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Introduction

Vool production from merinoe sheep is affected by the environment
in which they graze, their genetlc characteristics and an interaction
between the environment and genetic characteristics. Changes to the
grazing environment and the genetic characteristics of the sheep will
change the profit derived from woel production. A farmer with a merino
sheep flock makes decisions about both the grazing envirorment and the
genetic charecteristics in an attempt to maximise an objective.

Changes to the genetic characteristics of & merinc sheep flock
are usually achieved by:

(a) importing rams and, less frequently, ewes from either studs
or cooperative breeding schemes such as the Australian Merino
Society; and/or

(b) selecting as parents of future generations both rams and ewes
bred on the farm.

This paper concentrates its attention on the second coption, on-farm
sglection strategies.

At reproductive rates achieved by most commercial merino farmers
in Western Australia, the replacement of older ewes requirves most of
the ewe lambs reared. The potential for selecting ewes and hence
achieving genetic progress is limited. By contrast, the small number
of rams required as sires allows the selection of a few of the best
ram lambg. In this paper attention is concentrated on selection
strategies which achieve genetic progress through rams used to sire
future generations.

Hogget shearing (about 17 months) is the earliest that rams can
be selacted from all rams reared using objective measurements., Rama
not selected at this stage are too old tc be castrated. The farmer
bears an opportunity cost of not castrating. A scheme whereby a small
nucleus of the best ewes is used to rear rams minimises these
opportunity costs.

Various selection strategles are available to the merino sheep
farmer in establishing and running a nucleus breeding programme. In
this study the costs and benefits of a few of the options available to
a merino farm are assessed. A model of genetic change is used to
calculate the benefits from various selection strategies. Before
describing this model and the options evaluated, s brief background to
genetic progress and nucleus breeding is given.

Cenctic Progress

In a flock of merino sheep there is variation between sheep for
the important economic traits of fleece weight and fibre diameter.
These traits are normally distributed (Falconer 1985). If the
environmental factors influencing fleece weight and fibre diameter are
constant for all sheep in a floek, then differances between sheep are
due mainly to genetic characteristics in that envircnment. Rams reared
under similar envirommental conditions to the main merinc flock will
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display genetic charscteriztics which are relevant to profitsbility
under these conditions.

) The economically important characteristics of fleece weight and
fibre diameter are determined by many genes (polygenic) {Dalton 1985).
When these genes are re-arranged with genes from both parents, enly a
portion of the superior fleece weight and fibre diameter are inherited
from the pavents. Heritability s the term used to describe the
average proportion of genetic superiority pazsed on to the progeny
iro;) the parents over and above that of their contemporaries (Dzlton
985} .

Genetic progress results from selecting only the best animala to
be parents of the next generation. Superiority of parents above their
contemporaries is termed the selection differential. The selection
differential is the difference between the mean of selected parents
and the mean of the population from which they come (Falconer 1985).

By multiplying the heritability of a trait by the selection
differential of the parents, a prediction is made of genetic change in
the offspring. Variability in fleace weight and fibre diameter is
maintained for at least five generationsa, Hence, for at least five
generations there is little likelihood that genetic progress will
reach its limit (Dalton 1985).

Geneticists have established that some traits are related:
improvement in one leads to improvement or decline in another. Fleece
weight and f£ibre diameter are positively correlated with a value of
0.25 (Atkins 1987). A beneficial change in either fleece weight or
fibre diameter will lead to small detrimental change in the other,

Hucleus Breeding

Described in this section is & nucleus breeding programme and
some aspects of it in which decisions affecting efficiency have to be
made (for greater detail see James 1977).

A merino farmer has a requirement for replacement of rams; this
is dependent on total number of ewes joined, ratio of rams to ewes,
and the number of years a ram is used. With an existing flock size, a
farmer needs to decide on ths ratio of rams to ewes and the number of
years a ram is used. (Bot'. these affect profitability and will be
evaluated in future work.) "he annual ram requirement can be bred from
a nucleus ewe flock on the farm.

Nucleus breeding programmes involve choosing a group of ewes from
the whole flock, and this group is termed the nucleus flock. Ram lambs
reared from this nucleus flock are not castrated and form the pool
from which rams are selected. The farmer is faced with two decisions
when establishing a nucleus flock:

(a) Are the costs of objectively measuring all the available ewes
and then selecting only the best recoverable from the
increase in wool proceeds?

(b) What is the optimal percentage of rams selected which, given
a ram requirement, determines the number of ewes in the
nucleus flock?

Both these questions are addressed following the model and data
sections.
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Once & nucleus flock has been identified the best rams are used
az gires for this flock. At first, these rams are selected from
igported rams; in the third year and ouwards they are drawn from raus
rearad in the nucleus. Each year the oldest ewes are culled from the
nucleus and replaced with the best ewe hoggets reared from both the
nucleus and general flock.

The Data

The costs of a nucleus breeding programme were estimated from
such a programme, monitored by the Martindale Research Project in
Vestern Australia. The main costs of the programmse are establishment,
ram selection and opportunity costs of not castrating rams. The costs
used are shown in Appendix 1. Sensitivity snalysis is used to assess
whethey a decision iz sensitive to these costs,

Tabie 1 shows the mean and varisnce for fleece weight and fibre
diameter for a commercisl merino flock monitored by Martindale
Research Project at New Norcia in Western Australia. These values are
typical of commercial merino flocks iIin Western Australia. It algo
shows heritabilities taken from Atkins (1987) for both fleece weight
and fidbre diameter which have been obtained from field trials using
merines in Australia.

Atkins (1987) shoved that rams used for two years was most
profiteble. Thiz approach iz followed and the usual practice of a
ratio of ram to ewes of 1:50 is followed; hence for each 100 ewes in a
flock one ram is required cach year,

TABIE 1
Mear, Variance, Heritabilicty snd Genatic Correlations for
Greasy Fleece Velght, Clean ¥leece Weight and Pihre Diasster

Greasy fleece Clean fleece Fibre
weight weight diameter
(kg) (kg) (micron)
Mean Ewes® 4.5 3.15 22
Wethers 6.0 4.20 22
Variam:e* 0.4 0.25 3.¢
Heritability 0.35 0.35 0.5
from hogget
shearing
Genetic correlation
Greazy fleece wigh? t - 0.85 0.25
Clean fleecs veight 0.85 - 0.25

Sources: : Martindale Research Project.

Atkins (1987).




Genstic progress is modalled for a total flock consisting of 100
eves. Results from this 100-ewe flock can be scaled wp to the farmer’'s
actual flock size. The farmesr is assumed to rajuire one replacement
ram each year for his 100-ewe flock, A parvameter set by the user is
the percentage of vans gelected from the total number of rams born.
Given the ram requirement of one vam for 100 ewes and thq lambing .
rates, the model determines, at the percentags of rams selected, how
many of the 100 ewes are required to form ths nucleus. For example, if
50 per cent of rams born are selécted and the lambing rate is 70 per
cent, 5.7 ewes are requires to form the nucleus in . total ewe flock
of 100 ewes. '

Genatic progress in both a nucleus flock and general flock is
modelled in detail for five generations of nucleus bred rams. The
generations are a zaries of steps with genetic progress occurring
betwsen steps. The steps in thes current specification last for two
years each. Ten years of nucleus-bred rams with five steps in genetic
progress are modelled. At the end of the fifth generation the nucleus
breeding programme snds. However, genetic progress resulting from the
ten years of nucleus-bred rams is modelled for a further 88 years,

Genetic progress is expressed in farm-gate changes to wool
procseds. Changes to wool proceeds with the costs of nucleus breeding
are used to calculate a net present valus, The net present value is
expressed on a ram selected basis for the five generations, at a range
of discount rates ‘

An average value for each ram bred is calculated from the net
present value; this value is termed the ram ammuity, The ram annuity
is the net value of genetic progress which, on average, can be
attributed to each nucleus-bred ram.

The model is a simulation medel and can be specified to simulate
most scenartos which may affect profitability of nucleus breeding. By
re-specifyiny the model, the user may identify a strategy which
fucreases the profitability of a nuciwus breeding programme.

The model i vestricted to genetic changes in fleece weight and
fibre diameter, The farmer’s selection criterion is assumed to be
genetic progress in fleece weight. The assuciated detrimental change
in fibre diameter is accounted for when calculating the wool proceeds.

Profitability of Various Selection Strategies
Percentage of Rams Selected:

One of the decisions a farmer nzeds to make prior to setting up a
nucleus breeding programme is what percentage of rams reared he will
select. This declision directly affects the number of ewes in the
nucleus flock. At the one extreme a farmer has the option of selecting
3 per cent of rams reared; in this case all the ewes are used in the
nucleus. At the other extreme a farmer has the option of selecting 100
per cent uf raws reared; in this cnve the nucleus will be formed from
3 per cent of the ewes. The most profitable percentage of rams
selected, and hence the size of the nucleus flock, will most likely
fall between these extremes. A saries of simulation runs were
conducted at 5 per cent intervals between % and 50 per cent of rams
selected to determine the optinmal percentage of rams to select..
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Figure 1 shows the snnuity at discount rates of 5, 10 and 15 per
cant, for percentages of rums selected ranging from 5 to 50 per cant,
As the discount rate is increased from 5 to 15 per cent, zo the
aptinal percentage of rams selected rises from 20 to 40 per cent of
ram lambs reared. Genetic progrsss is greaster when a zmaller
psrcentage of vaums is selected. At the higher discount rates the
benafit from long term increasss in wool procseds resulting from
genetic progress is not worth as much as for lower discount rates. At
‘high discount rates the early coste of running & nucleus flock are
proportionally more important; hence the greater percentage of rams
galacted leads co a correspondingly smaller nusleus flock.

300 -

200 -
100 =
0 o
y & 5% Discount
100 - <~ 10% Discount
& 15% Discount
-200 v | iy T v i N i v V
0 10 20 30 40 50

Percentage of rams selected

Figure 1: Value of Genetlc Progress

For a discount rate of 5 per cent, the profitability rises
quickly to $262 per ram as the percentage of rams selected rises from
5 per cent to an optimal rate of 20 per cent rams selected. Thereafter
The profitability declines slowly over the range 20 to 50 per cent.
The gradual decline with increasing percentage selected is due to:

(a) a large decline in the genetic progress due to a reduction in
the ram selection differential,
being offaet by:
(a) a saving in the opportunity cost of not castrating rams;

(b) an increase in genetic progress due to fewer ewes being used
in the nucleus, hence a greater selection differential in the
nucleus £lock.




Selecting Eves:

.. Before setting up # nucleus flock, a merino farmer {s faced with
& decision as to whether the cost of fleece-waighing and measuring
£ibre diameter is warranted. Atkins (1987) found that only 2 small
benefit resulted from measuring fibre diameter and concluded that in
eweg this Is not profitgble. However, Atking (1987) does not consider
the profitability of flesce-waighing the ewes. The profitability of
flsece-weighing all the ewvez prior to forming 2 nucleus flock is
assesged. ' : :

Table 2 shows the net present value and annuity of establishing a
nucleus flock with and without fleeéce-weighing prior to forming the
flock. The difference between with and without flsece-weighing is
snall, ranging from an annuity difference of $7 to $2 for 50 per cent
and 10 per cent of rams selectod, xespectively. Even though the
difference in proflt is small for with and without fleece-waighing,
the result is insensitive to the cost of fleece-weighing. At 2 3 per
cent discount rate and selecting 20 per cent of rama, the cost needs
to double before a farmer is indifferent to fleece-weighing the ewes.

TABLE 2
Bst Prezent Vslue and Annnity of Salection Strategies
Blth and Without Fleece-Weighing Ewes Prior to
Estsblishing a Wucleus Flock

With fleece~ Without fleece-~

Perceritage welighing eves weighing ewes
of rams
used * v

NPV Amwity Kev Annuity
50 1719 223 1668 216
40 1844 239 1797 233
30 1953 253 1912 248
20 2025 262 1992 258
10 1842 238 1825 234

411 values at 5 per cent discount %‘Ee.

The greatest benefit of fleece-weighiag ewes results from the
scenario where 50 per cent of nucleus bred rams is uscd. This is due
to the smaller number of ewes required to form the nucleus and hence
tha greater selection differential being applied in this case. The
greater selection differential results in more genetic progress from
the ewes forming the nucleus,



Mnmsi'm of Selsction Strateg)

o If a merino farmer chooses a nucleus brseding programme then h;‘
- will foim a nucleus flock which includes betwsen 20 and 40 per cent of

 teuws baing selected, depending on his discount rate. Given that, at

all digcount vates, ram selection percentages greatsr than 20 per cent
d6 not greatly change the profitability, the farmer would most likely
consider both the profitability and other management aspects in
deterwining the percentage of rame selectsd. This would result in a
“xucleus flock where mors than 20 pér cant of the rams iz selacted,

~+_ In forming a nucleus flock, the benefit rssulting from fleecs-
wpighing all ewves is small, However, the cost would need to rise

appreciably befere fleece-welighing ia mot profitable. Hence in datting
up # mucleus, Fleece-welighing all the eves is warranted,

The model has been useful in assessing the profitability of
percentage of rams selected and fleece-weighing ewes prior to forming
a nucleus. Further work will include incorporating both fleece weight
and fibre diameter in the selection criteria, evaluating shorter and
longer generatjon intervals, and comparing the profit from nucleus

breeding with importing from studs. ) ‘
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APPERDIX 1

Flock, costs and returns éssunpt;idns were drawn from & sheep
flock menitorsd by the Nartindsle Research Project, University of
Western Australia.

Sglfwx‘ap}acmg ewve flock. Animals cullad for age after thelr
fourth adult shearing.

, Hogget greasy flsece weights are 66 per cent of adult weights of
4.5 kg and 6 kg for ewes and wethers respectively (shown in Table 1).

Hogget fibre diameter is one micron finer than the 22 micron
shown in Table 1.

Seventy lambs are tailed per 100 ewez joined,

Rinety-five per cent of ewe hoggets ave retained to replace ewe
deaths and culled-for-age.

Eighty per cent of wether hoggets are retsined to replace wether
deaths and culled-for-age.

Death rates per year: ewes 5 per cent, wethers 2.5 per cent, rams
10 per cent.

Costs and Returns
Wool Returns:
Farm gate value for 22 micron $5.00 kg greasy
Change in wool proceeds per micron shift $1.00 kg greasy
Costs:

Greasy fleece-weighing all ewes prio:
to establishing a nucleus $0.35/head

Greasy fleece-weighing all ewe hoggets

each year for selection of nucleus

replacements $0.35/head
Opportunity cost of leaving rams entire $10.00/head

Ear tagging, fleece-weighing and fibre
diameter measurement of ram hoggets $5.00/head






