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Introduction
This manual has been developed to help breeders to gain
a practical understanding of the fundamental principles of
population genetics, the genetic evaluation system used
by LAMBPLAN, Merino Genetic Services (MGS) and
KIDPLAN, and its benefits to producers in the Australian
sheep and goat industries.
OVIS, the genetic evaluation model used to calculate
Estimated Breeding Values (EBVs), is developed by the
Animal Genetics and Breeding Unit (AGBU) at the
University of New England, Armidale, NSW. AGBU is a
recognised world leader in multiple trait genetic analysis
modelling, working with the sheep, goat, beef
(BREEDPLAN), pork (PIGPLUP) and timber
(TreePlan) industries.
The manual commences with an introduction to some
basic principles of population genetics which underpin
effective animal selection, then continues with sections
explaining more specific aspects of data collection,
calculation of EBVs and their application.
Through referring to this manual, and liaising with
LAMBPLAN/MGS/KIDPLAN staff and accredited
operators, a clearer understanding of the requirements
for an increasingly successful breeding program will
be gained.

All breeders utilising genetic evaluation are encouraged
to develop a sound understanding of the principles of
population genetics and genetic evaluation. By doing
so you will be better placed to maximise genetic gain
in your stud and better assist your clients to make the
right selection decisions for their breeding and
marketing objectives.
All breeders are encouraged to contact the
LAMBPLAN/MGS/KIDPLAN office to clarify issues
relating to their own stud, genetics or genetic evaluation.
It is our goal to develop and foster excellence in breeding
and production in the sheep and goat industries.
LAMBPLAN, KIDPLAN
Merino Genetic Services
C/- Department of Animal Science
University of New England
ARMIDALE NSW 2351
Phone:
Fax:
Email:
Web:

(02) 6773 2948
(02) 6773 2707
info@lambplan.com.au
www.lambplan.com.au
www.mla.com.au/mgs
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Glossary
Across-flock/herd EBVs: EBVs that compare animals
across flocks or herds within a breed.

Genetic linkage: When two or more flocks share
common genes.

Across-breed EBVs: EBVs that compare animals both
across flocks within a breed and between breeds.

Generation Interval: The time interval between
generations, defined as the average age of parents when
their progeny are born.

AGBU: The Animal Genetics and Breeding Unit, at the
University of New England.
AI: Artificial insemination.
BLUP: Best Linear Unbiased Prediction. The statistical
method used to calculate EBVs.
Breeding objective: The goals of the breeding program
– a combination of the traits to be improved in a
desired direction.
C site: 45 mm from the centre of the spine at the 12/13th
rib, where fat and eye muscle depth is measured by
ultrasound scanning.
Central Progeny Tests: Where sires of different flocks or
breeds are compared on the basis of their progeny in a
common location.
Contemporary group (management group): Animals
from the same flock, of the same sex and of similar age
which have had the same management and nutrition.
EBV: Estimated Breeding Value.
Environment: All non-genetic influences on an
animal’s performance.
ET: Embryo transfer
Eye muscle depth: The depth of eye muscle (longissimus
dorsi) measured at the C site.
Fat depth: The depth of subcutaneous fat measured at the
C site.
Fibre Diameter Coefficient of Variation: The standard
deviation of micron (the distribution of fibre diameter)
divided by the mean micron.
Flock accuracy: The average accuracy of all animals
within a drop for the flock.
Genetic correlation: The genetic relationships that exist
between traits.

Genotype: A combination of the genes of an animal.
GR site: 110 mm from the centre of the spine at the
12/13th rib.
Heritability: The proportion of the difference between
animals, after adjusting for known non-genetic influences,
which can be passed on to their progeny.
Inbreeding: The mating of animals that are more related
than the population average.
Inbreeding coefficient: The probability of the two alleles
at a randomly chosen locus being identical by descent.
JIVET: Juvenile in vitro embryo transfer.
Line breeding: Maintaining a high relationship with an
outstanding animal while keeping inbreeding as low as
possible.
Management group: A group of animals that have been
run under equal management and nutritional conditions.
Micron: One millionth of a metre.
MIVET: Mature in vitro embryo transfer.
OFDA: Optical Fibre Diameter Analyser. The OFDA
measures the diameter of 2 mm clean fibre snippets.
Snippets are pressed between glass slides that are
scanned under a microscope with a camera linked to
a computer program. The computer program analyses the
images and assesses the diameter. The 2 mm
fibre snippets are obtained by coring the mid-side
fleece sample.
OVIS: The name of the software used to calculate
Estimated Breeding Values.
Phenotype: The observable performance for a given trait,
as measured or recorded for an animal.
Pre-potent: Animals that uniformly stamp their
characteristics on their progeny.
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Glossary (continued)
Progeny test: A comparison between progeny by a group
of sires that were mated to randomly selected females.
Each group of pregnant females and progeny for all sire
groups are run under identical conditions for the period
of the test.
Quantitative genetics: The science of exploiting natural
genetic variation to give genetic improvement of
quantitative traits.
Selection: The choice of animals to be used as parents by
ranking animals on selection criteria.
Selection accuracy: The correlation between true
breeding value and estimate of breeding value. Selection
response is directly proportional to selection accuracy.
Selection criteria: The information used to rank animals
in order to select the best for breeding.
Selection differential: The difference between the
average genetic merit of the parents selected and the
average of the population from which they come.
Selection index: A multiple score system, based on a
number of component criteria, to give an overall
selection criterion (an index) which can be used to rank
animals for selection purposes. Used to combine various
EBVs into one measurement of performance that meets a
market specification or a desired breeding goal.
Selection response: The effect of selection on merit of
progeny or later descendants. It is measured as a
deviation from the merit expected if parents had been
chosen at random, rather than by selection on a
selection criterion.
TGRM: Total Genetic Resource Management.
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1. Introduction to basic
genetic principles
Key points:

• Three key factors influence the rate of genetic improvement: the heritability of the trait; the generation interval; and
the selection differential.
• Selection differential is the key driver of genetic gain.
• Performance = Genes + Environment.
• The genetic value a breeding program gains from a new sire is entirely dependent on his genes.
Actions:

✓ When purchasing better genetics consider the impact of management and environment. A good environment can
mask poor genes, while a poor environment can mask good genes.
✓ Set breeding objectives to include traits that are of economic importance, are heritable and can be measured with
reasonable accuracy and at reasonable cost.

Breeders are in fact population geneticists, but it’s
unlikely that you think of your role in these terms. As a
seedstock breeder, your job is to manipulate the gene
pool to deliver superior quality genetics to the Australian
sheep and goat industries for production of their
respective commercial products. This is a complex
process, made even more difficult by external factors
such as the environment.
This section of the manual provides an introduction to
the basic principles of genetics including population
distributions and how genetic improvement can affect
these, the factors that influence genetic improvement,
genetic correlations, basic principles of animal selection
and establishing breeding objectives.

The majority of animals lie
reasonably close to the
average performance

No. of animals

Population normal distribution
Within any population of animals there is what is known
as a normal distribution around the population average.
This is illustrated in Diagram 1 and is commonly called a
’bell curve’.
A normal distribution tells us that the majority of animals
in the population lie reasonably close to average and that
there are decreasing numbers of animals at the extremes,
high or low, in expression (or value) of each trait.
By knowing which animals differ significantly from
average we can select from this group to ‘move’ the
population average for traits of economic importance in
the desired direction (whether it be up or down).
While the shape of the bell curve may differ, the principle
of normal distribution of animals’ performance applies to
almost all traits that sheep and goat breeders are
interested in. Faecal egg count distribution is a noted
exception.

Genetic improvement
Only a few animals
are much lower
than average

Only a few animals
are much higher
than average

AVERAGE

Diagram 1: Population normal distribution or ‘bell curve’

Genetic improvement occurs in a population when the
average genetic merit for a trait is moved in a desired
direction, eg weight gain or carcase yield increases,
fertility increases or fibre diameter decreases. That is,
when the average of the population is moved, as
illustrated by the bell curve in Diagram 2.
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Diagram 2: Genetic improvement is ‘shifting the bell curve’

Genetic improvement
(eg fibre diameter decreases)

Genetic improvement
(eg fertility increases)

No.

transfer), but a short generation interval alone will not
necessarily lead to genetic improvement.
The selection differential is our primary tool to drive
genetic improvement. Breeders who undertake wholeflock recording and have high quality data resulting in
more accurate Estimated Breeding Values will be better
able to exploit the selection differential as a key driver of
genetic improvement.
Response = selection differential x selection accuracy
generation interval

AVERAGE

Genetic correlation
It should be noted that for some traits the breeding
objective might be to maintain the current breed average
and endeavour to minimise variation (eg birth weight,
where moderate birth weights are desirable as opposed to
lambs that are small or heavy).

Rate of genetic improvement
Three key factors influence the rate of genetic
improvement or response to selection. They are:
1. The heritability of the trait;
2. The generation interval; and
3. The selection differential.
Heritability: The heritability of a trait is the proportion
of the difference between animals, after adjusting for
known non-genetic influences, which can be passed on
to their progeny. Traits with a higher heritability are more
easily selected for.
Generation interval: The time interval between
generations, defined as the average age of parents
when their progeny are born.
Selection differential: The difference between the
average genetic merit of the parents selected and the
average of the population from which they come. There is
potential for greater selection differential among those
traits that have a greater variation within a population.

In any animal selection program, genetic correlations (or
relationships) may exist between traits of interest. The
effect is that when selecting for one trait, another trait or
traits may be influenced. This occurs because some of the
genes that influence the expression of a trait of interest
also affect other traits.
Correlations are described as either positive or negative
(or zero where no correlation exists). A positive
correlation is when selection for one trait leads to an
increase in another trait (eg growth rate and birth weight).
A negative correlation is when selection for one trait
leads to a decrease in another trait (eg growth rate and
eye muscle depth at constant weight).
While the correlated effect is what happens on average in
the population, there will be animals that do not conform
to the expected correlation (eg high growth with below
average birth weight). For seedstock and commercial
breeders these are often highly desirable animals.
To identify these animals within the population requires
all traits of interest to be measured and analysed.
Tables 1–3 illustrate genetic correlations and heritability
for a range of traits. The heritability is shown in bold on
the diagonal with genetic correlations given as positive
(+) or negative (–). “0” represents no correlation between
traits. (For trait definitions refer to Section 7.)

In considering these three drivers of the rate of genetic
improvement we are restricted. Breeders cannot change
the heritability of a trait, however we need to understand
its role in selection decisions. The generation interval
can be reduced by using mainly young sires and utilising
technologies such as JIVET (juvenile in vitro embryo
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Table 1: Indicative heritabilities and correlations for maternal breeds

PWWT
YFAT
YEMD
YGFWT
YFD
YFDCV
YSS
YFEC
NLW

PWWT
0.15

YFAT
–
0.37

YEMD
–
++
0.21

YGFWT
++
–
+
0.36

YFD
+
–
–
+
0.5

YFDCV
–
–
–
+
–
0.4

YSS
–
+
+
+
++
–––
0.31

YFEC
+
0
+
+
+
+
+
0.25

NLW
+
+
+
+
–
+
–
–
0.04

– / + = low, – – / + + = moderate, – – – / + + + = high

Table 2: Indicative heritabilities and correlations for terminal breeds and KIDPLAN

BWT
WWT
PWWT
YWT
PFAT
YFAT
PEMD
YEMD
NLW/NKW

BWT
0.14

WWT
++
0.17

PWWT
++
+++
0.27

YWT
++
+++
+++
0.25

PFAT
–
–
–
–
0.16

YFAT
–
–
–
–
+++
0.32

PEMD
–
–
–
–
++
++
0.33

YEMD
–
–
–
–
++
++
+++
0.27

NLW/NKW
+
+
+
+
–
–
–
+
0.04

– / + = low, – – / + + = moderate, – – – / + + + = high

Table 3: Indicative heritabilities and correlations for Merino

PWWT
PFAT
PEMD
YGFWT
YFD
YFDCV
YFEC
YSC
NLW

PWWT
0.25

PFAT
–
0.28

PEMD
–
++
0.33

YGFWT
++
–
0
0.39

YFD
+
+
+
+
0.50

YFDCV
–
–
0
+
–
0.40

YFEC
+
0
+
0
+
0
0.25

YSC
++
+
+
+
+
+
0
0.28

NLW
+
0
–
+
0
0
+
+
0.04

– / + = low, – – / + + = moderate, – – – / + + + = high
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Animal selection
The basic principles underlying animal selection
decisions are:
1. Identifying differences between animals for
commercially desired traits; and then
2. Choosing those animals that have the best overall
combination of characteristics to achieve the
breeding objective.
In practice, the process is more difficult than stated
because the differences you identify between animals
must be genetic if those desirable characteristics are to be
passed on to their progeny. You can only take home the
genetic component of the desirable attributes you identify
in any animal.
The question is, how much of the good that you see in an
animal is an expression of genetic merit, and how much
is a result of the environment? (‘Environment’ being all
non-genetic influences.)

Inclusion of traits in a
breeding objective
Before any trait is prioritised into a breeding objective,
it should pass the following three basic ‘tests’:
1. Is the trait of economic importance to
you (and to your clients)?
2. Is the trait heritable?
3. Can the trait be measured with reasonable
accuracy and at reasonable cost?
If the answer to all three questions is yes then the trait
is reasonable to include in your selection criteria.
While this manual does not attempt to address
development of breeding objectives, seedstock breeders
must be mindful that when defining breeding objectives
due consideration is given to the breeding objectives
and market requirements of their commercial producer
clients.

This can be summarised as:
Performance = Genes + Environment

or more scientifically correct as:
Phenotype = Genotype + Environment

An example of an environmental effect is the fluctuation
in seasonal conditions that properties continually
encounter. In the stud business feeding plays an important
(marketing) role and the confusing effect of ‘environment’
is no more evident than in the multi-vendor sale ring. A
ram or buck’s genetic merit is constant irrespective of his
condition but unfortunately the market (usually) penalises
breeders who may not put as much effort into preparation
and finishing.
Buying without knowledge of the genetics and the
environment is risky. When purchasing better genetics,
ensure that the management and environment is good
enough to allow those better genes to express their
potential, but also ensure the performance exhibited is an
expression of better genes and not just good management
or a better environment!
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2. Estimated Breeding Values (EBVs)
Key points:
• EBVs provide livestock producers with a practical description of the potential value of a breeding animal for
each trait.
• An EBV is the best estimate of genetic merit.
Actions:
✓ None

An EBV is an estimate of an animal’s true breeding value.
EBVs are benchmarked, so they allow the animal to be
fairly and directly compared to the benchmark, the
current breed average, or with other animals from the
same analysis.
EBVs do not necessarily reflect the animal’s observed
performance, which is a combination of both genetic and
environmental influences; rather they are an estimate of
the genetic component of that performance.
Animal’s
observed
performance

= Genes + Environment

EBVs describe the
genes

OVIS# accounts for this
influence on performance

• EBVs consider all the available information from
relatives as well as the individual animal, and
take account of the relationship (correlation)
between traits.
• An EBV is the best estimate of genetic merit. The
value of an animal’s genes for most production traits
cannot be directly measured. This means that, given
all the data available, the estimate is unbiased and as
close to the true value of the genes as we can get.
However, practically we cannot determine an animal’s
true genetic value so we must settle for the best
estimate. An EBV will never have an accuracy of
100% but as very well evaluated animals (sires with
many recorded progeny, for example) get EBVs
approaching 99% accuracy, the estimate is very close
to the animals true breeding value.

#OVIS is the genetic evaluation model used to calculate
Estimated Breeding Values.
Quick facts about EBVs:
• An EBV is a value (number) that expresses the
difference (+ or –) between an individual animal and
the benchmark to which the animal is being
compared. An EBV of +6 for post-weaning weight
means that the animal is genetically better by 6 kg at
post-weaning age than the base it is being compared
to. EBVs are reported in terms of actual product, for
example kg of weight, mm of fat depth, or % of lambs
or kids weaned.
• EBVs adjust for known environmental differences such
as age, age of dam, birth type, rear type and nutrition.
This allows comparison of animals born in different
seasons and years, and adjusts for known genetic
differences such as preferential joining and unequal
representation between contemporary groups.
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3.The value of EBVs
Key points:
• EBVs provide an objective measurement of economically important production characteristics.
• EBVs provide a measure of genetic potential, free of the influences of management and environment, allowing
breeders to validly compare potential breeding stock.
• EBVs enable valid comparison across flocks or herds within a breed and, in the case of terminal ram breeds, across
flocks within and across breeds.
• EBVs are the best risk management tool when selecting breeding animals.
Actions:
✓ Sheep and goat producers can use EBVs to most accurately select animals with the best balance of traits to achieve
their breeding objectives.

Breeders use EBVs to identify animals with the best
package of genes for each ’job’ (market specifications) the
animal is being selected for. For example:
• Terminal sires are selected with emphasis on fast
growth and high carcase merit;
• Maternal breeds are selected with emphasis on
fertility, mothering ability and lambs with high growth;
• Merinos are selected for wool, growth, reproduction
and carcase value; and
• Boer goats are selected for higher weaning
weights, higher carcase value and greater numbers
of kids weaned.
Animal breeders have always sought the best genes from
wherever they can find them. Many current breeds are in
fact recent mixtures designed to meet changing market
requirements by drawing on genetic resources available.
This process continues with infusion of genes underway
in many breeds of sheep and goats.

merit. Drawing on a wider sample of genes provides a
more reliable prediction.
EBVs have been developed to rank animals on their
ability to produce superior progeny for key performance
traits including growth, carcase characteristics, fibre,
reproduction and worm resistance. This value provides
producers with an objective measurement to compare
potential breeding stock, enabling selection of the most
suitable animals.
It is important that both seedstock and commercial
breeders use EBVs rather than ’raw’ estimates of
performance, because EBVs provide a clearer value of the
potential for animals to pass on superior genes to their
progeny. Remember that animals can only pass their
genes on to their progeny.

Effective livestock breeding, for both meat and fibre, relies
on the ability of the breeder to select parent animals that
have a desirable set of genes to contribute to their
offspring. Any livestock selection decision carries a
degree of risk – for example, will a sire’s progeny perform
as well as their sire has? EBVs use performance records
from the animal in question and from all known and
recorded relatives to get the best prediction of genetic
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4.Calculating EBVs
Key points:
• Performance information from the following three key areas is used to calculate an EBV:
1. The animal’s own performance for a particular trait;
2. The performance for genetically related (correlated) traits; and
3. The performance of the animal’s relatives for those traits.
• Genetic correlations are what happen on average in the population. There are animals that break these correlations
and they can be valuable to select for desirable but uncommon combinations of traits.
• Information obtained from related animals increases our knowledge about the value of the genes of any given animal.
Actions:
✓ Accurate pedigree, performance records and visual trait assessment are needed to develop accurate EBVs.
✓ The performance of an animal for a specific trait can be measured using scales, equipment such as ultrasound
scanners, or observation by the breeder.
✓ Knowing the genetic relationship (pedigrees) for individuals and their measured relatives is important.

Animal’s own performance

Genetically related traits

The performance of an animal for a specific trait can be
measured using scales (body weight, fleece weight),
equipment such as ultrasound scanners (eye muscle
depth, fat depth) or observation by the breeder (number
of lambs born, structural soundness). These records are
an expression of how good or bad the animal’s genes are
for that trait given the environment in which that animal
has been managed. It is important that an animal’s
performance is adjusted for the environment, as only the
genetic value of an animal is passed on to its progeny.

In many cases, one or more genes affect more than one
trait and the traits are said to be genetically correlated.
Measuring or observing a second trait can provide more
information about the desired trait than a measure of the
trait alone.

Table 4 compares the performance of two individuals.
Animal 030015 has a weight that is greater than its group
average. Animal 030231 has a weight that is less than
the group average. It is important to remember that
animals are only compared with other animals that have
been run in the same environment (management group or
cohort) when estimating whether their performance is
greater or less than average.

Table 5 shows that eye muscle depth and fat depth
(both adjusted to constant weight) are positively
correlated – there are some common genes that affect
both traits and they, on average, cause an increase or
decrease in both traits.
For animal 030015, the fat depth is higher than the
contemporary group average. As this is positively
correlated with eye muscle depth it is likely that its
genes are better for eye muscle depth than that measured.
Table 5: Positive correlation between eye muscle depth (EMD) and
fat depth
Animal

EMD

Fat depth

Table 4: Comparative performance of two animals
Animal

Weight at 100
days (adjusted)

Likely genetic
value for weight

Group average

31 kg

030015

35 kg
4 kg above average

Better genes than
average for growth

030231

27 kg
4 kg below average

Poorer genes than
average for growth

Group
average

Likely genetic
value for EMD

3.0 mm

030015

31 mm

3.5 mm
Above average

Better genes for EMD

030231

31 mm

2.5 mm
Below average

Poorer genes for EMD
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Table 6: Likely vs measured genetic values for EMD

Where the genes have opposite effects on two traits the
relationship is known as a negative genetic correlation.
An example of this is milk yield and percentage of fat and
protein in the milk (in sheep, goats and dairy cows).
Females with higher milk yield tend to have poorer genes
for percentage fat and protein in the milk.
It should be noted that genetic correlations are what
happen on average in the population. There are animals
that break these correlations and they can be valuable to
select for desirable but uncommon combinations of
traits. To find these animals all traits of interest must
be measured.

Animal

EMD

Family
mean EMD

Likely genetic
value for EMD

Group mean
EMD

30mm

030001

31mm

35 mm
Above average

Better genes
for EMD

030002

31mm

25 mm
Below average

Poorer genes
for EMD

be poorer for that trait. This is a good example of why it is
important to look at the genetic information supplied for
carcase traits rather than focusing on the actual scan
measurement.

Performance of relatives

Knowing the genetic relationship (pedigrees) for
individuals and their measured relatives is important.
Table 7 shows an indicative contribution from the
animal’s own record and that from related animals. Most
recent drop animals evaluated through LAMBPLAN,
KIDPLAN and Merino Genetic Services have their own
records, full pedigree and at least 10 half siblings with
records. In this case, 36% of the information contributing
to the EBV comes from the animal’s own record, 10%
from its sire, 15% from its dam and 39% from its half
siblings. The information on how its relatives are
performing leads to greater accuracy. If this animal then
has 10 progeny recorded, the contribution of its own data
drops to just 8% and its progeny’s performance account
for 57%. An increase in number of siblings and progeny
evaluated also contributes strongly to improving the
accuracy of EBVs.

Related animals share some common genes. Measuring
relatives of an individual is effectively looking at more
samples of the genes that they have in common.
Information obtained from related animals increases our
knowledge about the value of the genes of any given
animal. Half siblings (animals that have a common sire
or dam) on average share 25% of their genes, therefore if
you have a record on an animal’s half siblings you have
further information on the genes of the animal of interest.
In Table 6 there are two animals with the same EMD from
families with differences in average EMD values. Animal
030001 comes from a family with an average EMD
greater than the average of the population. It is likely that
its genes are superior for eye muscle depth. While animal
030002 has the same EMD, because it comes from a
family that has below average EMD its genes are likely to
Table 7: Indicative relative contribution to an EBV
No. records
on animal

No. half
siblings
with record

No. progeny
with record

% emphasis from

Accuracy
of EBV (%)

Animal

Sire

Dam

Half siblings

Progeny

0

0

0

0

50

50

0

0

36

1

0

0

56

22

22

0

0

57

1

10

0

36

10

15

39

0

60

1

50

0

25

3

11

61

0

64

1

10

5

10

5

3

32

49

76

1

10

10

8

5

3

27

57

79

1

10

50

4

2

1

12

80

88
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5. Across-flock and across-breed
EBVs
Key points:
• Genetic linkage is required to enable effective across-flock or herd, and across-breed genetic evaluation.
• The most effective way to create genetic linkage is to have progeny from a sire pedigree and performance recorded in
two or more studs.
• Two forms of genetic linkage are available – central progeny tests and seedstock flock pedigree connections.
• Across-breed EBVs have simplified the selection of the best terminal sire ram genetics in the same way that acrossflock or herd EBVs do within breeds.
• OVIS currently produces across-breed EBVs for the terminal sire ram breeds only.
Actions:
✓ Good pedigree information and linkage provides the basis for across-flock and across-herd evaluation.
✓ Accurate across-flock and across-herd EBVs are achieved when:
– There are good links between flocks or herds
– There are even numbers of progeny per sire
– Progeny of introduced and homebred sires are in the same management group
– Females are allocated equally to the different sires.

Comparing animals from
different environments
and breeds

EBV that is free of non-genetic (environmental) effects on
the animal’s performance. Genetic linkage is one of the
tools that allow this to occur.

A common issue raised about genetic evaluation is how
animals bred in widely differing environments and with
different management can be validly compared.
Separating the genetic and environmental components of
an animal’s measured performance is achieved through
genetic linkage.

In addition to comparing across studs, genetic linkage is
required for comparison across management groups and
years within a stud. To effectively achieve this linkage
it is important not to change all sires from one year to
the next. Small studs, in particular, need to be wary of
this situation.

What is genetic linkage?

How is genetic linkage
developed?

Genetic linkage occurs when two or more studs share
common genes. Genetic linkage is created by sires
(predominantly) and is developed between studs when
common sires have been used, by artificial insemination
(AI) or natural mating, and the subsequent progeny are
performance recorded in a valid contemporary group.

Why is genetic linkage
needed?
One of the strengths of genetic evaluation is that it
enables direct comparison of animals across studs, which
are often run under vastly different management, climatic
and nutritional regimes. To do this the LAMBPLAN/
KIDPLAN/MGS evaluation must be able to calculate an

The most effective way to create genetic linkage is to
have progeny from a sire pedigree and performance
recorded in two or more studs. AI sires commonly
perform this function due to their accessibility by all
breeders. However, a sire used by natural mating in more
than one stud performs the same function. It should be
noted that sires need not be used in the same year in
each stud.
Purchasing new stud sires from other performancerecorded studs also plays a key role in developing
genetic linkage.
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A numerical example of
across-flock comparison
Table 8 shows average progeny post-weaning weights for
seven sires used in two different flocks. Six of the seven
are homebred sires; the other is an AI sire used in
both flocks.

From Table 9, we can now see that Sire 2 is the best of
these seven sires for this trait. His progeny averaged 4 kg
heavier than the AI sire’s progeny, whereas those of Sire 6
averaged only 1 kg heavier than the AI sire.
This is a very simple example of how across-flock
LAMBPLAN works. In practice, several other factors are
taken into account:

Table 8: Average progeny post-weaning weights

Flock A
Sire

Progeny
average wt.

Flock B
Sire

Progeny
average wt.

AI sire

45

AI sire

49

Sire 1

47

Sire 4

46

Sire 2

49

Sire 5

47

Sire 3

43

Sire 6

50

• All genetic links between flocks are used to help
benchmark – not just those situations where there are
sires in common (for example, links through maternal
grand-sires).
• The amount of information available on each animal is
taken into account – for example how many progeny
sires have, how many relatives each animal has, how
many animals are in the management group for
comparison and so on.
• Non-random mating can also be accounted for if
breeders measure performance of ewes.

At first glance, the best of these sires appears to be Sire 6,
whose progeny averaged 50 kg.
Examining the data more closely, the AI sire has progeny
in both flocks, and his progeny averaged 45 kg in Flock A
and 49 kg in Flock B. Assuming equal quality ewes, this
difference is due to different management of the flocks or
between the two environments. Because the AI sire has
been used in both flocks, and shows the difference
between the two environments, he can be used as a
benchmark for the other sires. To do this, compare the
averages for the other sires with that of the common AI
sire in their own environment.
Table 9: Adjusting for environmental factors

Flock A

Flock B

Genetic evaluation uses the link sire as a reference point
from which it looks at the relative performance of other
sires. Essentially, genetic evaluation systems are interested
in the +2, –3 kg, etc. figures to calculate EBVs, which are
derived from the actual weights and measures submitted
by breeders.
A point to note from this example is that evaluation of
sires is only effective when at least two sires are
represented in a contemporary group (same sex, similar
age and same nutrition and management). When a single
sire is represented in a management group, the
performance of the lambs in that group contributes no
information to their sires’ EBVs.

What makes good
across-flock EBVs?

Sire

Progeny
average wt.

Sire

Progeny
average wt.

Firstly, what are good across-flock EBVs? They are:

AI sire

45 – 45 = 0

AI sire

49 – 49 = 0

• As close as possible to the true breeding value of
each animal.

Sire 1

47 – 45 = +2

Sire 4

46 – 49 = –3

Sire 2

49 – 45 = +4

Sire 5

47 – 49 = –2

Sire 3

43 – 45 = –2

Sire 6

50 – 49 = +1

• A good guide to the average merit of a particular
group – so that if we estimate genetic trends from the
results we are getting it right.
• A good guide to the differences between animals from
different environments to allow assessment for
introducing new genes.
To get accurate across-flock EBVs the following
conditions need to be met:
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• Good links between flocks with link sires (preferably
more than one) having progeny in several flocks and
with a reasonable number of progeny in each flock
(at least 15–20 progeny per link sire per flock).
• Even numbers of progeny per sire, for both link
sires and home sires, make across-flock EBVs
more accurate.
• Progeny of introduced and homebred sires run in the
same management group for direct comparison.
• Equal allocation of ewes to the different sires – so that
the picture of the value of the link sire’s genes in each
flock is as reliable as possible. Where flocks have a lot
of pedigree and performance data on ewe lambs, this
condition is not so important, but it is still worth
following in most cases.

Genetic linkage is commonly
developed from:
• The pedigree links that exist between flocks, simply
because breeders sell rams and ewes to each other.
If there is good pedigree information from the
flocks involved this provides a basis for across-flock
evaluation.
• As AI becomes more widely used, this will establish
more direct links between flocks.
• Young Sire Programs are an excellent mechanism for
ensuring continual flock linkage as well as testing
new genetics.
• Where sires from different flocks are entered in Central
Progeny Testing, this results in progeny from sires from
different flocks being evaluated in a single, common
environment.

Across-breed EBVs
As the sheep and goat industries become more focused
on commercial performance (eg high weaning rates,
good milking ability, fast growth, superior carcases, worm
resistance, higher quality fleeces) more breeders will
use the best genetics they can find, regardless of source.
Across-breed EBVs have simplified this selection in the
same way that across-flock and across-herd EBVs do
within breeds.
As this process continues, breeders will put together
packages of the best genes available for the range of
industry requirements. New combinations of genes will
be continually evolved, drawing on the entire gene pool.
Where appropriate data is available, OVIS is able to
evaluate animals across a range of breeds. The calculation
of across-breed EBVs is, in principle, no different to
calculating across-flock EBVs. It requires across-breed
genetic linkage in addition to across-flock genetic
linkage. OVIS currently produces across-breed EBVs for
the terminal sire ram breeds.
There are two key forms of across-breed genetic linkage
available for the sheep industry:
1. Central Progeny Tests, where sires of different
breeds are compared on the basis of their
crossbred progeny in a common location.
2. Pedigree connections, where sires of one breed
are used over ewes of another and the resulting
progeny are compared to purebred progeny.

Diagram 3: Genetic linkage for across-breed EBVs

Poll Dorset Sire 1

Poll Dorset Sire 2

Poll Dorset ewes

Progeny of Poll
Dorset sires

White Suffolk Sire 1

Across breed
genetic link

White Suffolk Sire 2

White Suffolk ewes

Progeny of White Suffolk sires and
Poll Dorset sire in the same
management group enabling
direct comparison
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Provided the progeny are recorded, the four sires (and all
identified ewes) can be directly compared with each other.
In Diagram 3, Poll Dorset Sire 2 is providing a genetic link
between these groups of animals. More powerful linkage
would occur if more than one sire was used in both flocks.
Additionally, linkage would benefit if a White Suffolk sire
was used over Poll Dorset ewes.
Imagine that we have data for these groups of progeny for
yearling weight.

Poll Dorset flock
Sire

White Suffolk flock

Average yearling wt

Sire

Average yearling wt

Poll Dorset Sire 1

56

White Suffolk Sire 1

58

Poll Dorset Sire 2

63

White Suffolk Sire 2

64

Poll Dorset Sire 2

61

If we use Poll Dorset Sire 2 as our benchmark, we can directly compare these four rams.

Poll Dorset flock
Sire

White Suffolk flock

Average yearling wt

Sire

Average yearling wt

Poll Dorset Sire 1

–5

White Suffolk Sire 1

–3

Poll Dorset Sire 2

0

White Suffolk Sire 2

+3

Poll Dorset Sire 2

0

From this data, White Suffolk Sire 2 is the best of these
four rams for yearling weight (he is +3 kg when
compared to the benchmark sire, Poll Dorset Sire 2).
However, it must be noted that the ability of genetic
evaluation systems to produce across-breed EBVs is
dependent on adequate genetic linkage between breeds,
just as across-flock analysis relies on genetic linkage.
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6. Environmental effects
Key points:
• To make an EBV as accurate as possible environmental factors need to be taken into account.
• The aim is to determine how the animals would have performed if they had all been born on the same day, all been
singles, raised in exactly the same environment, and so on.
• Even after taking into account environmental effects not all of the differences identified are passed on to progeny.
The heritability of desired traits must be considered to produce sound genetic estimations of breeding values.
Actions:
✓ It is important that known environmental effects are documented and animals are identified in their correct
management groups. These known environmental effects may include nutrition, disease, parasite challenge or physical
injury.

No matter what the trait of interest, there are factors other
than the animal’s genes that influence the level of
performance expressed.
The effect of non-genetic or environmental factors on
animal performance means that using a simple measure
of performance alone will not give an accurate guide
to the animal’s genetic merit. To make an EBV as
accurate as possible environmental factors need to be
taken into account.
Easily identified environmental effects include birth date,
age of dam, birth type, rearing type, weaning group and
management groups post-weaning. Other often forgotten
effects may be disease problems or feeding differences
between show and flock rams, for example.
An example is that twins tend to be smaller (on average)
than single-born lambs. This is not because they have
poorer genes for growth or body weight but because they
have had to share nutrition both pre- and post-birth.
Their environment has not (on average) been as good as

that experienced by single lambs. Another example is
that progeny born to maiden females on average have a
poorer environment than progeny born to females that
have had more than one parity.
A simplified example of the way in which OVIS accounts
for twins verses singles is shown in Table 10. Both
animals have a recorded performance of 31 kg. Animal
030231 has been identified as a twin. If we assume that
twins weigh 5% less on average than singles, then the
weight of 030231 will be multiplied by 1.05 to produce
the adjusted weight. The actual adjustment will depend
on the trait in question. The contemporary group average
is then calculated from the adjusted weights.
The same approach is used for adjusting fleece traits for
birth type effects. The adjustments currently used for fibre
diameter and fleece weight are shown in Table 11. For
example, an animal with a measured fibre diameter of 18
µm that is a twin would be factored by 0.98 to give an
adjusted micron of 17.6.

Table 10: Accounting for weight influence of twin vs single lambs

Animal

Birth type

Weight

Birth type
adjustment

Performance adjusted
for birth type:

030015

Single

31 kg

No adjustment

31 kg

030231

Twin

31 kg

1.05

32.55 kg

Average = 31 kg

Adjusted average = 31.8 kg
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Table 11: Birth type adjustment of fibre diameter and fleece
weight

Fibre diameter adjustment
Raw fibre diameter
of 18 µm
Fleece weight adjustment
Raw fleece weight
of 4 kg

Single

Twin

Triplet

1

0.98

0.96

18 µm

17.6 µm

17.3 µm

1

1.04

1.06

4 kg

4.16 kg

4.24 kg

The aim is to work out how the animals would have
performed if they had all been born on the same day, all
been singles, had exactly the same environment, and so
on. In addition, it is also important that known
environmental effects are documented and supplied with
the animal’s performance. These known environmental
effects may include nutrition, disease, parasite challenge
or physical injury.

Heritability
Even after taking into account environmental effects, not
all of the differences identified are passed on to progeny.
Environmental effects such as birth type can be adjusted
for, but there are other environmental effects that can’t be
identified and adjusted for as easily. This is accounted for
using a scaling figure, called the heritability, which then
adjusts for all these other environmental effects that we
haven’t been able to adjust for so far.

Typical heritability of performance traits is about 30% for
weight and growth, about 33–35% for fat depth, about
30–40% for eye muscle depth and about 10% for
reproductive traits.
In Table 12, the example shows how real differences in
liveweight (adjusted for all factors previously discussed)
are converted to EBVs. Assuming liveweight has a
heritability of 30% it can be predicted that progeny of the
two animals will inherit 30% of the difference in the
observed performance of the two animals.
While an EBV reveals the value of each animal’s genes for
breeding, only half that value will be passed on to the
progeny because progeny get half their genes from each
parent. For example, in the exercise below the animal
with the +3 kg EBV for growth will pass on +1.5 kg, the
other will pass on –2.25 kg. The difference in the average
weight of progeny of these sires will be 3.75 kg.
Table 12: How real differences are converted to EBVs
Liveweight
difference
(adjusted)

The calculation

Liveweight
EBV

10 kg above average

30% of +10 kg

+3.0 kg

15 kg below average

30% of –15 kg

– 4.5 kg

This accounts for the fact that only a proportion of the
observed superiority or inferiority of an animal (after
adjustment for non-genetic effects) is actually passed on
to progeny. The degree to which differences are passed on
– or inherited – is known as the heritability of a trait. The
heritability of the desired traits must be considered to
produce sound genetic estimations of breeding values.
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7. EBV definitions and data
collection ranges
Key points:
• There are seven stages of data collection covering birth, weaning, early post-weaning, post-weaning, yearling, hogget
and adult.
Actions:
✓ To ensure the best return on investment in performance recording, and to optimise the potential to make genetic gain,
every effort should be made to collect relevant data and ensure its accuracy.
✓ Data collection should include liveweights, carcase traits, fertility traits, wool traits and worm burdens, as appropriate.
✓ In addition to individual animal records, it is also important that management groups are correctly identified.
✓ A data collection calendar is a useful tool for managing the data collection process.

LAMBPLAN, MGS and KIDPLAN allow data to be collected at seven stages in life. These are represented in Table 13.
Table 13: Seven stages of data collection

Trait
Birth

OVIS age range# (days)

OVIS age range# (months)

< 24 hours

Weaning

40–120

1.3 – 4

Early post-weaning

80–240

2.7– 8

Post-weaning

160–340

5.3 –11.3

Yearling

290–430

9.7–14.3

Hogget

410–550

13.7–18.3

Adult

530–2315

17.7– 6.3yrs

#OVIS age range is the average age of the management group, with the exception that the lower age of 40 days and the upper age
of 2,315 days are cut-offs based on each animal’s age at measurement.
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EBV definitions and measurements are detailed in Table 14.
Table 14: EBV definitions

Liveweight traits

Birth weight (kg)

BWT

Estimates the genetic difference in weight between animals at birth.
Birth weight is measured within 24 hours of birth.

Weaning weight (kg)

WWT

Estimates the genetic difference between animals in liveweight at
100 days of age (3.3 months).
Weaning weight is recorded between 40 and 120 days of age.

Maternal weaning weight (kg)

MWWT

MWWT EBVs are an estimate of the ewe or doe’s potential for milk
production and ability to provide a better maternal environment.
They are expressed as kilograms of liveweight at weaning.

Post-weaning weight (kg)

PWWT

Estimates the genetic difference between animals in liveweight at 225
days of age (7.5 months).
Two post-weaning weights may be taken between 80 and 340 days of
age. Post-weaning weight EBVs can be calculated from an early
post-weaning and/or post-weaning weights.

Yearling weight (kg)

YWT

Estimates the genetic difference between animals in liveweight at
360 days of age (12 months).
Yearling weight is recorded between 290 and 430 days of age.

Hogget weight (kg)

HWT

Estimates the genetic difference between animals in liveweight at 450
days of age (15 months).
Hogget weight is recorded between 410 and 550 days of age.

Adult weight (kg)

AWT

Estimates the genetic difference between animals in liveweight at 540
days of age (18 months).
Adult weight is recorded between 530 and 2,315 days (6.3 years) of
age. Four repeat measures of adult weight may be submitted. It is
recommended that adult weight be taken pre-joining to minimise the
effect of pregnancy and lactation status.
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Carcase traits

Fat depth (mm)

FAT

Estimates the genetic difference between animals in fat depth at
the GR site.
Fat depth EBVs are calculated from live animal ultrasound scan fat depth
measurements, within the appropriate age range. Scanning must be
done by a LAMBPLAN accredited operator (see page 53).

Post weaning fat depth (mm)

PFAT

Estimates the genetic difference in GR fat depth at 45 kg liveweight.
Post-weaning fat gives a strong indication of the level of fat the animal
will be carrying at slaughter period. The EBV is used in conjunction with
the post-weaning weight for the production of large, lean lambs.

Yearling fat depth (mm)

YFAT

Estimates the genetic difference in GR fat depth at 60 kg liveweight.
Yearling fat is used by those people who grow their animals out to a
heavier weight. This figure can be used in conjunction with yearling
weight by breeders looking to produce a heavier weight animal that may
be sold at later ages or females retained for joining.

Hogget fat depth (mm)

HFAT

Estimates the genetic difference in GR fat depth at 70 kg liveweight.

Eye muscle depth (mm)

EMD

Estimates the genetic difference between animals in eye muscle depth at
the C site. Animals with more positive EMD EBVs have greater genetic
potential for muscle development giving an increase in yield and slightly
more muscle in higher priced cuts.

Post-weaning eye
muscle depth (mm)

PEMD

Estimates the genetic difference in eye muscle depth at the C site in a
45 kg liveweight animal.

Yearling eye muscle
depth (mm)

YEMD

Estimates the genetic difference in eye muscle depth at the C site in a
60 kg liveweight animal.

Hogget eye muscle
depth (mm)

HEMD

Estimates the genetic difference in eye muscle depth at the C site in a
70 kg liveweight animal.
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Fertility traits

Number of lambs born (%)

NLB

Estimates the genetic difference between animals for number of
lambs/kids born each lambing/kidding opportunity.

Number of kids born (%)

NKB

This EBV is generated from pedigree and progeny records. As a low
heritability trait, NLB/NKB EBVs will benefit greatly from information
from relatives. Optimal EBVs will come from whole-flock recording with
complete pedigrees (sire and dam) on all offspring. Ewes/does should as
a minimum have a sire record on file.
The EBV is expressed as a percentage, above or below average, that the
animal is likely to produce each lambing/kidding opportunity. A ram or
buck with an EBV of 15% will sire daughters that, on average, produce
7.5% (half the EBV = 7.5%, as the sire contributes half the genes to his
daughters) more progeny per lambing/kidding opportunity than a sire
with an EBV of 0.

Number of lambs weaned (%)

NLW

Estimates the genetic difference between animals for number of
lambs/kids weaned each lambing/kidding opportunity.

Number of kids weaned (%)

NKW

This EBV is generated from pedigree and progeny records. As a low
heritability trait, NLW/NKW EBVs will benefit greatly from information
from relatives. Optimal EBVs will come from whole-flock recording with
complete pedigrees (sire and dam) on all offspring. Ewes/does should as
a minimum have a sire record on file.
The EBV is expressed as a percentage, above or below average, that the
animal is likely to wean each lambing/kidding opportunity. A ram or
buck with an EBV of 15% will sire daughters that, on average, produce
7.5% (half the EBV = 7.5%, as the sire contributes half the genes to his
daughters) more progeny per lambing/kidding opportunity than a sire
with an EBV of 0.
Note that the NLW/NKW EBV combines the genetic effect of increased
fertility with better survival. Breeders wishing to improve overall flock
performance should use this trait in preference to NLB/NKB.

Scrotal circumference (cm)

SC

Estimates the genetic difference between animals for
scrotal circumference.
The aim of a scrotal EBV is to identify sires with early scrotal
development. Rams/bucks with higher scrotal circumference EBVs will,
on average, sire daughters that are more fertile. Breeders seeking to join
maiden ewes/does at younger ages are encouraged to use yearling EBVs
in preference to hogget EBVs.
While OVIS does not currently produce a post-weaning SC, breeders
seeking to join at 7–9 months of age are encouraged to collect SC
measurements at PW age. OVIS can readily produce a PWSC EBV when
sufficient data exists.

Post-weaning scrotal circumference PWSC

Estimates the genetic difference between animals for scrotal circumference
at 225 days of age. It is recorded between 80 and 340 days of age.

Yearling scrotal circumference

YSC

Estimates the genetic difference between animals for scrotal
circumference at 360 days of age. It is recorded between 290 and
430 days of age.

Hogget scrotal circumference

HSC

Estimates the genetic difference between animals for scrotal circumference
at 450 days of age. It is recorded between 410 and 550 days of age.
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Wool traits

Fleece weight (kg)

FW

Estimates the genetic difference between animals for fleece weight.
Fleece weight EBVs may be expressed as greasy (G) or clean (C) fleece
weight at yearling, hogget or adult age.
Animals with more positive EBVs will, on average, produce
heavier fleeces.

Yearling fleece weight

YGFW
or YCFW

Estimates the genetic difference in fleece weight at 360 days of age.

Hogget fleece weight

HGFW
or HCFW

Estimates the genetic difference in fleece weight at 450 days of age.

Adult fleece weight

AGFW
or ACFW

Estimates the genetic difference in fleece weight at 540 days of age.

Fibre diameter (micron)

FD

Estimates the genetic difference between animals for fibre diameter.
FD EBVs may be expressed at yearling, hogget or adult age.
Animals with more negative EBVs will, on average, produce finer wool.

Yearling fibre diameter

YFD

Estimates the genetic difference in fibre diameter at 360 days of age.

Hogget fibre diameter

HFD

Estimates the genetic difference in fibre diameter at 450 days of age.

Adult fibre diameter

AFD

Estimates the genetic difference in fibre diameter at 540 days of age.

Fibre diameter coefficient
of variation (%)

FDCV

Estimates the genetic difference between animals for fibre diameter
coefficient of variation. FDCV EBVs may be expressed at yearling,
hogget or adult age.
Animals with lower FDCV EBVs will on average, genetically, have a
lower variation in fibre diameter.

Yearling fibre diameter
coefficient of variation (%)

YFDCV

Estimates the genetic difference in fibre diameter coefficient of variation
at 360 days of age.

Hogget fibre diameter
coefficient of variation (%)

HFDCV

Estimates the genetic difference in fibre diameter coefficient of variation
at 450 days of age.

Adult fibre diameter
coefficient of variation (%)

AFDCV

Estimates the genetic difference in fibre diameter coefficient of variation
at 540 days of age.

Staple strength (N/Ktex)

SS

Estimates the genetic difference between animals for staple strength.
SS EBVs may be expressed at yearling, hogget or adult age.
Animals with more positive SS EBVs will, on average, have genetically
stronger wool.

Yearling staple strength (N/Ktex)

YSS

Estimates the genetic difference in staple strength at 360 days of age.

Hogget staple strength (N/Ktex)

HSS

Estimates the genetic difference in staple strength at 450 days of age.

Adult staple strength (N/Ktex)

ASS

Estimates the genetic difference in staple strength at 540 days of age.

Staple length (mm)

SL

Estimates the genetic difference between animals for staple length.
SL EBVs may be expressed at yearling, hogget or adult age.
Animals with more positive SL EBVs will, on average, have greater
genetic potential for longer fibre length.

Yearling staple length (mm)

YSL

Estimates the genetic difference in staple length at 360 days of age.

Hogget staple length (mm)

HSL

Estimates the genetic difference in staple length at 450 days of age.

Adult staple length (mm)

ASL

Estimates the genetic difference in staple length at 540 days of age.
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Worm burden

Faecal egg count (eggs/gram)

FEC

This EBV describes the value of animals’ genes for carrying worm
burdens – a combination of being genetically less likely to pick up
worms and being able to cope immunologically with the worm burden.
The best time to collect faecal egg samples will depend on local climatic
conditions and hence patterns of worm burdens. It is recommended that
the lambs sampled have been weaned for a reasonable period so that it is
their own immunity that is being assessed, rather than that of their dams.
As a rule of thumb, less than 10% of animals should have a zero count
and the average should be around 400 eggs per gram.
Selection of animals with lower FEC EBVs will decrease the worm burden
(eggs/gram) carried.

Weaning faecal egg
count (eggs/gram)

WFEC

Estimates the genetic difference in worm burden at 100 days of age.

Post-weaning faecal
egg count (eggs/gram)

PWFEC

Estimates the genetic difference in worm burden at 225 days of age.

Yearling faecal
egg count (eggs/gram)

YFEC

Estimates the genetic difference in worm burden at 360 days of age.

Hogget Faecal
egg count (eggs/gram)

HFEC

Estimates the genetic difference in worm burden at 450 days of age.

Table 15 represents the ages at which data collection should take place. The only restriction on data collection is that
accredited LAMBPLAN operators must take fat and eye muscle depths.
Table 15: Ready reckoner for data collection

Age

Range
(days)

Weight

Fat and
eye muscle
depth

Wool weight
and fibre
traits

Scrotal
circumference

Faecal
egg
count

Birth

< 24 hours

✓

Weaning

40–120

✓

Early post-weaning

80–240

✓

✓

✓

✓

Post-weaning

160–340

✓

✓

✓

✓

Yearling

290–430

✓

✓

✓

✓

✓

Hogget

410–550

✓

✓

✓

✓

Adult

530–2315

✓

✓
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High quality data is essential to generate accurate EBVs.
To ensure the best return on your investment in
performance recording, and to optimise your potential to
make genetic gain, every effort should be made to collect
data accurately.
The following steps illustrate a comprehensive data
collection program for breeders. In addition to the
individual records it is also very important that
management groups are correctly identified.
1. Pedigree: Sire, dam and sire of dam on all lambs
where possible. Sire of dam is required so that
appropriate maternal effects can be accounted for (see
direct and maternal weaning weight – page 27).
2. Birth weight: Optional but highly recommended and
must be taken within 24 hours of birth. This is also an
ideal time to tag to minimise cross mothering errors.
3. Lambing/kidding ease: Birth difficulties may be scored
on the following scale:
1. Unassisted – either through observing females at
birth or noting females with offspring after no apparent
difficulty
2. Easy pull – slight intervention required at birth

8. Post-weaning weight: Taken between 160 and 340
days of age.
9. Yearling weight: Taken between 290 and 430 days
of age.
10. Hogget weight: Taken between 410 and 550 days
of age.
11. Adult weight: Taken between 530 and 2,315 days of
age (6.3 years), this weight is taken prior to joining on
all adult ewes (a trait that will become important for
maternal and Merino breeders wishing to monitor
mature size).
As a general recommendation, scanning should occur
when males average 55–60 kg and females average
45–50 kg. Animals should be greater than 30 kg to scan.
Don’t wait until animals are 15 months of age before
scanning (remember that prediction of the value of genes
needs to occur in a commercial production time frame).
An example data collection calendar is presented on the
next page for your reference. Copies of this form can be
downloaded from the LAMPLAN web site
(www.lambplan.com.au) or obtained from the
LAMBPLAN/MGS/KIDPLAN office.

3. Hard pull – significant human force to assist
at birth
4. Veterinary assistance
5. Malpresentation
4. Birth type: Recorded as 1, 2, 3 or 4, for single, twins,
triplets and quads respectively.
5. Weaning weight: This is the most important weight to
collect because it is the best opportunity to record
whole contemporary groups. Remember that even
though it is called a ‘weaning weight’ lambs/kids do
not need to be weaned to take this weight if it does
not suit. It is also important to note that if animals
are identified in different management groups at
weaning they will not be treated as a single
management group at post-weaning or later age, even
if run together from weaning.
6. Rearing type: Recorded as 1, 2, 3 or 4, for single,
twins, triplets and quads respectively. Lambs that are
orphaned should be recorded as being a rearing type
of one and it is important to record them in a separate
management group.
7. Early post-weaning weight: Taken between 80 and
240 days of age. If clients are producing suckers then
this weight is good to get.
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Rearing type

lambing (100 days)

Post-weaning weight
Date
Management group
Yearling weight
Date
Management group

Males: 55 kg

Females: 45 kg

(225 days)

Males: 65 kg

Females: 55 kg

(360 days)

Check sex

Date weaned

Management group

Weaning weight

8–14 weeks after

Check ID

Birth type

Date

Sex

Dam

Sire

Record: ID

mating groups

Sires and dams to use,

CHECK
LIST

circumference and FEC

depth, scrotal,

Yearling fat, eye muscle

circumference and FEC

eye muscle depth, scrotal

Post-weaning fat,

FEC

organise scanning date

Contact operator to

Lambing history records

Record physical faults

Record birth weight

Adult dam weight

OPTIONS

........................

drop report

Yearling complete

Post-weaning EBVs

weight EBVs

Birth and weaning

REPORTS

Year: . . . . . . . . . . . .

Check genetic trends across
the years and sire and dam
summary

Second TGRM run

Check genetic trends
across the years

Set weight targets

Check culling reasons

First TGRM run

Data into operator or
Pedigree Wizard

Culling reasons

Pedigree Wizard

Data into lambing books or

Use TGRM run information

Body weights
– hogget
– adult
Additional fleece traits
– curvature, comfort,
staple strength

Number of lambs/kids
born or weaned
Wool samples
– greasy fleece weight
– fibre diameter
– CV
– staple length
– curvature

Lambing/kidding

and at weaning

Shearing

Curvature EBVs

Staple strength EBVs

Staple length EBVs

CV EBVs

Fibre diameter EBVs

Greasy fleece weight EBVs

Reproduction EBVs

DATE/S

.......................

RECORD

Annual sale:

For maternal/dual purpose breeds (including Boer goats) and Merinos the above calendar applies, as well as the following:

Yearling

Post-weaning

Weaning

Marking

Lambing

Mating

Flock:

DECISION/
DATA COLLECTED

For all breeds: (including Boer goats)

ACTIVITY

ANNUAL PERFORMANCE DATA CALENDAR:

A breeder’s guide to LAMBPLAN, MGS and KIDPLAN

A breeder’s guide to LAMBPLAN, MGS and KIDPLAN

8. Direct and maternal weight EBVs
Key points:
• For growth traits, the performance of progeny is affected by the direct genes for growth as well as the maternal genes
for growth (the dam’s ability to provide milk and nurture).
• Animals with better than average maternal weaning weight EBVs will breed daughters that rear heavier progeny than
the progeny sired by their sons.
• Animals with poorer than average maternal weaning weight EBVs will breed daughters that rear lighter progeny than
the progeny sired by their sons.
Actions:
✓ Data on weaning weight and sire and dam pedigree enables calculation of EBVs for maternal weaning weight.
✓ OVIS can only make this separation where breeders collect weaning weights and keep sire and dam pedigree
(sire of dam is essential) information.
✓ If your enterprise uses embryo transfer programs, recording the identification of the surrogate mother will enable
OVIS to partition weaning weight into the direct effects associated with the progeny and those associated with
maternal ability of the surrogate dam.
✓ It is also important that progeny reared naturally on the embryo transfer (ET) donor dam be recorded so her maternal
performance can be evaluated.

OVIS has the ability to separate the dam’s maternal
influence (milk and mothering ability) from her
lamb’s genetic potential for growth at weaning,
and subsequent weights.
For many traits, OVIS produces an EBV for the animal
itself. This is a description of the value of that animal’s
own genes. However, for the growth traits – weights at
different ages – we know that the performance of the
progeny is affected by the value of its own genes for
growth, the quantity and quality of milk the mother
provides and how good a mother she is. The dam’s
maternal ability is affected by how good or bad her
genes are for producing milk and for her general
maternal performance.

Where records are available for weaning weight and the
sire and dam pedigree (sire of dam is essential), growth to
weaning can be split into direct and maternal
components – providing weaning weight (WWT) and
maternal weaning weight (MWWT) EBVs.
Maternal effects are also significant for later weights, but
not to the same extent as for weaning. Maternal effects
account for about 50% of the genetic range in weaning
weight, about 25% of the range in post-weaning weight,
and only about 5–10% in lambs at 10–12 months old.
Efficiently accounting for maternal effects is greatly
enhanced when the dam is identified and has been
measured for the trait in question.

Therefore, two sets of genes affect the growth of the
offspring. They are:
• Genes for food intake and converting that food to
body tissues – the direct genes for growth.
• The dam’s genes for providing milk and a nurturing
environment – the maternal genes for growth.
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How to use direct and
maternal weaning weight
EBVs

due to either direct or maternal genes. Assume that
10–20 progeny are produced from the ram lamb and four
lambs over two joinings from the ewe.

The separation of direct and maternal genes for growth
means that breeders can:

This generates two sets of grand-progeny of our original
ewe – through her son and through her daughter. If we
observed that her male line grand-progeny are average for
weaning weight, but that her female line grand-progeny
averaged 2.5 kg heavier than average, this would be clear
evidence that:

• Identify animals with the best genes for early growth –
those with superior direct weaning weight EBVs.
Especially for the terminal sire breeds, these will be
the best animals for siring progeny for early season
turnoff or suckers.
• Identify dams that will give their progeny a better start
– higher milk and better mothering or maternal
performance – those with superior maternal weaning
weight EBVs.

• The direct growth genes of the original ewe are
average – her son has passed on genes for average
growth to his progeny.
• The maternal growth genes of the original ewe are
better than average – her daughter has produced
lambs that are heavier than average, by 2.5 kg.

From this, direct weaning weight EBVs will be the most
important for terminal sire breeders, whereas breeders of
dual-purpose, Merino, maternal and self-replacing flocks
should focus on both direct and maternal weaning weight
EBVs.

• The daughter will pass on the same direct genes for
growth as the son (on average), but expresses her own
genes for maternal ability (milk and mothering ability)
and their effect is measured in the growth of the
female-line grand-progeny.

Calculating direct
and maternal EBVs for
weaning weight

In this example, the original ewe has better than average
genes for maternal weaning weight, but average genes for
direct weaning weight.

Diagrams 4 and 5 show how OVIS separates the
effect of the lamb or kid’s genes from those of its dam.
The following presents an example of this effect:

We can extend this example to show the performance
expected in progeny and grand-progeny for three different
combinations of direct and maternal EBVs for an animal
(parent) that has +5 for direct and +5 for maternal
weaning weight EBVs.

Assume a ewe has twin lambs – one ram and one ewe –
and that both weighs 5 kg more than their respective sex
averages. Is this because of good growth genes in those
lambs? Because the ewe has good genes for milk
production and mothering ability? Or a combination
of both?
We can use information from the progeny of these two
lambs to find out what proportion of that extra 5 kg was

The performance of the progeny is a combination of the
direct effect plus the contribution from the maternal
environment. For progeny this equals 2.5 + 5 = 7.5.
The proportion of maternal genes that the progeny inherit
from their parent is 1/2 the maternal performance. So
progeny of the parent inherit +2.5 and grand-progeny
inherit +1.25. This is shown in Diagrams 4 and 5.
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Diagram 4: Flow of direct and maternal effects
Generation

Direct

Parent

+5

Performance

Maternal
+5

Maternal environment

Maternal genes

Progeny

+2.5

+5

+2.5

+7.5

Grand-progeny

+1.25

+2.5

+1.25

+3.75

Great grand-progeny

+0.625

+1.25

+1.875

Diagram 5: Direct and maternal effects

MATERNAL
GRAND-SIRE

SONS

Sons get half the direct
genes for growth. Daugthers get
half the direct genes for
growth plus half the MILK genes.

One-quarter of
the direct genes.

GRAND-PROGENY

DAUGHTERS

One-quarter of the
direct genes plus the
effect of the MILK genes.

GRAND-PROGENY
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In general:
• Animals with better than average maternal weaning
weight EBVs will breed daughters that rear heavier
progeny than the progeny sired by their sons.
• Animals with poorer than average maternal weaning
weight EBVs will breed daughters that rear lighter
progeny than the progeny sired by their sons.
• OVIS can only make this separation where breeders
collect weaning weights and keep sire and dam
pedigree (sire of dam is essential) information.

• If your enterprise uses embryo transfer programs,
recording the identification of the recipient mother
will enable OVIS to partition weaning weight into the
direct effects associated with the progeny and those
associated with maternal ability of the surrogate dam.
• It is also important that progeny reared naturally on
the embryo transfer (ET) donor dam be recorded so
her maternal performance can be evaluated.

Table 16 provides further examples of direct and maternal effects on progeny performance.
Table 16: Effect of direct and maternal EBVs on weaning weight

Ewe EBVs

Progeny weaning wt
(actual weight difference)

Grand-progeny weaning wt
(actual weight difference)

Direct

Maternal

Males (kg)

Females (kgs)

Male-line
Female-line
(through sons) (kgs) (through daughters) (kgs)

0

+5

+5

+5

0

+2.5

+5

0

+2.5

+2.5

+1.25

+1.25

+5

+5

+7.5

+7.5

+1.25

+3.75

0

–5

–5

–5

0

–2.5

–5

0

–2.5

–2.5

–1.25

–1.25

–5

+5

+2.5

+2.5

–1.25

+1.25
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9. Selection indexes –
genetic job descriptions
Key points:
• The main reason to consider all traits when designing a breeding program is to minimise the chance of allowing
undesirable side effects from the breeding program.
• Once the balance among traits has been decided, animals’ EBVs for each trait can be weighted according to their
relative emphasis, and combined into a single overall measure of genetic merit – the selection index.
• There are two approaches to developing selection indexes – one based on economic importance (Dollar Index) and
the other based on the desired gain or change in each trait (Desired Gain Index).
Actions:
✓ Identify enterprise sources of income and expenses and evaluate the return from genetic improvement in each,
to assist in deciding what traits to improve and by how much.
✓ Understand the genetic implications of the standard indexes available.
✓ Use the Dollar Index or the Desired Gain Index approach to develop a selection index.

Breeding better sheep and goats is achieved by
identifying animals with the best combinations of genes.
But, the best genes for what? No breeding program has
the improvement of only one trait as its goal. Even where
the focus is on one aspect of performance, attention must
be paid to other aspects.
This raises two problems:
• Ensuring that all traits needing improvement are
identified and measured effectively; and
• Getting the balance of selection pressure right across
the traits.

The main reason to consider all traits is to minimise the
chance of allowing undesirable side effects from the
breeding program. Again, genetic relationships (correlations)
exist between many traits so selection for one trait is likely
to affect another whether we like it or not.
Some traits may simply be monitored as the breeding
program continues – not all traits may require changing.
Getting the balance right is important because the ultimate
aim of any breeding program is to produce sound,
functional animals that have high levels of performance in
traits that have a major effect on profit.

The first problem really means that the breeder must think
about all the aspects of performance that will or might
affect profitability, even if it is currently hard to do
anything about some traits.

However, getting the balance right is made harder by:

A good example of this situation is feed intake. Feed
consumed by breeding females is the largest single cost to
a breeding enterprise, and ideally, breeders would be
selected to produce more from the same amount of feed,
or to produce the same from less. The problem with feed
intake is that we currently have no simple or cheap way
of measuring it, and so usually concentrate on improving
the output side of the balance sheet – eg growth rate,
fleece weight, yield or number of progeny weaned.

• Prices that fluctuate over time – a good example is the
micron premium or effect of fibre diameter on price per
kilogram, particularly for Merino sheep.

• Poor information on the economic value of traits – a
good example of this is knowing the value of improved
conformation (muscling).

• Poor flow of price signals from the ultimate consumer
back to the breeder – the price effect of carcase fat of
lambs has until recently borne little relationship with
what customers have been saying, therefore making
it difficult for breeders to know how hard to select
for leanness.
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Once the balance among traits has been decided,
animals’ EBVs for each trait can then be weighted
according to their relative emphasis, and combined
into a single overall measure of genetic merit – a
selection index.
There are two basic approaches to developing selection
indexes, which are outlined below. The basic principle is
to combine EBVs for different traits according to the
relative economic importance of each trait.
The dollar index: selection index value =
(REVA x EBVA) + (REVB x EBVB) + …..

Diagram 6: Selection index

Genetic
information
- EBVs
Overall merit Selection Index
Relative
importance
- REVs

where:
REVA stands for Relative Economic Value for trait A
EBVA stands for Estimated Breeding Value for trait A

and ….. means that more traits can be added.
When the selection index is calculated this way, it is a
Dollar Breeding Value ($BV).
A simple alternative approach is to determine how much
change is desirable in each trait. For instance, a breeder
might wish to increase growth rate to 10 months by 10%
and hogget greasy fleece weight by 15%.
Given some knowledge of the amount of variation for
each trait, it is then possible to calculate the weighting
that needs to be given to each EBV to develop a selection
index that will achieve these changes. Such indexes are
termed Desired Gains Indexes – because they are based
on achieving certain desired gains.

That is the principle behind selection indexes. The hard
part is deciding what traits to improve and by how much.

Getting the balance right –
what traits and how much
to improve them?
Deciding what traits to improve and by how much for
each is best approached by:
• Identifying enterprise sources of income and costs;
and
• Evaluating the return from genetic improvement
in each.
From this basis, either the Dollar Index or the Desired
Gain Index approach can be used to develop a Selection
Index that will help steer the breeding program in the
most appropriate direction.

Desired gains index: selection index value =
(RWA x EBVA) + (RWB x EBVB) + …..

where:
RWA stands for Relative Weighting for trait A
EBVA stands for Estimated Breeding Value for trait A

And ….. means that more traits can be added.
Whichever approach to producing a selection index is
used, the effect is that the breeder can steer the genetic
change for a number of traits simultaneously, essentially
by pushing hard in one trait or direction, not so hard in
another, holding a third unchanged, and so on.
The reason the combined value is called a selection index
is that it can be used to rank animals for selection, and
because it is an index combining a number of pieces of
information about animals’ genetic merit (Diagram 6).
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10. Available indexes
Key points:
• A range of indexes is available to provide different emphasis on traits.
• Predictions on trait gains or changes are available from these indexes.
Action:
✓ Understand the predicted response to indexes and select the most appropriate to your requirements.

Tables 17–30 provide details of available selection indexes. Note that indexes are current at time of publication and subject
to periodic updates. Note also that relative emphasis may not sum to 100% due to rounding errors.

Table 17: Corriedale Dual Purpose

Trait
WWT (weaning weight)
YWT (yearling weight)
YFAT (yearling fat)
YEMD (yearling EMD)
YGFW (wool weight)
YFD (yearling fibre diameter)
NLW (number of lambs weaned)

Predicted response (over 10 years)

Relative emphasis

+2.5 kg
+4.3 kg
0 mm
+1.9 mm
+0.45 kg
0 micron
+2/100 ewes

20%
20%
0%
20%
20%
0%
20%

Predicted response (over 10 years)

Relative emphasis

+4 kg
+7 kg
0 mm
+1 mm
+0.4 kg
0 micron
+2/100 ewes

23%
27%
0%
10%
20%
0%
20%

Predicted response (over 10 years)

Relative emphasis

+3.4 kg
–0.2 mm
+1.7 mm

60%
20%
20%

Predicted response (over 10 years)

Relative emphasis

+4.6 kg
+0.2 mm
+1.3 mm

80%
10%
10%

Table 18: Corriedale $25

Trait
WWT (weaning weight)
YWT (yearling weight)
YFAT (yearling fat)
YEMD (yearling EMD)
YGFW (wool weight)
YFD (yearling fibre diameter)
NLW (number of lambs weaned)
Table 19: 60:20:20

Trait
YWT (yearling weight)
YFAT (yearling fat)
YEMD (yearling EMD)
Table 20: 80:10:10

Trait
YWT (yearling weight)
YFAT (yearling fat)
YEMD (yearling EMD)
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Table 21: Carcase Plus

Trait
PWWT (post-weaning weight)
PFAT (post-weaning fat)
PEMD (post-weaning EMD)

Predicted response (over 10 years)

Relative emphasis

+4.5 kg
–0.4 mm`
+0.6 mm

60%
20%
20%

Predicted response (over 10 years)

Relative emphasis

+2.0 kg
+4.1 kg
0 mm
+0.3 mm
+0.21 kg
+0.21 micron
+6 /100 ewes

24%
38%
0%
10%
16%
0%
11%

Predicted response (over 10 years)

Relative emphasis

+4.4 kg
+1.1 kg
+8.2 kg
0 mm
+2.1 mm
+1.1 kg
+1.8/100 ewes

17%
4%
20%
3%
14%
27%
10%

Predicted response (over 10 years)

Relative emphasis

+2.5 kg
+2.1 kg
+3.8 kg
+0.14 mm
+1.5 mm
+1/100 ewes

24%
17%
24%
9%
25%
1%

Predicted response (over 10 years)

Relative emphasis

+2.5 kg
+2.1 kg
+3.8 kg
+0.1 mm
+1.5 mm
+1/100 does

24%
17%
24%
9%
25%
1%

Table 22: Coopworth

Trait
WWT (weaning weight)
YWT (yearling weight)
YFAT (yearling fat)
YEMD (yearling EMD)
YGFW (wool weight)
YFD (yearling fibre diameter)
NLW (number of lambs weaned)
Table 23: Border Leicester $ Index

Trait
WWT (weaning weight)
MWWT (maternal weaning weight)
PWWT (post-weaning weight)
PFAT (post-weaning fat)
PEMD (post-weaning EMD)
YGFW (wool weight)
NLW (number of lambs weaned)
Table 24: Dorper $ Index

Trait
WWT (weaning weight)
MWWT (maternal weaning weight)
YWT (yearling weight)
YFAT (yearling fat)
YEMD (yearling EMD)
NLW (number of lambs weaned)

Table 25: Boer Goat $ Index

Trait
WWT (weaning weight)
MWWT (maternal weaning weight)
YWT (yearling weight)
YFAT (yearling fat)
YEMD (yearling EMD)
NKW (number of kids weaned)
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Table 26: SAMM Maternal Index

Trait

Predicted response (over 10 years)

Relative emphasis

+1.6 kg
–0.4 kg
+2.8 kg
–0.1 mm
+1.7 mm
+0.2 kg
+0.01 micron
+4/100 ewes

17%
5%
23%
1%
31%
15%
0%
8%

Predicted response (over 10 years)

Relative emphasis

WWT (weaning weight)
MWWT (maternal weaning weight)
YWT (yearling weight)
YFAT (yearling fat)
YEMD (yearling EMD)
YGFW (wool weight)
YFD (yearling fibre diameter)
NLW (number of lambs weaned)
Table 27: Merino 8% Micron Premium

Trait

HWT (hogget weight)
AWT (adult weight)
HFD (hogget fibre diameter)
AFD (adult fibre diameter)
AFDCV (adult fibre diameter coefficient of variation)
HCFW (hogget clean fleece weight
ACFW (adult clean fleece weight)
NLW (number of lambs weaned)

+0.6 kg
+0.6 kg
–1.4 micron
–1.6 micron
+0.9%
+0.35 kg
+0.47 kg
+2/100 ewes

3%
2%
19%
23%
12%
17%
21%
2%

Predicted response (over 10 years)

Relative emphasis

Table 28: Merino 8% Micron Premium Dual Purpose

Trait

HWT (hogget weight)
AWT (adult weight)
HFD (hogget fibre diameter)
AFD (adult fibre diameter)
AFDCV (adult fibre diameter coefficient of variation)
HCFW (hogget clean fleece weight
ACFW (adult clean fleece weight)
NLW (number of lambs weaned)
YFAT (yearling fat)
YEMD (yearling EMD)

+1.3 kg
+1.3 kg
–1.5 micron
–1.5 micron
+0.7%
+0.37 kg
+0.44 kg
+3/100 ewes
+0.1 mm
+0.5 mm

6%
5%
17%
19%
9%
16%
18%
3%
3%
5%

Predicted response (over 10 years)

Relative emphasis

Table 29: Merino 8% Micron Premium Plus FEC

Trait

HWT (hogget weight)
AWT (adult weight)
HFD (hogget fibre diameter)
AFD (adult fibre diameter)
AFDCV (adult fibre diameter coefficient of variation)
HCFW (hogget clean fleece weight
ACFW (adult clean fleece weight)
NLW (number of lambs weaned)
FEC (faecal egg count)

+0.3 kg
+0.3 kg
–0.7 micron
–0.9 micron
+0.6%
+0.2 kg
+0.3 kg
+1/100 ewes
–1.94 EBV

2%
2%
12%
16%
10%
13%
15%
1%
26%
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Table 30: Merino 15% Micron Premium

Trait

Predicted response (over 10 years)

HWT (hogget weight)
AWT (adult weight)
HFD (hogget fibre diameter)
AFD (adult fibre diameter)
AFDCV (adult fibre diameter coefficient of variation)
HCFW (hogget clean fleece weight
ACFW (adult clean fleece weight)
NLW (number of lambs weaned)

+0.3 kg
+0.1 kg
–2.0 micron
–2.2 micron
+0.7%
+0.1 kg
+0.2 kg
+1/100 ewes
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11. EBV accuracy
Key points:
• Having more information increases the accuracy of EBVs.
• The quality of the data influences the accuracy of EBVs.
• OVIS calculates an accuracy value for each EBV.
• EBV accuracy is published as a percentage, but can also be expressed as a standard error.
• The accuracy of EBVs improves in two stages – firstly with an animal’s own records and records on relatives, and
secondly when they produce progeny.
• The most accurate information will come from whole-flock or herd pedigree and performance recording with good
data structure and accurate management grouping.
• Data quality grades reflect data quality and not the genetic merit of the flock.
Actions:
✓ Good records, even-sized mating groups and similar amounts of performance data for similar groups of animals
improve accuracy of EBVs.
✓ Whole-flock or herd recording is essential for high EBV accuracy.
✓ Select animals with the best EBVs and index values that have performed well themselves and have a number of
well-performed relatives.
✓ Improve rates of genetic gain by using 7–8 young sires for every 2–3 older sires.

By definition, EBVs are an estimate. Accuracy, published
as a percentage, is a reflection of the amount of effective
information that is available to calculate the EBVs for an
animal.
Accuracy is influenced by:
• Heritability of the trait;
• Size of the group in which the animal is compared;
• Correlation between the trait reported and other
records available;
• Accuracy of parents’ EBVs; and
• Amount of performance information available on the
animal itself and its relatives.
OVIS calculates an accuracy value for each EBV. This may
be reported as individual trait accuracy or as trait group
accuracy. Whole-flock or herd recording for the
appropriate range of traits will improve accuracy of EBVs.

How accurately do EBVs
describe the true breeding
value (TBV)?
The accuracy of an EBV depends on how much
information is available on the animal, including
information on all its relatives, and on how good a
picture of the genes we get using whatever measure is
involved (eg weight, fat depth, wool weight).
There are three sources of information about each
animal’s genes – information about the animal’s
performance with regard to the trait of interest;
information on correlated traits; and information from
its relatives – which all contribute to the estimation of
breeding values (Diagram 7). The more and better
quality the information available the closer the EBV
will be to the TBV.

Accuracy cannot account for some breeder-influenced
data quality issues, for example, how well management
groups are defined.

37
Achieving excellence in breeding and production

A breeder’s guide to LAMBPLAN, MGS and KIDPLAN

Diagram 7: Information contributing to EBV and TBV

If we obtain more information on this animal from further
measurements or measurements on progeny or relatives,
three things will happen:

Animal’s own
performance
Correlated
traits

Relatives’
information

• Its EBV may change, either upwards, downwards, or
not at all (all three are equally likely);
• The accuracy of the EBV will increase; and

Animal’s Estimated Breeding Value (EBV)

• The standard error of the EBV will decrease.

Animal’s True Breeding Value (TBV)

Accuracy for EBVs can be expressed either as:
• A percentage – with higher percentages meaning
greater accuracy and hence an EBV that is closer to
the TBV; or
• A standard error – which indicates the range in which
the True Breeding Value is likely to be, and for this a
smaller standard error means the EBV is closer to
the TBV.
For example, an animal might have the following EBV for
yearling weight, accuracy and standard error:
EBV = +10 kg

Accuracy = 71%

Standard error = ±2.1 kg

The EBV means that the estimated value of this animal’s
genes is +10 kg for growth to yearling age.
The accuracy is 71%.

The standard error of an EBV will vary (by a small
amount) for different breed analyses. Table 31 shows an
indicative standard error for each of the major traits for a
given level of accuracy. Remember that the standard error
of an EBV is a measure of the maximum likely change at
different accuracy levels. As accuracy increases, the size
of the standard error decreases. Statistically, there is a
67% chance that an animal’s TBV will be within one
standard error of its EBV, and a 95% chance that it will be
within two standard errors of its EBV.
For example, an animal with a yearling weight of 5.6 and
an accuracy of 70% will have a standard error of
±2.28 kg. This means that there is a 67% probability that
the TBV of this animal will be within 3.32 and 7.88 (5.6
± 2.28) and a 95% probability that the TBV will be within
the range of 1.04 to 10.16 (5.6 ± 4.56). If this animal
had records from other relatives or progeny that increased
its accuracy to 90%, then there is a 67% probability that
the TBV of the animal is likely to be within 4.21 and 6.99
(5.6 ± 1.39).

The standard error means that the true breeding value of
this animal is likely to be between +7.9 kg and +12.1 kg
(10 kg ±2.1 kg).
Table 31: Indicative standard errors for key traits at different accuracy levels.

Accuracy
level

BWT
(kg)

WWT
(kg)

PWWT
(kg)

YWT
(kg)

YFAT
(mm)

YEMD
(mm)

NLW
(%)

YGFW
(kg)

20%

0.28

2.05

2.77

3.13

1.27

1.01

0.139

0.368

40%

0.26

1.92

2.59

2.93

1.18

0.95

0.130

0.345

50%

0.24

1.81

2.45

2.77

1.12

0.90

0.122

0.326

60%

0.23

1.67

2.26

2.56

1.03

0.83

0.113

0.301

70%

0.20

1.49

2.02

2.28

0.92

0.74

0.101

0.269

80%

0.17

1.25

1.70

1.92

0.78

0.62

0.085

0.226

90%

0.12

0.91

1.23

1.39

0.56

0.45

0.062

0.164

95%

0.09

0.65

0.88

1.00

0.40

0.32

0.044

0.117

38
Achieving excellence in breeding and production

A breeder’s guide to LAMBPLAN, MGS and KIDPLAN

How accurate are EBVs and
index values?
Typically, animals first get an EBV (or index value) when
they get a weight record, for example a birth or weaning
weight. At this time, we usually already know quite a bit
about their ancestors, and will now have similar records
on some half siblings (animals with the same sire or
dam). As more information is collected on other traits
(eg post-weaning weight, eye muscle depth and fat depth)
accuracy will rise.
The animal may then be selected for breeding, which
means it will get progeny and in time those progeny may
have performance records added to the evaluation.
This means that the accuracy of EBVs goes through two
major steps. Initially, when the animal has its own
records and records on relatives (ancestors, full siblings,
half siblings, etc.) and secondly, when it gets progeny.

20 kg above average himself, whose half siblings
average 1.85 kg, and whose progeny measure 2.5 kg
above average.
Tables 32 and 33 illustrate several things:
• As accuracy increases, the standard error of the EBV or
index value decreases – we can be more confident
that we are closer to the true breeding value (eg in the
above example we become more certain that the TBV
for this animal is +5 kg);
• Adding progeny improves accuracy more quickly than
adding half siblings – adding 5 progeny increases
accuracy by more than adding 5 half siblings does;
• Accuracy initially rises quickly as number of relatives
increases but then increases more slowly. For
example, accuracy goes from 66% to 85% for sires as
progeny number increases from 5 to 25, but then only
to 91% as progeny number grows to 50; and

To illustrate this, Table 32 shows the accuracy and
standard error of the index value for animals that have
varying numbers of half siblings and progeny. (For this
example, the heritability of the trait is 0.25.)

• Animals’ EBVs do not necessarily change dramatically
through their life. Where a breeder has good pedigree
records, previous years’ data already evaluated and
collects good performance records with accurate
management groups, EBVs on young animals are a
good guide to their true breeding value.

Table 32: EBV accuracy for young animals and sires
relative to the number of half siblings and
progeny, respectively

Mating group sizes are typically between 25 and 50, so
that in general the accuracy for young animals is in the
range 60–70%, and for sires is in the range 85–91%.

No. of half
siblings
or progeny
5

Accuracy and
standard error for:
Young animals
Sires
51% (±8.6)

Table 33: EBV accuracy and likely range for TBV

66% (±7.5)

Stage of life

EBV

Accuracy
for TBV

Likely
range

average + 5 kg)

+5

25%

1.9–8.06

Own record (+ 20 kg)

+5

50%

3.27–6.73

Own record + half siblings
(24 at + 1.85 kg)

+5

57%

3.36–6.64

1st progeny crop
(25 at + 2.5 kg)

+5

85%

3.95–6.05

2nd progeny crop
(25 at + 2.5 kg)

+5

91%

4.13–5.87

10

53% (±8.5)

74% (±6.7)

(information available)

15

55% (±8.4)

79% (±6.1)

Birth (parents EBVs,

20

56% (±8.3)

83% (±5.7)

25

57% (±8.2)

85% (±5.3)

50

60% (±8.0)

91% (±4.1)

100

61% (±7.9)

95% (±3.2)

Another way of showing this is to see how a ram’s EBVs,
and their accuracy, change during his life. Table 33 shows
an example of an animal whose TBV for weight is +5,
whose parents’ average EBV is +5, which measures
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Factors that affect accuracy

Reading an EBV report with
accuracies

In addition to the amount of data available, the quality of
the data also affects accuracy. Table 34 shows the major
factors that ensure maximum accuracy of EBVs and index
values. These factors determine whether the breeder gets
maximum value from the effort put into recording.

LAMBPLAN, MGS and KIDPLAN reports may have
accuracy reported on the key trait groups.
The accuracies are:
• Growth accuracy
– The average accuracy of birth and weaning weight
EBVs; and
– The average accuracy of post-weaning, yearling and
hogget weight EBVs.

Table 34: Major factors to ensure accuracy
Increased accuracy

• Accurate management groups

• Carcase accuracy – the average accuracy of fat depth
and eye muscle depth EBVs.

• Two or more sires’ progeny in each management group
• Even mating group sizes
• Animals get similar amounts of performance information

• Reproduction accuracy – the accuracy for NLW EBV.

• Accurate pedigree records

• Wool accuracy – the accuracy for HGFW EBV.
It is likely that the accuracies in these key areas will differ
due to the fact that not all animals will get the same
measurements taken and that there are significant
differences in heritability between these trait groups. For
example, breeders may weigh all animals, but only scan
75% resulting in lower accuracy figures for carcase traits
when compared to growth traits. It is important when
selecting animals for breeding that you look at the
accuracies of all the EBVs that are critical to your
breeding objective. (See example below.)

Reduced accuracy

• Poor identification of management groups
• All progeny in a management group by one sire
• Some sires get many progeny, others few progeny
• Some animals get many records, others very few
• Poor pedigree data

Good records, even-sized mating groups, and similar
amounts of performance data for similar groups of
animals all contribute to ensuring that EBVs are as
accurate as possible.

For this example (animal 030001), the accuracy for
weaning weight and yearling weight are 74% (growth
accuracy), for fat and eye muscle depth 65% (carcase
accuracy) for number of lambs weaned 54%
(reproduction accuracy) and for hogget greasy fleece
weight 35% (wool accuracy). This information is typical
of a young sire that has data on growth and carcase, with
less information on relatives with lambing records and
only limited information on wool weight.

An important contribution to EBV accuracy is ultrasound
scan carcase data that must be collected by accredited
operators. These operators undergo periodic testing to
maximise accuracy.

Individual trait accuracies may also be reported.
All animals listed on the web database have individual
trait accuracy listed.

Example
ID

WWT

YWT

YFAT

YEMD

NLW

HGFW

Growth acc.

Carcase acc.

NLW acc.

Wool acc.

030001

3.2

5.6

–1.2

0.3

0.10

0.5

74%

65%

54%

35%
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Table 35: Variation in EBVs of young sires relative to information supplied on relatives.
Mating unit

EBV or average EBV

Standard error

Likely range in breeding outcome

1 young ram with 24 half siblings

+5 kg

±1.64

+3.36 to +6.64 kg

5 young rams each with 24 half siblings

+5 kg

±0.73

+4.27 to +5.73 kg

10 young rams each with 24 half siblings

+5 kg

±0.52

+4.48 to +5.52 kg

The impact of accuracy on
genetic progress
It is important to keep accuracy in perspective. Accuracy
and genetic merit are not the same. It is quite possible to
have animals that have very low EBVs, but for those EBVs
to be very accurate. Conversely, animals may have high
EBVs with low accuracy.
The ability to make genetic gain is strongly influenced by:
• Having accurate information about animals’ genetic
merit; and
• Finding plenty of animals with high genetic merit.
The most accurate information will come from wholeflock pedigree and performance recording with good data
structure and accurate management grouping.
From this foundation, the main challenge is then to
identify better and better animals each year.
The way to do this is to select the animals with the best
EBVs and index values for your production system that:
• Have performed well themselves; and
• Have a reasonable number of well-performed
relatives.
Typically, for studs that are making genetic progress, this
will mean using 7–8 young sires for every 2–3 older sires.
This might seem risky – after all, the older sires have
higher accuracy. However, remember that the EBVs and
index values have used all available information,
and taken account of how much information is available
on each animal, young or old. This means that animals
with the best EBVs and index values will be the best bets
for breeding.

While the EBVs and index values may change for
individual young animals as they get progeny, a team of
young animals (sires for example), will breed very close
to their average EBV or index value. This occurs through
an averaging effect because EBVs and index values have
equal chance of moving up or down. Several elite
breeding schemes use such an approach.
For example, compare the likely range in true breeding
value for one young ram with 24 half siblings, with that
of a team of 5 or 10 young rams, each with 24 half
siblings, and with the same average EBV as that of the
individual ram (Table 35).
Exactly the same principle can be applied for any trait
(including selection index value) and for any mating
group, for example a larger team of rams or a mating set
of rams and ewes. In all cases, the larger the number of
animals being considered, the closer they will breed to
their average EBV or index value.

Data quality grades
In addition to EBV accuracy, LAMBPLAN and KIDPLAN
assign data quality grades to individual member studs.
Data quality grades have been designed to reflect data
quality and not the genetic merit of the stud. Data quality
grades are a quality assurance system that is your
guarantee to commercial clients that you have a
comprehensive data collection program that will
improve the accuracy of the genetic information that
you are providing.
Data quality grades are assigned as Bronze, Silver
or Gold. Table 36 shows how data quality grades
are determined.
Data quality grades are published on the LAMBPLAN
web site and in the Breeder’s Directory.
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Table 36: Data quality grades

Sire

Pedigree

Bronze

Silver

Gold

✓

✓

✓

✓

✓

✓

✓

Dam

Date

Birth

✓

✓

Weight

Weaning

Weight

✓

✓

✓

Post-Weaning OR
Yearling Weight,
Fat and Eye
Muscle Depth

Rams

> 50% of lambs
with a WWT

> 50% of lambs
with a WWT

> 75% of lambs
with WWT
Scrotal circ.
(maternal breeds)

Ewes

> 50% of lambs
with a WWT

> 50% of lambs
with a WWT

> 75% of lambs
with a WWT

Rams

> 50% of lambs
with a WWT

> 50% of lambs
with a WWT

> 75% of lambs
with WWT

> 50% of lambs
with a WWT

> 75% of lambs
with a WWT

Wool Traits
(Maternal breeds
only)

Ewes
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12. Data quality – the key to getting
the most from your investment
Key points:
• Accurate full pedigree is the foundation for accurate EBVs.
• Weaning weight should be considered essential as it is the best opportunity to get a weight measurement
on all progeny.
• Scanning should be timed to be close to the target sale weight. This will also ensure adequate expression for accurate
fat and muscle measurement.
• Knowing the maternal grand-sire is important for calculation of EBVs for reproductive traits and for separating the
direct and maternal components of growth.
• Accurately identify all management groups to make EBVs as accurate as possible, and allow maximum opportunity to
make genetic improvement.
Actions:
✓ It is critical to collect weaning weight. Weaning weight management groups should be as large as possible because
they affect grouping at later measures.
✓ The more pedigree data that is in the database, the more accurate the EBVs. If you have pedigree information that
LAMBPLAN/MGS/KIDPLAN is missing, make the effort to put this into your data set.
✓ Accurately identify groups of animals that have been run together (ie that have been in the same management group).
✓ Breeders undertaking embryo transfer programs have additional requirements that will optimise breeding
value estimation.

Weaning weight
Weaning weight is the most critical piece of information
that you can collect. This is because all animals can be
recorded at this time to determine the full variation in the
progeny group prior to selection and culling decisions.
It is particularly important for those breeders who take off
a sale or show ram team because it allows an accurate
calculation of where that team ranks with the rest of your
flock.
It is important to keep weaning weight management
groups as large as possible because they affect grouping
at later measures. If animals are identified in separate
groups at weaning they will not be combined into a
larger group at post-weaning, even if they are managed
together from weaning to post-weaning. Note also that
weaning weigh date is an automatic grouping criteria in
OVIS. That is, if animals that are in the same management
group are measured on different days then OVIS will treat
them as different management groups.

The following diagrams illustrate the effect of splitting off a
group of animals prior to obtaining a weaning weight. For
any group of animals, if you express the weight as a
deviation from the mean you will expect to get a normal
distribution, or bell shaped curve, which has a mean of
zero (ie half the group is below average and half is above
average). What often happens is that from the proportion of
higher merit a show or sale team is selected forming
another group.
Diagram 8 shows the range for a weight (say weaning
weight).

Selected Group

Diagram 8: Weaning weights for group
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Assume the heavier animals in the shaded section are
managed separately from weaning through to postweaning age. The breeder then measures all animals at
post-weaning age for weight, fat and muscle depth.
If there was no weaning weight (a common record for the
animals), the post-weaning weight and scan data must be
processed as two separate groups. With no common
record the two groups will be assessed as being
independent, both having a mean of zero as shown in
Diagram 9. Within both of the groups, half of the animals
will be below average and half will be above average.
This is in fact misleading since the animals in the selected
group were of higher average weight.
Diagram 9: Ranges of EBVs after scanning, but without
weaning weight data:

Here the average of the low weaning weight group might
be 0 EBV, and the selected group will be + X units (for
example, 2 kg EBV). By providing weaning weights on all
animals prior to any splitting into groups, this allows
OVIS to process the animals as sub-groups of the original
group. Therefore we know that the second group should
have an overall mean that is higher than the first group by
X units.

Scanning and weighing at
post-weaning and later ages
There are two important reasons why weight and scan
data is required at post-weaning age (7.5 months) or
around 50 kg liveweight.
1. Weighing and scanning at around 45–55 kg liveweight
ensures adequate expression for accuracy of fat and
muscle measurement. It also ensures you are assessing
animals at close to the target weight and fat coverage
of their progeny (45–55 kg live corresponds to a
carcase weight of 21–26 kg). Whereas 10 years ago,
most animals were 12 months old or older before
reaching 60 kg, many are now achieving this at 10
months or earlier. There is no reason to wait longer if
your animals are 45–55 average liveweight, as this is
ideal for weighing, scanning (and for scrotal
circumference measurement).

Group 1

Group 2
(selected)

Without weaning weight data both groups will have a
mean of 0.
So, if the weaning weight data is not available these
animals are treated as two separate groups. OVIS must
then rely on genetic linkage between these groups to
adjust EBVs.
If however, weaning weights are taken prior to splitting the
animals into two groups, the average weights of the groups
before they were split is known and we know that one
group is better for weight than the other (Diagram 10).

2. Selection for growth should focus on improving early
growth rate rather than at later ages. By collecting a
series of weights over time we can look more closely at
the shape of the growth curve (refer to Diagram 11).
Sires can be selected that have that desirable early
growth but whose daughters will only grow out to
moderate weights (and so cost less in adult feed costs).
Information on maternal as well as direct effects is
essential to achieve this, as there are significant
maternal effects early in life.
Lower early growth,
higher mature weight

High early growth
smaller mature weight

Weight

Selected group, + X units

Diagram 10: Ranges of EBVs after scanning but with weaning
weight data
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If you do measure animals at a post-weaning age (which
is recommended) it is still important to take records on
weights at yearling and hogget ages. In general, it is
sensible to select for those animals that have high early
growth rates, hence selecting for PWWT. By then
providing yearling and hogget weights, measured at 12
months and 15 months, we can get a good profile to find
animals that are bending the shape of the growth curve.

Mature ewe/doe weight
Most breeders are aiming for breeding females of
moderate size that have high NLW/NKW and milking
potential, and produce offspring with high growth rates.
Animals with the genes for this combination of traits can
be identified, provided relevant data is collected.
Knowing the maternal grand-sire is important for
calculation of EBVs for reproductive traits and for
separating the direct and maternal components of growth.
Research results tell us that selection for growth rate will
increase the mature size of the breeding female and
hence the maintenance costs for feeding them over a
year. By knowing the mature weights of your breeding
females, effectively you are recording the information that
will enable you to make an informed decision about
mature size of the breeding female.
Dam weights are ideally taken prior to joining each year.
If females have been run under differing nutrition leading
up to joining then it is important to allocate mature
weights to appropriate management groups to ensure
valid comparisons are made.

The value of pedigree
The statistical models used by OVIS are based on the fact
that on average full siblings (eg twins) share 50% of their
genes in common, half siblings share 25% of their genes
in common and so on. Knowing which animals are
related, and how relatives have performed, improves the
accuracy of EBVs. An example of this is shown below:
An animal based on its own records has an EBV for weight of
4.0 kg (average).
All his half siblings average 4.5 kg EBV for weight, so we know
that this animal comes from a family that has better than
average genes for growth.

OVIS searches for all information about relatives when
calculating an animal’s EBVs. The more pedigree data
that is provided, the better the estimation of breeding
values. This is particularly important for low heritability
traits such as NLW or NKW.
A common question is “how much pedigree data is
required?“ The simple answer is all of it. The more
pedigree data that is in the database, the more accurate
the EBVs.
A simple rule of thumb is that for good quality data all
animals that are current in the stud should have sire, dam
and a maternal grand-sire recorded.
If these records are kept up to date on all new drops, the
database can build full pedigrees for all animals. The
value of relatives when estimating EBVs is high. When a
reasonable number of siblings or progeny is recorded the
value of their data quickly over-rides the value of
measurements on the animal in question. (Refer to "Table
7: Indicative relative contribution to an EBV" on page 12
for the relative value of information.)

Management groups
A fundamental principle of genetic evaluation is to
compare animals which have had the same nutrition and
treatment. For this reason it is important to accurately
identify groups of animals that have been run together
with the same management inputs, ie that have been in
the same management group. Correct management
grouping of animals cannot be over stressed because,
if not done accurately, variations in performance due
to nutrition or management will be confused with
genetic differences.
Some examples of where management groups should be
used include:
• Sires that have been fed for showing or sale versus
those paddock fed;
• AI or maiden females which receive favourable feed;
• Lambs or kids from any weaning group with better or
worse nutrition (pre-weaning paddock effects); and
• Post-weaning management groups.

OVIS uses this information, and the information from the half
siblings, which is added to the animal’s own information, eg:
4.0 + (0.25 x 0.5) = 4 + 0.125 = 4.125 kg
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Tables 37 and 38 show the effect on the EBVs of six
animals that come from two different management
groups, firstly when management groups are not
identified and secondly when they are. Note that for this
example we’ll assume the animals are unrelated.
Table 37: EBVs with no management group identification

Animal

Weight (kg)
(difference from group average)

Group

EBV (kg)
– not adjusting for group*

030001

65 (+5)

1

+5 x 0.3 = +1.5

030002

70 (+10)

1

+10 x 0.3 = +3.0

030003

60 (0)

1

0 x 0.3 = 0.0

030004

55 (–5)

2

–5 x 0.3 = –1.5

030005

50 (–10)

2

–10 x 0.3 = –3.0

030006

60 (0)

2

0 x 0.3 = 0.0

Average

60

*using a heritability of 0.3 or 30% for weight

Table 38: EBVs with management group identification

Animal

Weight (kg)
(difference from group average)

Group

030001

65 ( 0)

1

0 x 0.3 = 0.0

030002

70 (+5)

1

+5 x 0.3 = +1.5

030003

60 (–5)

1

– 5 x 0.3 = –1.5

Average for group 1

EBV (kg)
– not adjusting for group*

65

030004

55 (0)

2

0 x 0.3 = 0.0

030005

50 (–5)

2

– 5 x 0.3 = –1.5

030006

60 (+5)

2

+5 x 0.3 = +1.5

Average for group 2

55

Comparing the two tables, we can see that the EBVs for
several of the animals are different. The effect in terms of
ranking of the animals is shown in Table 39. The results
tell us that:
• The overall average is still the same – the average EBV
of the six animals is 0 kg;
• 030002 is still the best, but 030006 has the same EBV
when groups are properly adjusted for;
• In this case the spread of EBVs has been reduced from
6 kg down to 3 kg;
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• Accounting for groups ensures more accurate
selection, which in turn allows greater genetic
improvement. Had we picked the best two animals on
the EBVs without adjustment for groups, we would
have picked 030002 and 030001. Their average EBV
is +0.75 kg;

ET progeny

• The correlation between the EBVs with and without
management grouping is only 0.63; and

• From a genetic evaluation perspective, a cull pedigree
and performance recorded female is the best recipient
because it optimises OVIS’s ability to account for
maternal influences.

• If we focus on the better EBVs (those calculated with
adjustment for groups) we pick 030002 and 030006,
with average EBV of +1.5 kg.
This last point highlights the most important reason to
identify all management groups. It makes the EBVs as
accurate as possible, and allows the breeder the
maximum opportunity to make genetic improvement.
Table 39: Effect on ranking of animals

Animal
030002
030006
030001
030004
030003
030005

EBV for weight (kg)
Without groups
With groups
+3.0
0.0
+1.5
–1.5
0.0
–3.0

To get the most from the analysis, breeders undertaking
ET programs should endeavour to achieve the following:
• Individually number and record recipient dams with
breed and age (year of birth is adequate).

• Have at least two sires represented among each ET
drop to avoid single sire groups.
• Use at least one of the sires used in your ET program
in an AI/natural mating program to ensure good
genetic linkage between ET and non-ET progeny.
• Record ‘natural’ progeny from donor dams to enable
evaluation of their maternal traits, eg MWWT,
lambing/kidding ease.

+1.5
+1.5
0.0
0.0
–1.5
–1.5
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13. Animal identification the standard 16-digit ID
Key point:
• The LAMBPLAN/MGS/KIDPLAN system of identification ensures a unique ID for every animal.
Action:
✓ A uniform identification system is desirable.
To obtain the full benefit of genetic evaluation it is
desirable to use information from relatives. This means
having a uniform identification (ID) system that allows
each animal to be identified accurately, and linked to all
its recorded relatives.
This is particularly important for AI that is used across a
number of flocks providing valuable genetic linkage
between those flocks. It is also important to ensure the
correct identification number is used for bought in rams –
if in doubt contact the breeder to make sure it is correct.

In general, it is recommended that you avoid mixing
letters with numbers in the ID. Do not give the same
numbers to ram and ewe lambs within a year, and then
hope that their sex will distinguish them. A copy of all
current breed codes is provided for your information in
Table 40.

The LAMBPLAN/MGS/KIDPLAN ID system ensures a
unique ID for every animal of any breed of sheep or goats
anywhere in Australia. This system identifies the breed,
the flock of birth, the year of birth, and the animal’s own
tag number. For example, for the animal
0300562003030037:

0300562003030037 (sometimes printed 03-0056-2003-030037)
03
0056
2003
030037

is
is
is
is

the
the
the
the

breed code
flock code
year of birth
tag number

for Corriedale
for flock number 0056
2003
37/03

03-0056-2003-030037

03

Breed Code
Corriedale

0056

2003

030037

Flock Number
Flock 56

Year of Birth
2003

Animal Tag Number
37/03
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Table 40: Breed codes

Breed code
00
01
02
03
04
05
06
07
08
09
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
41
42
43

Breed name

Breed code

STUD OTHER
STANDARD
BORDER LEICESTER
CORRIEDALE
DORSET HORN
COOLALEE
BOND
GROMARK
HYFER
WILTSHIRE HORN
POLWARTH
HAMPSHIRE DOWN
WILTIPOLL
MERINO
SOUTHDOWN
COOPWORTH
POLL DORSET
TEXEL
ROMNEY
SUFFOLK
TUKIDALE
SOUTH SUFFOLK
AUSTRALIAN FINNSHEEP
WHITE SUFFOLK
LONGWOOL
SHORTWOOL
RESEARCH
SHROPSHIRE
CHEVIOT
SOUTH DORSET DOWN
CARPETWOOL
ENGLISH LEICESTER
PERENDALE
DORSET DOWN
RYELAND
SOUTH HAMPSHIRE
BOER GOATS Australia
TEXEL DOWNS
EAST FRIESIAN
CORRIEDALE BOOROOLA
NZ ROMNEY
SUFFOLK CANADA
FINN LEICESTERS

44
45
46
47
48
49
50
51
56
57
60
70
74
75
76
77
78
79
80
81
82
83
84
85
86
87
88
89
90
91
92
93
94
95
96
97
98
99
CF
CT
CT
CP
XB

Breed name
ELLIOTDALES
RED DEER
ELK DEER
DORPER
SAMM
DAMMARA
MERINO
DOHNE
ARENA RAMBOULIET
ARENA MERIDALE
POLL MERINO
SUPERFINE MERINO
NZ MERINO
NZ COOPWORTH
NZ LINCOLN
NZ BORDERDALE
NZ OXFORD DOWN
NZ WHITE HEAD M
NZ DRYSDALE
NZ LINCWORTH
NZ BORDER LEICESTER
NZ CORRIEDALE
NZ DORSET HORN
NZ POLL MERINO
NZ POLL DORSET
NZ TEXEL
NZ STH SUFFOLK
NZ SUFFOLK
NZ POLWARTH
NZ HAMPSHIRE
NZ FINNSHEEP
NZ DORSET DOWN
NZ RYELAND
NZ ENGLISH LEICESTER
NZ HALFBRED
NZ SHROPSHIRE
NZ GOTLAND PELT
NZ SOUTHDOWN
CLUN FOREST
Commercial Maternal
Commercial Terminal
Central Progeny Test sites
Cross Breeds
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14. Genetic trends
Key point:
• Genetic trends provide a real-time tracking tool of the effects of selection and mating decisions.
Action:
✓ Breeders are encouraged to include the current average for EBVs and indexes in sale catalogues.

The term genetic trend means the trend from year to year
in average genetic merit. This allows the change to be
plotted over time showing what genetic change is being
made (Diagram 12). They are based on calculating the
average EBV or index value for all the recorded animals
born within a year.

Current average EBV
The average EBV of each trait is printed at the foot of
each page of current drop progeny in stud reports. The
current average is defined as the average of the youngest
breeding year drop, ie in 2004 it is the average of 2003
drop animals.
While EBVs are expressed relative to a fixed zero point, it
is important to note that over time the average EBV for a
trait is expected to move from zero due to genetic change
for that trait. This means that a positive EBV may rate an
animal below average for that trait.

Average
EBV

The base, or zero level, from which EBVs are expressed is
set at the average of the 1990 drop for each trait.
Time

Diagram 12: Genetic trends

Breeders are encouraged to include the current average
EBVs and index in sale catalogues.

The genetic trend provides the breeder with a real-time
tracking of the effects of their selection and mating
decisions. The principle can be applied to individual
studs, whole of breed or in the case of terminal ram
breeds, across breeds.
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15. Percentile band tables
Key point:
• Each breed or breed group has a percentile band table that tells us how well an animal performs relative to the
current year drop.

Each breed, or breed group in the case of the across-breed
terminal ram breeds analysis, has a percentile band table
produced for the current year drop at each analysis run.
The current version of this table is available from the
LAMBPLAN and MGS web sites in the "Downloads" area.
The percentile band table tells us how well an animal
performs relative to the current year drop.

To use a percentile band table, select the column for the
trait of interest, scroll down until within the range of
the EBV then project across to the left hand column,
headed ‘Band’.
For example, a ram with a hogget fibre diameter (Hfd)
EBV of –0.78 kg is rated in the top 15% of the analysis for
that trait when compared with all current drop animals.

Table 41: Percentile band table
ANIMAL BORN IN 2002
Band

Ywt

Yfat

0

10.58

-3.98

1

5.28

2
3

Yemd

Hwt

Hfd

Hfdev

Hgfw

Hcfw

Hsl

Hsl

Hss

Hsc

5.10

9.52

-3.12

-3.21

1.08

1.04

-1.85

2.14

5.38

-1.76

-1.87

0.53

4.60

-1.59

1.81

4.66

-1.49

-1.62

4.16

-1.43

1.58

4.23

-1.31

-1.46

4

3.84

-1.30

1.41

3.90

-1.19

5

3.60

-1.20

1.28

3.63

10

2.73

-0.84

0.84

15

2.21

-0.62

20

1.80

-0.48

25

1.47

30

Yfec

8%MP DP 8% MP

14.25

14.34

3.51

-3.94

125.87 142.30 162.66

0.45

7.28

5.79

1.81

-1.46

114.89 123.12 134.86

0.45

0.38

5.85

4.77

1.54

-1.28

112.77 119.12 128.40

0.41

0.34

5.13

4.22

1.39

-1.09

111.54 117.07 125.38

-1.35

0.37

0.31

4.80

3.85

1.28

-0.95

110.55 115.77 123.26

-1.12

-1.26

0.34

0.29

4.34

3.53

1.19

-0.86

109.85 114.50 121.46

2.73

-0.83

-0.97

0.26

0.20

2.57

2.60

0.84

-0.54

107.45 110.78 116.17

0.60

2.16

-0.66

-0.78

0.20

0.15

1.76

2.02

0.65

-0.41

106.01 108.55 113.02

0.40

1.73

-0.54

-0.63

0.16

0.12

1.17

1.60

0.51

-0.30

104.95 106.92 110.74

-0.35

0.28

1.38

-0.43

-0.50

0.12

0.09

0.78

1.27

0.39

-0.23

104.03 105.52 108.60

1.18

-0.26

0.21

1.09

-0.34

-0.40

0.10

0.07

0.57

0.99

0.28

-0.18

103.24 104.39 106.89

35

0.92

-0.19

0.14

0.81

-0.26

-0.30

0.07

0.05

0.37

0.77

0.18

-0.15

102.51 103.38 105.32

40

0.68

-0.12

0.06

0.58

-0.19

-0.23

0.05

0.03

0.18

0.52

0.09

-0.12

101.87 102.51 103.94

45

0.46

-0.06

0.00

0.35

-0.12

-0.16

0.03

0.02

0.04

0.34

0.00

-0.10

101.30 101.80 102.64

50

0.24

0.00

-0.06

0.13

-0.05

-0.09

0.01

0.00

-0.08

0.16

-0.08

-0.07

100.78 101.09 101.51

55

0.03

0.05

-0.12

-0.08

-0.01

-0.03

-0.01

-0.01

-0.20

0.02

-0.15

-0.05

100.28 100.34 100.43

60

-0.17

0.09

-0.17

-0.30

0.03

0.04

-0.02

-0.02

-0.33

-0.11

-0.22

-0.03

99.80

99.67

99.46

65

-0.37

0.14

-0.21

-0.52

0.08

0.10

-0.04

-0.04

-0.41

-0.27

-0.28

-0.01

99.36

99.07

98.64

70

-0.59

0.25

-0.27

-0.74

0.13

0.17

-0.06

-0.05

-0.52

-0.50

-0.36

0.03

98.94

98.49

98.07

75

-0.83

0.35

-0.36

-0.97

0.20

0.26

-0.08

-0.07

-0.69

-0.87

-0.44

0.07

98.47

97.93

97.17

80

-1.09

0.46

-0.47

-1.26

0.28

0.37

-0.11

-0.09

-0.96

-1.28

-0.53

0.15

97.92

97.16

95.86

85

-1.42

0.58

-0.61

-1.59

0.40

0.55

-0.14

-0.11

-1.34

-1.79

-0.64

0.26

97.21

96.14

93.96

90

-1.86

0.80

-0.81

-2.06

0.57

0.77

-0.18

-0.14

-1.85

-2.49

-0.81

0.39

96.21

94.79

91.25

95

-2.53

1.18

-1.15

-2.77

0.85

1.18

-0.25

-0.20

-2.79

-3.48

-1.11

0.64

94.57

92.19

87.34

100

-7.75

8.11

-4.74

-7.55

3.38

3.90

-0.99

-0.77

-13.43

-14.58

-4.23

2.68

79.50

71.04

49.51
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16. EBVs and visual appraisal
Key point:
• EBVs and selection indexes are complementary tools to visual appraisal.
Action:
✓ When selecting breeding stock, initially select more animals than you need based on EBVs and selection indexes,
then make final selections based on visual acceptance.

EBVs give you an estimate of genetic value for a range
of reproduction, growth, carcase, fleece and worm
resistance traits. Additionally, EBVs can be combined with
relative economic weightings to produce selection index
values. These are powerful genetic tools to assist you in
your selection decisions.
Animals with economically important structural,
reproductive or other faults should be culled. EBVs
and indexes should be seen as additional selection tools
which are complementary to, but do not replace,
visual appraisal.
However, if animals with high EBV and index values are
culled unnecessarily the rate of genetic improvement
made will be reduced.
When selecting replacement breeding stock, a
recommended procedure is to initially select more
animals than you need, based on their EBVs and index
values. You should then go through this group and ensure
that the final selections are visually acceptable.
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17. Ultra-sound scanning for
carcase traits
Key points:
• Accredited scanners achieve high levels of scanning accuracy for both fat and muscle traits.
• There is a very high genetic relationship between eye muscle depth and eye muscle width at liveweights most relevant
for slaughter weights in Australia.
• This means that getting a width measure adds very little information about eye muscle size to that obtained simply by
measuring depth.
• Eye muscle depth is positively related to the proportion of meat in the higher value loin and hindquarter regions.
Action:
✓ Only use accredited operators for fat and eye muscle scan measurements.

Accredited operators
In the interests of accuracy and data quality LAMBPLAN,
MGS and KIDPLAN will only accept fat and eye muscle
scan measurements from operators who have passed an
accreditation test.

Updated lists can be obtained from the
LAMBPLAN/MGS/KIDPLAN office,
phone (02) 6773 2948, fax (02) 6773 2707,
email: info@lambplan.com.au
or from the web site www.lambplan.com.au

Table 42: Current accredited scanners
Alan Luff

Alan Luff Scanning Services
22 Nambucca Ct
Cowra NSW 2794

Phone: (02) 6342 3708
Fax: (02) 6342 3708
Email: luffalan@allstate.net.au

David Mitchell

The Mitchell Veterinary Hospital
119 Federal Street
Narrogin WA 6312

Phone: (08) 9881 3881
Fax: (08) 9881 3853
Email: mitchvet@wn.com.au

Tamesha Gardner

Stocksmart
RMB 609
Kojonup WA 6395

Phone: (08) 9832 8128, Mobile: 0408 001 353
Fax: (08) 9832 8004
Email: stocksmart@bigpond.com

Peter Moore

Scanwest Livestock Services
P.O. Box 4
Williams WA 6391

Phone: (08) 9885 1461, Mobile: 0427 176 332
Fax: (08) 9885 1463
Email: scanwest@wn.com.au

Stefan Spiker

Advance Livestock Services
P.O. Box 683
Hamilton VIC 3300

Phone: (03) 5573 3201, Mobile: 0408 527 797
Fax: (03) 5573 3202
Email: als@ansonic.com.au

Steve Milne

Advance Livestock Services
P.O. Box 683
Hamilton VIC 3300

Phone: (03) 5578 6327, Mobile: 0428 786 327
Fax: (03) 5573 3202
Email: milne@ansonic.com.au

Stephen Parker

Advance Livestock Services
P.O. Box 683
Hamilton VIC 3300

Phone: (03) 5599 2476, Mobile: 0429 992 476
Fax: (03) 5573 3202
Email: longford@ansonic.com.au

Chris Parker

Advance Livestock Services
P.O. Box 683
Hamilton VIC 3300

Phone: (03) 5599 2477
Fax: (03) 5599 2477
Mobile: 0429 992 477
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The eye muscle depth,
width and area debate

Table 43: Results of genetic analysis of Australian fat and
muscle scanning
Result

Australian data

In the early 1990s, LAMBPLAN investigated eye muscle
heritabilities in terminal sires. Many thousands of animals
were scanned for eye muscle depth, width and an ellipse
fitted for eye muscle area.
Using available scanning technology, reasonable to
good images of the eye muscle shape could be viewed.
From this data it was determined that:
• The correlation between eye muscle depth and eye
muscle area was phenotypically high and genetically
even higher. Using then current technology,
measuring depth added to the phenotypic estimate of
eye muscle area and added even more to the genetic
estimate. This means that Estimated Breeding Values
(EBVs) produced for eye muscle depth would be
valuable for genetically increasing eye muscle area.

Fat depth
(mm)

Eye muscle
depth (mm)

Number of animals

19,969

19,236

Average

3.02

28.2

Heritability
– genetic accuracy

26%

36%

Genetic correlation – genetic relationship
Fat depth and muscle depth = 6% when both are adjusted to
a standard weight

New Zealand data

A genetic analysis of New Zealand scan data was
presented in a paper by Dr Neil Clarke in New Zealand
Society of Animal Production, 1998, Vol. 58, pages
140–142.

• Because of the very strong genetic relationship
between eye muscle depth and eye muscle area,
measuring eye muscle width adds little extra
information either phenotypically or genetically.

The paper reports the results of a genetic analysis of scan
data from a large NZ composite terminal sire breeding
flock, where a complete drop, some 6,500 male and
female lambs, was scanned for eye muscle width and
depth and fat depth by one experienced NZ scanner.

At the same time all other available research illustrated
that eye muscle depth at constant weight is favourably
correlated with retail yield and carcase composition, ie
the proportion of carcase in the more valuable cuts.
This is not the case for width.

The results were then analysed to determine the
heritability (genetic accuracy) and genetic correlations
(genetic relationships) for weaning and post-weaning
weight, fat depth, and eye muscle depth and width at the
last thoracic rib (12th/13th).

This initial research by LAMBPLAN was confirmed by the
Meat Research Corporation funded Meat Elite project
(1992–95) based on a nucleus flock at Walcha, NSW,
which made extensive use of CAT-scanning facilities to
definitively measure muscling on live animals.

The animals were scanned at an average liveweight of
35.9 kg (female) and 41.8 kg (male) at approximately 6
months of age. The results for the fat and muscle traits are
summarised in Table 44.

Australian data has now been collected in the Poll
Dorset, White Suffolk, Suffolk, Texel, Border Leicester,
Coopworth and Corriedale breeds. Table 43 provides a
summary focused on the results for the terminal sire
breeds, and is a simple summary across the four terminal
sire breeds. For this Australian data, the average weight
(post-weaning) was 48.2 kg (adjusted to male), at 225
days (or 7.5 months).
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Table 44: Results of genetic analysis of NZ fat and muscle scanning
Results

Fat depth
(mm)

Eye muscle depth
(mm)

Eye muscle width
(mm)

6,504

6,524

6,523

Average

3.23 (F) 3.26 (M)

26.7 (F) 28.6 (M)

58.7 (F) 63.6 (M)

Heritability – genetic accuracy

27% (F) 29% (M)

34% (F) 23% (M)

35% (F) 30% (M)

Number of animals

Genetic correlation – genetic relationship between traits
Fat depth and eye muscle depth

42% (F) 44% (M)

Fat depth and eye muscle width

37% (F) 44% (M)

Muscle depth and muscle width

97% (F) 97% (M)

The NZ data showed that:
• The heritability of muscle measures is slightly lower in
males than females. This is likely to be due to the fact
that the males are at an earlier stage of maturity at
these weights.
• Both muscle depth and muscle width are positively
correlated with fat depth, meaning that selection for
genetically leaner sheep without knowledge of
muscling, will reduce muscling. Selecting effectively
for muscle and against fat can be done if a) you
measure both, and b) you convert raw data to EBVs.
• Eye muscle depth and eye muscle width have a
genetic relationship of 97% – effectively 1. This means
that measuring width adds essentially no extra genetic
information at all about muscle size.

Comparing Australian and
New Zealand results
• When compared with the New Zealand data, the
Australian animals were slightly heavier on average
(and older), but leaner (3.02 v 3.26 mm) and with very
similar eye muscle depth (28.2 mm v 28.6 mm).

• While not presented in the same format here, the
genetic correlation between fat depth and eye muscle
depth in the two studies is essentially identical.
There is a small positive genetic correlation between
fat depth and eye muscle depth after accounting for
liveweight. The significant variation between the
tabulated Australian and NZ results is due to the
NZ data not being adjusted for liveweight.
• The heritability (genetic accuracy) for eye muscle
depth in the current Australian analyses is much
higher than initial estimates some five years ago.
This almost certainly reflects increased accuracy of
measurement from greater experience by scanners.
Different probes may make it easier to get a clearer
picture, which may enable higher accuracy. Genetic
parameters are periodically re-estimated as the number
of animals measured grows significantly.
For the major breeds, the heritability for eye muscle depth
at constant weight is coming out at around 36%,
indicating that scanners accredited under LAMBPLAN
are now more proficient than when carcase scan
measurements were first collected.

• Heritabilities (genetic accuracy) for fat depth and eye
muscle depth are very similar between the Australian
and New Zealand analyses, suggesting that scanning
accuracy is essentially equal.
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18. Inbreeding
Key points:
• Inbreeding is defined as the mating of animals more closely related than the average relationship within the breed.
• An inbred individual is more likely to have gene pairs with identical members, so is more likely to express
undesirable characteristics from recessive genes, leading to a decline in performance called inbreeding depression.
• The degree of inbreeding in an animal is expressed as an inbreeding coefficient.
• In general terms, matings that result in inbreeding levels of 6.25% or greater should be avoided.
• Inbreeding can be a useful tool in animal breeding, eg to eliminate recessive genes within a population.
• Line breeding may be used to maintain a high relationship to some outstanding ancestor.
Actions:
✓ Some inbreeding is almost unavoidable in seedstock flocks but care should be taken to monitor and manage
inbreeding to avoid production losses that result from inbreeding depression.
✓ Mate allocation modelling is an effective way of managing inbreeding.

Inbreeding is the mating of related individuals. Early in
their development most breeds of livestock had a period
of inbreeding to establish more genetic uniformity, for
example, colour patterns and aspects of physical
appearance.
Inbreeding results from individuals receiving identical
genes from each parent. If the parents are related it is
more likely that they have identical genes. When an
individual receives an identical gene from each parent it
is said to be homozygous for that pair of genes. This
would be desirable if the gene received from each parent
lead to superior performance. However, most animals
carry undesirable genes that usually remain hidden unless
that animal has a pair of them. An inbred individual is
more likely to have gene pairs with identical members, so
is more likely to express undesirable characteristics due
to undesirable genes.
This leads to a decline in performance called inbreeding
depression. Inbreeding depression is well documented in
all of the major livestock species. It is essentially the
opposite of heterosis, or hybrid vigour, which is the
advantage gained from crossing genetically diverse lines
or breeds.
In the strictest terms all animals in a breed are related.
As a result, every seedstock producer is practicing
some inbreeding.

Mating closely related animals (eg parent and offspring,
full brother and sister or half brother and sister) is
inbreeding. With less closely related animals (first
cousins, second cousins), people disagree about where to
draw the line between inbreeding and outbreeding. A
fine line separates the two categories.
Technically, and more practically, inbreeding is defined as
the mating of animals more closely related than the
average relationship within the breed. Matings between
animals less closely related is considered outbreeding.
Inbreeding is nearly unavoidable in seedstock flocks since
it is often difficult to find new high performance sires that
are unrelated. Care should be taken to monitor and
manage inbreeding to avoid the production losses that
result from inbreeding depression.
Mate allocation modelling using Total Genetic Resource
Management (TGRM) is an effective way of managing
genetic gain and inbreeding.

Genetic relationships
between animals
Individuals are considered to be biologically related
when they have one or more common ancestors. For
practical purposes, if two individuals have no common
ancestor within the last five or six generations, they are
considered unrelated.
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Biological relationship is important in animal breeding
because the closer the relationship, the higher the
percentage of like genes the two individuals carry.
Closeness of relationship is determined by three factors:

Effective calculation of inbreeding relies on full and
accurate pedigree information. Where pedigree records
are incomplete the calculation may assume no
relationship when that may not be the case.

1. How far back in the two animals' pedigrees the
common ancestor appears;

The effects of inbreeding
Although occasional high performance animals are
produced, inbreeding most often results in reduced
performance. The most common effects of inbreeding are
poorer reproductive rates, higher mortality rates, lower
growth rates and a higher frequency of hereditary
abnormalities.

2. How many common ancestors they have; and
3. How frequently the common ancestors appear.
It is also influenced by any inbreeding of the common
ancestor or ancestors.

Measurement of inbreeding
The degree of inbreeding in an animal is expressed as an
inbreeding coefficient. The inbreeding coefficient
measures the percentage increase in homozygous gene
pairs in an individual relative to the average of the breed.
If an individual has an inbreeding coefficient of 0.25 it
means that it is expected to have 25% more homozygous
gene pairs than a non-inbred individual from the same
population. This would be the case if full siblings were
mated.
Diagram 13: Inbreeding
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Examples of inbreeding levels are shown in Table 45.
Table 45: Examples of inbreeding levels

Mating

Sire – Daughter
Full brother – Full sister
Half brother – Half sister
Grand-sire – Grand-daughter
Grandson – Grand-dam
Uncle – Niece
Son – Grand-daughter
Daughter – Grandson
Full cousins
Grandson – Grand-daughter
Half cousins

The extent of decreased performance, in general, is in
proportion to the degree of inbreeding. That is, the greater
the degree of inbreeding, the greater the reduction in
performance.
The actual performance reduction is not the same in all
traits. Some traits (like meat quality) are hardly influenced
by inbreeding while others (like reproductive efficiency)
are greatly influenced by inbreeding.

Uses of inbreeding

D
B

Being the opposite of hybrid vigour it is not unexpected
that the traits which benefit most from heterosis are,
generally, the same traits which are most affected by
inbreeding depression.

Inbreeding %

25%
25%
12.5%
12.5%
12.5%
12.5%
6.25%
6.25%
6.25%
3.13%
3.13%

Despite the generally poor results obtained with
inbreeding, it can be a useful tool in animal breeding.
Inbreeding is essential to the development of pre-potent
animals – animals that uniformly ’stamp’ their
characteristics on their progeny. This is due to inbreeding
causing an increase in the proportion of like genes (good
or bad, recessive or dominant) and therefore the inbred
animal's reproductive cells will be more uniform in their
genetic makeup. When this uniformity involves a
relatively large number of dominant genes, the progeny
of that individual will uniformly display the dominant
characteristics of that parent. High levels of inbreeding
are required to achieve this.
Inbreeding may also be used to uncover genes that
produce abnormalities or death. In outbred flocks these
are generally present in low frequencies and unexpressed.
These harmful genes are almost always recessive in their
genetic nature and their effects are hidden by their
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dominant alleles (counterparts). With the exception of
sex-linked traits, recessive genes are not expressed if
carried singularly.
The likelihood they will be present in duplicate
increases with inbreeding, because inbreeding increases
the proportion of like genes (both good and bad) in the
inbred population. With the effects of these genes
uncovered, the breeder can eliminate them from
their flock.

Diagram 14: Grandson to daughter mating

Eric
Boxcar

Gem
Cara
Roughneck

For example, inbreeding can test for carriers of harmful
autosomal recessive genes like those responsible for
cryptorchidism in sheep.
Another important use of inbreeding is in the
development of distinct families. Continued inbreeding
within family lines tends to change the frequency of some
of the genes found in the initial population. For example,
if a particular gene is present in only 1% of the animals
in the initial population, inbreeding and the development
of distinct lines could result in this gene being present in
all or nearly all animals in some lines and in none or
only a few of the animals in other lines. Inbred lines are
used in a number of ways but are probably most notably
used in the development of hybrid chickens or hybrid
seed, however they are, in general, not of any value to
normal sheep breeding programs.
In general terms, matings which result in inbreeding
levels of 6.25% or greater should be avoided unless the
breeder has a thorough understanding of managing
inbreeding and a specific goal in mind.

Line-breeding
Line-breeding aims to maintain a high relationship to
some outstanding ancestor while keeping inbreeding as
low as possible. Line breeding programs are best used
in purebred and high performing flocks when a truly
genetically superior individual in that flock has been
identified and evaluated by progeny testing.
Concentrating that individual's genes would then be best
accomplished by mating him to unrelated females to
reduce the risk of harmful effects associated with such
intense inbreeding.
Diagram 14 illustrates a grandson to daughter mating
which gives ‘Roughneck’ an acceptable inbreeding level
of 6.25%.

Eric
Ula

Rachel

Summary
Inbreeding is technically defined as the mating of animals
more closely related than the average relationship within
the breed or population concerned. For practical
purposes, if two mated individuals have no common
ancestor within the last five or six generations, their
progeny would be considered outbreds.
The primary genetic consequence of inbreeding is
to increase the frequency of pairing of similar genes.
All genetic and phenotypic changes associated with
the practice of inbreeding stem from this one
primary consequence.
In general, inbreeding results in an overall lowering in
performance. It is most obviously reflected in poorer
reproductive efficiency, including higher mortality
rates, lower growth rates and a higher frequency of
hereditary defects.
Despite these generally harmful effects, inbreeding can
be a useful tool in animal breeding, eg to discover and
eliminate harmful recessive genes within the population,
development of prepotent animals or development of
distinct family lines.
Line breeding can be used successfully to maintain a
degree of genetic relationship in animals to some
outstanding ancestor or ancestors. However, for most
effective sheep breeding programs this is not relevant.
The LAMBPLAN terminal breeds data set has a high level
of complete pedigree. The inbreeding trend from this data
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set is presented below in Diagram 15. While this dataset
shows an upward trend it is currently very acceptable at
below 2%. Breeders with higher levels of inbreeding and
breeds with a relatively small gene pool may consider
using TGRM to monitor and manage inbreeding while
maximising genetic gain.
Diagram 15: Coefficient of inbreeding trend for the terminal
breeds dataset

Coefficient of inbreeding by year
Terminal
0.020
0.015
0.010
0.005
0.000
1992 1993 1994 1995 1996 1997 1998 1999 2000 2001 2002
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19. Total Genetic Resource
Management – TGRM
Key points:
• TGRM is a software package that utilises LAMBPLAN, MGS and KIDPLAN EBVs to provide a complete genetic
improvement solution.
• The key output from TGRM is a mating list, recommending which selections and matings to make.
• Trained operators deliver TGRM services.
Action:
✓ To use TGRM you need a trained TGRM deliverer, a well-defined breeding goal and a list of candidate males and
females.

What is TGRM?
TGRM is a breeding program design software package to
optimise genetic improvement programs. It can be
applied in all species for which there is control of
breeding, with power to accommodate all key technical,
logistical and cost issues, as well as breeder attitudes.
Applications to date have involved use of DNA markers,
IVF (in vitro fertilisation), embryo transfer, maintenance of
genetic diversity, inbreeding, crossbreeding, targeting
multiple market end-points, animal migration and
maximising enterprise profit.
TGRM tests all potential breeding options, and can report
recommended actions on semen, oocyte and embryo
collection, use of DNA marker information, stock
selections and mate allocations. It should be noted that
TGRM does not tell breeders how to run their breeding
business but rather that it makes tactical
recommendations based on the goals and constraints
defined by the breeder.
TGRM works with genetic evaluation systems, such as
LAMBPLAN, KIDPLAN and Merino Genetic Services, to
provide a complete solution.
TGRM has been used in a number of species, including
beef, meat and wool sheep, pigs and rabbits.

What does TGRM do?
TGRM is driven by specifying desired outcomes eg
outcomes in genetic gains, exploiting heterosis,

maintenance of genetic diversity, operational costs and
logistical constrains to be satisfied.
TGRM makes recommendations at the level of existing
animals (or groups of animals), using information such as
EBVs, physical constraints and prices.
In any breeding operation, there is a large range of
management decisions on issues such as animal
selection, semen and embryo collection and purchase,
and mate allocations. TGRM works by searching across
all these possible options and finding the one that is
likely to best achieve the breeder’s specified needs.
TGRM has been used across multiple flocks, in
developing composites, in MOET programs, in meat
sheep operations using oocyte pickup with IVF, and in
marker assisted selection programs using genotype
probabilities for quantitative trait loci. It is also a vehicle
to evaluate the application of new technologies for a
breeding program.
The key output from TGRM is a mating list,
recommending which selections and matings to make.
This list also identifies a range of actions such as semen
and embryo collection, purchase of breeding stock,
semen and embryos, and migration of animals between
breeding units or farms within the run that has been
carried out.
Diagram 16 illustrates the implementation of TGRM
recommendations.
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Diagram 16: Implementation of TGRM recommendations
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How do I use TGRM?
TGRM services are delivered by trained operators who
work with the breeder and EBV service provider to
develop a TGRM data file. This process can be
automated with an Internet interface to appropriate
databases.
The TGRM operator accesses the TGRM control centre
using an Internet connection from their own computer.
The operator works with the breeder to arrive at an ideal
solution for the current round of selection or mating. For
example, this may be an early run simply to make
castration or semen/embryo purchase decisions. The
breeder must supply a range of information on issues
such as the number of mating paddocks, and should be
prepared to exercise judgment about the suitability of
different outcomes for their breeding goals.

What do I need to use TGRM?

Calculate mate selection
index fo this mating set

• Their role is to help you achieve quality results with
TGRM and to ensure you understand how best to use
the tool.
• TGRM consultants run your analysis for you, with you,
and with considerable input from you during the
analysis. When you and TGRM find a result you like,
the consultant will generate a report that will be given
to you.
2. A well-defined breeding goal
• TGRM maximises genetic gain towards a breeding
objective, or goal, through multiple-trait selection.
• Traits without EBVs can be incorporated and trait
limits (minimum or maximum) set to achieve an
optimal value.
• If gene marker (DNA test) information is available, this
can be incorporated into the TGRM run.
3. Access to database with pedigree, EBV and index
values (see data requirements).

To use TGRM you need the following:
1. An accredited TGRM consultant/deliverer.
• Using TGRM requires good knowledge of genetic
principles, including BLUP (Best Linear Unbiased
Prediction) EBVs, inbreeding and its consequences,
how inbreeding and BLUP are related, and the
importance of a well-defined breeding objective.

• For the purposes of calculating inbreeding coefficients
and for predicting the accumulation rate of inbreeding
using co-ancestry, the full pedigree history of
individuals available for selection should be made
available to TGRM.
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Diagram 17: TGRM system diagram
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What issues can
TGRM handle?
Key issues that can be handled include:
•
•
•
•
•
•
•
•
•
•
•
•
•
•

•

Male and female selections
Extent of use of individual males and females
Migration of sires between flocks
Use of semen from outside sires
Corrective mating
Reduction of inbreeding in progeny (using all
pedigree knowledge)
Maintenance of genetic diversity (avoiding
long-term inbreeding)
Use of DNA markers
Engineering good genetic linkage between flocks
Control of progeny trait distribution (corrective mating)
Desired outcomes (eg narrow variation in birth
weight, fat)
Costs of seedstock purchase
Number and size of mating paddocks
Logistical constraints (mating logistics, etc.)
– "don’t migrate young rams to other flocks"
– "put young ewes only to older rams"
Reproductive costs (AI, MOET, Oocyte pickup
and IVF)

• Find breakeven costs to use technology (rationalise the
balance between price and value)
• Limits on funds available
• Opportunities
– "Let's consider using this New Zealand sire"
– "I want to use my 50 doses of this sire’s semen".

Data requirements for TGRM
TGRM requires the following data:
1. List of selection candidates
• You must supply a list containing the unique
identification of each male and female that is available
for selection.
• For each individual, you need to specify the minimum
and maximum number of times the individual can be
used, eg serving capacity for males, the number of
doses of semen available, or the number of progeny
you might expect from an enhanced reproduction
program (MOET or JIVET).
• You can also specify if individuals must be used (eg
reference sires that must be used in each flock a
minimum number of times).
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2. Full pedigree for all candidates
• A key feature of TGRM is the ability to minimise
inbreeding coefficients of the predicted progeny, and
to minimise the co-ancestry of the selected parents
(highly correlated to long-term inbreeding).
• To enable calculation and control of short- and longterm inbreeding the relationships among individuals
must be known. This is best achieved by use of full
pedigree information.

Further details
and consultants
For further details on TGRM and consultant contacts:
• Visit the web site http://tgrm.xprime.com.au
• Email enquiries@tgrm.xprime.com.au
• Contact Susan Meszaros – ph: (02) 6773 3004
or email: susan.meszaros@xprime.com.au
• Contact Tim Landsberg – ph: (03) 9850 5045
or email: tim.landsberg@xprime.com.au

3. Multiple-trait selection index (or selection on
dollar EBV)
• A key feature of TGRM is to maximise predicted
progeny index while minimising co-ancestry and
progeny inbreeding. For this purpose, a multiple-trait
selection index or individual trait EBV criteria can
be used.
4. Additional traits can be included in the
TGRM analysis
• Secondary indexes
• Trait EBVs
• Phenotypic observations
• QTL probability information.
5. Grouping individuals by trait or by location
• Individuals can be grouped to impose trait constraints
(eg maidens may be grouped to set constraints for
lambing ease).
• Individuals can also be grouped on the basis of
physical location, eg group breeding schemes. Both
sires and dams can be restricted to a single location,
or can be represented in multiple locations (or any
combination thereof). Grouping in this way can be
used to optimise group breeding schemes.
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20.Young Sire Programs
Key points:
• In using young males with high EBV and index values, there is quickly a trade-off between using fresh good genes and
turning them over against lower individual accuracy. A Young Sire Program is a potential solution to this dilemma.
• The Young Sire Programs are specifically designed to minimise inbreeding.
• Young Sire Programs have the additional benefit of broadening the gene pool that is being tested by the breed.
Action:
✓ The way to minimise the risk of young sires is to use a team of young sires because the team will deliver their average
genetic merit with high accuracy.

Breeds using across-flock or across-herd evaluations get
all animals compared with each other automatically. This
provides a comparison of young males (without progeny)
with older males (with progeny). Where data quality is
good, it is inevitable that there will be many young males
that are competitive with older males on EBV and index
values. The issue is whether these males should be used
in breeding, and if so, how.

Potential disadvantages of using young males:
• Not having progeny means individual young males
have lower individual accuracy. Some young animals,
whose own information plus that of relatives suggest
they are of high merit, may therefore not breed that
way.

• High merit young males have high genetic merit –
good genes.

In using young males with high EBV and index values,
there is quickly a trade-off between using fresh good
genes and turning them over, against lower individual
accuracy. A Young Sire Program is a potential solution to
this dilemma.

• Using them means turning over the generations
more quickly.

Accuracy for one sire vs
accuracy for a team

• They are usually cheaper because less is known
about them.

We can compare the likely range in true breeding value
for 1 young male with 24 half siblings, with that of a
team of 5 or 10 young males, each with 24 half siblings,
and with the same average EBV as that of the individual
males (Table 46).

Advantages of using young males include the following:

• If used through AI, they can help improve genetic
linkages across a breed – ensuring higher quality and
more reliable EBVs and index values in the future.

This can also be done for index value. In this example
assume the use of high merit young sires, which have
accuracy of about 70% (Table 47).
Table 46: Comparison of likely range in TBV
Mating unit

EBV or average EBV

Likely range in true breeding value

1 young male with 24 half siblings

+5 kg

+3.35 to +6.65 kg

5 young males each with 24 half siblings

+5 kg

+3.80 to +6.20 kg

10 young males each with 24 half siblings

+5 kg

+4.15 to +5.85 kg

25 young males each with 24 half siblings

+5 kg

+4.48 to +5.52 kg
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Table 47: Comparison of likely range in index
Mating unit

Index value or
average index value

Likely range in breeding
performance for index

1 young sire @ 70% accuracy

+125

117.9 to 132.1

5 young sires @ 70% accuracy each

+125

121.8 to 128.2

10 young sires @ 70% accuracy each

+125

122.7 to 127.3

25 young sires @ 70% accuracy each

+125

123.6 to 126.4

1 old sire @ 90% accuracy

+125

120.6 to 129.4

If a breeder, or breed, uses a team of young sires where
each animal gets the same or similar numbers of progeny,
the team will breed almost exactly to the average EBV or
index value at the time the animals are chosen.

ensure that the rest of the sires they use are
competitive in index value (otherwise the team is
wasted).

Other benefits of Young
Sire Programs

The way to minimise the risk of young sires is to use
a team of young sires because the team will have
high accuracy.
When you use a team of animals the accuracy of the
group of sires is higher than the individual accuracy.
It is straightforward to use several young animals in
combination, get the advantage of their good genes,
and know that the team will breed to its average.
This is the basis of the young sire program concept that is
used by a number of breeds and breeder groups.
How well the young sire team breed to their average will
depend on three things:
• The animals’ own accuracies – expect less change in
EBV and index for animals with higher accuracy;
• The flock accuracy for the flock they were born in –
higher means less change expected; and
• The flock accuracy for the flocks their progeny have
been tested in – higher means less change expected.
Experience with sire programs that have been running for
a number of years provides a high degree of confidence
in what they can achieve.
• Their results are very predictable – the team chosen
is expected to breed within several points of the
predicted index.
• Breeders involved in young sire programs almost
inevitably achieve five or more index points of genetic
improvement per year – because they use good young
sires in the team, but also because typically they

Young Sire Programs offer five major benefits to
participating breeders:
• Wide use of very good genes – spreading the
best genetics
• Very early use – generations are turned over
more quickly
• Improved utilisation of the whole gene pool –
reducing inbreeding
• Breed data quality improves – so there is a better
chance of finding higher quality animals
• Breed data quality improves – so your customers
have more reliable product information.
Young Sire Programs are specifically designed to
minimise inbreeding. Inbreeding is a frequent by-product
of using BLUP (Best Linear Unbiased Prediction – the
statistical procedure used to calculate EBVs). As BLUP
uses information from relatives, the leading animals for
any trait or index will tend to include groups of related
animals. This can quite readily mean that one or two
outstanding sires dominate the list of elite animals for
a particular breed.
Young Sire Programs are designed to address this problem
by maximising the number of sire and maternal grand-sire
lines represented in the teams, meaning that the ’net’
that is being cast looking for good genes is cast as widely
as possible.
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Young Sire Programs have the additional benefit of
broadening the gene pool that is being worked by
the breed.
A further benefit is that breeders cooperating in a young
sire program usually set minimum data and measurement
standards to ensure that all the young sires are given an
equal chance of identifying elite progeny.
This means that the cooperating breeders automatically
improve their chance of finding new, better animals from
across all studs. Incidentally, this improves the reliability
of EBVs and index values for the whole group, which in
turn means that the information presented to clients is
more reliable.

Establishing a Young Sire
Program

In this example, each sire gets 20 females in each of three
studs. Less than 20 can be used, but the overall number
of progeny per sire needs to be in the range of 45–60
for good linkage and to achieve a good progeny test.
• The packages are used and an agreed minimum set of
data is collected on all progeny in each participating
stud. The higher the level of data quality the group
commits to, the more accurate the EBVs will be and
the more accurately the next round of young sires will
be identified.
• The process is repeated each year. Each year a new
team is established and used, and the results from that
team come in 1.5 years after that team is first used.
There is no necessity to repeat use of young sires from
one team to the next because links in the rest of the
data will be more than adequate.

The process of establishing a Young Sire Program starts
with a group of breeders committed to the program.
From there the process is:
• Elite young sires (< 12 months old) are selected, with
maximum number of sire and maternal grand-sire
lines represented. Restrictions can be placed so that,
for example, no individual breeder contributes more
than one young sire.

Using the best genes across the breed

Reducing inbreeding

LAMBPLAN
Merino Genetic Services
KIDPLAN
Young Sire Programs

• These sires are collected to have 50–60 doses
of semen.
• Semen packages are designed – three young sires per
package – so that each sire is used in three separate
studs, and all flocks use three young sires. No two
breeders get an identical package, but the packages
are constructed such that they are as similar as
possible in average genetic merit so that as far as
practically possible all participating breeders get the
same genetic value.

Turning the genes over rapidly

Better data - finding
more elite animals faster

More reliable data
for your customers

This can be pictured as follows:
STUD
Sire

1

A

20 doses
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20 doses
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Contact information
LAMBPLAN, KIDPLAN
Merino Genetic Services
C/- Department of Animal Science
University of New England
ARMIDALE NSW 2351

Phone: (02) 6773 2948
Fax:

(02) 6773 2707

Email:

info@lambplan.com.au

Web:

www.lambplan.com.au
www.mla.com.au/mgs

Additional resources
An Introduction to LAMBPLAN (LPI029)
Using LAMBPLAN to Select the Right Terminal Sire (LPI030)
LAMBPLAN for Maternal Sheep Breeders (LPI202)
Understanding LAMBPLAN EBVs
Understanding LAMBPLAN Maternal EBVs
Estimated Breeding Value (EBV) Definitions
An Introduction to Merino Genetic Services (LPI110)
Understanding Merino Genetic Services Reports
Understanding Merino Carcase Measurement
Growth in the Australian Lamb Industry (LPI068)
KIDPLAN – Goat Genetic System (LPI031)
Boer Goat Genetics for Meat Production (LPI032)
Growth in the Goatmeat Industry: Is It Sustainable? (MIS021)
Goat Farming – Profitable and Productive (2000 Revised Edition) (LPI021)
TGRM Checklist (LPI040)
Making the Most of Mutton (LPI061)
New and Introduced Sheep Breeds in Australia (LPI106)
The Lamb Guide (LPI274) and regional supplements
Maximising Lamb and Sheepmeat Eating Quality (LPI036)
LAMBPLAN newsletters
LAMBPLAN Breeders Directory
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