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PREFACE

This book is intended to be a reference text for veterinarians who provide clinical services to
sheep producers. The book is directed primarily at Australian sheep-raising systems, but we
hope that the approaches described herein have wide application in countries where sheep are
raised under extensive grazing conditions.

Australia has a unique history of involvement in the sheep industry. From humble
beginnings in the late 18th century, the wool industry emerged in the mid-19th century to
dominate the Australian economy for over 100 years. In the 1960s wool was still the largest
single contributor to Australian export income but much has changed since then. Other
commodities and services and other agricultural products have grown substantially while the
wool industry has contracted to less than half the size it was in the early to mid-20th century.

There are some important legacies of the country’s early dependence on wool. Australian
sheep production is still based on the Australian Merino sheep — a breed (or group of breeds)
derived from European Merinos and other breeds in the 19th century and developed into a
remarkable new breed — a specialist producer of large quantities of high-quality fine wool.
The dominance of the Merino and Merino crossbred in the national sheep flock is a unique
characteristic of Australian sheep production and one which strongly influences the nature of
sheep veterinary medicine in this country.

The production and export of fine wool remains one of Australia’s most valuable sources
of foreign income amongst agricultural commodities — worth around $3 billion annually to
the country. Australian fine wool dominates the global market — accounting for a quarter
of all wool traded in the world and contributing a much higher proportion to high-quality
apparel production. The income from wool makes a very large contribution to the revenue
earned on nearly all of the 30 000 sheep farms in Australia.

A major development in the Australian sheep industry since the late 20th century
is the massive expansion of the sheep meat industry. While over 40% of lamb production is
consumed in the domestic market, Australia is now also the largest exporter of sheep meats in
the world — an export industry which has grown to be of similar magnitude to that of wool.
New Zealand exports similar quantities of lamb and, together, these two countries dominate
the world market in sheep meat.

Thanks to the strengths of these two industries, Australian sheep production remains a
profitable and fulfilling agricultural pursuit for a large number of farm owners. This book is
intended to assist those who work in the industry to add to the profitability and efficiency of
sheep production systems, the quality of sheep products and the welfare of the sheep in those
systems.

The book provides details about the way disease processes develop and manifest in sheep
flocks and contains numerous references for those who wish to read further. Most of the important
conditions of sheep in Australia are relatively straightforward to diagnose but the establishment
of effective and economically sound control strategies is often the most difhicult part of health
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management, particularly for those who are less familiar with sheep production systems. The
first six chapters are intended to provide a basic understanding of some of the business and
science underpinning sheep production and it is hoped that the reader is familiar with these
before exploring any of the other chapters, which deal with reproduction and disease conditions,
ordered largely on a systems basis. An underlying assumption of much of the text is that, given
a sound understanding of how and why particular disease conditions occur, most well-informed
producers and sheep health advisers will be able to develop effective control programs specific
to each individual flock and its unique physical and financial environment. The knowledge
that is critical to good control programs includes an understanding of the factors which lead to
the development of poor health and poor productivity and the factors that predispose sheep to
disease. This text aims first and foremost to provide that information.
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VETERINARY SERVICES TO SHEEP FARMS

THE ROLE OF THE VETERINARY PRACTITIONER IN THE
AUSTRALIAN SHEEP INDUSTRY

There is a general perception amongst veterinary students and sheep producers that there are
limited opportunities for a ‘sheep vet’ because individual sheep are generally of low value and
the cost of veterinary involvement is too high. It is quite true that the value of individual sheep
in commercial flocks is generally too low for sheep diseases with a low incidence to attract
veterinary intervention. A whole flock of sheep, however, may consist of 100 to 1000 or more
individuals and the cost of disease in such a large group of animals can justify significant levels
of veterinary intervention. The practice of sheep veterinary medicine is usually concerned with
the diagnosis of disease in a portion of the flock, perhaps the first few cases of an epidemic or
a flare-up of an endemic disease, and the institution of preventive plans to protect the rest of
the flock. The large number of animals at risk and the large productive value of the flock can
justify significant expense on veterinary investigation and provide the veterinary practitioner
with ample financial scope to display his or her diagnostic skills. It does require that the
veterinarian approaches cases in a manner quite different from that used for individual sick
animals. A good sheep veterinarian has excellent diagnostic skills, and a solid understanding
of the epidemiology of sheep diseases, and can apply that knowledge in the context of often
complex farm business operations.!

One would have to say that Australian sheep flocks are still under-serviced by private
veterinary practitioners. The reasons for this are numerous. One major factor has been the
emphasis on individual animal medicine in veterinary education and in most facets of
clinical veterinary work. Sheep growers have perceived this, usually correctly, and used their
veterinary practitioner for services to individual animals of value — rams, for example, and
farm animals of other species such as cattle. Occasionally, sheep are presented at clinics for
examination or necropsy but the determination of action required on the farm in the light
of the diagnosis has been very much in the hands of the client rather than the veterinarian.?
Many opportunities to make significant improvements in farm productivity are then lost
because the veterinarian is insufficiently familiar with the details of the farm operation or
perhaps lacks the confidence to follow through and review the outcome of any remedial
action.

There are three important components of the approach taken by successful sheep
veterinarians. All of these components require either experience gained in the field, postgraduate
training or both. These components are listed below.
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1. Disease management in sheep flocks requires an epidemiological approach to both the
investigation and the recommendations for prevention or treatment. Sheep flocks are
populations and the approaches to disease control should be those of population medicine.

2. 'The economic consequences of both the disease and the steps necessary to reduce the
disease prevalence must be considered. For many disease conditions, the law of diminishing
returns applies to time and money spent on control. Resources should be allocated to
control of a disease condition only while prevention costs less than the disease.? This topic

is discussed further in Chapter 3.

3. 'The complexity and interconnectedness of management of a farm business requires that
the farm be treated as a system.* When one aspect of a farm system is altered, there are
consequences on other parts of the system. Farm managers often have a sense of the structure
of their own farming system but have not usually formalised it in a way that can be presented
to advisors such as veterinarians.’ It is essential, therefore, that advisors seek to understand the
farm system before creating plans that could have unforeseen and unintended consequences
on the business as a whole. This topic is also further discussed in Chapter 3.

This book aims to encourage an interest in the practice of sheep veterinary medicine which
is compatible with sound sheep management systems. The veterinarian must remain a sheep
health expert but his or her knowledge of sheep management and sheep production systems and
strategies must be developed to a moderate degree at least. This presents difficulties for many,
particularly those who have not been exposed to rural life significantly before graduation. The
problem, however, is far from insurmountable and the rewards are large. Sheep producers react
quickly to the presence in their community of a veterinarian who, in their words, ‘knows what
sheep farming is all about!” They seek opinions on a wide range of sheep health matters and,
if the advice is considered practicable, will implement the recommendations. This offers great
satisfaction to the veterinarian, who will be able to witness the confirmation of the diagnosis
and judge the effectiveness of the recommendations in the improvement of profits for the
client and the health and welfare of the animals.

First, however, the veterinarian must develop knowledge of sheep-grazing systems both
in general and specifically for the district and the client’s property. A primary rule for sheep
veterinarians emerges — you must attend the farm. Much becomes obvious when sheep and
their environment are viewed firsthand — provided that the veterinarian knows what to look
at, what to look for and what to ask. While high levels of skill only come with experience, the
following description of some veterinary activities might help develop a basic approach.

THE VETERINARY ROLE ON SHEEP FARMS

The three roles which veterinarians in rural practice commonly have on sheep farms are

* to investigate the occurrence of a disease at the request of a flock manager, and to make
appropriate recommendations for treatment, control or elimination of the disease. The
investigation occurs after a disease outbreak has occurred and the veterinarian visits the
farm, collects a history, examines the environment and the affected portion of the flock, and
collects such specimens as necessary to make or confirm a diagnosis. Specimens may include
blood and faeces from a sample of the flock and possibly tissues collected at necropsy
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*  to make more general flock management and preventive medicine plans which will enable
the producer to avoid serious disease problems, and to enact such plans. The plans might
be designed to control (or eliminate) problems associated with, for example, clostridial
diseases, internal parasites, ovine Johne’s disease, footrot, lice, improper feeding, nutritional
deficiencies and supplementary feeding or poor reproductive performance

*  to carry out preprogrammed production-improving plans, such as assisted reproduction
procedures like artificial insemination (Al) and multiple ovulation and embryo transfer

(MOET).

To be effective in any of these roles, particularly the first two, veterinarians need to know
how sheep farm businesses work and how farm decision making occurs. This requires a
sound working knowledge of the sheep flock productive cycle, climatic seasonality, pasture
growth, farm calendars and flock structures. Farm decisions are ultimately driven by a need to
maintain a robust and profitable business. They are made to offer the greatest sustainable return
to the producer, within a framework of limitations imposed by personal objectives or external
regulation. Examples of personal objectives are the desire to have a low risk of business failure
and the desire to avoid employing any additional staff; and examples of limiting regulations
are the restrictions on the use of certain agricultural or veterinary chemicals, and constraints
around the land use of some areas of the farm.

Farm decisions are not made to maximise condition score, animal health, wool production
per head or the lamb marking percentage, but to make profits from the farm as a whole. This
important principle will be developed in Chapters 2 and 3 in discussing farm economics and
farm systems. To be most effective, veterinarians should understand that a desire for business
success drives farm decision making. Ultimately, for there to be a long-term relationship
between the veterinarian and the client, veterinary advice must increase the farm profitability
and the financial security of the client.

There are some veterinarians who work as consultants on sheep farms. Effective veterinary
sheep consultants or specialists must be able to carry out all of the above roles and, in addition,
be able to give sound advice about other important flock management strategies, such as setting
an appropriate stocking rate and flock structure, lambing time and shearing time, selecting
the most appropriate genotype of sheep to run and, possibly, means of genetic improvement.
Some consultants are also sufficiently familiar with pasture production, wool clip preparation,
marketing and financial management to be able to integrate advice on those issues into
their consultancy services. A full training in these latter fields is beyond the scope of an
undergraduate course; various forms of postgraduate training are necessary for graduates who
choose to develop their careers in this direction. Nevertheless, the generalist rural veterinarian
does require some familiarity with these topics in order to develop sound recommendations
and plans.

KEY ELEMENTS OF A SHEEP PRODUCTION SYSTEM

A sheep production system can be well described by defining the following;:
(1) the breed and genotype of sheep in the flock
(2) the production objective of the flock
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(3) the flock size and composition

(4) the farm’s management calendar.

Breed and genotype?

The various types and breeds of sheep present in Australia are well described elsewhere (see
Cottle (2010) in Recommended Reading below). In short, purebred Merinos dominate the
national sheep flock, making up over 75% of the sheep shorn in 2014.¢ Merinos are considered
a wool-producing breed with limited suitability as a meat sheep, but the larger-framed medium
and strong-wool Merinos are increasingly being selected for characteristics which enhance
both meat and wool production. There is a significant difference in the productivity of Merino
sheep of different genotypes, and information about these differences is becoming increasingly
available to Australian sheep producers through the national genetic evaluation programme
MERINOSELECT. The important role of genetic evaluation for wool producers is discussed
further in Chapter 5.

Approximately 10% of the national flock are Border Leicester x Merino ewes — often
just called first-cross ewes — and these are the preferred type used as dams in flocks breeding
second-cross lambs for meat. Second-cross lambs are those sired by a ram of a meat breed, and
their high growth rate, excellent muscling and relative leanness make them highly suitable for
meat production. Second-cross lambs are often called prime lambs, reflecting their advantage
over first-cross lambs for meat.

The breeds which are used as prime lamb sires include Poll Dorset, White Suffolk, Texel
and Suffolk. Sheep of these breeds are selected for their meat-production and wool is of no
economic importance. The genetic evaluation programme used by breeders of these sheep is

called LAMBPLAN.

There are some purebreeds considered dual-purpose (meat and wool) and the Corriedale
is the most populous of these in Australia. The Dohne — a breed derived from a wool-type
Merino and the German Meat Merino in the 1940s in South Africa — has been increasing in
number in Australia since its introduction in 1988. The SAMM breed (South African Mutton
Merino) was introduced into Australia in 1996.

The Dorper and White Dorper were two other breeds developed in South Africa — this
time from the Black Headed Persian and the Dorset Horn breeds — which were introduced to
Australia in 1996. Sheep of this breed shed their fleeces naturally, so shearing is not required
and no income, therefore, is derived from wool. These breeds are examples of clean-skin sheep
breeds now in Australia — sheep which shed their fleeces naturally each year — and they
include Damara, Wiltshire Horn, Wiltipolls and breeds derived from a range of crosses.

A detailed discussion about the breed characteristics and the factors which make some
breeds and genotypes more suitable for particular environments is beyond the scope of this
text but is essential knowledge for veterinarians working with sheep.

a  The word genotype usually describes a subpopulation of a breed, the individuals of which share distinctive
genetic characteristics; it may therefore be used to denote « strain or a bloodline of a breed.
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Production objective

Production objectives vary between farms within districts and between districts but, in
commercial Merino flocks®, production of high-value wool is usually the dominant objective,
with income from the sale of surplus sheep being of secondary importance. Some Merino
flock managers join a portion of the ewe flock to Border Leicester rams so that income from
wool is supplemented by the sale of first-cross lambs or hoggets. In prime lamb flocks the chief
objective is to concentrate on income from the sale of lambs, but significant income is still
derived from the sale of wool and cast-for-age ewes. In ram-breeding flocks, including stud
flocks, the production objectives differ in emphasis from commercial flocks, reflecting the
value to the business of income from the sale of rams to other producers.

Flock structure and stocking rate

Flock structure and stocking rate will be examined in later chapters (Chapters 3 and 6).

Farm management calendars

The timing of major sheep husbandry and management events on farms (the farm management
calendar) is important information to veterinarians for three reasons. First, the timing of
events may be an important predisposing factor to outbreaks of disease. The clearest examples
of this are the relationship between the time of lambing and the incidence of pregnancy
toxaemia in ewes and the incidence of nutrition-related diseases in recently weaned lambs.
Second, preventive medicine strategies, like drenching, vaccinating or footrot control, should
be integrated with other management events which require mustering, to save time and labour
for the farm operator. Veterinarians should be prepared to take the usual management calendar
into account when recommending the timing of preventive therapies. Third, the timing of
particular management events can have implications for total farm productivity unrelated to
occurrences of disease. Examples include the time of lambing or time of shearing — two events
for which the timing is critical to the success of the farm operation. Advice about timing of
such activities is generally not considered to be part of the role of the general practitioner but
it does form a significant part of the work of sheep specialist veterinarians.

The optimisation of the management calendar for a particular farm depends on the
production objective and is complex, being influenced by environmental, health management
and economic considerations. Sheep flocks may be non-breeding or breeding enterprises and
the management calendar of a non-breeding enterprise generally has much more flexibility
than that of a breeding flock. On non-breeding farms, the key decision is when to shear. On
breeding properties, the key decision is when to join, followed by when to shear. The timing of
most other husbandry practices will be related to these key decisions. Bell (2010) discusses this
in some depth (see Recommended Reading).

Non-breeding flocks

Throughout the 20th century it was common for some Merino flocks to consist of wethers
only or to be composed of a breeding flock and a wether flock in which most wethers were

b The term commercial flocks refers to those flocks where the growing and selling of wool or lambs is the
primary objective, in contrast to ram-breeding flocks, where ram sales are the primary source of income.
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retained to adult ages. While this is unusual now, it simplifies an examination of management
calendars to examine one for a non-breeding flock first. Sheep husbandry practices include
some or all of the following:

(a) shearing and wool classing

(b) dipping or the use of pour-ons to control lice

(c) crutching

(d) jetting

(e) drenching

(f) foot paring and foot bathing

(g) vaccination

(h) disposal of cast-for-age sheep and purchase of young replacement sheep.

A sample calendar for a farm running mediumwool Merino wethers only is shown in Table 1.1.

Breeding flocks

In breeding flocks there are additional husbandry practices which relate to the reproductive
cycle and the management of pregnant and lactating ewes, lambs and weaners. These include
some or all of the following:

(i) joining

(j) pregnancy diagnosis
(k) lambing

() lamb marking/mulesing
(m) weaning

(n) culling breeders

(0) classing ewe hoggets.

A sample calendar for a Merino farm in southern Australia with a winter-dominant
rainfall pattern and an autumn lambing is shown in Table 1.2. An example for a Merino flock

Table I.1: Hypothetical management calendar for a non-breeding flock.

Practice Time Comments

Shearing May Winter shearing may expose sheep to risk of cold
exposure. Off-shears sale prices may be high in
winter.

Dipping Two weeks after shearing Or pour-on immediately off-shears. Are lice present

and is dipping necessary?

Crutching September and March, depending on How much crutching do wethers require?
when shearing occurs What is the duration of the blowfly season? Is a
pre-shearing crutch necessary?

Jetting September If flystrike is occurring or likely to occur in spring.

Drenching December and February Tactical treatments at other times.

Pizzle rot prevention  September Only necessary on improved pastures.
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Table 1.2: Hypothetical management calendar for an autumn lambing Merino flock in southern
Australia (winter rainfall zone).

Practice Time Comments

Joining Dec-January For 6 weeks from | Dec
Crutching Early February Shear rams

Vaccinating all ewes April Pre-lambing booster
Lambing May-June Lamb over 7 weeks
Marking mulesing and vaccinating lambs Late June Lambs | to 8 weeks old
Weaning lambs Early September At 3 to 4 months of age
Shearing September All sheep including rams
Classing ewe hoggets September Before or at shearing
Purchasing rams September Ready to join in December
Dipping all sheep September 2 weeks off-shears

Selling cull maidens, CFA ewes, CFA rams October

Isolating rams from ewes October 6 to 8 weeks before joining
Selling wether weaners November These weaners may also be retained.

in northern NSW is shown in Table 1.3. These calendars are incomplete. Not considered are
such topics as:

(1) nutritional management of ewes to regulate condition score at joining and lambing
(2) management of the previous year’s drop of young sheep
(3) worm control, blowfly control, and other essential husbandry activities.

The calendars in Tables 1.1 to 1.3, although fairly typical, are not necessarily the most
suitable for all Merino properties. The optimisation of individual calendars will be examined
in subsequent chapters but, in brief, it includes further examination of topics such as stocking
rate, seasonality in pasture quantity and quality, reproductive performance, and the availability
of markets for lambs, weaners and other surplus sheep.

INVESTIGATIONS OF DISEASE OR POOR PERFORMANCE IN A
SHEEP FLOCK

Sometimes, veterinarians are asked to investigate a specific problem by the flock owner. The
most common conditions which give rise to these requests are

*  poor reproductive rate

*  outbreaks of disease with significant mortality
* diarrhoea

* lameness

* fleece derangement.
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Table 1.3: Hypothetical management calendar for a spring lambing Merino flock in northern NSW
(summer rainfall zone).

Practice Time Comments

Joining March-April For 6 weeks from | March (inside the breeding season)
Shearing June All sheep including rams

Dipping all sheep July 2 weeks off-shears

Lambing August-September  Lamb over 5-6 weeks

Marking mulesing and vaccinating lambs ~ Late September Lambs | to 7 weeks old

Weaning lambs Early December At 3 to 4 months of age

Purchasing rams December To use in March

Crutching January Shear rams

Classing maidens January

Selling cull maidens, CFA ewes, CFA rams  February

At other times the request may be more general, such as a request to investigate
*  poor growth or unexpectedly poor body condition in adults or young sheep
e weaner ill-thrift.

Occasionally a producer may make a request specifically for a preventive medicine programme.
The most likely trigger for this is concern about control of internal parasites and anthelmintic
resistance management, but it could also include a producer’s concern about a vaccination
programme, or nutritional supplementation, including trace element and vitamin nutrition.

Step |

The veterinarian should arrange a time to visit the farm and have an agreement in advance
with the client about what is to be examined and how long the visit might take. The client
should be made aware that there is an hourly charge for the visit and should be advised of
its likely cost. In general, clients appreciate that it is necessary to spend two to four hours
to become sufficiently familiar with the farm and the sheep and to gather a good history. It
is necessary, however, that the length and thoroughness of the farm visit is aligned with the
client’s expectations. For example, the producer may be expecting a visit and quick necropsy of
two sheep, and there may be some resistance to the veterinarian unilaterally deciding to extend
the visit and the cost without apparent reason or agreement in advance. The extended visit
might have to wait until a short initial visit is completed; much depends on the client and his
or her confidence in the sheep expertise of the veterinarian.

Step 2: The history

During the farm visit the veterinarian should gather both a history and a sense of the owner’s
understanding or prior experience of the problem. If the scope of the request is broad, the
history gathering should be comprehensive. If the request is specific, then the questions should
clearly relate to the problem at hand. For example, if the veterinarian is requested to investigate
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an outbreak of lameness, then the history collection should relate to that condition in the first
instance at least. After some animals have been examined and the diagnostic possibilities have
been narrowed, further history collection will be important, but the owner should be made
aware of the relevance of the questions.

In contrast, if the investigation is to address a problem which is less well defined and more
obviously a complex issue, such as the investigation of a poor reproductive rate, it is wise to
spend an hour or so collecting history and reviewing records before inspecting or examining
any sheep.

So, depending on the particular situation, the history collection could include the
following:

o Signalment of the affected animals: Determine which sheep are affected and which are not,
with groups being defined by their age group, sex, management group, reproductive status

and breed.

o The timing of events, relating to the time of year, climatic events, any husbandry procedures:
Determine when the condition first became noticeable and attempt to relate that to
shearing, crutching, joining, drenching, moving from one pasture to another, or any
other management events. Determine whether the problem has happened on previous
occasions.

*  Relationship to introductions: Is the affected group a purchased or a home-bred mob? If
introduced, the time and source of the introduction should be noted.

*  Gathering some basic epidemiology: The problem should be quantified, if possible, based
on the number of sheep in the flock and in affected groups, their sex, age and other
identifying factors. The number affected, number of sheep dying and the time sequence
and pattern of disease occurrences should be recorded.

*  Gathering the general management history: This should include joining and lambing dates,
length of joining, shearing and crutching dates, weaning dates, normal drenching and
vaccination dates.

*  Gathering the specific management information: The details of anthelmintics, vaccines,
supplementary trace element and vitamin nutrition should be collected, including
products, dosages and frequency of treatment.

*  Gathering the nutritional history: In addition to trace element and vitamin supplementation,
other supplementary feeding programmes should be noted. If hay, grain or silage is used,
the amount provided and the frequency of feeding should be noted. Supplementary feed
should be calculated to a daily rate per head, in grams.

Other information relating to specific problems which should be collected with the history
is discussed in more detail in the chapters dealing with particular syndromes. For example,
you may need to know much more about fertiliser treatments, the source and health status
of introduced sheep, stocking rates, nutritional supplements, parasite control approaches and
other management interventions, depending on the problem being investigated.

The information gathered should be recorded for future reference. Usually, taking

contemporaneous notes is best. By the time the history is collected, much more should be
known about the context of the problem — the flock size and type, the management system,
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the animals affected, the broad nature of the problem — but also a sense of the owner’s skill
and experience and an appreciation of the persistence of the problem. It is important for the
veterinarian to decide, for example, if the producer is a very able and experienced person who
has battled the problem for years, finally calling in the veterinarian for assistance, or if this
is a first-time occurrence of a relatively minor or straightforward problem. Elucidation of the
intransigence of the problem and the ability of the producer will provide an indication of the
expected scope of the investigation.

Step 3: The environment

If and when appropriate, the veterinarian should ask to be taken to see the sheep at pasture. This
may involve an inspection of all of the different mobs on the farm or just a sample of the mobs.
Inspecting the sheep at pasture also provides an opportunity to review the infrastructure of the
farm. The veterinarian should note the quality of the sheep-handling facilities and the existence
or not of a laneway system for moving sheep to and from the handling yards. Pastures should be
inspected to determine whether they are improved, well fertilised and relatively weed-free. The
current state of the pastures in terms of proportion of green or dry and the availability should be
noted. Pasture availability may also provide some insight into the stocking rate of the pastures,
particularly if pastures are set-stocked rather than rotationally grazed. Watering points should
also be inspected to determine the ease of access of sheep to good-quality drinking water.

Step 4: The sheep at pasture

The sheep should be examined as a flock undisturbed at pasture. Examination should include
both the affected groups and at least some of the non-affected groups. If possible, the mobs
should be inspected first with relatively little disturbance and with any sheepdogs remaining
in the farm vehicle. Some lameness conditions are best assessed when the sheep are walking
quietly or grazing rather than when they are moving quickly. The mob should be observed as
a whole in order to decide whether some animals have isolated themselves and are behaving
differently from their flock mates.

After inspection without disturbance the mob could be gathered, provided it is safe to do
so. Ewes with young lambs should not be disturbed, if possible. Moving the sheep to close-by
yards or to another part of the paddock will enable an assessment of exercise tolerance and
lameness. Coughing may not be apparent in some cases until the flock is made to move quickly
for a short distance.

Presenting signs such as diarthoea (based on presence of dags), lameness and fleece
derangement are readily evident from an inspection of the mob at pasture, and a rough estimate
of prevalence can be made. The general health and condition of the sheep can also be assessed by
observing the fullness of the abdomen, or an obvious excessive range in size or condition. In the
case of lambs, healthy, well-fed lambs are strong, and they run quickly and play, while unhealthy,
underfed lambs adopt a more sedate or plodding form of walking. The &/oom on lambs which are
still on their mothers provides an indication of the quality of the lactation of the ewes.

It is possible to catch individual sheep in the field. Usually a producer with a good dog can
hold a mob in a corner of a paddock while one or more sheep are caught for closer examination.
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If this is done it is essential that the corner has sound fencing and does not include a boundary
fence. If the sheep press onto the fence and break through, the veterinarian may be deemed at
least partly responsible.

It is possible to complete this section of the flock work-up by inspecting the flock or a
mob in the sheep yards. This is generally not as satisfactory as examination at pasture because
behaviours can be dramatically changed by the stress of mustering. Lameness, for example,
may be much less evident in the yards than when the sheep are inspected without disturbance
in the field. Nevertheless, when a flock or mob is confined in a yard it is much easier to catch
multiple individual sheep for more detailed examination.

Step 5: The sheep close up

In most instances, after the sheep have been examined as a group, individual sheep need to
be examined in order to either confirm a diagnosis or to provide further clinical evidence, or
specimens, so as to help arrive at a definitive diagnosis.

The technique for clinical examination of the individual sheep is described elsewhere (for
example, Jackson and Cockcroft (2002) — see Recommended Reading below).

Condition scoring and body weighing

Sheep are condition scored on a 1 to 5 scale.” Scoring is best done with a group of sheep
standing in a race. It is often useful to condition score a random sample of the flock (20
to 30 animals), to record the scores and to calculate an average. Condition scoring provides
an instant assessment of the nutritional status of the sheep and can be used as a basis for
continuing monitoring. The condition score should be related to the current physiological state
of the animals. For example, a mean condition score below 2.0 of a group of late-lactation,
prolific ewes may be acceptable and normal. The same condition score in late pregnancy could
well be associated with a high risk of pregnancy toxaemia, high lamb mortality or long-term
negative effects on the productivity of the progeny.

Weighing a sample of the flock can also be useful as a basis for monitoring, but without
a benchmark or a second weight for comparison it is not possible to use bodyweight alone as a
diagnostic clue for adult sheep. For young sheep body weighing can be very useful, particularly
when compared to the reference weight for adult sheep of the same genotype. For example, the
mean body weight of a group of weaned Merino lambs can be very informative about the risk
of malnutrition and death as a result of poor feed quality.

Sampling the flock

Specimens are frequently collected from live sheep to aid the diagnostic process. Tissues
typically include blood (for biochemistry such as trace element nutrition, and for immunology
such as the detection of rising titres to infectious disease as well as for proving disease freedom)
and faeces for parasitological diagnosis.

It is important that sufficient numbers of animals are sampled but, frequently, too few
are tested to produce dependable results. The more animals that are tested from the one
management group, the more reliable is the estimate of the mean value (Figure 1.1). For
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very variable parameters, such as faecal egg counts, 10 is the lowest number of animals that
should be sampled to usefully estimate the mean value for the group from which the sample
of animals was derived.®’ The higher the number tested, the narrower the confidence interval
around the estimate. Note that the confidence interval around the estimate of a mean is, for
large populations and small sample sizes, independent of the population size. It is misleading
to suggest that an appropriate sample size can be based on a percentage of the population —
it is the absolute size of the sample that matters, not the size of the population from which
the sample is drawn nor the relative size of the sample compared to the whole population.
One should choose an appropriate sample size based on the desired level of accuracy and
the degree of variability within the population (the standard deviation) using standard and
straightforward statistical formulae.

Remember what confidence intervals tell us — in the case of 95% confidence intervals,
we are 95% confident that the true population mean lies within the range specified. Another
way to consider this is that, if we took 100 samples of a particular size and estimated the mean
and 95% confidence limits each time, we would expect that the true mean would lie within
that range on all but five occasions.

Necropsy

Necropsy of sheep is a very valuable diagnostic tool and the opportunities it presents should not
be wasted by poor techniques or lack of specimen collection for expert review in a diagnostic
laboratory. The sheep chosen for necropsy should be recently dead or sacrificed on the basis
of advanced clinical signs. Multiple necropsies are advisable — three animals with consistent
evidence of similar syndromes give much more compelling evidence than just one animal.
Every opportunity to collect tissues for further examination should be made — including
the gastrointestinal tract for total worm count (faecal egg counts are zor useful in one animal
or animals in ill health), liver sections for trace element assays and a full set of tissues for
microbiological and histopathological testing — including brain.
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THE SHEEP FARM AS A BUSINESS

INTRODUCTION

This chapter is intended for veterinarians working as rural practitioners and servicing the
grazing industries who wish to better understand the financial environment in which their
clients operate their businesses. The objective of this chapter is to explain some of the economic
tools used to describe and plan farm businesses and to provide some examples which illustrate
their size, financial structure and economic constraints. In general, veterinarians do not have
access to the details of their clients’ business arrangements but, with some knowledge of
industry norms, veterinarians can provide advice which includes consideration of the likely
economic impact on the farm business. When veterinarians make recommendations which
include accurate economic assessments, their credibility is enhanced and the client benefits
from the sound and appropriate advice.

Advice is economically sound if the net financial benefit which arises from implementing
the advice increases profit or decreases the risk of loss for the farm business. Such advice is not
always easy to give, for it demands a proper appreciation of the whole farm system, not just the
isolated component currently under investigation. For example, consider a farm in southern
Australia on which a client’s spring-born Merino weaners are dying during the summer from
malnutrition as a consequence of their low body weights. The client could be advised to move
the time of lambing to autumn or winter to ensure that the weaners are better grown before
summer. While this advice is technically correct — earlier-born weaners will be bigger by
summer — it is not the best advice that a veterinarian can give. An earlier lambing will also
have the effect of decreasing the productivity of the ewes. The client, if he or she took the
advice, might lose more money from the poorer productivity of the ewes than he or she gains
in better weaner health. An economically sounder solution could be to institute handfeeding
with high-energy supplements earlier before the weaners lose weight. Veterinary advice should
take into consideration the effect of any changes on the economic structure of the business
as a whole, not just a single component. The need to adopt a systems approach when advising
changes in farm activities is discussed further in Chapter 3.

When making recommendations which involve substantial up-front costs, veterinarians
often need to make judgements about the financial strength of a farm business, even though
the details are usually not available to them. Not all farm businesses are sufficiently robust to
sustain extra expenditure unless the financial benefits materialise quickly. When veterinarians
do not know the financial position of the client’s business, an awareness of the financial position
of the ‘average’ farm can assist the development of recommendations. It may be wise to offer
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a range of options, so that the client can choose one which is appropriate for his or her current
financial position.

For example, following the diagnosis of footrot on a property, the client may be correctly
advised that the disease is sufficiently serious to warrant eradication. It may be that the same client
is in a tenuous financial position with limited ability to fund any further capital expenditure
or employ further labour. The lack of funds will reduce the chance of a successful eradication
campaign; the extra expenditure may push the farm business over the brink of viability. It is of
little solace to a producer to have achieved eradication of footrot after three years if the farm
business is no longer financially viable. In such a case, appropriate advice would be to establish
effective, low-cost control measures which limit the effect of the disease while an experienced
financial adviser addresses the immediate financial problems which the producer is facing.

Advice which is economically inappropriate is unlikely to be adopted or, worse, may be
adopted and contribute to a deteriorating financial situation. Producers are accustomed to
receiving veterinary advice which they choose not to implement for economic reasons. In
the case of dairy farmers, it has been shown that producers generally do not perceive their
veterinarian as competent in farm finance or business management"?, with implications,
therefore, for compliance with veterinary recommendations. The same attitude is likely to be
common amongst sheep producers. Producers continue to have trust in their veterinarian and
to use veterinary services to make diagnoses, but the perceived lack of financial wisdom of
the veterinarian often means that the veterinarian’s suggestions for managing a problem are
ignored or highly modified by the producer. Producers do not necessarily doubt the science
behind veterinary advice, but they may question its practicality for farm businesses.?

In order for veterinarians to give appropriate and effective advice, with an expectation of a
high level of producer compliance, several elements are necessary. First, it is important that they
understand the basic financial structure of farm businesses. This means having an appreciation
of the economic operation of farms in general, even if information about the specific client is
unavailable. Second, veterinarians need to understand the effects that particular management
strategies have on the profitability of those businesses. Third, it is often best to offer a range
of options when advising clients, particularly if doing so without privileged insights into the
client’s financial affairs.

SOME BASIC ACCOUNTING — FINANCIAL STATEMENTS

It is possible to gain useful insights into the soundness and profitability of a business by
examining its financial statements. Two of the most useful and familiar statements for this
purpose are the Balance Sheet and the Profit and Loss Statement. While most veterinarians
in general practice will not have access to a client’s financial statements it is still useful for
veterinarians to be familiar with accounting terminology and the financial structure of farm
businesses.

Balance sheet (also known as the Statement of financial position)

The Balance Sheet is a list of the assets and the liabilities of the business. An asset is an
item which is of value to the business — which could be sold to realise cash. Assets usually



THE SHEEP FARM AS A BUSINESS 17

enable the business to produce income or, in the case of cash, allow the purchase of income-
producing items. Assets include buildings, tractors, livestock and cash in the bank. Assets can
also include debts owed to the business. In veterinary practice, for example, clients who do not
pay for veterinary services immediately but delay payment for some days or weeks are known
as debtors of the business and constitute an asset of the business. Similarly, farmers waiting for
their wool cheque from their wool-selling agency after the wool is sold have that agency as a
debtor to the farm business.

In contrast, debts owed by the business are liabilities. In most businesses, loans to the
business constitute the major liabilities, and these loans are usually made by banks or private
individuals. These lenders are known as creditors of the business. In veterinary practice,
suppliers of pharmaceuticals to the practice may wait up to 30 days or more for payment. After
they have supplied the goods and while they are awaiting payment, they are creditors of the
business.

In accountancy terms, the business rather than the proprietor owns the assets. The proprietor
is one of the creditors or suppliers of funds to the business — along with the bank, the stock
firm, relatives or anyone who has lent money to the business. The liability of the business to
the proprietor has a special name — equity, or owner’s equity. It represents the capital funds
introduced to the business when the proprietor started it and so is often referred to on Balance
Sheets as the owner’s capital account. Equity is the farm owner’s investment in the farm business.

By definition, on a Balance Sheet,
Assets = Liabilities + Equity

The Balance Sheet, therefore, is always in balance. The top part of the Balance Sheet (Table 2.1)
lists and totals the assets of the business; the second part lists and totals the liabilities and the
owner’s equity. The two totals will always be equal.

The Balance Sheet demonstrates how much money the owners could realise if they sold
all the assets and paid all the debts. It shows, therefore, the financial position of the owners
in relation to the business at any one point in time. It does not reflect the profitability of the
business, although inferences could be made (with knowledge of the likely productivity of
their particular enterprise) about the viability of the business. The farm business is viable if
it has the ability to service (pay interest on) its debts and still have some money left over to
provide the farm family with living expenses. If it does not have that ability, its debts will
increase and the owner’s equity will decline.

A simple Balance Sheet is illustrated in Table 2.1. The farm business had, at July 2017,
assets worth a little over $2.8m. Another way to say this is that ‘the farm is worth $2.8m’. The
farm business has liabilities of $120 000 — a loan from a relative, perhaps one whose share in
the farm was purchased by the present proprietors but who was not paid in full, preferring to
be paid interest by the farm business. The other ‘loan’ is a bank account that has an overdraft
facility but is currently not overdrawn and that has, therefore, a zero balance.

By definition, the remainder of the value of the farm business belongs to the two proprietors

of the business — the farm owners. If the farm assets are truly valued at current market values,
then the farm could be sold and all debts ($120 000) paid; and the proprietors would keep
the rest of the proceeds. This amount ($2 688 500) is their equity in the business. Equity is
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Table 2.1: Balance sheet for a sheep farm business.

sometimes expressed as a percentage of the total assets. These proprietors have 2 688 500 + 2
808 500 X 100 = 95.7% equity in their farm business.

Although it is not shown on the Balance Sheet, we can expect that the business has to
pay interest on its debts. The level of indebtedness will vary through the year but, if $140 000
were the average debt, the interest bill might be around $7000 per annum, depending on
the interest rate. This amount of interest will show on the Profit and Loss Statement, because
interest is one of the expenses of the business. On some farms, equity is very low and farm
debts are very high. In such cases the interest bill may be so high as to cripple the business —
because it cannot generate enough income to pay the interest. A business which cannot pay the
interest on its loans without further borrowings is not viable.

Profit and Loss Statement (also known as the Income statement)

The Profit and Loss Statement reveals the revenue earned and the expenses incurred in the
operation of the farm business over a defined period — usually a financial year but sometimes
a shorter period. Revenue earned on-farm normally comes from the sale of produce (wool,
meat, livestock, milk, grain, etc.) and expenses are those monies spent on products completely
consumed in the production process (shearing, drench, fuel, etc.) rather than on assets with a
much longer life (buildings, tractors, etc.) or family expenses unrelated to the farm production
(clothes, groceries for the immediate family, school fees, fuel for the family car, etc.). In
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Table 2.2 the Profit and Loss (P & L) Statement shows that the farm business made a profit in
the 12 months to 30 June 2018 of $241 502. There are several important points to notice
in this statement.

Different types of expense account

Each line in the statements relate to one item or account. The expense accounts in the
P & L Statement can be classified into several categories. Payment of interest, for example,
is a financial expense. A major distinction exists between wvariable and fixed expenses. The
difference between these two categories is important in some forms of farm financial analyses,
which will be discussed below. Variable expenses are those which vary with the size or intensity
of the enterprise. Note the first seven expense accounts in the example shown in Table 2.2. If
there were no sheep on the farm, these would have zero balances — that is, nothing would be
spent on shearing, animal health, etc. These are examples of variable expenses because they
would become bigger if the enterprise were to run more sheep. Other costs would not vary if
there were more sheep; administrative costs, rates and taxes, insurance for fences and sheds, for

Table 2.2: Profit and Loss Statement for a sheep farm business.
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example, would remain the same. These costs are fixed — they exist whether the paddocks are
stocked, cropped or empty.

Owner’s labour

On this farm, the owners have supplied the main portion of the labour and management of
the farm. The sum of $241 502, therefore, represents the reward for their management and
labour and provides a return on their equity (their financial investment in the farm business).
If the two owners had paid themselves a proper ‘wage’ for their work on the farm the surplus
would have been substantially smaller. Being owners rather than employees, funds which they
withdraw from the business to spend on personal items are termed drawings, rather than wages.

Return on capital

The total capital value of the farm is $2 808 500. In order to estimate the value of their farm
and farm business as an investment, the owners could allocate a value to their labour and
management of, for example, $100 000, leaving a surplus of $141 502. That surplus, expressed
as a percentage of the total capital value, represents a 5% rate of return.

Return on equity

If the surplus is expressed as a percentage of their equity ($2 688 500), the owners could
consider that they have received a 5.2% return for their investment (their equity) in the farm
business.

Allocation of the profit

Assuming the family do not withdraw all of the profit for personal expenses, there is a surplus
produced in the 2017-18 year which can be applied either to reinvestment in the farm infrastructure
(a new piece of equipment, for example, or a new farm building) or to debt reduction. Either way,
if spent wisely, the expenditure should increase the likelihood of future profits in the business.
Alternatively, the family may choose to withdraw some of the profit for investment off-farm.

Depreciation

Depreciation of the value of some assets is an expense of the farm business but is not a cash
expense. It is an expense on paper only. It is good business practice to account for the decline
in value of farm assets like tractors, shearing plant, etc., and this allowance for depreciation is
deductible from taxable income. Nevertheless, in the example in Table 2.2, the net farm cash
income is actually $24 000 higher than the profit shown because the effect of the depreciation
of assets will not be realised until the depreciated assets are sold.

Cash flow

The business received interest as income but also paid interest as an expense. This fact reveals
an important characteristic of cash flow on sheep farms. Income in sheep enterprises is largely
derived from a few major events each year, such as shearing and sheep sales, which often occur
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within just a few weeks or months of that year. When wool or sheep are sold, some short-term
debts (such as bank overdrafts) are paid, while surplus cash is invested in term deposits (for
three to six months, perhaps), and the farm business receives some interest from the invested
funds. Core debt, such as farm mortgages or other long-term loans, is not repaid because some
cash will be required for operating funds during the year. By the time shearing and sheep sales
come around again, cash could be in short supply and the business may be operating with
bank overdrafts again. One can see that, if farm debt were high, interest expenses could be so
high that the interest bill would exceed the profit. When that happens, unless remedial action
is taken, additional funds must be borrowed every year. The farm business can then fall with
increasing speed into overwhelming indebtedness.

FINANCIAL PERFORMANCE OF FARMS PRODUCING SHEEP

The types of farms running sheep in Australia cover a broad range, from those which are
specialist wool or lamb producers to those with a mixture of several enterprises with sheep
forming a small part of the whole farm business. The size of flocks also varies considerably.
A commercial flock may consist of just a few hundred ewes to 20 000 or more.

A family-operated farm — still the most common type of farm business in Australia —
might need to run 3000 or more ewes to provide a satisfactory income for the family, if sheep
were the only farming enterprise on the farm.

The statements in Table 2.2 are an example of the financial statements for a family-
operated sheep farm of 7800 dry sheep equivalents (DSE?), running 3000 adult ewes on
800 hectares. Most ewes are mated to Merino rams but some are mated to meat-breed rams,
producing first-cross slaughter lambs. Farm income is of the order of $189 per ewe present,
which includes wool from the ewes, ewe hoggets and lambs, as well as the sale of crossbred
lambs, Merino wether weaners, cull ewe weaners and cast-for-age sheep. Fleece values of adult
Merino sheep have generally ranged between $30 and $60 in the decade to 2018 and the sale
price of lambs at slaughter age has ranged between $80 and $150. Many factors influence these
values, but some knowledge of the approximate productive value of sheep is essential to the
process of advising producers about health and management strategies. Note also that profit is,
in this example, about $30 per DSE but might be significantly less than that if the true value
of family labour was included as a cost.

It is of interest to examine some financial statistics collected from lamb-producing farms
across Australia. The following statistics for these farms, as discussed below and illustrated
in Figure 2.1, are supplied by the Australian Bureau of Agricultural Resource Economics
(ABARE).> Farm businesses reported here are those which derive a significant portion of their
income from lamb sales by selling 200 or more lambs per year. Most such farms operate with
a mixture of enterprises, including cropping and beef cattle.

In 2016-17, around 18 000 Australian farms sold more than 200 lambs for slaughter and
nearly half of those sold more than 500 annually. About half of the total number of slaughter

a A dry sheep equivalent (DSE) refers to the nutritional requirements of one head of livestock compared to
that of a non-reproductive adult sheep. A ewe is typically rated as 2.0 to 2.5 DSE. See Chapter 6 for further
discussion.
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lambs produced came from farms selling 500 to 2000 lambs annually. These farms also receive
income from wool and, usually, other farming enterprises.

o 'The average farm cash income for such farms over the past decade has ranged between
$120 000 and $265 000 (Figure 2.1). Farm cash income is defined as total cash receipts
less total cash costs. Cash costs include interest payments, employed labour, fertiliser,
repairs and maintenance, etc. Cash income has been highly variable over the past 20 years
as a consequence of variation in seasonal conditions and in the price received at sale for
lambs, adult sheep, wool, beef and crops.

*  Average farm business profit — defined as farm cash income adjusted for changes in the
livestock and fodder inventories over the year, depreciation of assets and an imputed cost
for unpaid family labour — was $141 000 in 2016-17.

e Farm business profit is strongly influenced by the level of indebtedness and therefore by
the size of the annual interest bill. For example, a farm with a debt of $500 000 borrowed
at 6% will pay $30 000 per year in interest.

e 'The average farm debt on lamb-producing farms in 2016-17 was estimated to be
$736 000. Most farms operators (around 60%) have 90% or greater equity in the farm
business, but 12% are operating with equity below 70%.

* Interest payments have consumed between 6% and 10% of farm cash income on lamb-
producing farms over the decade to 2017.

e The average rate of return on total capital invested in farms has ranged between —1% and
5% over the past 20 years, but it fluctuates markedly between farms in response to the
level of indebtedness, commodity prices, the mix of enterprises on each farm and
the quality of management.

Figure 2.1: Average farm cash income from 1995-96 to 2016-17 (in 2017 dollars) for farm businesses
selling more than 200 lambs per year lamb. Drawn by KA Abbott. Based on data from ABARE surveys,
Department of Agricutture and Water Resources; see van Dijk, Frilay and Ashton (2018).2
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On farms deriving a large proportion of income from wool, the levels of income and profit
have largely followed the fluctuations in the wool price (Figure 2.2). Through the latter part
of the 1980s the market price was held artificially high by the Reserve Price Scheme, but the
floor price was dropped dramatically to 700 cents per kg clean in June 1990 before the price
stabilisation scheme was abandoned completely in February 1991. Prices commenced recovery

in May 1993, only to fall again from mid-1995.

Rapidly rising meat prices since around 2003 led to a substantial shift in emphasis in the
Australian sheep industry, away from wool production and into meat production. There has,
however, been a marked increase in the wool price since 2010, with prices for wool in 2018
higher than at any time since 1988 and, in US dollar terms, the highest ever received.

Conclusions from financial measurements

Two points arise from these statistics. First, the figures produced from farm surveys reflect
average farm performances. The performance of the best farms is substantially better than the
worst. Some of the differences between farms can be attributed to sheep management strategies
which are associated, directly or indirectly, with health and production plans. Veterinarians
have a role in developing and implementing these plans and can, therefore, assist in turning
loss-making farms into profitmaking farms.

Second, one has to wonder why farmers would tolerate low incomes and low returns on
equity during periods of sustained low commodity prices. Some part of the answer lies in
the choice of lifestyle and in the fulfilment of family tradition but, from a purely financial
point of view, farms have represented a good investment over the long term because of capital

Figure 2.2: Wool price reflected by the eastern market indicator (EMI), in nominal terms, from
1988 to 2017.The EMI is a commonly used index of wool price, related to the price received
per kg for an ‘average’ fleece, on a clean-wool basis. Source: KA Abbott.
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growth — that is, increase in the value of farms over time has proceeded faster than inflation.
Provided that equity is high and farm business profits are on average positive, farms do
represent a good investment in the long term. Consistently achieving positive business profit in
the sheep and beef industries, however, increasingly demands high standards of management.

ECONOMIC ANALYSIS OF ENTERPRISES AND STRATEGIES

The previously discussed statements, the Balance Sheet and the P & L Statement, are useful
documents in that they are readily available and they give a broad overview of the state of health of
a business. They suffer from the drawback that they are prepared primarily for taxation purposes
rather than as aids to identification of problem areas in the business structure or in its performance.

Consequently, other economic tools have been developed to provide insights into farm
businesses and as an aid to farm planning. The two most commonly used tools are gross margin
analysis and partial budgeting but there is a range of other, more sophisticated techniques
available, including linear programming and whole-farm economic modelling. A recent example
of the latter technique is provided by van der Voort et al. (2017).6

Partial budgeting

A budget is a statement of expected income and expenses for a period of time in the future. In
a partial budget, two or more alternative plans are compared with budgets which show only
the extra expenses and extra income associated with each alternative. The budget is partial
because only items which are relevant to the proposal are shown. It is a common procedure
for evaluating veterinary intervention in grazing enterprises, such as improvements in worm
control which might be achieved by altering the frequency of anthelmintic treatment, for
example, or by examining the costs and benefits of a proposed vaccination programme.

Gross margin analysis (GMA)

A gross margin is the difference (the margin) between gross income and variable costs. In a gross margin
analysis, the gross margins of particular farm activities (for example, wool from a wether flock, wool
and lamb production from a prime lamb flock, vealer production from a beef herd, wheat grown
from a cropped paddock) are calculated and compared in order to assist in farm-planning decisions.
GMA ignores fixed and financial costs because these are unique to each individual farm and each
farm business and do not usually affect the financial merits of the enterprise under review.

Gross income is the value of the total production from the enterprise for the period of time
under analysis. It is not the same as total income for the period, for it does not include products
sold in the analysis period which were produced outside the analysis period, but it does include
products arising in the analysis period which remain unsold at the end of the period.

Variable costs are the expenses incurred for resources consumed during the analysis period
which vary with the intensity of the activity. They are also called direct costs, because they are
costs which can be attributed directly to the operation of the enterprise, rather than the costs
which occur whatever enterprise is run.

The P & L Statement from Table 2.2 can be used to calculate a gross margin for the farm of
J Smith & Son (Table 2.3). This farm runs sheep on 800 ha and has 7800 dry sheep equivalents
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Table 2.3: A gross margin analysis for the 7800 DSE Merino sheep flock of | Smith and Son,
running on 800 hectares. The flock includes 3000 medium-wool Merino ewes, some of which are
joined to Merino rams and some joined to a terminal sire for crossbred lamb production.

(DSE). In comparing farm activities, it is usually necessary to compare gross margins relative
to another resource. Gross margins are frequently quoted on a per hectare (GM/ha) basis, so
the gross margin for the sheep enterprise is $474 per hectare. Occasionally, gross margins are
quoted on a per-head or per-DSE basis. These references are usually less useful because stock
numbers are rarely the limiting resource for graziers; but land area and capital funds are. Gross
margin per head is 7ot constant with stocking rate, nor is gross margin per hectare. Producers
are much more likely to wish to maximise gross margin per hectare than gross margin per
DSE, and the two maximum points rarely occur at the same stocking rate.

Note that the gross margin is not the same as profit. Profit in the above example could be
calculated by subtracting fixed and financial costs from the gross margin.

The application of gross margin analysis

Gross margins are used particularly for two purposes.
1. For farm planning;

This process involves comparing alternative management strategies for the operation
of an enterprise — for example, to compare the gross margin likely to be achieved
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from a Merino flock keeping wethers to two years of age, rather than selling them as
weaners.

e  This process involves comparing alternative enterprises within the one farm business;
for example, to compare the gross margin achievable from a Merino flock to that
from a beef herd. Frequently, such comparisons lead to changes in the relative scale
of enterprises on the farm. While wool prices remained low in the first decade of
this century, many graziers have scaled down their Merino flocks and scaled up their
prime lamb flocks, their beef herds and their cropping operations, all of which had

similar or higher gross margins than Merino flocks in many districts.
2. For farm analysis:

e Gross margin analysis can be used to highlight inefficient practices in the operation of
farm activities, particularly by comparing details of the analysis to a district standard
or to other farms in the district (an inter-farm comparison).

There are a number of limitations to the application of GMA for these purposes but, provided
care is exercised, the process can be particularly useful. The advantage of GMA is that fixed,
financial, personal and tax expenses can be ignored in the analysis. While these expenses
can vary markedly between farms, they are difficult to allocate to parts of farms or specific
enterprises within farms. In any case, those expenses are unaffected by the operation of any of
the possible enterprises and are therefore irrelevant to the comparisons.

One of the frequent criticisms of the GMA technique is that it fails to properly account
for differences in the requirements for capital resources, particularly capital funds and labour,
between different enterprises. Other criticisms include the technique’s failure to account for
longer-run effects of different enterprises, complementarity between enterprises on farm, and
taxation and cash-flow implications involved in different enterprises.

Some expenses are difficult to describe as completely fixed or completely variable. For
example, should fertiliser and pasture renovation be considered variable expenses? Labour is
also difficult to allocate, partly because it behaves economically in a lumpy or step-wise fashion.
If labour is a slack resource (under-utilised), a more labour-intensive enterprise may not increase
expenditure on labour. At some level of labour utilisation, however, increases in intensity will
add a quantum amount to labour expenses.

Modified gross margin analysis

It is possible to overcome some of the principal weaknesses in GMA for evaluation of alternative
sheep or cattle management plans by making allowance for changes in requirements for capital
and labour. Whereas it would not be correct to include changes in required capital as either
an expense or source of income, we could allow for the opportunity cost of the capital required.

Opportunity cost

This is effectively the income forgone by investment of capital funds into a particular activity.
In many cases, opportunity cost is equivalent to the interest foregone by not investing in an
alternative money-making scheme, or simply the cost of bank overdraft interest if additional
funds are provided by a bank loan. The major changes in capital often relate to the size of the



THE SHEEP FARM AS A BUSINESS 27

Table 2.4: A modified gross margin analysis of a 2600 DSE Merino ewe enterprise, for comparison
toTable 2.5.

flock or herd, so we can introduce the opportunity cost of the value of the stock as an extra
expense when comparing plans with different numbers or types of livestock. The capital can
be recouped by selling the livestock at some time in the future, if desired, but in the meantime
there is income foregone from alternative uses of the money invested in the livestock.

Accounting for labour expenses in GMA can be done by allocating a particular value to
the cost of labour per head or per DSE. For example, in the modified GMA of the ] Smith and
Son flock, the allocation of labour costs has been $30 per ewe (Table 2.4). This is equivalent
to saying that one labour unit costing $90 000 per year can manage a 3000-ewe flock
single-handedly.

Using a modified gross margin analysis to compare enterprises

Let’s assume the Smith family have purchased an additional 250 ha property adjacent to their
existing farm. They are considering either an expansion of their current sheep enterprise or
a beef cattle enterprise. In either case, the extra livestock will need to be purchased. They
can buy 1000 Merino ewes for $120 each or 175 cows at $1500 per head. Once stocked,
and with young stock on the property as well, those numbers represent the same grazing
pressure — about 2600 dry sheep equivalents. One of the factors which attracts the Smiths to
a cattle enterprise is their lesser requirement for labour per DSE compared to breeding ewes.
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A normal gross margin analysis does not account for the differences in capital cost of livestock
or the labour requirement of each enterprise, but a modification of the gross margin analysis

technique can include those expenses (Tables 2.4 and 2.5).

The comparison of the gross margins for the two enterprises suggests that the Smiths
would not be wise to replace their sheep flock with a cattle enterprise. The gross margins,
however, are reasonably close, so the difference may be sensitive to assumptions which have
been made about the prices received for produce, or the costs of livestock. A sensitivity analysis,

exploring the effect of varying the assumptions, is likely to be worthwhile.

Note that the difference in the funds required to purchase the ewes ($120 000) or the
cows ($255 000) has been included by allocating the opportunity cost of the capital at a value
of 6% of the capital cost.

Table 2.5: Gross margin analysis of a 2600 DSE beef cow herd selling vealers, using a modification
to account for the opportunity cost of capital expenditure and the imputed cost of labour. The
gross margin is directly comparable to that in Table 2.4, because both are scaled to the same
number of DSE, so both enterprises are expected to require the same amount of pasture area.
Differences in labour requirement and capital investment required to buy cows have been
accommodated as described for modified gross margin analysis.



THE SHEEP FARM AS A BUSINESS 29

Even if the cattle enterprise appeared to be a better option, additional factors deserve
consideration. These include any additional capital costs required for a switch to cattle production
(for example, strengthened fencing and water troughs, cattle yards) and their own expertise in
managing cattle. However, there may be complementarity between the two enterprises which
favours the cattle enterprise — such as differences in the timing of major labour-intensive
husbandry events, such as calving, calf marking, shearing, lambing, lamb marking, etc.

Gross margin calculations often contain more detail than given here. For example, income
might detail the expected wool cut and wool price from ewes, wethers, hoggets and weaners.
Similarly, income from cattle might show the relative contribution from sale of cows, finished
vealers, store vealers and bulls. This enables some assessment of the degree of optimism or
pessimism employed in the comparison. Details have been omitted here to avoid confusing the
general application of GMA with the details, which vary from year to year.

Gross margin analysis is used at several points in later chapters of this book, particularly
to evaluate procedures which involve major changes in the operation of the flock, such as
alternative genotypes, changing reproductive rate and optimising stocking rate. One strategy
we will discuss is the optimisation of flock structure, and we can use a GMA approach to
come to general conclusions about the optimisation of flock composition and the sensitivity of
the gross margin to alternative compositions. Computer models are frequently used for this
purpose because the number of mathematical relationships requiring recalculation for a range
of strategies can be tiresome if done by hand and calculator, particularly where the results are
sensitive to small changes in a large number of variables, such as the decline in productivity of
ewes and wethers with age. White® used a comparison of gross margins to evaluate change in
the reproductive rate of sheep flocks and the gross margins were calculated by a computer model
which considered a very large number of effects and interactions for a large set of environmental
conditions.

GMA hasalso been used in veterinary fields to justify an increased level of veterinary services
to dairy farms. A four-year controlled study of a dairy herd health programme conducted from
the Melbourne University Veterinary School from 1973 to 1977 was evaluated in economic
terms using a GMA.* Gross margins per hectare on farms using the herd health programme
were increased by $23, $1, $43 and $68 in each of the four years, relative to surveillance
farms which did not have herd health programmes. The method and the conclusions, however,
were challenged by economists who argued, inter alia, that GMA was not the best method of
analysing the results.’ Johnstone et al.® used GMA in analysing a field experiment to show that
suppressive treatment (11 per year) with anthelmintics was financially superior to preventive,
curative and salvage treatment. While the result was correct, it has since been demonstrated
that the suppressive treatment was not optimal, either — other untested strategies are now
known to be better.

This report is a straightforward application of GMA for those readers interested in a simple
illustration of the technique. It should be noted both that only a few income and expense items
are used and that the results could equally well have been analysed with a partial budget. In
other more recent studies, the impact of ovine Johne’s disease on the gross margin of sheep
flocks in Australia and the losses associated with bovine viral diarrhoea virus in a dairy herd in
Europe were assessed using the technique of gross margin analysis.”?
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THE SHEEP FARM AS A PRODUCTION SYSTEM

SHEEP FARMING IS A PRODUCTION SYSTEM

Successful sheep producers enjoy the benefits of a profitable farm business and also receive personal
satisfaction from the physical appearance of their animals, pastures and farm environment. In
many cases they would like to do more to enhance the health and welfare of their livestock,
or to improve their infrastructure, but they are constrained in their ability to do so profitably.
These constraints can be described almost completely by two economic principles. The first is
that, when a certain level has been reached, it is no longer worthwhile to spend more in order
to increase the health, welfare or productivity of their flock. This fact is encapsulated in the
principle referred to in the study of economics as the law of diminishing returns.

The second is that most of the management strategies that producers put in place have
effects on a wide range of farm and flock events, such that many husbandry decisions reflect
a compromise between multiple outcomes, none of which is as good as one might hope but
all of which, when combined, represent a result which is the best overall outcome. This is a
consequence of the systems behaviour of farm businesses.

These two principles are critically important in determining how a sheep farm (or any
complex production system) operates; and a thorough appreciation of these will help the farm
advisor in two ways — first, to understand the drivers behind the decisions that successful
producers make, and second, to ensure that veterinary advice that is given to producers is
economically and practically sound.

Sheep production and the law of diminishing returns

Sheep producers make a number of decisions about the management of their farm and flock
in order to have healthy, productive animals and a profitable farm business. It is not possible,
however, to have animals which are perfectly healthy or producing to their maximum genetic
potential and, at the same time, to be making a profit.! The cost of ensuring perfect health
or providing very high levels of nutrition exceeds the value of the production of the animals.
From experience, producers learn that inputs into an agricultural system obey #he law of
diminishing returns and the relationship between inputs and production (outputs) is curvilinear
(Figure 3.1). For a sheep farmer, inputs are items like veterinary treatments or additional feed.
There comes a point where the extra production gained by increases in inputs is not worth as
much as the cost of the extra input.

In economic terms, small changes in input or production (say, from point A to B or from
point C to D in Figure 3.1) are called marginal changes. It is rational, therefore, to continue to
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Figure 3.1: The law of diminishing returns. As the level of inputs increases, production also
increases but it does so at a declining rate. Eventually, at high levels of input, further increases in
inputs produce zero, or near-zero increases in production. An increase of one unit of input from
2 to 3 (point A to point B) increases production by 2.1 units. An increase of one unit from 7 to 8
(point C to point D) results in only 0.4 units of extra production. Source: KA Abbott.

increase the level of input as long as the cost of the marginal increase in input is less than the
value of the marginal increase in production. For example, if the units on both axes in Figure 3.1
were dollars, then an input of $5 would be rational (production of $16.60), but an input of $6
would not (production of $17.30). The extra dollar spent on inputs would return only $0.70.

The law of diminishing returns is virtually universal in biological systems such as sheep
production. It applies to the nutrition of sheep (an input) and the number of lambs they
produce, or the amount of wool they produce (outputs). It applies in a less obvious way to their
health. As an example, treating young sheep with anthelmintics three times per year may be
economically wise on farms in some regions of Australia, because it prevents severe losses of
production. Treating the sheep six times per year will reduce their worm burdens even further,
but the extra production they might make because of the lower worm burdens will not justify
the cost of the extra three treatments.

Producers take a whole-farm view

Producers also know that many of the management strategies that they employ on their farms
are interrelated, and that if they change one component of their management, there will be
impacts on multiple parts of the farm operation.

For example, a producer may decide to increase the survival rate of lambs by lambing the
ewes in the warmer month of October rather than the cold weather of August. Survival rate
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of lambs may improve but the lambs will be younger and lighter when pastures become dry
in summer. This may lead to an increase in weaner mortality in autumn and a decline in the
productivity and profitability of the whole farm business.

Experienced producers know that virtually all of the major management strategies that
they employ interact with one another. The whole farm, its climate, pastures and livestock,
are interrelated parts of a system. It is not possible to disturb one part of the system without
disturbing other parts. Improving’ one part may cause another part to perform very badly.

The skill of the farm manager is to combine resources — sheep, pastures, labour, financial
capital — in such a way as to maximise the return from the business as a whole. The return
may be simply the financial reward of a good profit, or it may be tempered with the sense of
achievement from establishing a farm of high ethical standards, with good animal welfare and
responsible management of the physical environment, or meeting a range of other personal
and business goals.

Science-trained advisers need a systems approach

A scientist’s education is usually broken up into disciplines, such as nutrition, agronomy
and animal health. Consequently, the tendency for scientists when advising producers is to
emphasise their own discipline area and neglect others. The challenge we have as veterinarians
servicing the needs of sheep producers is to know the extent to which our field of expertise
influences the productivity of the whole system. This does not require that we be expert in all
fields. It does require, however, that we are prepared to take a systems approach to formulating
advice for producer clients.

What defines a good production system?

The success of a production system is usually measured in economic terms. This does not
always perfectly predict the producer’s objectives, but it usually is close. The financial success
of the system cannot be described by simply recording the success of parts of the system, such
as the value of lambs sold, or the total income from lines of fleece wool. The financial success
must be measured in terms of the whole system and with consideration of the costs involved
in producing all income. For reasons discussed in the previous chapter, gross margins are often
used as tools to measure the productivity of farming systems. Because farm area is usually the
most limiting resource for graziers, gross margins are usually quoted as dollars of gross margin
per hectare (GM/ha). The objective of the farm system is, therefore, to maximise the GM/ha.
To achieve this, the components of the farm system will be optimised, rather than maximised.
For example, in one particular flock, the GM/ha may be $200/ha when the weaning rate of
lambs is, on average over a few years, around 85%. If additional funds are expended in an
attempt to increase the weaning rate, unless the increased return from a higher weaning rate
equals or exceeds the extra costs, GM/ha will fall. Thus, for that particular system, weaning
rate is optimal at 85% (assuming that a lower weaning rate is also less profitable).

Land area is not always the most limiting resource. Sometimes labour or capital funds
are the most limiting. In such cases, a farmer may wish to maximise GM/labour unit, or
GM/$100 of capital. In Australia now, it is uncommon for the availability of labour to be
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limiting, so GM/ha and GM/$100 of capital are the more common indices of farming success.
GM/animal is not a useful index of success of the system as a whole because maximal values of

GM/sheep or GM/DSE do not usually coincide with maximal values of GM/ha.

What are the boundaries of a farm system?

It is true that a farm is not a full system in itself but is part of a bigger system. For example, an
increase in meat production from one farm has an effect on the price received by all producers.
The effect is usually immeasurably small when only one farm is considered, so it is often valid
to consider that a farm system stops at the farm boundary. Regional policy makers cannot
simplify farm systems to this degree when fixing price schedules. Thus milk production from
dairy farms under restrictive licensing arrangements may operate with a quite different set
of farm objectives from those of wool production based on a wool price determined on a
deregulated world market. When working with individual sheep producers it is usually an
acceptable simplification to limit the system under consideration to the one farm.

Computers and farm systems

All agricultural systems are complex, and it is natural that computers are applied to describing
and understanding farm systems. Computer models in many cases replace simpler models
of the system which are drawn on paper or even exist only in the mind of the farm operator.
Computer models are unlikely to be perfectly accurate, but they should be at least as good
as any model we can devise without computer assistance and much easier to use. In many
cases, computer models have a useful educational role for advisers, alerting them to possible
consequences of new farm management strategies which previously had been ignored or
had not been quantified. Examples of sheep farm models include the decision support tool
GrassGro, from Horizon Agriculture Pty Ltd, which was developed by the CSIRO Division
of Plant Industry.

DESIGNING A SHEEP PRODUCTION SYSTEM

Once the decision has been made to operate a sheep production enterprise, there are a number
of key decisions which have to be made. These include

* the production objective: is meat, wool (or milk) the principal farm product?
*  the breed and genotype of the sheep

» the flock structure: what is the best age to sell ewes and wethers?

*  the stocking rate

o the time of lambing within the year

* the time of shearing.

Although these key decisions can be seen as something of a hierarchy, in that the first two
are long-term strategies which cannot be easily changed in one or two years, all of them are
interrelated and none can be considered in isolation. For example, to compare specialist sheep
meat production to Merino wool production, it is necessary to compare them on an equivalent
stocking rate basis and to ensure that the optimal implementation of each form of production
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has been considered. A meat-lamb production operation may be more profitable than a Merino
sheep enterprise which keeps all wethers to 4 years of age, but less profitable than one which
sells all the wether lambs at 6 months of age. Table 3.1 illustrates a comparison of the likely
profitability of a range of sheep production systems and flock structures, using gross margin
per hectare as the comparator. Such comparisons are strongly dependent on relative prices of
wool of varying quality (fibre diameter), as well as on meat and sheep prices; and the ranking
of the various systems can vary significantly both between years and within the same year.

The first two decision areas listed above (that is, the production objective and the breed
and genotype of the sheep) are often reviewed by producers and their advisers. Veterinarians
who develop a special interest in sheep production may be involved in decision making on these
two points through consultations with a sheep-farming client. Veterinarians who are in general
rural practice, rather than consultancy practice, are more likely to be providing their clients with
advice limited to animal health, reproduction and nutritional management. Nevertheless, these
issues are interrelated with the four major profit-drivers in the farm business — flock structure,
stocking rate, time of lambing and time of shearing — and it is important to understand
something of the relationship that these four factors have with whole-farm production before
making recommendations to improve particular aspects of flock performance.

PRODUCTION OBJECTIVES

Broadly, commercial sheep producers choose to focus on wool production, sheep meat
production or a combination of the two. Commercial producers require a supply of purebred
rams which are produced in specialist ram-breeding flocks — usually referred to as stud flocks.

Specialist wool production is based on the Merino breed of sheep. The classical form of Merino
wool production in Australia is based on the self-replacing flock in which rams are the only sheep
introduced onto the farm. All male lambs are castrated and the wethers are sold as lambs or
hoggets or at any age up to 5 years old or, uncommonly, at an age beyond this. Ewe lambs are
shorn as lambs, then classed as hoggets. Some of the ewe hoggets are retained as replacements for
the breeding flock and the remainder are culled. At 19 months of age ewes enter the breeding flock
at joining, and they are cast for age after four (usually) or more lambings.

The specialist sheep meat producer has a flock of ewes which, in Australia, most commonly
comprises first-cross (Border Leicester x Merino) ewes. The first-cross ewes are mated to a terminal
sire and all lambs (referred to as second-cross lambs) are sold, usually before the age of 8 months.
Ewes enter the breeding flock at 19 months of age or, if very well grown, 7 months of age, and are
cast for age after five (or more) lambings. Replacement ewes are purchased at around 15 months
of age and all rams are introduced. Second-cross lambs are also called prime lambs.

First-cross ewes are produced from Merino flocks in which maternal meat rams (such as
Border Leicester) are mated to a proportion of the Merino ewes. The male (first-cross) lambs are
sold for meat and the first-cross females are sold to prime lamb producers as lambs or hoggets.

Dual-purpose flocks based on the Merino ewe are becoming increasingly common as a
result of both increases in the price received for lambs and older sheep for meat, and an easing
in the relatively high value for fine wool since 2003.

Producers may choose to breed only Merinos, selling wether lambs for meat, or they
may mate some or all of the ewes to a terminal sire breed, selling all first-cross lambs for
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meat. Depending on the proportion of the breeding flock mated to terminal sires, it may be
necessary to purchase some or all replacement ewes.

The relative profitability of each of these enterprises is reviewed from time to time, as
economic conditions in the sheep industry change. For example, a comparison of the following
production systems was performed in 2006%

e superfine and fine-wool Merino wethers (17.5 pum or 19 pum)

e self-replacing Merino ewes (19 um or 21 pm) selling Merino lambs at 4 or 12 months of age
*  dual-purpose Merino ewes (19 um or 21 um) selling first-cross lambs at 4 or 6 months of age
e prime lambs; first-cross ewe flock selling second-cross lambs at 4 months or 6 months of age.

Using prices for wool and meat over a range of years (1996-2003) it was concluded that the
dual-purpose Merino and the prime lamb systems were the most profitable, with the dual-
purpose Merino proving relatively resilient to price changes. This example is provided for
illustration only — the relative merits of different systems will change over time and producers
must evaluate how they can best alter their systems to benefit from current and future market
conditions. Government departments of agriculture in each state generally provide updated
estimates of the relative profitability of each of several different production systems, such as
that used to compile Table 3.1.

There are many alternatives to the systems and, particularly, the breeds of sheep described
above. For example, there have been for decades a number of breeds of sheep in Australia which
have been considered dual-purpose and which can be maintained in self-replacing or partially self-
replacing flocks. Examples include the Corriedale, Polwarth and, particularly in New Zealand,
the Romney. In Australia there has been growing interest in dual-purpose Merino breeds from
South Africa and in sheep which shed their fleeces annually and require no shearing,.

It is common to find a mixture of these enterprises on sheep farms in Australia. For
example, a producer may breed first-cross ewes from a Merino flock, and retain some or all
of the females to form a prime-lamb-producing flock. Another example is for owners of self-
replacing Merino flocks to retain ewes to 6 years of age, mating them to a maternal meat ram
or terminal sire for their last lamb. Many studs operate commercial flocks in addition to their
ram-breeding enterprise.

There is a very small sheep dairy industry in Australia and the appropriate breeds and
management strategies for sheep dairy producers are quite different from those focusing on
wool or meat. The topic is discussed further in Chapter 4.

FLOCK STRUCTURE

The flock structure or flock composition refers to the age and sex profile of the flock — that
is, the relative numbers of sheep of each age and sex. The flock owner determines the flock
composition on the basis of economic and management considerations, and implements the
plan by adopting appropriate buying and selling policies. The composition is also influenced
by reproductive and mortality rates. It is usual for flock owners to adopt a broad aim for
a particular flock structure but then to make minor adjustments in response to market
fluctuations and year-to-year variation in reproductive rates. Optimisation of flock structure is
one of the more powerful strategies which producers can use to maximise profitability.
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Table 3.1: A comparison of the predicted profitability of a range of sheep production systems,
summarised from NSW Department of Primary Industry (2010), for coommodity prices current in
October 20152

Flock type GM $/ha  Assumptions Comments
First-cross ewes $341 2.8 DSE/ewe 22% of the ewe flock purchased
terminal meat sire | 18% weaned each year
Merino ewes 20 ym $333 2.5 DSE/ewe 22% of the ewe flock purchased
terminal meat sire 90% weaned each year
Dorper ewes $297 2.8 DSE/ewe No wool income
Dorper rams | 18% weaned No shearing costs
Self-replacing flock
Merino ewes |8 pm $274 2.1 DSE/ewe Self-replacing flock
Merino rams 83% weaned Wether weaners sold at 4 months

Wether weaners sold at $50

Merino ewes 20 pm $359 2.6 DSE/ewe 22% of the ewe flock purchased
Maternal meat rams 90% weaned each year

Merino ewes 20 pm $317 2.6 DSE/ewe Self-replacing flock

75% Merino ram 87% weaned

25% terminal sire

Merino ewes 20 pm $302 2.6 DSE/ewe Self-replacing flock

Merino rams 86% weaned Wether weaners sold at 10 months

Wether lambs finished Wether weaners sold at $124

Merino wethers 18 pm $246 0.1 DSE/wether 18% of the wether flock purchased
Kept for 5 shearings each year

Merino ewes 20 pm $258 2.3 DSE/ewe Self-replacing flock

Merino rams 86% weaned Wether weaners sold at 4 months

Wether weaners sold at $50

Merino wethers 20 pm $219 0.2 DSE/wether 18% of the wether flock purchased
Kept for 5 shearings each year

Determination of the best flock structure is strongly influenced by the production objective.
For example, prime lamb producers with crossbred ewes and terminal sires have restricted
options. Variations in the sex balance of flocks are of most interest in self-replacing flocks.

When planning, flock owners will attempt to predict the profitability of alternative flock
structures. To do this correctly, it is necessary to ensure that the total size of each proposed
flock remains the same and this is usually achieved by comparing flock structures with the
same total dry sheep equivalents (DSEs).

Figure 3.2 illustrates the composition of five different flocks, all of the same size in terms
of grazing intensity or DSEs. Note that, if wethers are retained, fewer ewes can be run. Note
also that the larger size and prolificacy of crossbred ewes restrict their numbers, compared to
Merino ewes.

Optimum age to sell wethers

Merino-wool-producing flocks are broadly of three types: all-wether flocks, flocks purchasing
replacement ewes or self-replacing flocks. All-wether flocks are resilient in tough conditions and



38 THe PRACTICE OF SHEEP VETERINARY MEDICINE

Figure 3.2: The comparative composition of some 6000 DSE flocks. From left to right (top):

all wether; self-replacing with maximum wether numbers, self-replacing selling wether hoggets;
(bottom) self-replacing selling wether lambs, prime lamb flock. Note that a 6000 DSE all-wether
flock contains about twice as many adult animals as a 6000 DSE prime lamb flock. Source:

KA Abbott.

have low labour inputs. In recent times there has been strong demand for wethers for the live
export market which has underpinned high sale prices. Consequently, wethers are now usually
sold as lambs to the domestic meat market or as young adults to the live export market. All-
wether flocks or breeding flocks retaining a high proportion of wethers are therefore relatively

uncommon.*

Production systems which depend on the purchase of replacement stock (ewes or wethers)
suffer the disadvantage that the genotype available to buy may not be as productive as the
genotype which could be maintained in a self-replacing flock. This is particularly important
in Merino wool production, where there are large differences in profitability between flocks of
different genetic background. Additionally, there is a constant risk of introducing diseases like
Johne’s disease, footrot and lice.

When wethers are sold as young sheep, rather than retained, more breeding ewes are
maintained to stock the farm at appropriate levels. The relative merits of any particular
structure are largely determined by the following characteristics:

*  Flocks consisting of a high proportion of wethers produce more wool but fewer lambs
than flocks which sell wethers at young ages.

e The presence of mobs of adult wethers facilitates worm control in young sheep and
breeding ewes.

*  Flocks which maintain large wether flocks have less demand for labour (per hectare) or less

demand for timeliness of labour inputs, or both.

*  Flocks which maintain large wether flocks are more resilient in the face of poor seasons’
and are, therefore, often run at higher stocking rates (higher DSE/ha) than flocks in which

ewes predominate.
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e Flocks which sell wethers at young ages have a relatively higher proportion of their gross
income from stock sales.

*  Fleece weight, fibre diameter, fertility, fecundity, survival rates and sale price are all age-

related variables which directly affect flock productivity and profitability (Table 3.2).

The optimum size of a wether flock varies with the wool type

The adoption of a particular flock structure by a producer with a self-replacing Merino flock
is strongly influenced by both the price of wool relative to the price of sale sheep, and the rate
of depreciation of wether sheep with age. Wether flocks produce more wool per hectare than
breeding flocks so superfine wool producers are more likely to maintain large wether flocks
because their wool is relatively valuable but their sale value (fine wool wethers are of small
frame size) is often relatively low. Influenced by the same market conditions, producers with
medium- and strong-wool Merinos are more likely to sell their wethers at young ages and have
relatively larger breeding flocks.?

Optimum age to sell ewes

Ewes are often retained in the breeding flock for four seasons, lambing first at the age of 2 years
then being sold at the age of 5% years. Merino flocks generally have relatively low reproductive
rates, so three lambings are insufficient to maintain breeder numbers without purchasing at least
some replacement ewes. It is likely to be economically wise to keep ewes for five or more lambings
when the return from livestock sales is high (thus favouring the higher reproductive ability of

Table 3.2: Age- and sex-related variables which affect optimality of flock structures.

Character? Sheep of either sex Breeding ewes

Fleece weight Fleece weights in ewes and wethers peak Pregnancy and, more particularly, lactation
between 3 and 4 years of age, then decline. depress fleece weights. Lactation for a single
Wethers produce more wool than dry ewes Merino (Mo) lamb depresses fleece weight by
but this is related to body size (skin area) and, 12% to 15%.
consequently, feed intake.

Fibre In all sheep, FD increases with age, so fleece Pregnancy and lactation depress FD, which

diameter values tend to decline from 2 or 3 years onwards. increases wool value per kg provided tensile

(FD) strength is not also reduced significantly.

Reproductive Prolificacy and rearing ability increase with age,

rate peaking at 5 to / years.

Purchase Purchase price is highest for well-grown weaners or, more usually, hoggets (|2 years). Purchase

price prices usually decline beyond that age.

Sale price Sale price follows the same pattern as purchase  Sale price of older ewes is variable — sometimes
price. The rate of decline with age varies with there is a significant drop between 4)2 and 52
market demand. years of age.

Mortality High in weaners and in sheep over 5 to 6 years  Similar to wethers but added stress of

rates of age. Older wethers have high mortalities on reproduction increases mortality rates in ewes
phyto-oestrogenic pastures. over 5 years of age.

a  The effects of age on reproductive rates are discussed further in Chapter 7.
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older ewes) and the return from wool is low (thus discounting the deterioration in fleece value as
ewes age). Prime lamb flocks are an example of flocks where ewes have low fleece values and high
initial purchase cost but produce valuable lambs for sale. It is usual in such flocks to keep ewes to
6Y2 or more years of age.

The ‘best’ decision will depend on the particular economic environment in which each
flock operates. If the economic relativities between wool and livestock values change and
the producer expects the new economic environment to persist, it is rational to review the
flock structure. Vizard (1990)°, in a computerised linear programming exercise, found that
higher wool prices favoured retaining more wethers; spring lambing favoured selling wethers
at younger ages than was best for an autumn lambing flock; and, although there is no single
flock structure which can be recommended for all flocks, there are some structures which
perform well under a wide range of economic conditions.

STOCKING RATE

The stocking rate of a sheep farm is the number of animals run per unit area. It is usually
expressed in terms of sheep per hectare or DSE per hectare. Generally, discussions about changes
in stocking rate assume that no change in inputs has occurred which would alter the pasture
productivity of each hectare of land. Thus, changing sheep per hectare is equivalent to changing
sheep per tonne of dry matter grown. Occasionally, producers talk of increasing stocking rate
following pasture improvements — such as additional fertiliser or a change to more productive
pasture species. If the additional inputs result in extra pasture production, the higher stocking
rate (SR) may not represent a change in sheep per tonne of dry matter grown. Our discussions
here, however, are concerned solely with changes in SR where it is the only variable changed.
Thus, unless increasing SR itself increases pasture production (and it usually does not),
increasing SR means that more sheep have to share each tonne of dry matter grown.

At stocking rates which are commonly in the range adopted by commercial wool producers,
the effect of increasing stocking rates is to reduce the pasture availability. Unless feed availability is
very high (1500 to 1800 kg of pasture dry matter per hectare), daily intake of pasture is a function
of availability.> Thus, in most seasons of the year, increasing SR reduces daily pasture intake of
each grazing animal. Increases in the total amount of pasture consumed per hectare (because a
higher proportion of the pasture is consumed, not because more is grown) may, however, lead to
substantial improvements in the efficiency of conversion of pasture to animal product.

For the veterinarian involved in rural practice, the effect of SR on farm profitability is
generally a peripheral issue. Nevertheless, it is important for the practitioner to be aware of the
profound influence of SR on profitability because some of the most common sheep diseases
involve nutrition — and nutrition in grazing animal management is almost entirely a function
of stocking rate. For example, the clinical expression of worm parasites, pregnancy toxaemia,
weaner ill-thrift and uncomplicated undernutrition all have some relationship with pasture
availability and, hence, stocking rate. The astute practitioner, realising the association but also
realising the importance of SR to the client’s income, will not advise a reduction in SR to

b Pasture intake is most strongly influenced by pasture availability and pasture quality. This relationship will

be discussed further in Chapter 6.
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limit the effects of disease, but will attempt to institute control measures which allow the

maintenance of profitably high SR.

For the veterinarian who is a sheep specialist or who provides a consultancy service to
sheep producers, analysis of the sensitivity of farm profit to changes in the current SR is an
essential activity on every client’s farm. Some key review papers are listed in the references at
the end of this chapter and the topic is discussed further in Chapter 6.

Effects of SR on soils and pastures

At high SR, lower levels of soil cover can lead to an increased risk of soil and nutrient loss
through wind and the scouring effect of running water. In many of the low rainfall areas of
Australia, experience indicates that stocking rates have been excessive and damage to the soil-
pasture ecosystem has been severe. In medium and high rainfall areas, the deleterious effects
of high stocking rates may be avoided by taking steps to prevent erosion by means other than
reduced stocking rates. Nevertheless, it may be necessary to substantially destock some pastures
in some years — particularly in years when pasture growth has been much lower than expected.”

SR also has an effect on the amount of pasture present, the proportion of particular
pasture species which make up the pasture sward and, usually, an inverse relationship with
total annual pasture productivity.

Effects on animal health

Increased stocking rates lead to lower liveweights at most times of the year and the consequences
of this for ewes depend largely on when the low liveweights occur in relation to the annual
reproductive cycle. For example, if undernutrition on short autumn pastures coincides with
late pregnancy, pregnancy toxaemia may be expected to occur at a higher incidence at high
SR than at a low SR. If, however, the same increase in SR has reduced the liveweight of the
ewes at conception and, subsequently, reduced their conception rates, the expected outbreak
of pregnancy toxaemia may not occur. Probably the most consistent effect of higher SR on
breeding flocks is a deterioration in lamb survival, particularly of twin lambs.®

For all stock, but particularly for weaners, higher stocking rates generally lead to increased
need of supplementation for two reasons. First, liveweights are often lower at the start of
prolonged feed trough periods, so supplementation needs to start earlier and be continued
for longer. Second, the profundity of pasture shortfalls is greater at high SR, so the level of
supplementation may need to be greater. Diseases associated with undernutrition and with
grain feeding are expected to occur more commonly at high SR.

The association between SR and helminthosis is less clear” Whereas an increase in
contamination of pastures with nematode eggs is expected at higher SR and sheep are expected
to be more susceptible to parasites when underfed, shorter pastures in fact may lead to higher
mortality rates of free-living nematode parasite larvae. This effect may be more useful with
parasites which are particularly susceptible to environmental exposure, like Haemonchus
contortus, than resistant parasites, such as Nematodirus spp.'>!! One could conclude from the
work of Brown et al."? that a good nematode control programme is still sufficient to maintain
productivity at high SR, but the penalty of an inadequate programme is increased.
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Effects on animal productivity

As already stated, increasing SR leads to reductions in pasture intake per sheep at most times of
the year and, consequently, lower levels of individual animal productivity. Thus, at higher SR,
sheep grow lighter fleeces of lower fibre diameter with shorter staple length and lower staple
strength.® Additionally, sheep have lower liveweights, at least for part of the year, and ewes have
lower reproductive rates; survival rates may decline and the requirement for supplementary
feed may be increased. Sheep which have been run at higher stocking rates will often have
a lower average sale price.

Despite these negative effects on individual productivity, a change from a low to a
medium stocking rate generally leads to increases in wool produced per hectare, as well as
to the number of lambs produced per hectare and the number of sale animals available per
hectare. The relationship between production and SR is curvilinear; that is, total production
rises to a maximum with increasing SR, then declines. (See Chapter 6 for a more detailed
description of the relationship between production and SR.)

Most variable costs rise, on a per hectare basis, linearly with SR. The major exception is the
cost of supplementary feed, which usually rises on a per head basis with increasing SR. Most
other variable costs rise on a per hectare basis but remain constant on a per head basis (shearing
costs, for example).

TIME OF LAMBING

The time of lambing chosen by producers varies from district to district, but the most common
choices are the five months between and including May and September. April and May lambing
is usually referred to as autumn lambing; June and July lambing as winter lambing; August,
September and October lambing as spring lambing (despite the fact that August is late winter).

Autumn lambing is favoured in districts where the normal pasture-growing season is short
and the summer-autumn dry period is prolonged, and in flocks where lambs are sold at the
end of the growing season in their first year of life for a price based on their liveweight. Spring
lambing is favoured in districts with a pasture-growing season extending into early summer,
which facilitates the growth of weaners, and in flocks for which the main production objective
is wool, rather than young sale sheep. Winter lambing is something of a compromise —
often favoured by flock owners whose principal objective is wool production but who operate
in districts with prolonged summer-autumn dry periods. It is usually only considered viable in
areas with mild climates in winter which are therefore not severely adverse to lamb survival.
It is also common practice in prime lamb flocks in districts where lambs can achieve market
weights before pastures become dry in summer.

In many wool-growing districts, late winter is one of the most critical times for maintaining
the nutritional level of sheep because the climatic conditions place extra nutrient demands on
sheep and the pastures are often short and growing slowly, if at all. More ewes can be carried
on the farm all year round if their peak demands for reproduction (lactation) are delayed
until spring, when feed surpluses start to appear. In some districts this is possible, but in other
districts the rapid deterioration of pasture quality in summer makes the management of spring
born weaners very difficult. Consequently, it is common for producers to lamb in late winter
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and sacrifice some carrying capacity (that is, they run fewer ewes) for the sake of easier weaner

management. There are a number of important factors which influence the merit of different

times of lambing. Consider, for example, the factors involved in selecting a best time to lamb

on a farm in the winter rainfall zone of southern NSW-:

photoperiod effects on ovulation rate — ovulation rate tends to increase to a maximum in

March to April, for a given body weight*

body weight effects on ovulation rate — body weights of ewes are highest in early summer
and decline until pasture growth recommences after the autumn break (March, April or
May). Body weight at joining has a very strong effect on the number of multiple births'

climate and lamb survival rates— for the same birth weight and ewe nutritional status, lamb
survival rates are highest when born in warm, dry weather and lowest when born in wet, cold,
windy weather. Lamb mortality rates associated with exposure and chilling are, therefore,
likely to increase from April (best weather) to August (worst weather) or September!

ewe nutrition and lamb survival rates — survival rates of lambs are also strongly influenced
by lamb birth weight which, in turn, is influenced by ewe nutritional state during
pregnancy and at parturition."”” Ewes require substantial quantities of supplementary feed
if late pregnancy coincides with periods of poor pasture quality or low pasture availability.
Feed quality improves after the autumn break and pasture availability improves from April
or May onwards, sometimes with a #rough in July and August, until October or November

ewe nutrition and wool quality — autumn-lambing ewes produce wool with lower tensile
strength than spring-lambing ewes, because the nutritional demands of late pregnancy
and lactation coincide with periods of low pasture availability and poor pasture quality!®

pasture availability and lamb growth rate — lamb growth rates are higher when their dams
have better feed intakes.!” Pasture quality and availability increase to a peak in October
and November. The maximum dietary energy demands of a ewe flock occur in the second
and third months after lambing starts — when all ewes have lambed and when lambs are
grazing with their dams

the length of the growing season and lamb final weight — lambs and weaners will continue
growing through spring and early summer until the digestibility of the pasture diet is no
longer sufficiently high to support growth — usually November or December — although
growth rates will be declining significantly over the last month of the growing season.
Early-born lambs have more opportunity to grow to a satisfactory weight by the end of
the growing season, but later-born lambs enjoy better nutrition in their first few weeks of
life and show higher early growth rates'®

coinciding seasonal pasture availability with ewe flock nutritional demands — the greatest
stocking rate of ewes which can be adequately maintained all year is determined by the
stocking rate which can be sustained without uneconomic levels of supplementary feeding
in the periods of the year when the gap between livestock nutritional requirements and
pasture availability is greatest. The advantage of a later lambing is that ewes can be run at
a higher stocking rate without a need for high rates of supplementary feeding to prevent

C

Many of the aspects of time of joining which affect reproductive rates are discussed further in Chapter 7.
These two sections should be read conjointly.
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uneconomic production and health losses from undernutrition during late pregnancy and
lactation. The limiting period of the year is a function of both pasture growth and time of
lambing — often it occurs in July and August.

All of these effects and a few others'”?° must be considered when selecting a time of lambing.
The higher optimum stocking rate is a major advantage of a later lambing, but the full
benefit of the high stocking rate facilitated by a late lambing is constrained by the subsequent
difficulties in lamb marketing (for first-cross or second-cross lambs) or in weaner management
over summer and autumn (for Merino and wool-producing breeds).

Field experiments to compare different times of lambing!>!82! have been performed but
are expensive and complex and cannot be repeated for every region; nor can they be performed
for the full range of the variation in climate that occurs from year to year. Consequently,
computer modelling is frequently used to compare strategies such as time of lambing, and
high-quality biological models linked to historic weather databases provide some of the best
available sources of advice for reviewing complex grazing systems.

The interrelationship between the production objective, climatic region and the optimum
time of lambing was demonstrated in a modelling exercise (using GrassGro) by Warn et al.
(2006).%? Simulations were run using weather data for 37 years at Mortlake, Rutherglen,
Naracoorte and Cowra, four regions in southern Australia which differ in average rainfall,
rainfall pattern and the length of the growing season (Table 3.3, Figure 3.3). The optimum
time of lambing for store-lamb production was latest in Mortlake, with the longest pasture-
growing season, and earliest in Cowra, which had the equal-shortest growing season. The
optimum time of lambing was about one month earlier if lambs were kept for longer and fed
grain to achieve higher sale weights.

It should be noted that the stocking rate in this exercise was not altered and the authors
observed that even further economic benefit would come from optimising the stocking rate
to match the optimum time of lambing. The full economic benefit of choosing the optimum
time of lambing depends on choosing the stocking rate which takes full advantage of that
time of lambing. Unless the number of ewes run per hectare is increased, a change of the time
of lambing from autumn to winter-spring may produce only a small economic advantage. It
should also be noted that increasing ewe numbers has a capital cost and the increase in gross
margin per hectare from a higher stocking rate should be compared to the opportunity cost
of the additional financial investment in a larger flock (see ‘Modified gross margin analysis’,

Chapter 2 p. 26).

In summary, time of lambing and stocking rate are interrelated and should be co-optimised
with regard to production objective and climatic region. If gross margin analysis is used to

Table 3.3: Climatic data of four regions used for simulations illustrated in Figure 3.3.

Mortlake Rutherglen Naracoorte Cowra
Mean annual rainfall (mm) 663 619 567 633
Rainfall pattern Winter-dominant Winter-dominant Winter-dominant Uniform
Length of pasture-growing 9 8 7 7

season (months)
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Figure 3.3: Results of a computer simulation examining the effect of time of lambing on mean
gross margin per hectare for four locations at a stocking rate of 10 ewes/hectare. Top left: fine-wool
Merino ewes producing first-cross lambs (terminal sire) at store weight, top right: fine-wool Merino
ewes producing first-cross lambs (terminal sire) grown to 44 kg liveweight; bottom: first-cross ewes
producing second-cross lambs grown to 53 kg liveweight. Gross margins are averaged for runs with
37 years of climatic data. Drawn by KA Abbott. Based on data from Warn, Geenty and McEachern
(2006).2

model and compare strategies, then the cost of the capital investment in livestock should be
included in the comparison.

In self-replacing Merino flocks, ewe lambs are not sold but are kept over the following
summer. In some cases, wether lambs are also retained over the summer. Chapter 12 discusses
weaner management in more detail, but it is relevant to briefly mention the subject here. In
general, the later in the year that lambing occurs, the lighter the lambs are at the end of the
growing season and the more the lambs will be below critical liveweights and at risk of death
or debilitating inter-current disease because of undernutrition and low body weight.

There is the opportunity on many properties to improve the quality of weaner management
to the extent that lambing can be postponed — from early winter to late winter, or from
late winter to early spring. The benefits which arise from such a change in management
come from the ability to run more ewes but still achieve similar levels of productivity and
health. Effectively, by coinciding the winter feed trough with an earlier, and less nutritionally
demanding, phase of the reproductive cycle, the dry sheep equivalent value of each ewe in
winter can be lowered and the number of ewes raised to compensate. Consequently, more ewes
can be run per hectare, more ewes can be shorn and, provided the reproductive rate does not
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fall, more lambs can be weaned per hectare. There are, however, some drawbacks to a later
lambing. The three major economic ones are as follows:

e The later-born lambs have less wool and shorter wool at shearing, unless the time of
shearing is changed as well.

e Later-born lambs are smaller at any given month after birth (despite usually having higher
growth rates), and this will reduce the opportunity to sell lambs at marketable liveweights
before pastures become dry.

e Later-born lambs which are retained over summer will probably require extra
supplementation in the subsequent summer-autumn because they will be lower in
liveweight when pasture quality can no longer sustain animal growth.

Plant (1983)%° lists 13 factors which need to be considered when producers select a time for
lambing. Morley (1983)" discusses five factors in more detail, particularly the relationship
between optimum stocking rate and time of lambing,.

TIME OF SHEARING

Shearing times are chosen by producers after consideration of a number of factors, including
* the availability of shearers, which is often determined by normal district practice

*  the best time to sell surplus sheep, which may be timed to meet a particular market or to
reduce stock numbers before pasture feed levels decline too much

* the need to manage grass-seed infestation in wool?’
* the need to avoid flystrike conditions in woolly sheep
*  the need to complement joining or lambing events

*  the need to influence the position of break which is determined when the wool is tested
for staple strength

e the need to avoid cold stress off-shears.

Many producers choose to shear in spring or early summer for some of the reasons listed above,
but shearing later may increase the utilisation of spring feed surpluses by maintaining higher
sheep numbers and thereby growing more harvestable wool from the animals destined for sale
as cull or cast-for-age. In southern Australia, sheep shorn annually in autumn may produce
more wool than sheep shorn annually in spring.?*?> An additional advantage of an autumn
shearing is that it may increase the attractiveness of later lambing (spring rather than autumn or
winter) by ensuring that lambs have sufficient fleece weight and fleece length to make their
shearing a profitable activity.

In some districts, the presence of annual grasses with damaging awns makes summer or
autumn shearing inadvisable. Changes to pasture management may reduce the prevalence
of grass seeds and provide opportunities to choose a time of shearing without the constraint
imposed by annual grasses and weeds.

The position of break when wool is tested for staple strength (see Chapter 4) usually
occurs at the point where the fibre diameter along the fibres is lowest, and that point is usually
determined by the level of nutrition available to the sheep at the time when the wool fibre is
produced in the skin follicle. Moving the weakest point of the staple to the tip or the base of
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the fibres has benefits for both tensile strength and position of break. On the assumption that
the finest wool is produced at the time of the autumn break, one could assume that autumn
shearing would produce wool of higher staple strength than spring or summer shearing, but
this is not always the case.”> With spring-lambing ewes in particular, it is difhicult to predict
whether an autumn feed deficit or the physiological competition for nutrients during late
pregnancy will have the greater effect on staple strength.

In cold climates, particularly with winter-dominant rainfall patterns, winter shearing is
inadvisable because of the increased feed requirements of sheep with short fleeces exposed to
cold climates. The increased energy requirements may be managed by feeding supplements or
running sheep in high body condition at low stocking rates, but both options are expensive and
sheep may be severely affected by unaccustomed low temperatures immediately after shearing

despite the availability of feed.
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SHEEP FARM PRODUCTS: WOOL, MEAT, SKINS AND MILK

INTRODUCTION

Since the mid-19th century in Australia, sheep have been raised primarily for their wool, and
sheep meat was a secondary but important product. Since the 1990s, the production of sheep
meat has become of increasing economic importance to sheep graziers to the extent now that,
in some cases, sheep are raised purely for meat production and their wool is not even harvested.
Nevertheless, on most sheep farms income from both wool and meat production is important.
When sheep are sold for slaughter, producers also receive payment for the sheep skin, which
makes an additional contribution to the value of a slaughtered animal. The fourth potential
product of sheep farming is milk. Internationally, some 20 million sheep are used for dairying
but, in Australia, dairying is a very small and specialised sector of the sheep industry.

The health management of the sheep flock has an influence on the quantity and quality of
all four sheep products. In this chapter the important characteristics of these products will be
presented so that the impact of disease or disease control strategies on the output of the sheep
flock and, therefore, the income of the producer can be appreciated.

WOOL
Importance of wool to the sheep farm’s gross income

Most Merino flocks are self-replacing, which means that a proportion of the young female
sheep bred in the flock are retained as replacements for aged ewes culled from the flock at
5 or 6 years of age. Flocks are described as self-replacing even if rams are introduced from
outside sources, which is usually the case. In Merino flocks, income from wool usually makes
up around 60% of total gross income and the remaining 40% is derived from the sale of
cast-for-age adult sheep, young wethers and cull ewe hoggets. The actual proportion derived
from wool varies with the flock composition, the relative value of wool and sheep, and the
reproductive success of the flock ewes. To some extent, the emphasis on wool income relative
to income from sheep sales is determined by the flock owner, but some districts are better
suited to breeding and growing young sheep, while others are better suited to an emphasis on
wool production.

Towards the other end of the spectrum, prime lamb flocks based on crossbred ewes mated
to terminal sires typically receive 20% of their gross income from wool sales and the balance
from sales of prime lambs and cast-for-age adults. If, however, the cost of purchased replacement
ewes is deducted from the sheep sale income, wool income becomes a higher proportion of



50 THe PRACTICE OF SHEEP VETERINARY MEDICINE

total income relative to sheep trading profit. So, even in specialist lamb-producing flocks, wool
is usually an important source of income.

In recent years, some flock owners have adopted breeds of sheep which shed their fleeces
and, therefore, do not require shearing or produce wool income. These breeds include Damara,

Wiltipoll, Dorper and White Dorper.

Harvesting and marketing of wool

Frequency of shearing

In virtually all Australian sheep flocks where shearing is practised, sheep are shorn once
annually. More frequent shearing leads to increased harvesting (shearing) costs and a reduction
in the price received for wool on a per kilogram basis, because of low staple length.

Time of shearing

The time (month) of shearing is a critical decision for sheep producers because it has
ramifications for so many other management strategies. Time of shearing is the second most
important decision, after time of lambing, in determining the flock’s management calendar.
The decision has implications for wool quality attributes (staple strength, vegetable matter
contamination) and for the methods which are appropriate to use for flystrike control.

Age of lambs when first shorn

The time of shearing must be determined with time of lambing in mind, for several reasons.
First, ewes should not lamb when they are carrying 10 months’ wool or more because they will
have an increased risk of becoming cast during lambing and because shearing will clash with
the early part of lactation. Second, the age and therefore wool length of the lambs at their first
shearing have a large effect on the value of each kilogram of wool they produce. The age at
which lambs are shorn cannot be decided in isolation because, at their second shearing, they
are usually shorn with the adult flock.

Clip preparation in the woolshed

In Australia, sheep are shorn in woolsheds by professional shearers who each shear between
100 and 200 sheep per day. Shearers generally work in teams of two to twelve, depending on
how many shearing stands (shearing machines) are in the woolshed. Typically, shearing occurs
for two to four weeks each year, with 5% to 10% of the flock being shorn on each working day.

The fleece is removed from the sheep and thrown onto a skirting table, where the sweaty
fribs are removed from the points and edges, corresponding to the belly, crutch, neck and mid-leg
regions of the fleece, in a process called skirting. The fleece is then rolled into a loose ball and
placed on the classer’s table. Wool classers® are trained and licensed professionals whose job it is
to examine a sample of the fleece, assess (subjectively) a number of characteristics of the fleece,

a  Wool classers are not the same as sheep classers. Sheep classers class sheep, usually when they are carrying a
full or nearly full fleece, and visually assess a number of characteristics of the sheep, including wool characters,
before deciding whether the sheep should be retained or culled.
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and allocate it physically to the appropriate wool bin. A wool presser removes wool from the bins
and, using a hydraulic or (rarely now) a hand press, presses the wool into bales of approximately
195 kg. The presser brands the wool under direction of the wool classer (Table 4.1). Wool bales
from one farm at one shearing event which bear the same brand constitute a /ine of wool and,
generally, all the bales in one line are tested and offered for sale as one lot.

The auction system for selling wool

The shorn wool clip is transported from the farm to a woolstore where it is prepared for sale by
auction. At the woolstore, lines of wool are tested by core sampling for fibre diameter and yield
and, if additional measurement is requested, for staple length, staple strength and position of
break. These attributes are then made available to potential buyers when the wool is catalogued
for sale at auction. Wool can be sold in as little as two weeks after it arrives in the woolstore, or
the producer may prefer to delay the sale of some or all of the clip.

Table 4.1: A typical adult Merino sheep flock wool clip consists of a number of lines of wool,
identified by a brand on each bale. The example below shows how a 60-bale clip might be
prepared for sale.

Number of
Bale Brand bales Description of each line
AAAM 31 Main fleece line
AAM 2 Fleece wool of significantly shorter staple length
BBB 8 Slightly broader fibre diameter than main fleece line
FLC 2 Tender fleece
DGY I Doggy fleece
CcOL I Discoloured fleece
PCS 7 Pieces — skirtings free from stain
BLS 4 Bellies free from stain
STN I Stained wool — well dried
LKS 2 Locks are the short pieces of wool falling from the fleece
BC I Bulk class — non-matching wool

FACTORS DETERMINING THE VALUE OF A WOOL CLIP

Key attributes determining price

Fleece weight and yield

Assuming that all wool quality characters are held constant, increasing the weight of wool
produced (the annual wool ¢/ip) will increase the income received. The amount of wool
produced from a property is determined by the amount of wool produced per head of sheep
(the fleece weight) and the number of sheep shorn. There is an important interaction between
fleece weight and nutrition (usually controlled through stocking density), but it should be
noted that sheep are not, under commercial conditions, fed at such high levels as to maximise
their individual fleece weights.

Wool sold at the woolstores consists of about 30% by weight of grease and other non-wool
constituents. One of the pre-sale tests applied to samples of lines of wool is to estimate the yield
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(specifically the Schlumberger dry combing yield) of clean wool. The presence of grease in wool
has virtually no bearing on its price when calculated on a clean basis; in other words, buyers
calculate their offers to purchase wool on a cents per kg clean basis, then multiply that price by
the yield stated for the line in the sale catalogue before making their offer on a greasy basis.

Consequently, the first key determinant of the value of a wool clip is its clean weight or,
to state this in another way, its greasy weight and its yield.

Fibre diameter

The most important determinant of the price paid per kg of clean wool is the mean fibre
diameter (FD) of the line of wool. Non-fleece wools — the shorter wools in pieces, bellies and
locks — are responsible for considerable variation in price not accounted for by fibre diameter;
but for fleece wools, fibre diameter accounts for over 80% of the variation in price between sale
lots on any one selling day.!

Fibre diameter is measured in micrometres ((m), frequently abbreviated to micron or p.
The finer the wool, the higher the price received. In industry parlance, wools below 20.4 pm
are fine, wools between 20.5 um and 22.4 pm are medium and wools over 22.4 um are broad.
Broad wools are also called strong wools, which is a confusing term because strength is also
used in describing the tensile strength of the fibres. Fine wools under 18.5 um are further
categorised as superfine, ultrafine and extrafine. During the five years to 2013, the greatest
production was in the 18.5 to 20.4 um range (Figure 4.1). Virtually all wool under 26 pm is

Figure 4.1: The size of the Australian wool clip 2008 to 2013.The weight of wool produced is
shown in the broad, blue columns, with data labels; its value is shown in narrow red columns.The
largest sector in terms of wool weight and income is the 18.5 to 20.4 um range, with an average of
nearly 108 000 tonnes produced per year, worth $1.1b. Drawn by KA Abbott. Based on data from
Nolan (2014)"' prepared for Australian Wool Innovation Ltd.
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produced by Merino sheep, and most wool in the 26 to 32 pm range is produced by Merino
crosses such as the Border Leicester x Merino crossbred ewe.

The relationship between price and fibre diameter has varied considerably in the past
20 years and, currently, over the range from 16.5 um to 32 pm is approximately linear and
worth about $0.46 per pm (Figure 4.2). The near-linear relationship in this graph contrasts
markedly with the relationship which existed before 2000, in which there was a very steep
increase in price as fibre diameter fell below 19 um.

For some discussions, the relationship between price and fibre diameter is expressed as
micron premium, which is the percentage increase in price for a 1 pm fall in fibre diameter.
The micron premium of 19 um wool over 20 pm wool in Figure 4.2 is around 3%, while the
micron premium of 24 um over 25 pm is 13%. The low micron premium for fine wool is a
reversal of the relationship which existed before 2000, when the micron premium for wool
under 19 um was often greater than 50%.

The fibre diameter which is reported for a line of wool is an average of thousands of fibres
and the range in diameter between individual fibres is large. Variation in fibre diameter within
a line occurs at several levels — within a fibre (along its length), between fibres within a staple®,
between staples from different parts of the sheep’s fleece and between sheep.?

Figure 4.2: The category indicator prices for wool sold at auction in Australia, averaged for the
2014-15 selling season. Drawn by KA Abbott. Based on data from Australian Wool Exchange
Limited Annual Report (2015) Annual Report Australian Wool Exchange 2015. Available from:
http://www.awex.com.au/media/ | 500/awex-20 | 5-annual-report-final.pdf. Accessed 17 July 2018.

b A staple of wool is a collection of many fibres which grow from a group of adjacent wool follicles and adhere
together, forming a lock; they are most evident when a fleece is loosely opened by hand. The fibres are held
loosely together by the scales on the individual fibres, which tend to interlock.
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One of the most important causes of variation in diameter along fibres is variation in the
level of nutrition available to the sheep during the season. Wool fibres are being produced from
wool follicles in the sheep skin constantly, and sheep which receive good nutrition produce a
greater mass of wool each day compared to sheep subject to poor nutrition. The increase in
mass arises from a higher rate of fibre production (the fibre gets longer faster) and an increase
in fibre diameter (the fibre is thicker). Thus, for sheep grazing low-quality feed, such as occurs in
southern Australia in summer, the wool fibres which are being produced in the wool follicles
will have a low diameter while the period of nutrient deprivation continues. When the
availability of higher quality feed increases, such as occurs after autumn rains, the availability
of nutrients to each wool follicle increases and the part of the fibre produced then is thicker.
Thus the variation in fibre diameter along fibres reflects the variation in levels of nutrition
available to the sheep over the preceding months. More specifically, the variation in diameter
is influenced by the level of nutrition available to the wool follicles, so, during periods when
there is increased demand for nutrients within the sheep for other productive functions, such
as occurs in late pregnancy, there will be an impact on fibre production similar to that caused
by deprivation of feed intake.

The degree of variation in fibre diameter between fibres within a staple, or between staples
on different parts of the sheep, is largely under genetic control. Ram breeders now routinely
measure the coefficient of variation of fibre diameter (CVp) in wool samples taken from sheep
(samples which are likely to include several staples from one site on the body — usually the
mid-side) — and estimates of the heritability of CVy, are typically around 0.5%, indicating
that a large proportion of the variation in fibre diameter between fibres from one site in the
body is due to genetic influences.

Staple length

The staple length (SL) of wool in a 12-month fleece varies with the breed and the strain within
the breed; the genetic characteristics of the individual sheep; its age; its nutritional state; and
its reproductive activities since the last shearing. Typically, in Merinos, adult fine wool sheep
grow 85 mm to 95 mm of wool each year, while strong wool sheep grow 95 mm to 105 mm.
Short wool has always been penalised at wool sales, relative to normal-length wools, but, over
the past two decades, wool buyers have increasingly penalised long wools as well (Figure 4.3).
Wools below 65 mm in staple length are heavily discounted because they are more likely
to be directed into a lower value sector of the manufacturing industry — into woollen yarn
manufacture, rather than into worsted goods. For worsted manufacture, wools are combed to
produce a wool top, so raw wools which are processed this way are said to be combing wools or

of combing length.

Staple strength

After wool is received at a woollen mill, it is cleaned (a process called scouring), then processed
(carding, gilling and combing) into a top — a continuous, thick strand of aligned wool fibres
which is then drawn, to reduce its thickness, and spun into yarn. The top consists of a series of
overlapping and interlocking wool fibres. The average length of fibres in the top is called the
Hauteur. Wool of high Hauteur can be spun into lower weight yarns and at higher speeds and
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Figure 4.3: Both short and long staple lengths are penalised, with the heaviest penalties applied
to finer wools. Data from 2008 to 2013. Drawn by KA Abbott. Based on data from Nolan (2014)",
prepared for Australian Wool Innovation Ltd.

suffer fewer breakages during spinning compared to low Hauteur wools. Hauteur is strongly
influenced by average fibre diameter, staple length and staple strength, and, consequently,
these are attributes which are valued by wool buyers.

Staple strength (SS) (also called tensile strength) is the force, in newtons, required to break
a staple of wool of defined mass and length, or /inear density. Linear density is measured in
units of zex, where one kilotex (ktex) equals 1 gram per metre. SS, therefore, is reported in units
of Nktex! (newtons per kilotex).

To measure SS, samples of wool are collected from lines of wool held in the woolstore
before sale and submitted for testing. Staple strength is measured in wool testing laboratories
with one of two types of machines which, basically, clamp each end of a staple of wool of
known length and mass, and pull it until it breaks.

In these machines, the staple of wool is held at the tip (the end on the outer part of the
fleece) and the base (the end cut at shearing). The point at which it breaks is called the position
of break (POB). Because in any one sample a large number of staples is tested, the POB for a
line of wool is reported as the percentage breaking in the tip, middle or base part of the staple.

Both the SS and the POB are important in wool manufacturing. In particular, wools
with low SS and a high percentage of breaks in the middle are not desirable. If wool fibres
break in the middle during processing, both pieces of the fibre are of similar length and
short. Consequently, discounts are applied to wools of low SS and higher discounts applied
if the percentage of mid-fibre POB is high (Figure 4.4). In recent seasons, the point at which
discounts commence is about 38 Nktex! in fine wools. The discount varies depending on
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Figure 4.4: Wools with staple strengths below about 38 Nktex! are subject to discounts.
llustrated is the discount for fine fleece wool (18.5 to 20.4 um) for the five years up to and
including 201 3.Wools with a higher percentage (>75%) of breaks at the mid-point of the staple
are discounted more heavily than those with a low percentage (<46%) of mid-breaks. Drawn by
KA Abbott. Based on data from Nolan (2014)!, prepared for Australian Wool Innovation Ltd.

demand but, generally, a decrease of 10 Nktex! reduces the value of the wool by about the
same as an increase of 1 pm in FD. The mean SS of the Australian fleece-wool clip is typically
around 35 Nktex!, so much of it receives some penalty every year.

Wools of high tensile strength are called sound. Wools of low tensile strength are called
tender. A wool break results from the development of a point in the staple of such low staple
strength that the staple breaks spontaneously and the outer part of the fleece is shed.

Vegetable matter

As sheep graze they come in contact with bushes, weeds, trees and other forms of plant material,
some of which can adhere to the fleece. If the material is smooth, it will generally fall out, but
spiny or hairy burrs, seeds or stalks may become entangled in the wool. This material has to
be removed from wool in the manufacturing process and different forms of plant material vary
in the ease with which they can be removed. The vegetable matter (VM) content of the core
sample of wool is reported as a percentage, on a dry weight basis, and type, whether it be burr,
shive or hardhead. Both the amount and type of vegetable fault in a line of wool affect its value.
VM levels up to 1% usually have no or little effect on the price of wool at auction, and levels
between 1% and 2% have only a small impact. VM above 2%, however, will attract significant
discounts which become greater as the VM level increases.
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Colour

Colours can arise in fleeces from inherent pigmentation; staining from urine or chemicals
applied to sheep; diseases like fleece rot; or skin irritation from lice infestations. Putting these
attributes aside, there is still variation in the colour of fleeces which can be attributed to either
greasy wool colour, which will therefore be removed when the wool is scoured, or colour in the
clean wool, which is more or less permanent. Both forms of variation in the colour of wool are
a minor source of variation in price.

Style

Wool style is appraised subjectively on a grab sample of wool removed from each line of wool at
the woolstore. While style is highly correlated with yield, staple length and greasy wool colour,
it also takes into account a number of other features of wool relating to its general appearance.
These include crimp frequency and definition, tippyness, dust penetration and weathering,.

The degree of variation in price paid for different style grades from MF1 (Choice) to
ME7 (Inferior Topmaking) varies with FD. For wool between 19.5 and 20.5 um there is no
extra benefit, in price received, for improving the style of wool beyond MF4 (best topmakers).
However, for 19 pm and finer wool, any improvement in style will result in an increase in
price.

Factors which affect key wool attributes

Many of the disease conditions discussed in this book add to their economic impact through
their effect on wool quantity and quality. Nutrition in general is the major effect but internal
parasites, external parasites (lice, blowflies), fleece diseases such as dermatophilosis, trace
element deficiencies and diseases causing lameness also affect wool quality and quantity.

Fibre diameter

The principal determinant of a flock’s mean fibre diameter is the genotype of the sheep. Further
controls can be exercised by the level of nutrition of the sheep (better fed, higher FD) and age
profile of the flock (older sheep have higher FD than young sheep).

Staple length

Within a breed of sheep, staple length is largely determined by the length of the inter-shearing
interval. Provided there have been 12 months between shearing events, Merinos and Merino
crossbred sheep will produce staples about 80 mm to 100 mm long. Low staple length is
generally only a serious issue for producers, in terms of any effect on the wool price, when
lambs are shorn with less than 9 or 10 months’ wool and when shearing times are changed
such that adult sheep are shorn with only 10 months’ growth of wool, or less.

Staple length is also affected by nutrition. Sheep fed high levels of nutrition have higher
fleece weights than sheep fed on a low plane; and the increase in weight arises from an increase
in the diameter of wool fibres and an increase in the length of fibres, rather than from a
change in the number of fibres growing. Other activities which compete with wool growth
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for nutrients, particularly late pregnancy and lactation, will reduce fleece weight by reducing
mean fibre diameter and staple length.

Similarly, genetic selection for increased fleece weight generally results in increases in
staple length. In genetic selection programmes, fibre diameter is generally controlled by direct
measurement, so the only biological avenues for increasing fleece weight are to increase fibre
numbers (selecting bigger sheep with more skin area, or sheep with more densely packed wool
follicles) or to increase staple length.

Staple strength

The diameter of a wool fibre varies as it grows in response to changes in the level of nutrients
available to the wool follicle. The variation in nutrients may be simply a result of seasonal
variation in feed available to the sheep, or it may be complicated by competition from
reproductive demands — particularly those of late pregnancy*> — in the case of ewes. When
wool is tested for staple strength, it breaks at the point where the diameter of the fibres is
lowest. If there is a big variation in the diameter of the fibres of a wool staple along their

length, the reported SS will be low.

If sheep are fed a constant low level of nutrition such that the diameter of fibres along a
staple is relatively constant, the reported SS will be high. In fact, the intrinsic strength of the
wool fibre material does not change at times of low nutrition. The fibres become thinner, but
the wool proteins and structures which compose the fibres retain the same strength.

The explanation for the apparent anomaly lies in the way SS is measured. SS is measured
in newtons per kilotex, where kilotex is a measure of linear density and is akin to volume.
Fibres can achieve a given volume (linear density) by being consistent in diameter along their
length or by being thick in some parts and thin in others. If diameter varies along the fibre, the
strength will be determined by the strength of the thinnest point. As that point will be thinner
than any point in an even-thickness fibre of the same volume, it will break with a lower force.
In reporting the SS, the applied force to break the fibres is divided by the linear density, so the
fibres with the most variable diameters will have the lowest reported SS. To illustrate this in
another way, any one fibre with an average thickness of 20 um but a thin point of 16 um will
require the same force to break it as a fibre which is an even 16 pm along its whole length. The
SS of each fibre, however, is different, because the fibre which averages 20 um has a higher
linear density and, therefore, a lower SS in terms of Nktex! (Figure 4.5).

It appears, therefore, that one way for sheep producers to influence staple strength is to
reduce the variation in diameter of the fibres the sheep are growing. This may require taking
steps to
e reduce the severity of the most severe nutritional check applied to the sheep during the

year (which will have the effect of increasing the minimum fibre diameter)

e reduce the amount of feed offered to the sheep during the time of the year when feed is
most available, usually the spring time (which will reduce the linear density of a staple of
the fleece and probably also reduce the mean fibre diameter).

The understanding of staple strength described here is relatively new and management
strategies to use these approaches have not yet been fully tested. In Western Australia, where



SHEEP FARM PRODUCTS: WOOL, MEAT, SKINS AND MILK 59

Figure 4.5: The diagram illustrates three fibres of the same average fibre diameter (20 um) and of
the same tex (length and weight). Fibre A is of constant diameter and will break at a random point
along its length. Fibre B will break in the middle at the point of lowest fibre diameter. Fibre C will
break near the tip, at its point of lowest fibre diameter. The force required to break the fibre will be
highest for fibre A — because its minimum diameter is 20 pm — and lowest for fibre B, because
its minimum diameter is |6 um. Source: KA Abbott.

low SS is a major problem for sheep producers, some early results have indicated that the
restriction of feed offered to young sheep in spring will lead to increases in SS, although
the coincident reduction in fibre diameter has a greater beneficial effect on wool price than
does the improvement in SS.

Staple strength is influenced by other attributes of wool fibres within a wool staple. These
include the variation in fibre diameter between fibres (independent of variation along fibres),
the correlated variation in fibre length within staples and the proportion of shed fibres in the
staple. Variation in diameter and length between fibres appears to be under genetic control.

Fibre shedding in Merino sheep occurs when wool follicles become inactive in response to
stress.® Follicle shutdown leading to the shedding of fibres can be reproduced by the administration
of cortisol.” Fibre shedding is likely to have a role in the occurrence of fleeces with low staple
strengths, but only when SS is below 30 Nktex!. In cases where sheep have wool of such low
staple strength, nutritionally induced fibre shedding may simply be contributing to the low staple
strength induced by the low fibre diameter produced by the same nutritional check.®

At greater staple strengths, variations in staple strength appear to be most strongly
influenced by variations in fibre diameter. The complete fleece loss (a wool break) which follows
severe nutritional or health insults is, however, a consequence of generalised follicle shutdown.
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Vegetable matter

The amount of vegetable matter in fleeces and, therefore, in lines of wool is generally a
consequence of the timing of shearing in relation to the late-spring/early-summer appearance of
grass seeds and burrs. If sheep are shorn just before this time, they pick up much less vegetable
material, and have longer to lose what they do pick up before the next shearing. If sheep are
shorn soon after this time, such as in summer, there may be very heavy levels of vegetable fault
in the fleece. The seriousness of the issue depends on the type of pasture and weeds present on
the farm and the grazing system used. In higher rainfall areas and on improved pastures with
good weed control, summer or early autumn shearing may not necessarily lead to levels of VM
in fleece wools above 2%, but the pieces may be quite high in VM.

Grass seeds can cause problems beyond those associated with wool price. Grass seeds of
some plants can penetrate the skin and eyes of sheep and lead to mortalities or losses of weight
gain and wool productivity. The effect of grass seeds on carcase quality is discussed below in
the section on meat production.

Fleece value per sheep

Reports of the wool market are made frequently in the rural press and usually express the
prices received for wool by quoting a category indicator price for wools of a particular fibre
diameter. The indicator price is an index and is calculated from the average price received for
a range of wool types in a particular fibre diameter range which were sold at auction in the
previous time period. The quoted price is an approximate estimate of the value of a sound
fleece of wool from a sheep, taking into account that some wool from each fleece is of relatively
low value (PCS, BLS, LKS — see Table 4.1) and some is of high value — the wool in the main
line. For example, from Figure 4.1, the average category indicator for 20 pm wool in 2014-15
was 1200 cents per kg of clean wool. For a sheep which produces 3.5 kg of clean wool each
year worth, on average 1200 cents, the gross return therefore is around $42. After selling costs
and levies, the producer should receive over 95% of that amount.

MEAT
Sheep meat production

Sheep meat is produced from lambs and from adult sheep. The highest value meat is from
sheep with no permanent incisors erupted, which are described as lambs in the meat trade,
even though they may be up to 13 or 14 months of age. Meat produced from hoggets (sheep
with two permanent incisors) and older sheep is usually of lower value and returns 20% to

30% per kg less to the producer than lamb.

In some flocks, sheep meat is a secondary product after wool, and the only animals sold
for slaughter may be cast-for-age sheep or young sheep which are culled from the flock due
to low productivity or poor wool quality. In specialist meat-producing flocks, the principal
product is lamb and these flocks are usually described as prime lamb flocks. All lambs of both
sexes are sold — replacement ewes are purchased from outside sources.

Lambs produced in prime lamb flocks are usually crossbred and sired by a ram of a breed
which has been selected for its strong meat-producing characteristics. In Australia the most
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commonly used meat breeds are Poll Dorset, White Suffolk, Texel and Suffolk. Because all
progeny produced within the prime lamb flock are sold, the rams are described as terminal sires.

The dams of prime lambs are most commonly, in Australia, a Border Leicester x Merino
cross. The lambs in such systems are termed second-cross lambs and the ewes, their dams, are
called first-cross ewes.

Terminal sires may also be joined to Merino ewes, producing first-cross lambs for slaughter.
First-cross and second-cross lambs usually receive a higher price per kilogram than purebred
Merino lambs.

Sheep may be sold from farms direct to an abattoir; the producer then receives payment
based on a previously agreed price per kilogram of carcase weight. This form of sale is called
over the hooks. Alternatively, sheep for slaughter may be consigned to a saleyard where buyers
compete for the sheep at auction. The offered price is based on the buyer’s estimate of what the
sheep’s carcase weight is likely to yield.

In Australia, the preferred carcase weight for lambs is between 18 and 34 kg. Dressing
percentage (the carcase weight as a proportion of the liveweight) is variable but in the range
of 45% to 48%. A lamb of 50 kg liveweight is expected to yield a 22.5 kg carcase. Heavy
carcases tend to have greater proportions of fat, and lighter carcases may be too lean. The
value of a carcase and, therefore, the price paid to the producer are influenced by both size
and fatness. The price is usually determined on a price grid (Figure 4.6). There is considerable
variation in the price paid within and between seasons, depending on the availability of suitable
lambs and the demand for particular types of carcase or sheep meat products from exporters,
domestic butcher shops and consumers.

Disease conditions which affect meat quality and price

A number of disease conditions directly affect the carcase quality of animals which are
slaughtered at abattoirs. In some cases, the cost of carcase condemnation — partial or total —
is borne by the owner of the abattoir. On other occasions, particularly when animals are
consigned directly from farm to abattoir, the cost is passed back to the producer. In many
cases the disease conditions are preventable.

In Australia, the National Sheep Health Monitoring Project commenced in 2007. The
programme seeks to record and monitor disease conditions which are detectable when animals

Figure 4.6: An example of a price grid for crossbred lambs indicating the price paid ($ per kg
carcase weight). Lambs that are too light, too heavy, too fat or too lean are penalised. Source:
KA Abbott.
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Table 4.2: Disease conditions of sheep identified from abattoir monitoring, NSW, 2006-1 |.
Adapted from National Sheep Monitoring Project (https://www.animalhealthaustralia.com.au/
nshmp/). Only the eight most prevalent conditions are shown.

Proportion of Annual cost
Disease agent Common consignments Proportion of to Australian
or condition name positive animals positive  industry
Taenia hydatigena Bladder worm 68% 18%
Fasciola hepatica Liver fluke 27% 8%
Taenia ovis Sheep measles 51% 4.0%
Pleurisy-pneumonia 47% 4.3%
Caseous lymphadenitis Cheesy gland 33% 3.9%
Echinococcus granulosus Hydatids |.6% 0.15%
Oes columbianum Nodule worm 1.8% 0.4%
Sarcocystis spp Sarco 1.8% 0.2% $0.89m

are slaughtered at abattoirs. For some conditions there is a direct cost in terms of condemnation
of organs, carcases or part-carcases. In other cases, the abattoir simply provides a convenient
way to monitor the level of a disease in the sheep population.

Metacestode infections of sheep

Sheep are the intermediate hosts of three cestode tapeworms of canids: Echinococcus granulosus,
Taenia ovis and Taenia hydatigena. Each of these parasites exists as a tapeworm in the definitive
host — dogs and other canids — and in a metacestode form in the intermediate host — the
sheep or other hosts. The metacestode form of 7 ovisand T hydatigena is a cysticercus, while for
E granulosus the intermediate stage is a hydatid cyst. 7 ovis and, to a lesser extent, T hydatigena
have a negative impact on the Australian meat industry, but neither presents any risk to the
health of humans. £ granulosus infection in dogs is the primary source of hydatid infection in
humans. Sheep are the principal source of E granulosus infection for domestic dogs.

Echinococcus granulosus (hydatids)

Echinococcus granulosus is a tapeworm of dogs, dingoes and foxes. Intermediate hosts are
infected by ingestion of eggs passed by the definitive host. The hydatid cyst develops on the
viscera, particularly the liver and lungs. Intermediate hosts in Australia include humans,
sheep, goats, cattle, feral pigs, macropods and wombats. Approximately 100 human patients
are diagnosed with cystic hydatidosis in Australia each year. Most human cases are treated
surgically and there is a significant case fatality rate.®

Two transmission cycles exist in Australia, with crossover between them on the mainland.
One cycle exists between domestic dogs and sheep, cattle or goats. There is also a sylvatic cycle
between wild dogs, dingoes and foxes (as definitive hosts) and kangaroos, wallabies and feral
pigs (as intermediate hosts). Crossover occurs when wild dogs and dingoes prey on domestic
livestock or when wild canids contaminate sheep pastures with eggs.’
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Following a programme aimed at elimination of hydatidosis from Tasmania, the state was
declared provisionally free in 1996. The programme was based on public education, abattoir
monitoring, banning of offal feeding to dogs and six-weekly cestocidal treatment of dogs.
The absence of a sylvatic cycle in Tasmania made successful statewide elimination feasible.!®
E granulosus still exists in Tasmania at a very low level and is apparently being transmitted
between dogs and cattle in a few restricted areas. New infections in humans have not been
reported® and sheep infections are rare.!

To prevent infection in sheep, all dogs should be prevented from eating the offal of domestic
animals, macropods or feral pigs, and they should be dosed six-weekly with praziquantel —
or both. Transmission from dingoes and wild dogs is much more difficult to prevent and will
involve further research and development before control programmes can be attempted.

The risk of transmission to humans, particularly children, from farm dogs should be
emphasised by veterinarians in conversations with farm owners. The eggs passed by dogs are
sticky and can adhere to the dog’s coat and transfer to human hands when patting the dog.
Washing hands with soap and water reduces the risk of infection.

On farms where sheep measles (7zenia ovis) has been diagnosed, the risk of hydatid
transmission between sheep and dogs should also be considered, because both parasites have
similar life cycles.

Taenia hydatigena (bladder worm)

The metacestode form of 7 hydatigena was formerly known as Cysticercus tenuicollis. Cysts
form as fluid-filled sacs on abdominal organs, particulatly the liver. Infection is found very
commonly at slaughter, but the impact is limited to condemnation of the organ (the liver,
usually) or trimming of the cysts. Condemnation of the liver can be due to the presence of
multiple cysts or of tracts through the liver from migrating larvae or fibrous tissue on the liver
surface where cysts existed previously.

T hydatigena tapeworms occur in the small intestine of canids, including domestic dogs,
wild dogs, dingoes and foxes'?, and pine martens, weasels, stoats and polecats.!? Cats are not
suitable hosts.' After a pre-patent period of 8 to 12 weeks", proglottids containing, on average,
28 000 eggs are passed in the faeces, although most eggs are released in the intestinal tract. An
infected dog will typically harbour one or two tapeworms, passing up to 100 000 eggs daily,

and will remain infected for about one year.!

Eggs ingested by the intermediate host hatch in the small intestine and the larvae migrate
through the intestinal wall, enter the bloodstream and travel to the liver, entering the liver
parenchyma from the portal vessels. The larval cysticerci burrow through the liver for 18
to 30 days before emerging into the peritoneal cavity and then, usually, attaching to the
abdominal viscera, mesentery or greater omentum. The cystercerci complete their development
and become infective to the definitive host as early as 34 days post-infection. Mature cysticerci
are 1 to 6 cm long and filled with clear fluid and a single scolex.

The migrating larvae produce necrotic, haemorrhagic tracks, but, in small numbers, their
activity causes no clinical illness. More severe damage to the liver can occur if large numbers
of larvae invade the organ more or less simultaneously, as can occur when a sheep ingests
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an entire tapeworm segment containing thousands of eggs. Under such circumstances the
sheep may develop clinical signs of traumatic hepatitis and peritonitis and, if these conditions
are sufficiently severe, may die acutely. Infectious necrotic hepatitis (black disease), caused by
Clostridium novyi, may be precipitated by the migrating cysticerci'® but this appears to be rare.

Sheep, goats, cattle, pigs and wild ruminants can all serve as intermediate hosts.'?

Control of 7" hydatigena is similar to that for 7" ovis (discussed below).

Taenia ovis (sheep measles)

Canids contract infections with 7zenia ovis tapeworms by ingesting sheep meat containing
viable cysts of the cysticercus form of the parasite. The tapeworms establish in the small
intestine and the infection becomes patent seven weeks or more after ingestion of the cyst.””
Each infected dog usually has only one tapeworm which may remain for nine months or
more. As with 7 hydatigena, eggs are passed in the faeces in very large numbers either free or
contained within proglottids and can remain viable on pasture for up to 300 days.!

Both sheep and goats can serve as intermediate hosts and ingest the eggs while grazing.
The eggs hatch in the small intestine and the activated oncospheres cross the intestinal wall
and migrate to muscle tissue via the bloodstream. The larvae encyst in muscle forming the
cysticercus. The cysts are 4 to 6 mm in diameter and each contains one cestode scolex. The
cysts become potentially infective to canids after approximately 46 days and remain viable for
several months, after which time cysticerci die as a result of the immune reaction of the host.
As the cysts degenerate they become at first pus-filled and then mineralised.

Cysts form most commonly in the cardiac, diaphragmatic and masseter muscles but
can be widespread throughout the skeletal musculature. The presence of cysts — viable or
calcified — in the muscle leads to condemnation of a part, or the entirety, of the carcase at
the abattoirs. Neither the cysts in the sheep nor the tapeworms in canids pose any threat to
humans. The reason for the condemnation is the undesirable appearance of the cysts in the
meat and the risk of rejection of large shipments of meat by importing countries. The presence
of one cyst will exclude a carcase from export markets. The presence of more than a few cysts
will lead to rejection of the carcase from domestic markets as well.

Losses due to condemnation of carcases and offal (hearts in particular) are suffered by
both abattoirs and the producers consigning sheep to the abattoirs. The greatest losses are
experienced with older sheep, rather than with lambs. A high prevalence of infection can
occur unexpectedly — from farms with no previous history of infection — and losses can be
severe. Heavy contamination of a pasture can be caused by one or a few canids and, perhaps
as a result of favourable climatic conditions, can lead to high levels of infection in sheep which
graze the pasture, leading to high levels of carcase rejection when the sheep are slaughtered.
Such outbreaks appear to be a worldwide phenomenon.!8

The definitive canid hosts include domestic dogs, dingoes, dingo-dog hybrids, foxes and,
in some other countries, wolves. In Australia, the prevalence of infection in domestic dogs
is low!!, presumably because dogs are usually fed with commercial dog foods rather than
raw sheep meat and are treated with highly effective anthelmintic preparations containing
praziquantel. Farm dogs fed raw meat from sheep but not subject to effective and timely
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anthelmintic treatment are a potential source of 7 ovis eggs to grazing sheep. The feeding of
raw sheep hearts to dogs in rural environments may be a particularly common and, for 7 ovis
transmission, high-risk practice.!! 7" ovis tapeworms have been recovered at a low frequency
from foxes in NSW and WA (two out of 499 examined), but out of 52 wild dogs examined in
NSW and ACT no tapeworms were recovered.!?

To prevent sheep measles from occurring in flocks, farm dogs should be fed sheep meat
or offal only if it has been cooked or frozen before feeding. If offal is to be cooked for dog
food it must be boiled for at least 40 minutes. Freezing for 15 days at -5 °C is sufficient to kill
cysticerci of 7 saginata and so is likely to be sufficient for 7" ovis cysts.

Dead sheep and discarded sheep offal should be burnt or buried out of reach of dogs and
foxes. In addition, dogs should be wormed with a product containing praziquantel at intervals
of six weeks or less. In New Zealand, the industry-funded sheep measles control programme
(Ovis Management Ltd) recommends treatment at 28-day intervals.?® Access of other dogs
(belonging to neighbours or farm visitors, for example) to sheep pastures should be prevented
unless they, too, have been adequately treated.

Sarcosporidiosis

Lesions of sarcosporidiosis (‘Sarco’) in sheep appear as small white cysts, resembling rice grains,
in the oesophagus, tongue, diaphragm and striated muscles. They rarely have any effect on the
health of the sheep but are commonly encountered when sheep are slaughtered. Heavy levels
of infection lead to partial or total condemnation of carcases. Estimates of the prevalence of
detected sarcosporidiosis in Australian carcases range from 0.4% to 0.9%, with much higher
prevalence detected in southern regions, especially Tasmania. There is a marked increase in
the prevalence of macroscopic sarcocysts with increasing age of sheep.?!

Sarcosporidiosis is caused by a protozoon parasite of the genus Sarcocystis. All Sarcocystis
spp have indirect life cycles with a carnivore as the definitive host and another species, typically
a prey animal, as the intermediate host. There are over 120 species of Sarcocystis and each
is host-specific with respect to the species of intermediate host and the family of definitive
host.?? Four Sarcocystis species occur in sheep, two with canids as the definitive host (S tenella,
S arieticanis) and two with cats as the definitive host (S gigantean and S medusiformis).” The
red fox may also be a definitive host for § gigantea.”

The species of Sarcocystis recorded in goats (with definitive hosts) are S capracanis (canid),
S hircicanis (dog), S moulei (dog) and, possibly, S caprifelis (cat).>*

Sheep are infected by eating sporocysts passed in dog or cat faeces. Excystation occurs in
the intestine, and sporozoites are released and penetrate the intestinal wall. Asexual multiplication
occurs within endothelial cells of capillaries and arterioles releasing merozoites into the bloodstream.
These enter muscle cells and form sarcocysts which contain many cystozoites (bradyzoites). If dogs
or cats ingest sheep meat containing mature sarcocysts of the appropriate species, then a sexual cycle
of development occurs in the intestine, leading to formation of oocysts which sporulate, forming
sporocysts.” Infections in cats are patent 11 to 21 days after ingestion of sporocysts.??

Only the cat-derived sarcocysts of sheep are macroscopically visible and therefore cause
a problem for meat inspection.?® § gigantean has a predilection for the oesophagus and forms
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cysts of a particular shape (three to five times longer than they are wide) described colloquially
as fat. S medusiformis does not exhibit the same muscle site predilection and forms #hin cysts
in muscles, including laryngeal and abdominal muscles and the diaphragm. Mature cysts of
S medusiformis are fusiform in shape, around 10 times longer than wide, measuring up to
5 mm long and 0.5 mm across.”” Neither of these Sarcocystis species is pathogenic for sheep.

The cysts of S tenella and S arieticanis are small (<1 mm)** and are not detected by gross
inspection, and they are not, therefore, a problem of meat quality. Both species produce cysts in
the striated muscle and S tenella has also been recorded in the CNS and Purkinje fibres of the
heart. Both have some pathogenicity for sheep, S tenella being the more pathogenic. Clinical
sarcosporidiosis due to S tenella has been associated with outbreaks of myeloencephalitis,
pneumonia and abortion.?% (S tenella is also known as S ovicanis.)

After ingestion of sporocysts of S medusiformis, sheep develop sarcocysts which are detectable
by gross examination of affected muscles within 11 months, although the sarcocysts are not
mature and, therefore, they are not infective for cats for several more months.?” There is no
apparent effect of Sarcocystis on the health of infected cats. Control of cat-derived sarcosporidiosis
is based on minimising the access of cats to raw sheep meat — by burning or burying all sheep
carcases, as well as by avoiding deliberate feeding of raw sheep meat to cats — and by prevention
of contamination of sheep feed sources by cats. There is no treatment available for cats. Effective
feral cat control is difficult, but attempts to reduce the feral cat population have begun in
Kangaroo Island, SA, with a view to eliminating cats from the island by 2030. Sarcosporidiosis
and toxoplasmosis are both factors considered in justification of the plan.

Pleurisy and pneumonia

Respiratory infections of sheep are discussed in Chapter 20.

Arthritis

Arthritis is discussed in Chapter 13.

Caseous lymphadenitis (Cheesy gland)
CLA is discussed in Chapter 19.

Grass seeds

The seeds of a number of grasses and weeds can lodge in the fleece of sheep and lambs
and damage and penetrate the skin. Any seeds which do penetrate the skin may rest in the
subcutaneous tissues and thus lie on the carcase, where they are detected during slaughter and
processing. Reaction around the grass seed may be minimal, or an abscess may develop. Both
carcase and skin values may be heavily penalised by processors if grass seeds have damaged the
skin or lodged on or in the carcase.

The effect of grass seeds is not restricted to post-slaughter costs. Grass seed irritation can
markedly reduce lamb growth rate, and grass seeds may also lodge in the eye, leading to
corneal abrasion and kerato-conjunctivitis.?*3! Grass seeds also contribute to vegetable matter
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contamination of fleeces, with subsequent effects on fleece value, although there are many
more plants which cause fleece contamination without skin penetration.

The species of grasses which cause carcase contamination include those which are common
in pastures and possess awns which readily attach to wool and are capable of penetrating
the skin. The most likely to cause carcase contamination include Erodium spp (storksbill,
geranium), Aristida spp (wiregrass), Austrostipa spp (spear grass) and Vulpia spp (silver grass),
but Hordeum spp (barley grass) and Bromus spp (brome grass) can occasionally penetrate the
skin and also cause significant damage to eyes and skin.

Grass seed accumulation in the fleece may be prevented by adjusting shearing time or the
time at which sheep are sold in order to avoid grazing sheep with fleeces of significant length
in paddocks containing problem grasses. Barley grass seed accumulation in the fleece can be
reduced by removing sheep from barley-grass-infested pastures for one to two months while
seeds fall from the plants to the ground. Slashing the pasture may also be effective. However,
with regard to wiregrass, the extended period over which this grass produces seeds makes such
an approach less useful.*

Shearing lambs before exposing them to pastures containing barley grass at the time of
seed shedding (late spring) leads to increased carcase weights and improved quality of the
tanned skin.’! Longer-term management options include

* the provision of low-risk pastures or fodder crops to be used for lambs when seed set is
occurring in paddocks of annual grasses

e feedlotting lambs during the periods when seed set is occurring

e chemical treatment of pastures to reduce problem grasses or weeds® or to alter seed
development.

SHEEP SKINS

The pelt of the sheep is removed at slaughter and processed to produce either nappa leather
or skins still bearing wool (wool-on skins). The value of the skin at the time of slaughter is
determined by supply and demand factors current at any one time but is also influenced by
the breed of sheep and the quality of the product which can be produced from it. The removal
of wool or hair from the skin is called fellmongering and, in the case of fine wool such as
that from Merino and Merino-derived breeds of sheep, the wool removed at the fellmongery
is called slipe wool and can add significantly to the value of the skin at the point of slaughter.
In Australia, lambskins — from sheep under 1 year of age — are typically used as wool-on
leather products such as seat covers, bed underlays and clothing.?

Merino sheep tend to have more skin wrinkles than other breeds, and this characteristic is
retained into the processed leather, where the wrinkles give an appearance of ribs in the skin,
which is then referred to as 7ibby. Ribbyness in a pelt reduces its value as a leather product.®
Consequently, Merino skins often attract lower prices than those of smooth-skinned breeds.

Cuts of the skin such as those caused by the shearing handpiece leave scars on the skin
which affect skin values. Shearing scars reduce the value of skins for leather production and
are most likely to occur in Merino sheep — which are relatively wrinkly and prone to shearing
cuts — and in older sheep which have been shorn more often than young sheep.
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In Australia, the value to the producer of a sheep skin when a sheep is sold for slaughter
varies with the breed, age and wool length of the sheep in addition to the influence of market
conditions for skins. For a crossbred lamb with a fleece length of 50 to 75 mm and little
vegetable matter contamination, the skin may add 10% to the value of the slaughtered animal,
while the value of the skin of an adult, cast-for-age Merino with <20 mm of wool may be zero.

For lambs, crutching pre-sale is recommended to minimise the risk of faecal contamination
of carcases during processing. To increase the value of the skin, the area crutched should be no
more than required for hygienic processing of the carcase.

The importance of minimising grass seed contamination of the fleece was discussed above
in relation to its role in affecting carcase quality. Grass seed damage to the skin can also occur
with or without complete penetration of the skin and provides another reason to manage the
exposure of sheep, particularly young sheep destined for slaughter, to pastures which present a
risk of grass seed accumulation in the fleece.

Several factors further influence the value of sheep skins to the industry, but the costs of
these are not necessarily passed back to the producer directly. They include vaccination lesions,
dark fibres in the fleece, marking paints or brands applied to areas on the body rather than
the head, and several conditions known by the terms used in the leather industry — that is,
whitespot, cockle, pinhole and grain strain.

Whitespot is caused by dermatophilosis and cockle is caused by infestations of the sheep
body louse Bovicola ovis. Both dermatophilosis and lice are discussed further in Chapter 10.
Grain strain can be caused during the slaughter process when the skin is removed from the
carcase by pulling. It can also be caused pre-mortem by sheep handlers who catch or hold
sheep by the wool.

MILK

The milking of sheep has a very long history in parts of central and eastern Europe, France,
Italy, Spain, Greece, Turkey and Iran. Several breeds have been developed for their ability to
sustain long lactations at relatively high levels and to adapt to the relatively infrequent removal
of milk from the udder, which contrasts with the very frequent suckling of lambs under natural
conditions. These breeds include the Awassi and the East Friesian, which were both introduced
into Australia in the 1990s but in very small numbers. Most milking sheep in Australia are
crosses between Awassi, East Friesian and other breeds more common in Australia, such as
the Poll Dorset and Border Leicester. Because of their wide availability in Australia, Border-
Leicester x Merino crossbreds are the foundation source of many dairy flocks.®

Worldwide and in Australia, almost all sheep milk is used for the production of cheese
or yoghurt. Australia imports over $8 million of sheep milk products annually (cheeses such
as pecorino, roquefort, feta®, haloumi and ricotta) and there may be an opportunity for the
establishment of a profitable sheep dairying industry in Australia. Despite interest over several
decades in establishing an Australian industry, along with the importation of suitable breeds of

¢ Feta is traditionally of Greek origin and is made from sheep’s milk or a mixture of sheep’s milk and up to
30% goat milk. Haloumi is made from a mixture of sheep and goat milk. Ricorta may be produced from
sheep, cow, goat or buffalo milk.
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sheep, there are still very few commercial sheep dairies in Australia; altogether, they produce
around 500 000 L of milk annually from about 5000 ewes.*® The largest sheep dairy in Australia
is a mixed sheep and goat enterprise in Victoria, milking over 1000 ewes and over 5000 does.

Several issues of veterinary importance confront the Australian sheep dairy industry. These
include the commercial need to have ewes lambing year-round, preferably every nine months,
and the dilemma associated with lamb raising. Allowing ewes to nurse lambs for three to four
weeks before machine milking reduces the productivity of ewes over the lactation by 25%.
This is in contrast to the highly selected milking breeds of Europe and the Middle East, where
both anatomical (larger cisterns) and endocrine differences in dairy sheep allow ewes to nurse
lambs and to adapt to twice-daily milking without incurring any significant penalty in milk
production later in the lactation.”3

In Europe, clinical mastitis is reported to be an important cause of involuntary culling in
dairy ewes and the incidence of subclinical mastitis is up to 50% in some flocks.* In Australia,
while data are scarce, the incidence of subclinical mastitis appears to be low and somatic cell
counts are not considered useful.’”
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GENETICS ON THE SHEEP FARM

INTRODUCTION

The aim in this chapter is to describe some of the genetic principles which underpin commercial
sheep production. Veterinarians who service commercial sheep producers are often involved in
artificial insemination programmes, examinations of rams for breeding soundness, strategies
to lift reproductive rate and other strategies which may have implications for the genetic
merit of a commercial sheep flock. It is important therefore that they have not only a strong
understanding of the contribution that good genetic decisions can make to the productivity
of a commercial sheep flock but also an appreciation of the dominant role in sheep genetics
played by the ram-breeding sector of the industry.

Veterinarians are not usually involved in the design of selective breeding programmes in
ram-breeding flocks — at least, not without postgraduate training in the field — and that
topic is not discussed in this chapter.

Production of sheep meat and wool in the Australian sheep industry occurs principally in
the 15 000-20 000 commercial sheep flocks in the country — flocks in which breeding occurs
almost exclusively by natural mating and which require the acquisition of new rams every year or
every second year. Across Australia, to mate the roughly 45 million ewes joined every year, about
1 million rams are required. Given that the average working life of a ram is less than four years,
one could estimate that commercial flocks acquire around 300 000 new rams every year. These
rams are largely produced in specialist ram-breeding flocks and sold to the operators of commercial
flocks. These specialist flocks are expected to produce rams of high genetic merit and to be making
steady genetic improvement so that the rams they sell each year are genetically better than those
produced in the previous year.

The transfer of ewes makes virtually no contribution to the movement of genetic material
between flocks in the Australian sheep industry. Notwithstanding the availability of embryo
transfer technologies, the limited reproductive rate of ewes (which typically have only three to
six lambs per lifetime) compared to rams (which may produce 100 or more lambs each) means
that the fastest and most efficient way to make genetic change in the Australian sheep flock
is by the perpetual introduction of rams from ram-breeding flocks into commercial
flocks. Consequently, it is through the genetic selection practices in the specialist ram-breeding
flocks and the transfer of rams from them to commercial flocks that genetic improvement of
the Australian sheep flock is achieved.
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WHAT CONSTITUTES GENETIC IMPROVEMENT IN THE AUSTRALIAN
SHEEP INDUSTRY

Wool industry

The Merino (including the Poll Merino) is the dominant breed in the Australian wool industry
and there has been a very large body of research addressing the genetic improvement of the
breed conducted in Australia over many decades. The discussion which follows in this section
refers specifically to this breed.

A few of the important traits contributing to the eflicient production of high-value wool
which have a significant genetic basis are listed in Table 5.1. Some of these are directly related
to the quantity and quality of wool produced — traits like clean fleece weight (the amount of
clean wool produced annually by a sheep) and average fibre diameter — and some traits, like
reproductive rate or disease resistance, influence the efficiency of production.

Since the mid-19th century, breeders of Merino sheep in Australia have sought to increase
the quantity and quality of wool produced by their sheep, although the emphasis given to
each of the important traits has varied — sometimes in response to market conditions and
sometimes in response to the climatic conditions in different sheep-raising areas of Australia.

Since the latter part of the 20th century there has been an increasing adoption of objective
measurement of production traits and multi-trait selection indices in ram-breeding flocks.* In
such flocks, young rams are run together as one management group and their performance
measured, and they are ranked on an index which may include estimates of their breeding values
for fleece weight, fibre diameter, body size, reproductive rate, faecal egg count and a range of
other wool and carcase attributes. Ram breeders using this approach are likely to achieve annual
improvements in the genetic merit of their flocks for a number of traits simultaneously. Genetic
improvement is not usually limited to wool-producing traits, for the Merino breed makes a
significant contribution to sheep meat production as well as wool production on many farms.

In Australia, sectors of the sheep industry have worked together to adopt a common
approach to measuring, recording, analysing and reporting the genetic merit of sheep in
participating ram-breeding flocks. The umbrella organisation is called Sheep Genetics and
includes three distinct sheep databases — MERINOSELECT for Merino and Poll Merino
breeders, LAMBPLAN for breeders of meat sheep and dual-purpose maternal sires, and
DOHNE MERINO for the Dohne Merino breed. A common approach to measurement and
reporting is used across all breeds. Estimated breeding values (EBVs) used in the Australian
sheep industry are referred to as ASBVs (Australian Sheep Breeding Values) and the ASBVs are

comparable across flocks and across years.

Sheep meat industry

A wide range of sheep breeds contribute to sheep meat production in Australia but the most
important production systems are those based on the Border Leicester — as a maternal sire

a A selection index is a numerical expression of the estimated genetic merit of an animal combining a number
of traits (an animal’s estimated breeding value or EBV for each trait) weighted by the value to the producer
(usually monetary value) of a one-unit change of each trait and then added together. See Appendix 5.1 for
more details about selection indices.
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Table 5.1: The estimated heritabilities of some important genetic traits of Merino sheep, based on
data from Safari et al. (2005).! The estimates are based on a review of multiple studies. Standard
errors are published in the cited paper.

Trait Heritability (h?) Trait Heritability (h?)
Wool traits Reproductive traits
Greasy fleece weight (GFW) 0.37 Number of lambs born per ewe
Clean fleece weight (CFW) 0.36 joined (NLB/EJ) 0.10
Mean fibre diameter (FD) 0.59 Scrotal circumference 0.21
Coefficient of variation of FD 0.52 . . .

Disease resistance traits
Staple length 0.46

Faecal egg count (FEC) 0.27
Staple strength 0.34 e

. Fleece rot incidence 0.17

Yield 0.56 A t it 0.23
Crimp frequency 0.41 eece rot severtty '
Growth traits
Post-weaning weight 0.30
Adult body weight 0.42

breed — and the terminal sire breeds such as the Poll Dorset, Suffolk, White Suffolk and
Texel. The Merino breed, despite being primarily a wool-producing breed, makes the largest
contribution to sheep meat production through the role of Merino ewes, either directly as the
dams of first-cross lambs or as the dams of the crossbred ewes (Border Leicester x Merino) used
in prime lamb production. In addition, many pure Merino ewes and wethers are ultimately
slaughtered for sheep meat.

As a consequence of the different production systems, improvement in the efficiency of
sheep meat production through genetic selection has had different drivers in the different breed
types. In Merinos, growth rate, carcase and reproductive traits have received only limited
attention, with most emphasis applied to wool productivity. In the terminal sire breeds, there
has been very strong selection for traits affecting the growth rate and carcase quality of lambs
(Table 5.2). In the Border Leicester, because the breed is used to sire the dams of prime lambs,
more attention is paid to reproductive rate.

Again, as with Merinos, most breeders of meat and dual-purpose breeds select for a range
of traits using either selection indices or more subjective measures. Whichever approach they

Table 5.2: Estimated heritabilities of some important genetic traits of meat-producing sheep, based
on data from Safari et al. (2005).!

Trait Heritability (h?)
Growth traits

Birth weight 0.15
Post-weaning weight 022

Adult body weight 0.29

Carcase traits

Fat depth 0.30

Eye muscle depth 024

Lean meat yield 0.35
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take, their goal should be to select for traits which match the production objectives of their
ram-buying clients.

WHO IS RESPONSIBLE FOR GENETIC IMPROVEMENT?

The term commercial is used here to describe flocks which do not produce rams for sale but
produce wool and sheep for slaughter. Rams used for breeding are purchased from other
flocks, rather than bred within the flock. One distinguishing feature of a commercial flock
therefore is that all male lambs are castrated or sold before they reach breeding age. Breeding
rams, when they are required, are purchased from specialist ram producers.® The rams that
are purchased for use in commercial flocks are called flock rams to distinguish them from stud
rams, which are used in ram-breeding flocks (stud flocks) to sire the next generation of rams.
In commercial flocks, replacement ewes may be selected from the ewe lambs born in the flock
(as occurs in self-replacing flocks) or they may be purchased when required.

To qualify as a stud flock, the individual stud sheep must be registered with a breed society.
For Australian Merinos and Poll Merinos, the relevant society is the Australian Association of
Stud Merino Breeders Limited. Not all suppliers of rams are studs, however. Registered studs
produce about 80% of the rams used in the Australian wool industry and the remainder are
supplied from non-registered flocks. The term ram-breeding flock is used here to include both
stud and non-registered flocks which supply rams to other breeders.

Genetic improvement in the national sheep flock occurs as a result of selective breeding
practices in the specialist ram-breeding flocks. Traditionally, in the Merino and Poll Merino
breeds, genetic improvement has been in the hands of relatively few elite ram-breeding flocks,
known as parent studs. Parent studs generally became closed to outside introductions soon
after they were formed which, for many of the Merino studs, of Australia was late in the 19th
or early in the 20th century.

There are generally considered to be one or two layers of ram breeding interposed between
the elite ram-breeding flocks and the commercial producer. These flocks are multiplier flocks?
(also called daughter studs if they are linked exclusively to one parent stud or general studs if they
acquire rams from multiple parent or daughter studs) because they acquire rams (or semen from
rams) which are considered to be of high genetic merit from a parent stud, mate those rams to
selected ewes and offer the ram progeny for sale to commercial producers. This multiplication
step, while diluting some of the genetic superiority of the elite sire, provides access to improved
genetic material at an affordable cost for commercial producers. Multiplier flocks do not add to
the genetic gains made at the parent stud level bug, if the rams purchased from a parent stud are
of high genetic merit, they significantly increase the number of high-quality flock rams available
to the commercial producer, compared to the number which could be produced by parent studs.

Each year, if improvement is occurring in the elite flocks, it is expected that the average
merit of the rams sold to other flocks is better than the previous year. In this way, improved
genetic material passes down in a hierarchical fashion from the ram-breeding flocks to the
commercial flocks (Figure 5.1).

b There are exceptions. Some commercial flock owners breed their own flock rams, as is discussed further
below. Those that do, however, do not sell flock rams to others.
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Figure 5.1: The breeding pyramid. The genetic development of the Australian Merino and Poll
Merino is largely controlled by the genetic selection programs of a small number of elite flocks
which are at the apex of the breed. In the past, the elite flocks have been effectively closed to
introductions of rams or ewes. Rams and their genetic material have moved from the elite flocks
down to commercial flocks, either directly or through multiplier flocks.With the advent of across-
flock sire evaluation programs since the 1990s and the development of Al programs using frozen
semen, increasingly the elite flocks are open to introductions of rams from other elite flocks and
from multiplier flocks. Source: KA Abbott.

Parent studs have in the past been effectively closed to outside introductions, possibly to
maintain a commitment to producing a particular ‘type’ of sheep and possibly also because of
uncertainty that a ram from another flock could usefully contribute to genetic improvement.
Much has changed in this regard since the latter part of last century. Many ram-breeding
flocks submit rams (or semen from rams) to progeny-testing schemes which include rams
from other flocks (see later) and receive reliable genetic information about their own rams by
comparison to those bred in other flocks. Consequently, there has been an increasing trend for
progressive ram breeders to use proven rams of high genetic merit regardless of their flock of
origin. The parent flocks and elite ram-breeding flocks which now drive genetic improvement
in the Australian sheep industry are therefore no longer necessarily closed.

HOW THE BENEFITS FLOW TO COMMERCIAL PRODUCERS
Rams available to buyers vary in genetic merit and price

Ram-breeding flocks supply rams to other ram-breeding flocks and to commercial flock
owners. The greatest number of rams go to commercial flocks, but the best rams are either



GENETICS ON THE SHEEP FARM 77

retained in the ram-breeding flock where they were bred or they are sold to other ram breeders.
The rams that commercial growers buy (flock rams) are usually offered for sale in two or more
grades. Top-grade flock rams often sell in the range of $800 to $2000, while lower-grade rams
may sell for $500 to $800 (2018 prices).

Index scores are commonly used to rank rams for sale

Where rams are measured objectively and ranked using an index, ram breeders commonly
divide each year’s drop of rams into grades based on their ranking on index value. Index scores,
based on continuously variable traits like fleece weight, fibre diameter and body weight, follow
a normal distribution, so it is expected that the range of index scores of a group of animals
raised as a management group will be distributed in a fashion similar to that illustrated in
Figure 5.2.

The top 2% of rams are more than two standard deviations of the index above average.
Rams in the top decile are at least 1.3 standard deviations above average and are likely to be
retained within the ram-breeding flock for continuing evaluation and use in the ram-breeding
nucleus or its associated commercial flock. Rams in the next one or two deciles are likely to
be offered for sale at auction. These rams are between 0.5 and 1.3 standard deviations above
average. Rams in the lower deciles (fifth, sixth, seventh decile) are likely to be offered for sale
in grades corresponding to the decile in which their index value falls and priced accordingly.

Figure 5.2: The distribution of index scores for 4000 young rams in a ram-breeding flock is
expected to be normal. In this example, the average index score is 100. Each decile, consisting of
400 rams, is delineated by a vertical blue line. The 4th, 5th, 6th and 7th deciles are labelled. The
800 rams ranked in the 5th and 6th decile are within a few index points of average. The green
arrows indicate points which are one and two standard deviations above average. Around [6%
of rams are at least one standard deviation above average. Source: KA Abbott.
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Rams which fall in the fifth or sixth decile are close to the average in genetic merit. Rams in
the lowest three or four deciles are likely to be culled for slaughter.

It is possible to put a monetary value on each ram’s genetic merit when index scores
are based on measurable traits of economic value, using the information in Tables 5.3 and
5.4. Even approximate calculations provide a sense of the magnitude of the differences in the
productive value of rams with different index scores. To understand how index scores relate
to productive values, it is necessary to review the way in which a selection index is developed.

The ram breeder first identifies the genetic traits which are to be improved by the breeding
programme. These traits form the basis of the breeding objective. Next, relative economic values
must be allocated to the traits in the breeding objective. The economic value for each trait is an
estimate of the marginal profit arising from a one-unit change in the trait. When deciding on
the economic values, ram breeders must consider the effect of genetic change in the production

Table 5.3: Average prices for medium and fine Merino wool in 2017.The Australian Wool
Exchange Ltd (AWEX) publishes weekly price indicators intended to reflect the value of a typical
| 2-month-grown fleece of the specified mean fibre diameter. This table shows the average values
for 2017 sales and the micron premium associated with each micron category — the extra value
of wool per kg clean fora | um reduction in fibre diameter.

AWEX micron price

guide 2017
Fibre diameter (um) $ per kg clean wool Micron premium ($) Micron premium (%)

17 2342

18 21.88 1.53 7
19 19.30 2.58 I3
20 17.01 2.29 I3
21 16.17 0.84 5
22 15.29 0.88 6
23 [4.14 l.15 8

Table 5.4: Two of the most economically important, genetically controlled traits in Merino sheep
are clean fleece weight and mean fibre diameter of the fleece. Typical values for young sheep of
a medium-fine wool type are tabulated. The fleece value is based on the production of 3.5 kg of
clean wool worth $17 per kg ($60 per fleece). Standard deviation estimates are derived from
Atkins (1997).3

Standard Coefficient of
Mean individual deviation variation Change in fleece value per
Trait value (units of trait) (SD/mean) phenotypic standard deviation
In$ As a %

Hogget clean 35 kg 0.5 kg 15% $8.90 15%
fleece weight

(12 months)

Mean fibre 20 um .4 um 7% $11.20 19%

diameter
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systems of their ram-buying clients, because it is in the commercial flocks that the benefit of
genetic improvement will be realised. Decisions around the economic value must also include
considerations of any additional costs associated with a one-unit increase in productivity as
well as any likely changes in the value in the future — because the desired genetic change will
not be realised in the commercial flock until several years after the ram breeder defines the
objective.

In relation to changes in clean fleece weight and fibre diameter, reference to Table 5.3
shows that, using 2017 commodity prices, a producer whose adult sheep grow 3.5 kg of clean
wool per year, with an average fibre diameter of 20 pm, could expect a 1 kg increase in
clean wool production to increase wool income by $17 per fleece, assuming no change in fibre
diameter. Similarly, a 1 um fall in mean fibre diameter is expected to increase fleece values by
$2.29 per kg, or $8.15 per fleece. Using those economic values, the breeding objective (H) can
be written thus:

H =17 X ACFW - 8.15 X AFD

where ACFW is the adult annual clean wool production (kg) and AFD is the mean fibre
diameter of the adult fleece, in microns.

In choosing economic values to apply in the development of selection indices, it is the
relativity between the values which influences the emphasis applied to each component of any
genetic change, rather than the quantum of the values. The statement made by the breeding
objective above is: ‘A 1 kg increase in clean wool production is as valuable to the producer as a
0.48 micron decline in fibre diameter. It does not matter which trait changes the most, just as
long as the aggregate (H) increases as much as possible’.

The ram breeder wishes to increase the value of the adult fleece but must make the selection
decisions before the rams reach adult age. Consequently, the rams will be measured at hogget
age (13 to 18 months) by fleece weighing and side sampling. The traits which will be used to
calculate index scores will be hogget clean fleece weight (HCFW) and hogget fibre diameter
(HFD), because these are traits which are highly correlated with the adult expressions. The
selection index which is derived from this breeding objective, using these selection criteria, is

[=5.5 X HCFW - 4.1 X HFD.

See Appendix 5.1 for further information about the development of selection indices.

Depending on the way in which they are reared, a flock of young Merino rams could have
a mean clean fleece weight of 3.5 kg (for 12 months’ growth of wool) with a standard deviation
of 0.5 kg or 15%, and a standard deviation of mean fibre diameter of 1.4 pm.?4

Using that index, EBVs for a ram which is one standard deviation better than average
could be around +0.03 kg for adult clean fleece weight (+0.9%) and -0.7 pm for fibre diameter.
These EBVs have economic values which, in total, add to $6. Some rams in the group with
similar index scores will have higher clean fleece weight EBVs and higher (less valuable) fibre
diameter EBVs, while some will be genetically finer woolled but with lower fleece weight EBVs.
The progeny of a ram of that merit will, on average, inherit half of his genetic superiority and
are therefore expected to produce fleeces at least $3 per head more valuable at each adult
shearing, compared to the progeny of an average-grade ram.
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For traits which are expressed every year, like wool value and reproductive traits (in the case
of ewes), the extra value will be realised repeatedly through the progeny’s life. Consequently,
in some genetic evaluation programmes, the allocation of relative economic values is based
on lifetime productivity, in an attempt to recognise the difference between traits which have
multiple expressions in the lifetime of a ewe or wether, and those like body weight at sale,
which is only expressed once.

In ram-breeding flocks using MERINOSELECT or LAMBPLAN, buyers are presented
with lists of rams with EBVs for a wide range of traits and pre-prepared index scores based on
breeding objectives developed for several different types of commercial production systems.

Evaluating rams on EBVs directly

Rather than using the presented index scores, a buyer can directly apply relative economic
values of his or her own choosing to the EBVs for each trait in order to compare two or more

rams.

For example, Table 5.5 compares the EBVs for two flock rams offered for sale in a 2017
sale catalogue:

Ram 4059 has an EBV for fibre diameter 0.7 um finer than the second ram, and an EBV
for clean fleece weight 9% higher — equivalent to 0.3 kg of clean wool when applied to the
commercial flock average of 3.5 kg. If the commercial producer interested in buying one of
these rams chooses to apply relative economic values of +$17 per kg and -$8.15 per micron
directly to the EBVs, then ram 4059 will be found to have EBVs for wool production at least
$10 more than ram 4124 — a difference which is expected to add $5 more fleece value to the
progeny of ram 4059 compared to ram 4129. Effectively, the producer is using EBVs as the
selection criteria, creating the following index:

I = 17 >< EBVCFW_ 8.15 >< EBVFD

The two rams in this example were offered for sale in different sale grades — the first is priced
by the ram breeder at $200 more than the second. Depending on the type of production
system operated by the ram buyer in his or her commercial flock, the extra $200 extra may be
considered a small price to pay for a ram which will produce progeny with $5 of extra fleece
value every year.

In most sale catalogues there are other traits reported for each ram which the astute buyer
will examine, but this simple example is used to illustrate the way in which EBVs can be used
to evaluate one or more rams.

Table 5.5: Two rams offered for sale by a ram breeder with their EBVs for fibre diameter (FD)
and clean fleece weight (CFW).The publication of EBVs at point of sale allows prospective buyers
to compare rams on the basis of the likely productivity of their offspring.

Ram ID FD EBV pm CFW EBV %
4059 -1.745 28.6
4124 -1.062 19.8
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Not all ram breeders present the results of comparative objective measurement to the
commercial producer; some instead offer flock rams for sale at varying prices based on
evaluations based largely (or entirely) on visual assessment. This method of sale, which has
been very widely practised in the past and is still commonplace, demands a high level of trust
between the commercial ram-buying client and the operator of the ram-breeding flock. In these
more traditional ram-breeding flocks, the use of objective measurement is often limited and
combined with visual appraisal, but rams are still graded into elite, reserve and sale categories

(Figures 5.3 and 5.4).

Rates of genetic improvement in the Australian sheep industry

Theoretically, genetic improvement programmes in large, closed parent flocks could increase
fleece weight by 1% per year while simultaneously reducing fibre diameter by 0.15 to 0.2 pm
per year, using a selection index based on a 10% micron premium.? In practice, however, most
ram-breeding flocks achieve less than 50% of the potential gains in fleece quantity and quality,
due to inefficiencies in selection, inclusion of visually assessed traits and extended generation
lengths of both males and females in many ram-breeding flocks.?

With the increasing adoption of nationwide, across-flock genetic evaluation programmes
for the Australian sheep industry, it is now possible to monitor the rate of genetic improvement
in the major breeds and breed types. An estimate in 2008 suggested that terminal sire breeds
using the LAMBPLAN database had improved by almost three standard deviations of their
selection index, worth about $17 per ewe, over a 15-year period to 2005, while the Merino had
improved by 1.3 standard deviations (6% to 7% greater fleece weight, 1.0 to 1.2 pm finer) over
the same period.’ The New Zealand sheep industry estimates annual rates of gain of 0.1 to 0.2
genetic standard deviations in meat breeds®, similar to those in Australia.

Figure 5.3: Flock rams are often graded, priced and presented by the owner of the ram-breeding
flock, and buyers can choose one or more rams from each grade following a visual inspection.
Photograph courtesy of LA Abbott.
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Figure 5.4: Rams identified by the owner of the ram-breeding flock as elite may be offered for
sale by auction or retained within the flock for potential use as elite sires. In such cases they may be
shown to ram-buying clients as examples of the best the flock can produce. Photograph courtesy
of LA Abbott.

STRATEGIES COMMERCIAL PRODUCERS ADOPT TO INCREASE THE
GENETIC MERIT OF THEIR FLOCKS

The rate of genetic improvement in commercial flocks

Genetic improvement occurs as a result of the selective breeding practices of the parent studs
and other elite ram-breeding flocks. These genetic gains are passed on to commercial producers
who buy flock rams — either directly from the parent stud or via a multiplier flock. Each year,
it is expected that the average genetic merit of the ram-breeding flock improves, so the rams
sourced from that flock each year will be genetically superior to those purchased in previous
years. Commercial producers with self-replacing flocks produce their own ewe replacements
which are sired by the purchased rams. The average genetic merit of the ewe flock improves
each year as a consequence of the improvement in the rams which are purchased each year. For
producers who buy rams of a similar grade from the same ram breeder each year, the genetic
improvement in the ewes and wethers of the commercial flock will proceed at the same rate
as that achieved by the ram supplier, but the genetic merit of the commercial flock will lag

behind that of the ram-breeding flock.
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The improvement lag between the ram breeder and the commercial flocks

The time lag separating the genetic merit of the two flocks is termed the improvement lag. In
the case of commercial flocks which have sourced their rams from the same supplier for a long
period, the improvement lag is the amount of genetic improvement in the ram-breeding flock
which occurs in the number of years taken for two generation lengths of the commercial flock.
The generation length in a commercial flock is defined as the average age of the parents when the
lambs are born, and this is typically 3 to 4 years. Thus the genetic merit of a commercial flock
usually equals that of the ram-breeding flock six to eight years previously. See Appendix 5.2
for a more detailed explanation.

If the commercial breeder purchases rams from a multiplier flock, there is an additional
improvement lag placed between the parent stud and the commercial producer’s flock. As
the generation interval in the multiplier flock is likely to be of similar magnitude to that in the
commercial flock, an additional six to eight years is interposed between the parent stud and
the commercial producer, leading to an improvement lag which could be as great as 16 years.

Fortunately, the operators of most multiplier flocks do not purchase average-grade sires
to breed more flock rams, but purchase rams from the parent stud which are substantially
above the ‘average’ grade. If, for example, a multiplier flock manager purchases rams which
are genetically one standard deviation above average from the parent stud, the extra degree
of superiority (one standard deviation) may compensate for much of the six to eight years of
improvement lag incurred before the flock rams are offered for sale to the commercial producer.

Identifying a ram breeder with a flock of high genetic merit

Traditionally, there have been very few reliable comparisons of the genetic merit of each of the
parent flocks, so commercial producers have found it very difficult to decide objectively which
are the best sources of rams for them. In many cases, the relationship between ram breeder
and commercial client has been based on a sense of loyalty, trust and other interpersonal
relationships. Over the past 20 to 30 years this situation has changed as more objective
comparisons between ram-breeding flocks and individual sires have become available. Two of
the important sources of information are described below.

Merino bloodline performance

The comparison of some aspects of the productivity of Merino sheep from different genetic
sources (different bloodlines, representing different ram-breeding flocks) can be performed by
conducting wether trials. Groups of at least 10 wethers are submitted from each of the participating
flocks and the groups are run together under the same conditions for two or more years. Their
productivity, particularly in wool traits, is measured annually. Because the wethers are run
together for extended periods of time, the differences between the productivity of each group is
predominantly due to genetic differences. Provided that a sufficiently large and random sample
of the source flock wethers are entered into the trial, the results can provide reliable information
about the genetic merit of the source flock, and this information can assist commercial flock
owners when deciding on a supplier of rams for their commercial flocks. National organisations
which now operate in Australia (such as Merino Bloodline Performance’) collect and collate the
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results of trials that have been conducted under an agreed set of rules. By combining results for
the same bloodline from multiple trials, the reliability of the comparisons between bloodlines is
dramatically increased. The completed results are published periodically, providing information
on multiple bloodlines for traits including clean fleece weight, fibre diameter, liveweight, staple
length, staple strength and a number of visually assessed traits. When the characteristics of
each bloodline are combined in a computer model, a value for profit ($/DSE) can be estimated.
Typically, these values show a $6 range between the best few bloodlines and the lowest-performing
bloodline. Such information is a reliable and practical guide for commercial producers wishing to
compare bloodlines and ram-breeding flocks.

Central test and on-farm sire evaluation

Another source of comparative information available to producers is derived from sire evaluation
schemes, which involve the comparison of individual rams on the basis of their progeny’s
performance. Some progeny tests are conducted in privately owned flocks, particularly ram-
breeding flocks, while others are conducted at a central site and overseen by personnel from
a government department or a university. The schemes are ‘linked’ together by the use of
common sires, usually by artificial insemination (AI). Once a linkage is established, it is
possible to compare a// the sires used in 2// linked flocks.

The results are published periodically in a report — Merino Superior Sires — which is
readily available online and free of charge.c Both stud and commercial breeders are able to
evaluate the relative merits of a number of rams and, in most cases, purchase semen from the
best-performing sires.

It should be noted that information about an individual ram does not necessarily reflect on
the average genetic merit of the ram-breeding flock in which the ram was produced, although
it is more likely that outstanding sires will be produced in ram-breeding flocks which used
leading sires in previous generations and which practise sound genetic selection strategies.

Shortening the generation interval

Once a commercial producer has identified the ram-breeding flock which will supply flock
rams, there are a number of other flock management decisions which can influence the genetic
quality of the commercial flock ewes. One of these is to take steps to shorten the generation
interval in the commercial flock in order to reduce the improvement lag between the ram
breeder’s flock and the commercial flock. This can be done by reducing the average age of
either the flock rams or the flock ewes, or both.

Reducing the average age of the flock rams

Flock rams are generally used for three, four or five years, after which time they are cast for
age. The average age of the flock rams in a commercial flock when their progeny are born is
normally between 3 and 4 years. If a commercial producer reduces the age at which rams are
culled, the average age of the ram flock declines but a greater number of young rams must be

¢ Merino Superior Sires: http://www.merinosuperiorsires.com.au.
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purchased each year to maintain the size of the ram team. Given the usually large difference
between the purchase price of young rams and sale price of cast-for-age rams, this practice
increases the annual cost of maintaining the flock ram team. This cost is generally greater than
the increase in productive value of the flock which results from the move to a younger ram
team. A worked example is given in Chapter 7, but it should be noted that the financial merits
are influenced strongly by the purchase price of flock rams. While the strategy is genetically
sound, it is not usually economically wise.

Reducing the average age of the flock ewes

In self-replacing Merino flocks, ewes are commonly retained in the breeding flock until they
are 5 or 6 years of age, then cast for age. The reasons for retaining ewes for at least four
lambings (at 5 years of age) include the high productivity of adult ewes up to that age and the
relatively low reproductive rate of Merinos, making it difficult to maintain ewe flock numbers
if ewes are removed from the flock after three lambings only. The choice for producers is
often one of applying a high selection intensity to young ewes entering the flock and keeping
breeding ewes to a greater age, or of reducing the selection intensity on ewe replacements
and reducing the age at which breeding ewes are cast for age. For most commercial Merino
flocks, with reproductive rates between 80% and 90%, keeping breeding ewes until 5 years of
age (after their fourth lambing) is the most acceptable compromise. Each year, about 75% of
the ewe hoggets must enter the breeding flock to maintain its size, and therefore 25% can be
culled. The small gain in flock genetic merit which may be achieved by reducing the generation
length of the ewe flock by one year (a roughly 15% reduction in generation length of the ewes
from around 3.5 years to around three years) is unlikely to compensate for the difference in
productivity between the cast-for-age 4-year-old ewes and the extra ewe hoggets which must
be retained to replace them. Nevertheless, if both the reproductive rate of the flock and the sale
price of 4-year-old ewes are relatively high, the benefits of a lower ewe generation length may
add to the benefits of selling at least some ewes after their third lambing,.

Buying rams of higher grade than average

Most of the discussion up to this point has assumed that a commercial producer is purchasing
flock rams which are close to the average in genetic merit of their age group in the ram-
breeding flock. These rams are usually sold at moderate prices which meet the expectations of
most commercial flock owners. A commercial producer could, however, choose to purchase
one or more rams from a higher grade and be prepared to pay more to access animals of a
higher-than-average genetic merit.

Assuming that the commercial producer intends to use the ram simply as a flock ram, it
is relatively straightforward to compare the extra cost of an above-average ram to the likely
increased productivity of his progeny. (The special case where a commercial producer purchases
an above-average ram to breed more flock rams, thereby acting as a multiplier, is discussed
further below.)

In an earlier calculation, it was shown that a ram in the second decile of an index-ranked
group of young rams is likely to be around one standard deviation above average and to pass
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on to his progeny a 0.5 standard deviation advantage, compared to an average-grade ram.
Furthermore, the ewe progeny of the superior ram will pass on one half of their superiority
to the next generation of progeny born in the flock. The genetic influence of the superior
ram flows through the flock for a number of generations, gradually being diluted by each
generation of ram introductions. The impact diminishes over time such that, after 20 years,
less than 2% of the genetic superiority from that single ram introduction remains in the flock.

The increased financial return from the superior ram commences about one year after
the ram purchase, when the lamb progeny are shorn. In subsequent years, more progeny are
shorn, increasing the return from the purchase of the superior ram, with the greatest impact
occurring about six years after the purchase.

Because the extra cash flows occur several years after the purchase, it is necessary to
discount the future return to a net present value (NPV). Using a discount rate of 5%, the
NPV of a superior ram used for four years as a sire in a self-replacing Merino flock can be
approximated by the expression

NPV =k X V X (n; + n,/1.05 + n5/1.05% + n,/1.05%)

where V is the value, in dollars, of the ram’s superior breeding value and nl, n2, etc. are the
number of direct progeny born in the first, second and subsequent years following the ram’s
introduction.® The value of k varies with the flock structure, which influences how many
progeny of the superior ram are retained in the flock, and to what ages. For a flock in which
all wether lambs are sold after the lamb shearing, the value of k is around 1.6. Thus, if nl is
35, n2, n3, n4 are 55 and V is $6, the NPV of that ram is $1770. Under these conditions, it
is sensible spending $1770 extra to purchase a ram which has a breeding value (index score)
which is worth $6 more than an alternative ram. This approach can be used to evaluate the
financial merits of purchasing a superior ram to use for natural mating for a range of flock
management scenarios and discount rates.®

Some caution must be expressed, however, about the risks of purchasing a single expensive
ram on the basis of estimated breeding values. There is always some uncertainty attached to
the prediction of the ram’s genetic superiority. If the accuracy of his index score is low (such as
0.4), the confidence limits around the estimate of his breeding value are quite wide. There is a
significant chance that his true breeding value is substantially different (better or worse) than
the predicted value. The uncertainty is easier to manage for owners of large commercial flocks
who buy several rams at a time. The uncertainty around the average estimated breeding value
of a group of rams, each with low to moderate accuracies, is much less than the uncertainty
around any one of the individuals. If five or more rams of similar index score and accuracy are
purchased, the uncertainty can largely be ignored because the average of the group’s estimated
breeding values will be close to the average of their true breeding values (see Appendix 5.1).

Producing homebred rams within the commercial flock

Some commercial flock owners, rather than buying flock rams, breed their own by selecting
some of their best ewes and mating them to a high-merit ram, either through natural mating or
with purchased frozen semen. The high-merit ram used as the sire of the flock rams is almost
always produced in a dedicated ram-breeding flock and not home-bred in the commercial flock.
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Despite the fact that this procedure introduces an additional improvement lag while the
flock rams are produced, the access to rams of high merit can make this option financially
attractive. By using a similar approach to that described above for evaluating the purchase
of a superior ram for use directly in the flock, it can be shown that breeding flock rams from
one purchased superior sire can justify the additional expense of around $10 000 for a ram
that is one standard deviation above average, or over $15 000 for one which is two standard
deviations above average.®

Potential drawbacks of this approach include the need to have a flock exceeding 2500
ewes to justify the purchase of one superior ram (because of the number of home-bred flock
rams which are necessary to justify the purchase), and the uncertainty which results from
using rams with EBVs of low or moderate accuracy.

To avoid both of these constraints, the commercial producer could consider breeding flock
rams using artificial insemination with semen from either one proven sire (a ram with highly
accurate EBVs) or from a number of sires with moderate or higher accuracies. Provided that
care is taken in choosing the Al sires, current prices for semen and insemination procedures
make this approach readily justifiable for the commercial producer with a Merino flock of
substantial size.

Selection of replacement females

In self-replacing commercial flocks where breeding is practised at least partly to maintain the
female breeding flock, young ewes are selected to replace aged ewes which are culled and ewes
which have died. If there are more young ewes available for selection than are required to
maintain the breeding flock, then selection can be practised on the young ewe flock to ensure
that the best ewes are retained and the worst ewes are culled or, at least, not used for breeding
future replacements.

Selection of the best ewe hoggets may be based on visual appraisal (often called classing
the ewes), or on an objective evaluation of one or more characteristics of each young ewe, or a
combination of both. Commonly, this is performed when the ewe hoggets are aged between
12 and 18 months. The selection may be as simple as choosing the biggest, or as complicated
as weighing all or most fleeces at the first adult shearing and measuring the average fibre
diameter of a sample of the fleece around the same time (Figure 5.5). If the desired flock
structure requires that some young ewes are to be culled, it makes sense to retain the most
productive sheep, particularly if the traits under selection have a genetic basis. These sheep will
be more productive for the rest of their lives in the flock compared to the culled ones, and their
progeny can be expected to inherit half of the genetic superiority of their dams. The potential
benefits can be estimated by examining them in two parts, as follows.

Current generation gain

The higher average productivity of the selected ewes (and wethers if they, too, are selected
on measured performance) in each subsequent year is called the current generation gain. The
current generation gain is only realised if the less productive sheep are culled from the flock.
(If they are retained as dry sheep or for mating to terminal sires, there is no gain in the current
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Figure 5.5: Side-sampling for estimation of the fleece mean fibre diameter in Merino sheep
requires the clipping of a small sample (about 50 g) of wool from an area of the body midway
between the shoulder and hip and midway between the back and the belly. The wool should
be clipped at skin level and from the same region of the body of all sheep in the group being
measured.Young adult sheep are often tested at |5 to |18 months of age — before breeding
age — to test for fleece fineness. While mostly confined to ram-breeding flocks, it may be
economically justified to select ewes to enter the breeding flock of self-replacing commercial
wool-producing flocks. Photograph courtesy of LA Abbott.

generation because the less productive animals are still present on the farm and producing
wool, even though they are not contributing to the breeding of future replacements.)

The difference between the average phenotype of the selected sheep and the average
phenotype of the group before selection is called the selection differential (s). As an illustration
of the potential magnitude of the selection differential, consider a flock in which the
reproductive rate is 85% and 15% of the ewe hoggets are classed out on visual traits such as
poor conformation. Of the remainder, 80% must be selected to enter the breeding flock.

The selection intensity (i) associated with the best 80% of the population is 0.35 (see
Table 5.9 in Appendix 5.3). Using greasy fleece weight as an example, we can predict the
magnitude of the selection differential. One standard deviation of greasy fleece weight in a
flock of young ewes is approximately 0.5 kg. The selection differential is the product of the two
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factors i and s — 0.18 kg. In other words, the average greasy fleece weight of the best 80% is
likely to be 0.18 kg greater than the average greasy fleece weight of the whole group of ewes
which were tested.

If the selection were based simply on fibre diameter, the best 80% would be, on average,
0.5 um finer than the group as a whole (0.35 X 1.4 pm). If the two traits were combined into
an index weighted to maintain fleece weight and decrease fibre diameter, the best 80% would
be around 0.4 um finer than the group as a whole, but with the same average fleece weights.

Having been selected on the basis of their productivity as hoggets, these sheep will continue
to be more productive than a randomly selected group at each subsequent adult shearing.
The degree of their superiority at subsequent shearing events depends on the repeatability
of the trait. Generally, the repeatability of a trait measured at hogget age lies between the
values for heritability and one.’ It would be reasonable to assume values of 0.6 to 0.8 for
the repeatability of fleece weight and fibre diameter after measurement and selection at 1 to
1.5 years of age. The current generation gain is effectively the phenotypic response to selection
(R,), which can be predicted from the expression

Rp=r><s

where r is the repeatability and s is the selection differential.!®

Selection to achieve the current generation gains has a cost which is incurred at the time
of measurement. The economic benefits start to appear after the next shearing event (one
year later, usually) and continue to recur annually for the life of the selected animals. When
evaluating the benefits, it is necessary to discount the future additional cash flows back to a rez
present value matching the time at which the cost of measurement is incurred.

Future generation genetic gain

The selected ewes have, on average, a genetic superiority which can be predicted from the
estimate for heritability (h?) of the trait or traits and the selection differential, such that
the genetic response to selection is

Rg=h2><s.

For selection based on multiple traits using an index, the expression for the predicted response
is derived from the selection intensity (i) and the covariance of each selection criterion with the
breeding objective, rather than heritability, as in the case of the single trait. See Appendix 5.1
for an explanation.

The selected ewes will pass on to their progeny one half of their genetic superiority. If
those progeny are themselves subject to measurement and selection, they will in turn pass
on to their progeny one half of their own genetic superiority, plus one quarter of the genetic
superiority which existed in their dams. With each generation of breeding and selection of
the ewes, the contribution to genetic superiority of the previous generation is halved by their
mating to unrelated rams. Gradually, over a number of generations, if selection is continued,
the genetic superiority of the ewes before selection approaches R, asymptotically and, after
selection, the extra productivity of the selected sheep is ~R, + R greater than would be the
case had selection never taken place in this way in the flock.
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Because heritability is usually less than the repeatability of the trait, it can be seen that the
current generation gains are likely to be greater than the future generation genetic gains. They
are certainly quicker to arrive. The genetic benefits passed on to offspring are not significant for
several years after selection commences. Unlike genetic selection in ram-breeding flocks, this
form of selection has an upper limit and the higher productivity of the flock is only sustained
while selection is continued (Figure 5.6). Should selection based on measured performance
cease, the accumulated gains will dissipate over several generations.!

Despite its limitations, objective measurement and selection of ewes in commercial flocks
can be of value when the reproductive rate of the flock is sufhiciently high to allow moderately
high selection intensity of the young ewes. In fact, when plans are under development to
increase the reproductive rates in a self-replacing flock through changes in husbandry, the
benefit of increased selection intensity of ewe hoggets is an additional factor to include in a

Figure 5.6: Continuing selection of ewes in a commercial flock produces gains in productivity
which can be significant in magnitude but are not significantly cumulative. Using greasy fleece
weight as an illustration, gains are rapid in the early years but asymptotically approach a maximum
value of Rp + Rg. (see text). The ram-breeding flock supplying rams to the commercial flock is
improving at 1% per year With no selection, the merit of the adult ewe flock proceeds at the same
rate but with a /- to 8-year lag. Selection of ewes at hogget age is performed by culling the bottom
20% of ewe hoggets on greasy fleece weight, commencing in year 0, which results in improvements
in the average flock productivity. Current generation gains are responsible for most of the early
improvement, with 65% of the total gains achieved in the first 5 years. Genetic change, here
illustrated by the average merit of the non-measured wether flock, takes longer; achieving 66% after
|| years. Selection ceases in year |6 after which the productivity of the flock gradually returns to
the baseline determined by the merit of the purchased rams. Source: KA Abbott.
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cost-benefit analysis. It is important to appreciate, however, that the genetic gain is generally
small and slow to develop and is not significantly cumulative beyond two generations. This
is an important difference between ram-breeding flocks (where female selection is important)
and self-replacing commercial flocks.

The economic value of ewe hogget selection

The information provided above illustrates the magnitude of the potential increases in
productivity and fleece value which can be obtained by objective measurement of ewe hoggets
prior to selection into the breeding flock. The combination of current generation gains and
future generation genetic improvement of 0.5 to 1.0 um in fibre fineness, for example, would
be readily achievable in flocks in which 20% of the ewe hoggets are culled after testing.

With premiums in the wool market of $1 to $2 per micron (Table 5.3) and adult clean
fleece weights of 4 kg or more, a reduction in fibre diameter of 0.75 um across the flock could
increase the average value of a fleece by at least $3 to $6 per head. This premium is received
in each year that the selected sheep are shorn, even though the cost is incurred only once.
Note, however, that the cost of testing applies to 100% of the young ewes, while the benefit is
received only from the proportion which are retained.

Fibre diameter testing on farm, a service commonly provided by contractors, is now
available at a cost well below $2 per head and can be used to measure young ewes at shearing.
The benefits of basing ewe hogget selection on objective measurements such as greasy fleece
weight and fibre diameter are greatest when reproductive rates are high, when the identified
inferior sheep are culled from the flock (and replaced by selected superior sheep) and, even
more so, when wethers are kept as wool-growing sheep. The wethers may not be subject to
individual selection like the ewe hoggets but they will still express R, — the genetic lift
achieved by several generations of selection of the flock ewes.

If measurement of ewe hoggets is accompanied by identification and recording of
individual performance, additional use of the information can be made later in the sheep’s

life. The data can be used to improve clip preparation'!

and can be used also to permit
discriminatory culling of older ewes in the flock, such that the less productive ewes are cast
for age one or more years earlier than the more productive ewes. This, in turn, may allow for

increased selection intensity of ewe hoggets.

In summary, the gains to be made in the first five years of selection compare favourably to
the gains passed on to the commercial flock by genetic improvement programmes in the ram-
breeding flock supplying rams to it, and the gains are additional to those passed on from the
rams."? Unlike the improvement in the ram-breeding flock, however, the gains made by ewe
selection effectively plateau after two to three generations and are only maintained at that level
by continuing selection in the commercial flock.
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APPENDIX 5.1

WHAT IS AN EBV?
EBVs measure breeding values relative to a base figure

An estimated breeding value (EBV) is just that — an estimate of the amount of genetic merit
that an animal is likely to pass on to its offspring. EBVs are always relative to some base level.
In its simplest form, an EBV is quoted for an animal based on a comparison to its peers —
those animals born in the same flock at roughly the same time and, as much as possible,
exposed to the same environment from birth to the age at which measurement is made.

If flocks can be genetically linked, the average merit of the flocks can be ranked such that
two or more animals from different flocks can be compared — effectively by comparing each
animal to the average of its own flock and then comparing the averages of the linked flocks.
Similarly, genetic links across years can be created. Linkages are made by using common sires
in multiple flocks and in multiple years, usually by Al, and subsequent measurement of their
progeny compared to the progeny of new sires.

Calculating a simple EBV for a ram

As an example of a simple case, consider a ram-breeding flock in which 1000 ram lambs
are born and raised together to 1%2 years. At shearing at that age, their fleeces are weighed
and, for each animal, a greasy fleece weight (GFW) is recorded. The distribution of GFW
for the 1000 animals forms a bell curve — representing a normal distribution. The mean
value in this example is 4 kg; the standard deviation (SD) is 0.6 kg. The best ram has a fleece
weight of 5.8 kg, three standard deviations above average. The selection differential (s) for that
animal is 1.8 kg, which represents the phenotypic deviation of his GFW from the group mean
(Figure 5.7). A part of his phenotypic superiority is likely to be due to environmental effects —
such as good luck in his health and nutrition in his early life — and some of it will be due to
his genetic make-up. That part of his superiority which is due to additive genetic effects is his
breeding value, because he will pass that part of his superiority onto his progeny.

We can predict the effect of using this ram as a sire compared to using a ram with an
average value for GFW (a ram for whom s = 0). We expect the progeny of the superior ram to
be better, but how much better? Two factors must be considered in estimating the value of his
genes to his progeny.

First, we know that he will pass on only half of his genes to his offspring, the other half
coming from the dam.

Second, he will only pass on the genetic component of his superiority. His phenotypic
superiority was +1.8 kg but heritability estimates tell us that only about 35% of that superiority
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Figure 5.7: A normal distribution. The horizontal axis contains the values for a trait, such as fleece
weight. The vertical axis contains values for the numbers of animals with each value for the trait.
The animals with the highest value for the trait are at the right-hand end of the distribution, in the
red-coloured area P which refers to the proportion selected. The mean value (e.g. fleece weight) of
the selected proportion is s, the selection differential, and represents the average superiority of the
selected group over the entire unselected population. The selection differential equals the product
of i, the selection intensity and the standard deviation of the trait. The selection intensity (i) can

be predicted from tables for a given value of P (see Table 5.9). The cut-off point for the selected
population is x, which can also be predicted from tables. Source: KA Abbott.

is likely to be due to additive genetic effects. Thus, we predict his breeding value to be 0.35
X 1.8 = 0.63 kg. This is his EBV for GFW.

His progeny will receive on average half that amount and therefore will have fleeces
0.315 kg heavier than those sired by the average ram, if each ram were mated to similar ewes.

Making an index of one or more traits using EBVs

A selection index is effectively a multi-trait EBV in which a number of desirable genetic traits are
included and aggregated to produce a single value for overall genetic merit. The units of overall
value are often, but not always, currency (for example, dollars). To discuss further the development
of a selection index, we will proceed with the example described previously in this chapter.

The breeding objective is
H =17 X ACFW - 8.15 X AFD

and the selection criteria to be used are
e hogget clean fleece weight (HCFW) (the product of greasy fleece weight and yield)
*  hogget fibre diameter (HED).

Unfortunately, hogget fleece weight is not a perfect predictor of adult fleece weight, nor is
hogget fibre diameter a perfect predictor of adult fibre diameter. The traits are, however, highly
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correlated and, moreover, fibre diameter is correlated with fleece weight, although to a lesser
extent. The genetic correlations tell us that some of the genes which contribute to one trait also
contribute to another trait of interest, so we can use that information to make a more accurate
prediction of each animal’s true breeding value for each trait. Moreover, the phenotypic
correlation between the two selection criteria in this example can also tell us something about
the common effect of the environmental influences on the expression of those traits in the
animal. These correlations are known and can be used to improve the accuracy of the index
and make it a better predictor of each ram’s true breeding value.

The parameters required to calculate the selection index (Table 5.6) are
* the heritability of the selection criteria and the traits in the objective
*  the phenotypic variances of the same traits
*  the phenotypic correlations between each of the traits used as selection criteria
*  the genetic correlations between each of the traits in the objective and the selection criteria

e the relative economic values to be applied to each trait in the objective (in this case $17

and -$8.15).

Construction of the index requires some mathematical calculations (described in detail
in other texts'¥), the object of which is to derive weighting factors for each of the selection
criteria which make the index as accurate as possible as a predictor of each animal’s breeding
value — which is now expressed in dollars of fleece value because the breeding objective is
expressed in dollars.

An index calculated to rank animals on their breeding value, as described in the breeding
objective above, is

[ =55 X HCFW - 4.1 X HFD.

Typically, the values inserted into the index to calculate an index value for each animal are
deviations from the group’s phenotypic mean. Thus, an animal which has a fleece weight
0.2 kg greater than average, and a fibre diameter 0.5 pm finer than average, will have an index
score of

5.5 X 0.2-4.1 X -0.5 = 3.15.

Indices are frequently scaled for ease of calculation, but the advantage of using the index in
its base form is that the differences between individuals are directly related to the economic
values assigned to the traits in the objective.

Table 5.6: Heritabilities (on diagonal) and genetic correlations (below diagonal) of traits used in
the breeding objective and as selection criteria, and the phenotypic correlation (above diagonal)
between the two selection criteria, for calculation of the selection index in the example (see text).

ACFW HCFW AFD HFD
ACFW 0.4
HCFW 0.8 0.4 0.2
AFD 0.3 0.2 0.59

HFD 0.2 0.2 0.9 0.59
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The calculations of EBVs and selection indices used in Australian industry-wide genetic
evaluation programmes (MERINOSELECT, LAMBPLAN) for participating flocks are
performed using information from multiple flocks and from relatives (including sires, progeny,
dams, if available) of individual animals. Linkages across years and across flocks have allowed
the evaluation programmes to create databases in which EBVs and index scores are comparable
between breeds, between flocks and across years.> When across-flock evaluations began, index
scores were given mean values of 100 by the addition of a constant to the index expression,
providing a base from which continuing improvement of flocks and breeds can be monitored.

Many traits are now measured and recorded for participating ram breeders and ram
buyers can assess the merit of individual rams sold from participating flocks by examining
the EBVs for the traits of interest, or by viewing the index scores. Because the EBVs (known
as ASBVs in MERINOSELECT and LAMBPLAN) have been calculated using all known
correlations between traits and related animals, commercial lock owners can evaluate rams
using their own preferred economic values for each trait, using EBVs as selection criteria,
weighted directly by their economic value. An example of this method is given earlier in the
text of this chapter.

The accuracy of an EBV and an index score

How likely is it that any one progeny of a superior ram will be as good as predicted? There is
always some uncertainty and it arises chiefly from two sources.

First, while all of the ram’s progeny receive half of the sire’s genes, not every one of the
progeny will get exactly half of the good ones. On average over a large number of progeny, they
will get half of his good genes but, individually, some will get more than half and some less.
While this variability in outcome is beneficial in breeding programmes where measurement
and selection are repeated in every generation, it does mean that one cannot assume that every
son or daughter of a pair of champions is a champion!

Second, the original estimate of the ram’s breeding value may have been inaccurate. The
explanation for this is that, for that one individual in the GFW example, the assumption that
35% of his phenotypic superiority was genetic may have been incorrect. The figure of 35% for
the heritability (h? of the trait is calculated from experimental observations on large numbers of
animals, but it is only a ‘best guess’ for any one individual. That ram may have been blessed by
a particularly outstanding environment as a young sheep, leading to a phenotypic superiority
which was all due to his good luck! It may be that his true breeding value is close to zero. On the
other hand, his true breeding value may be substantially better than predicted by his EBV.

Because it is known that there is uncertainty associated with the estimate of an individual’s
breeding value, the accuracy of the estimate is also often published. This provides the user with
an indication of the reliability of the EBV and, for those who wish to, allows the calculation
of confidence limits around the prediction of the progeny’s merit. Accuracies are reported
on a 0-1 scale and are effectively the correlation between the animal’s estimated breeding
value (EBV or index score) and its true, but unknown, breeding value. In the simple, one-trait
case we have discussed here, the accuracy is h, the square root of the heritability — 0.6 or
60% in the case of hogget GFW. In more complex cases where multiple traits comprise the
breeding objective, different but correlated traits serve as selection criteria and information
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from relatives is included, the accuracy of an index depends on the heritability of each trait,
the correlations between traits and the degree of relationship between the sheep under selection
and the relatives for which performance records exist.? Accuracies over 0.75 are considered to
be high, those between 0.4 and 0.75 are moderate and those below 0.4 are low.

The accuracy of the index calculated on the previous page, using HCFW and HFD to
rank animals on ACFW and AFD, is 0.67. For a group of animals ranked on that index, this is
the predicted correlation between their index scores and their true breeding values. Information
about accuracies can be used in a number of ways and Figure 5.8 illustrates one useful inference
about accuracies and ram selection which is particularly relevant to ram buyers.

The example in Figure 5.8 shows a scatter plot for a group of 100 rams produced by a
computer model allocating at random non-additive genetic and environmental variation to
known true breeding values. (In reality, true breeding values are never known). By ‘creating

Figure 5.8: This hypothetical example has been created using a stochastic computer model to
illustrate the practical outcome of using an index with a moderate level of accuracy — in this case
0.67.The index scores of 100 rams have been plotted against their true breeding values. The best
six rams on index scores (in the red rectangle) have mean index scores of 12.0.The average of
their true breeding values is 13.7 (shown as a red star). The best six rams on true breeding value
(in the blue rectangle) have a mean true breeding value of |7.7 (blue star). If the index were used
to select six rams for breeding (those in the red rectangle) it would lead to substantial genetic
improvement in the next generation but not as efficiently as a more accurate index. The ram with
the highest index score is the sixth highest in true breeding value. In reality, true breeding values are
unknown, although, for some sires with hundreds of progeny in sire evaluation schemes, accuracies
are very close to 100%. Source: KA Abbott.
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and knowing’ their true breeding values we can plot them against the index score, which
attempts to predict their true breeding values. The correlation in this model is the same as
that estimated for the index calculated in the example above (0.67). We can observe from the
figure that, for that level of accuracy, there is a good relationship between the predicted and
the true value for most rams, but some rams have a significantly overestimated breeding value
while others are much better than predicted. Choosing one ram and hoping that it would
breed true to prediction might be hazardous but, if six rams were selected (such as those in the
red rectangle), the average of their true breeding values would be close to the average of their
estimated breeding values (index scores).

With a more accurate estimate of their breeding value, the correlation between index and
true breeding value would be higher, the scatter would be less (all dots closer to the line)
and the best six rams on index scores would

(a) have higher average true breeding values

(b) be individually closer to the predicted average of their index scores (less scatter again).
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A COMMERCIAL FLOCK IS TWO GENERATIONS BEHIND ITS RAM
SUPPLIER

Consider a commercial self-replacing Merino flock which has been supplied with rams from
stud X for 10 years or more. Rams are purchased from around the average for phenotypic
merit in the stud flock. Let us refer to the improvement in genetic merit in Stud X as 4 units
per year, which may refer to fleece weight, fibre diameter, growth rate or a combination of
traits, or the value in dollars of their genetic differences.

The rate of improvement in the commercial flock cannot exceed that of the stud from
which rams are purchased and, when the association between the two flocks is long term,
the rates of improvement become the same. There is, however, an improvement lag, with the
commercial flock lagging behind the stud flock in average genetic merit, despite the fact that
both are improving at the same rate.

For simplicity, we will assume that the commercial flock has a stable flock composition,
and that the same number of new rams are purchased from the ram-breeding flock each year.

In the commercial flock, the lambs receive half their genetic merit from the rams. It is therefore
possible to compare the genetic merit of the commercial flock lambs to those in the ram-breeding
flock. If, for example, the average age of the rams is 3 years, then the half of the commercial flock
lambs’ genes which came from the rams is equivalent in genetic merit to the average of the ram-
breeding flock’s lambs three years before.

The commercial flock ewes, however, did not come from the stud but were bred in the
commercial flock from rams bought from the stud several years earlier. To further complicate
the description of the genetic merit of the ewes, remember that their dams were also bred in the
flock, from rams purchased from the stud several years earlier again. To assess the contribution
of the commercial flock ewes to the genetic merit of the commercial flock lambs, we need to
find a way to estimate their genetic merit as well.

Generation length

The easiest way to relate the merit of the ewes in the commercial flock to that of the stud
flock is to consider the genetic merit of subsequent generations of ewes. In a commercial self-
is defined as the average age of the dams

CWCS)

replacing flock, a generation on the ewes’ side (GL
at the time of birth of the progeny which will later enter the breeding flock.

As an example, consider a self-replacing Merino flock in which ewes lamb at 2, 3, 4 and
5 years of age and then leave the Merino-breeding flock. They may be sold or mated to terminal
sires — the important point is they no longer produce potential flock replacements after their
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fourth lambing (in this example). There are more 2-year-old sheep than 3-, 4- and 5-year-old
sheep because a few ewes die each year. The ewe flock structure is shown in Table 5.7. Note
that the oldest ewes have a higher reproductive rate than the youngest ewes.

In this example, the average age of the ewes in the flock when the progeny are born is
3.55 years. If we further assume that the probability of the young ewe lambs surviving to
breeding age and entering the breeding flock themselves is the same for lambs born to all
age groups of ewes, then the generation length in the ewe flock is, as calculated, 3.55 years.
However, if the lambs from the older ewes were more likely to enter the breeding flock, the
weighted-average age of the dams of future breeders (and therefore the generation length)
would be higher. Alternatively, if the lambs from the youngest ewes were selected preferentially,
the generation length would be lower.

For the rams that sire these lambs, a similar calculation can be done. Assuming an age
structure of the ram flock as shown in Table 5.8, and further assuming that all rams have an

equal opportunity of siring a ewe lamb which later enters the breeding flock, the generation
length of the rams (GL,,,,,) = 2.83 years.

Table 5.7: An example of a self-replacing Merino flock, consisting of four age groups of ewes.

It is assumed that 3% of ewes die each year The reproductive rate of the ewes increases every year
such that, in this example, more ewe lambs are born to 4-year-old ewes than to other age groups.
For the ewe lambs born, the average age of their mothers is the sum of the products of lambs
born in each age group and their mothers' age, divided by the number of lambs.

Number of ewe
lambs born which  Product of number

Age group of ewes Number of ewes Number of lambs  are eligible to enter of ewe lambs and
at lambing lambing born the breeding flock dam age

2 years 500 400 200 400

3 years 485 450 225 675

4 years 470 460 230 920

5 years 455 450 225 1125

Total 1910 1760 880 3120

Sum of products (last column) divided by number of ewe lambs = 3.55 years

Table 5.8: In the example of the self-replacing Merino flock shown in Table 5.7, there are three age
groups of rams used each year. Mortalities and culling account for two rams from each age group
each year

Age group of rams used

for joining Number of rams used Product of number and age
2 years 10 20
3 years 8 24
4 years 6 24
Total 24 68

Average age of ram team 2.83 years
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The generation length in the commercial flock is the average age of the parents when the
lambs are born: GLg, = (GL.,, + GL,,,,)/2. In this example, GLg, . = 3.19 years

ewes rams.

The genetic merit of the ewes is derived from multiple generations of rams

Having calculated the generation length of the ewes and the rams in the commercial flock, let
us consider the genetic connection between the commercial flock and the stud from which the
rams are purchased each year.

For the commercial flock ewes, half of their genes came from the rams in use in the
commercial flock one ewe generation ago. The other half came from their dams, for whom half
of their genes came from the sires in use two generations ago. The other quarter came from
their grand-dams, half of whose genes came from the sires in use three generations ago. In
summary, the genes in the present ewe flock (in Generation zero or Gen0) came from

%fmm Genl + %fmm Gen2 + %fmm Gen3 + %Gﬁom Gen 4 + %fmm Gen 5...

where Genl to Gen5 represents the sires in use 1, 2, 3, 4 and 5 generations ago.

If the difference in genetic merit between each generation is the same (assuming a constant
rate of genetic improvement in the stud flock), we can sum the sources of genetic merit for the
ewes. Let the merit in the sires in use one ewe generation ago be M and the improvement in
each ewe generation be a, then, the average genetic merit of the ewes is

1 1 1 1 1 1
5.M+z.(]\4—ﬂ)+§.(M—2¢z)+E.(M—3a)+3—2.(M—4¢z)+... +W.(]\4—na)

which, summed over a large number of generations, approaches M — a. This is the same as
the merit of the sires that were used two generations ago. (The contribution to the genetic
make-up of the current ewes made by ewes more than four generations ago is very small —
less than 3%. It is valid therefore, in flocks which have had a long association (three or four
ewe generations) with one stud or a stud of equivalent standing, to ignore the effect — positive
or negative — of ‘foundation ewes’ in the flock more than four generations previously.) For
many flocks, with generation lengths of ewes similar to the example used in Table 5.7, one
could consider it a ‘rule of thumb’ that the genetic merit of the ewes is equivalent to that of
the rams used in the commercial flock around seven years previously. This is a reasonable
assumption for flocks which are in a steady state and whose managers have been buying flock
rams from the same ram-breeding flock (or one with sale rams of similar genetic merit) for
several generations of ewes.

Linking the commercial flock to the stud

We have related the genetic merit of the commercial flock ewes to that of the flock rams. The
next step is to relate the genetic merit of those rams to that of the stud from which they came.

). If the

flock rams are selected from an average grade in the stud then, in any one year, their genetic

The average age of the flock rams is the generation length of the flock rams (GL,,,
merit equals the average genetic merit of the ram breeding flock, GL,,,,, years previously. (If,
as usual, the ram team consists of multiple age groups, it makes more sense to say that their
genetic merit is, on average, the weighted average of the number of rams in each age group
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(2, 3 and 4 years in the example used) and the average genetic merit of the stud, 2, 3, 4 years
ago.)

We showed above that the ewes in the current flock are two ewe generations (2 X GL
years) behind the rams in merit.

ewes

The rams to which they are mated are one ram generation (GL,,,,, years) behind the merit
of the lambs born in the current year in the stud.

The merit of the ewes is 2 X GL,,., years behind the rams and therefore 2 X GL,,, +
GL,, .., years behind the lambs born in the stud.

The progeny born in the commercial flock are behind the stud in merit by an amount
equal to the average of their parents:

=05 X (2 X GL,.+ GL,,.+ GL,,) = GL..+ GL,,,,.= 2 X GLy,

cwes rams rams) - ewes rams

As the generation length of the flock is the average of the generation length of the ewes
and rams, it can be seen that the merit of the lambs born in the commercial flock are two
commercial-flock generations behind that of the lambs born in the stud in the same year. (See

also Bichard, 1971.1°)

Factors which can reduce or increase the improvement lag

Several assumptions have been made in coming to the conclusion that the commercial flock lags
two generations behind its ram supplier flock. It is worthwhile reviewing these assumptions.

First, we assumed that the commercial flock has been derived from the one ram-breeding
flock for many years. If this were not the case, then the relationship between the genetic merit
of the commercial flock and of the ram-breeding flock may still be approaching the steady
state of the two-generation lag. It may be that the commercial flock started further behind and
is catching up progressively with every passing generation, or it may be that the commercial
flock was previously based on a superior ram-breeding flock and is now moving backwards
towards the merit of the new but inferior ram supplier.

Second, we have assumed that the ram-breeding flock is improving genetically and doing
so at a reasonably constant rate. If the ram-breeding flock is improving only slowly or not at
all, the commercial flock will be very close in genetic quality to that of the ram-breeding flock
(the improvement lag still exists but constitutes a very small or zero amount of genetic merit).

Third, the commercial breeder may purchase rams which are from a higher grade than
average in the ram-breeding flock. If so, the commercial flock will, ultimately, still lag behind
the ram-breeding flock but the relationship will be based on a two-generation lag behind the
merit of the higher-grade animals in the ram-breeding flock. Depending on the price of rams in
the higher grade, this may be a financially wise action on the part of the commercial producer.
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Table 5.9: Truncated normal distribution with a mean of zero and standard deviation of |.
P = percentage of the population selected; x = the closest value to the mean for the selected
percentage; i = the mean value for the selected percentage. See also Figure 5.7.

P(%) x i P(%) x i

99.9% -3.090 0003 30.0% 0.524 1,159
99.0% 2326 0.027 20.0% 0.842 |.400
90.0% -1.282 0.195 10.0% 1282 755
80.0% -0.842 0.350 5.0% |.645 2063
70.0% -0.524 0497 2.0% 2.054 2421
60.0% 0253 0.644 1.0% 2326 2,665
50.0% 0.000 0.798 0.5% 2576 2.892
40.0% 0253 0966 0.1% 3.090 3367

Values for x and i can be found in tables or, in Microsoft Excel®; the following expressions can be used:

x = -I*NORM.S.INV(P) and i = EXP(-0.5* x *2)/2.5066283/F, where P has values between 0.0000 and 0.99999.

In reference to animal performance traits which are normally distributed within a population,
values in Table 5.9 can be interpreted as follows:
e An animal which is the best in 100 is 2.33 standard deviations above average. Animals

in the best 1% are, on average, 2.67 standard deviations above the average of the entire
population.

e The best 70% of the population have a mean which is 0.5 standard deviations above
average, while the worst 30% have a mean which is 1.16 standard deviations below average.
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THE ENERGY AND PROTEIN NUTRITION OF
GRAZING SHEEP

INTRODUCTION

Australia has the largest grazing land area in the world (4.4 million km?) followed by China
(2.4 million km?), Brazil (1.7 million km?) and Argentina (1.4 million km?).! Grazed pastures
are the cheapest source of nutrients for ruminants. By making some assumptions about land
costs, pasture establishment and maintenance costs, and digestible dry matter production, the
cost of pasture can be estimated at approximately $0.12/kg dry matter (DM) consumed ($120/
tonne DM) or $0.011/M] of metabolisable energy?, in comparison to grain, for example, at
$280/tonne DM and $0.023/M]J. Feed represents the highest cost of production in animal
enterprises, so grazing pastures and crop residues will continue to play an important role
in sheep production systems, and increasingly so as competition for human-digestible feeds
increases. Sheep in mixed cropping/sheep enterprises also play an important role in utilising
poor-quality, low-nutritive-value crop residues, recycling of nutrients, management of weeds,
diversification of income and risk management for producers.

Despite their benefits, the quantity and quality of pastures is highly seasonal and often
poorly aligned to the nutritional requirements of the sheep grazing them. In Mediterranean
environments, plant growth is limited in summer by low rainfall and in winter by 