iv) $745,472 in the Top End region (Table 22).

Therefore the estimate of the total change in herd GM for whole of NT cattle
industry (i.e. the sum of the change in all these regions) if lactating first calf heifer
reconception rates were increased by 30% units would be an increase of
$10,953,133.

Note that it was assumed that foetal and calf loss rates would remain unchanged in
the modeling and so further improvements in GM could be made if foetal and calf
loss rates could be reduced.
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Table 21. Summary of Bcowplus outputs comparing the change in gross margin
(GM) resulting from increasing pregnancy rates in lactating first calf heifers by
30% on all the stations in the Alice Springs and Barkly regions.
Region
1st calf heifer reconception
rate

Alice Springs
(current)

Alice Springs
(increased by 30%)

Barkly
(current)

Barkly
(increased by 30%)

15%

45%

15%

45%

Total adult equivalents

228100

228100

611000

611000

Total cattle carried

261812

261798

717584

720593

Weaner heifers retained

36115

38114

100668

106046

Total breeders mated

121646

116964

355203

344274

Total breeders mated & kept

121646

116964

312696

303075

Total calves weaned

72231

76227

201336

212092

Weaners/total cows mated

59.38%

65.17%

56.68%

61.61%

Wnrs/cows mated and kept

59.38%

65.17%

64.39%

69.98%

Overall breeder deaths

3.44%

3.44%

5.20%

5.20%

Female sales/total sales %
Total cows and heifers
Maximum cow culling age
Heifer mating age

46.88%
30296
8
2

47.22%
32417
8
2

44.70%
76559
10
2

45.21%
82340
10
2

Weaner heifer sale & spay

0.00%

0.00%

0.00%

0.00%

One yr old heifer sales %

21.70%

28.66%

16.44%

23.12%

Two yr old heifer sales %

0.00%

0.00%

20.00%

20.00%

One yr old heifer spay %

0.00%

0.00%

0.00%

0.00%

Two yr old heifer spay %

0.00%

0.00%

0.00%

0.00%

Total steers & bullocks sold

34331

36231

94708

99768

2

2

2

2

Max bullock turnoff age
Average female price

$404.30

$402.70

$514.55

$492.54

Average steer/bullock price
Capital value of herd

$591.05
$96,265,377

$591.05
$94,871,100

$601.80
$325,276,060

$601.80
$322,949,587

Imputed interest on herd val.

$9,626,538

$9,487,110

$32,527,606

$32,294,959

Net cattle sales

$32,540,462

$34,468,419

$96,388,808

$100,596,289

Direct costs excluding bulls

$4,138,955

$4,138,632

$8,782,766

$8,677,354

Bull replacement

$2,607,629

$2,507,253

$3,755,219

$3,639,679

Gross margin for herd

$25,793,879

$27,822,534

$83,850,823

$88,279,256

GM after imputed interest

$16,167,341

$18,335,424

$51,323,217

$55,984,297

$113.08
$70.88

$121.98
$80.38

$137.24
$84.00

$144.48
$91.63

GM per adult equivalent
GM/AE after interest
Change in herd GM
(from current)

$2,028,655

$4,428,433
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Table 22. Summary of Bcowplus outputs comparing the change in gross margin
(GM) resulting from increasing pregnancy rates in lactating first calf heifers by
30% on all the stations in the Katherine and Top End regions.
Region
1st calf heifer reconception
rate

Katherine
(current)

Katherine
(increased by 30%)

Top End
(current)

Top End
(increased by 30%)

15%

45%

15%

45%

Total adult equivalents

530500

530500

90450

90450

Total cattle carried

634950

635738

116717

116773

Weaner heifers retained

93485

97142

15456

16336

Total breeders mated

305743

295488

66157

63760

Total breeders mated & kept

292942

283117

66157

63760

Total calves weaned

186971

194284

30913

32672

Weaners/total cows mated

61.15%

65.75%

46.73%

51.24%

Wnrs/cows mated and kept

63.83%

68.62%

46.73%

51.24%

Overall breeder deaths

4.61%

4.61%

10.90%

10.90%

Female sales/total sales %
Total cows and heifers
Maximum cow culling age
Heifer mating age

45.29%
74833
11
2

45.62%
78813
11
2

35.04%
7471
11
1

36.90%
8568
11
1

Weaner heifer sale & spay

0.00%

0.00%

0.00%

0.00%

One yr old heifer sales %

0.00%

0.00%

16.51%

23.86%

Two yr old heifer sales %

20.00%

20.00%

0.00%

0.00%

One yr old heifer spay %

28.71%

33.69%

0.00%

0.00%

Two yr old heifer spay %
Total steers & bullocks sold

0.00%
90401

0.00%
93955

0.00%
13851

0.00%
14650

3
$498.34

3
$497.51

3
$425.84

3
$411.07

Average steer/bullock price
Capital value of herd

$512.55
$259,043,853

$512.56
$256,182,784

$521.49
$46,568,360

$521.50
$46,224,304

Imputed interest on herd val.

$25,904,385

$25,618,278

$4,656,836

$4,622,430

Net cattle sales

$83,759,097

$87,494,322

$10,467,216

$11,222,333

Direct costs excluding bulls

$15,765,623

$15,893,202

$3,901,957

$3,931,941

Bull replacement

$4,261,445

$4,118,518

$561,315

$540,976

Gross margin for herd

$63,732,029

$67,482,602

$6,003,944

$6,749,416

GM after imputed interest

$37,827,644

$41,864,324

$1,347,108

$2,126,986

$120.14
$71.31

$127.21
$78.91

$66.38
$14.89

$74.62
$23.52

Max bullock turnoff age
Average female price

GM per adult equivalent
GM/AE after interest
Change in herd GM
(from current)

$3,750,573

$745,472

8.3 Discussion

The Bcowplus modeling showed that improving heifer fertility has the potential to
give significant increases in GM and hence profitability for NT cattle stations. The
modeling showed that realistic improvements in heifer fertility could increase herd
GM by $175,250 for a typical property in the Katherine/VRD region, and by $10.95
million for the whole NT cattle industry.
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The performance recording part of this study (Chapter 4) found that some NT
properties currently have quite high (>80%) reconception rates in lactating first calf
heifers, showing that high levels of heifer fertility are achievable in the NT. However
these properties were the exception rather than the norm, and pregnancy rates were
much lower on most properties. The properties on which high reconception rates
were achieved were located in areas considered to be among the best in the NT for
cattle production (central Barkly Tableland). Many properties in the NT will not be
able to achieve such high levels of fertility as the soils and pasture in their locations
are not as productive and so liveweight gain and hence mating liveweights are
usually lower. While it is not realistic to expect all properties to be able to achieve
reconception rates of 80% in lactating first calf heifers, achieving a reconception rate
of 50% would be a large improvement for many properties as the industry survy
(Chapter 4) showed that reconception rates were less than 20% on three quarters of
properties).

The positive relationship between heifer liveweight at mating and pregnancy rates is
well known (Entwistle 1983), and management strategies which increase heifer
liveweights at mating are effective methods of improving heifer fertility. There are a
number of strategies that can be used to increase liveweights at mating, however the
remote location of many NT cattle stations with the associated high transport costs
often reduces the profitability of strategies that involve purchasing large amounts of
inputs (eg. high energy supplementary feeds). Nevertheless, improvements in heifer
fertility can be made through low cost strategies which focus on improving heifer
liveweights at mating such as reduced stocking rates, segregation of heifers in
smaller paddocks for targeted mineral supplementation and grazing heifers in better
paddocks. Provided that there are no major disease problems, the use of such
strategies should increase heifer liveweights so that improvements in fertility of the
scale used in this evaluation are achieved.

This economic modeling shows the extent of increases in GM that are possible
through realistic improvements in heifer fertility on NT cattle properties. It shows
that improving heifer performance has the potential to result in large increases in
profitability for individual properties and for the NT pastoral industry.
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9. CONCLUSIONS

The review of literature showed that low fertility in maiden and first calf heifers has
traditionally been a problem in northern Australia. It is a common perception that the
NT cattle industry has progressed greatly in recent times and so one of the aims of
this research was to document current heifer fertility levels on commercial NT cattle
properties and determine whether heifer fertility is still a problem. The performance
recording work detailed in Chapter 4 showed that low fertility (especially in lactating
first calf heifers) is still a common problem on commercial cattle properties in the
NT although quite high fertility was achieved in some instances.

The major findings of the performance recording work (Chapter 4) were that
pregnancy rates in maiden heifers were generally adequate (>75%) to produce
enough pregnant replacement breeders when they were first mated at about 2 years of
age. However low pregnancy rates in maiden heifers were recorded where poor
seasonal conditions were experienced, over-stocking occurred or yearling mating
was practiced.

Foetal and calf loss between pregnancy diagnosis and weaning in heifers having their
first calf was often high (> 30%), and the average of the foetal and calf loss figures
from all the herds studied was 22%.

Pregnancy rates in lactating first calf heifers were often very low and were
significantly associated with liveweight of heifers at the first round weaning muster.
Reconception rates of less than 10% were found on more than a third of properties
and re-conception rates were less than 25% on three quarters of the properties. While
reconception rates were only found to be greater than 40% on 2 properties, they were
quite high on these properties (> 70%), showing that high pregnancy rates in
lactating first calf heifers are achievable on commercial properties in the NT.

The reason that high pregnancy rates were achieved on these two properties was
because the heifers had high liveweights between calving and weaning (average
liveweight at WR1 was >420 kg in herds that had a reconception rate in excess of
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75%), and a very strong relationship was found between the average liveweight of
heifers at WR1 and the proportion that had reconceived. Pregnancy rates increased
with WR1 Wt and the model produced for the relationship between these two
variables was used to produce target WR1 Wts that could be used as a guide to
achieve good pregnancy rates in lactating first calf heifers. An average WR1 Wt of
around 390 kg is required for a pregnancy rate of 50%, and around 420 kg for a
pregnancy rate of 70%.

The review of literature also found that there are strong relationships between mating
liveweights and pregnancy rates in maiden heifers, and between pre-calving
liveweights and pregnancy rates in lactating first calf heifers. While there have been
some attempts to generate models or mathematical equations to describe these
relationships in some situations (eg. for Brahman cross heifers in north Queensland),
prior to this research these relationships had not been established for Brahman
heifers in the NT. This thesis aimed to produce these relationships and use them to
provide NT cattle managers with tools (charts showing the pregnancy rates likely
from different mating weights) that could be used in making management decisions.

The relationships between liveweight prior to yearling mating (YPM Wt) and
pregnancy rates, and between P8 fat depth prior to yearling mating (YPM Fat) and
pregnancy rates were established for yearling mated Brahman heifers at DDRF (in
Chapter 5). These relationships were used to produce tables showing the pregnancy
rates likely from different YPM Wts (Table 7) and YPM Fats (Table 8). This
research also showed that current genotypes of commercial Brahman heifers in the
NT reach puberty too late to give good pregnancy rates from yearling mating. The
average pregnancy rate of four year groups of yearling mated heifers (each purchased
from a different commercial property) was only 33% (even when only heifers
weighing >195 kg around the time of weaning were selected).

This research found that a YPM Wt of 345 kg is required to achieve pregnancy rates
of 80% in current commercial genotypes of yearling mated heifers in the NT (with a
3.5 month mating period). It is unlikely that many Brahman heifers will reach this
liveweight before the start of mating as a yearling when grazing pasture on extensive
properties in the NT. These results show that yearling mating with current
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commercial Brahman genotypes in the NT is unlikely to give high pregnancy rates.
However yearling mating may still be used to ensure that those heifers that have
reached puberty as yearlings conceive at the desired time of year, and selection for
fertility can produce lines of Brahmans that have higher pregnancy rates from
yearling mating.

The relationships between liveweight prior to mating (PM Wt) and pregnancy rates,
and between P8 fat depth prior to mating (PM Fat) and pregnancy rates were
established for Brahman maiden heifers grazing native pasture and joined as two
year olds at VRRS (in Chapter 6). The relationships between corrected pre-calving
liveweight (PC WTC) and pre-calving fat depth (PC Fat) were also established for
Brahman lactating first calf heifers at VRRS (in Chapter 7).

These relationships were used to produce tables showing the pregnancy rates likely
for Brahman maiden heifers from different PM Wt‟s (Table 12) and PM Fat‟s (Table
13), and for lactating first calf heifers from different PC WTCs (Table 18) and PC
Fats (Table 19). These tables can be used by managers of Brahman heifers in the NT
to identify target pre-mating and pre-calving weights for their situation. This study
showed that where Brahman maiden heifers weigh in excess of 250 kg before mating
(in November), that pregnancy rates of at least 80% should result as most heifers
attain sufficient weights by the end of the mating period (the average weight at the
end of mating was 396 kg).

This study found that to achieve pregnancy rates of 80% in Brahman lactating first
calf heifers a target PC WTC of 490 kg is required. Although this was achieved by
one of the commercial properties in the performance recording studies (Chapter 4),
the performance of cattle on this property is not typical of most extensive properties
in the NT, and this is likely to be an unrealistic target for most NT properties where
cattle graze native pasture. Most properties will not get the growth rates from native
pasture required to achieve this target PC WTC, and so a target PC WTC of 410 kg to
achieve a pregnancy rate of 50% may be more realistic. This would still give a
dramatic improvement in pregnancy rate for most properties as the performance
recording work (in Chapter 4) showed that pregnancy rates were less than 25% on
three quarters of properties.
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It should be noted that while PC WTCs were used in this study, that few producers
correct weights for stage of pregnancy. PC WTCs were used to increase the accuracy
of the predictive equation and can be converted to uncorrected weights in September
(when most producers would measure pre-calving liveweight) by adding 30 kg to
compensate for the combined weight of foetus, gravid uterus as previously explained.

The predictive tables produced in this study will be useful management tools for
people working with cattle in the NT. They can be used to find the likely pregnancy
rates from different pre-mating weights in maiden heifers and pre-calving weights in
first calf heifers. This information will be useful for a number of purposes including:
i)

In budgeting calculations and cost/benefit analyses to work out the likely
number of calves that will be produced by heifers in different situations.

ii)

To analyse the profitability of different management strategies (eg.
supplementation programs) aimed at increasing pre-mating weights (in
maiden heifers) and pre-calving weights (in first calf heifers) weights. It
will now be possible to work out how many extra pregnancies are likely
from increasing pre-mating and pre-calving weights by a certain amount.

iii)

To identify the most profitable target pre-mating weights (for maiden
heifers) and pre-calving weights (for first calf heifers) for different
properties and situations.

iv)

To work out the liveweight ranges of heifers in which supplementation to
achieve target weights will be profitable. While it may be quite profitable
to supplement some liveweight ranges of heifers, some heifers will be
heavy enough without supplementation and some will be too light to
make a target pre-mating liveweight even with supplementation (and so
supplementary feed would be wasted in these cases).

Liveweight and P8 fat depth are both measures of heifers body reserves and both
have advantages and limitations. Liveweight is easy to measure and so is readily
accepted by cattle producers but it does not take into account differences in frame
size (eg. a large framed animal in poor body condition can weigh the same as a small
framed animal in better condition). P8 fat depth fat on the other hand is independent
of frame size but is not often used by commercial cattle producers as it takes much
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longer to measure and the equipment required is expensive. While tables were
produced showing the pregnancy rates predicted from different P8 fat depths at
different times (Tables 8, 13 and 19) these tables will not be of much practical use to
cattle producers as few measure P8 fat depth. However P8 fat depth is a measure of
body reserves and the findings of this study demonstrate the principle that pregnancy
rates increase with increasing P8 fat depth. BCS was not analysed for its relationship
with pregnancy rate as there was an insufficient range of BCS values to produce a
predictive equation, and because BCS is a subjective measure of body condition and
has been shown to often be unreliable (have low repeatability) especially when used
by people who do not have considerable experience with it (Schatz and Ridley 2002).
Therefore P8 fat depth was used as a measure of body reserves since it is an
objective measure and the data contained heifers over a wide enough range of P8 fat
depths to produce predictive equations.

Despite these limitations in regard to the use of BCSs, they are still a very useful
practical tool for cattle managers as body condition can be appraised in the paddock
without the need to muster. While this research has reinforced the general principle
that pregnancy rates increase as BCS increases, that tables predicting pregnancy rates
from different pre-mating and pre-calving BCSs could not be produced is a limitation
of this work and is an area where there is scope for future research. Producing these
equations would require data from heifers in a wider range of condition scores and
this can be difficult to achieve in one location as heifers in the same location usually
have similar growth rates.

Another area where this research is limited and where there is scope for future
research is that the predictive equations and tables may not be directly relevant to
other locations where heifer growth rates are very different. While VRRS is
considered to be “middle of the road” among NT properties for growth rate, and as
such these results should be applicable to most properties that have Brahman cattle,
there may be properties where growth rates are considerably different. However it is
unlikely that there are many properties that have Brahman cattle with significantly
higher growth rates as this would require the environment to be less stressful and
therefore crossbred genotypes would probably used. Some properties may have
significantly lower growth rates especially in years were seasonal conditions are poor
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and overstocking occurs. In these situations the predictive tables from this study are
likely to overestimate pregnancy rates and so there is scope for future research that is
applicable to these situations.

This research also showed that increasing the pre-calving liveweight of first calf
heifers through feeding protein supplements is a method of increasing reconception
rates at VRRS. Reconception rates were increased by an average of 42% units over
three years through the feeding of the high nutrition treatments in this study. These
results are applicable to heifers in areas of the NT where native pasture is grazed
extensively. However economic analysis showed that even significant increases in
pregnancy rates such as these were not always profitable due to the high on-farm
costs of supplementary feeds on NT cattle stations. Therefore the cost effectiveness
of supplementary feeding programs should be considered carefully before starting
them. The results and the tables produced in this research will be useful in helping
managers determine the profitability of supplementary feeding programs. Adoption
of strategies aimed at increasing pre-calving liveweight of first calf heifers should
result in significant increases in profitability if property managers can indentify cost
effective methods of achieving this.

Computer modeling (in Chapter 8) showed that improving heifer fertility has the
potential to result in large economic benefits. The modelling using the Bcowplus
program (Holmes 2009) showed that an increase in pregnancy rates of 15% in
lactating first calf heifers would result in an annual increase in the herd gross margin
of $10.95 million for the NT cattle industry. An improvement of this magnititude is
realistic since the survey of performance on commercial properties (in Chapter 4)
showed that pregnancy rates in lactating first calf heifers were less than 25% on three
quarters of properties.

In summary this research has found that there is large potential for improvement in
heifer fertility on most NT cattle stations and that this has the potential to result in
large economic benefits for individual properties and the NT cattle industry. The
research also increased the understanding of the relationship between liveweight and
pregnancy rates in Brahman heifers and provided tables that can be used to identify
optimum target liveweights (at pre-mating for maiden heifers and pre-calving for
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first calf heifers) and to analyse the profitability of strategies aimed at increasing
heifer fertility through increasing liveweights.
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Abstract. The performance of heifers at their first (maiden heifers) and second matings (first lactation heifers) was
recorded between 2003 and 2008 to establish current heifer fertility levels on 14 commercial cattle properties in the
Northern Territory (NT). Pregnancy rates in maiden heifers (joined first at ~2 years of age) were generally adequate (>75%)
to produce enough pregnant replacement breeders. Pregnancy rates in first lactation heifers were often very low (<20%) due
to the low liveweight of heifers between calving and weaning. However on properties where first lactation heifers were in
good condition at this time, pregnancy rates were high (>70%). Calf loss between pregnancy diagnosis and weaning in first
lactation heifers was often high (>30%). The average of the calf loss figures from all the herds studied was 22%.

Introduction
The fertility of beef cows is generally at its lowest during their
first lactation (McClure 1973). This is due to the large nutritional
requirements that are required for lactation and maternal growth
to occur at the same time (Entwistle 1983). The problem is
exacerbated in northern Australia where harsh nutritional
conditions during the dry season and environmental stressors
such as ticks, heat, and buffalo flies often result in first lactation
heifers being in poor condition and hence having extended
postpartum anoestrus intervals and low reconception rates
(Entwistle 1983).
There have been several reports of conception rates in first
lactation heifers in the Northern Territory (NT) and most of them
have been quite low. Sullivan et al. (1997) reported conception
rates of below 10% in 3 out of 4 years in Brahman heifers at
Victoria River Research Station (VRRS) in the Victoria River
District (VRD). O’Rourke et al. (1991) reported conception rates
of 13%, 21% and 42% in Brahman cross heifers at Mt Bundey in
the north of the NT and Andrews (1976) reported a 25%
conception rate in Brahman cross heifers on the Barkly
Tablelands. Braithwaite and de Witte (1999) state that in their
experience conception rates in first lactation heifers are below
50% in traditional systems in northern Australia.
The NT cattle industry is characterised by large properties
(e.g. 4000 km2) where cattle graze native pasture in large
paddocks (e.g. 100 km2 in the Katherine region and 300 km2
in the Barkly region) and mating is usually continuous (Oxley
et al. 2004). Cattle are generally mustered twice a year when
calves are weaned and culling decisions made. It is usual for a
property to have a first round weaning muster (WR1) in
April--June and a second round weaning muster in
September--November (Bortolussi et al. 2005). The rainfall
received declines from north to south with an average annual
rainfall of 1220 mm in the Douglas Daly region, 980 mm in the
Katherine region, 460 mm in the Tennant Creek region, 350 mm
in the northern Alice Springs region and 100 mm in the southern
Alice Springs region (Oxley et al. 2004). Rainfall is very
 CSIRO 2008

seasonal in most of the NT with nearly all the rain falling
between October and April (known as the ‘wet season’) and a
long period without rain in between during which pasture quality
is poor. Stocking rates range from around 11 adult equivalents
(AE)/km2 in the VRD (Dyer et al. 2003) to 1 AE/km2 in the Alice
Springs district (Bertram et al. 1996).
In the past it was common for reproductive rates on NT cattle
properties to be low (e.g. Robertson 1982 reported an annual
calving rate of 45% in the VRD), but it is widely perceived that
the cattle industry in the NT has developed markedly in the last
10 years with improvements in management and production.
There have been anecdotal reports of high pregnancy rates in first
lactation heifers (e.g. 80%) but due to the large size of most NT
properties and the fact that mustering efficiency and paddock
security (especially during the wet season) are often poor, most
reports of pregnancy and calving rates are just a guess. This paper
reports on studies on 14 commercial cattle properties across the
NT between 2003 and 2008 to establish current heifer fertility
levels from first and second matings.

Materials and methods
Data were collected on 14 commercial cattle properties located
throughout the NT. It was intended that cooperating properties
would be representative of the whole NT cattle industry, so they
were selected to achieve a wide geographical spread and to
represent typical management systems of each region.
With 14 properties spread over a range of environments, it
was difficult to establish a standardised measurement and
recording procedure that could be implemented on every
property at the same time of year. In most cases a group of
maiden heifers (heifers mated for the first time) were individually
identified (with numbered ear tags and electronic identification
devices), weighed and pregnancy diagnosis performed (by
manual palpation per rectum) to confirm that they were not
already pregnant before their first mating. The average size of the
maiden heifer group studied was 322 heifers per property
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(the actual numbers at each property are shown in Table 1). Most
heifers were around 2 years old at the first mating (judged by year
brands and the management group that they had been in since
weaning), although one property practised yearling mating
(shown in Table 1). All matings involved multiple sires. On
all except two properties (see Table 1) mating was continuous
after bulls were introduced to the maiden heifers. After the first
mating it was endeavoured to record weight, pregnancy status
and lactation status at the following times (although data could
not be recorded at all of these times on all stations):
(1) Post first mating (P1M) -- usually around May after the first
mating
(2) Pre-calving (PC) -- usually around September after the first
mating
(3) First weaning round muster (WR1) -- usually around May
after first calving
(4) Second weaning round muster (WR2) -- usually around
September after first calving
Heifers were mustered on the day before measurements
were recorded and kept in yards overnight with access to
water but not feed. Pregnancy rate was calculated on the basis
of the number of heifers pregnant as a percentage of the
number of heifers present at each muster. Maiden heifer
pregnancy rate was calculated from the P1M data and first
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lactation heifer pregnancy rate was calculated from the WR1
data. Only heifers which were found to be pregnant while
lactating at WR1 were included in the calculation of first
lactation heifer pregnancy rate. Any calves that the station
manager considered to be big enough (usually down to a
minimum weight of 120 kg) were weaned at the WR1 and
WR2 musters.
On some stations it was not possible to take measurements
before the maiden mating and so recording commenced after the
first mating (P1M) with heifers that were diagnosed as pregnant
(no record of maiden heifer pregnancy rate in Table 1 shows
where this occurred). In one case it was not possible to record
liveweights at WR1 (see Table 1). On one property in the Alice
Springs district the work had to be abandoned after the maiden
mating results were recorded due to drought conditions. The
genotype of the heifers studied on each property is shown in
Table 1.
Heifers were deemed to have lost their calf if their pregnancy
status data (from P1M and PC) showed that they should have
calved before WR1 but they were not lactating at that time. Calf
loss rates were calculated on the basis of the number of heifers
that had lost their calf before WR1 as a percentage of the number
of heifers present at WR1 that should have had their first calf by
that time (according to their previous pregnancy diagnosis
results).

Table 1. Performance of heifers on NT commercial cattle properties
Only heifers that conceived before their calves had been weaned were included in calculating the 1st lactation heifer pregnancy rate. Abbreviations used are:
VRD, Victoria River District; Barkly, Barkly Tableland; Alice Sp., Alice Springs district; C, central; N, north; S, south; E, East; W, west; Bra, Brahman; Bra X,
Brahman cross; Santa, Santa Gertrudis. The year and month in which the measurements were recorded are shown in parentheses
Property location

VRD (N)
VRD (S)A
VRD (E)
VRD (C)
Sturt plateau
Barkly (N)
Barkly (NW)
Barkly (C)A,B
Barkly (E)C
Barkly (SW)
Alice Sp. (N)
Alice Sp. (N)
Alice Sp. (S)
VRD (C)D

Breed

Pregnancy
rate of
maiden
heifers (%)

No. of
maiden
heifers

Pregnancy rate of
1st lactation
heifers (%)

No. of 1st
lactation
heifers

Average weight
of 1st lactation
heifer at WR1
(kg)

Peak calving
months

Calf loss of
1st lactation
heifers (%)

Bra
Bra
Bra; Bra X
Bra
Bra
Bra; Bra X
Bra; Bra X
Santa
CompositeE
CompositeF
Santa
Santa
Shorthorn
Santa
Angus
Angus
Bra

59 (2005)
65 (2006)
72 (2005)
84 (2003)
84 (2005)
53 (2007G)
85 (2005)

594
466
321
910
230
346
447

312 (Apr.)
256 (May)
294 (July)
309 (Aug.)
316 (Aug.)
494 (May)
421 (Aug.)
416 (Aug.)
321 (May)

Oct.--Dec.
Oct.--Dec.
Oct.--Feb.
Oct.--Dec.
Dec.--Feb.
Oct.--Jan.
Sept.--Dec.

24
34
15
12
14
25
32

85

397
284
197
519
90
217
205
394
73
385
892
121

306 (May)
314 (Apr.)

86 (2006)

4 (2006)
5 (2007)
17 (2006)
14 (2004)
1 (2006)
30 (2007)
3 (2006)
7 (2005H)
88 (2007)
76 (2007)
68 (2007)
21 (2005)

Oct.--Nov.
Nov.--Jan.
Oct.--Jan.
Sept.--Dec.

10
30
39
35

84 (2005)
88 (2007)
81 (2004)
77 (2005)
90 (2006)

254
146
130
154
110

17 (2005)
16 (2006)
39 (2007)

102
135
45

322 (June)
313 (Apr.)
365 (May)

Oct.--Jan.I
Oct.--Jan.I
Sept.--Dec.

4
12
8

A

These two herds were control mated for 3 months (all the other herds were continuously mated).
This is a stud herd.
C
Two groups of heifers (of different genotypes in separate paddocks) were recorded on this property.
D
This was an extensively managed herd on Victoria River Research Station (VRRS).
E
The composite was 3/8 Brahman, 5/16 Shorthorn, 1/8 Africander, 1/8 Charolais and 1/8 Hereford.
F
The composite was 1/2 Santa Gertrudis, 1/4 Senepol and 1/4 Charolais.
G
Heifers were mated at the end of the year in which they were weaned and so were almost a year younger at ﬁrst mating than is normal for maiden heifers in the NT.
H
Drier than average conditions were experienced in this year resulting in performance that is lower than normal on this property.
I
Calving occurred throughout the year although there was a peak during these months.
B
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Statistical analysis
The data were analysed using a logistic generalised linear model
with binomial errors (McCullagh and Nelder 1989) to fit the
relationship of mean liveweight of first lactation heifers at WR1
to the corresponding proportions of reconception successes and
failures in first lactation heifers recorded at WR1 the
following year. The fit of the model was assessed using the
ratio of the residual deviance to residual degrees of freedom.
The model used data from tropically adapted genotypes only,
so the Bos taurus herds in the Alice Springs district
(Table 1) were not included. Data from the Sturt Plateau site
was also excluded since the weight and pregnancy status data
were not collected until later in the year and do not accurately
portray the weight of the heifers at the time when they were
reconceiving (first lactation heifers are typically mustered earlier
in the year to wean their calves but circumstances prevented this
occurring in this case). The results of the fetal ageing at pregnancy
diagnosis in July at that property showed that all heifers that
reconceived had done so at least 4 months earlier. The property
manager observed that their body condition was much better then
than it was in July when data was recorded and the fact that no
heifers reconceived in the 4 months preceding the July
measurements shows that the effect of liveweight on
reconception rates in this herd would have been better
represented if the heifers could have been weighed closer to
the time when the reconceptions were occurring.
Year was not fitted in the statistical model as the year effects
on reconception rate are indirect through the effect of seasonal
conditions on liveweight and it is actually liveweight that has the
major effect on the length of postpartum anoestrous interval and
hence reconception rates in first lactation heifers (Short et al.
1990).
Proportions of calf loss at various times of the year were
analysed in one herd (Table 2) with a binomial test for equality of
proportions without continuity correction (Fleiss 1981).

rates. The model fitted is a highly significantly better fit than the
null (no fit) model (P < 0.0001). The model predicts a 50%
reconception rate for first lactation heifers weighing 389.5 kg
at WR1.
The data point denoted by a filled triangle is identified
separately from the other data points as it is not a commercial
property but a NT Department of Primary Industries Fisheries
and Mines (DPIFM) research station (VRRS). However, this
herd is run under extensive conditions similar to most
commercial herds in the region and was included as there
were no groups of heifers from commercial properties in this
study that had an average weight at WR1 in that range.
Calf loss in first lactation heifers was often found to be very
high (e.g. >30%). The average of the measurements of calf loss of
all the different herds was 22%, with 39% of heifers on one
property losing their calf between pregnancy diagnosis and
weaning (Table 1). Calf loss was 30% or higher in 5 of the
14 herds that were recorded.
There was no apparent relationship between calf losses and
the timing of peak calving season (using the date of calving
estimated from pregnancy diagnosis). However, it was not
possible to test this properly since most heifers calved for the
first time at a similar time of year so the numbers of calves born
at other times of year were not high enough to provide a valid
comparison. Table 2 shows the calf loss that occurred in
heifers calving in different months on one property on the
Barkly Tableland. There was no significant difference in
the proportions of calf loss in the different months
(Chi-square = 2.034, d.f. = 4, P = 0.7294).

Discussion
Pregnancy rates in maiden heifers were generally adequate to
achieve sufficient numbers of pregnant replacement heifers in
the herds observed in this study (Table 1). Liveweight is the
major factor influencing the onset of puberty and pregnancy rates

Results

Table 2. The effect of estimated date of calving on calf loss in first
lactation heifers on a Barkly Tableland property
Date due to calve

No. of heifers

Calf loss

31.x.2006
30.xi.2006
31.xii.2006
31.i.2007
28.ii.2007

24
89
180
82
9

38%
30%
29%
27%
44%

Total

385

30%

1.0

Proportion reconceiving

While pregnancy rates were generally adequate in maiden
heifers (>75% on all but one property where heifers were first
mated at 2 years of age), there was a wide range of pregnancy
rates in first lactation heifers, although most were quite low with
8 out of the 11 properties having reconception rates of less than
25%. Pregnancy rates in first lactation heifers were only higher
than 50% on 2 of the properties.
Figure 1 shows a strong relationship between the average
weight of first lactation heifers at WR1 and their reconception

0.8

0.6

0.4

0.2

0
200

300

400

500

600

Mean heifer liveweight at WR1 (kg)
Fig. 1. Logistic model of proportion of first lactation heifers reconceiving
by WR1 dependent on mean herd weight at WR1. The data point marked with
a filled triangle symbol is from VRRS (a research station) rather than a
commercial property. Note: Bos taurus herds were excluded from this
analysis.
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in maiden heifers (Entwistle 1983), and heifers on most NT
properties are able to reach sufficient joining weights by 2 years
of age for adequate fertility if moderate stocking rates are
implemented.
The results of this study show that pregnancy rates in first
lactation heifers are often low on NT commercial cattle
properties (Table 1) and that this is mostly due to the low
liveweights of heifers during the period after calving and
while they are lactating (Fig. 1). However, they also show
that high pregnancy rates are achievable on some NT
properties when heifer liveweights are high during this period.
The two properties where high pregnancy rates were recorded
were on the Barkly Tableland (which is considered one of the best
regions for cattle production in the NT), both of which had
received good rainfall throughout the year resulting in excellent
seasonal conditions. The heifers recorded had also been grazing
at moderate stocking rates.
Pregnancy rates in first lactation heifers increased as
liveweight increased and the model fitted in Fig. 1 shows this
relationship is highly significant. These results are consistent
with several other studies that have shown that pregnancy rates
increase as liveweight increases (Goddard et al. 1980; Rudder
et al. 1985; Doogan et al. 1991), although weight was measured
at the start of mating in those studies and it was recorded at the
WR1 in this study. The reason that WR1 weight was used in this
study is that there was large variability in weight gain (or loss)
between PC and WR1 on the different properties and, as a result,
the relationship between PC weight and reconception rate was
not found to be strong. While WR1 weight is not a predictive
measurement of pregnancy rate in first lactation heifers, it is
indicative of what their weights have been during the period from
calving to weaning and was found to have a highly significant
effect on reconception rates during this time. Also many NT
cattle managers do not like to muster heifers close to the time of
calving (as is required to collect a pre-mating weight) as they
believe it might lead to increased calf losses, therefore, specific
pre-calving target weights are not that relevant to them but rather
the principle that weight/body condition of first lactation heifers
through the period between calving and weaning strongly affects
reconception rates (Richards et al. 1986).
In 2004, an extensive survey of managers of NT cattle stations
was conducted in face to face interviews by staff from the NT
DPIFM. Managers were interviewed from 169 stations across the
NT and the average of their estimates of conception rates in first
lactation heifers was 63% (Oxley et al. 2004). The results of this
study show that pregnancy rates in first lactation heifers on NT
cattle properties are often much lower than the managers of those
properties realise.
From this data, general guidelines are that, when management
and seasonal conditions result in first lactation heifer liveweights
of less than 320 kg at WR1, reconception rates are likely to be less
than 15% (which is not uncommon on many NT properties). The
model from Fig. 1 shows that a liveweight around 390 kg at WR1
is required for a pregnancy rate of 50%, and around 420 kg for a
pregnancy rate of 70%.
There are not many properties in the NT where high pregnancy
rates in first lactation heifers (e.g. >70%) will be consistently
achievable. This study shows that, to maintain heifers at the
liveweights required for this, the property would have to be in
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one of the more fertile areas of the NT (e.g. Barkly Tableland) and
have received the rainfall required for good pasture growth while
implementing moderate stocking rates. A more realistic target
for first lactation heifer pregnancy rates on most extensive NT
properties in an average year would be 40% as was achieved at
VRRS (Fig. 1) from heifers grazing native pasture at moderate
stocking rates with year-round mineral supplementation. While
this target is considerably lower than is expected in southern
Australia, there would be large economic benefits in increasing
pregnancy rates to this level on properties where first lactation
heifer pregnancy rates are typically less than 20%.
This study found that calf loss in first lactation heifers is often
very high (>30%) on NT cattle properties (Table 1). The values
reported here (e.g. 39%) are higher than those reported by
Holroyd (1985) who reviewed calf loss in northern Australia
and reported losses in the range of 4--28%, although these values
were for mature cows and calf loss tends to be higher in first
lactation heifers than mature cows (Reynolds et al. 1980).
Due to the large numbers of cattle and the vast size of the
paddocks they graze in, many of the managers of these properties
were not aware of the scale of these losses since very few of the
calf carcasses were actually seen. It is only when heifers are
individually identified and records kept of their performance that
the extent of the losses becomes apparent.
With few calf carcasses found, clinical investigations are
rarely possible and it is difficult to identify the reason for these
large calf losses since there are many factors that can contribute
to high rates of calf loss including predation, disease, nutritional
deficiency, heat, dystocia, bottle teats and poor mothering ability
of heifers (Entwistle 1983). Holroyd (1987), in a review of
12 years’ data from Swan’s Lagoon research station, reported
that most calf losses were post natal and that almost half of these
were from unknown causes since in the majority of cases it was
not possible to locate calf carcasses on the extensive properties in
northern Australia.
In conclusion, this study shows that reconception rates in first
lactation heifers are strongly influenced by their liveweight
between calving and weaning. On many NT cattle properties
the liveweights of first lactation heifers during this period are
often so low that reconception rates are less than 20%. Much
higher reconception rates were observed on properties where
management and seasonal conditions resulted in heifers being
heavier through this period. Calf loss in first lactation heifers was
found to be very high (>30%) on several properties.
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