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Abstract. Profitability of sheep production systems in southern Australia is optimised at a stocking rate that provides
adequate nutrition for breeding ewes and enables efficient utilisation of grown pasture and supplements. In this paper we
used bio-economic modelling to develop optimum liveweight1 profiles for spring-lambing Merino ewes in different
environments. The modelling included the impacts of the ewe liveweight profile on the production of the ewe and the
survival and lifetime wool production of her progeny. Fifteen ewe liveweight profiles were analysed for each region to
determine the profitability of varying ewe liveweight at joining, varying rate of loss of liveweight after joining and the rate of
gain in liveweight from the minimum to lambing. The analyses support the hypotheses that whole-farm profitability is
sensitive to the liveweight profile of Merino ewe flocks and that there is a liveweight profile that maximises whole-farm
profit. The variation between the most and least profitable ewe liveweight profile was $69 0002 per farm ($14.30/ewe) for
south-west Victoria, $51 000 per farm ($8.70/ewe) for Great SouthernWestern Australia and $33 300 per farm ($9.70/ewe)
for southern New South Wales. The changes in profit were due to differences in costs of feeding to achieve the ewe
liveweight profile and its influence on the production of both the ewes and their progeny. Failure to include the impacts of
liveweight profile on progeny survival and lifetime wool production incorrectly identifies the optimum ewe liveweight
profile and provided inaccurate estimates of profitability. The optimum liveweight profiles for ewes lambing in spring were
similar for all three regions and insensitive to changing commodity prices, pasture productivity and management. The
optimum profile was to join ewes at ~90% of the standard reference weight of the genotype, lose a small amount of weight
after joining and regain weight in late pregnancy to return to the joining weight by lambing. Regaining the liveweight lost in
early pregnancy by lambing is the most important target to achieve. The cost per farm of missing this liveweight target by 1
kg was $13 000 ($2.60/ewe) for south-west Victoria, $8900 ($1.45/ewe) for Great Southern Western Australia and $5500
($1.65/ewe) for southernNewSouthWales. By contrast, the cost per farmofmissing the joining target by 1 kgwas $5500 for
south-west Victoria and less than $2000 across the other two regions. Whole-farm profit increased with increasing stocking
rate up to an optimum and regardless of stocking rate there is an additional opportunity to increasewhole-farm profit by up to
15%bymanaging ewes to achieve the optimum liveweight profile. This indicates that the optimum liveweight profile should
be achieved by increasing the level of grain feeding and altering the timing of utilising the farm feed resources rather than
manipulating stocking rate.

Introduction

Profitability of sheep production systems in southern Australia
is optimised at a stocking rate that provides adequate nutrition
for breeding ewes and enables efficient utilisation of grown
pasture and supplements (Warn et al. 2006; Young et al.
2011). These systems are characterised by large fluctuations

in the quantity and quality of pasture available between
and within years (Rossiter 1966; Purser and Southey 1984;
Thompson et al. 1994). Therefore, achieving the appropriate
balance between stocking rate, ewe production and levels
of supplementary feeding is a major challenge for these
systems.

1Note that ewe liveweights are adjusted for conceptus and wool weights.
2Australian dollars are used throughout the paper.
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To optimise stocking rate of ewes requires an understanding
of the full range of impacts of manipulating nutrition on the
performance of the ewe and her progeny. An analysis by
Thompson and Young (2002), which included an estimate of
these effects, indicated that altering ewe nutrition during
pregnancy could have large effects on farm profitability.
However, this work only considered extreme nutritional
regimes and did not attempt to identify an optimal liveweight
profile. The Lifetimewool project has shown that the liveweight
profile of Merino ewes can reliably predict the production of
ewes (Ferguson et al. 2011) and their progeny (Oldham et al.
2011; Thompson et al. 2011a). This new information provides
the necessary production responses required to develop optimum
liveweight profiles for ewe flocks in different regions and
lambing at different times.

Identifying the optimum liveweight profile requires
valuing the trade-off between the extra production achieved
and the cost of the feed required to achieve the profile.
The feed can be provided by altering stocking rate, timing of
grazing (deferment) or the amount of supplement fed. This
complexity and the large number of potential combinations of
options can only be effectively handled by modelling.
MIDAS (Model of an Integrated Dryland Agricultural
System), a whole-farm profit maximisation model (Kingwell
and Pannell 1987), was an appropriate model for this
analysis because it includes the options and the trade-offs in
the context of a whole-farm feed budget. In this paper we test the
hypotheses that whole-farm profitability is sensitive to the
liveweight profile of Merino ewe flocks and there is a
liveweight profile that will maximise whole-farm profit. We
further reasoned that whole-farm profit and the optimum
liveweight profile are altered by the inclusion of the impacts
on the progeny.

Materials and methods

This analysis was carried out for three regions of southern
Australia with Merino ewes lambing in spring;
* South-west Victoria (Vic.): this zone is characterised by an
8-month growing season and winter rainfall (>550 mm) with
a mix of annual and perennial ryegrasses and subterranean
clover and a total pasture production of 7–8 t of DM/ha.

* Great Southern region in Western Australia (Great Southern
WA): this zone is characterised by winter rainfall (400–550
mm) and a 6-month growing season with a mix of annual
grasses and subterranean clover and a total pasture production
of 6–8 t DM/ha.

* Southern New South Wales (NSW): this zone is characterised
by a 6-month growing season and winter rainfall (450–600
mm) with a mix of annual grasses, phalaris and subterranean
clover and a total pasture production of 6–8 t DM/ha.
For each environment the profitability of altering the nutrition

profile of the ewe flock was examined using a mathematical
programming model. This is a modelling framework that
maximises an objective function by determining the best mix
of activities with the constraint of a limited set of resources; a
more detailed description of mathematical programming is
provided by Pannell (1996). A large number of production
options and resource constraints confronting farmers can be

included. This capacity enables the whole farming system to
be represented, including the interrelatedness of production
enterprises, such as livestock grazing feed from different
sources at different times of the year. It ensures that all
calculations of profitability of different nutrition profiles were
done at the optimum stocking rate and with the least cost way of
achieving the nutrition profile.

Identifying the least cost nutrition strategy is a non-trivial
issue because there are many methods to alter the liveweight
profile of reproducing ewes. The options include altering grain
feeding, stocking rate, timing of grazing of different feed sources
across the farm and the allocation of feed between reproducing
and dry animals. A comparison of the profitability of nutritional
profiles calculated without identifying the minimum cost
feeding strategy could draw an incorrect conclusion about the
desirability of a particular nutrition profile.

Existing MIDAS models for south-west Vic. and Great
Southern WA (Young 1995) were used in this analysis. The
analysis for southern NSW required a new model based on crop
and pasture production data for that region (Phil Graham, pers.
comm.). The versions of MIDAS used varied in the number of
land management units and the cropping and pasture options
(Table 1) and in the growth rate and quality of pastures available
throughout the year.

A self-replacing Merino flock with reproducing ewes and
associated non-reproducing stock was described in the model.
Fifteen liveweight profiles for the reproducing ewes were
analysed with one liveweight profile evaluated at a time. The
ewe liveweights were adjusted for conceptus weight and weight
of greasy wool. The non-reproducing stock were weaners,
hoggets and wethers and for each of these classes of stock the
model chose the best of four different liveweight profiles. These
four profiles varied in the amount of liveweight gain in early
summer, the amount of liveweight loss around the break of
season, the delay to commencement of weight gain after the
break of season and the average liveweight for the whole year.
Each liveweight profile required a different feeding strategy for

Table 1. Summary of the structure of the regional versions of the
MIDAS (Model of an Integrated Dryland Agricultural System) model

used in this analysis

South-west
Vic.

Great Southern
WA

Southern
NSW

Number of land
management units

3 5 5

Crop options None Wheat Wheat
– Barley Barley
– Oats Oats
– Canola Triticale
– Lupins Canola
– Field peas Lupins
– – Field peas

Pasture Perennial
ryegrass

Annual
pasture

Phalaris

– – Lucerne
– – Annual pasture

Sheep flock Fine wool
merino

Medium wool
merino

Medium wool
merino
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the non-reproducing stock and resulted in a different level of
production.

The feed budget in the model is based on dividing the year
into 10 periods. The periods are shorter at pasture senescence
and the break of season and longer in the middle of the growing
season and mid summer (Table 2). For each period, the energy
requirement and the intake capacity for each liveweight profile
of each livestock class is calculated based on liveweight and
liveweight change (Standing Committee on Agriculture 1990).
The feed requirement of the animals can be met from pasture,
crop residues or grain feeding with the constraint that the
quantity of feed consumed is less than or equal to the intake
capacity. Feed that is available on the farm that is not required to
meet the energy demands of the livestock on hand can be deferred
and utilised in a later period, although the quantity and quality of
the feed may decline. This assumption implies that the farm
manager is able to actively manage the grazing of the stock and
allocate feed to different stock classes based on their priority.
This contrasts with simulation models that typically allocate
the feed to animals up to the level where the intake capacity
of the animals is fulfilled.

At the beginning of the growing season pasture density was
affected by paddock history or rotation; the longer duration
since cropping the greater the density. During the periods of
the growing season, pasture growth was input as a function of
the quantity of feed on offer at the beginning of the period. The
growth function varied with the land management unit and the
period during the year. The structure of the mathematical
programming algorithm required that the asymptotic growth
function was represented as a linearised convex relationship
as graphically presented in Fig. 1. This structure allows the
mathematical programming optimisation algorithm to vary
grazing intensity in each period, which alters feed on offer,
which then affects subsequent pasture growth rate. Therefore,
in each run of the model the pasture growth rate could vary based
on grazing intensity, area of pasture on each land management
unit and rotation. Typical levels of pasture growth and
digestibility are shown in Table 3.

In the version of the model which ignores the link between
ewe nutrition profile and progeny production, wool growth is a

linear function of metabolisable energy intake based on White
et al. (1979). The efficiency of growth (g/MJ of metabolisable
energy) is calibrated to achieve the desired annual production
level. Fibre diameter in each period is calculated from the wool
growth rate assuming that length growth rate is proportional
to cross-sectional area of the fibre and that the density of the
fibre is constant. The reproductive rate achieved by the ewes is
a function of liveweight at joining. For mature ewes the
relationship is a 2 percentage points increase in number of
lambs in utero for a 1-kg increase in liveweight at joining
(Ferguson et al. 2011; R. Behrendt, unpubl. data). Survival
of single- and twin-born lambs is independent of the ewe
liveweight profile.

In the south-west Vic. model the production system is a
traditional fine wool genotype with lambing in August–
September and shearing in March. Surplus ewes are sold off
shears in March and wethers are sold at 3 years old after shearing
in September. In Great Southern WA and southern NSW a
medium wool genotype is used with lambing in July–August
and shearing in January. Surplus ewes and all wethers are sold as
hoggets off shears at 1.5 years old. As an example of the
productivity of each genotype the production of the ewes
following a typical nutrition profile from joining through to
lambing are outlined in Table 4. The typical profile involves
losing 6–8 kg from joining to mid pregnancy and
then maintaining maternal liveweight from mid pregnancy to
lambing.

Fifteen different liveweight profiles were evaluated in this
analysis. The profiles examined vary in the average liveweight
of the ewes at joining, the average amount of weight lost to
the minimum and then the amount of weight regained from
the minimum to lambing (Figs 2–4). For each region there are
three options for liveweight at joining, three rates of weight loss
to the minimum and two rates of weight gain to lambing. The
amount of weight gain or loss varies with region; however, the
selection of the 15 patterns allows comparison of the effects on
profitability of varying liveweight at joining, varying rate of
loss of liveweight after joining and the rate of gain in liveweight
before lambing. Each nutrition strategy examined has a similar
pattern that varies in one of the above factors. This pairing of

Table 2. The beginning of each of the 10 feed periods in each regional version of theMIDAS (Model of an
Integrated Dryland Agricultural System) model used in this analysis (break of season is represented by the

first date of the growing season)

Season South-west Vic. Great Southern WA Southern NSW

Green 25 Mar (1)A 24 April (1) 1 May (1)
15 April (2) 15 May (2) 20 May (2)
1 June (3) 12 June (3) 29 July (3)

5 August (4) 7 August (4) 26 August (4)
9 September (5) 25 September (5) 28 October (5)
7 October (6) – –

18 November (7) – –

Dry (predominantly) 23 December (8) 30 October (6) 25 November (6)
25 January (9) 27 November (7) 16 December (7)
25 February (10) 22 January (8) 20 January (8)

– 12 March (9) 18 February (9)
– 9 April (10) 18 March (10)

AMIDAS feed period.

Whole-farm profit and ewe liveweight profiles Animal Production Science 823



patterns allows calculation of the cost or benefit of varying the
liveweight targets of ewes at different times of the reproductive
cycle.

In the version of the model, which includes the link between
the ewe nutrition profile and lamb survival and progeny wool

production, the adjustments were calculated using the
coefficients derived from the statistical analysis of the Vic.
site reported by Oldham et al. (2011) and Thompson et al.
(2011a), see Table 5. The calculation for the variation in
survival had a further adjustment applied because the impact
of ewe nutrition on progeny survival was greater in the paddock-
scale experiments than the plot-scale experiments (Behrendt
et al. 2011). The paddock-scale results were considered to be
more appropriate than the plot-scale results because of the larger
numbers of animals involved, a broader range of lambing
environments and less frequent management interventions at
lambing. The adjustments were determined by comparing the
difference in survival in the plot-scale experiment with the
paddock-scale experiments when the maternal liveweight
profile was altered. The adjustment factors for Great Southern
WA and southern NSW were 8.5 for singles and 2.0 for twins,
whereas these adjustment factors were double these values for
south-west Vic. The impacts of the adjustments are shown in
Tables 6–8.

The adjustment in progeny wool production was based on
hogget data and applied to all age groups of progeny because
the weight of evidence supports that the progeny effects are
permanent (Kelly et al. 1996, 2006; Thompson et al. 2011a).
The production of the ewe component of the flock was also
adjusted, because those animals are the progeny of the ewes from
the previous generation, and it is assumed that the nutrition
strategy for the ewes has been applied and the flock has
achieved a steady state.
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Fig. 1. Example of a linearised convex relationship used to represent
the relationship between feed on offer and pasture growth rate in MIDAS
(Model of an Integrated Dryland Agricultural System).

Table 3. Typical levels of pasture growth (PGR; kg DM/ha.day) and
DM digestibility (DMD; %) in each period of the year for each regional

model. Refer to Table 2 for the dates of each period

Period South-west
Vic.

Great Southern
WA

Southern
NSW

PGR DMD PGR DMD PGR DMD

1 20 76 33 81 10 81
2 16 77 15 81 18 81
3 11 78 36 81 30 81
4 15 77 51 78 59 81
5 26 77 67 75 35 78
6 46 74 – 68 10 72
7 51 71 – 60 – 64
8 23 53 – 54 – 55
9 5 53 – 52 – 52
10 1 51 – 50 – 48

Table 4. Summary of the productivity of the eweflock (2, 3, 4 and 5 year
old) when the ewes follow a typical nutrition profile

South-west
Vic.

Great Southern
WA

Southern
NSW

Standard reference weight (kg) 45 50 50
Clean fleece weight (kg) 3.6 3.0 3.4
Fibre diameter (mm) 18.9 20.0 20.0
Reproductive rate 79 87 88
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Fig. 2. The 15 ewe liveweight patterns examined for south-west Vic. in this analysis, showing average conceptus- and
wool-free liveweight of the ewes at joining, the average amount of weight lost to the minimum and then the amount
of weight regained from the minimum to lambing. In this example, joining occurs at 43 months of age, lambing occurs at
48 months of age and weaning occurs at 52 months of age.
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For each profile, the energy demands, the variation in
production of the ewes and the variation in the production
levels of the progeny calculated using the relationships
described are detailed in Tables 6–8. A brief overview of the
important detail in those Tables follows. Losing liveweight after
joining reduces the energy requirement during that period but
increases it in a later period depending on when the liveweight is
regained, either before lambing or from lambing to next joining.
Starting and finishing at a lower (or higher) liveweight affects
ewewool production, number of lambs conceived, progenywool
production and progeny survival. Fleece weight and fibre
diameter of the ewe is closely correlated with energy intake so
nutritional targets that require more energy produce more wool
that is broader. The number of lambs conceived is proportional to
the liveweight of the ewe at joining and so higher targets increase
the conception and lambing rate.

Progeny fleece weight, birthweight and survival are closely
related to liveweight of the ewes at lambing; the higher the
liveweight, the higher thefleeceweight, birthweight and survival.
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Fig. 4. The 15 liveweight patterns examined for Southern NSW in this analysis, showing average conceptus- and
wool-free liveweight of the ewes at joining, the average amount of weight lost to the minimum and then the amount of
weight regained from theminimum to lambing. In this example, joining occurs at 43months of age, lambing occurs at 48months
of age and weaning occurs at 52 months of age.

Table 5. Coefficients fitted in the statistical model that explains
variation in progeny production and survival from ewe liveweight at
joining (kg) and liveweight change (kg) during pregnancy using the Vic.
2001 and 2002 progeny as reported by Oldham et al. (2011) and
Thompson et al. (2011a). Progeny fleece coefficients are based on

hogget data from the statistical models

Clean fleece
weight (kg)

Fibre
diameter (m)

Birthweight
(kg)

Survival
(%)

Ewe liveweight
at joining

0.010 – 0.027 –

Ewe liveweight
change

Day 0–90 0.019 –0.031 0.033
Day 90–lambing 0.019 –0.036 0.045
Birthweight – – – 4.32
Birthweight squared – – – –0.395
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Fig. 3. The 15 liveweight patterns examined for the Great Southern WA in this analysis, showing average conceptus- and
wool-free liveweight of the ewes at joining, the average amount of weight lost to the minimum and then the amount of
weight regained from theminimum to lambing. In this example, joining occurs at 43months of age, lambing occurs at 48months
of age and weaning occurs at 52 months of age.
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However, progeny fibre diameter is only related to change in ewe
liveweight from joining to lambing, with loss of liveweight
during this period increasing the fibre diameter. There is a
small amount of variation in each of the progeny measures
depending on whether liveweight was lost and then regained
from joining to lambing or maintained throughout.

Results

Effects of nutrition profile on farm profitability

Changing the liveweight profile of the ewes altered profitability
for each of the regions examined. The variation between themost
profitable pattern and the least profitable pattern was greatest
for south-west Vic. ($14.30/ewe, $69/ha). The Great Southern
region in WA ($8.70/ewe, $51/ha) and Southern NSW ($9.70/
ewe, $37/ha) had similar variation in profit (Tables 9–11). The
greater variation shown in theVic. analysis occurs because in this
region the lambing environment is more extreme and a more
sensitive relationship between ewe liveweight profile and
perinatal survival was included in this model (Behrendt et al.
2011). The lower value per ha in the NSW analysis reflects the
higher proportion of crop in this region and the difference in
profit per ha of pasture ($53) is similar to the value for Great
Southern WA.

Changing the liveweight profile of the ewe also alters the
value of production, the stocking rate and the amount of
supplement fed. The range in value of production was $23,
$24 and $21/ewe for Vic., WA and NSW; the range in
stocking rate was 1.5, 0.3 and 1.2 dry sheep equivalent/
winter-grazed ha and the range in supplement fed was 8.3,
19.9 and 12.4 kg/dry sheep equivalent.

Effects of stocking rate on farm profitability

Whole-farm profit increased with increasing stocking rate up to
an optimum and regardless of stocking rate there is an additional
opportunity to increase whole-farm profit by up to 15% by
managing ewes to achieve the optimum liveweight profile
(Fig. 5).

Optimum liveweight profiles

The most profitable of the 15 patterns examined for the
south-west Vic. analysis was to join with a maternal
liveweight of 42 kg, lose 2.5 kg to Day 100 and then regain
the 2.5 kg to lamb at 42 kg (Table 9). The most profitable of the
15 patterns examined for Great Southern WA was to join at
46 kg, lose 4.0 kg toDay 100 and then regain the 4.0 kg to lamb at
46 kg (Table 10). The optimum profile for the southern NSW
analysis was to join at 46 kg, lose 3.0 kg to Day 100 and then
regain the 3.0 kg to lamb at 46 kg (Table 11). The optimumprofile
for each of the three regions for spring-lambing flocks follows a
similar trendwhich is: join at the lowest weight, whichwas ~90%
of the standard reference weight of the genotype, lose a small
amount of weight to Day 100 and regain weight in late pregnancy
to return to the joining weight by lambing.

The optimum profile was shown to be robust and the
sensitivity analysis that tested 36 scenarios for the three
regions showed only six scenarios in which the optimum
profile varied from that identified for the standard production
and prices (Table 12). In all six cases the optimum involved
joining at a heavier liveweight and then losing a small amount of
weight and then regaining the lost weight by lambing.

Effect on farm profitability of missing liveweight targets

The cost of missing a liveweight target by 1 kg varies from $0.20/
ewe for the joining target in the Great Southern WA up to $2.60/
ewe for the lambing target in south-west Vic. (Table 13). For all
regions missing the lambing target has the highest penalty and
this makes lambing the most important target for farmers to
concentrate on. South-west Vic. has the highest cost for missing
the lambing target and this is because of the greater impact of the
ewe liveweight profile on perinatal survival in this environment.

Importance of including progeny production effects
when identifying optimum liveweight profiles

There was a considerable difference in the profitability of some
patterns analysed when the effects of the liveweight profile of the
ewes on the progeny survival andwool productionwere excluded
from the analysis (Fig. 6). The linear regressionfitted to themodel

Table 9. Whole-farm profit, value of production, stocking rate and supplementary feeding for Merino ewe flocks in south-west Vic. with different
target liveweights

Ewe liveweight profile

Joining liveweight (kg) 42 42 42 42 42 45 45 45 45 45 48 48 48 48 48
Liveweight loss to

Day 100 (kg)
0 2.5 2.5 5.0 5.0 0 2.5 2.5 5.0 5.0 0 2.5 2.5 5.0 5.0

Liveweight gain to
lambing (kg)

0 2.5 0 2.5 0 0 2.5 0 2.5 0 0 2.5 0 2.5 0

Profit ($/ha) 365 385 367 376 347 369 383 354 362 321 367 376 344 351 316
Profit (D$/ewe)A –3.6 0.0 –3.1 –1.8 –6.1 –3.4 –0.6 –6.3 –4.8 –11.9 –4.2 –2.1 –8.9 –7.8 –14.3
Value of productionB

(D$/ewe)
–2.1 0.0 –5.0 –4.5 –10.8 2.4 3.6 –0.6 –0.5 –4.1 11.2 12.0 8.0 8.1 4.4

Stocking rate (DSE/ha) 13.1 12.3 12.9 12.5 13.0 14.4 11.8 12.3 12.0 12.3 12.2 11.6 12.1 11.8 12.1
Supplement (kg/DSE) 9.5 4.7 6.5 4.3 4.8 8.7 4.9 8.4 6.3 10.4 9.9 6.4 11.0 8.7 12.6
Supplement (t/farm) 124 57 84 53 62 108 58 103 75 129 121 74 133 102 152

AChange in profit and value of production per ewe compared with the flock managed to the optimum liveweight profile.
BValue of production is calculated from flocks with the same number of DSE.
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output had an R2 of 0.21 indicating that the analysis carried
out that excluded the progeny survival and progeny fleece
production relationships gave erroneous results. In all three
regions the liveweight profile identified as the optimum in
the analysis that excluded the progeny relationships was
different and involved greater loss of liveweight in early
pregnancy and lower liveweight at lambing. The variation in
profit for this analysis is caused by a combination of
progeny survival and progeny wool production and the
relative contribution of each varied with the region
(Table 14). Survival is a larger contributor in south-west
Vic., whereas wool production and the change in progeny
fleece value is the greater driver in southern NSW and in
Great Southern WA.

Discussion

Whole-farm profitability was sensitive to the liveweight profile
of Merino ewe flocks lambing in spring and there was an

Table 10. Whole-farmprofit, value of production, stocking rate and supplementary feeding for winter-lambingMerino ewes flocks inGreat Southern
WA with different target liveweights

DSE, dry sheep equivalent

Ewe liveweight profile

Joining liveweight (kg) 46 46 46 46 46 50 50 50 50 50 54 54 54 54 54
Liveweight loss to
Day 100 (kg)

0 4.0 4.0 8.0 8.0 0 4.0 4.0 8.0 8.0 0 4.0 4.0 8.0 8.0

Liveweight gain to
lambing (kg)

0 4.0 0 4.0 0 0 4.0 0 4.0 0 0 4.0 0 4.0 0

Profit ($/ha) 160 177 137 162 130 156 172 144 158 126 159 176 147 162 128
Profit (D$/ewe)A –2.5 0.0 –6.6 –2.1 –7.5 –3.4 –0.9 –5.0 –2.9 –8.7 –2.9 –0.3 –4.8 –2.5 –8.8
Value of productionB

(D$/ewe)
–1.6 0.0 –11.4 –2.9 –18.0 1.9 3.3 0.2 0.8 –14.7 4.6 5.9 2.5 3.3 –11.9

Stocking rate (DSE/ha) 14.3 14.3 14.3 14.4 14.4 14.3 14.1 14.3 14.3 14.4 14.2 14.1 14.2 14.2 14.3
Supplement (kg/DSE) 29.0 26.0 31.4 25.0 30.6 37.5 34.0 37.5 34.2 40.3 41.3 37.2 41.4 38.0 44.9
Supplement (t/farm) 414 371 384 358 378 535 481 537 489 498 587 522 589 540 551

AChange in profit and value of production per ewe compared with the flock managed to the optimum liveweight profile.
BValue of production is calculated from flocks with the same number of DSE.

Table 11. Whole-farm profit, value of production, stocking rate and supplementary feeding for winter-lambing southern Merino ewe flocks in
southern NSW with different target liveweights

DSE, dry sheep equivalent

Ewe liveweight profile

Joining liveweight (kg) 46 46 46 46 46 50 50 50 50 50 54 54 54 54 54
Liveweight loss to
Day 100 (kg)

0 3.0 3.0 6.0 6.0 0 3.0 3.0 6.0 6.0 0 3.0 3.0 6.0 6.0

Liveweight gain to
lambing (kg)

0 3.0 0 3.0 0 0 3.0 0 3.0 0 0 3.0 0 3.0 0

Profit ($/ha) 147 163 148 161 145 135 154 138 153 135 126 147 132 147 128
Profit (D$/ewe)A –3.7 0.0 –3.2 –0.4 –3.9 –6.8 –2.3 –6.0 –2.5 –6.6 –9.7 –4.3 –7.8 –4.3 –8.9
Value of productionB

(D$/ewe)
–1.9 0.0 –5.0 –4.0 –8.7 4.5 6.8 1.3 2.8 –2.2 9.5 12.1 6.9 8.4 3.7

Stocking rate (DSE/ha) 13.0 12.9 13.1 12.7 12.8 12.6 12.6 12.6 12.6 12.6 12.2 11.9 12.4 12.1 12.3
Supplement (kg/DSE) 30.1 27.2 28.2 25.5 26.8 34.5 30.6 32.1 29.0 30.8 37.9 32.9 35.1 31.4 34.3
Supplement (t/farm) 246 221 232 205 216 273 242 255 230 244 292 247 275 241 266

AChange in profit and value of production per ewe compared with the flock managed to the optimum liveweight profile.
BValue of production is calculated from flocks with the same number of DSE.

20

60

80

100

7.5 10.0 12.5 15.0 17.5

Stocking rate (DSE/ha)

F
ar

m
 p

ro
fit

 (
%

)

40

Fig. 5. The effect of altering stocking rate on profit for a farm that runs
Merino ewes in south-west Vic. to follow the optimum ewe liveweight
profiles (–––) and for a farm that has lower liveweight targets for ewes
(- - -). Ewe liveweight at joining, Day 100 and lambing are 42, 39.5 kg and 42
kg for the optimum profile and 42, 37 and 37 kg for the lower liveweight
profile. The values expressed as percentage of maximum profit. DSE, dry
sheep equivalent.
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optimum liveweight profile that maximised whole-farm profit
(Tables 9–11). The analysis included profiles that varied in ewe
liveweight at joining, mid pregnancy and lambing, and these
profiles reflect commercial reality for three regions across
southern Australia (Kelly 1992; Kleemann and Walker 2006).
The variation between the most and least profitable ewe
liveweight profile was $69 000 per farm for south-west Vic.,
$51 000 per farm for Great Southern WA and $33 300 per farm
for southern NSW. The change in profit was due to differences
in costs of feeding to achieve the ewe liveweight profile and
its influence on the production of the ewes and their progeny.
Therefore, we accept our hypotheses that whole-farm
profitability is sensitive to the liveweight profile of Merino
ewe flocks and there is a liveweight profile that will maximise
whole-farm profit.

The optimum profiles for ewes lambing in spring were
similar for all three regions. In all cases ewes were ~90% of
the standard reference weight of the genotype at joining, lost
~3 kg during early pregnancy but by lambing had regained all
the maternal liveweight that was lost earlier (Tables 9–11). The
consistency of the shape of the optimum profile across the
three regions, despite differing proportions of crop and
variable impacts of weather on lamb survival, indicates the
robustness of the result. This conclusion was reinforced by the
sensitivity analysis which showed that the shape of the optimum
profile was also insensitive to changing commodity prices,
pasture productivity and management. While the shape of the
profile was unchanged, in some scenarios a higher joiningweight
was indicated as optimal.

Farm profit and the subsequent shape of the optimum
profile was dependent on including the production responses
of the progeny. Failure to include the progeny effects reported
by Oldham et al. (2011) and Thompson et al. (2011a) incorrectly
identifies which profile is optimum and provides an inaccurate
estimate of profitability (Fig. 6). The magnitude of this error
in these analyses per farm was up to $61 000 for south-west
Vic., $39 000 for Great Southern WA and $20 000 for southern
NSW. Prior to this information being available, these impacts
on the production and profitability of the flock were not
considered in extension messages from consultants and
advisers. This resulted in the recommendation of a
management strategy which resulted in ewes losing more
weight over pregnancy and not regaining the weight lost by
lambing. Our hypothesis that whole-farm profit and the
optimum ewe liveweight profile are altered by the inclusion
of the impacts on perinatal survival and wool production of
progeny was supported.

Table 13. Average reduction in whole-farm profit ($/ewe) if liveweight
targets at different stages of the reproductive cycle are missed by 1 kg

South-west
Vic.

Great Southern
WA

Southern
NSW

JoiningA 1.05 0.20 0.50
Day 100B 1.35 0.75 1.70
LambingC 2.60 1.45 1.65

AJoining = higher liveweight at joining and maintaining this difference from
the optimum profile throughout the year.

BDay 100 = higher liveweight at Day 100, diverging after joining and then
returning to the optimum profile by lambing time.

CLambing = lower liveweight at lambing, diverging after Day 100 and
returning to the optimum profile by the following joining.
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Fig. 6. Relationship between profitability of each ewe liveweight profile
calculated either including or excluding effects on lamb survival and progeny
wool production. The ‘Difference in Profit’ is between the profitability of each
pattern and the pattern that is optimal with effects on survival and progeny
wool production included. The value represent farms in south-west Vic. (*),
Great Southern WA (*) and Southern NSW (&). The straight line (1:1)
indicates perfect agreement between including and excluding scenarios.

Table 14. Relative contribution (%) of the changes in progeny wool
production and survival to the total change in profit when the impacts on
ewe liveweight profile on progeny are included in the analysis for

different regions

South-west
Vic.

Great Southern
WA

Southern
NSW

Wool production 40 55 62
Survival 60 45 38

Table 12. The scenarios from the sensitivity analysis that suggested
a change in the optimum liveweight profile. The values represent
liveweight at joining, Day 100 of pregnancy and lambing and the

increase in profit per ewe is specified in brackets

South-west
Vic.

Great Southern
WA

Southern
NSW

Standard scenario 42, 40, 42 46, 42, 46 46, 43, 46

Prices
Wool +25% – 54, 50, 54 ($3) –

Meat +25% – 54, 50, 54 ($2) –

Grain –25% – 54, 50, 54 ($6) –

Flock structure
Sell wethers

29 months old
– 54, 50, 54 ($1) –

Time of lambing
Earlier in spring 48, 46, 48 ($4) – –

Pasture system
Lucerne 54, 50, 54 ($6)
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The effects of the ewe liveweight profile on farm profit were
due to impacts on perinatal survival and wool production of
progeny. When there is a stronger influence of ewe nutrition on
progeny survival, such as occurs in south-west Vic. (Oldham
et al. 2011), then survival has a greater contribution than fleece
value (Table 14). The contribution of lamb survival to whole-
farm profit was greater than that reported by Thompson and
Young (2002). The relative contribution of survival to farm profit
indicates that ewe nutrition will also be important in systems
focussed on meat production. The component of the benefits due
to progeny wool is constant regardless of changes to flock
structure because in a self-replacing flock all animals are
progeny of the previous generation, it is just the proportion
that are ewes or wethers that changes. Weaning weight and
post-weaning survival were also related to the ewe liveweight
profile (Thompson et al. 2011b) but impacts onwhole-farm profit
were small (J. M. Young, unpubl. data). The importance of
allocating the impacts between survival and wool production
is to enable extrapolation of the results into regions and
enterprises that have not been modelled.

Altering the shape of the profile by missing the liveweight
targets for either joining, mid pregnancy or lambing can incur
significant penalties depending on region (Table 13). Regaining
the maternal liveweight lost in early pregnancy by lambing is the
most important target to achieve. The cost per farm of missing
this liveweight target by 1 kg was $13 000 for south-west Vic.,
$8900 for Great Southern WA and $5500 for southern
NSW. By contrast, the cost per farm of missing the joining
target by 1 kg was $5500 for south-west Vic. and less than $2000
across the other two regions. Our analysis consistently shows
that the cost of extra feed to meet the liveweight target when
joining on dry feed outweighs the value of production gains.
For example, for southern NSW extra feeding to achieve a
higher joining weight (50 versus 46 kg) and then allowing the
same loss and gain of liveweight during pregnancy was $9/ha
or $2.30/ewe less profitable (Table 11). Yet historically,
liveweight at joining has been the focus for improving
reproductive performance due to its effect on fertility and
fecundity (Lindsay et al. 1975). As a general principle
meeting the lambing target is more important than the joining
target and it is only economic to gain liveweight to meet targets
using green feed due to its low cost compared with grain
supplements.

Whole-farm profit increased with increasing stocking rate up
to an optimum and there are additional benefits ofmanaging ewes
to achieve the optimum liveweight profile. These effects of
stocking rate on whole-farm profitability are consistent with
other modelling (Warn et al. 2006) and farm benchmark data
(Lean 2008). However, regardless of stocking rate there is an
additional opportunity to increase whole-farm profit by up to
15% by managing ewes to the optimum liveweight profile. This
indicates that the optimum liveweight profile should be achieved
by increasing the level of grain feeding and altering the timing of
utilising the farm feed resources rather than manipulating
stocking rate. The grain feeding should be targeted at the
period after joining to reduce the rate of loss of liveweight
and at the period after the break of season to defer pasture to
maximise the opportunity of meeting the liveweight at lambing

using green feed. It is estimated that a 10–50% increase in the
amount of supplement may be required to meet the optimum
profile depending on the current management of the ewes. This
increase in supplement fed to meet the profile is justified by a
return on investment of ~100% for the regions modelled in our
analysis.

MIDAS is a comparative static general equilibrium model
and as such there are several implicit assumptions. Three
important assumptions for the interpretation of the results of
this analysis are; variation in seasonal conditions from year
to year is not included, the ewe progeny when mature follow
the same pattern of liveweight as their mothers, animals must
return to their joining weight or slightly higher by next joining
and the delay from feeding the ewes through till the income is
received from the progeny is not costed. Nonetheless, using an
average season to predict the most profitable approach to
managing ewe nutrition the results can still be used to
determine the most cost effective approach when seasons are
not ‘normal’. Any savings in energy costs or extra costs incurred
due to a poor season can be balanced against this contribution
to make an assessment of the profitability of any liveweight
profile for ewes. For example, if green feed is not available
after Day 100 due to poor seasonal conditions and liveweight
is not expected to be regained between Day 100 and lambing
then the cost of not regaining the weight (from Table 13) can
be compared with the cost of the supplement required to
achieve the weight gain. At common grain prices it is more
profitable to maintain the ewes from Day 100 rather than to feed
extra supplement in an attempt to regain weight. In southern
NSW there is a slight difference, in that meeting the lambing
target is only slightly more important than losing condition
from joining to Day 100. The most profitable solution then
is to transfer more feed from early pregnancy to late
pregnancy. Losing extra liveweight in early pregnancy and
regaining some in late pregnancy is better than losing less and
gaining less.

This analysis has determined the optimum nutritional profile
for Merino ewes using liveweight and liveweight change.
In order to present the recommendations and profile in a
meaningful way to producers with a range of genotypes and
frame sizes in their Merino flocks, the liveweight profiles were
converted into condition scores using the conversion reported by
van Burgel et al. (2011). The value of using condition scores is
that it is an easy, quick and accurate method for producers to
monitor the nutritional profile of ewes. The recommended
condition score profiles for some regions were increased as
additional welfare benefits could be achieved with minimal
impact on profitability (<$0.60/ewe.kg). These recommended
profiles have been widely used by extensionists and consultants
(Curnow et al. 2011) and this reflects the rigour that was used in
their development.
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